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Abstract  

Rottnest Island, Western Australia, is both a popular tourist destination and home to the 

only remaining high-density subpopulation of the quokka, an endemic macropod, listed as 

vulnerable by the IUCN.  

It is imperative that the Rottnest Island subpopulation is well managed because, while 

mainland populations continue to decline, it may be the only source of reproductive 

potential for the species in the future. Although the ecology of this sub population was 

extensively studied in the 1960s 70s and 80s, such studies were carried out over 35 years 

ago, and recent studies carried out on the mainland quokka cannot be used to inform 

management decisions for the Rottnest Island quokka because of significant environmental 

and ecological differences between the mainland and Rottnest Island. It is therefore 

important that up to date and robust data on the demographics and ecology of this 

important subpopulation are gathered, and that is why this study was carried out.  

Quokkas were trapped and radio tracked seasonally on Rottnest Island, over a period of two 

years between 2013 and 2015. This was done in four key habitat types that have varying 

degrees of resource availability for the quokkas; coastal dunes, grass/ heath, woodland and 

the settlement areas, which are highly developed for tourism. Using the data collected, the 

effects of factors such as season, rainfall and habitat type on the home ranges, body 

condition, reproduction, density and population dynamics of this important sub population 

were investigated.  

The mean home range size of quokkas on Rottnest Island was 1.91 ± 0.23 ha, which was 

much smaller than those reported for mainland quokkas of 6.39 ± 0.77 ha in the northern 

jarrah forest and 71.4 ± 5.8 ha in the southern forests. The proportion of home range 

overlap between individuals was also lower on the island than on the mainland. 

There was no effect of sex, weight, habitat type or season on the size of the home ranges. 

Habitat type however, did have an effect on the proportion of home range overlap between 

males and females, with the low resource coastal dunes having significantly greater levels of 

overlap. This is likely because quokkas gather around the few resources available in the 

coastal dune habitat types. 
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The proportion of night over day home range overlap was significantly lower in the high 

resource settlement areas. This is because diurnal and nocturnal sites were spatially 

separated as quokkas rest under remnant vegetation outside of the developed areas during 

the day and travel into them to feed at night. This exemplifies how tourism and its 

associated development can impact on the behaviour and movement patterns of local 

species and demonstrates that in the absence of introduced predators, quokkas are able to 

adapt to and thrive in highly modified habitats. 

The effects of rainfall, season and habitat type on the body condition and reproduction of 

quokkas on Rottnest Island were also investigated. In the highly developed settlement areas, 

quokkas were in better condition, reproduced earlier, and had improved joey survival rates 

compared to quokkas in less developed habitat types. There was a correlation between the 

condition of the mothers and the birth month of the joeys (P = 0.03), suggesting that body 

condition of the mother is a key factor in influencing the birth time of quokka joeys on 

Rottnest Island. 

Body condition was also affected by season and was poorest in summer, a season of low 

rainfall and food availability, for both males and females. The condition of males peaked in 

spring and was related to rainfall in the previous season, while the condition of females 

peaked in winter and declined sharply in spring, likely because female quokkas are preparing 

for and then meeting the demands of lactation. 

Seasonal population fluctuations with a significant decline in abundance during the summer 

were recorded. Such declines are likely to be associated with high mortality rates due to 

poor food and water availability and resulting ill health experienced by quokkas during the 

summer months. The population estimate extrapolated to the whole island ranged from 

12023 quokkas in Autumn 2013 to  4616 quokkas in summer 2014/15 with an average of 

8222 ± 894 quokkas over the two-year period.  

A significantly higher density of quokkas was recorded in the developed settlement areas at 

an average of 14.7 ± 0.45 quokkas ha-1, compared to the coastal dunes (3.9 ± 0.12 quokkas 

ha-1), the grassland (6.3 ± 0.13 quokkas ha-1) and the woodland (3.4 ± 0.07 quokkas ha-1). 

While quokka density in habitat types outside of the settlement was low during the summer, 

density within the settlement escalated greatly, to its highest point (25.4 quokkas ha-1) 

during this season, and density within the settlement areas was positively correlated with 
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tourist numbers. This suggests that quokkas are immigrating into these areas in search of 

anthropogenic food and water sources when availability of resources is low outside of the 

settlement during the summer months.  

Although fecundity and joey survival rates were higher in the settlement than in the other 

habitat types, juvenile and adult survival was found to be lower and the resulting calculated 

asymptotic growth rates (λasympt) were below one. Lower survival estimates within the 

settlement are likely to be at least partially related to density dependent emigration. As a 

result, the settlement population size was projected to decrease in size over the next 20 

years, although due to immigration into the area, this is unlikely. Population projections for 

habitat types outside of the settlement on the other hand predicted a steady rise in the 

current population over the next 20 years, given no deleterious environmental impacts such 

as climate change. 

This study has demonstrated that resource variability as it is affected by habitat type and 

season can strongly influence the demographics and ecology of quokkas on Rottnest Island, 

Western Australia. Tourism and its associated development in particularly impacts on the 

Rottnest Island quokka as it affects movement patterns, body condition, reproduction, 

density and population dynamics. Recognition of these impacts is important, particularly if 

further development is to take place on the island. The negative impacts associated with the 

summer season on the health of the quokkas also provides a warning of the devastating 

effects that the warmer and drier conditions resulting from climate change could have on 

the ecology and survival of this species. It is imperative that this risk to the Rottnest Island 

quokka population is carefully considered, and appropriate management responses are 

prepared. 

The results of this research will contribute to the conservation management of both the 

Rottnest Island quokka, and the species as a whole, and may also help inform management 

decisions for other species affected by tourism and its associated development. 
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Research Context 

Mammal decline and conservation in Australia 

Over the past two centuries, Australia has had the worst rate of mammal extinctions of any 

continent in the world, with 22 species going completely extinct and a further 10 species 

going extinct on the mainland and only persisting on small offshore islands. Over 50 species 

are currently threatened and it appears that the decline is continuing (Woinarski et al., 2001; 

McKenzie et al., 2007; Claridge et al., 2010; Watson et al., 2011). 

Macropods have been particularly impacted. Land use changes in particular, have benefited 

the large macropods (kangaroos) but have led to the extinction of six smaller species and the 

loss from the Australian mainland of a further four species out of a total of fifty (Johnson et 

al., 1989; Clayton et al., 2014). Most of the smaller macropod species now survive in a small 

fraction of their former ranges and some face the risk of extinction in the short or medium 

term. If we are to reduce their extinction rate, it is crucial that all areas where these 

threatened species occur in significant numbers are considered as global priorities for 

focussing conservation efforts (Short et al., 1992; Eken et al., 2004).   

The southwest of Western Australia is Australia’s only global biodiversity hotspot and 

supports a large number of around 100 endemic vertebrate species, including three 

threatened macropod species: the woylie (Bettongia penicillata), the Gilbert’s potoroo, 

(Potorous gilbertii) and the quokka (Setonix brachyurus) (Myers et al., 2000; Gibson et al., 

2010; Warburton, 2014). Significant habitat destruction and contractions in the ranges of a 

number of other marsupial species have occurred in this region since European settlement 

and this trend is increasing today as the southwest experiences one of the fastest rates of 

urbanisation in Australia. Focussing conservation efforts in this area is therefore vital if we 

are to conserve biodiversity in Australia (Burbidge, 2010; Warburton, 2014). 

Islands as conservation ‘arks’ 

Many Australian islands are of great conservation significance for endangered and 

threatened mammals because, although not immune from disturbance factors, they can 

often act as refuges for threatened species. This is largely because the factors responsible for 

native mammal decline on the mainland, such as introduced predators, are often absent 

from islands (Dickman, 1992; Burbidge et al., 1997; Drake et al., 2002).  
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The islands of Western Australia have been very important for the conservation of terrestrial 

mammal species. If it were not for such islands, at least four species, the western barred 

bandicoot (Parameles bougainville), the burrowing bettong (Bettongia lesueur), the banded 

hare wallaby (Lagorchestes fasciatus) and the  Shark Bay mouse (Pseudomys fieldi), which 

were once widely distributed on the Australian continent, would now be extinct (Burbidge et 

al., 1997; Abbott, 2000; Ottewell et al., 2014).  

The quokka, the subject of this study, is one of a number of other species, including the 

dibbler, Parantechinus apicalis, the golden bandicoot, Isoodon auratus, the mala, 

Lagorchestes hirsutus, the tammar, Macropus eugenii and the black footed rock wallaby 

Petrogale lateralis that have experienced marked contractions in their distribution on the 

mainland but also occur naturally on Western Australian islands (Abbott, 2000; Warburton, 

2014).  

While island populations are often considered as possible sources of animals for 

reintroduction to the mainland, their tendency towards lower levels of genetic variation and 

their reduced ability to avoid predators and withstand disease means that they are often not 

an ideal source (Short et al., 1992; Frankham, 1997; Towns, 2002; Mills et al., 2004; 

Blumstein and Daniel, 2005). These differences also frequently dictate that island 

populations are treated as distinct management units from their mainland counterparts. 

Such populations, however, may end up being the only source of reproductive potential for 

many endangered species and must be carefully managed to ensure their continued survival 

as potential genetic sources for the future (Mills et al., 2004; Alacs et al., 2011). 

Tourism on Islands 

Many Australian islands, as they harbour native species, are also popular wildlife tourism 

destinations. Examples of such islands include Fraser Island in Queensland, Lord Howe Island 

in N.S.W, Phillip Island in Victoria, Flinders Island in Tasmania, and Rottnest Island, Western 

Australia, which is home to the quokka (Hercock, 1996; Green and Higginbottom, 2000; 

Burns and Howard, 2003; Duka and Masters, 2005; Newsome and Rodger, 2008). 

Tourism however, while being economically important, can disturb habitats and may have 

negative or positive impacts on individual animals and, in turn, local wildlife populations. 

Negative effects can include increased mortality, reduced reproductive success, increased 

risk of disease transmission, increased stress levels and modification of behavioural or 
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movement patterns (Vleck et al., 2000; Hodgson et al., 2004; Ellenberg et al., 2007; Kerbiriou 

et al., 2009).  

In Australia, a number of native mammal species have been both directly and indirectly 

impacted by tourism and its associated development. Examples include the eastern quoll 

(Dasyurus viverrinus), which suffered local decline and extinction through road mortality, 

following upgrading of the Cradle Mountain Tourist Road in Tasmania (Jones, 2000); Dingoes 

(Canis lupus dingo) on Fraser Island that have been culled as a result of increasingly 

aggressive behaviour towards humans as a consequence of feeding by tourists and 

habituation to human presence (Thompson et al., 2003), and increased predation pressure 

on the critically endangered mountain pygmy possum (Barramys parvus), from foxes 

attracted and maintained through an increased availability of food and shelter around 

tourist resorts in the Australian Alps (Bubela et al. 1998; Pickering et al. 2003). Further,  

kangaroos and wallabies under stress associated with the presence of tourists, can eject 

young from the pouch and flee without them, sometimes failing to return (Stuart-Dick, 

1987). 

Positive effects of tourism on wildlife on the other hand, can include improved body 

condition, reproduction and survival rates resulting from supplemental food, which is often 

associated with tourism and its development, as well as improved public education, research 

and conservation efforts thanks to revenue raised from tourism (Green and Higginbottom, 

2000; Orams, 2002; Newsome et al., 2005).  

The effects of tourism on local wildlife populations can be immediate and obvious, or subtle 

and remain undetected for a long period of time, and the magnitude of these effects can 

vary greatly from species to species, depending on factors such as the biology, ecology, 

behaviour, or feeding habits of the species in question (Green and Higginbottom, 2000). It is 

important that such impacts are detected, monitored, and mitigated where necessary to 

ensure the long term persistence of the local population, and this is particularly important 

when threatened species are concerned (Ballantyne et al., 2009). 

An island where such impacts are likely to occur is Rottnest Island (32⁰ 00’, 115⁰ 30’), an 

island of approximately 1950 ha (10.5 km x 4.5 km) located 20 km west of Perth and 18 km 

from the Western Australian coast. Rottnest is characterised by a Mediterranean climate 

with regular winter rainfall and very arid conditions between November and April. The island 
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is an A Class Conservation Reserve (a category of protected area where conservation is of 

the highest priority due to the presence of a unique or fragile ecosystem; Hughes and 

Saunders, 2005), for the purpose of “Public recreation”, and is managed by the Government 

appointed Rottnest Island Authority as a tourist resort, under the Rottnest Island Authority 

Act 1987 (de Rebeira and Saunders, 2009). The island receives over 500,000 visitors a year 

and tourism peaks on the island during the summer and school holiday periods. The quokka 

is a distinct icon of Rottnest Island and the island is an important refuge for this threatened 

species (Sinclair and Morris, 1996; Hercock, 2003; Rippey et al., 2003).  

Rottnest Island became separated from the mainland approximately 7000 years ago, and 

presumably the quokkas that now inhabit Rottnest are descendants of those that remained 

after the island split from the mainland (Playford, 1983; Alacs et al., 2011). The separation 

has resulted in some important morphological and physiological differences between island 

and mainland populations; for example mainland animals are larger, and genetic differences 

between the mainland populations and the island population have also been identified 

(Sinclair and Morris, 1996; Alacs et al., 2011; Dawson et al., 2012). Because of the separation 

from the mainland, the Rottnest Island quokka is classified as a subpopulation as it is a 

geographically distinct group that has little or no genetic or demographic exchange with the 

mainland population (IUCN 2011). Therefore, it has been recommended that the Rottnest 

Island quokka sub population should be treated as a distinct management unit from its 

mainland counterparts (Sinclair, 2001; Alacs et al., 2011). The quokka is the only native land 

dwelling mammal to inhabit Rottnest Island and this is the only place where the species 

occurs at high density (Sinclair and Morris, 1996). 

The quokka 

The quokka (Setonix brachyurus, Quoy and Gaimard 1830), the sole representative of the 

genus Setonix, is a medium sized (1.6 – 4.5 kg) marsupial, which belongs to the family 

Macropodidae. The quokka is endemic to the south west of Western Australia, including two 

islands, Bald Island, east of Albany and Rottnest Island (Kitchener, 1998; Miller et al., 2009). 

The IUCN lists the conservation status of the quokka as vulnerable with an estimated global 

population of between 7850 and 17150 mature individuals (de Tores et al., 2008). Further, 

the quokka is listed as vulnerable under the national Environmental Protection and 

Biodiversity Conservation Act 1999 (EPBC Act 1999) as fauna that is rare or likely to become 

extinct under the Western Australian Wildlife Conservation Act 1950. 
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On the mainland, the distribution and abundance of the quokka, particularly in the northern 

extent of its geographic range, has declined significantly since the 1930s. This decline has 

been closely linked to the arrival of the red fox (Vulpes vulpes) in SW Western Australia and 

also to habitat alteration and possibly disease. Today the quokka inhabits a range of ~ 25190 

km2 (extent of occurrence < 20000 km2; IUCN 2008), which is close to half of its former size, 

and remaining mainland populations are small and widely scattered (de Tores et al., 2007; 

Gibson et al., 2010; Woinarski et al., 2014). Such populations have been recorded at a 

number of locations in the south west ranging from approximately 18 km southeast of Perth 

to the Hunter River and including Two Peoples Bay Nature Reserve, Torndirrup National 

Park, Mt Manypeaks National Park and Stirling Range National Park (Figure 1.1; Maxwell et 

al., 1996; Sinclair, 1998b; Bain et al., 2015). 

 Climate, particularly rainfall, appears to play a role in defining the geographic range of the 

quokka and their distribution seems to be limited to areas receiving an average annual 

rainfall of 700 mm or more, and this may reflect the high water requirements of the species 

(Main and Yadav, 1971; de Tores et al., 2007; Gibson et al., 2010). There is evidence that the 

number of sites occupied by this species on the mainland is decreasing and that the quokka 

may be threatened by extinction on the mainland in the wake of climate change, which is 

predicted to result in warmer and drier conditions in South Western Australia (Maxwell et 

al., 1996; Gibson et al., 2010; Hughes, 2011). 
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Figure 1.1: Inferred distribution of the quokka prior to European settlement (white line), current known 

location of mainland subpopulations, and the location of the Rottnest Island sub-population, where this 

study took place (modified from Gibson et al. 2010 and the Department of Environment and 

Conservation quokka, Setonix brachyurus, recovery plan, 2013) 

Biology, diel activity, reproduction and disease 

The quokka is primarily a herbivorous grazer and a foregut fermenter (Shield, 1958; Storr, 

1961). On Rottnest Island, the quokka can be omnivorous in its feeding habits, however, 

consuming foods scavenged from tourists, including processed meats, chips, and pastries.  

This behaviour is particularly common around the settlement areas where tourists gather, 

although feeding the quokkas is strongly discouraged (V. Phillips personal observation). 

Rottnest Island quokkas have also been recorded feeding on other animals such as the 

legless lizard Lialis burtonis and the introduced snail Helix pisana. It has been suggested that 

these omnivorous habits are in response to an inadequate diet particularly during the 

summer (Erickson, 1951; Shield, 1958).  

Quokkas are primarily nocturnal and on Rottnest Island they tend to rest under vegetative 

cover such as Acacia rostellifera or Melaleuca lanceolata thickets or Acanthocarpus preissii 

heath during the day, and move around to graze at night (Shield, 1958; Dunnet, 1962). 

Within the settlement areas on the island, some animals exhibit temporal shifts in activity 



17 

patterns and move around during the day to scavenge from tourists (Wynne and Leguet, 

2004).   

Quokkas have a 28-day oestrus cycle and a gestation period of 27 days. On Rottnest Island, 

quokka joeys leave the pouch at around six months and are weaned at approximately nine 

months of age, and juveniles born earlier in the breeding season can breed at the start of 

their second year of life (Sharman, 1954; Holsworth, 1964; Shield, 1964; Loh and Shield, 

1977). A seasonal anoestrus limits quokkas on Rottnest Island to producing one young per 

year, with the breeding season confined between late January and September and the 

majority of births occurring between March and April (Shield, 1958; Holsworth, 1964). 

Although quokkas are also able to store a quiescent blastocyst that can develop and replace 

young lost early in the breeding season, this reproductive function is less likely to occur 

under poor nutritional conditions and is not thought to be utilised by the Rottnest Island 

population (Shield and Woolley, 1963). Quokkas have been recorded living for up to 10 years 

on Rottnest Island (Holsworth, 1964). 

On Rottnest Island, quokkas are heavily infected with Salmonella spp. It is thought that the 

promotion and proliforation of this infection in individuals is largely related to stress 

surrounding seasonal changes to the quality of their diet (Iveson and Hart, 1983; Hart et al., 

1985).  

Tourism and its associated development are thought to be important factors influencing the 

demographics and ecology of the Rottnest Island quokka, particularly around the developed 

settlement areas, where a high density of both tourists and quokkas gather (Shield, 1958; 

Jackson, 2008; McLean et al., 2009). This is because supplementary food, in the form of 

fertilised and irrigated lawns and exotic trees such as Morton Bay figs (Ficus macrophylla), 

and food supplied directly or indirectly by tourists, attracts and maintains a high density of 

quokkas in these areas. Quokkas around the settlement areas have also become highly 

habituated to humans, and many have altered their activity patterns to benefit from the 

presence of tourists (Blumstein et al., 2001; Hercock, 2003; Wynne and Leguet, 2004). 

Such increases to the food supply may benefit quokkas around the settlement areas by 

improving body condition and increasing reproductive performance (Shield, 1958; Boutin, 

1990; Orams, 2002). However, negative effects from living in such a high density 

environment, in close proximity to tourists are also possible. Negative effects may include 
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increased levels of stress, competition, aggression and disease transmission between 

quokkas, and increased risk of injury, through collisions with vehicles or bicycles, or through 

violent acts carried out by humans, that although are illegal and carry significant penalties, 

are still known to occur (Green and Higginbottom, 2000; Newsome and Rodger, 2008; Mc 

Neill, 2015). These positive and negative effects of tourism and tourism development around 

the settlement areas of Rottnest Island may impact on survival, reproductive success, and 

immigration and emmigration rates, all of which are important for local population dynamics 

(Koyama et al., 2002; Matthysen, 2005).  

Knowledge gaps 

Home range 

Early attempts to estimate the home ranges of quokkas on Rottnest Island were carried out 

over forty years ago, had varying sample sizes, used a variety of different methods and were 

conducted over varied time frames, and for this reason, past estimates vary greatly. 

Holsworth (1967) for example, estimated an average home range size of 4 ha over a period 

of three years for quokkas (n = 51) on the West End of Rottnest Island, through the use of 

capture location data and the polygon plotting method of Blair (1942). Kitchener (1973) on 

the other hand found a smaller average home range of 0.13 ha over a four day period, 

through the use of a cotton spool attached to the back of the quokkas (n = 6) and the 

minimum convex polygon method.  

The home ranges of mainland quokkas have been estimated in more recent studies, through 

triangulation using radio telemetry and kernel density estimators. In the northern jarrah 

forest, Hayward et al. (2004) found an average home range of 6.39 ha for 58 quokkas 

tracked over a two year period, while in the southern forests, Bain (2016) reported home 

ranges of 71.4 ha for 22 quokkas tracked over a two year period. However, differences in 

environment and ecology between the mainland and Rottnest Island mean that these 

estimates are not likely to be relevant to the Rottnest Island quokka. 

Up to date research examining the home ranges of the Rottnest Island quokka is important, 

as it will provide useful information about movement patterns, habitat utilisation and social 

organisation. This information will help to inform management plans and prioritise resources 

for the protection of this important sub population into the future (Aebischer et al., 1993; 

Boitani and Fuller, 2000). 
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Body condition and reproduction 

Summer on Rottnest Island is a very stressful season for the quokkas. This is a time when 

they have greatly reduced access to nutritious food and water and, as availability of these 

resources decreases, so too does their body condition and health (Shield, 1958; Storr, 1964a; 

Kitchener, 1972). The species therefore experiences marked late summer debility, 

characterised by weight loss and anaemia and significant seasonal mortality on the Island 

during this time (Shield, 1958; Waring, 1959; Storr, 1961; Holsworth, 1964). A number of 

studies have aimed to determine exactly what stressors are causing this summer morbidity 

and mortality. Such studies have examined heat stress, water availability, nitrogen 

availability, vitamin E deficiency, adrenocortical function and Salmonella infection (Bentley, 

1955; Kakulas, 1961; Storr, 1964a; Kitchener, 1972; Miller and Bradshaw, 1979; Hart et al., 

1985). It is likely that a combination of factors may be involved but the relative importance 

of these factors in the summer declines of the quokkas on Rottnest is unknown (Hart et al., 

1985). The reproduction of quokkas on Rottnest Island is also thought to be affected by the 

seasonal decline in resource availability, with the annual period of anoestrus coinciding with 

the arid summer months (Shield and Woolley, 1963; Shield, 1964). Holsworth (1964) 

suggested that nutritional shortages in the diet result in poorer reproductive success for 

quokkas on Rottnest Island.  

Many quokkas, however, also benefit from increased resource availability arising from 

human presence and development on Rottnest Island. Fertilised and irrigated lawns in the 

highly developed settlement areas for example, provide a permanent source of food and 

water year round for the local quokkas (Sinclair, 1998a; Hercock, 2003). Furthermore, 

although discouraged, quokkas are often fed by tourists on the island and frequently 

consume food scraps that are left unattended. Such benefits may act to reduce the summer 

deprivation, improve body condition and, in turn, improve survival and reproduction for the 

local quokkas (Shield, 1958; Boutin, 1990; Ditchkoff et al., 2006)  

A number of authors that examined seasonal changes in body condition and reproduction of 

quokkas on Rottnest Island reported a sharp decline in body condition, and the cessation of 

breeding during the summer months in response to decreased resource availability 

(Holsworth, 1964; Wake, 1980; Hart et al., 1985). Given that climate change is forecast to 

result in warmer and drier conditions in South Western Australia (Gibson et al., 2010; 

Hughes, 2011), it is vital to establish the impact of the summer season on the body condition 
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and reproduction of the quokkas, so that we are best informed to deal with these impending 

changes. 

Studies examining the effect of different habitat types with varying degrees of resource 

availability on body condition and reproduction in the Rottnest Island quokka are also 

important for informing future management plans. Such studies, however, have not yet 

been conducted. Comparing the body condition and reproductive schedules of quokkas in 

the highly disturbed settlement to less disturbed habitat types for example, may shed light 

on how tourism is impacting on the fitness of the quokkas. This is important to know, 

particularly if further development is to take place on Rottnest Island in the future.  

Density and abundance 

To date, no one really knows how many quokkas are on Rottnest Island. Previous estimates 

of the Rottnest Island quokka population (Waring, 1956; Shield, 1958; Storr, 1961; Dunnet, 

1962; Holsworth, 1964; Kitchener, 1970) were conducted over forty years ago, sampled 

small areas of the island, and did not estimate abundance on the whole island. Population 

estimates reported in the literature therefore vary greatly from between 4000 to 17000 

individuals, although a precautionary population estimate for Rottnest, including uncertainty 

was 4000 to 8000 individuals (de Tores et al., 2007; de Tores et al., 2008). Given this 

uncertainty, it is vital that an up to date quantitative estimate of the total Rottnest Island 

quokka population is made. 

One factor that may have impeded the calculation of reliable estimates is the annual 

population fluctuations that occur for the Rottnest Island quokka in response to changes in 

resource availability. These fluctuations result in temporary high abundance in winter 

followed by seasonal declines in summer to an unquantified low abundance (Shield, 1958; 

Holsworth, 1964; Sinclair and Morris, 1996; Hayward et al., 2003). An estimate of the 

magnitude of the population decline in summer is also necessary, but has yet to be made. 

Another unknown is how habitats highly modified for tourism affect the density of quokkas 

in the local area. It has been suggested that over 40% of the Rottnest Island quokka 

population can be found in the settlement areas (Department of Environment and 

Conservation 2013). Concerns about the potential density related impacts, such as increased 

aggression, or increased risk of disease transfer for both quokkas and tourists, mean that 
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measuring quokka density and abundance in the settlement is vitally important to help 

gauge whether numbers are really too high and to help inform future management plans.   

Population dynamics 

Despite the summer population declines, quokkas are thought to be thriving on Rottnest 

Island today. One reason for this is that they have few predators here. The fox (Vulpes 

vulpes), which is thought to have predated heavily on mainland populations is absent from 

Rottnest Island and the feral cat (Felis catus), which once inhabited the island, and 

occasionally preyed on quokkas, is thought to have been eradicated in 2002 (Blumstein et 

al., 2001; Hayward et al., 2003; de Tores et al., 2007; Algar et al., 2011).  Avian predators 

such as sea eagles, Haliaetus leucogaster and osprey, Pandion haliaetus may occasionally 

prey on quokka young, but this is a rare occurrence (Blumstein et al., 2001). 

Furthermore, recent changes effected by Europeans to the island’s vegetation and 

permanent resources have improved the habitat for the quokkas (McLean et al., 2009; Alacs 

et al., 2011). Over the past 150 years for example, the vegetation on the island has been 

grossly altered through wood-cutting, fire, coastal erosion and grazing by the quokka. This 

has resulted in the former, extensive cover of low closed woodland dominated by Callitris 

preissii, Melaleuca lanceolata, and species of Acacia declining in area from around 1000 ha 

in 1919 to less than 150 ha today. The original vegetation has been replaced by low 

shrubland dominated by Acanthocarpus preissii and Austrostipa flavescens, which is the 

habitat type preferred by the quokkas as it provides them with increased shelter and food 

resources (Pen and Green, 1983; Hercock, 2003; Rippey and Hobbs, 2003; de Rebeira and 

Saunders, 2009). Quokkas also benefit from human presence and associated development 

through increased access to food (Shield, 1958; Hart et al., 1985). Such benefits all act to 

reduce the summer deprivation for many of the quokkas and may increase the population 

growth rates of these animals on Rottnest Island through improved survival and/ or 

reproduction (Sinclair, 1998a; Hercock, 2003).  

A primary reason why this is problematic is that quokkas show a distinct preference for new, 

young growth. The high numbers of quokkas are therefore becoming an issue as their 

selective grazing on palatable plants is further impacting on the composition of the island’s 

vegetation, and the grazing of quokkas on young plants is greatly hampering revegetation 

efforts (Shield, 1958; Hercock, 2003; Rippey and Hobbs, 2003; Poole et al., 2014). There is 

some concern that the present high numbers on the island are not sustainable (Sinclair and 
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Morris, 1996), but there is an urgent need to know more about the population dynamics of 

this island population, before questions on whether quokka numbers are sustainable or not 

can be addressed.  

Significance of this research 

Balancing the conservation of the environment and of the quokkas with tourism is key in the 

Rottnest Island Authority management plans (Sinclair and Morris, 1996; Northcote and 

Macbeth, 2006). However, not enough up to date information is known about the 

demographics and the ecology of the quokka in order to manage this species effectively on 

Rottnest Island.  

This research will make an original contribution to science by closing the current knowledge 

gaps thus enabling the development of effective conservation management strategies for 

securing the quokka on Rottnest Island, and for assisting with the conservation of the 

species as a whole. 

As the only remaining high density population of quokkas, it is imperative that the Rottnest 

Island population is well managed in order to protect this species into the future. Current 

gaps in our knowledge regarding the demographics and ecology of the Rottnest Island 

quokka population, however, may impede effective management, and this is why this 

research was required. 

Although the demographics and ecology of the quokka were studied extensively on Rottnest 

Island, following the establishment of a Biological Field Station on the island in 1953, such 

studies were conducted between 36 and 58 years ago (Dunnet, 1956; Shield, 1958; Storr, 

1961; Holsworth, 1964; Nichols, 1969; Kitchener, 1970; Wake, 1980; Hercock, 2003). While 

these studies provided a great deal of vital information about the biology and ecology of the 

quokka, this is a very long time when considering the rate of scientific advancement over the 

past fifty years, particularly in the fields of information technology and ecology (Graham and 

Dayton, 2002; Efford, 2004). Hence, past studies lacked the in-depth information that can 

now be obtained through elaborate statistical models that can be developed using today’s 

advanced technology. 

Furthermore, periodic monitoring is a critical component of any programme for the 

management of threatened species and information about key life history attributes and 
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other population parameters must be kept up to date for management programs to be 

effectively tailored (Possingham et al., 1993; Hauser et al., 2006) . This is because aspects of 

the demographics and ecology of populations change over time in response to changes in 

the environment. This is particularly true in areas exposed to human disturbance such as 

tourism, which can have ongoing impacts at the landscape scale on islands (Taylor and 

Knight, 2003; Jackson, 2004; Rodger and Moore, 2004; Hendry et al., 2008; Hoffmann and 

Sgrò, 2011). The former studies examining the ecology of the quokka on Rottnest, an Island 

that supports heavy tourism, may therefore be considered too dated for informing 

management plans today.  

While this research will complement past studies that have been conducted on the quokka 

on Rottnest Island, it will also progress them by providing up to date and robust information 

about the demographics and ecology of this important subpopulation. This will allow for 

management plans to be tailored by the Rottnest Island Authority and for management 

actions to be monitored and modified if necessary, with the view of protecting the quokka 

into the future. 

 Aims  

This research examined key aspects of the demographics and ecology of the Rottnest Island 

quokka population. I used quantitative techniques to derive estimates of density and 

abundance and to evaluate population parameters such as survivorship and fecundity in 

order to model the population dynamics for this island population.  I also sought to assess, 

through radio telemetry, the size of the quokkas’ home ranges, their movement patterns 

and habitat utilisation.  

Of particular interest to the Rottnest Island Authority is the size of the quokka population on 

Rottnest Island and its seasonal trends over time. Furthermore, because many current and 

future management issues are related to the distribution of the population, they are 

interested in how the population is distributed across Rottnest Island. 

In order to inform management decisions, I was particularly interested in examining the 

effect of resource availability on key ecological and demographic parameters in the Rottnest 

island quokka. Two key factors that influence resource availability for the quokkas on 

Rottnest Island are season and habitat type, and I therefore tested for at least the effects of 

these two variables in each of my studies. Four key habitat types with varying degrees of 
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resource availability for the quokkas were selected for testing. These were ranked as 

settlement > grassland > woodland > coastal dune according to research conducted by Storr 

(1964a) and Poole et al. (2014), that identified the presence and abundance of preferred 

food and shelter plants for quokkas in each of these habitat types. 

More specifically, we aimed to: 

1. Study the home range and space use of quokkas seasonally, in the above four 

habitat types on Rottnest Island (Chapter 2). 

With this study I tested the hypothesis that the size of the home range of the Rottnest Island 

quokka would be greater in habitat types and seasons characterised by shortages of water 

and food. We also expected that home range overlap would vary according to resource 

availability, with increased resource availability being associated with increased proportions 

of home range overlap. 

2. Understand differences or changes to body condition and reproduction as 

they relate to season or habitat type on Rottnest Island, and the implications 

of these differences or changes (Chapter 3). 

Here I tested the hypothesis that increased resource availability associated with high 

resource habitat types or seasons would be associated with improved body condition, 

reproductive performance, and joey survival rates. We also expected that in these high 

resource areas, quokkas would not experience the seasonal anoestrus observed in the rest of 

the island. Conversely, we expected that low resource availability, in the summer months, 

outside of the settlement, would be associated with poorer body condition, reproductive 

performance and joey survival rates. 

3. Derive robust, quantitative estimates of the density and abundance of 

quokkas within each habitat type and on Rottnest Island as a whole through 

the use of current best practice techniques (Chapter 4). 

We expected that a higher density of quokkas would be found in the high resource 

settlement areas than in the less disturbed habitat types. We also expected that the density 

of quokkas in habitat types outside of the settlement would decrease significantly in the 

summer months, but that this decline would not be seen in the settlement, where food and 

water are available year round for the quokkas. 
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4. Estimate survival and fecundity, population growth rates and run population 

projections for female quokkas within the four key habitat types on Rottnest 

Island (Chapter 5). 

We expected that the highly resourced settlement areas would be associated with increased 

survival and fecundity rates, and positive population growth rates. 

In general, I expected that seasons and habitat types with increased resource availability 

would be associated with increased density, improved body condition, survival and 

reproduction, more rapid population growth rates and smaller home ranges.  Conversely, I 

expected that decreased resource availability would reduce density, decrease body 

condition, hinder survival and reproduction, slow population growth and increase the size of 

the home range for quokkas on Rottnest Island. 
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Chapter 2: Habitats modified for tourism affect 

the movement patterns of an endemic 

marsupial, the Rottnest Island quokka    

(Setonix brachyurus) 
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Abstract  

The home ranges of 22 male and 23 female quokkas (Setonix brachyurus) were investigated 

through radio telemetry in four key habitat types on Rottnest Island, Western Australia; 

coastal dune, grass/ heath, woodland and the highly developed settlement areas. Radio 

tracking was conducted every season over a period of two years to test which factors affect 

the home range and space use of this endemic marsupial. 

The mean home range size of quokkas was 1.91 ± 0.23 ha, and this was smaller than those 

reported for mainland quokkas of 6.39 ha in the northern jarrah forest and 71.40 ha in the 

southern forests. The proportion of home range overlap between individuals on the island of 

23.8 ± 2.22% was also comparatively lower compared to those reported for mainland 

quokkas of 48% and 52% for the southern and northern forests.  

There was no significant effect of sex or weight, habitat type or wet or dry periods on the 

size of the total or core home ranges. Habitat type did affect home range overlap however, 

with the mean overlap between males and females being significantly greater in the coastal 

dunes at 30.36%, compared to the grass/ heath (18.97%), settlement (20.51%), and 

woodlands (22.82%), likely because quokkas congregate around the few shelter and food 

resources that are available in the coastal dune areas. 

Overlap of night over day home ranges was significantly lower in the Settlement areas at 

25.94%, compared to costal dunes (78.50%), woodlands (70.31%) and the grass/ heath 

(66.56%). This is because near the settlement, areas for feeding and shelter are spatially 

separated, as quokkas rest under remnant woodland vegetation outside the developed 

areas during the day and travel to the developed areas to feed at night. This research 

provides an example of how tourism development can impact on the behaviour and 

movement patterns of local species.  
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Introduction 

Home range studies can provide insights into aspects of a species’ ecology such as 

movement patterns, limiting resources, habitat utilisation and social organisation. For this 

reason they can be important for informing conservation management plans and for the 

prioritisation of resources for protecting threatened species (Aebischer et al., 1993; Boitani 

and Fuller, 2000; Firth et al., 2006). 

One such species is the quokka (Setonix brachyurus, Quoy and Gaimard 1830), a small to 

medium sized (1.6 – 4.5 kg) macropod endemic to the south west of Western Australia, a 

recognised world biodiversity hotspot (Myers et al., 2000). On the mainland, the quokka has 

suffered significant declines through predation by the introduced red fox (Vulpes vulpes) and 

habitat alteration. These threatening processes, however, did not affect quokkas living on 

two offshore islands, Bald Island and Rottnest Island where, if anything, changes in the 

vegetation have resulted in an increased number of quokkas (Shield, 1964; Kitchener, 1998; 

Hayward et al., 2005a; de Tores et al., 2007). The quokka is now listed as vulnerable by the 

IUCN, with an estimated remaining global population of between 7850 and 17150 mature 

individuals (de Tores et al., 2008). Today, Rottnest Island is the only place where the quokka 

occurs at high density and this Island is an important sanctuary for this species (Sinclair and 

Morris, 1996; Sinclair, 2001).  

The home range of quokkas on Rottnest Island has previously been investigated. However, 

these studies are dated, and used methods such as Blair’s 1942 method involving plotting 

polygons using capture location data (Holsworth 1964), or through the use of a cotton spool 

attached to the back of the quokkas and the minimum convex polygon method (Kitchener 

1973). 

More recently home range studies have been carried out on quokkas on the mainland of 

Western Australia through the use of triangulation with radio telemetry and kernel density 

estimators (Hayward et al., 2004; Hayward, 2008; Bain et al., 2015a). However, these results 

cannot be used as predictors for Rottnest Island quokkas due to significant environmental 

and ecological differences between the island and the mainland (Shield, 1964; Storr, 1964b; 

Hayward et al., 2004). In order to fill the knowledge gaps and to assist with tailoring 

conservation management plans, this study aimed to investigate the effects of five key 
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variables hypothesised to affect the home range and space use of the Rottnest Island 

quokka; time, sex, weight, habitat type and season.  

Insularity has been shown to influence the spatial organisation of a wide range of mammals, 

including the island fox (Urocyon littoralis), the Malay civet (Viverra tangalunga) and the 

swamp antechinus (Antechinus minimus), and island populations often have reduced 

territory sizes and increased territory overlap compared to mainland populations (Stamps 

and Buechner, 1985; Roemer et al., 2001; Jennings et al., 2006; Sale and Arnould, 2009). This 

may be due to a number of factors including increased density, reduced predation pressure, 

reduced competition for resources and a smaller body size of island vertebrates (Stamps and 

Buechner, 1985; Roemer et al., 2001). As many of these factors apply to the Rottnest Island 

quokka, we expected that the quokkas on Rottnest Island would have smaller home ranges 

and higher degrees of home range overlap compared to the quokkas found on the mainland. 

Sex and reproductive behaviour can be important in influencing home range size and space 

use in mammals (Dahle and Swenson, 2003; Begg et al., 2005; Herfindal et al., 2005).  For 

example, the increased nutritional requirements of lactating females as young leave the 

pouch, may drive an increase in home ranges as females forage more widely to obtain the 

necessary resources (Miller et al., 2009; Miller et al., 2010). Further, female movement and 

location, which are determined primarily by resource distribution, often drive male spatial 

organisation in the males’ drive for reproductive success (Gehrt and Fritzell, 1998; Fisher and 

Owens, 2000). For this reason, examining the degree of spatial separation or amalgamation 

between the sexes can also provide information about levels of social interaction between 

individuals.  

In sexually dimorphic macropods, heavier males often have larger home ranges than females 

(Johnson, 1987; Fisher and Owens, 2000; Stirrat, 2003). Despite the fact that quokkas are 

sexually size dimorphic (Sinclair, 1998b; Hayward et al., 2004), no significant differences in 

the home range size between male and female quokkas has been reported in home range 

studies that have been conducted both on Rottnest Island and on the mainland (Holsworth, 

1964; Kitchener, 1973; Hayward et al., 2004; Bain, 2016). On Rottnest Island, quokkas have 

been described as moderately or intermediately social (Kitchener, 1998; McLean et al., 

2009). Therefore we expected to find little difference in the home range size or the 

proportion of home range overlap within and between sexes for quokkas on Rottnest Island. 
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We also expected that body weight differences would have little effect on the size of the 

home or the core ranges. 

The effects of season and habitat type on animal behaviour, population density or resource 

availability can also influence home range size and space use (Stirrat, 2003; Schradin et al., 

2010; Richard et al., 2014). An inverse relationship between the availability of food and 

water and home range size is common in eutherian mammals (Hulbert et al., 1996; Massei et 

al., 1997; Saïd and Servanty, 2005). This relationship has also been found in macropods 

(Clancy and Croft, 1990; Green et al., 1998; Stirrat, 2009), and is likely because, if resource 

availability is low, individuals have to travel further to meet their energetic requirements 

(Fisher and Owens, 2000). Therefore we hypothesised that the size of the home range of the 

Rottnest Island quokka would be greater in habitat types and seasons characterised by 

shortages of water and food. We also expected that quokkas in habitat types with fewer 

resources would have lower proportions of seasonal overlap, as they need to shift their 

ranges during the dry seasons in order to search for food.   

Methods 

To test these hypotheses, we radio tracked quokkas on Rottnest Island over a period of two 

years, between April 2013 and April 2015. The data collected were used to model the factors 

affecting home range size and overlap including time of day, sex, body weight, habitat type 

and season. 

Study sites 

Rottnest (32o 01’, 115o 50 ’) is an island of approximately 1950 ha, and is located 20 km west 

of Perth and 18km from the Australian coast. It is an A class conservation reserve, which is a 

category of protected area where conservation is of the highest priority due to the presence 

of a unique or fragile ecosystem (Hughes and Saunders, 2005), and a popular tourist 

destination (Rippey et al., 2003). Tourism development has resulted in some highly modified 

habitats, particularly within the settlement areas on the island, including fertilised and 

irrigated lawns that provide a permanent source of food and water year round for the 

quokkas (Sinclair, 1998a). Rottnest Island has a Mediterranean climate and receives up to 

80% of its average yearly rainfall of 565.5 mm between May and October, with June through 

August being the wettest and coolest months (Australian Bureau of Meteorology 2015). The 

Island also experiences hot conditions with little rainfall between November and April, and 
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during these arid periods there is little fresh water and nutritious herbage available outside 

of the developed settlement areas for the quokkas (Shield, 1958; Kitchener, 1972).  

We selected eight sites, including two replicates from each of the four key habitat types on 

the island 1. coastal dunes 2. grass/ heath 3. settlement and 4. woodland (Figure 1). Sites 

were selected through the use of vegetation maps provided by the Rottnest Island Authority, 

and on the ground inspection of vegetation. Sites ranged in area from 1.32 ha (settlement 2) 

to 5.28 ha (grass / heath 1; Table 1). Sites were spatially separated on the island by a 

minimum distance of 520 m. 

The settlement areas are highly developed for tourism and include buildings, roads, car 

parks and entertainment areas. Fertilised and irrigated couch grass (Cynodon dactylon) 

lawns are a common feature within the settlement and provide a nutritious source of food 

for quokkas year round, while native plant species such as Melaleuca lanceolata, used for 

both shelter and a source of food for many quokkas, lie mostly on the outskirts of these 

areas. There are also a number of introduced large Ficus macrophylla trees producing edible 

fruits and leaves favoured by quokkas. The settlement areas are often very busy with 

tourists, particularly during the summer and school holiday periods, and quokkas often take 

advantage of anthropogenic food sources within these areas (Shield, 1958; Hercock, 2003).  

The grass/ heath habitat includes an abundance of two tussock grasses eaten by the quokka, 

Stipa variabilis and Poa caespitosa (Poole et al., 2014), but are dominated by the heath 

species Acanthocarpus preissii, Austrostipa flavescens favoured for shelter by the quokka, 

and the introduced rhizomatous herb Trachyandra divaricata, also a food source (Storr, 

1961; Rippey and Hobbs, 2003).  

The woodland habitats contain both native and introduced species including Melaleuca 

lanceolata, Acacia rostellifera, Callitris preissii, all of which are sources of food and shelter 

sources for the quokka. Eucalyptus gomphocephala, Eucalyptus camaldulensis and 

Eucalyptus utilis are also common in these habitats, with Eucalyptus gomphocephala being 

used occasionally by quokkas for shelter (Poole et al., 2014). Acanthocarpus preissii is also 

commonly found in the understorey of the woodland habitats.  

The coastal dune habitats are comprised of sand dunes sparsely vegetated with Scaevola 

crassifolia, occasionally consumed by the quokka, and Olearia axillaris that can be used for 

shelter. Small patches of Acacia rostellifera, and Melaleuca lanceolata may also be found in 
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the coastal dunes, but very few of these exist (Storr, 1961; Poole et al., 2014).  

Acanthocarpus preissii is present in the coastal dunes but is more prolific at the edges of 

these habitat types.  

 

Figure 1: Aerial view of Rottnest Island displaying the eight sites that were sampled 

Trapping and radio collaring 

In habitat types outside of the settlement, quokkas were trapped using soft walled ‘Thomas’ 

traps, made of a shade cloth bag suspended within a steel frame (350 x 350 x 800 mm, 

Sheffield Wire Works, Welshpool, Western Australia). Traps were set at dusk and checked at 

dawn and were baited with apples. In the settlement areas, quokkas were hand netted at 

night time to avoid the risk of tourists interfering with traps and possibly harming quokkas. 

Quokkas were netted at 25 permanently marked points as it was assumed that if traps had 

been placed at those points, quokkas would have entered them.  

Between June and August 2014, 49 adult quokkas (25 males and 24 females), including at 

least two males and two females from each of the eight sites, were selected for radio 

tracking. Only adults that appeared to be in good health and that weighed more than 2 kg 

were selected to minimise the potential impacts of the radio collar on the animal’s welfare 

and behaviour. 
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Individuals selected for radio collaring were anaesthetised via Isoflurane inhalation with a 

gas mask (induced at 5% Isoflurane in Oxygen and maintained at 3% Isoflurane in Oxygen) 

While anaesthetised they were fitted with collar-mounted VHF two stage radio transmitters 

(model V5C 161E, Sirtrack Pty Ltd, New Zealand), with 18 cm whip antennae. The collars 

weighed 33.4 g or 1.2% of the quokkas’ body weight on average, and were made of soft 

leather that was cut to size to fit the neck of each individual. The battery life of the 

transmitters was approximately 16 - 18 months.  

Three of the collared quokkas died during the period of the study, and four lost their collars. 

If the quokkas that had lost collars could not be located, another suitable quokka from the 

same site and of the same sex was selected as a replacement and fitted with a collar.  

All capture and animal handling procedures complied with the Australian code of practice for 

the care and use of animals for scientific purposes (NHMRC 2004), and were approved by the 

Animal Ethics Committee at The University of Western Australia (permit no. 

RA/3/100/1183). A licence to take fauna for scientific purposes (Reg.17) was issued by the 

Department of Parks and Wildlife, Western Australia in 2013, 2014 and 2015 (Licence 

number: SF 009127). 
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Table 1: Location, area and primary vegetation types of each of the eight sites selected for sampling 

on Rottnest Island.  

Site Location (Lat/ Long) Area (ha) Primary Vegetation  

Coastal Dune 1 -32
o
1’3”, 115

o
 31’26” 5.10 Acanthocarpus preissii 

 

Spinifex longifolius 
 

Westringia dampieri   
Scaevola crassifolia 

 

 

Olearia axillaris 
 

Trachyandra divaricata
 

Acacia rostellifera 
Melaleuca lanceolata  
 

Coastal Dune 2 -32
o
0’55”, 115

o
 28’28” 2.96 Acanthocarpus preissii 

Lepidosperma gladiatum 
Scaevola crassifolia 
Spinifex longifolius 
 
 

Westringia dampieri  
Trachyandra divaricata 
Acacia rostellifera 

Grassland/ heath 1 -31
o
59’ 46”, 115

o 
30’3” 5.28 Acanthocarpus preissii 

Austrostipa flavescens 
Stipa variabilis  
Trachyandra divaricata 
 

Thomasia cognate 
Poa caespitose 
Acacia rostellifera  
 

Grassland/ heath 2 -32
o
0’ 15”, 115

o
 33’14” 4.16 Stipa variabilis  

Poa caespitosa  
Acanthocarpus preissii 
Thomasia cognate 
Trachyandra divaricata 
  
 

Austrostipa flavescens 
Lepidosperma gladiatum 
Olearia axillaris  
Acacia rostellifera 

Settlement 1 
(Thomson Bay) 

-31
o
59’ 41”, 115

o
32’24” 2.19 Cynodon dactylon 

Bouteloua dactyloides 
 

Ficus macrophylla 
Melaleuca lanceolata  
 

Settlement 2 
(Kingston Barracks) 

-32
o
0’25”, 115

o
33’16” 1.32 Cynodon dactylon 

Bouteloua dactyloides 
 

Melaleuca lanceolata 
 

Woodland 1 -32
o
0’50”, 115

o
31’45” 4.96 Acanthocarpus preissii 

Eucalyptus utilis 
Melaleuca lanceolata 
 

Callitris preissii 
Lepidosperma gladiatum 
Trachyandra divaricata 
 

Woodland 2 -32
o
0’12”, 115

o
31’7” 4.16 Acanthocarpus preissii 

Melaleuca lanceolata 
Callitris preissii 
Trachymene coerulea 
 

Eucalyptus 
gomphocephala 
Eucalyptus camaldulensis 
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Radio tracking 

Between 10 and 20 nocturnal and diurnal locations were recorded seasonally for each 

animal. Nocturnal locations were those recorded between sunset and sunrise, defined as 

summer 19.30 – 5.00, autumn 18.00 – 6.30, winter 17.30 – 7.00 and spring 18.30 – 6.00. 

Diurnal locations were those recorded outside of these times. To avoid autocorrelation of 

locations, at least 24 hours separated the recording of diurnal or nocturnal locations 

(Hayward et al., 2004; Nams, 2005).  

As dense vegetation often made it impossible to track quokkas to their exact positions, 

triangulation was used to record diurnal and nocturnal locations. Bearings were taken by a 

single operator using a hand held Yagi antenna (Sirtrack N.Z) and a battery operated R – 

1000 telemetry receiver (Communication Specialist, inc. Orange CA, USA). At least three 

compass bearings were recorded from established radio tracking points around and within 

the site, usually located on high points or hills within and around sites to improve signal 

reception (Harris et al., 1990). The co-ordinates of the points selected for taking bearings 

were recorded with a hand held GPS receiver (Lowrance Endura, Out and Back), and points 

were marked for continued use. Bearings were recorded in as rapid succession as possible, 

however elevated tracking points meant that some bearings were recorded more than five 

minutes apart.  

The program Locate III (Pacer Computing Software, Nova Scotia, Canada) was used to 

estimate the most likely locations of the quokkas from the recorded bearings. Individual 

total, day, night and seasonal ranges from each of the 49 quokkas were estimated using the 

fixed kernel density estimator in Ranges VIII (Anatrack Ltd. Wareham, U.K; Hayward et 

al.2004). Selected cores of 95% and 50% were used in the analysis. Home range was 

considered to be the area in which the quokka was located 95% of the time, while the core 

range was considered to be the area in which the quokka was located 50% of the time. We 

calculated a maximum likelihood cross validated smoothing parameter using the program 

Animal Space Use 1.3 for the individual, nocturnal and diurnal and seasonal ranges of each 

animal (Horne and Garton, 2006).  

Incremental area analysis was used to determine the number of locations required to 

accurately estimate the individual and seasonal home ranges of each quokka (Kenward et 

al., 2008). It was determined that for individual ranges, a mean number 27 of locations was 

required for the incremental area plot to reach an asymptote, and therefore only quokkas 
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with 27 locations or more were used in the analysis. Insufficient data meant that four 

quokkas had to be removed, leaving data from 45 quokkas (22 male and 23 female) for 

analysis. 

For the seasonal ranges, incremental area plots were found to reach an asymptote at an 

average of 19 locations and therefore seasonal home ranges were only calculated for 

quokkas with greater than 19 locations in each season. As 80% of the rainfall on Rottnest 

Island falls between May and October (Australian Bureau of Meteorology 2015), seasons 

were defined as wet (May to October) and dry (November to April). Individual, seasonal and 

night and day ranges were exported, plotted and viewed using Arc Map 10.2.2 

(Environmental Systems Research Institute Inc. 2014). 

Statistical analyses 

Individual, night and day and seasonal kernel ranges were log transformed to fit a normal 

distribution. The normal distribution was verified through a Shapiro- Wilk test carried out in 

SPSS Statistics 22 (SPSS) (IBM Corp. Armonk, N.Y.) 

SPSS was also used to perform statistical analysis on the home range data. We tested for the 

effects of sex, weight and habitat type on the size of the individual, night and day and 

seasonal home and core ranges. For the total home range data, we used generalised linear 

models to examine relationships between these variables. For both night and day and 

seasonal data, we used generalised linear mixed models to examine these relationships. 

These models were run with both 95% home range (HR) and 50% core range (CR) as 

dependent variables. 

Home range overlap 

Total, day and night and seasonal kernel home ranges were transformed into polygons 

through the use of the feature to polygons tool in Arc Map. Within this program total areas 

of each polygon were also derived and the intersection of overlapping polygons in each site 

were calculated through the use of the intersect tool. The percentage of overlap was 

calculated by dividing the area intersect of one home range (HR1) over the adjoining home 

range (HR0) and multiplying this by 100 (Hayward, 2008). 

The percentage of home range overlap within each habitat type was calculated within and 

between sexes (male over male, female over female and male over female). The percentage 

of night over day range overlap, and wet over dry season range overlap was also calculated 
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for each animal. The percentage overlaps were then transformed into proportions, and 

these proportions were logit transformed to fit a normal distribution. The normal 

distribution was confirmed through a Shapiro - Wilk test in SPSS. 

Generalised linear models in SPSS were used to determine whether habitat type had any 

significant effect on the proportion of within and between sex, night over day and wet over 

dry home range overlap. 

Results 

Individual home and core ranges 

Individual total home ranges of quokkas on Rottnest Island, radio tracked over a period of 

two years (April 2013 to April 2015), were between 0.32 ha and 8.13 ha in size, with a mean 

(± SE) of 1.91 ± 0.23 ha, while core ranges varied between 0.07 ha and 2.77 ha with a mean 

(± SE)  of 0.64 ± 0.86 ha. 

Sex did not influence individual home range size: males had a mean home range size of 1.82 

± 0.33 ha compared to the females 1.98 ± 0.36 ha (Wald – chi square = 0.28, df = 1, P = 0.60), 

and there was no effect of sex on core range size either (Wald – chi square = 0.29, df = 1, P = 

0.59; Table 3). Body mass also had no significant effect on the size of quokka home (Wald – 

chi square = 0.48, df = 1, P = 0.49) or core ranges (Wald – chi square = 0.56, df = 1, P = 0.50). 

The mean home range size of quokkas in the grasslands (2.66 ± 0.76 ha) was more than 

twice as large as the mean home range size found in the settlement areas (1.21 ± 0.33 ha; 

Table 2), however, the differences between habitat types for both home and core range data 

failed to reach significance (home range: Wald – chi square = 0.57, df = 3, P = 0.13; core 

range: Wald – chi square = 7.28, df = 3, P = 0.06; Table 2 and 3). 

The null model had the greatest support from the data for the size of the quokka home 

range while the models that included only habitat type, only weight, and only sex showed 

weak support for the data (∆ AICc  < 2.0). Despite no significance being detected, habitat 

type showed the best support for the core range data. 
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Nocturnal and diurnal home ranges 

Over the two year period, nocturnal home ranges averaged 1.51 ± 0.22 ha, while nocturnal 

core ranges averaged 0.52 ± 0.08 ha and these were significantly larger than the diurnal 

home (1.39 ± 0.22 ha; F1,37 = 8.28, P = 0.01) and core ranges (0.48 ± 0.08 ha; F1,37 = 8.46, P = 

0.01). Although the average nocturnal home ranges of males (1.62 ± 0.42 ha) were larger 

than those of females (1.41 ± 0.18 ha), there was no significant effect of sex on diurnal or 

nocturnal home or core range (home range: F1,41 = .08, P = 0.77; core range: F1,41 = 0.24, P = 

0.63). Weight also had no significant effect on the size of the nocturnal or diurnal home 

ranges (F1,41 = 0.32, P = 0.57) or core ranges (F1,41 = 0.72, P = 0.40), and neither did habitat 

type (home range: F3,39 = 2.05,  P = 0.12; core range F3,39 = 2.58, P = 0.07; Table 2). 

The model that included time as a fixed variable had the greatest support from the 

diurnal/nocturnal home and core range data and none of the other models had significant 

support in comparison (AICc > 4). 

Seasonal ranges 

The home ranges in the dry season averaged 1.56 ± 0.21 ha over the two years, and were 

not significantly different in size from the average home ranges found in the wet season 

(1.73 ± 0.27; F1,34 = 2.18, P = 0.17). The core ranges in the wet and dry season also did not 

differ significantly in size (F1,34 = 1.46, P = 0.26; Table 2). 

There was no significant effect of sex (F1,43 = 0.73,  P = 0.39), body weight (F38,6 = 1.03, P = 

0.54) or habitat type (F3,41 = 1.28, P = 0.26) on the size of the seasonal home ranges, and 

these factors had no significant effect on seasonal core range size either (sex: F1,43 = 0.77,  P 

= 0.39; weight: F38,6 = 1.39, P = 0.35; habitat type: F3,41 = 1.64 , P = 0.19).   The null model had 

the best support from the data for both the seasonal home and core ranges and all of the 

other models had no significant support from the data in comparison. 
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Table 2: Mean (± SE) home range (95% isopleth) and core range (50% isopleth) estimates, derived 

using the kernel contour method, of male and female quokkas (Setonix brachyurus) from four habitat 

types on Rottnest Island, Western Australia, including individual, night and day and seasonal ranges. 

 95% Home range ± SE 50% Core range ± SE 
Individual ranges (overall) 1.91 ± 0.23 0.64 ± 0.86 
Male  1.82 ± 0.33 0.62 ± 0.13 
Female  1.99 ± 0.36 0.65 ± 0.12 
 
Nocturnal (overall)  

 
1.51 ± 0.22 

 
0.52 ± 0.08 

Male  1.62± 0.42 0.54 ± 0.14 
Female  1.41 ± 0.18 0.51 ± 0.07 

Diurnal (overall)  1.39 ± 0.22 0.48 ± 0.08 
Male  1.23 ± 0.28 0.42 ± 0.10 
Female 1.43 ± 0.34 0.50 ± 0.12 
 
Seasonal  

  

Dry (overall) 1.56 ± 0.21 0.53 ± 0.07 
Male 1.42 ± 0.28 0.52 ± 0.12 
Female 1.69 ± 0.30 0.56 ± 0.11 

Wet (overall) 1.73 ± 0.27 0.55 ± 0.09 
Male 1.41 ± 0.35 0.45 ± 0.12 
Female 2.04 ± 0.42 0.66 ± 0.130 
 
Habitat Type 

  

Coastal Dunes (overall) 1.42 ± 0.31 0.44 ± 0.13 
Male 1.59 ± 0.64 0.54 ± 0.27 
Female 1.27 ± 0.29 0.36 ± 0.07 
Nocturnal  1.08 ± 0.18 0.36 ± 0.70 
Diurnal  1.04 ± 0.32 0.30 ± 0.07 
Dry  1.17 ± 0.26 0.36 ± 0.09 
Wet  1.13 ± 0.20 0.32 ± 0.05 

Grass/ heath (overall) 2.66 ± 0.76 0.94 ± 0.27 
Male 3.07 ± 1.01 1.15 ± 0.37 
Female 2.33 ± 1.18 0.77 ± 0.41 
Nocturnal 2.11 ± 0.72 0.76 ± 0.26 
Diurnal 1.77 ± 0.15 0.67 ± 0.24 
Dry  1.65 ± 0.51 0.56 ± 0.18 
Wet 2.20 ± 0.22 0.71 ± 0.09 

Settlement (overall) 1.21 ± 0.33 0.42 ± 0.12 
Male 0.79 ± 0.22 0.21 ± 0.70 
Female 1.71 ± 0.54 0.59 ± 0.19 
Nocturnal 0.86 ± 0.22 0.32 ± 0.02 
Diurnal 0.89 ± 0.26 0.29 ± 0.12 
Dry  1.09 ± 0.25 0.36 ± 0.90 
Wet 1.48 ± 0.51 0.54 ± 0.23 

Woodlands (overall) 2.21 ± 0.33 0.740 ± 0.11 
Male  1.83 ± 0.41 0.61 ± 0.13 
Female 2.76 ± 0.50 0.93 ± 0.16 
Nocturnal 1.96 ± 0.28 0.62 ± 0.07 
Diurnal 2.10 ± 0.48 0.68 ± 0.15 
Dry  2.28 ± 0.49 0.82 ± 0.18 
Wet 1.99 ± 0.37 0.59 ± 0.11 
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Table 3: Results of generalised linear models testing for the effects of sex, weight and habitat type on 

home and core range data for quokkas (Setonix brachyurus) on Rottnest Island, Western Australia. 

Range type Effect Wald-Chi 
Square 

d.f. P 

Home range Habitat type 5.572 3 0.13 
 Weight 0.477 1 0.49 
 Sex 0.283 1 0.60 
     
Core Range Habitat type 7.282 3 0.06 
 Weight 0.558 1 0.50 
 Sex 0.293 1 0.59 

 

Home range overlap  

The home ranges of quokkas overlapped each other by an average of 23.8 ± 2.22%. The 

average male over female home range overlap was 23.5 ± 2.95%, while the average male 

over male home range overlap was 22.6 ± 4.53% and the average female over female home 

range overlap was 25.2 ± 4.71%. There was no significant difference in the amount of male 

over male, male over female or female over female overlap overall (Wald Chi Square = 0.58, 

df = 2, P = 0.75). 

There was a significant effect of habitat type on male over female home range overlap, at 

36.9 ± 8.64% the coastal dunes had significantly greater male over female home range 

overlap than the other three habitat types (Wald Chi – Square = 14.35, df = 1, P = 0.01; 

Figure 2). 

There was also a significantly less night over day overlap in the Settlement (38.9 ± 8.08%) 

than in the coastal dunes (85.7 ± 8.10%), the grass/ heath (66.8 ± 7.53%) and the woodlands 

(70.3 ± 7.07%; Wald Chi – square = 27.60, df = 3, P = 0.00; Figure 3). This indicated that 

quokkas shifted their night and daytime ranges, commuting to the settlement areas at night 

to forage (Figure 4). 

There was no significant effect of habitat type on seasonal home range overlap (Wald Chi – 

Square = 0.80, df = 3, P = 0.85), and seasonal overlap was above 60% in all habitat types, 

ranging from 63.9 ± 4.3% in the Woodlands to 69.8 ± 7.4% in the Settlement. 
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Figure 2: Mean Home range overlap (%) of male over female quokkas (Setonix brachyurus) between 

the four sampled habitat types on Rottnest Island, Western Australia. 

 

Figure 3: Mean nocturnal over diurnal home range overlap (%) for quokkas (Setonix brachyurus) 

within the four sampled habitat types on Rottnest Island, Western Australia. 
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Figure 4: Aerial photograph of Kingston Barracks on Rottnest Island (Settlement site #2) showing the 

night (blue) and day time (yellow) home ranges (95 and 50% kernel contours) of quokka number 9 

(female) and quokka number 20 (male). 

Discussion 

Individual ranges 

As expected, the average home (95%) and core ranges (50%) of 1.91 and 0.64 ha were 

smaller than the ranges of mainland quokkas recorded in recent studies in the southern 

forests (home range, 71.4 ha; core range, 18.0 ha; Bain et al. 2015) and the northern jarrah 

forest of Western Australia (home range, 6.39 ha; core range, 1.21 ha; Hayward et al. 2004).  

Compared to quokkas on the mainland, Rottnest Island quokkas are at a much higher density 

(Sinclair and Morris, 1996) and, with no introduced predators, and only avian predators such 

as sea eagles, Haliaeetus leucogaster and osprey, Pandion haliaetus occasionally preying on 

quokka young (Blumstein et al., 2001), predation pressure is also comparatively lower. 

Further, Rottnest Island quokkas are smaller than their mainland conspecifics. As all of these 

factors have been linked to smaller home ranges in insular mammals, it is not unexpected to 
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see a smaller home range size of the Rottnest Island compared to the mainland quokka 

(Shield, 1967; Stamps and Buechner, 1985; Sinclair, 1998b; Dawson et al., 2012). 

Our findings, however, also differ from those of two former studies that investigated the 

home ranges of Rottnest Island quokkas, although differences in methodology mean that 

results may not be comparable. Holsworth (1967) found that quokkas on the West End had 

home ranges of approximately 4 ha. These larger home ranges could be explained by his use 

of the home range plotting methods of Blair (1942), which were criticized as they tended to 

exaggerate the size of the home ranges by including all areas between outlying points, many 

of which may not have been inhabited by the animal (Hayne, 1949). Kitchener (1973) on the 

other hand, found a smaller annual average home range of 0.13 ha using a cotton spool 

attached to quokkas and the minimum convex polygon method. The short duration (four 

days) of this study, and the small sample size of six however, may have significantly reduced 

the accuracy of his home range estimates (Bekoff and Mech, 1984; Swihart and Slade, 1985).  

Contrary to our expectation, we did not find higher proportions of home range overlap for 

Rottnest Island quokkas compared to quokkas on the mainland. We found instead that the 

proportion of home range overlap between individuals averaged only 23.79% and this 

compares to home range overlaps between individuals of 52% in the northern jarrah forest 

(Hayward, 2008) and of 48% in the southern forests (Bain et al., 2015a). In his study Hayward 

(2008) found a significant inverse relationship between the local population density of 

quokkas and the proportion of home range overlap, and this may help to explain why the 

high density quokka population on Rottnest Island has a lower degree of home range 

overlap between individuals than the lower density mainland quokka populations. 

Our findings were not expected, as when compared to their mainland counterparts, island 

species living at high densities often demonstrate greater degrees of home range overlap, 

increased acceptance of subordinates, and abandonment of territorial defence (Stamps and 

Buechner, 1985). Inverse relationships between population density and social interaction 

have previously been found in other species, however. The territorial North American red 

squirrel (Tamiasciurus hudsonicus) for example, employs antagonistic physical behaviour to 

decrease their direct contacts in response to increased population density (Dantzer et al., 

2012). We do not have data to support territorial behaviour in the quokka, and diametric 

views in the research (Holsworth, 1967; Nicholls, 1971) mean that this aspect of the 

quokkas’ behaviour remains uncertain, and would benefit from further investigation. 
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The lower proportion of home range overlap on Rottnest Island, however, may also be 

explained by ecological differences between the northern and southern forests on mainland 

Western Australia and Rottnest Island. On the mainland, the presence of feral carnivores, 

such as the European red fox, means that predation risk is greater (Blumstein et al., 2001; de 

Tores et al., 2007), and quokkas are largely restricted to areas of riparian vegetation, 

Taxandria thickets and Melaleuca heath found within the jarrah (Eucalyptus marginata), 

marri (Corymbia calophylla) and karri (Eucalyptus diversicolor) forest communities. This is 

because these densely vegetated areas provide refuge from predation and a source of food 

(Storr, 1964a; Hayward et al., 2003; Bain et al., 2015a). The higher proportions of home 

range overlap on the mainland may therefore be a function of preferred habitat types 

limiting dispersal, thus creating higher degrees of home range overlap between individuals. 

On the other hand, Rottnest Island has a low predation risk and is largely covered by low 

heath, which is preferred habitat for the quokka (Kitchener, 1972; Rippey and Hobbs, 2003; 

Poole et al., 2014) and this may help to explain why home range overlap is reduced here. 

Nocturnal and diurnal home ranges  

The nocturnal home and core ranges were significantly larger than the diurnal home and 

core ranges. This was to be expected because quokkas are nocturnal animals that leave their 

diurnal rest sites, to forage more widely in their nocturnal feeding areas (Nicholls, 1971). The 

size of the diurnal home ranges however, suggests that quokkas do not return to the same 

resting site each night to sleep, and this has also been reported by Holsworth (1964) and 

Nichols (1969).  

Male and female home ranges  

The size of the home range did not vary significantly between male and female quokkas on 

Rottnest Island, as we expected, following studies conducted on both mainland and on 

Rottnest Island quokkas (Holsworth, 1967; Kitchener, 1973; Hayward et al., 2004; Bain, 

2016). 

Quokkas are sexually dimorphic, with male quokkas weighing 15 to 20% more than female 

quokkas on Rottnest Island (Sinclair, 1998b; Hayward et al., 2003), and most sexually 

dimorphic macropods display a polygynous mating system (Jarman, 1989). In macropods, 

these two traits can often result in males having larger home range sizes than the females 
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(Johnson, 1987; Evans, 1996; Fisher and Owens, 2000). Therefore, it seems counter intuitive 

that the home ranges of male and female quokkas did not differ in size.  

Hayward et al. (2004) suggested that in the northern Jarrah forest the similarity in home 

range size between the sexes may reflect the dominance hierarchy of male quokkas, 

whereby dominant males have home ranges that overlap with the ranges of more than one 

female, and also prevent subordinate males from having such large home ranges. However, 

if this was the case for the Rottnest Island quokkas, we would expect to see differences in 

the proportion of home range overlap between males and males and males and females, 

which we did not find. Instead, we found no significant difference between the home range 

overlap of males over males (22.62%), and males over females (23.54%). Hayward (2008) 

also found no significant difference in the degree of overlap between male and female 

quokkas in the northern half of the jarrah forest bioregion of Western Australia, and perhaps 

this explains the similarity in the size of the home ranges between male and female quokkas 

in their earlier study (Hayward et al., 2004). In terms of social organisation, these home 

range overlaps indicate that moderately or intermediately social are good descriptors for the 

Rottnest Island quokka (Kitchener, 1998; McLean et al., 2009).  

Home range size and overlap according to habitat type  

We found that the home ranges of quokkas were smallest in the Settlement areas, at 1.21 

ha, and largest in the grasslands at 2.64 ha, although these differences failed to reach 

significance. Despite no significance being detected, habitat type did have the best support 

from the individual core range data, and there is certainly a strong trend towards habitat 

type impacting on home range size, particularly with regards to the settlement areas, where 

plentiful food and water is available year round and range sizes were found to be smaller 

than in other habitat types.  

Our overlap results likely explain why the size of the home ranges did not differ significantly 

according to habitat type, as they show that the proportion of nocturnal/ diurnal overlap in 

the settlement is significantly lower than in other habitat types. This means that the quokkas 

in the resource rich settlement areas have a higher degree of spatial separation between 

their diurnal and nocturnal ranges. The quokkas diurnal ranges were located outside of the 

settlement areas, while their nocturnal ranges centered around the resource rich settlement 

areas. As such, despite the fact that resources are readily available in the settlement, 

quokkas are moving further to reach them.  
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Rottnest Island quokkas shelter under vegetative cover such as shrubs and bushes during the 

day and move to more open feeding areas at night (Holsworth, 1964; Nicholls, 1971; 

Kitchener, 1972; Kitchener, 1981). The Settlement areas on Rottnest Island, however, can 

get very busy with human activity, especially during the warmer months of the year, and this 

coupled with the fact that these areas contain little of the heat buffering vegetation, such as 

Melaleuca lanceolata, Acacia rostellifera and Acanthocarpus preissii, which are preferred for 

shelter by the quokka (Poole et al., 2014) may help explain why many of the quokkas move 

out of the settlement areas to rest during the day, and return to them to feed at night. The 

settlement areas were the only habitat type where we recorded quokkas moving between 

habitat types, as they slept under woody vegetation surrounding the settlement during the 

day, and moved into the settlement areas to feed at night.  

On the mainland, habitat modification is a key threatening process for quokkas, and this is 

largely because quokkas rely on densely vegetated areas as refuge from predation from 

introduced foxes in particularly (Hayward et al., 2003; Bain et al., 2015a). The movement of 

Rottnest Island quokkas between highly and less modified habitat types therefore 

demonstrates the capacity of the quokka to adapt to habitat modification under low to no 

predation pressure, in the absence of foxes. 

Further evidence of the importance of vegetation for the quokka may also be drawn from 

our results that showed a significantly higher proportion of male over female home range 

overlap in the coastal dune scrub compared to the other habitat types. Kitchener (1972) 

demonstrated that shelter is an important limiting resource for the Rottnest Island quokkas, 

and they aggregate around patches of vegetation that provide them with shelter particularly 

during warm and dry conditions. Our findings support this and suggest that when shelter and 

food resources are limited, as they are in the coastal dune habitat, quokkas gather around 

what is available, rather than extending their home ranges to search more widely for food, 

and this makes sense in terms of energy conservation. These results also help to explain 

why, despite there being fewer resources available in the coastal dune sites, the home 

ranges within these sites were not significantly larger than those found in other sites. 
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Seasonal ranges 

We found no difference in home or core range size according to season and that there was 

no effect of sex, weight or habitat type on the size of the seasonal ranges. We also found no 

significant difference in the proportions of seasonal overlap between habitat types on 

Rottnest Island 

We therefore must reject the hypotheses that the home ranges of quokkas on Rottnest 

Island would be larger in seasons with less available food and water, and that quokkas in 

habitat types with fewer resources would have lower proportions of seasonal overlap as 

they need to shift their ranges during the dry seasons in order to search for food. It also 

seems that the requirements of males to roam around more in search of females (Fisher and 

Owens, 2000) and of females to travel further in search of resources during the peak of 

lactation (Miller et al., 2010) do not result in larger home ranges according to season, or sex, 

or both.  

Our research demonstrates that tourism has impacted on quokkas around the developed 

Settlement areas of Rottnest Island, leading to reduced night and day range overlap as a 

result of an alteration  in movement patterns. This is because quokkas in the settlement are 

actively commuting to take advantage of both abundant food resources at night and 

sheltered rest sites during the day. 

This research provides an example of how tourism development can impact on the 

behaviour and movement patterns of local species. Further, we demonstrate that on 

Rottnest Island, quokkas may be highly adaptable to habitat modification.  
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Chapter 3: Body condition, breeding time and 

joey survival rates of the quokka (Setonix 

brachyurus) are improved in habitats 

developed for tourism on Rottnest Island, 

Western Australia. 
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Abstract  

Tourism can modify habitats and can have both positive and negative effects on local wildlife 

species. Such effects include changes to body condition, reproduction and behaviour, and 

can significantly affect the long-term fitness of individuals and local populations.  

With particular interest in the effects of tourism on the ecology of the quokka (Setonix 

brachyurus), we investigated the effects of season and habitat type on the body condition 

and reproduction of this endemic species on Rottnest Island, a popular tourist destination in 

Western Australia. 

We trapped quokkas every season for two years within four habitat types with varying 

degrees of resource availability for the quokkas: coastal dune, grass/ heath, woodland and 

the settlement areas that are highly developed for tourism.  

We used tail circumference as a measure of body condition, and this was significantly 

greater in the high resource settlement areas than in the in the other habitat types (P = 

0.02). Condition was poorest in summer, a season with low rainfall and scarce food. The 

condition of males peaked in spring and was related to rainfall in the previous season. The 

condition of females peaked in winter and declined sharply in spring, likely because females 

are preparing for and meeting the demands of peak lactation. 

A higher proportion of joeys were born in February and March in the settlement areas as 

opposed to March and April in other habitat types. There was no evidence that the period of 

seasonal anoestrus experienced by quokkas on the island was reduced or eliminated in the 

settlement areas. Weaning rates, not birth rates varied between habitat type, and were 

lowest in the poorly resourced coastal dunes and highest in the bountiful settlement areas.  

Habitats modified by tourism are often considered to have negative impacts on the fitness of 

local wildlife. This study however, provides an example of how tourism can positively 

influence the fitness of a vulnerable species, the quokka, through increased body condition 

and improved joey survival rates. This has implications not just for the conservation 

management of the Rottnest Island quokka, but also for other species globally persisting in 

areas exposed to tourism. 
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Introduction  

Factors such as the availability of food and shelter, population density, predation risk and 

interspecific competition all contribute to the quality of habitats and influence the fitness 

and demography of local species (Lindström, 1999; Pulliam, 2000; Lin and Batzli, 2001; 

Morris, 2003). Human development can disturb natural habitats and result in local changes 

to these ecological factors that can benefit the life history of more flexible species, adversely 

affect others, and in some cases can have both positive and negative effects (Higginbottom 

et al., 2001; Hoffman and O’Riain, 2011; Gentili et al., 2014).  

Artificial increases to the availability of food in habitats modified for tourism for example can 

attract animals and can increase their fitness through improved body condition, 

reproductive success or survival (Orams, 2002; Prevedello et al., 2013). Golf courses for 

example can provide a ready availability of high quality forage for herbivorous species such 

as elk (Cervus elaphus nelsoni), or eastern grey kangaroos (Macropus giganteus), but can 

encourage local overabundance of these species (Lee and Miller, 2003; Herbert, 2004; 

Hodgkison et al., 2007; Tribe et al., 2014). 

Crowded environments and greater exposure to tourists, however, can also reduce fitness 

through increased risk of injury, disease transmission and aggression, disruption of normal 

activities, increased levels of stress or ingestion of poor quality foods (Green and 

Higginbottom, 2001; Orams, 2002; Newsome and Rodger, 2008). Negative impacts 

associated with tourism have been reported in a wide range of wildlife species. Examples 

include reduced body condition in stingrays (Dasyatis americana), increased stress, lower 

breeding success and reduced fledging rates in endangered yellow eyed penguins 

(Megadyptes antipodes), increased aggression in Mareeba rock-wallabies (Petrogale 

mareeba) and modified activity patterns in Asiatic leopards (Panthera pardus; Hodgson et 

al., 2004; Ellenberg et al., 2007; Ngoprasert et al., 2007; Semeniuk and Rothley, 2008).  
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Understanding how local tourism may be affecting the fitness of local species is vital for their 

long-term management, and threatened species affected by tourism in particular should be 

monitored closely as small changes to threatened populations can greatly impact the 

survival probability of the species (Shaffer, 1981). 

Rottnest Island off the coast of Western Australia is an A Class Conservation Reserve for the 

purpose of “Public recreation” and is a tourism Mecca in Western Australia. The island is also 

home to the only remaining high-density sub population of the quokka (Setonix brachyurus), 

an endemic macropod listed as vulnerable by the IUCN (2011) having been decimated on the 

mainland through predation by the introduced European red fox (Vulpes vulpes) and through 

habitat alteration (Sinclair and Morris, 1996; de Tores et al., 2007; de Tores et al., 2008). 

At an estimated 4000 to 8000 quokkas, the Rottnest Island sub-population accounts for a 

high proportion of the estimated 7850 to 17150 mature individuals remaining (IUCN Red 

List, 2011). The island is therefore an important sanctuary for this threatened species, and 

although quokkas appear to be thriving there today, careful management, based on up-to-

date ecological and demographic data, is vital in order to protect this important population 

into the future. 

The success of quokkas on Rottnest Island may be attributed in part to human induced 

changes to the island’s vegetation that have seen much of the islands extensive cover of low 

closed woodland replaced by low shrub and grassland, which is preferred habitat for the 

quokka (Kitchener, 1972; Pen and Green, 1983; Rippey et al., 2003; Poole et al., 2014). 

Further, fertilised and irrigated lawns and food from tourists greatly increases resource 

availability for quokkas in the highly developed settlement areas (Sinclair 1998). 

The Quokka population is regulated, however, by seasonal declines, driven by the limited 

availability of food and water outside of the settlement areas during summer (Shield, 1958; 

Main, 1959; Storr, 1961; Holsworth, 1964). A period of anoestrus, not seen in mainland 

quokkas, coincides with the summer period and limits the breeding season to six to eight 

months per year, restricting females to producing one offspring per year (Shield, 1964). This 

period of anoestrus is lost when island quokkas are kept in captivity and may therefore be 

reduced or eliminated in quokkas that live near the high resource settlement areas 

(Sharman, 1955b; Shield, 1958; Shield, 1959b; Shield and Woolley, 1963).  
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In terms of management of the Rottnest Island quokka, two potential issues concerning the 

demographics and ecology of this subpopulation stand out.  On the one hand, local 

environmental disturbance involving artificially increased food supply may drive potentially 

unsustainable increases in quokka numbers in affected areas. On the other hand, global 

climate change, which is forecast to result in warmer and dryer conditions in South Western 

Australia (Gibson et al., 2010; Hughes, 2011), will likely result in extended periods of aridity, 

leading to increased morbidity and mortality, and this may pose a significant threat to the 

stability of the population in the future. 

This study aimed to determine how resource availability, as it is affected by tourism and 

season, affects the body condition and reproduction of quokkas on Rottnest Island. We 

expected that high resource availability will be associated with improved body condition, 

reproductive performance, and joey survival rates. Conversely, we expected low resource 

availability to be associated with poorer body condition, reproductive performance and joey 

survival rates.  This information will help to inform management decisions for the quokka, 

but may also be significant to other species affected by tourism globally. 

Materials and methods  

To test these hypotheses, we trapped quokkas each autumn, winter, spring and summer 

between April 2013 and January 2015. We used our collected data to model how factors 

such as sex, habitat type and season affect body condition, birth times and reproduction in 

quokkas on Rottnest Island. 

Study species 

The quokka, a medium sized (1.6 – 4.5 kg) macropod that is endemic to the south west of 

Western Australia, is a ruminant like foregut fermenter and is primarily a herbivorous grazer 

(Shield, 1958; Storr, 1961).  On Rottnest Island the quokka can be omnivorous in its feeding 

habits however, consuming all manner of foodstuffs given or left by tourists, including 

processed meats such as sausage (V. Phillips personal observation). This behaviour is 

particularly common around the settlement areas where tourists gather. There have also 

been reports of quokkas feeding on other animals such as the legless lizard Lialis burtonis 

and the introduced snail Helix pisana (Erickson, 1951; Shield, 1958).  

The Rottnest Island quokka has a small home range of approximately 1.91 ha (Chapter 2). 

Quokkas are primarily nocturnal and rest under vegetative cover such as shrubs and bushes 
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during the day, and move around to graze at night (Dunnet, 1962). Within the settlement 

areas however, some animals exhibit temporal shifts in activity patterns and move around 

during the day to scavenge from tourists (Wynne and Leguet, 2004). Most quokkas however, 

rest in densely vegetated areas outside of the settlement during the day and actively 

commute into them at night to feed on the highly palatable fertilised and irrigated couch 

grass (Cynodon dactylon), which is plentiful within the settlement areas and available year 

round. The large separation between daytime rest sites and night time feeding sites was not 

observed in habitat types outside of the settlement areas (Chapter 2). 

A seasonal anoestrus limits quokkas on Rottnest Island to producing one young per year, 

with the breeding season confined between late January and September and the majority of 

births occurring between March and April. Quokka young, also known as joeys, leave the 

pouch at approximately six months and are weaned at approximately nine months of age, 

and juveniles born earlier in the breeding season can breed at the commencement of their 

second year (Sharman, 1955; Shield, 1958; Holsworth, 1964; Shield, 1964; Loh and Shield, 

1977). Quokkas have been recorded living for up to 10 years on Rottnest Island (Holsworth, 

1964). 

Study sites 

Rottnest (32o01’, 115o50’) is an island of approximately 19.5 km2, which is located 20 km 

west of Perth and 18 km from the Australian coast. It has a Mediterranean climate and 

receives up to 80% of its average yearly rainfall of 561 mm between May and October, with 

June through August being the wettest and coolest months (Australian Bureau of 

Meteorology, 2016). The Island experiences hot conditions with little rainfall between 

November and April. As a result, there is little fresh water and nutritious herbage available 

outside of the developed settlement areas for the quokkas during the summer and early 

autumn months (Shield, 1958; Kitchener, 1972).  

Eight sites, including two replicates from four key habitat types on the island were selected; 

these were: coastal dune, grass/ heath, woodland and settlement (Figure 1). Each habitat 

type had varying degrees of resource availability for the quokkas ranked as settlement > 

grass/ heath > woodland > coastal dune according to research conducted by Storr (1964b) 

and Poole et al. (2014).  
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The settlement areas are highly developed for tourism and include buildings, roads, car 

parks and entertainment areas. Fertilised and irrigated couch grass (Cynodon dactylon) 

lawns are a common feature within the settlement, and the occasional native plant species 

such as Melaleuca lanceolata, lie mostly on the outskirts of these areas. There are also a 

number of introduced large Ficus macrophylla trees producing edible fruits and leaves. The 

settlement areas are often very busy with tourists, particularly during the summer and 

school holiday periods. The grass/ heath habitat types include an abundance of two tussock 

grasses, Stipa variabilis and Poa caespitosa, but are dominated by the heath species 

Acanthocarpus preissii, Austrostipa flavescens, and the introduced rhizomatous herb 

Trachyandra divaricata (Storr, 1961; Rippey and Hobbs, 2003). The woodland habitats 

contain both native and introduced species including Melaleuca lanceolata, Acacia 

rostellifera, Callitris preissii, Eucalyptus gomphocephala, Eucalyptus camaldulensis and 

Eucalyptus utilis. Acanthocarpus preissii also commonly lines the understorey of these 

woodland habitats. The coastal dune habitats are comprised of sand dunes sparsely 

vegetated with Scaevola crassifolia and Olearia axillaris, but also contain occasional low 

thicket patches of Acacia rostellifera, and Melaleuca lanceolata (Storr, 1961).  

Acanthocarpus preissii is also present in the coastal dunes but is more prolific at the edges of 

these habitat types.  

Sites were selected through the use of vegetation maps provided by the Rottnest Island 

Authority, and on the ground inspection of vegetation. An average of 2196 ± 355.5 m 

separated each site.  
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Figure 1: Aerial view of Rottnest Island (Western Australia) displaying the eight sites where quokkas 

(Setonix brachyurus) were sampled. 

Rainfall data 

Rainfall data were obtained from the monthly climate statistics for Rottnest Island within the 

Australian Bureau of Meteorology Website (Bureau of Meteorology 2016). A missing value 

for July 2014 was replaced with rainfall data from the nearest available weather station, 

Fremantle (32.06o S, 115.75o E). Rainfall at Fremantle is higher on average than rainfall on 

Rottnest Island and for this reason winter rainfall for the year 2014 may be an overestimate. 

Total annual rainfall for 2013 was 590 mm, while total annual rainfall for 2014 was 550 mm 

(Figure 2). 
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Figure 2: Total seasonal rainfall for 2013 to 2015 (bars) and mean rainfall 1983 – 2016 (line) recorded 

at the Rottnest Island weather station (32.01°S 115.50°E). A missing data point for July 2014 was 

replaced with data from the nearest available weather station, Fremantle (23.8 km east), and winter 

rainfall for that year may be an overestimate.  

Trapping, animal handling and data collection 

Between April 2013 and February 2015, we trapped quokkas at each of the eight sites in 

autumn, winter, spring and summer. Each trapping event lasted for a period of four nights 

and we sampled sites in the same order each season. 

Outside of the settlement, quokkas were trapped using Thomas soft wall traps (350 x 350 x 

800 mm, Sheffield Wire Works, Welshpool, Western Australia). Traps baited with pieces of 

apple were set at dusk and cleared at dawn. To eliminate the risk of tourists interfering with 

traps, quokkas were hand netted at night time within the settlement areas. To do this we 

traversed 25 permanently marked trap points within each site and made one attempt at 

netting a quokka if it was within 5 meters of the trap point.  

Newly trapped quokkas were transported to the Nursery on Rottnest Island, anaesthetised 

through Isoflurane inhalation with a gas mask (induced with 5 % Isoflurane in oxygen and 

maintained at 3% Isoflurane in oxygen). We then weighed each animal and recorded its sex. 

We also measured the length of the hind foot (pes), head, head/ body, tail and the 

circumference of the base of the tail (Figure 3). We marked each animal with two marks, so 

marks were not lost. Marks included a uniquely numbered aluminium ear tag (Monel #1), 
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and a microchip (Allflex Australia), which was inserted subcutaneously between the shoulder 

blades of each animal. 

 

Figure 3: Some Measurements taken from each newly captured quokka A) pes, B) the circumference at the 

base of the tail, C) head/ body and D) head 

Each quokka was also aged by molar eruption according to Holsworth (1964), and animals 

were classified as yearlings (7 mth to 1 yr), subadult (12 – 24 mth) or adults (24 mth +). 

Females were checked for the presence of pouch young or an elongated teat. Joeys deemed 

to be sufficiently developed (40 mm +, Waring et al. 1955) were sexed and their weight, 

crown to rump, and pes length were recorded.  Animals were released at the point of 

capture after they had fully recovered from anaesthesia. Quokkas that were re-captured 

were weighed, measured and checked for the presence of pouch young on site, and released 

immediately. 

Sex ratios of trapped individuals were calculated and compared to an assumed sex ratio of 

1:1 using a goodness of fit Chi - squared test with Yates correction for continuity. 

All capture and animal handling procedures complied with the Australian code of practice for 

the care and use of animals for scientific purposes (NHMRC 2004), and were approved by the 

Animal Ethics Committee at The University of Western Australia (permit no. 

RA/3/100/1183). A licence to take fauna for scientific purposes (Reg.17) was issued by the 
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Department of Parks and Wildlife, Western Australia in 2013, 2014 and 2015 (Licence 

number: SF 009127). 

Morphology and body condition 

We used the statistics program SPSS Statistics 22 (SPSS) (IBM Corp. Armonk, N.Y.), to 

calculate mean values for body mass and morphological measurements within each sex, 

habitat type and season.  

The circumference of the base of the tail was used as an indicator of body condition 

following Hayward et al. (2003). This is because quokkas store caudal fat in order to cope 

with extreme seasonal conditions (Bakker and Main, 1980; Hart et al., 1985; Sinclair, 1998b; 

Hayward et al., 2003).We included only adults in our analysis of body condition. 

We used generalised linear mixed models in SPSS to test for the fixed effects of rainfall, 

habitat type, sex, season and the interactions ‘sex*season’ and ‘sex*habitat’ on tail 

circumference. Quokka ID was included as a random effect, and random intercepts were 

used (Gillies et al., 2006). Least significant difference (LSD) was used to perform post hoc 

pairwise comparisons. 
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Birth and weaning rates 

Birth rates were calculated as the highest proportion of individual adult and subadult 

females captured with a pouch young or elongated teat at any time during the breeding 

season, which runs from late January to September (Sharman, 1955a; Shield, 1959a; 

Chambers and Bencini, 2010). The sex ratios of pouch young were also calculated using all 

sex data recorded over the two-year period. 

An elongated teat indicated that a joey had recently been weaned and we calculated 

weaning rates as the proportion of females with an elongated teat at the end of the 

breeding season in October or November each year (Shield, 1964).   

We used Hierarchical log – linear analysis (SPSS) to test for the effects of habitat type and 

year on birth rates, weaning rates and pouch young sex ratios. Beginning with models that 

included all three way interactions (1. births x habitat x year; 2. weaning x habitat x year; 3. 

sex ratio x habitat type x year), non - significant variables were removed through backward 

elimination until only significant (P > 0.05) interaction terms remained.  

Birth schedules 

Birth schedules for each habitat type were calculated using the combined data from all joeys 

measured over the two-year study period. The ages of the joeys were estimated by 

comparing morphological measurements to growth curves (Shield and Woolley, 1961; 

Hayward et al., 2003) and their birth date was estimated by deducting their age from their 

date of capture. 

For each habitat type, birth schedules, calculated through the use of cumulative frequencies, 

were divided into monthly intervals beginning in January, and the schedules for each habitat 

type were compared using Kolmogorov – Smirnov two sample tests in SPSS, with P - values 

adjusted through the use of the Bonferroni correction (Chambers, 2009). 

Results  

Captures 

Over 256 trap nights between April 2013 and February 2015, we captured 1761 quokkas, 

which included 788 different individuals of which 465 were mature adults (Table 1).The ratio 

of new males to females overall did not differ significantly from parity (χ2 = 3.57, df = 1, P = 
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0.06). The ratio of new adult males to females within each habitat type also did not vary 

significantly from the expected 1:1 ratio (coastal dunes: χ2 = 1.19, df = 1, P = 0.28; grass/ 

heath: χ2 = 0.01, df = 1, P = 1.0; settlement: χ2 = 0.58, df = 1, P = 0.45; woodland: χ2 = 0.01 df = 

1, P = 0.92). 

Table 1: The total number of male and female adult, juvenile and yearling quokkas (Setonix 

brachyurus) caught in four habitat types on Rottnest Island between April 2013 and February 2015. 

The numbers of new individuals not previously captured are in parentheses. 

 Males   Females Total 

Habitat type Adult Subadult Yearling  Adult Subadult Yearling Individuals Captures 

Coastal dune 132 (29) 27 (12)  9 (6) 146 (39) 71 (30) 6 (5) 121 391 

Grass/ heath 187 (51) 28 (15)  3 (3) 112 (50) 64 (36) 5 (4) 159 399 

Settlement 142 (110) 67 (53)  24 (22) 116 (98) 64 (55) 27 (25) 363 440 

Woodland 232 (45) 40 (16)  7 (5) 181 (43) 64 (34) 7 (6) 145 531 

Total 693 (235) 162 (96) 43 (36) 555 (230) 263 (151) 45 (40) 788 1761 

 

Morphology and body condition 

Quokkas on Rottnest Island exhibited male-based sexual dimorphism, with the mean body 

mass (± S.E.) of adult males over all habitat types and trapping sessions (3045.3 ± 21.04 g) 

being significantly greater than that of the females (2525.0 ± 14.39 g, P < 0.001; Table 2). The 

heaviest male captured weighed 4420 g, while the heaviest female captured weighed 3550 

g, and both of these animals were caught within the settlement. Males also had significantly 

larger head (96.0 ± 0.27 mm, P < 0.001), head – body (510.8 ± 1.55 mm, P < 0.001) and right 

pes lengths (103.9 ± 0.17 mm, P < 0.001), compared to females (Table 2). There were no 

significant differences in body mass between the sexes for subadults (F1, 268 = 3.22, P = 0.07) 

or yearlings (F1, 80 = 2.56, P = 0.11). 

Table 2: Mean body mass and morphological measurements ± standard errors for male and female 

adult, subadult and yearling quokkas (Setonix brachyurus) on Rottnest Island, all habitats combined. 

 Adult Males Adult Females Subadults Yearlings 
Mass (g) 3045.3 ± 21.04 2525.0 ± 14.39 1907.7 ± 22.29 1056.0 ± 31.94 

Head (mm)  96.0 ± 0.27 91.3 ± 0.24 85.2 ± 0.35 72.9 ± 0.72 

Head Body (mm)  510.8 ± 1.55 489.8 ± 1.58 446.9 ± 2.66 365.7 ± 6.26 

Right Pes (mm)  103.9 ± 0.17 98.0 ± 0.18 99.4 ± 3.40 82.3 ± 0.69 

Tail circumference (mm)  66.1 ± 0.34 60.6 ± 0.33 55.2 ± 0.39 44.8 ± 0.74 
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The circumference at the base of the tail (mm), our indicator of body condition, was 

significantly larger in adult males (66.1 ± 0.34 mm) than in females (60.6 ± 0.33 mm) over all 

habitat types and seasons (F2, 772 = 51.85, P < 0.001; Table 2). 

There was a significant effect of habitat type on overall tail circumference (F3,772 = 9.20, P < 

0.001). Quokkas in the settlement areas had significantly larger tail circumferences (65.9 ± 

0.64 mm, P = 0.02) than quokkas living in the coastal dunes (62.0 ± 0.51 mm), the woodland 

(62.4 ± 0.46 mm) and grass/ heath (63.9 ± 0.45 mm) habitat types. There was a significant 

sex × habitat type interaction (F8, 772 = 16.55, P < 0.001), indicating that some habitat types 

affect the body condition of males and females differently. Although tail circumference was 

significantly larger in the settlement than in other habitat types for both males (68.5 ± 4.94 

mm, P = 0.011) and females (62.4 ± 4.46 mm, P < 0.001; Figure 4). 

 

Figure 4: Mean tail circumference (mm) as a measure of body condition for male and female quokkas 

(Setonix brachyurus) in the four habitat types on Rottnest Island, W.A. 

 

Season also had a significant effect on overall body condition (F3, 772 = 4.83, P = 0.002), with 

tail circumference being significantly larger in winter at 64.3 ± 0.5 mm than in summer (62.5 

± 0.44 mm, P = 0.001; Figure 5).  

A significant sex × season interaction was detected (F8, 772 = 15.76, P < 0.001). Female tail 

circumference was greatest in winter (62.8 ± 0.63 mm, P < 0.001), and smallest in summer 
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(58.9 ± 0.43 mm, P < 0.001). Tail circumference was largest for males in spring (66.7 ± 0.62 

mm) and smallest in summer (65.5 ± 0.49 mm; Figure 4), although these differences failed to 

reach significance (P > 0.05; Figure 5). 

 

Figure 5: Mean tail circumference for male (n = 423; black circles) and female (n = 349; white circles) 

quokkas (Setonix brachyurus) in each season on Rottnest Island, Western Australia. 

 

There was a significant effect of seasonal rainfall when the two years were combined on the 

tail circumference of female quokkas (F1,351 = 17.00, P < 0.001), but this effect was not seen 

in males (F1,421 = 0.56, P = 0.45). There was, however, a significant effect of rainfall in the 

previous season on the tail circumference of males (F1, 421 = 9.09, P = 0.003; Figure 6).  
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Figure 6: Tail circumference (bars) of female and male quokkas (Setonix brachyurus) and rainfall 

(line) in each of the four seasons on Rottnest Island, Western Australia. Data from 2013/14 and 

2014/15 are pooled. 

Reproduction 

The average birth rate for subadult females overall was 41.0 ± 5.84%, and it did not vary 

significantly between habitat types over the two-year period (χ2 = 5.20, df = 3, P = 0.08). The 

average subadult weaning rate overall was 13.5 ± 5.70%.  

We used hierarchical log linear modelling to test for differences in adult birth and weaning 

rates and the sex ratios of pouch young according to habitat type and year. 

There was no significant three – way interaction for birth rates, although there was a strong 

trend towards significance (χ2 = 7.77, df = 3, P = 0.06). Further, there was no significant 

habitat × birth interaction (χ2 = 3.64, df = 3, P = 0.35) or year × birth interaction (χ2 = 1.10, df 

= 1, P = 0.29). 
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No significant three - way interaction was detected for weaning rates either (χ2 = 1.76, df = 3, 

P = 0.62). However year (χ2 = 8.45, df = 1, P = 0.004), and habitat type (χ2 = 19.41, df = 3, P < 

0.001) both had significant two - way interactions with weaning rates. Overall, weaning rates 

were higher in 2014 than in 2013, while weaning rates were lowest in the coastal dunes and 

highest in the settlement areas (Table 3) 

The sex ratio of pouch young varied from 0.84 males to every female in the coastal dunes in 

2014/15 to 1.43 males to every female in the grass/ heath in 2013/14 (Table 3).  However, 

neither habitat type (χ2 = 2.37, df = 3, P = 0.5), or year (χ2 = 0.05, df = 1, P = 0.83) had a 

significant interaction with pouch young sex ratios. 

Table 3: Birth and weaning rates and the sex ratio of quokka (Setonix brachyurus) pouch young born 

in four habitat types sampled on Rottnest Island in 2013 and 2014.  

Year Study area Birth 
Rate (%) 

N Weaning 
Rate (%)  

N Pouch young 
sex ratio (M:F) 

2013/14 Coastal Dune* 96.43  28 62.50 8 17:12 (1.42:1) 

 Grass/ heath* 87.10  31 71.43  7 20:14 (1.43:1) 

 Settlement 87.30  63 80.00 15 14:16 (0.88:1) 

 Woodland* 93.33  30 75.00 12 18:17 (1.06:1) 

 Total     69:59 (1.17:1) 

2014/15 Coastal Dune* 88.23  34 72.73  11 16:19 (0.84:1) 

 Grass/ heath* 93.10  29 75.00 8 13:13 (1:1) 

 Settlement 86.05  43 88.89  9 12:9 (1.33:1) 

 Woodland 87.88  33 86.67  15 21:15 (1.4:1) 

 Total     62: 56 (1.11:1) 

 

*Birth rates varied significantly from weaning rates (P < 0.01) 

 

Breeding season (birth schedules) 

The percentage of births peaked in February in the settlement areas, March in the grass/ 

heath and woodland areas, and April in the coastal dune areas (Figure 7). 

The distribution of births between the settlement areas and all other three habitat types was 

significantly different (Kolmogorov – Smirnov two-sample test; coastal dune: D = 1.63, P = 

0.01, grass/ heath: D = 1.43, P = 0.03, woodland: D = 1.63, P = 0.01). 

The distribution of births also differed between the woodland and the coastal dune habitat 

types (D = 1.43, P = 0.01). However, there was no significant difference in the distribution of 
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births between the coastal dunes and the grass/ heath habitats (D = 1.02, P = 0.25), or the 

woodland and the grass/heath habitats (D = 1.23, P = 0.10). 

The birth month of the joeys was significantly affected by the body condition of their 

mothers (F1, 214 = 4.99, P = 0.03), with body condition in January being highly significant in its 

effect (P < 0.001) and body condition in February nearing significance (P = 0.056). 

 

 

Figure 7: Birth schedules for quokkas (Setonix brachyurus) in four key habitat types on Rottnest 

Island, Western Australia a) coastal dune b) grass/ heath, c) settlement, d) woodland. Data from 

2013/14 and 2014/15 have been pooled.  
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Discussion  

Morphology and body condition 

Quokkas in areas highly developed for tourism on Rottnest Island were in significantly better 

condition compared to those from the less disturbed habitat types. This is what we expected 

as within the settlement areas on Rottnest abundant food resources from fertilised and 

irrigated lawns and tourists are available year round for local quokkas (Sinclair, 1998a; 

Hercock, 2003).  

Resource availability is a key factor affecting body condition, and the artificial inflation of 

resources resulting from habitat modification and anthropogenic food sources have led to 

improved body condition in a great number of species globally. Such species include olive 

baboons, Papio anubis, racoons, Procyon lotor L., Columbian ground squirrels, Spermophilus 

columbianus, mongoose, Mungos mungo and tammar wallabies, Macropus eugenii (Dobson 

and Kjelgaard, 1985; Eley et al., 1989; Boutin, 1990; Rosatte et al., 1991; Moss and Croft, 

1999; Otali and Gilchrist, 2004; Toïgo et al., 2006; Chambers, 2009). Benefits of an increased 

food supply and improved body condition often include improved reproductive success and 

survival rates (Boutin, 1990; Orams, 2002; Ditchkoff et al., 2006). These factors, along with 

increased immigration to the settlement areas on Rottnest may result in density issues, 

however, that could lead to increased levels of competition, aggression, disease 

transmission and risk of injury through collisions with vehicles or bicycles (Lin and Batzli, 

2001). 

Body condition, in herbivorous species in particular, can also be strongly affected by 

seasonal variation in the availability of resources. Californian voles (Microtus californicus), 

for example, have very low fat reserves in spring, when little green forage is available, and 

this leads to decreased survival rates (Batzli and Pitelka, 1971). We found that quokkas were 

in their poorest condition overall in summer, a season with greatly reduced access to 

nutritious food and water outside of the settlement areas. A rapid decline in the condition of 

quokkas on Rottnest Island during summer has also been recorded by Shield (1958), 

Holsworth (1964), Bakker and Main (1980) and Wake (1980), who all noted a significant 

seasonal mortality of quokkas on the island during this time.  

The season of peak condition differed between males and females, however, with male 

condition peaking in spring, up to three months after peak rainfall. A similar correlation 
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between body condition and rainfall in the previous 3 months has also been shown in male 

yellow footed rock wallabies, Petrogale xanthopus (Sharp et al., 2006), and in black flanked 

rock wallabies, Petrogale lateralis lateralis (Willers et al., 2011).  

Body condition of female quokkas, on the other hand, peaked in winter, along with a peak in 

rainfall. Female mammals store fat in preparation for lactation, one of the most energetically 

costly activities for female marsupials (Bronson, 1985; Gittleman and Thompson, 1988; 

Cripps et al., 2011). The increased body condition of female quokkas in winter is most likely 

because females are rapidly increasing their body fat reserves in preparation for peak 

lactation, which on Rottnest occurs between August and October (Sharman, 1955b; Shield, 

1964; Loh and Shield, 1977). At peak lactation, the composition of quokka milk changes to 

meet the needs of the developing young and both the protein and lipid content of quokka 

milk increase dramatically as young are emerging from the pouch at around 180 days post-

partum (Miller et al., 2009; Miller et al., 2010). The sharp decline in the condition of females 

in spring is therefore likely the result of mothers having mobilised their stored body lipids 

into milk lipids through lactation, a common trait in herbivorous mammals (Sadleir, 1969; 

Cork, 1991; Oftedal, 2000). A decrease in body condition throughout lactation has similarly 

been recorded in brushtail possums (Trichosurus vulpecula; Isaac, 2006) .  

Reproduction   

We found that weaning rates, not birth rates, were affected by habitat type, with the highest 

weaning rates occurring the settlement and the lowest being found in the coastal dunes. 

Further, weaning rates were higher overall in 2014 than 2013.  

Factors such as habitat type, timing of birth and rainfall all affect the availability of resources 

and have a strong influence on maternal condition and the survival rates of marsupial pouch 

young (Newsome, 1965; Dickman et al., 2001; Fisher et al., 2001; Wynd et al., 2006). In areas 

where food resources are readily available, pouch young survival rates may be significantly 

improved. For example, in a population of the dasyurid marsupial Antechinus stuartii, the 

survival of young significantly increased after the food supply was supplemented (Dickman, 

1989). In the settlement areas of Rottnest Island, artificial increases to the food supply 

through habitat modification and anthropogenic sources likely lead to improved joey survival 

rates for quokkas in these areas, and we believe that improved weaning rates in 2014 also 

resulted from higher resource availability within that year.  
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Poorer or more variable resource availability, on the other hand, can often result in reduced 

pouch young survival in marsupials (Frith and Sharman, 1964; Newsome, 1965; Wynd et al., 

2006).  For example, Frith and Sharman (1964) found that 83% of red kangaroo (Macropus 

rufus) pouch young failed to reach maturity in an area of drought because of failed lactation 

resulting from a heavily reduced food supply. We found that joey survival rates were lowest 

in the coastal dunes, and this is likely related to the poor resource availability in this habitat 

type.  

Marsupial females invest relatively little in pregnancy compared to eutherian females, and 

much of the cost of rearing pouch young occurs during the later stages of lactation. This 

means that less developed young can be easily abandoned if conditions are unfavourable, 

and explains why we found that weaning rates, not birth rates, differed between habitat 

types (Kirsch, 1977; Martin and Handasyde, 2007; Schwanz and Robert, 2012). Although 

quokkas are also able to store a quiescent blastocyst that can develop and replace young lost 

early in the breeding season, this reproductive function is less likely to occur under poor 

nutritional conditions and is not thought to be utilised by the Rottnest Island population 

(Shield and Woolley, 1963). Hayward (2003) and Bain (2016) found that less than fifty 

percent of quokka joeys survived to independence on the mainland, and suggested that 

predation and habitat quality may be the primary limiting factors. It seems then, that for 

quokkas, joey survival rates are highly dependent on the availability of resources.  

Birth schedules 

We found that most quokka young are born between February and April as did past studies 

conducted on Rottnest Island. The young therefore leave the pouch between August and 

October, approximately 6 months post-partum, and continue to be suckled from outside the 

pouch for another 3 to 4 months prior to weaning (Sharman, 1955b; Shield, 1959a; Shield, 

1964; Loh and Shield, 1977). However, we were the first to compare differences between 

habitat types and we found that the distribution of birth dates varied significantly between 

the settlement and the other habitat types, with most joeys in the settlement being born 

earlier, in February and March instead of March and April. 

A number of mammal species have been shown to time their breeding so that young benefit 

greatly from rainfall and resource availability peaks, including African buffalo (Syncerus 

caffer), wild boar (Sus scrofa), collared pikas (Ochotona collaris), Bennet’s wallabies 

(Macropus rufogriseus) and western grey kangaroos (Macopus fuliginosus). This trait has also 
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been suggested to exist in quokkas (Sharman, 1954; Bolton et al., 1982; Franken and Hik, 

2004; Wynd et al., 2006; Ryan et al., 2007; Canu et al., 2015). However, our data indicate 

that quokka young outside the settlement areas, particularly those in the coastal dunes, 

which are born later in April, would not leave the pouch until late spring. This means that 

peak lactation demand would coincide with the rapidly decreasing resource availability of 

late spring and that young would continue to be suckled throughout the summer when 

resource availability on Rottnest is extremely low (Shield, 1958; Kitchener, 1970; Wake, 

1980). Holsworth (1964) found that quokka joeys born later in the breeding season had 

lower survival rates and this is probably due to decreased resource availability for both the 

mothers and joeys. 

In the settlement areas, however, food is available year round for the quokkas yet breeding 

is advanced. Increased food supply and improved body condition have been linked to 

advanced breeding times in a number of mammals (Watts, 1970; Andrzejewski, 1975; 

Boutin, 1990; Schwanz and Robert, 2012). We found a significant relationship between the 

body condition of the mothers and joey birth month and therefore suggest that it is the body 

condition of the mothers, rather than the timing of breeding to suit optimal environmental 

conditions, that most significantly influences the birth dates of quokkas on Rottnest Island.  

Shield (1964) reported having encountered quokkas breeding throughout the year in areas 

on Rottnest Island where artificial food sources were available, such as the garbage dump, 

the settlement and the Research station. Despite detecting an advanced breeding season, 

we did not find any evidence of joeys being born outside of the breeding season within the 

settlement areas and must therefore reject our hypothesis that the period of anoestrus is 

reduced or lost in quokkas within the settlement areas. 

We have shown that on Rottnest Island, Western Australia, the quokka benefits from 

habitats modified for tourism through improved body condition, advanced breeding times 

and improved joey survival rates. While these benefits improve the fitness of individuals in 

the short term, it is important that local populations are frequently monitored to ensure that 

negative impacts associated with high local densities, such as increased stress or disease 

transmission,  do not threaten persistence of the species over the long term. This research 

has demonstrated that tourism can aid in the conservation of species, not just economically, 

but by improving fitness and maintaining local numbers through increased food supply. This 
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is important not just for the conservation of the quokka, but for other opportunistic species 

that may persist in habitats highly modified by tourism. 
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Chapter 4: Tourism and season affect the 

density and abundance of quokka (Setonix 

brachyurus) on Rottnest Island, Western 

Australia. 
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Abstract  

We estimated the abundance and density of an important sub population of the quokka, 

Setonix brachyurus, on Rottnest Island, Western Australia, through the use of spatially 

explicit capture - recapture techniques. 

We sampled quokkas seasonally for two years within four key habitat types with varying 

degrees of resource availability for the quokkas: coastal dunes, grass/ heath, woodland, and 

the settlement areas, which are highly developed for tourism.  

Island abundance varied seasonally, and ranged between 4616 and 12023 with an average of 

8222 ± 894.3 quokkas over the two-year period.  Summer was the season with the lowest 

density of quokkas overall, a result of arid conditions limiting food and water availability for 

quokkas outside of the settlement areas. 

Mean quokka density ranged from 14.65 ± 1.60 quokkas ha-1 in the settlement to 3.44 ± 0.07 

quokkas ha-1 in the woodlands. The grass/ heath, that accounts for over 50% of the island’s 

available habitat had the greatest density of quokkas outside of the settlement at 6.09 ± 

0.13 quokkas ha-1. It was estimated that over 67% of the islands quokka population can be 

found in this habitat type. 

The high density of quokkas in the settlement is attributed to artificial sources of food and 

water that are available year round for the quokkas in these areas. Unlike in the less 

developed habitat types, the density of quokkas in the settlement increased greatly during 

the summer months and was positively correlated with tourist numbers. The settlement 

however only accounts for 4.5% of the available habitat and is home to ~ 13% of the islands 

quokkas, any negative impacts associated with the high density of quokkas are therefore 

likely to be localised. 

Density in habitat types outside the settlement on the other hand, was correlated with total 

rainfall, and significant declines in density in the summer months occurred in the coastal 

dune, the grass/ heath and the woodland habitat types.  

This study has demonstrated that anthropogenic disturbance to the former natural habitat 

has benefitted the quokka on Rottnest Island. Revegetating woodland species, managing the 

population in the settlement areas and planning for the effects of climate change are key to 

the effective management of this important sub population. 
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Introduction  

Islands can act as important refuges for threatened species because threatening factors that 

occur on the mainland, such as urbanisation and predation, are often reduced or absent on 

islands. For this reason, islands are critical for the conservation of a great number of species 

(Dickman, 1992; Burbidge et al., 1997; Drake et al., 2002). Although island populations often 

exhibit differences in ecology, physiology and genetics from their mainland counterparts, it 

is imperative that insular populations are well managed, to ensure their continued survival 

as potential genetic resource banks for the future (Frankham, 1997; Mills et al., 2004; 

Blumstein and Daniel, 2005; Alacs et al., 2011). Up-to-date estimates of the density and 

abundance of such insular populations are critical for their successful long-term conservation 

management. Understanding how the size of these populations change in response to 

changes in the environment is also very important (Short et al., 1997; Gaillard et al., 1998) 

In south west Western Australia, a global biodiversity hotspot (Brooks et al., 2002), islands 

have been of particular importance in the conservation of at least nine terrestrial mammal 

species that have experienced significant or complete declines on the mainland (for a review 

of affected species see Burbidge et al. 1997 and Abbott 2000). One such species is the 

quokka (Setonix brachyurus), a medium sized macropod endemic to the region. The quokka 

was once widespread on the Western Australian mainland, but has experienced rapid 

declines in both range and abundance since the 1930s, as a result of predation by the 

introduced European red fox (Vulpes vulpes) and habitat alteration (Hayward et al., 2005a; 

de Tores et al., 2007; Gibson et al., 2010). Today quokkas are limited to an area that is 

approximately half of its former range and it is estimated that only 7850 to 17150 mature 

individuals remain (de Tores et al., 2008). 

A large proportion of the remaining quokkas are found on Rottnest Island, an ‘A’ class 

conservation reserve and popular tourist destination, which lies approximately 20km SW of 

Perth. Population estimates for the island have not been attempted since the 1970s (Shield, 

1958; Storr, 1961; Dunnet, 1962; Holsworth, 1964; Kitchener, 1970) and population 

estimates in the literature vary from between 4000 to 17000 individuals, although a 

precautionary estimate including uncertainty of 4000 to 8000 individuals is given by the 

IUCN (Hayward et al., 2003; de Tores et al., 2008). Given this uncertainty, it is vital that a 

more up to date quantitative estimate of quokka density and abundance on Rottnest Island 

is made, which is why this study was conducted.  
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Cyclic fluctuations are common in consumer resource systems and in macropod populations 

such fluctuations are often linked to rainfall-induced food supply (Volterra, 1926; Cairns and 

Grigg, 1993; Turchin and Batzli, 2001). For example, there is a strong positive correlation 

between rainfall related food supply and the density of red kangaroos (Macropus rufus) and 

western grey kangaroos (Macropus fuliginosus) in arid N.S.W, Australia (Bayliss, 1985). The 

Rottnest Island quokka population is also thought to be regulated to a certain extent by 

seasonal declines resulting from greatly reduced resource availability during the arid 

summer months, which lead to weight loss, anaemia and death (Shield, 1958; Storr, 1961; 

Holsworth, 1964). An estimate of the extent of these seasonal declines over the whole island 

however, has not been attempted to date.  

Other factors such as habitat type and human disturbance can also have an important effect 

on the density of species. This may be particularly true on islands exposed to high levels of 

tourism, which can have significant ongoing impacts at the landscape scale (Taylor and 

Knight, 2003; Rodger and Moore, 2004; Ditchkoff et al., 2006). In the case of Rottnest Island, 

European settlement first and tourism more recently have affected changes to the ecology 

of the island, including an increase in the proportion of grassy heath habitat and a rise in 

levels of tourism and tourism development, both of which are thought to have benefited the 

quokka through increased preferred habitat and food availability (Pen and Green, 1983; 

Hercock, 2003; de Rebeira and Saunders, 2009; Poole et al., 2014). For these reasons, and 

because low levels of predation and interspecific competition are experienced on Rottnest 

Island, it appears that the Rottnest Island quokka is thriving today, but this sub population 

must be well managed to ensure its continued survival into the future. 

We used spatially explicit capture recapture techniques to estimate the density and 

abundance of quokkas seasonally in four key habitat types on Rottnest Island. These habitat 

types included settlement, grass/ heath, woodland and coastal dunes, all of which had 

varying degrees of resource availability according to past research by Storr (1964) and Poole 

et al. (2014) who examined preferred food and shelter plants of the Rottnest Island quokka.  

We expected to find that quokka density is higher on Rottnest Island than on the mainland 

and that a much higher density of quokkas will be found in the developed settlement areas 

than in the less disturbed habitat types. We also expected that density within the habitat 

types outside of the settlement will decrease significantly in the summer months, but this 



75 

decrease will not be seen in the settlement, where food and water is available year round 

for the quokkas. 

Materials and methods  

Study species 

The quokka is a small to medium sized (1.6 – 4.5 kg) macropod, primarily a herbivorous 

grazer and a foregut fermenter (Shield, 1958; Storr, 1961).  On Rottnest Island, the quokka 

can be omnivorous in its feeding habits, however, consuming all food types given or left by 

tourists, including processed meats, chips, pizza, beer and other anthropogenic food sources 

(V. Phillips personal observation).  This behaviour is particularly common around the 

settlement areas where tourists gather. Quokkas have also been recorded feeding on other 

animals such as the legless lizard Lialis burtonis and the introduced snail Helix pisana 

(Erickson, 1951; Shield, 1958).  

The Rottnest Island quokka has a small home range of approximately 1.91 ha (Chapter 2). 

Quokkas are primarily nocturnal and rest under vegetative cover such as shrubs and bushes 

during the day, and move around to graze at night (Dunnet, 1962). Within the settlement 

areas some animals exhibit temporal shifts in activity patterns and move around during the 

day to scavenge from tourists (Wynne and Leguet, 2004). Most quokkas, however, rest in 

densely vegetated areas outside of the settlement during the day and actively commute into 

them at night to feed on the widely available fertilised and irrigated couch grass (Cynodon 

dactylon). The large separation between daytime rest sites and night-time feeding sites does 

not occur in habitat types outside of the settlement areas (Chapter 2). 

A seasonal anoestrus limits quokkas on Rottnest Island to producing one young per year, 

with the breeding season confined between late January and September and the majority of 

births outside of the settlement occurring between March and April (Shield, 1958; 

Holsworth, 1964). In the settlement areas a higher proportion of joeys are born earlier in 

February and March (Chapter 3). Quokka joeys leave the pouch at around six months and 

are weaned at approximately nine months of age, and juveniles born earlier in the breeding 

season can breed at the start of their second year of life (Sharman, 1955; Shield, 1958; 

Holsworth, 1964; Shield, 1964; Loh and Shield, 1977). Quokkas have been recorded living for 

up to 10 years on Rottnest Island (Holsworth, 1964). 
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Study site 

Rottnest Island (32o01’, 115o50’) is approximately 1950 ha, and is located approximately 18 

km off the coast of Western Australia (Figure 1). The island has a Mediterranean climate and 

receives up to 80% of its average yearly rainfall of 565.5 mm between May and October, 

with June through August being the wettest and coolest months. Total annual rainfall for 

2013 and 2014 was 589.6 mm and 550.3 mm respectively (Australian Bureau of Meteorology 

2016; Figure 2). The Island also experiences warm and arid conditions between November 

and April, limiting the availability of fresh water and nutritious herbage outside of the 

developed settlement areas for the quokkas (Shield, 1958; Kitchener, 1972).  

 

Figure 1: Location of Rottnest Island, Western Australia 

Perth

Rottnest Island 

0 25 5012.5 Kilometers
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Figure 2: Total seasonal rainfall for 2013 to 2015 (bars) and mean rainfall 1983 – 2016 (line) recorded 

at the Rottnest Island weather station (32.01°S 115.50°E). A missing data point for July 2014 was 

replaced with data from the nearest available weather station, Fremantle (23.8 km east). 

Eight sites were selected on the island, including two replicates from each of four key habitat 

types.  These were: 1. coastal dune 2. grass/ heath 3. settlement and 4. woodland (Figure 3). 

Each habitat type had varying degrees of resource availability for the quokkas ranked as 

settlement > grass/ heath > woodland > coastal dune according to research conducted by 

Storr (1964b) and Poole et al. (2014).  

The settlement areas are highly developed for tourism and include buildings, roads, car 

parks and entertainment areas. Fertilised and irrigated couch grass (Cynodon dactylon) 

lawns are a common feature within the settlement and provide a nutritious source of food 

for quokkas year round, while native plant species such as Melaleuca lanceolata, used for 

both shelter and a source of food by quokkas, lie mostly on the outskirts of these areas. 

There are also a number of introduced large Ficus macrophylla trees producing edible fruits 

and leaves consumed by quokkas. The settlement areas are often very busy with tourists, 

particularly during the summer and school holiday periods and quokkas often take 

advantage of anthropogenic food sources within these areas (Shield, 1958; Hercock, 2003).  

The grass/ heath habitat types include an abundance of two tussock grasses eaten by the 

quokka, Stipa variabilis and Poa caespitosa (Poole et al., 2014), but are dominated by the 
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heath species Acanthocarpus preissii, Austrostipa flavescens favoured for shelter by the 

quokka, and the introduced rhizomatous herb Trachyandra divaricata, also a food source 

(Storr, 1961; Rippey and Hobbs, 2003).  

The woodland habitats contain both native and introduced species including Melaleuca 

lanceolata, Acacia rostellifera, Callitris preissii, all of which provide food and shelter for the 

quokka. Eucalyptus gomphocephala, Eucalyptus camaldulensis and Eucalyptus utilis are also 

common in these habitats, with Eucalyptus gomphocephala being used occasionally by 

quokkas for shelter (Poole et al., 2014). Acanthocarpus preissii also commonly lines the 

understorey of the woodland habitats.  

The coastal dune habitats are comprised of sand dunes sparsely vegetated with Scaevola 

crassifolia, occasionally consumed by the quokka, and Olearia axillaris that can be used for 

shelter. Small thicket patches of Acacia rostellifera, and Melaleuca lanceolata may also be 

found in the coastal dunes, but these are very few (Storr, 1961; Poole et al., 2014).  

Acanthocarpus preissii is present in the coastal dunes but is more prolific at the edges of 

these habitat types.  

We selected sites using vegetation maps provided by the Rottnest Island Authority as well as 

through on the ground inspection of vegetation. An average of 2196.66 m ± 355.45 m 

separated each site. The locations of each of the sites, the total area of each tested habitat 

type, and the primary vegetation found within each habitat type can be viewed in Table 1. 
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Figure 3: Aerial view of Rottnest Island (Western Australia) displaying the eight sites where quokkas 

(Setonix brachyurus) were sampled. 

Table 1: Site location and primary vegetation types within each of the four sampled habitat types on 

Rottnest Island and area (ha) and percentage cover of each habitat type.  Locations of each site can 

also be viewed in Figure 1. Common names or descriptions of plants are given for the first listing of 

each species. 

Habitat type Location of sites Dominant plant 
species 

Area of habitat 
type (ha) 

Area 
(% of Island) 

Coastal Dune  1) -32o1’3”, 115o 31’26” 
 

2) -32o0’55”, 115o 28’28” 
 
 

Acanthocarpus preissii 
Acacia rostellifera 
Lepidosperma gladiatum 
Melaleuca lanceolate 
Olearia axillaris 
Scaevola crassifolia 
Spinifex longifolius 
Trachyandra divaricata 
Westringia dampieri  
 
 
 

194.20 10.53 

Grass/ heath  1) -31o59’ 46”, 115o 30’3” 
 

2) -32o0’ 15”, 115o 33’14” 
 

 

Acacia rostellifera  
Acanthocarpus preissii 
Austrostipa flavescens  
Lepidosperma gladiatum 
Olearia axillaris  
Poa caespitosa 
Stipa variabilis  
Thomasia cognata 
Trachyandra divaricata 
 

931.52 50.54 

Settlement  1) -31o59’ 41”, 115o32’24” 
 

2) -32o0’25”, 115o33’16” 
 

 

Cynodon dactylon 
Bouteloua dactyloides 
Ficus macrophylla 
Melaleuca lanceolata  
 

73.9 4.02 

Woodland  1) -32o0’50”, 115o31’45” 
 

2) -32o0’12”, 115o31’7” 
 

 

Acanthocarpus preissii 
Callitris preissii 
Eucalyptus 
camaldulensis 
Eucalyptus 
gomphocephala 
Eucalyptus utilis 
Lepidosperma gladiatum 
Melaleuca lanceolata 
Trachymene coerulea 
Trachyandra divaricata 

247.07 13.41 
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Trapping, animal handling and data collection 

Between April 2013 and February 2015, we trapped quokkas in every season for a period of 

four nights at each site, with site being sampled in the same order in each season. 

Quokkas were trapped using Thomas soft wall traps (350 x 350 x 800mm, Sheffield Wire 

Works, Welshpool, Western Australia) that were set at dusk and cleared at dawn and were 

baited with apples. To eliminate the risk of tourists interfering with traps and to comply with 

animal ethics regulations, quokkas were hand netted at night-time within the settlement 

areas. To do this we traversed 25 permanently marked trap points within each site and 

made a single attempt at netting a quokka if it was within 5 meters of the trap point. 

Newly trapped quokkas were anaesthetised through Isofluorane inhalation with a gas mask 

(induced with 5% Isofluorane in Oxygen and maintained at 3% Isofluorane in Oxygen). We 

sexed each animal and marked them with two marks, so marks were not lost. Marks 

included a uniquely numbered aluminium ear tag (Monel #1), and a microchip (Allflex 

Australia), which was inserted subcutaneously between the shoulder blades of each animal. 

Animals were released at the point of capture after full recovery from anaesthesia. Re-

captures were recorded on site and were then released immediately at the point of capture. 

All capture and animal handling procedures complied with the Australian code of practice for 

the care and use of animals for scientific purposes (NHMRC 2004), and were approved by the 

Animal Ethics Committee at The University of Western Australia (permit no. 

RA/3/100/1183). A licence to take fauna for scientific purposes (Reg.17) was issued by the 

Department of Parks and Wildlife, Western Australia in 2013, 2014 and 2015 (Licence 

number: SF 009127). 

Density estimation 

We estimated the local density of quokkas in each site, seasonally in both 2013/14 and 

2014/15. Density was estimated through the use of spatially explicit capture-recapture 

(SECR) modelling with maximum likelihood methods using version 5 of the program Density 

(Efford, 2012, Department of Mathematics and Statistics, University of Otago).  Extensive 

reviews of this method can be found in Borchers and Efford (2008), Efford et al. (2009) and 

Borchers (2012). As sampling methods between the settlement and habitat types outside of 

the settlement varied, we estimated densities within each habitat type separately, rather 

than include the covariate ‘habitat’ in our capture-recapture modelling. 
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Each site was sampled through eight sampling sessions (seasons) each of which consisted 

four sampling occasions (nights). Capture files denoting encounter histories were created for 

each site using trap ID format. These files consisted of a matrix with columns representing 

session I.D., animal I.D., occasion and trap I.D. A trap layout file, defined as a multi live trap 

layout within Density and which detailed the x y coordinates of each trap was also included. 

Our models assumed a Poisson distribution and that each site was a closed population 

within each trapping session. For each site, a buffer width calculated as four times the root 

pooled spatial variance (RPSV) was applied to the model (Efford, 2012).  

We used Arc Map 10.2.2 (Environmental Systems Research Institute Inc., 2014) to create a 

polygon shapefile, which defined the coastline around Rottnest Island. We used this 

shapefile to create a habitat mask, representing the ocean as a non-habitat, or non-

detection area for density analysis.  

We used SECR models to be estimated by maximum likelihood, to test five different 

candidate models for the detection (g0) parameter. These models, which test for sources of 

variation in capture probability (Otis et al., 1978) are listed and described in table 2 below.  

We used Akaike’s Information Criterion (AICc) values to compare models and select the 

model that best fitted the data for each site (Table 3). The best fitting model for each site 

was identified as that which presented with the lowest AICc value (Burnham and Anderson, 

2002; Thornton and Pekins, 2015). 

 Table 2: The five tested candidate spatially explicit capture-recapture (SECR) models for the 

detection parameter and a description of their function. These models were used to analyse quokka 

capture data in four habitat types on Rottnest Island. g0 = detection parameter, σ = spatial scale 

parameter.  

Model Description/ function 

g0(.)σ(.) All animals share the same capture probability 

g0(t)σ(.) Capture probabilities vary with time or sampling occasion 

g0(b)σ(.) Capture probabilities vary with behavioural response 

g0(h)σ(.) Capture probabilities vary between individual animals 

g0(k)σ(.) Capture probabilities vary according to traps 
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To calculate the overall density for each habitat type, we averaged the estimates from the 

two tested sites. In winter 2014 however, we did not recapture any quokkas in either 

settlement site 1 or settlement site 2. As Program Density relies on recaptures to calculate 

detection probability and to estimate density, we have no estimated density value for the 

settlement areas in the winter of 2014 (Efford, 2012; Efford and Fewster, 2013). 

In order to calculate the total area (ha) of each of the four habitat key types on the island we 

used ArcMap 10.2.2 (Environmental Systems Research Institute Inc., 2014) to update 1970s 

vegetation mapping provided by the Rottnest Island Authority. To do this we used high 

resolution imagery from Nearmap (NearMap Pty. Ltd. Subiaco, Western Australia) as a 

template to update the old vegetation map for the island through the use of multiple 

polygon shapefiles in ArcMap, which were specific to our four key habitat types (Figure 5). 

The areas of polygon shapefiles for each habitat type were added to give the total estimated 

area of each habitat type on Rottnest Island. 

Each habitat type outside of the settlement was defined as being densely vegetated with the 

species listed in table 1. The settlement areas were defined as areas highly developed for 

human use, including a high density of buildings, roads or other developments such as the 

golf course. Areas not tested on the island included beaches, cliffs and rock platforms, 

buildings and lakes, where quokkas are unlikely to live.  

Because we sampled within the settlement areas at night, our calculated densities were 

highly inflated. This is because quokkas rest outside of the settlement areas during the day, 

and travel into them to feed on the lawns at night, forming a highly concentrated group of 

animals within our sampling areas (Chapter 2). In order to dilute these inflated densities to 

more realistic values, we used Arc Map to create a buffer zone around each of the 

settlement areas. This buffer zone was set to a distance of 110 m, which is the square root of 

the average home range of quokkas in the settlement of 12,100 m2 (Chapter 2). This buffer 

zone was masked so that it did not include uninhabitable areas such as the ocean. We 

calculated a revised area for each settlement site by adding the area of the buffer zone to 

the original area tested.  
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We modified the dilution equation (C1V1 = C2V2) to include density and area and used this to 

calculate a new diluted density for the quokkas within the settlement habitat types: 

D1A1 = D2A2 

D2 = D1A1 

         A2 

Where:  D1 = Initial estimated density  

           A1 = Initial area tested (ha) 

D2 = Diluted density 

                                    A2 = Initial area tested + buffer zone (ha) 

 

The diluted seasonal density estimates for each of the two settlement sites were then 

averaged to give an overall estimate for the settlement, as with the other habitat types.  

Our calculated seasonal densities (quokkas ha-1) were then extrapolated to the total area of 

each habitat type on Rottnest Island in order to estimate abundance. The abundance 

estimates for each habitat type were then added together to derive a seasonal total 

population estimate for the island. We also calculated mean values for density and 

abundance across years and seasons.  

We used generalised linear mixed models within the statistics program SPSS Statistics 22 

(SPSS) (IBM Corp. Armonk, N.Y.) to test for the fixed effects of habitat type on the total area 

of Rottnest Island and to test for the fixed effects of year, season, habitat type, total rainfall 

and total tourist numbers on quokka density. In each model, site was included as a random 

effect and random intercepts were used (Gillies et al., 2006). Least significant difference 

(LSD) was used to perform post hoc pairwise comparisons. 
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Results 

Our four tested habitat types had a combined area of 1553.6 ha, which accounts for 84.4% 

of the possible 1841.7 ha that comprises the total area of habitat available to quokkas on 

Rottnest Island. Areas not included include beaches, cliffs and rock platforms, buildings, 

lakes and other development (Figure 5). There was a significantly greater total area of 

grass/heath habitat type on Rottnest Island at 930.5 ha, compared to the coastal dunes 

(194.20 ha), the settlement (73.90 ha) and the woodland (247.07 ha; P < 0.001; Table 4).  

 

Table 3: Model selection results using Akaike’s Information Criterion and capture probabilities, for 

density estimation of quokkas in four key habitat types on Rottnest Island, Western Australia. The two 

best fitting models for each site are shown.  

Site Model AICc ∆ AICc Capture probability 

Coastal dune 1 g0(.)σ(.) 1029.6 0 0.72 

 g0(b)σ(.) 1031.4 1.8  

Coastal dune 2 g0(.)σ(.) 1291.0 0 0.60 

 g0(b)σ(.) 1292.2 1.2  

Grass/heath 1 g0(.)σ(.) 1102.7 0 0.42 

 g0(t)σ(.) 1138.9 36.2  

Grass/heath 2 g0(.)σ(.) 1220.3 0 0.43 

 g0(b)σ(.) 1220.6 0.3  

Settlement 1 g0(.)σ(.) 1016.0 0 0.22 

 g0(t)σ(.) 1017.2 1.2  

Settlement 2 g0(t)σ(.) 867.9 0 0.30 

 g0(.)σ(.) 868.1 0.2  

Woodland 1 g0(.)σ(.) 1120.5 0 0.71 

 g0(t)σ(.) 1127.3 6.8  

Woodland 2 g0(.)σ(.) 1208.3 0 0.67 

 g0(b)σ(.) 1208.9 0.6  
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In total, we captured 121 new quokkas with 270 recaptures in the coastal dunes, 159 new 

quokkas with 240 recaptures in the grass/ heath, 363 new quokkas with 77 recaptures in the 

settlement and 145 new quokkas with 386 recaptures in the woodland habitats. Model 

selection favoured the most simple, null models for most sites. An exception to this was 

found in the settlement 2 (Kingston Barracks) site, where the best fitting model indicated 

that capture probability changed with capture occasion. Capture probabilities were found to 

be highest in the coastal dunes and the woodlands and lowest in the settlement areas (Table 

3).  

 

Table 4: Total area, the proportion of total area tested, mean density of quokkas (Setonix brachyurus) 

(quokkas ha
-1

) and estimated mean abundance of quokkas in four key habitat types on Rottnest 

Island, Western Australia. Density and abundance are averaged over both years (2013 to 2015) and 

all seasons.  

Habitat type Total area (ha) Proportion of                  

tested habitat (%) 

Mean density  
(quokkas ha-1) ± SE 

Mean abundance       

(quokkas) ± SE 

Coastal dune 194.20 13.52 3.9 ± 0.12 757 ± 3.8 

Grass/ heath 930.52 64.78 6.1 ± 0.13 5668 ± 11.9 

Settlement 73.90 4.50 14.7 ± 1.60 1083 ± 49.9 

Woodland 247.07 17.20 3.4 ± 0.07 850 ± 0.3 
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Rottnest Island habitat types

Coastal dunes

Grass/ heath

Settlement

Woodland

Buildings (no data)

Developed area (no data)

Lake/ wetland (no data)
Figure 5: Map of habitat types found on Rottnest Island where the abundance of quokkas was estimated 
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Abundance and density  

The total estimated number of quokkas across all four habitat types ranged from 12023 in 

autumn of 2013 to 4616 in summer of 2014/15, with an average of 8222 ± 894.3 quokkas 

over all seasons (Figure 6).  

 

Figure 6: Estimated total number of quokkas (Setonix brachyurus) on Rottnest Island within each 

season over a period of two years from autumn 2013 to summer 2014/15. The dashed line represents 

the mean of 8222 quokkas overall. 

The mean density of quokkas over all habitat types on Rottnest Island was 4.3 ± 0.07 

quokkas ha-1.  The density of quokkas in summer (2.9 ± 0.14 quokkas ha-1) was significantly 

lower than in Autumn (5.5 ± 0.14 quokkas ha-1), winter (4.2 ± 0.14 quokkas ha-1) and spring 

(4.6 ± 0.15 quokkas ha-1; F3,1879 = 62.17, P < 0.001).  

Habitat type also had a significant effect on quokka density over all seasons (F3,1879 = 285.05, 

P < 0.001); the highest density of quokkas was found in the settlement (14.7 ± 0.45 quokkas 

ha-1) compared to the grass/ heath (6.1 ± 0.13 quokkas ha-1), the costal dune (3.9 ± 0.12 

quokkas ha-1) and the woodlands (3.4 ± 0.07 quokkas ha-1, Table 4).  
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In the settlement areas, quokka density was positively correlated with tourist numbers (F1,32 

= 5.84, P = 0.02), while there was no significant effect of total rainfall on quokka density (F1,32 

= 0.53, P = 0.47). In habitat types outside the settlement on the other hand, there was a 

significant effect of both tourist numbers (F1,1879 = 104.46, P < 0.001) and total rainfall (F1,1879 

= 20.27, P < 0.001) on quokka density, with density being negatively correlated with tourist 

numbers and positively correlated with total rainfall. Total rainfall, tourist numbers and 

quokka densities within and outside of the settlement areas in each of the sampled seasons 

can be viewed in Table 5. 

 

Table 5: Total rainfall (mm), tourist numbers and quokka densities (quokkas/ ha) in the settlement and 

in habitat types outside of the settlement in the eight seasons sampled between 2013 and 2014. Total 

rainfall figures were obtained from the Australian Bureau of Meteorology Website (2017) and tourist 

numbers were supplied by the Rottnest Island Authority (2017). A missing value for quokka density in 

the settlement in winter 2014 results from no recaptures being made in the settlement areas during 

this season.   

Year Season Total rainfall  
(mm) 

Tourist 
numbers 

Quokka density 
settlement  

Quokka density 
non - settlement  

2013 Autumn 205.00 128417 6.52 6.83 

 Winter 229.20 66331 13.11 5.24 

 Spring 144.60 122613 14.82 4.34 

 Summer 1.20 225490 14.57 2.57 

2014 Autumn 134.80 135925 9.97 3.79 

 Winter 300.20 63780 - 4.52 

 Spring 95.20 131819 7.31 6.16 

 Summer 20.10 233546 36.27 2.36 
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The settlement represented 4.02% of the total island and accounted for 4.5% of the area 

tested on Rottnest Island and had 13% (n = 1083 ± 49.9) of the island’s quokkas. The grass/ 

heath habitat on the other hand accounted for 930.52 ha or ~ 50.5% of the total island area, 

64.8% of the area tested. This habitat type had a significantly higher proportion of the 

estimated quokka population (n = 5668 ± 11.9 ~ 67.8%) compared to the other three habitat 

types (F3,1879 = 103.45, P < 0.001, Table 2). The coastal dune and the woodland accounted for 

lower numbers of quokkas at (9.1 %, n = 757 ± 3.8) and (10.2 %, n = 850 ± 0.3) respectively 

(Table 4). 

 

Figure 6: Mean (± SE) density (top) and abundance (bottom) of quokkas (Setonix brachyurus) in the 

four habitat types on Rottnest Island. 
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Season had a significant effect on density within each habitat type. In the grass/ heath and 

the woodlands density was significantly higher in autumn (grass/ heath, 8.3 ± 0.14 quokkas 

ha-1; woodlands 5.1 ± 0.23 quokkas ha-1, P <0.001), and lower in summer (grass/ heath, 2.0 ± 

0.15 quokkas ha-1; woodlands 2.3 ± 0.31 quokkas ha-1, P < 0.001). Conversely, density in the 

settlement was lowest in autumn (8.2 ± 1.72 quokkas ha-1) and greatest in summer (25.4 ± 

10.85 quokkas ha-1, P < 0.001), while in the coastal dunes quokka density was significantly 

greater in spring (5.7 ± 0.32 quokkas ha-1) and lowest in autumn (2.6 ± 0.08 quokkas ha-1, P < 

0.001; Figure 7). 

 

Figure 7: Mean density of quokkas (Setonix brachyurus) for each season within the four habitat types 

on Rottnest Island, Western Australia. 
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Discussion  

This study was carried out with the aim of deriving a robust quantitative estimate of the 

abundance and density of quokkas on Rottnest Island. Although a number of dated studies 

have estimated the density of quokkas in small patches on Rottnest Island (Waring, 1956; 

Shield, 1958; Storr, 1961; Dunnet, 1962; Holsworth, 1964). Not one study to date has 

estimated the total abundance of quokkas on Rottnest Island. 

We found that the size of the quokka sub population on Rottnest Island fluctuated widely 

over the period of our study, ranging between 12023 in autumn 2013 and 4616 in summer 

2014/15. 

Our estimates demonstrated a decline in population size between years for each season. 

While it is possible that the population did decline over the sampling period, a more likely 

explanation is that a behavioural response of trap shyness by quokkas over the trapping 

period resulted in reduced capture rates and thus decreased population estimates 

(Hammond and Anthony, 2006). While model selection of our SECR models for each habitat 

type did not favour models where capture probabilities were influenced by behavioural 

effects (g0[b]), such models ranked a close second to the best fitting null models in 50% of 

sites, indicating that behaviour was somewhat important for influencing density estimates. It 

is likely, that small sample sizes within each site resulted in over parameterisation of models 

and may explain why model selection tended to favour the most simple null models 

(Gimenez et al., 2004; O'Brien and Kinnaird, 2011). Had we used the same method of 

capture within each habitat type we could have included habitat type as a covariate in our 

SECR models, rather than testing sites separately. This would have improved statistical 

power and models with capture probabilities that vary according to  behavioural response 

may have had some support (O'Brien and Kinnaird, 2011; Efford and Fewster, 2013). 

Our average abundance estimate of 8,222 ± 894 quokkas is close to the upper limits of the 

4000 to 8000 precautionary estimate given by the IUCN (de Tores et al., 2008) and just over 

60% of our seasonal estimates lie within this range. It is thought that the quokka sub 

population may have increased on Rottnest Island since the 1950s as a result of changes to 

the islands vegetation which have seen a decrease in the proportion of woodland and an 

increased proportion of grassy heath habitat, and because of increased tourism and related 

development (Hercock, 2003; Rippey and Hobbs, 2003; de Rebeira and Saunders, 2009). Our 
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elevated density estimates in the settlement and in the grass/ heath, compared to the 

woodlands and coastal dunes show strong support for this hypothesis. 

Population fluctuations driven by rainfall and food supply are common for herbivores in 

resource driven systems (Volterra, 1926; Turchin and Batzli, 2001).  For example, 

fluctuations in the abundance of many rodent species in arid environments, including 

Dipodomys spectabilis, Perognathus flavus, Dipodomys merriami, Notomys alexis and 

Pseudomys hermannsburgensis and often reflect responses to change in rainfall-induced 

food supply (Brown and Heske, 1990; Southgate and Masters, 1996; Dickman et al., 1999).  

The summer decline that we observed in the quokkas on Rottnest Island has been attributed 

to seasonal mortality driven by greatly reduced access to food and water in the arid summer 

months.  Although localised summer declines have been documented in past studies 

conducted on Rottnest Island, this is the first time that an estimate of summer seasonal 

decline over the whole island has been made (Shield, 1958; Main, 1959; Storr, 1961; 

Holsworth, 1964; Storr, 1964b). The magnitude of the population fluctuations must be 

considered with caution however, as the likelihood of trapping quokkas may change in 

response to changes in resource availability or as the result of a learned response, and this 

could alter our density, and therefore abundance estimates.  

We estimated an average density of 4.3 quokkas ha-1 on Rottnest Island. Comparing our 

results to past density estimates on Rottnest Island however is problematic, as such 

estimates vary greatly. For example, Main and Yadav (1971) reported densities of 0.83 to 2.5 

quokkas ha-1 (source study unknown) ,while Storr (1961) estimated 15 quokkas ha-1   at Cape 

Vlaming, 10 quokkas ha-1   in West End and “several score” per hectare in West Bagdad and 

Kitchener (1970) estimated a density of 16.7 quokkas ha-1  at Barker’s swamp. On the 

mainland, quokkas have been recorded at a maximum density of 4.3 quokkas ha-1 within a 

6.8 ha isolated habitat patch in Hadfield, south of Perth, but mainland sub populations are 

small and widely scattered and most have been estimated at densities of 2.9 quokkas ha-1  or 

less (Hayward et al. 2003). It seems reasonable to assume therefore that there is a higher 

density of quokkas on Rottnest Island than on the mainland. 

Island dwelling vertebrates are often found in greater densities than their mainland 

counterparts, because the finite area of islands limits dispersal and because predation 

pressure and competition for resources is often reduced on islands (Stamps and Buechner, 

1985; Roemer et al., 2001). The quokka is the only native land dwelling mammal to inhabit 
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Rottnest Island, and the island is virtually predator free with no introduced carnivores such 

as the European red fox (Vulpes vulpes), which has decimated quokka numbers on the 

mainland (Sinclair and Morris, 1996; Blumstein et al., 2001; Hayward et al., 2003; de Tores et 

al., 2007). Furthermore, changes to the islands vegetation and permanent resources largely 

for the purposes of tourism, have provided an increase in the availability of food and water 

for many quokkas, particularly those local to the settlement areas (Sinclair, 1998a; Hercock, 

2003; McLean et al., 2009). All these factors go a long way to explaining why, at our 

estimated average abundance of 8222 quokkas, Rottnest Island is home to such a large 

proportion the estimated total remaining population of 7850 to 17150 mature individuals 

given by  the IUCN Red List (de Tores et al., 2008).  

Density varied greatly between habitat types, however. Within the settlement areas, which 

are highly developed for tourism for example, density was considerably greater at 

approximately 14.7 quokkas ha-1 than in the less disturbed habitat types. However, it must 

be noted that our use of different sampling methods, which involved netting instead of 

trapping in the settlement areas, may have inflated our density estimates. Capture recapture 

methods estimate density based on the number of captures and recaptures within a 

sampling area over a defined sampling period (Borchers and Efford 2008). Netting quokkas, 

may well have resulted in reduced recapture probabilities, and thus increased density 

estimates, as quokkas that have been netted previously, may learn to avoid people carrying 

nets. In order to comply with ethics approvals and to prevent tourists interfering with traps, 

the use of nets instead of traps in the settlement areas was unavoidable. While comparing 

density estimates based on different methods of capture is not ideal, we feel that our 

estimates were not largely affected because netting occurred at pre-established points to 

simulate trapping, and this is supported by research conducted by McLean et al. 2009, who 

reported similar densities of quokkas in the settlement areas at 10.5 to 25.3 quokkas ha-1. 

Higher quokka densities in the settlement areas were expected, and our models 

demonstrated that tourism, not rainfall was positively correlated with quokka density 

indicating that tourism is indeed an important factor influencing quokka numbers within the 

settlement areas.  

Tourism can result in high levels of artificial food supplementation either resulting from 

habitat modification or through the availability of anthropogenic food sources. In other 

species, food supplementation has been shown to increase the density of animals in the 
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local area through immigration of nearby individuals, or through improved reproductive or 

survival rates (Orams, 2002; Prevedello et al., 2013). For example, in Berenty reserve, 

Madagascar, the density of a population of ring tailed lemurs was far greater than in 

surrounding areas, and this was attributed to food and water provision by tourists and 

reserve management (Koyama et al., 2002). The settlement areas on Rottnest Island contain 

large areas of fertilised and irrigated lawns, and quokkas actively travel from outside of the 

settlement to feed on these at night (Chapter 2). Food from tourists further boosts the food 

availability within the settlement areas, and many quokkas have changed their sleep 

patterns to scavenge food from tourists during the day, indicating how valuable these 

resources are to the quokkas (V. Phillips personal observation; Wynne and Leguet, 2004).  

We found that quokka density sharply decreased in habitat types outside of the settlement 

during the summer months and that this decline was associated with a decline in rainfall. In 

the settlement however, density increased greatly during this season. Many animals, after 

evaluating available habitats, will select the habitat that they percieve will improve 

individiual fitness (Fretwell and Calver, 1969; Switzer, 1993; Lin and Batzli, 2004). It makes 

sense then that in the summer months, when food and water availability is low outside of 

the settlement areas, quokkas will travel into the settlement where these resources are 

readily available. This does not mean neccesarily that the settlement is a higher quality 

habitat, however. While we know that body condition and joey survival rates are improved 

in the settlement compared to the other habitat types (Chapter 3), factors such as poor 

quality food, density related increases in disease transmission and agression, disruption of 

normal activities and increased levels of stress associated with the presence of tourists may 

actually have negative impacts on the long term fitness of animals (Green and Higginbottom, 

2000; Orams, 2002; Newsome and Rodger, 2008). Kangaroos and wallaroos for example, are 

more likely to spread the disease ‘lumpy jaw’ when high density groups are gathered around 

food supplied by tourists (Fox, 1982).  

On Rottnest Island, quokkas are heavily infected with Salmonella spp. It is thought that the 

promotion and proliforation of this infection in individuals is largely related to stress 

surrounding seasonal changes to the quality of the diet of the quokkas (Iveson and Hart, 

1983; Hart et al., 1985). Increased density of quokkas within the settlement areas may be 

problematic therefore as it may increase the risk of Salmonella transmission to humans 

(Iveson and Hart, 1983).  
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Still, with the settlement only occupying a small area of the island, and with the small home 

ranges of quokkas, the potential negative impacts associated with high density are likely to 

be localised affecting only a low proportion of the total island population. These impacts 

must be taken into consideration when planning for the long term conservation 

management of this species, however, particularly if further development takes place on 

Rottnest Island. 

The habitat types outside the settlement on the other hand are home to the vast majority of 

the quokkas that live on the island, and effective management of this population must 

recognise this. The grass/ heath habitat accounts for by far the highest proportion of the 

island’s habitat and over 67% of the total quokka population. The density of quokkas within 

this habitat type is also much greater than in the coastal dunes or the woodland habitat 

types and this may be indicative of a preference for this habitat type (Kitchener, 1972; 

Rippey and Hobbs, 2003; Poole et al., 2014). The grass/ heath includes an abundance of low 

lying tussock grasses and shrubs, which are a source of shelter and food, both of which are a 

limiting resource for the quokkas (Shield 1958; Kitchener 1972). It makes sense then that we 

observed a higher density of quokkas in this habitat type than in the woodland or the coastal 

dune habitats, where low dense vegetation and food are less readily available. 

The proportion of this preferred grass/ heath habitat has increased dramatically on Rottnest 

Island over the past 100 years, as it has replaced woodland lost to processes such as 

woodcutting, fire, erosion and grazing by the quokka. Whereas around 1000 ha of woodland 

could be found on Rottnest in 1919, less than 250 ha are present today and this change in 

vegetation structure may have led to further increases in the island’s quokka population 

(Pen and Green, 1983; Hercock, 2003; Rippey and Hobbs, 2003; de Rebeira and Saunders, 

2009).  The Rottnest Island Authority is currently developing a woodland management plan, 

which includes the continued high density planting of woodland species. Although any 

effects of this plan on the density and ecology of the quokka may not be realised for many 

years to come.      

Given the effects of the summer season on quokka density that we observed outside of the 

settlement areas, it becomes clear that climate change, which is forecast to result in warmer 

and drier conditions in South Western Australia, could have a devestating effect on the 

stability of the quokka on Rottnest Island in the future (Gibson et al., 2010; Hughes, 2011). A 

high likelihood of climate driven extinction of the quokka on the mainland has been 
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predicted, and given the Rottnest Island quokka’s limited dispersal capabilities and low 

reproductive output, managers must be alert to the very real dangers posed by climate 

change to this sub population in the future (Isaac et al., 2009; Gibson et al., 2010).  

This study has demonstrated that Rottnest Island is indeed a stronghold for a large 

proportion of the remaining vulnerable quokka population, and it seems that anthropogenic 

disturbance to the former natural habitat has benefitted this species and has likely increased 

the size of the population.  

Management proceedures that focus on restoring woodland vegetation on the island may 

help to regulate the size of the population, and to reduce the incidence and proliforation of 

Salmonella infection in individuals (Iveson and Hart, 1983). Restoring the woodland 

vegetation is part of the Rottnest Island Authorities management plans, but such changes 

take time and considerable effort, and the benefits therefore may not be realised for many 

years to come.  

While current numbers on the island are high, climate change is likely to impact on the 

abundance and density of this sub population in the future. It is important therefore that any 

management strategy aimed at reducing or displacing quokkas does not further hinder the 

capacity of the Rottnest Island quokka sub population to cope with these impending 

changes.    
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Chapter 5: Areas developed for tourism affect 

survival and emigration rates for the quokka 

(Setonix brachyurus) on Rottnest Island, 

Western Australia 
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Abstract  

Tourism and its associated development can have positive and negative impacts on the 

fitness of local species and can strongly influence population dynamics. Knowledge of how a 

population is changing in size and whether disturbance factors such as tourism may be 

impacting on the vital rates that lead to this rate of change in size is vital for informing 

management decisions. 

Rottnest Island is both a tourist hot spot, and home to the largest remaining sub population 

of a vulnerable macropod, the quokka (Setonix brachyurus). In order to inform management 

decisions, we studied the effects of habitat type on the population dynamics of the local 

quokka population.  

We used spatially explicit capture recapture techniques and trapped quokkas seasonally, 

over a period of two years, in four key habitat types on Rottnest Island. These were coastal 

dunes, grass/ heath, woodland and the settlement areas that are highly developed for 

tourism. We expected that increased food availability within the settlement areas on 

Rottnest Island would result in increased survival and fecundity rates and increased 

population growth rates (λ) for quokkas. 

Adult survival was found to have the greatest effect on λ in all habitat types. Quokkas in the 

settlement had lower survival rates than quokkas in less disturbed habitat types, which 

translated into negative projected population growth rates (λproj = 0.92). Quokkas outside of 

the settlement had improved survival and positive projected growth rates suggesting that 

the quokka population outside of the settlement may still be increasing. 

It is possible that the settlement areas on Rottnest Island are acting as ‘attractive sinks’, 

although it is highly likely that density dependant emigration has also significantly affected 

our calculated survival estimates. 

This study demonstrates that tourism disturbs local quokkas and leads to increased rates of 

density dependant mortality or emigration. These findings have implications for other 

species globally that are affected by tourism and tourism development. 
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Introduction  

Demographic information, including how or why a population changes over time can be 

critical for the effective management of wildlife populations (Fisher et al., 2000). This may be 

particularly true for populations that are affected by human disturbance and habitat 

modification, which can heavily impact on wildlife population dynamics (Hoffmann et al., 

2003; Kalpers et al., 2003).  

Habitat modification resulting from tourism and tourism development can have a profound 

effect on wildlife populations by affecting behaviour, fitness and intraspecific interactions 

between individuals within the population (Taylor and Knight, 2003). Increases in the 

availability of food is one way in which tourism can modify habitats, either through the 

inclusion of exotic grassland and gardens or through the accidental or intentional 

provisioning of food by tourists (Green and Higginbottom, 2000). Such increases to the 

availability of food can attract and maintain a high density of animals in an area and increase 

their fitness through improved body condition, advanced breeding seasons or improved 

reproductive performance (Banach, 1986; Boutin, 1990; Orams, 2002; Chambers, 2009). The 

Allen Cays rock iguana (Cyclura cychlura inornata) in the Bahamas for example, benefits from 

feeding by tourists through increased growth rates and improved body condition (Smith and 

Iverson, 2016).  

However, factors such as poor food quality, density related increases in disease transmission 

and agression, disruption of normal activities and increased stress associated with the 

presence of tourists can also have negative impacts on the fitness of the animals (Green and 

Higginbottom, 2000; Orams, 2002; Newsome and Rodger, 2008). For example, in the Gulf of 

California, Mexico, increased exposure to tourists is associated with reduced reproductive 

and long-term population decline in Californian sea lions (Zalophus californianus; French et 

al. 2011). Establishing how such disturbed habitat types are influencing population growth 

rates is essential for the effective management of these populations.  

Rottnest Island is a popular tourist destination in Western Australia and is also home to the 

largest remaining sub population of an endemic macropod, the quokka, Setonix brachyurus 

(Sinclair and Morris, 1996). The quokka was once widely spread on the Western Australian 

mainland, but is now listed as vulnerable by the IUCN, as processes such as predation by the 

introduced European red fox (Vulpes vulpes), and habitat alteration have decimated 
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numbers on the mainland since the 1930s. Today, it is estimated that 4000 to 8000 of the 

remaining 7850 to 17150 mature individual quokkas can be found on Rottnest Island (Sinclair 

and Morris, 1996; Hayward et al., 2005b; de Tores et al., 2008). Given that mainland 

populations may decline further, it is imperative that this important sub-population is well 

managed, to ensure the quokka’s continued survival into the future (Gibson et al., 2010). 

Changes to the ecology of Rottnest Island resulting from habitat alteration and tourism are 

thought to have benefited the quokka through increased preferred habitat and food 

availability (Pen and Green, 1983; Hercock, 2003; de Rebeira and Saunders, 2009; Poole et 

al., 2014). Fertilised and irrigated lawns found in the settlement areas that are highly 

developed for tourism, for example, provide a permanent source of food and water year 

round, potentially buffering the negative effects of seasonal variation in food and water 

supply experienced by quokkas outside of the settlement areas (Shield, 1958; Holsworth, 

1964; Sinclair, 1998a). Increases in the proportion of grassy heath habitat, the preferred 

habitat type for the quokka and low levels of predation and interspecific competition on 

Rottnest Island may have also contributed to the thriving population of quokkas that inhabit 

Rottnest Island today (Shield, 1958; Pen and Green, 1983; Blumstein et al., 2001; Hercock, 

2003; Poole et al., 2014). It is unclear, however, how these changes may be impacting on the 

population dynamics of the Rottnest Island quokka and this information is vital for informing 

management plans. 

Although attempts have been made to model the population dynamics of the Rottnest Island 

quokka in the past (Shield, 1958; Dunnet, 1962; Holsworth, 1967), changes to Rottnest 

Island’s ecology over the past 50 years mean that the results of these studies must now be 

updated, and while the mortality and survivorship of mainland quokkas has been studied, 

the results of these studies are not transferable, due to differences in ecology between the 

mainland and Rottnest Island (Hayward et al., 2003; Hayward et al., 2005b). 

In order to update past studies, and to inform management decisions, we investigated the 

effect of four key habitat types, coastal dune, grass/ heath, woodland and the highly 

developed settlement areas, on the population dynamics of the Rottnest Island quokka. We 

expected that the highly resourced settlement areas would be associated with increased 

survival and fecundity rates, and positive population growth rates.  
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Materials and methods  

Study species 

The quokka is a medium sized (1.6 – 4.5 kg) macropod that is endemic to the south west of 

Western Australia. The quokka is a ruminant-like foregut fermenter and is primarily a 

herbivorous grazer (Shield, 1958; Storr, 1961). However, on Rottnest Island the quokka can 

be omnivorous in its feeding habits, consuming food from tourists such as processed meats 

and chips (V. Phillips personal observation). This behaviour is most common around the 

settlement areas where tourists gather. There have also been reports of quokkas feeding on 

legless lizards Lialis burtonis and the introduced snail Helix pisana (Erickson, 1951; Shield, 

1958).  

The home range of the Rottnest Island quokka is small at approximately 1.91 ha (Chapter 2). 

Quokkas are primarily nocturnal and rest under vegetative cover during the day, and then 

move around to graze at night (Dunnet, 1962). Within the settlement areas, some animals 

exhibit temporal shifts in activity patterns and move around during the day to scavenge from 

tourists (Wynne and Leguet, 2004). Most quokkas, however, rest in vegetated areas outside 

of the settlement during the day and commute into them at night to feed on the fertilised 

and irrigated couch grass (Cynodon dactylon), which is plentiful within the settlement areas 

and available year round. The separation between daytime rest sites and night-time feeding 

sites is not observed in habitat types outside of the settlement areas (Chapter 2). 

A seasonal anoestrus limits quokkas on Rottnest Island to producing one young per year, 

with the breeding season confined between late January and September and most births 

occurring between March and April. Quokka joeys leave the pouch at approximately six 

months and are weaned at around nine months of age. Juveniles born earlier in the breeding 

season can breed at the commencement of their second year (Sharman, 1955; Shield, 1958; 

Holsworth, 1964; Shield, 1964; Loh and Shield, 1977). Quokkas have been recorded living for 

up to 10 years on Rottnest Island (Holsworth, 1964). 
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Study sites 

Rottnest Island (32o01’, 115o50’) is ~ 1950 ha in size, and is located approximately 20 km off 

the coast of Perth, Western Australia. The island has a Mediterranean climate receiving up 

to 80% of its average yearly rainfall of 565.5mm between May and October, while June, July 

and August are the wettest and coolest months (Australian Bureau of Meteorology 2016; 

Figure 2). Arid conditions prevail between November and April, resulting in limited 

availability of fresh water and nutritious forage outside of the developed settlement areas 

for the quokkas (Shield, 1958; Kitchener, 1972). 

 

Figure 2: Total seasonal rainfall for 2013 to 2015 (bars) and mean rainfall 1983 – 2016 (line) recorded 

at the Rottnest Island weather station (32.01°S 115.50°E). A missing data point for July 2014 was 

replaced with data from the nearest available weather station, Fremantle (23.8km east).  

We selected eight sites on the island, including two replicates from four key habitat types, 

including, 1. coastal dune 2. grass/ heath 3. settlement and 4. woodland (Figure 1). Each 

habitat type had varying degrees of resource availability for the quokkas ranked as 

settlement > grass/ heath > woodland > coastal dune according to Storr (1964b) and Poole et 

al. (2014). To select the sites we used vegetation maps provided by the Rottnest Island 

Authority as well as on the ground inspection of vegetation to select sites.  

The settlement areas are highly developed for tourism and include buildings, roads, car 

parks and entertainment areas. Here fertilised and irrigated couch grass (Cynodon dactylon) 

lawns are a common feature and provide a nutritious source of food for quokkas year round, 
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while native plant species such as Melaleuca lanceolata, used for both shelter and a source 

of food by quokkas, lie mostly on the outskirts of these areas. The settlement also has some 

introduced Ficus macrophylla trees producing edible fruits and leaves that quokkasconsume. 

The settlement areas are often busy with tourists, particularly during the holiday periods and 

quokkas often take advantage of anthropogenic food sources within these areas (Shield, 

1958; Hercock, 2003).  

The grass/ heath habitat contains two tussock grasses eaten by the quokka, Stipa variabilis 

and Poa caespitosa (Poole et al., 2014), but are dominated by the heath species 

Acanthocarpus preissii, Austrostipa flavescens favoured for shelter by the quokka, and the 

introduced rhizomatous herb Trachyandra divaricata, also a food source (Storr, 1961; Rippey 

and Hobbs, 2003).  

The woodland habitats contain both native and introduced species including Melaleuca 

lanceolata, Acacia rostellifera, Callitris preissii, all of which are food and shelter sources for 

the quokka. Eucalyptus gomphocephala, Eucalyptus camaldulensis and Eucalyptus utilis are 

also common in these habitats, and Eucalyptus gomphocephala is used occasionally by 

quokkas for shelter (Poole et al., 2014). Acanthocarpus preissii is found in the understorey of 

the woodland habitats.  

The coastal dune habitats are comprised of sand dunes sparsely vegetated with Scaevola 

crassifolia, occasionally consumed by the quokka, and Olearia axillaris that can be used for 

shelter. Small thicket patches of Acacia rostellifera, and Melaleuca lanceolate may also be 

found in the coastal dunes, but these are very few (Storr, 1961; Poole et al., 2014).  

Acanthocarpus preissii is present in the coastal dunes but is more prolific at the edges of 

these habitat types.  

The locations of each of the sites, the total area of each tested habitat type, and the primary 

vegetation found within each habitat type can be viewed in Table 1. 
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Figure 1: Aerial view of Rottnest Island (Western Australia) displaying the eight sites where quokkas 

(Setonix brachyurus) were sampled. 
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Table 1: Location of each of the two sites, primary vegetation types within each of the four sampled 

habitat types and area and percentage of each habitat type on Rottnest Island. Exact locations of each 

site can be viewed in Figure 1.  

Habitat type Locations of each tested site Dominant spp. Area of habitat 
type on island (Ha) 

Coastal Dune  1) -32o1’3”, 115o 31’26” 

2) -32o0’55”, 115o 28’28” 

 

 

Acanthocarpus preissii 

Acacia rostellifera 

Lepidosperma gladiatum 

Melaleuca lanceolata  

Olearia axillaris 

Scaevola crassifolia 

Spinifex longifolius 

Trachyandra divaricata 

Westringia dampieri  

 

194.2 

Grass/heath  1) -31o59’ 46”, 115o 30’3” 

2) -32o0’ 15”, 115o 33’14” 

 

 

Acacia rostellifera  

Acanthocarpus preissii 

Austrostipa flavescens  

Lepidosperma gladiatum 

Olearia axillaris  

Poa caespitosa 

Stipa variabilis  

Thomasia cognata 

Trachyandra divaricata 

 

930.5 

Settlement  1) -31o59’ 41”, 115o32’24” 

2) -32o0’25”, 115o33’16” 

 

 

Cynodon dactylon 

Bouteloua dactyloides 

Ficus macrophylla 

Melaleuca lanceolata  

 

73.9 

Woodland  1) -32o0’50”, 115o31’45” 

2) -32o0’12”, 115o31’7” 

 

 

Acanthocarpus preissii 

Callitris preissii 

Eucalyptus camaldulensis 

Eucalyptus gomphocephala 

Eucalyptus utilis 

Lepidosperma gladiatum 

Melaleuca lanceolata 

Trachymene coerulea 

Trachyandra divaricata 

247.1 
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Trapping, animal handling and data collection 

We trapped seasonally at each site between April 2013 and February 2015, with each 

trapping event in a site lasting a period of four nights, and sites being sampled in the same 

order each season. 

Quokkas were trapped using Thomas soft wall traps (350 x 350 x 800 mm, Sheffield Wire 

Works, Welshpool, Western Australia). Traps were set at dusk and cleared at dawn and were 

baited with apples. To eliminate the risk of tourists interfering with traps, and to comply 

with animal ethics regulations, quokkas were hand netted at night-time in the settlement 

areas. To do this we traversed 25 permanently marked trap points within each site and 

made one attempt at netting a quokka if it was within 5 meters of the trap point.  

Newly trapped quokkas were anaesthetised through Isoflurane inhalation with a gas mask 

(induced with 5% Isoflurane in Oxygen and maintained at 3% Isoflurane in Oxygen). We 

sexed each animal and marked them with two marks, so marks were not lost. Marks 

included a uniquely numbered aluminium ear tag (Monel #1), and a microchip (Allflex 

Australia) which was inserted subcutaneously between the shoulder blades of each animal. 

Each quokka was aged by molar eruption according to Holsworth (1964), and animals were 

classified as adults (24mth +), juveniles (12 – 24 months), yearlings (7 – 12 months) and joeys 

(0 – 12 months). Females were checked for the presence of pouch young or an elongated 

teat. The presence of an elongated teat at the end of the breeding season (October to 

November; Shield 1964) indicated that a female had recently weaned a pouch young. 

Animals were released at the point of capture after full recovery from anaesthesia. Re-

captures were recorded on site and the females were checked for the presence of pouch 

young or an elongated teat. These animals were released immediately at the point of 

capture. 

All capture and animal handling procedures complied with the Australian code of practice for 

the care and use of animals for scientific purposes (NHMRC 2004), and were approved by the 

Animal Ethics Committee at The University of Western Australia (permit no. 

RA/3/100/1183). A licence to take fauna for scientific purposes (Reg.17) was issued by the 

Department of Parks and Wildlife, Western Australia in 2013, 2014 and 2015 (Licence 

number: SF 009127). 
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Population dynamics 

We investigated the life history of females, as only this sex limits reproduction, and we could 

estimate female fecundity from our data.  

As the result of a seasonal anoestrus, female quokkas on Rottnest Island breed once per year 

with the breeding season confined between late January and September and the majority of 

births occurring between March and April. Quokka joeys leave the pouch at approximately 

six months and are weaned at approximately nine months of age, and juveniles born earlier 

in the breeding season can breed at the commencement of their second year (Sharman, 

1955; Shield, 1958; Holsworth, 1964; Shield, 1964; Loh and Shield, 1977). We recorded no 

females that gave birth more than once within the breeding season. Based on this 

information we constructed a single sex (females) age structured life cycle diagram, which 

had a time step of one year (Figure 3).  

 

 Figure 3: Single sex (female) life cycle diagrams for quokkas (Setonix brachyurus) in the four 

sampled habitat types on Rottnest Island, Western Australia, where J = juvenile (12 – 24 months of 

age) and A = adult (24 months +). PJ = survival rate of juveniles to t +1, PA = survival rate of adults to 

t +1.  Fx = mx (number of female offspring produced per female in one time step) x P0 (the survival rate 

of female pouch young from birth to 12 months). Time step is one year. 
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For each habitat type and within each year, we constructed a life table, which we used to 

create 2 x 2 Leslie matrices based on our life cycle diagrams. This was carried out using the 

Popbio package in R v 3.2.3 (R Foundation for Statistical Computing 2015, available at 

http://www.R-project.org). The initial age distribution of the population in the life history 

table was calculated as the total number of new juveniles or adults caught within each year 

(March - February). 

We used the equation Fx = mxP0 to calculate fecundity transitions for juveniles (FJ) and Adults 

(FA), where mx represents the number of female offspring produced by each female per year 

and P0 is the probability that a female pouch young will survive to one year of age. Because 

survival rates of joeys or yearlings could not be estimated due to low recapture rates, we 

used weaning rates to estimate first year survival (P0). As quokkas are weaned at nine 

months of age, we scaled up the weaning rate from a period of nine months to twelve 

months using the equation:  

exp (((ln(number of joeys weaned/ number of joeys born))/9)*12) 

These estimates must not be considered entirely accurate however, as they assume that 

survival rates are the same from weaning to one year of age as they are from birth to the 

age of weaning. We calculated 95% confidence intervals for the fecundity transitions 

through bootstrapping, with 1000 replicate resamples for each estimate, using the statistics 

program SPSS Statistics 22 (SPSS; IBM Corp. Armonk, N.Y.). 

We estimated age specific survival rates using multi-state recaptures only models within 

Program MARK (MARK 6.1, Gary C. White, Colorado State University). These models 

however, do not distinguish between births and immigration, or deaths and emigration, and 

thus estimated survival rates reflect all of these factors that contribute to population growth 

or decline (McMahon and Matter, 2006). Capture histories were constructed for each 

habitat type, and individuals were recorded in each of the eight seasonal encounter 

occasions as not encountered, or encountered in one of two states, juvenile (12 – 24 

months) or adult (24months +). Transition probabilities for adults regressing to juveniles 

were fixed to zero for each model tested. Joeys (0 – 7 months) and yearlings (7 – 12 months) 

were removed from the analysis due to low recapture rates of these age groups. Two 

attribute groups representing sex also defined the model and time intervals between 
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trapping events were set to 3 months. A year was defined as beginning in March, which is 

the peak of the breeding season and ending in February (Shield, 1958).  

We tested a number of different candidate models and used Akaike’s Information Criterion 

(AICc) values to select the model that best fitted the data for each habitat type (Table 2). The 

best fitting model for each habitat type was identified as that which presented with the 

lowest AICc value (Burnham and Anderson, 2002).  

Each year consisted of three equal intervals between the four sampling occasions, and 

annual survival rates were calculated by raising the survival estimate given by MARK to the 

power of 3. The ‘Delta method’ was used to calculate standard errors for the survival 

estimates and 95% confidence intervals were calculated via the logit scale and transformed 

into probabilities (Chambers and Bencini, 2010; Cooch and White, 2014). 

Confidence intervals were used to compare estimates of survival and fecundity between 

habitat types and years, and two estimates were considered significantly different if neither 

fell within the 95% confidence interval of the other. This method of comparing survival and 

fecundity estimates is not ideal, but because capture methods were unavoidably different 

between habitats, we were unable to test habitat type as a covariate in our models. 

The Multi – State model within Program MARK also gave an estimation of the probability 

that the animal was encountered (p) conditional that the animal was alive and in the sample 

area (Table 3; Cooch and White 2014). 

These constructed Leslie matrices were then used to estimate stable age distributions, 

asymptotic growth rates at stable age distributions (λasympt) and elasticity values for each 

element in the matrix through the use of the “eigen.analysis” function in the popbio package 

(v.2.4.3) within R (Stubben and Milligan, 2007).   

The predicted yearly stable age distributions for each habitat type were compared with 

those observed from our capture data using a contingency Chi square test. 
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Table 2: Best fit candidate models for each habitat type 

Best fit candidate models  Best fit for 
habitat type 

Parameters Deviance 

S(age)p(age)(.)  Costal dune 5 1740.593 

                               Settlement 
 

5 177.193 

S(.)p(sex)(sex) Grass/heath 
 

7 346.566 

S(.)p(age.sex)(.) Woodland 6 417.853 

 

Environmental and demographic stochasticity 

In order to estimate environmental and demographic stochasticity we used the yearly 

transition matrices and the initial population vectors from each habitat type.  

Using R, we estimated environmental stochasticity by sampling at random from each of the 

two matrices. We then applied demographic stochasticity to the resampled matrix through 

the use of the “multiresultm” function in the popbio package within R. The size of the 

population was projected 20 years into the future with 1000 replications and the initial 

population vectors for adults and juveniles were multiplied by the adjusted matrix to 

estimate the projected number of adults and juveniles.  

The mean and the 95% confidence intervals were then calculated from these 1000 

replicates, and these were used to plot the change in abundance of quokkas within each 

habitat type over 20 years on a logarithmic scale. We also used these projections to calculate 

the average rate of change in population size over the tmax – 1 interval (λproj) for each 

habitat type, and associated confidence intervals. Confidence intervals were also used to 

compare estimates of λproj between habitat types. 

All R code used for our population dynamics analysis can be found in Appendix 1. 
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Results 

The majority of new quokkas (n = 363) were trapped in the settlement, while the fewest 

were caught in the coastal dunes (n = 121). Encounter probability was lowest in the 

settlement and highest in the woodlands (Table 3). 

Table 3: The total number of new and re-captured juvenile and adult, male and female quokkas 

(Setonix brachyurus) within each sampled habitat type on Rottnest Island, Western Australia. Joeys 

and yearlings were removed from the analysis due to low numbers of recaptures. The p (MARK) value 

for adults and juveniles estimated by Program MARK is also given and represents the probability that 

the animal was encountered, given that it was alive in the sample area. 

 Males  Females  Total  p (MARK) 
Habitat type New  Re 

captures 

New  Re 

captures 

New  Re 

captures 

Juveniles Adults 

Settlement 185 48 178 29 363 77 0.22 0.11 

Woodland 66 213 83 169 149 382 0.70(m)  

0.38(f) 

0.67(m)  

0.50(f) 

Grass/ heath 69 149 90 91 159 308 0.33 0.32 

Costal dune 47 121 74 149 121 270 0.53 0.53 

 

Survival and fecundity rates 

Survival rates for both adults (PA) and juveniles (PJ) did not vary over the two-year period, as 

time was not a factor that affected survival in the best fit survivorship models for any habitat 

type. For all habitat types outside of the settlement, there were no significant differences in 

survival rates between adults and juveniles in either of the two years. Within the settlement 

areas, however, the survival rates of juveniles was significantly lower than that of adults in 

both 2013/14 and 2014/15 (PJ = 0.43, PA = 0.77; Table 4). Juvenile survival rates did not differ 

significantly between the coastal dunes, the grass/ heath and the woodland, and all of these 

were significantly higher than juvenile survival rates in the settlement. In both 2013/14 and 

2014/15 survival rates for adults in the settlement (PA = 0.77) areas were significantly lower 

than the woodland (PA = 0.85) and grass/ heath habitat types (PA = 0.81), but were not 

significantly different from those in the coastal dunes (PA = 0.81). Emigration rates in the 

settlement areas, particularly for juveniles, have likely contributed to these reduced survival 

estimates.   
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Adult fecundity transitions (FA) were significantly greater in 2014/15 than in 2013/14 in all 

habitat types. This was also the case for juveniles in all habitat types except the grass/ heath, 

where juvenile fecundity transitions significantly decreased from 0.09 in 2013/14 to 0.01 in 

2014/15. In 2013/14, fecundity transitions for adults were significantly greater in the 

settlement (FA = 0.30) and the coastal dune habitat types (FA = 0.25) than the grass/heath (FA 

= 0.23) and woodland (FA = 0.23) habitat types, while in 2014/15 the settlement had 

significantly greater fecundity transitions at 0.413 than the coastal dunes (FA = 0.32) and the 

grass/ heath (FA = 0.32) but not the woodland (FA = 0.36; Table 4). 
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Table 4: Annual survival estimates (Px), number of female offspring produced per female per year (mx), fecundity transitions (Fx) and asymptotic growth rates (λasympt) for quokkas (Setonix 

brachyurus) in four habitat types on Rottnest Island, Western Australia, in 2013/14 and 2014/15. Elasticity values for all parameters in the projection matrices are also presented. Confidence 

intervals are presented in parentheses. 

   Survival   Fecundity  Elasticity 

Year 1 Study area P0 (J) P0 (A) PJ PA mx (J) mx(A) FJ FA λ(asymt) PJ PA FJ FA 

2013/14 Coastal dune 0.12 
(0.10, 0.14) 

 

0.64 
(0.61, 0.67) 

0.82 
(0.80, 0.84) 

 

0.81 
(0.79, 0.82) 

0.26 0.39 0.03 
(0.02, 0.04) 

0.25 
(0.22, 0.28) 

1.02 0.17 0.66 0.01 0.17 

 Grass/heath 0.32 
(0.29, 0.36) 

0.53 
(0.50, 0.56) 

0.81 
(0.80, 0.83) 

 

0.81 
(0.80, 0.83) 

0.28 0.44 0.09 
(0.07, 0.11) 

0.23 
(0.21, 0.26) 

1.01 0.16 0.65 0.02 0.16 

 Settlement 0.17 
(0.14, 0.19) 

0.64 
(0.61, 0.68) 

0.43 
(0.40, 0.45) 

 

0.77 
(0.74, 0.79) 

0.26 0.40 0.04 
(0.02, 0.05) 

0.30 
(0.27, 0.33) 

0.91 0.14 0.72 0.01 0.14 

 Woodland 0.05 
(0.03, 0.06) 

0.62 
(0.59, 0.65) 

0.85 
(0.83, 0.86) 

0.85 
(0.83, 0.86) 

0.14 0.36 0.01 
(0.00, 0.01) 

0.23 
(0.20, 0.25) 

1.04 0.16 0.68 0.01 0.16 

Year 2               

2014/15 Coastal dune 0.31 
(0.28, 0.34) 

0.78 
(0.76, 0.81) 

0.82 
(0.80, 0.84) 

 

0.81 
(0.79, 0.82) 

0.28 0.40 0.09 
(0.07, 0.11) 

0.32 
(0.29, 0.34) 

1.07 0.19 0.60 0.02 0.19 

 Grass/heath 0.05 
(0.40, 0.70) 

0.78 
(0.76, 0.81) 

0.81 
(0.80, 0.83) 

 

0.81 
(0.80, 0.83) 

0.22 0.41 0.01 
(0.00, 0.02) 

0.32 
(0.29, 0.35) 

1.06 0.19 0.62 0.01 0.19 

 Settlement 0.58 
(0.55, 0.61) 

0.87 
(0.86, 0.90) 

0.43 
(0.40, 0.45) 

 

0.77 
(0.74, 0.79) 

0.22 0.48 0.13 
(0.11, 0.15) 

0.41 
(0.38, 0.44) 

0.98 0.14 0.72 0.01 0.14 

 Woodland 0.29 
(0.26, 0.32) 

0.78 
(0.76, 0.81) 

0.85 
(0.83, 0.86) 

0.85 
(0.83, 0.86) 

0.19 0.46 0.06 
(0.04, 0.07) 

0.36 
(0.33, 0.39) 

1.13 0.20 0.59 0.01 0.20 
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Asymptotic and projected growth rates 

The asymptotic growth rates (λasympt) for the settlement were estimated at 0.91/yr in 

2013/14 and 0.98/yr in 2014/15. The settlement was the only habitat type where negative 

growth rates were projected and these were significantly lower than the growth rates 

estimated for all other habitat types. There were no significant differences in λasympt between 

the coastal dunes (1.01/yr), the grass/heath (1.01/yr) or the woodlands (1.05/yr) in 2013/14. 

In 2014/15 λasympt was significantly higher in the woodlands at 1.14 and significantly lower in 

the settlement at 0.98, than in the coastal dunes (1.07/yr) and the grass/heath (1.05/yr). A 

significant increase in λasympt between 2013/14 and 2014/15 was calculated for both the 

settlement and woodland habitat types, while there was no significant difference estimated 

for the coastal dunes or the grass/heath between the two years. The highest λasympt 

calculated over all was for the woodland in 2014/15 at 1.14/yr (Table 4). 

The rate of increase estimated over the 20 year period (λproject) from our demographic and 

environmental stochastic population projections was significantly lower for the settlement, 

which had a λproject at 0.92/19 yr, than the other three habitat types, which did not differ 

significantly from each other (coastal dunes (1.04/19 yr), the grass/heath (1.03/19 yr) and 

the woodland (1.08/19 yr); Table 4). 

Stable age distributions 

The stable age distributions calculated for every habitat type shifted slightly in favour of 

juveniles in 2014/15 compared to 2013/14, with the greatest shift of + 0.08 (8%) occurring in 

the settlement (Table 5). The general age structure consisting of around 4/5 adults in 

2013/14 and ¾ adults in 2014/15 remained similar between habitat types. 

With the exception of the woodlands in 2014, the observed stable age distributions were 

different from those predicted in all habitat types outside of the settlement, with a 

significantly higher proportion of juveniles being observed than predicted. There was no 

difference between observed and predicted stable age distributions in the woodland in 2014 

or in the settlement in either 2013 or 2014 (Table 5). 
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Table 5: Stable age distributions predicted from single sex stage based matrix models of quokka 

(Setonix brachyurus) populations in the four habitat types tested in 2013 and 2014 and the age 

distributions observed from captured animals. The total number of each age class captured is given in 

parentheses. The results of chi square tests are given and a * indicates the observed values are 

significantly different from the predicted values within that year. 

Habitat type Age 
class 

Stable age 
distribution  2013/14 

Chi2 test Stable age 
distribution 2014/15 

Chi2 test 

  Predicted Observed χ2  (P value) Predicted Observed χ2  (P value) 
Coastal dunes Juvenile 0.20  0.35 (17) * 4.92 (0.03) 0.24 0.39 (23) * 4.54 (0.03) 

 Adult 0.80  0.65 (31) * 0.76 0.61 (36) * 

Grass/ heath Juvenile 0.20 0.45 (25) * 13.13 (<0.01) 0.24 0.44 (23) * 8.04 (<0.01) 

 Adult 0.80 0.55 (31) * 0.76 0.56 (29) * 

Settlement Juvenile 0.25 0.21 (17) 0.25 (0.61) 0.33 0.31 (18) 0.02 (0.88) 

 Adult 0.75 0.79 (64) 0.67 0.69 (41) 

Woodland Juvenile 0.18 0.42 (21) * 12.60 (<0.01) 0.25 0.27 (13) 0.03 (0.87) 

 Adult 0.82 0.58 (29) * 0.75 0.73 (35) 

 

Elasticity 

Elasticities of λ to survival and fecundity rates showed that the survival rates of adults (PA) 

have the largest potential impact on λasympt for all habitat types in both 2013/14 and 

2014/15, with this effect being most pronounced in the settlement areas, where the 

elasticity for PA in 2013/14 and 2014/15 was estimated at 0.72. The fecundity transitions of 

juveniles (FJ) were found to have the lowest potential impact on λasympt in all habitat types 

and in both years (Table 4). 

The elasticity of λasympt to adult survival decreased in 2014/15 compared to 2013/14 in all 

areas outside of the settlement, with the woodland showing the most pronounced decrease 

(0.68 to 0.59). 

Projections of population size 

There was no significant difference in λproject between the coastal dunes, the grass/ heath or 

the woodlands calculated from our environmental and demographic stochasticity projection. 

In the settlement, however, λproject was estimated to be significantly lower that these other 

three habitat types. 

The projection of the population of quokkas in the settlement predicted a decrease in the 

current population to 0.2 times its current size within 20 years. The coastal dunes, 
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grass/heath and woodland habitat types on the other hand were all projected to increase in 

size over the 20 year period by 2.3, 1.8 and 4.6 times their current size respectively (Table 6).  

When confidence intervals for the 20 year population projection were compared, there was 

no significant difference in population size at t - 1 between the coastal dunes (95% CI 54.0, 

180.0), the grass/heath (95% CI 46.0, 161.03) or the woodlands (95% CI 109.98, 337.08), but 

these three habitat types were all projected to have significantly higher populations at t – 1 

than the settlement (95% CI 3.0, 34.0; Figure 4). 

Table 6: Estimated population size for female quokkas (Setonix brachyurus) at time = 1, the rate of 

change in size of the population, and the predicted population size projected for 20 years, and 95% 

confidence intervals for the population size at t =20. 

Habitat type Start female pop (x) 
(t = 1) 

Increase/ decline rate 
(t - 1) 

Predicted population 
(t = 20yr) 

95% CI  

Coastal dune  48   2.29 x 109.8 54.0,  180.0 

Grassland  56   1.76 x 98.8 46.0,  161.0 

Settlement  81 - 0.20 x 16.4 3.0,  34.0 

Woodland  50   4.55 x 227.4 122.0, 378.1 
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Figure 4: Environmental and demographic projection of the relative size of the quokka (Setonix 

brachyurus) population (log scaled) over 20 years, in each of the four sampled habitat types on 

Rottnest Island; settlement (top), woodland, coastal dune and grass/ heath. The middle solid line 

represents the mean predicted relative population size while the outer two dashed lines represent the 

upper and lower 95% confidence intervals. λproj  and associated confidence intervals (in parentheses) 

are also shown for each habitat type. 
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Discussion  

Population dynamics in the highly developed settlement areas 

The settlement was the only habitat type where deterministic growth rates were below one, 

indicating that if this population was in a stable age distribution, with no immigration or 

emigration, the population would decrease by between 2 and 9% each year. Density 

dependant emigration is likely to occur in the settlement however, and our survival 

estimates and deterministic growth rates also reflect this. While adult fecundity was 

predominantly higher in the settlement areas than in the less disturbed habitat types, the 

survival rates of juveniles in the settlement of 0.43, was almost half what was seen in less 

disturbed habitat types, while adult survival rates were slightly less or comparable. Our high 

elasticity values for the survival rates of adults in the settlement, however, suggest that it is 

changes in adult survival that most affect the rate of change in the size of the quokka 

population within the settlement areas. Higher adult survival elasticities such as we see in 

the quokkas are common in long lived mammals that have short juvenile stages relative to 

their life spans and indicate that focussing on adult survival may be the best way to 

manipulate quokka growth rates (Heppell et al., 2000; Owen‐Smith and Mason, 2005). 

Our projections of population size over 20 years indicated that if the settlement was a closed 

population, it would be reduced to nearly a fifth of the size it is today. This is highly unlikely 

however, as the settlement is not a closed population, and it is likely that immigration 

frequently occurs. Supplemental food attracts immigrants and the irrigated lawns and 

anthropogenic food sources that can be found in the settlement likely attract quokkas into 

the area (Boutin, 1990; Jackson, 2008). We have shown that the density of quokkas within 

the settlement increases significantly in the summer months, a time when resource 

availability outside of the settlement is low, and this is probably due to immigration of 

quokkas seeking food and water into the settlement areas (Shield 1958; Chapter 4). A 

decline in the population of quokkas within the settlement therefore seems unlikely, as 

immigration would continue if food availability and accessibility to this area for quokkas was 

maintained. If the population in the settlement were in decline, we probably would not see 

the high densities that are seen there today (~ 14.65 quokkas/ ha; Chapter 4). 

We expected that increased food supply from fertilised lawns and tourists in the settlement 

areas, which has been shown to improve quokka body condition and joey survival rates 
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(Chapter 3), would also result in increased adult and juvenile survival, and positive 

population growth rates. Our results, however, indicate that living in the settlement may 

negatively affect quokka survival and it is possible that what we are seeing is source sink 

dynamics, with the settlement acting as a sink habitat, where annual mortality exceeds 

annual recruitment and the habitat types outside of the settlement acting as sources, 

feeding the sink population (Pulliam and Danielson, 1991). 

Source sink dynamics are often related to habitat disturbance (Pulliam, 1988; Eisenberg et 

al., 2011) and we found that births exceed deaths in all tested habitat types outside of the 

settlement suggesting that there is a strong possibility of source sink dynamics being at play. 

If this is the case, then continued immigration of quokkas from the source habitat types 

likely explains why the density of quokkas within the settlement remains high. 

Habitat types that act as sinks are often poorly resourced however, and while survival is 

possible, they are often associated with low reproductive rates (Delibes et al., 2001). For 

example, reduced birth rates resulted in population decline for American pikas (Ochotona 

princeps) in poorly resourced snow bed sink habitats compared to higher quality meadow 

habitats that had positive growth rates (Kreuzer and Huntly, 2003).  

Within the settlement areas though, there is a high degree of resource availability, fecundity 

rates are high, but it is mortality that is driving the estimated population decline. Habitats 

where resource availability is good, yet survival rates are poor are often affected by human 

activity, which directly impacts on fitness by increasing mortality. These habitats have been 

referred to by Delibes et al. (2001) as ‘attractive sinks’, because negative anthropogenic 

impacts on the habitat may be difficult to detect and avoid by individuals seeking high 

quality resources (Delibes et al., 2001; McAlpine et al., 2005). Examples of attractive sinks in 

the literature include park boundaries in Africa, where there is a higher probability of 

extinction of lion prides due to increased exposure to hunting and cars (Loveridge et al., 

2010) and areas of high tourist activity such as in Yellow-stone National Park, where bears 

are at greater risk of being shot or removed from the population (Knight et al., 1988), or in 

Morocco, where proximity to tourists increases poaching pressure for wild Barbary 

macaques (Macaca sylvanus; Ménard et al., 2014 ). 

Within the settlement areas on Rottnest Island, the density of both tourists and quokkas is 

much higher than on the rest of the island (Jackson, 2008; Chapter 4). The estimated density 
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of quokkas of 14.65 quokkas/ ha in the settlement compares to 3.9 quokkas/ ha in the 

coastal dunes, 6.09 quokkas/ ha in the grass/ heath and 3.44 quokkas/ ha in the woodland 

(Chapter 4).  Many factors relating to the high density of tourists and quokkas within this 

area could be contributing to the reduced calculated quokka survival rates. Such factors  

include the consumption of poor quality food (chips, processed meats and beer for 

example), density related increases in disease transmission and agression, disruption of 

normal activities and increased levels of stress and exposure to violence . All of these factors 

can have negative impacts on the long term fitness of animals (Green and Higginbottom, 

2000; Orams, 2002; Newsome and Rodger, 2008).  

Before we conclude that living in the settlement areas decreases the survival rates of 

quokkas though, we must consider one very important factor. Population growth or decline 

is a balance between the addition of individuals through birth and immigration and removal 

of individuals through death and emigration. As is the case with many population dynamics 

models, which only include birth and death rates as driving forces, we too have discounted 

immigration and emigration from our models (McMahon and Matter, 2006).  

As we have seen that immigration into the settlement is likely, so too is the emigration of 

quokkas from the settlement. Emigration, as it results in the removal of individuals from an 

area, is an important factor influencing population growth rates, and it is likely that this may 

have affected our survival estimates significantly (Kristan, 2003; McMahon and Matter, 

2006). This is because mark recapture models cannot distinguish between births and 

immigration and deaths and emigration. For this reason, quokkas that were not recaptured 

throughout the remainder of the study are considered by program MARK as deaths, when in 

fact, they may have just left the area, rendering themselves undetectable (Gaines and 

McClenaghan, 1980). 

Recapture rates in the settlement were very low at just over 21%. This is reflected in the low 

calculated encounter probability (p value) of 0.11 for adults and 0.22 for juveniles. This 

compares with a 223% recapture rate in the coastal dunes, a 194% recapture rate in the 

grassland and a 256% recapture rate in the woodlands (Table 3). The use of netting instead 

of trapping in the settlement however, may have reduced encounter probabilities in this 

habitat if behavioural responses of quokkas led them to avoid being netted. This alternative 

method of sampling within the settlement, although not ideal, was unavoidable, as we had 

to protect quokkas from harm and to comply with our animal ethics protocol.   
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We know that many quokkas rest outside of the settlement during the day, and travel into 

them to feed at night (Chapter 2). So while our reduced recapture rates may be indicative of 

reduced survival rates, it is highly likely that they also reflect a more transient community 

with increased rates of permanent or temporary emigration. Significant effects of emigration 

on calculated survival rates have been detected in a number of other studies.  McMahon and 

Matter (2006) for example, found that emigration is one of the key factors influencing the 

population dynamics of pupfish. They suggested that this is unlikely to be distinctive to this 

species. Further, a study of ring-tailed lemurs in Berenty reserve Madagascar, which has high 

levels of tourism, showed that 51.4% of the decrease in population size was caused by 

emigration and 48.6% by mortality (Koyama et al., 2002). Lower recapture and thus survival 

rates within the settlement may also have been attributed to the high density of quokkas in 

the area and our method of trapping. Ethics restrictions dictated that we net quokkas in the 

settlement areas, in order to avoid having people tamper with traps left out at night, and 

potentially harming quokkas. This method however, certainly did not attract quokkas and 

may even have elicited a flight response of quokkas away from us, resulting in reduced 

recapture rates.  

Most emigration in mammals occurs when juveniles leave their natal sites and juvenile 

dispersal may result from competition related aggression from adults or may be a 

mechanism to avoid inbreeding with close relatives (Wolff, 1993). The low survival rates 

estimated for juveniles in the settlement, and the low proportion of juveniles to adults in our 

stable age distributions may then also reflect an increased likelihood that juveniles are 

dispersing from the high-density settlement areas.  

A positive relationship between population density and dispersal rates has been shown in a 

wide variety of species from insects to birds and mammals (Fonseca and Hart, 1996; Veit and 

Lewis, 1996). It is widely hypothesised that such density dependant dispersal results from 

competition pressure increasing the likelihood that an individual will disperse to improve 

their fitness prospects by moving to areas of lower density and competition pressure 

(Waser, 1985; Porter and Dooley, 1993; Veit and Lewis, 1996). This dispersal may be affected 

by dominance interactions, aggression or poor environmental conditions resulting from 

overcrowding (Denno and Peterson, 1995; Matthysen, 2005). It is quite possible that what 

we are seeing in the settlement is density dependant dispersal, or a situation where quokkas 

that live on the outskirts of the settlement are not travelling in to feed consistently, rather 
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only when doing so will likely improve their fitness, such as in the summer months, when 

food and water availability is low outside of the settlement areas (Shield, 1958).  

What we do know is that emigration and mortality rates exceed birth rates within the 

settlement, resulting in our calculated negative population growth rates. As the density 

within the settlement is higher than in all other habitat types, we can define these 

deductions from the settlement area as being density dependant (Fryxell et al., 2014). 

Although emigration is difficult to measure, additional research to try and understand the 

levels of emigration occurring within the settlement would be useful for understanding what 

proportions of the decreased survival rate are in fact related to mortality. Such studies may 

include intensive movement tracking studies, or large scale mark recapture studies that 

sample both within and outside the settlement areas (McMahon and Matter, 2006). This 

information would help to clarify whether or not the settlement is acting as a sink and help 

to clarify if the settlement population is sustainable over the long term. 

Population dynamics in habitat types outside of the settlement. 

In the coastal dunes, the grass/ heath and the woodland habitats the deterministic growth 

rates (λ) were all positive and the woodland had the highest λ calculated from the matrices 

in both 2013/14 and 2014/15 as a result of higher adult and juvenile survival rates compared 

to the coastal dunes or the grass/ heath habitat types. Survival rates did not vary 

significantly between the coastal dunes, the grass/ heath and the woodland, however, and 

were very similar to the survival rate of 81% estimated for quokkas in the northern jarrah 

forest on the mainland (Hayward et al., 2005b). 

Improved adult fecundity also contributed to the greater λ observed in the woodland in 

2014/15. An increase in resource availability can often act to improve survival rates and 

reproductive success (Boutin, 1990). This increase in λ may therefore be a function of 

increased local resource availability around our woodland sites in 2014/15.  

As was the case in the settlement, the elasticity of λ to adult survival in the coastal dunes, 

the grass/ heath and the woodland was higher than for all other vital rates. This suggests 

that focusing on adult survival or presence would be the most productive means of 

managing the population, although manipulation of adult fecundity through sterilization and 

contraception has also been shown to successfully reduce growth rates in macropods 

(Adderton, 2004; Tribe et al., 2014). 
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Again, our models have not accounted for possible immigration or emigration, which is 

almost certainly contributing somewhat to our estimates of survival outside of the 

settlement as well. The woodland had the highest recapture rates of all habitat types with an 

average of close to 2.6 recaptures per quokka over the two-year period. The higher survival 

rates in this habitat type may be a function of reduced emigration from the woodland areas. 

The woodland has the lowest density of quokkas compared to our other three tested habitat 

types, so this further supports the possibility of density dependant emigration occurring out 

of the other habitats. If the population in the woodland were to increase significantly in the 

future, as our projections suggest, emigration rates may increase to balance the density in 

the area.  

The values of λ calculated from our environmental and demographic population projections 

over 20 years (λproj) varied between 1.08 in the woodlands and 1.03 in the grass/ heath but 

there was no significant difference detected between these three habitat types. Assuming 

that these are closed populations, the size of the population in the woodlands is projected to 

increase to over 4.5 times its current size in 20 years, the coastal dunes 2.3 times and the 

grass/ heath nearly 1.8 times its current size. This represents a significant increase in the 

number of quokkas outside of the settlement areas over the next 20 years. The significant 

difference between observed and expected stable age distributions within these habitat 

types and the fact that our stable age distributions reflect an age skewed in favour of adults, 

however, suggests that these populations are not stable but are buffeted by the year to year 

variations in demographic rates and that there is little chance of rapid growth within these 

habitat types (Ebert, 1999; Fryxell et al., 2014). 

There are a number of other assumptions we have made in performing our analysis, 

however that must be considered. The first is that each quokka is equally trappable. This is 

not the case as individuals vary in their life stages, requirements and personality. For 

example, a large adult male quokka may be more likely to enter a trap then a small juvenile 

female quokka when food and water availability is low. We also need to consider the 

possibility that the apples that we have placed in the traps are encouraging quokkas to enter 

the trapping area, when they usually would not. 

Another assumption of our dynamics analysis is that environmental conditions will not 

change over the next 20 years. Climate change is forecast to result in warmer and drier 

conditions in South Western Australia (Indian Ocean Climate Initiative 2012). This may result 
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in prolonged periods of food and water shortage outside of the settlement, which will likely 

work to reduce adult and juvenile survival rates and therefore reduce growth rates within 

these populations. 

Increased periods of food and water shortage may also encourage higher levels of 

immigration into the settlement areas. If immigration exceeds mortality and emigration 

rates, λproj may indeed become positive, although the negative impacts associated with a 

higher density of animals in an area could result in reduced survival rates, or increased 

emigration rates (Orams, 2002). 

Catastrophes, such as fire, disease outbreak, severe weather or geological events have also 

been discounted in our models. Such events could act to significantly reduce the numbers of 

quokkas on Rottnest Island, and must be regarded as potential threats to the population 

within management plans (Mills, 2012). 

Management Implications 

Increased densities of quokkas on Rottnest Island may lead to increased grazing pressure on 

native plants, which may further impact on the composition of the island’s vegetation 

(Shield, 1958; Hercock, 2003; Rippey and Hobbs, 2003). High densities of quokkas may also 

increase the probability of Salmonella, which the Rottnest Island quokka is heavily infected 

with, being contracted by tourists, and increase the incidence of intra species aggression and 

associated stress (Hart et al., 1985). 

Fencing off the settlement areas and relocating the local quokkas may cause more problems 

than it solves, as so many quokkas would be displaced and would no longer have the 

constant supply of food and water to which they had become accustomed. Erecting signs 

within the settlement that warn tourists of the Salmonella carried by quokkas and informing 

them that feeding the quokkas may increase their risk of infection, may help to reduce the 

levels of tourist feeding poor quality food to the quokkas, and risk of Salmonella 

transmission.   

Should the rate of growth increase in habitat types outside of the settlement in the future, 

fertility control may be considered as an option to help reduce the negative effects 

associated with a rapidly growing population. Although this method is slower and rarely 

more efficient than culling, it is often favoured for ethical and public perception reasons 

(Tuyttens and Macdonald, 1998; Adderton; Tribe et al., 2014). This method may be 
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expensive though, and there is the danger that the combined impacts of reduced fertility 

and climate change, and/or catastrophic events, might act to drive the population into 

negative growth.  

The Rottnest Island quokka is an extremely important sub population of a vulnerable species 

that is likely still in decline on the mainland. Great care must be taken if trying to manipulate 

this population and further research into the effects of immigration and emigration on the 

population dynamics is most certainly required to inform such management decisions. 
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Chapter 6: General discussion 
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This research was carried out to fill the gaps in our knowledge regarding the demographics 

and ecology of the Rottnest Island quokka today in order to inform management decisions 

for the protection of this important sub population into the future. To do this, I investigated 

the effects of resource availability, as a function of season and habitat type, on the life 

history and movement patterns of this species. I studied quokkas seasonally, in four key 

habitat types with varying degrees of resource availability on Rottnest Island: coastal dunes, 

grass/ heath, settlement and woodland.  

In conducting this research, I had four key aims: 

1. Study the home range and space use of quokkas seasonally, within the four 

habitat types on Rottnest Island (Chapter 2). 

 

2. Understand differences or changes to body condition and reproduction as 

they relate to season and habitat type and the implications of these 

differences or changes (Chapter 3). 

 

3. Derive robust, quantitative estimates of the density and abundance of 

quokkas within each habitat type, and on the island as a whole, through the 

use of current best practice techniques (Chapter 4). 

 

4. Estimate survival and fecundity, population growth rates and run population 

projections for female quokkas within the four key habitat types on Rottnest 

Island (Chapter 5). 

 

This final chapter summarises the key findings of each previous chapter within this thesis as 

they relate to the aforementioned aims. Limitations of this study, research questions for the 

future and some management implications are also briefly discussed. 
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1) Home range and space use 

With an average home range size of 1.91 ± 0.23 ha (Chapter 2), quokkas on Rottnest Island 

have much smaller home ranges than quokkas on the mainland (71.4 ha in the Southern 

forests, Bain, 2016.; 6.39 ha in the northern jarrah forest Hayward et al., 2004).  This smaller 

home range size is likely related to a number of factors, including the smaller body size of 

the Rottnest Island quokka, and differences in environment and ecology between the island 

and the mainland including an increased density of quokkas (Chapter 3), reduced predation 

pressure and greater availability of preferred habitat (low lying shrubs, thickets and heath) 

on Rottnest Island (Storr, 1961; Stamps and Buechner, 1985; Hayward et al., 2004; Dawson 

et al., 2012). These factors presumably also contribute to the reduced proportion of home 

range overlap found for quokkas on Rottnest Island (24%, Chapter2) compared to 48% in the 

southern forests (Bain, 2016) and 52% in the northern jarrah forest (Hayward, 2008). 

The low proportions of home range overlap between individuals on Rottnest Island may also 

suggest that quokkas are somewhat territorial, and this has also been proposed by 

Holsworth (1967). Not having studied the social behaviour of quokkas however, I am unable 

to support or refute this, and this would be a useful study to be carried out in the future. 

Being restricted to the island and having such small home rage sizes and low proportions of 

home range overlap between individuals, suggests that low genetic diversity and recent or 

long term bottlenecks may afflict quokkas on Rottnest Island (Mills et al., 2004; Alacs et al., 

2011).  In a recent study that investigated the population genetics of Rottnest Island quokkas 

however, Spencer and Hillyer (2014) found that moderate genetic diversity of 60 to 70% of 

their mainland counterparts, is retained in the Rottnest Island quokkas. Spencer and Hillyer 

(2014) also found no evidence of recent or long-term population bottlenecks or of 

population sub-structuring, indicating that quokkas on Rottnest Island are in fact dispersing 

farther afield on the island to breed. The home range studies described in Chapter 2 did not 

demonstrate any evidence of dispersal; however, for animal ethics reasons, I did not fit 

juvenile quokkas with radio collars. In most species, it is juveniles that are more likely to 

disperse than adults and for promiscuous mammals such as the quokka, male biased 

dispersal is most common (Greenwood, 1980; Dobson, 1982; Goudet et al., 2002). This is 

likely why I did not detect any dispersal behaviour, despite the fact that the results of the 

population dynamics study (Chapter 5) suggest that juvenile dispersal is likely, particularly 

within the settlement areas.  Future research to examine juvenile movement patterns is 
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necessary to confirm the extent and nature of this dispersal. More extensive genetics 

research could also be used to detect the extent of any dispersal occurring across Rottnest 

Island (Bohonak, 1999; Banks and Peakall, 2012). 

Although habitat type did not significantly affect the size of the home range of quokkas on 

Rottnest Island, it did affect home range overlap. In the coastal dunes, male over female 

home range overlap was significantly greater at 30.36% compared to the grass/ heath 

(18.97%), the settlement (20.51%) or the woodlands (22.82%). Kitchener (1972) 

demonstrated that shelter is an important limiting resource for quokkas on Rottnest Island, 

and my results support this, suggesting that in the poorly resourced coastal dunes quokkas 

are gathering around the few shelter sites available to them rather than travelling farther 

afield to search for resources such as shelter or food.  

Tourism and its associated development had a marked effect of on the movement patterns 

of quokkas (Chapter 2). Around the highly disturbed settlement areas, quokkas were found 

to actively commute between daytime rest sites outside of the settlement and night-time 

feeding grounds, which are centred on fertilised and irrigated couch grass lawns, within the 

settlement areas. This behaviour results in a high degree of spatial separation between 

daytime and night-time ranges, and may help to explain why the size of the home ranges did 

not vary significantly between habitat types. This behaviour also demonstrates the resilience 

of the Rottnest Island quokka to intensive habitat modification, as is seen in the settlement 

areas. 

Habitat types modified for tourism can alter the movement patterns of local species by 

encouraging movement into an area through increased availability of resources, or 

avoidance of an area by animals that perceive danger (Green and Higginbottom, 2000; 

Orams, 2002). In the case of the Rottnest Island quokka, it appears that individuals are taking 

advantage of both the increased availability of vegetative shelter and reduced activity levels 

outside of the settlement areas during the day, and the readily available food resources 

available within the settlement at night. However, a number of quokkas have also changed 

their activity patterns and are awake and moving around the settlement during the day to 

scavenge food from tourists.  

Such changes in behaviour and movement patterns demonstrate the significant benefits of 

supplementary food within the settlement areas  to the local quokkas (Vlasman and Fryxell, 
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2002; Wynne and Leguet, 2004). These results also highlight the importance of maintaining 

remnant vegetation around the settlement sites for local quokkas to retire to. As quokkas 

also browse during the day, grazing pressure on perimeter vegetation should be closely 

monitored, so that effective management decisions can be made if and when necessary. 

Unfortunately, cost and time constraints limited the sample size of quokkas that I was able 

to radio track within each habitat type, and this may have reduced the accuracy of the 

results. Future studies that examine the home ranges of a much larger sample size of 

animals within each of the different habitat types, and particularly within the settlement 

areas, would greatly improve precision and improve our understanding of the movement 

pattern of this species.  

2) Body condition and reproduction 

The settlement areas that are highly developed for tourism positively influenced the fitness 

of local quokkas through improved body condition, advanced breeding times and improved 

joey survival rates. These improvements are most likely driven by the artificially increased 

food supply available in the settlement as the result of supplementary feeding from tourists 

and from fertilised and irrigated lawns (Chapter 3, Boutin, 1990; Orams, 2002).  

Body condition was significantly greater in the settlement for both males and females than 

in the coastal dunes, the grass/ heath and the woodlands, in which quokkas had similar body 

condition scores, indicating that resource availability may be comparable in habitat types 

outside of the settlement. The improved body condition within the settlement is also likely 

to be a primary driver of the advanced breeding times and improved joey survival rates 

recorded in these areas (Chapter 3, Boutin 1990; Holsworth 1964). This,  when combined 

with the probable resource driven immigration into the settlement areas, helps to explain 

the high densities of quokkas found within the settlement (Chapter 4). 

Seasonal resource availability, a product of rainfall and associated vegetation growth, 

resulted in the condition of female quokkas peaking in winter in preparation for the 

demands of peak lactation, a process that has a very high energetic cost for mammals 

(Bronson, 1985; Cripps et al., 2011). The condition of males peaked in spring following a lag 

phase, common in male macropods, between peak rainfall in the winter and improved body 

condition (Moss and Croft, 1999; Sharp et al., 2006; Willers et al., 2011).  
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Quokkas on Rottnest Island were in their poorest condition during the arid summer months, 

a season characterised by low rainfall and poor resource availability. This decline in body 

condition during the summer has also been reported by Shield (1958), Holsworth (1964), 

Kitchener (1970) Bakker and Main (1980) and Wake (1980) and has been linked to significant 

seasonal morbidity and mortality of quokkas on Rottnest Island through a combination of 

processes such as heat stress, poor water availability, nutrient deficiency, reduced 

adrenocortical function and salmonella infection (Bentley, 1955; Kakulas, 1961; Storr, 1964b; 

Kitchener, 1972; Miller and Bradshaw, 1979; Hart et al., 1985). We also recorded a decline in 

abundance of quokkas on Rottnest Island during the summer, supporting the hypothesis that 

the Rottnest Islands quokkas population is regulated through seasonal population 

fluctuations (Shield 1958; Holsworth 1964, Chapter 4). 

The powerful effect that the summer season has on the health of the quokkas indicates that 

the Rottnest Island population is extremely vulnerable to the changes in the environment 

driven by climate change, which is forecast to result in warmer and drier conditions in south-

west Western Australia (Indian Ocean Climate Initiative, 2012). Regular monitoring of the 

body condition, health and density of quokkas is recommended so that problems can be 

identified and addressed before this population incurs serious declines.    

Body condition is an important factor affecting reproduction in mammals (Moss and Croft, 

1999; Pitt et al., 2006; Wynd et al., 2006), and there is substantial evidence to suggest that 

seasonal semi-starvation causes the period of anoestrus observed in quokkas on Rottnest 

Island. Such evidence includes the significant relationship between body condition and 

breeding time for quokkas on Rottnest Island (Chapter 2), the fact that quokkas on the 

mainland are able to breed year round, although fewer young are born in summer (Shield, 

1964; Hayward et al., 2003) and the discovery that quokkas taken off Rottnest Island and 

kept in captivity are eventually able to breed year round (Sharman, 1955b; Shield, 1964). 

Improved body condition has also been linked to advanced breeding times in many species 

(for a review of species see Boutin, 1990) and is the probable cause of the advanced 

breeding times observed in the settlement, with more joeys being born in February and 

March, instead of March and April as was recorded in habitat types outside of the 

settlement. Despite the improved body condition of quokkas within the settlement areas, I 

found no evidence that the period of anoestrus experienced by quokkas on Rottnest Island 

over the summer months was reduced or eliminated here. Shield (1964) reported 
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occasionally encountering pouch young in areas such as the garbage dump, the Research 

Station and the settlement, at times when quokkas outside these areas had no joeys. 

However, he may have been observing joeys born earlier in the breeding season, at the start 

of January. It is also possible that I did not capture and record any females that bred outside 

of the breeding season, even though this may occasionally be occurring. More intensive 

capture studies within the settlement throughout the summer would help to clarify if births 

are occurring out of season. 

The lower joey survival rates observed in habitat types outside of the settlement are 

presumably related to poorer or more variable resource availability in these areas, which in 

turn is a function of the later birth date of the joeys. Holsworth (1964) also found that 

quokka joeys born later in the breeding season had lower survival rates and suggested that 

this was due to reduced resource availability for mothers and joeys at critical periods in the 

joeys development.  

Outside the settlement joeys born at a later date will leave the pouch and continue to be  

suckled when resources are rapidly diminishing in late spring and early summer. This can 

prove fatal if quokka mothers that are undernourished themselves abandon their young, or 

if insufficient nutrition is acquired through consumption of the mother’s milk and forage   

(Sharman, 1955b; Shield, 1959a; Shield, 1964; Miller et al., 2009; Miller et al., 2010). As the 

climate on Rottnest Island becomes warmer and drier, quokka joeys will become increasingly 

vulnerable to increased mortality and this may further impact on the dynamics of this 

population.  

3) Density and abundance 

The total number of quokkas on Rottnest Island was estimated to range between 4616 and 

12023, with an overall average of 8222 ± 894.3 quokkas (Chapter 4). This average was close 

to the upper limit of the precautionary population estimate for Rottnest Island given by the 

IUCN (de Tores et al., 2008), demonstrating that there is indeed a significant number of 

quokkas living on Rottnest Island. This population therefore accounts for a large proportion 

of the estimated total remaining population of 7850 to 17,150 mature individuals given by  

the IUCN Red List (de Tores et al., 2008). The mean density of 4.3 ± 0.07 quokkas ha-1 overall 

is also higher than for most sub-populations recorded on the mainland. 
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Variations in resource availability were reflected by spatial and temporal variations in 

density and abundance of quokkas on Rottnest Island (Chapter 4). Overall abundance on the 

island was found to fluctuate seasonally, with significant declines in abundance across the 

island recorded in the summer months. Seasonal population declines, driven by limited 

resource availability outside of the settlement during the summer have been documented in 

small sections of the island at West End, Lake Bagdad and Barker’s Swamp (Shield, 1958; 

Storr, 1961; Holsworth, 1964). However, this is the first study to quantify this seasonal 

population decline across the whole island.  

In the high resource settlement areas, density was significantly greater at an average of 14.7 

± 0.45 quokkas ha-1, compared to the 6.1 ± 0.13 quokkas ha-1 in the grass/ heath, 3.9 ± 0.12 

quokkas ha-1 in the coastal dunes and 3.4 ± 0.07 quokkas ha-1 in the woodlands. This high 

density within the settlement areas may be a factor of improved reproductive success 

(Chapter 3) and increased immigration into the area by nearby quokkas searching for food 

(Orams, 2002; Prevedello et al., 2013). However the netting of quokkas in the settlement 

could have affected density estimates and may have inflated them. Although our estimates 

were similar to those found by McLean et al. 2009 of 10.5 to 25.3 quokkas ha-1, estimating 

density between habitat types sampled with different detection methods is not ideal, and 

finding a method of detection, such as distance sampling, that could be used across all 

habitat types would solve many statistical and interpretation issues. 

We have demonstrated that resource driven immigration into the settlement is likely in to 

happen in the summer months, because density in the settlement areas increases, while 

density in all other habitat types decreases during this season and also because quokka 

density is positively correlated with tourist numbers in the settlement areas (Chapter 4). 

Unfortunately, we did not sample quokkas in the habitat types surrounding the settlement 

areas. For this reason, we were unable to determine where these quokkas came from, or 

whether this immigration was affecting numbers in source habitats. This would be a useful 

study for the future.   

Given this resource driven immigration into the settlement in summer, the supplementary 

food resources found in these areas may be vital to the survival over the summer of many 

quokkas that live near the settlement areas.  However there are also potential issues 

associated with the high density of quokkas in the settlement, including increased levels of 
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aggression and stress and increased risk of disease transmission between quokkas and 

between quokkas and humans, with Salmonella being of particular concern.  

Although the settlement has a very high density of quokkas, the actual proportion of the 

total quokka population living within the settlement is relatively small at ~ 13% (Chapter 4). 

The greatest proportion (68%) of quokkas on the island was instead found in the grass/ 

heath, which accounts for over 50% of the islands habitat. 

Gross modification of Rottnest Island’s vegetation has taken place the past over the past 150 

years, as the result of anthropogenic disturbance and grazing by the quokka (Pen and Green, 

1983; Hercock, 2003; Rippey and Hobbs, 2003; de Rebeira and Saunders, 2009). This has 

seen the former extensive cover of low closed woodland being replaced by grass/ heath, 

which is the preferred habitat for the quokka as it provides increased availability of both 

shelter and food (Shield, 1958; Kitchener, 1972; Poole et al., 2014). This explains the 

relatively high density of quokkas found in the grass/ heath compared to the woodlands and 

the coastal dunes, and it is plausible that this change in vegetation has resulted in an 

increased number of quokkas on the island. The reason why this is problematic is that the 

increased number of quokkas places further grazing pressure on the island’s vegetation, 

which may continue to impact on its composition (Shield, 1958; Storr, 1961; Rippey and 

Hobbs, 2003). 

Revegetation efforts aimed at restoring some of the islands woodland vegetation are 

currently underway as part of the Rottnest Island Authority’s management plans and such 

efforts may help to regulate the size of the quokka population, although this may not take 

effect for some years to come.  

The 87% of quokkas living in habitat types outside of the settlement is highly vulnerable to 

environmental changes such as climate change. For this reason, it is vital that if any 

measures are considered to manage the quokka population on the island, they do not tip the 

balance so far so that the quokka population is placed in further danger. 

4) Population dynamics 

Despite the positive effects of increased resource availability on body condition, breeding 

time, joey survival rates and density within the settlement habitat, survival rates, particularly 

for juveniles, were lower here than in the less disturbed habitat types. These lower survival 

rates were reflected in deterministic growth rates (λ) that were below one and projected 
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population declines (λproj) of up to 20% over the next 20 years (Chapter 5). It was expected 

that the improvements in fitness afforded by the settlement habitat type, would result in 

improved survival rates and positive population growth rates. My calculations however, 

assumed that the settlement was a closed population, with no immigration or emigration 

occurring. However, the density of quokkas increased in the settlement areas during the 

summer, while density in the less disturbed habitat types decreased (Chapter 4). Further, 

low recapture rates in the settlement and home range analysis showed that quokkas 

commute from outside the settlement areas to feed at night. We can therefore assume that 

the settlement is not a closed population, and is more likely to be a transient population 

with some animals only travelling in to feed occasionally.  

A possible explanation for the low calculated survival rates, could be that the settlement is 

acting as an ‘attractive sink’, effectively attracting quokkas in to the area with high resource 

availability, but reducing survival rates through negative impacts associated with the area. 

Attractive sinks are areas that are often affected by human activity, which directly impacts 

on fitness by increasing mortality (Delibes et al., 2001; McAlpine et al., 2005). Negative 

impacts associated with being in the settlement areas may include collisions with bicycles or 

vehicles, consumption of poor quality foods, or density related increases in aggression and 

disease transmission between quokkas, stress and disruption of normal activities (Orams, 

2002; Newsome and Rodger, 2008). 

Another possibility is that survival is not actually reduced in the settlement, but our survival 

estimates are a reflection of high rates of density dependent emigration out of the area, 

particularly for juveniles. Population growth or decline is a balance between the addition of 

individuals through birth and immigration and removal of individuals through death and 

emigration (McMahon and Matter, 2006). However, immigration or emigration were not 

included in our models and it seems likely that the transient nature of the settlement quokka 

community, with high rates of temporary or permanent dispersal, particularly for juveniles, 

could at least partially explain the low calculated survival rates and projections of population 

decline.  

Further research, including broad scale home range, and mark recapture studies, aimed at 

measuring levels of immigration and emigration in the settlement areas would be beneficial 

for understanding the effect of these movement patterns on our survival estimates and 

population growth rates within the settlement areas (McMahon and Matter, 2006).   
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Lower survival rates, a function of lower recapture rates within the settlement may also 

have been attributed to our method of capture. Quokkas in the settlement areas were 

captured with nets rather than being trapped, in order to avoid interference of traps by the 

public. This netting method however, may have elicited a flight response of quokkas away 

from us or from the settlement area, resulting in reduced recapture and thus apparently 

lower survival rates. Using the same sampling method in all habitat types would resolve the 

many statistical and interpretation issues encountered as a result of using different sampling 

methods in the settlement than in other habitat types. While ethics considerations prohibit 

the use of traps in the settlement, the use of distance sampling methods or the use of 

camera traps could be investigated (O'Brien and Kinnaird, 2011).  

Distance sampling involves counting animals along transects and measuring the distance 

between the animal and the transect to determine a detection probability from which the 

program ‘Distance’ can extrapolate a population density (Buckland et al., 2016). This would 

be impossible to do on the settlement due to the many quokkas encountered, so there 

would be a strong possibility of resighting the same animas over and over again. 

Camera trapping is becoming increasingly popular in wildlife research (Chauvenet et al., 

2017).  However, individual quokkas would be difficult to identify with camera traps because 

as they have few distinctive features between individuals that could be used in 

identification. Numbered ear tags or other marks fitted to each quokka may be detected by 

using camera traps, but this would still require capturing the quokkas in the first place. 

Further, there would be a risk of cameras being stolen in the settlement areas where many 

tourists gather.   

Genetic sampling of fur and scat samples could also be used to identify individuals, but the 

cost and time associated with such a study would be extremely high (Prugh et al., 2005; 

Waits and Paetkau, 2005). 

In the less disturbed habitat types on the other hand, calculated survival rates were higher, 

deterministic growth rates (λ) were above one, and population projections (λproj) forecast 

steady population growth in these habitat types over the next 20 years. 

It is widely thought that quokkas are thriving on Rottnest Island, as a result of low predation 

pressure and changes to the island’s habitat that have benefited this species (Blumstein et 

al., 2001; McLean et al., 2009; Alacs et al., 2011; Algar et al., 2011). Population growth was 
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therefore expected, but the calculated rate of population growth is quite likely more rapid 

than what is actually occurring in habitat types outside of the settlement. Using apples for 

bait, as we did, may have encouraged higher re-encounter rates than would have been made 

with more passive detectors, and this may have caused the calculation of increased survival 

rates and positive population growth rates. 

Another possibility is that dispersal on the Island, of juveniles in particular, is density 

dependant. This would help to explain the negative growth rates in the high-density 

settlement areas and the most rapid population growth rates in the woodlands, where 

density is lower than in other habitat types (Chapter 4). 

Given our density abundance estimates (Chapter 4) and our population projections for 

habitat types outside of the settlement (Chapter 5) it seems reasonable to assume that the 

quokka is successfully persisting, and possibly thriving on Rottnest Island today. However, 

catastrophes, such as fire, disease outbreaks or severe weather events have not been 

included in our models. Such events could act to reduce significantly the numbers of quokkas 

that are confined to Rottnest Island, and must be regarded as very real potential threats to 

this population in management plans. 

Conclusions 

Resource availability is a primary factor affecting the demographics and ecology of wildlife. 

This study demonstrated that variability in resources as it is affected by habitat type and 

season can strongly influence the movement patterns, body condition, reproduction, density 

and population dynamics of quokkas on Rottnest Island, Western Australia. 

Within the settlement areas, the habitat is highly modified for tourism and increased 

resource availability through fertilised and irrigated lawns and anthropogenic sources has 

improved the body condition, advanced breeding times, improved joey survival rates and 

increased the density of quokkas within the area. The high density of quokkas in an area of 

such close proximity to tourists has altered the movement patterns of quokkas however, and 

may be having negative effect on the survival of local quokkas. Further there is a potential 

increase in disease transmission risk, for Salmonella in particular, between quokkas and 

humans, with increasing density of quokkas in the area. 

Management actions that involve removing quokkas from the settlement or fencing off the 

area may seem attractive. However, quokkas removed from the area will likely soon be 
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replaced, and fencing off the settlement would cause displacement of many animals and 

increased suffering of those quokkas that utilise the settlement areas during the summer 

months. It is likely that the density of quokkas within the settlement is controlled somewhat 

by density dependant dispersal in any case. 

Monitoring and management of the remnant vegetation around the settlement areas is 

important to protect important rest sites both from and for local quokkas, and this will also 

protect habitat for other species. Such management may include fencing off areas to allow 

them to regenerate or revegetation of native shrub and woodland species.   

In habitat types outside of the settlement, the seasonal availability of resources most greatly 

influences the ecology and demographics of the quokka. The summer season in particularly, 

with its associated high temperatures and low rainfall, means that there is little nutritious 

food and water available for the quokkas outside of the settlement areas and this greatly 

affects body condition and reproduction.  

With quokka numbers on the mainland predicted to decline further, it is vital that the 

Rottnest Island quokka population is protected as a potential genetic source for the future 

(de Tores et al., 2007; Gibson et al., 2010). While quokka numbers on the island are high, 

controlling these numbers through sterilisation or contraception could be risky in the face of 

climate change and its associated increased temperatures and reduced rainfall in south west 

Western Australia. Such changes as they extend the summer season, will likely increase 

morbidity and mortality for quokkas, many of which, with rapidly declining body condition 

and health, only just survive the summer season as it is. For this reason, maintaining or 

increasing dense heat buffering vegetation is vital for helping to protect the quokkas into the 

future. Periodic monitoring of the body condition, health and density of quokkas within key 

habitat types on Rottnest Island is also essential for updating management plans for the 

protection of this important population into the future. 
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Appendix 1 

Here I present the R script used in the population dynamics analysis for quokkas on Rottnest 

Island 

######Transition matrix from raw data w1 
w1raw <- read.table("stochw1.txt", header = TRUE) 
o <- as.vector(w1raw) 
o 
ox.mat <- matrix (rep(0,4), nrow = 2, byrow = TRUE) 
rownames(ox.mat) <- c("J", "A") 
colnames(ox.mat) <- c("J", "A") 
ox.mat 
 
> ################Add the survival transitions 
ox.mat[2,1] <- o[1,7] 
ox.mat[2,2] <- o[1,9] 
ox.mat[1,2] <- (o[1,11] /(2* o[1,8])) * exp((log(o[1,5] / o[1,4])/9)* 12) 
ox.mat[1,1] <- (o[1,10] /(2* o[1,6])) * exp((log(o[1,3] / o[1,2])/9)* 12) 
ox.mat 
library(popbio) 
lambda(ox.mat) 
 
#############Make a 2x2 matrix of zeros, and label rows and columns 
sx.mat <- matrix(rep(0,4), nrow = 2, byrow = TRUE) 
rownames(sx.mat) <- c("J", "A") 
colnames(sx.mat) <- c("J", "A") 
sx.mat 
   
######################################################################### 
survival <- function(num, px, reps){ 
survive <- round(num * px, digits = 0) 
die <- num - survive 
observed <- c(rep( 1, survive), rep(0, die)) 
result <- rep(0, reps) 
for(i in 1:reps){ 
stoch <- mean(sample(observed, size = num, replace = TRUE)) 
result[i] <- stoch 
} 
return(result) 
} 
 
########################################################################## 
##Make an R object to hold the results 
sx.lam <- rep(0,10) 
 
####Make a loop to do 10 simulations 
for(i in 1:10) { 
sx.mat[1,2] <- survival(o[1,8], exp((log(o[1,5] / o[1,4])/9)* 12) , 1) *sur
vival(o[1,8],  
survival(o[1,8], o[1,11] / o[1,8], 1), 1) / 2 
} 
survival <- function(num, px, reps){ 
survive <- round(num * px, digits = 0) 
die <- num - survive 
observed <- c(rep( 1, survive), rep(0, die)) 
result <- rep(0, reps) 
for(i in 1:reps){ 
stoch <- mean(sample(observed, size = num, replace = TRUE)) 
result[i] <- stoch 
} 
return(result) 
} 
######Transition matrix from raw data w1 
w1raw <- read.table("stochw1.txt", header = TRUE) 
o <- as.vector(w1raw) 
o 
ox.mat <- matrix (rep(0,4), nrow = 2, byrow = TRUE) 
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rownames(ox.mat) <- c("J", "A") 
colnames(ox.mat) <- c("J", "A") 
ox.mat 
 
################Add the survival transitions 
ox.mat[2,1] <- o[1,7] 
ox.mat[2,2] <- o[1,9] 
ox.mat[1,2] <- (o[1,11] /(2* o[1,8])) * exp((log(o[1,5] / o[1,4])/9)* 12) 
ox.mat[1,1] <- (o[1,10] /(2* o[1,6])) * exp((log(o[1,3] / o[1,2])/9)* 12) 
ox.mat 
library(popbio) 
lambda(ox.mat) 
 
#############Make a 2x2 matrix of zeros, and label rows and columns 
sx.mat <- matrix(rep(0,4), nrow = 2, byrow = TRUE) 
rownames(sx.mat) <- c("J", "A") 
colnames(sx.mat) <- c("J", "A") 
sx.mat 
   
######################################################################### 
survival <- function(num, px, reps){ 
survive <- round(num * px, digits = 0) 
die <- num - survive 
observed <- c(rep( 1, survive), rep(0, die)) 
result <- rep(0, reps) 
for(i in 1:reps){ 
stoch <- mean(sample(observed, size = num, replace = TRUE)) 
result[i] <- stoch 
} 
return(result) 
} 
 
########################################################################## 
##Make an R object to hold the results 
sx.lam <- rep(0,10) 
 
####Make a loop to do 10 simulations 
for(i in 1:10) { 
sx.mat[1,2] <- survival(o[1,8], exp((log(o[1,5] / o[1,4])/9)* 12) , 1) *survival(o[1,8],  
survival(o[1,8], o[1,11] / o[1,8], 1), 1) / 2 
} 
survival <- function(num, px, reps){ 
survive <- round(num * px, digits = 0) 
die <- num - survive 
observed <- c(rep( 1, survive), rep(0, die)) 
result <- rep(0, reps) 
for(i in 1:reps){ 
stoch <- mean(sample(observed, size = num, replace = TRUE)) 
result[i] <- stoch 
} 
return(result) 
} 
sx.lam <- rep(0,10) 
for(i in 1:10) { 
sx.mat[1,2] <- survival(o[1,8], exp((log(survival(o[1,4], o[1,5] / o[1,4], 1))/9)* 
 12), 1)  
*survival(o[1,8], survival(o[1,8], o[1,11] / o[1,8], 1), 1) / 2 
sx.mat[1,1] <- survival(o[1,6], exp((log(survival(o[1,2], o[1,3] / o[1,2], 1))/9)* 
 12), 1) *survival(o[1,6], survival(o[1,6], o[1,10] / o[1,6], 1), 1) / 2 
sx.mat[2,1] <- survival(o[1,6], o[1,7], 1) 
sx.mat[2,2] <- survival(o[1,8], o[1,9], 1) 
print(i) 
print(sx.mat) 
sx.lam[i] <- lambda(sx.mat) 
print(sx.lam[i]) 
} 
#####Print the 10 values from the simulations 
sx.lam 
 
##########Do the simulation for 1000 repetitions 
sx.lam <- rep(0, 1000) 
for(i in 1:1000){ 
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sx.mat[1,2] <- survival(o[1,8],exp((log(survival(o[1,4], o[1,5] / o[1,4], 1))/9)* 12),  
1) *survival(o[1,8], survival(o[1,8], o[1,11] / o[1,8], 1), 1) / 2 
sx.mat[1,1] <- survival(o[1,6], exp((log(survival(o[1,2], o[1,3] / o[1,2], 1))/9)* 12), 
 1) *survival(o[1,6], survival(o[1,6], o[1,10] / o[1,6], 1), 1) / 2 
sx.mat[2,1] <- survival(o[1,6], o[1,7], 1) 
sx.mat[2,2] <- survival(o[1,8], o[1,9], 1) 
print(i) 
print(sx.mat) 
sx.lam[i] <- lambda(sx.mat) 
}  

#####Calculate the 95% CI  
ci <- quantile(sx.lam, prob = c(0.025, 0.5, 0.975)) 
ci 
 

λ asympt, Stable age distributions and elasticity  each habitat type each year:  

stages <- c("juvenile", "adult") 
w1 <- matrix(c(0.06631,0.22504,0.85,0.85), nrow = 2, byrow = TRUE, dimnames 
= list(stages,stages)) 
n <- c(21,29) 
w1 
library(popbio) 
eigout <- eigen.analysis(w1) 
eigout 
 
# population projections and stable age distributions 
# Habitat type: Woodland year 2013 
stages <- c("juvenile", "adult") 
A <- matrix(c(0.0066308, 0.2250377, 0.85, 0.85), nrow = 2, byrow = TRUE, di
mnames = list(stages, stages)) 
n <- c(21,29) 
library(popbio) 
p <- pop.projection(A, n, 100) 
p 
p$pop.sizes 

Years <- 1:100 

Sensitivity and elasticity both years combined 

################W1 matrix########################## 
stages <- c("juvenile", "adult") 
w1 <- matrix(c(0.0066308,0.2250377,0.85,0.85), nrow = 2, byrow = TRUE, dimn
ames = list(stages,stages)) 
w1 
library(popbio) 
lambda(w1) 
#############w2 matrix############################# 
stages <- c("juvenile", "adult") 
w2 <- matrix(c(0.056677,0.35848,0.85,0.85), nrow = 2, byrow = TRUE, dimname
s = list(stages,stages)) 
w2 
          
library(popbio) 
lambda (B) #W2 
#######################Create transition and fecundity matrices########## 
###########w1 
At <- w1 
At[1,1] <- 0 
At[1,2] <- 0 
Af <- w1 
Af[2,1] <- 0 
Af[2,2] <- 0 
###########w2 
Bt <- w2 
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Bt[1,1] <- 0 
Bt[1,2] <- 0 
Bf <- w2 
Bf[2,1] <- 0 
Bf[2,2] <- 0 
#######set up verctor options for which matrix 
mat <- c(1,2) 
#######Set up initial numbers of juveniles and adults: use w1 
nzero <- c(21,29) 
#########make a list of the two matrices 
thesearethemeanprojmats <- list(w1,w2) 
thesearethemeanprojmats 
 
#######make a mean of the two matrices 
meanxprojmat <- mean(thesearethemeanprojmats) 
meanxprojmat 
############Do the deterministic projection  
pprojme <- pop.projection(meanxprojmat,nzero) 
pprojme 
#####################################Sensitivity AND Elasticity########## 
meanxprojmat 
eigout <- eigen.analysis(meanxprojmat) 
eigout 

Temporal stochasticity and projecting the population of each habitat type into the future 

(woodland) 

################## Demographic and environmental stochasticity Woodland#### 
#####Read in the two matrices 
#####w1 
stages <- c("juvenile", "adult") 
w1 <- matrix(c(0.006630841,0.2250377,0.85,0.85), nrow = 2, byrow = TRUE, di
mnames = list(stages,stages)) 
w1 
###########w2 
stages <- c("juvenile", "adult") 
w2 <- matrix(c(0.05667741,0.3584887,0.85,0.85), nrow = 2, byrow = TRUE, dim
names = list(stages,stages)) 
w2 
######################Make the transition and fecundity matrices 
At <- w1 
At[1,1] <- 0 
At[1,2] <- 0 
Af <- w1 
Af[2,1] <- 0 
Af[2,2] <- 0 
Bt <- w2 
Bt[1,1] <- 0 
Bt[1,2] <- 0 
Bf <- w2 
Bf[2,1] <- 0 
Bf[2,2] <- 0 
library(popbio) 
lambda(w1) 
lambda(w2) 
 
#####Set up vector with options for which matrix 
mat <- c(1,2) 
#####Set up initial numbers of juveniles and adults: use w1 
n <- c(21,29) 
###########Set up matrix for results 
reps <- 1000 # number of trajectories 
tmax <- 20 # length of the trajectories 
totalpop <- matrix(0,tmax,reps) # initialises totalpop matrix to stroe traj
ectories 
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totalpop[1,] <- sum(n) # make row 1 the starting number for time 1 
####Make the loops for reps (j) and tmax (i) 
for(j in 1:reps) 
{ 
n <- nzero 
for(i in 2:tmax) 
{ 
opt <- sample(mat,1,replace = TRUE) 
if(opt == 1) n <- multiresultm(n, At, Af) else n <- multiresultm(n, Bt, Bf) 
totalpop[i,j] <- sum(n) 
} 
} 
finalPopQuant <- quantile(totalpop[20,], probs = c(0.025, 0.5, 0.975)) 
finalPopQuant 
finalLambdaQuant <- exp((log(finalPopQuant) - log(totalpop[1,1]))/(tmax - 1
)) 
finalLambdaQuant 

Plot the mean predicted relative population size and confidence intervals over the 20 year period 

tm <- rep(0,20) 
tm 
for(i in 1:20){ 
tm[i] <- mean(totalpop[i,])} 
tm 
tq <- matrix(rep(0,40),nrow = 20) 
tq 
for (i in 1:20){ 
tq [i,1] <- quantile(totalpop[i,],0.025);tq [i,2] <- quantile(totalpop[i,],
0.975)} 
tq 
ci <- cbind(year, tm, tq) 
ci 
colnames(ci) <- c("year", "mean", "2.5%", "97.5%") 
ci 
matplot(ci[,1], log(ci[,2:4]), type = 'l', xlab = "Time (years)", ylab =  
"Relative population size (log e)", col = c("black")) 
 

 

 

 

 

 




