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Supplementary Table S1 The 14 microsatellites used to characterise genetic diversity within island populations of dibblers. 

Locus Origin (species) Repeat Size (bp) 
Multi-

plex 

Anneal 

Temp (oC) 
Primer sequence (5’-3’) Reference 

Aa4A Antechinus agilis NA 165-167 1 46 
F: TTTGATCCTCAGAGACTTGAT 

R: CCAAATCTACGTAAAATATCC 

1  

DG1A1 
Dasyurus 

geoffroii 
(AC)20 197-227 3 54 

F: ATTTGCTTCTTGCTCCCTACAGC 

R: TTTCACTCCTTCTGAGTTTATCACC 

2  

3.1.2 Dasyurus spp. (CA)18 143-169 2 52 
F: AGGAAACTTCACAAGTGTCGA 

R: ATTAATGACTCATCTGTTGTTGG 

3  

3.3.1 Dasyurus spp. (CA)20 91-145 3 54 
F: CAGCCCTTGAGTCTTGAGATT 

R: CATACCACCCCAGGAGTTTC 

3  

3.3.2 Dasyurus spp. (CA)21 108-148 1 46 
F: AATAGCAGAGACTCGATCC 

R: AGCCTTTATTACCTGGGAAG 

3  

4.4.2 Dasyurus spp. (CA)19 70-110 1 56 
F: GAAATCCAAGCTCATTTTAG 

R: AATCAACTCTGGAATGCATC 

3  

4.4.10 Dasyurus spp. (CA)29 179-217 3 54 
F: AATGCTAGATTTCACTCCC 

R: CCTCACATTTCTGGAACTG 

3  

Pa1B10 
Parantechinus 

apicalis 
(GAAA)46 277 4 58 

F: AAGGAGGGATGGAGGAGGAA 

R: CAGTGTTCGAATGACATTGGCTAC 

4  



Pa2A12 P. apicalis (GT)21 131 2 56 
F: ATCCTGGAGAAGAGAAGACCTGC 

R: GTGGCTTATTCCATGCTTGTAGG 

4  

Pa2B10 P. apicalis (GT)23 213 4 58 
F: GAGAAAAAATATGCACAAGCACC  

R: AAGGAGAAAAAGTTAATACCATCCC 

4  

Pa2D4 P. apicalis NA 193-197 2 56 
F: CAATCTGTCAATAACCTTCCCCC 

R: TGGAGGACCTCCAGAAAGTTAGC 

4  

Pa4B3 P. apicalis (GT)15 121 4 58 
F: GAAGGACAACATTCCCGATTGT 

R: CCTACCCTAATTGCAAATCCTTTC 

4  

Pa7A1 P. apicalis (GAA)85 300 2 56 
F: CTCCACCTCTCTAGACATGACCC 

R: TTTACTTGCTTTGTACTAGAGGCC 

4  

Sh6e 
Sarcophilus 

laniarius 

(CA)6 

(A)2(CA)18 
203-217 3 54 

F: GATTCTAGAAGGGATAGCAAGC 

R: GACACTCCATAGAAATGCACTG 

5  

 

 

 

 

 

 

 

 

 



Supplementary Table S2 Demographic and life history traits of dibblers from Boullanger (BO), 

Whitlock (WH), and Escape (ES) Islands, as well as the proposed captive breeding program (CB) and 

Dirk Hartog (DH) Island populations, used in population viability analysis within the software 

VORTEX 6. NA denotes not applicable. A description for each of the parameters are detailed below 

the table. 

Parameter Parantechinus apicalis 

Scenario Settings  

Number of iterations 500 

Number of years (timesteps) 100 

Duration of each year in days 365 

Extinction definition Only one sex remains 

Number of populations BO = 1, WH = 1, ES = 1, CB = 1, DH = 1 

  

Species Description  

Inbreeding depression  

- Lethal equivalents NA 

- Percent due to recessive lethal alleles NA 

EV correlation between reproduction and survival 0.5 (default) 

EV correlation among populations 0.5 (default) 

  

Dispersal NA (closed populations) 

  

Reproductive Systems  

Reproductive system Polygynous 

Age of first offspring 1 

Maximum age of reproduction 3 

Maximum lifespan 3 

Maximum number of broods per year 1 

Maximum number of progeny per brood 8 

Sex ratio at birth – in % males 49.7 

  

  

Reproductive Rates  

% adult females breeding 90 

SD in % breeding due to EV 10 



Distribution of number of offspring per female per 

brood 
 

- Mean 
BO = 7.4, WH = 6.2, 

ES & DH = 7.0, CB = 7.12 

- Standard Dev 
BO = 0.1, WH = 0.23, 

ES & DH = 1.1, CB = 1.17 

  

Mortality rates  

Mortality of females as %  

- Mortality from age 0-1 (± SD) 
BO, WH, ES, DH = 59 ± 10 

CB = 29.4 ± 10 

- Annual mortality after age 1 (± SD) 35 ± 10 

Mortality of males as %  

- Mortality from age 0-1 (± SD) 
BO, WH, ES, DH = 59 ± 10 

CB = 29.4 ± 10 

- Annual mortality after age 1 (± SD) 
BO = (((Y%8)<1)*65)+35 ± 10 

WH, ES, CB, DH = 35 ± 10 

  

Catastrophes  

Number of types of catastrophes 1 

Frequency and extent of occurrence  

- Frequency % 
BO, WH, ES, DH = 12.5 

CB = 0 

Severity (proportion of normal values)  

- Reproduction 
BO, WH, ES, DH = 0.3 

CB = 1 

- Survival 
BO, WH, ES, DH = 0.3 

CB = 1 

  

Mate Monopolisation  

% Males in breeding pool 100 

  

Initial Population Size  

Initial Population Size 
BO = 84, WH = 33, 

ES = 21, CB & DH = 0 

Distribution Use stable age distribution 

  



Carrying Capacity  

Carrying Capacity (K) 

BO = 100, WH = 42, 

ES = 45, CB = 80, 

DH = 10000 

SD in K due to EV 

BO = 13, WH = 12, 

ES = 12, CB = 0, 

DH = 1000 

  

Genetics  

Number of neutral loci to be modelled 15 

Loci included in summary statistics Additional loci only 

 

Scenario Settings: Though dibblers reach sexual maturity by the age of 10 months, they are seasonal 

breeders and will only breed once every year. This is why the duration of each year in days is set to 365 

(one calendar year). 

Species Description: It is uncertain how inbreeding affects dibblers, or whether inbreeding does affect 

populations. It was decided that with such small population numbers, if inbreeding were to have any 

deleterious effects, they would have been purged from populations. Therefore, inbreeding was not 

selected in the model, making the lethal equivalent and the percentage due to lethal alleles not 

applicable. 

Reproductive Systems: As dibblers become sexually mature by the age of 10 months 7, the age of first 

offspring is set to 1 year. Values for sex ratio at birth in Boullanger and Whitlock Islands were provided 

by Tony Friend (pers. comm.), the value stated in this table is the mean of these two values. 

Reproductive Rates: The percentage of females breeding was obtained from Moro 8. As there were no 

available data on the environmental variation of female breeding, we have assumed a value of 10% to 

be the standard deviation. The distribution of number of offspring per brood for Boullanger and 

Whitlock Islands were obtained from Mills et al. 9; for Escape Island from Moro 8; for captive breeding 

from Lambert and Mills 10. As Dirk Hartog Island will be a new translocated population, current data is 

unknown. We have assumed that Dirk Hartog Island will be similar to Escape Island, an established 

translocated population that was formed from captive breeding Boullanger and Whitlock Island 

dibblers. 

Mortality Rates: The value for mortality from age 0-1 years was estimated from juvenile mortality in 

captive-bred populations 10. The value presented for island populations was the captive-bred mortality 

multiplied by two. The estimated annual mortality rate of dibblers after age 1 was obtained from Moro 



8. Facultative male die-off only occurs on Boullanger Island 7,11,12, and is modelled using the formula 

“=(((Y%8)<1)*65)+35”, which states that every 8th year, mortality of males will equal 100. As the 

frequency of facultative male die-off has not been quantified, we have assumed that the phenomenon 

occurs every eight years, based upon trends of low rainfall periods in the Jurien Bay region 13. Because 

Dirk Hartog Island will be a new translocated population, current data is unknown. We have assumed 

that Dirk Hartog Island will be similar to the translocated population on Escape Island, in that there will 

be no facultative male die-off. As there is no available data regarding the environmental variation of 

mortality for dibblers, we have assumed the standard deviation of 10% for mortality in each age-group. 

Catastrophes: Based on meteorological data of the Jurien Bay region 13, trends show low rainfall periods 

occurring on average every eight years. It is unknown how severe the impact of droughts are on dibblers, 

though from studies on related species agile antechinus14  and brush-tailed phascogale 15, survival and 

reproduction post-drought was on average 30%. 

Mate Monopolisation: As dibblers are polygynous, and with small island sizes, it is assumed that all 

sexually active males will breed in the breeding season. 

Initial Population Size: Current estimates of population sizes is calculated from the most recent 

monitoring event in June 2018, where dibblers on Boullanger and Whitlock Islands were trapped (Tony 

Friend, pers. comm.). Boullanger: assumed recent facultative male die-off event has occurred; five 

females with pouch young were trapped, with population size estimates to be twice this number. 

Assuming ten females produce 74 pouch young (adult males died post-mating), initial population size 

would be 84. Whitlock: trapped 22 individuals, population estimated to be 1.5 times this number. As it 

is unknown whether females with pouch young were trapped, initial population was set to 33. Escape: 

has not been monitored in recent years but estimated to have around 20 individuals. Captive breeding 

population starts at zero in year 1, before being supplemented with ten mating pairs (20 individuals) in 

year 2. Dirk Hartog Island population starts at zero in year 1 and will be supplemented with a minimum 

of 60 individuals from a captive breeding population over years 3 and 4. 

Carrying Capacity: The K for Whitlock Island was calculated from multiplying the largest known 

density of dibblers 7 with the size of the island. The K for Boullanger and Escape Islands were estimated 

based upon expert opinion (Tony Friend, pers. comm.). The SD in K for Boullanger and Whitlock 

Islands were calculated from the smallest known densities of dibblers 7 with the size of the islands. The 

SD in K for Escape Island mirrors Whitlock and is based upon expert opinion (Tony Friend, pers. 

comm.) on the similarity of Escape and Whitlock Islands. The K for captive breeding was provided by 

Cathy Lambert (pers. comm.) and does not have variation, as Perth Zoo can only hold eight mating 

pairs and 64 pouch young per annum. The K for Dirk Hartog Island is an estimate provided by experts 

(Saul Cowen, pers. comm.). The SD in K for Dirk Hartog Island is unknown, and is assumed to be 10% 

of the estimated K. 



Genetics: Allele frequencies at 14 microsatellite loci were chosen to model genetic diversity. These 

were the same loci initially chosen by Thavornkanlapachai 16. Because VORTEX models its own neutral 

loci, the number listed is 15 to account for the additional loci. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure S1. Frequency distributions of individual heterozygosity across time cohorts 

of a) Boullanger Island, b) Whitlock Island and c) Escape Island Jurien Bay island dibblers. BXX: 

Boullanger Island and year; WXX: Whitlock Island and year; EXX: Escape Island and year. 



 

Supplementary Figure S2. Regression analysis on the impact of three demographic parameters on 

survival probability in island dibbler populations. 𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 0.0006 × 𝑁 +

0.4737, 𝑅2 = 0.24, 𝑝 = 0.126;  𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  0.0028 × 𝐾 +  0.1397, 𝑅2  =  0.86, 𝑝 <

0.001; 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = −0.0468 × 𝑑𝑟𝑜𝑢𝑔ℎ𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 1.0989, 𝑅2 = 0.97, 𝑝 <

0.001. Standard errors are shown (ribbons). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S3 Impact of 11 harvesting scenarios for a captive breeding program on source populations. An equal sex ratio is assumed at harvest. 

Gene diversity is equivalent to expected heterozygosity. Numbers to the left of the forward slash represent translocations using Boullanger Island, whereas 

numbers to the right represent translocations using Escape Island. 

Population Scenario SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 SC10 SC11 

Boullanger Island / 

Escape Island 

# adults harvested 0 2 4 6 8 10 12 14 16 18 20 

P(Survival) one year 
post-harvest 

1.00 / 
0.98 

1.00 / 
0.95 

1.00 / 
0.93 

1.00 / 
0.89 

1.00 / 
0.88 

1.00 / 
0.88 

0.99 / 
0.87 

0.98 / 
0.88 

0.97 / 
0.80 

0.96 / 
0.83 

0.95 / 
0.75 

P(Survival) two years 
post-harvest 

1.00 / 
0.97 

1.00 / 
0.92 

1.00 / 
0.91 

1.00 / 
0.88 

0.99 / 
0.87 

0.99 / 
0.87 

0.99 / 
0.85 

0.97 / 
0.87 

0.97 / 
0.79 

0.95 / 
0.81 

0.95 / 
0.74 

             

Whitlock Island 

# adults harvested 20 18 16 14 12 10 8 6 4 2 0 

P(Survival) one year 
post-harvest 

0.89 / 
0.83 

0.86 / 
0.86 

0.87 / 
0.87 

0.88 / 
0.88 

0.87 / 
0.90 

0.90 / 
0.90 

0.91 / 
0.90 

0.94 / 
0.95 

0.97 / 
0.94 

0.98 / 
0.99 

1.00 / 
1.00 

P(Survival) two years 
post-harvest 

0.88 / 
0.83 

0.85 / 
0.85 

0.87 / 
0.86 

0.87 / 
0.87 

0.87 / 
0.89 

0.89 / 
0.88 

0.90 / 
0.89 

0.91 / 
0.94 

0.96 / 
0.92 

0.95 / 
0.97 

0.99 / 
0.98 

             

Captive Breeding 
Gene diversity one year 
post-founding 

0.044 / 
0.019 

0.115 / 
0.079 

0.171 / 
0.131 

0.216 / 
0.172 

0.251 / 
0.210 

0.276 / 
0.240 

0.294 / 
0.269 

0.302 / 
0.294 

0.301 / 
0.311 

0.292 / 
0.329 

0.271 / 
0.340 
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