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 Summary 
 

The dibbler, Parantechinus apicalis, is an endangered marsupial that exists on 

Boullanger, Whitlock and Escape islands off Jurien Bay in Western Australia.  The 

introduced house mouse, Mus domesticus, exists on Boullanger and Whitlock islands, 

and the King’s skink, Egernia kingii, inhabits Boullanger and Escape islands.  The grey-

bellied dunnart, Sminthopsis griseoventer, exists on Boullanger Island. Over the last 150 

years, the wedge-tailed shearwater, Puffinus pacificus, has colonised the islands to 

varying degrees.  The interaction between dibblers and other island species is not clear. 

 

The purpose of this study was to determine the main factors regulating the dynamics of 

mammals, and in particular dibblers, on the Jurien islands.  This was achieved by 

examining the effect of seabirds, the competitive interactions between species living on 

the islands, and seasonal changes in the environment.  Animals were trapped for a 

period of 30 months, and their population structure, body condition, longevity, habitat 

preferences, diet and ecophysiology were examined.  

 

The results presented support the theory that by increasing soil nutrient concentrations, 

burrowing seabirds increase the primary productivity of islands, which has flow on 

effects to other trophic levels.  Densities of seabirds and soil nutrient concentrations 

were highest on Whitlock Island, intermediate on Escape Island, and lowest on 

Boullanger Island. Densities of dibblers were highest on Whitlock Island, intermediate 

on Escape Island, and lowest on Boullanger Island. Densities of house mice were higher 

on Whitlock Island than on Boullanger Island, and the mice on Whitlock Island had 

better body condition and longer life spans than those on Boullanger Island.   

 

For dibblers, body condition was best and life spans were longest on Whitlock Island, 

intermediate on Escape Island, and lowest on Boullanger Island.  Like other dasyurid 

species, dibblers exhibit male die-off, where males die after an intense breeding season.  

While in most species die-off is obligate, dibblers exhibit facultative die-off, where 

males die only in some years and in some populations.  In this study, the average life 

span of male dibblers on Whitlock Island was 22 months, compared to 14 months for 

males on Boullanger Island and 13 months for males on Escape Island.  The higher 

densities, better body condition and longer life span of mammals on Whitlock can be 

attributed to the higher densities of seabirds and their influence on productivity. 
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Captures of invertebrates were highest on Whitlock Island (26 invertebrates/pitfall), 

intermediate on Escape Island (23 invertebrates/pitfall), and lowest on Boullanger 

Island (20 invertebrates/pitfall). The proportion of invertebrates found in the scats of 

dibblers from Whitlock Island (68%) and Escape Island (73%) was significantly greater 

than the proportion of invertebrates in the scats of dibblers from Boullanger Island 

(51%). House mice on Whitlock Island consumed significantly more invertebrate 

material (27%) than house mice on Boullanger Island (16%). The amount of 

invertebrate material eaten by dibblers and house mice is probably a reflection of the 

availability of invertebrates on each island.  Predictions from feeding rates suggested 

that house mice on Whitlock Island ate significantly more dry matter per day than house 

mice on Boullanger Island (6.1 grams day-1 compared to 3.0 grams day-1), but feeding 

rates for dibblers were not significantly different on any of the islands studied.  

Estimates of feeding rates from water turnovers were considerably greater than 

estimates from sodium turnovers, suggesting that both dibblers and house mice were 

drinking water at certain times of the year. 

 

Dietary overlap between dibblers and house mice was low for animals on Boullanger 

Island (34%), and moderate for animals on Whitlock Island (48%).  Estimates of 

biomass consumption suggested that at most times of the year house mice imposed a 

greater drain on island resources than that due to dibblers, and it follows that large 

numbers of house mice may threaten dibblers by competing for food resources.  

Mammals on Boullanger and Whitlock islands did not appear to select habitat based on 

the preferences of other species.  

 

The competitive exclusion theory states that no two similar species can co-exist without 

one species out-competing the other.  Investigation of isotope fluxes of dibblers and 

house mice demonstrated that on a mass specific basis, dibblers had lower water and 

sodium turnovers than house mice, suggesting that they were more physiologically able 

to cope with high sodium loads and fluctuations in water availability.  Despite this, 

densities of house mice were up to 67 and up to 37 times greater than densities of 

dibblers on Boullanger and Whitlock islands.  The success of mice on the islands can be 

attributed to their high reproductive potential which allows them to repopulate in a few 

months following a decrease in numbers during cold wet winters.   
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The decrease in numbers over winter showed a close correlation with rainfall in the 

previous six to seven months.  The results suggest that seasonal changes in the 

environment regulate the level of competition between dibblers and house mice.  Should 

there be several successive warm winters resulting in a longer breeding season for house 

mice, their reproductive potential may allow numbers to increase to levels that become 

intolerable for dibblers, particularly on Boullanger Island where resources are low. 

 

Large numbers of King’s skinks may also be a threat to the translocated population of 

dibblers on Escape Island, but numbers of King’s skinks on Boullanger Island are low.  

On Escape Island, dietary overlap between adult King’s skinks and dibblers was low 

(21%), but due to their greater consumption of invertebrates, dietary overlap was greater 

between dibblers and sub-adult King’s skinks (43%), and dibblers and juvenile King’s 

skinks (63%).  Dibblers and King’s skinks of all age classes consumed similar Orders of 

invertebrates, the most common types being beetles, larvae and cockroaches.  Estimates 

of biomass consumption suggested that King’s skinks were a greater drain on island 

resources than were dibblers, and King’s skinks may therefore reduce the availability of 

food for dibblers.  Thirty-five percent of dibblers on Escape Island were missing their 

tail or a limb, probably as a result of aggression from King’s skinks. 

 

Competition from high numbers of house mice on Boullanger Island, and from high 

numbers of King’s skinks on Escape Island, may increase the occurrence of male die-off 

on these islands.  The better body condition and greater longevity of dibblers on 

Whitlock Island, despite high numbers of house mice, suggests that abundant resources 

are available to sustain both species. 

 

This study demonstrates that high densities of seabirds positively affect the population 

dynamics of mammals on the Jurien islands.  Burrowing seabirds appear to influence 

the dynamics of dibblers more so than competition from house mice or King’s skinks.  

The findings from this study will assist the Dibbler Recovery Team with future 

management decisions regarding the viability of dibblers on the Jurien islands, and with 

decisions regarding the necessity to control house mouse numbers in the presence of 

native species. 
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 Chapter 1 

 

General Introduction 
 

Australian islands are important ecological reservoirs for many native animal 

communities and plant habitats.  The isolation of islands means that many processes 

affecting ecosystem function on the adjacent mainland are reduced or absent (Dickman 

1992).  However, the biological integrity of islands is characteristically vulnerable to 

disturbance from external influences (Dingwall 1989), which include extremes in 

temperature, rainfall and salt inputs (Moro and Bradshaw 1999a), the impact of marine 

animals such as seabirds and seals (Atkinson 1989), and the introduction of feral pests 

or weeds (Taylor and Bruce 1993, Newman 1994).  Nevertheless, islands offer one of 

the best prospects for long-term conservation of animal and plant species at risk of 

extinction.  In Australia alone, 43 islands are refuges for 29 taxa of threatened mammals 

(Burbidge 1999).  An understanding of the processes affecting ecosystem function is 

essential for the management and protection of the species on these islands (Burbidge et 

al. 1997). 

 

The dibbler, Parantechinus apicalis, is a small endangered marsupial that was once 

widespread over a large area of the Australian mainland.  Natural populations now 

survive only in Western Australia on the islands of Boullanger and Whitlock off Jurien 

Bay, and on the mainland in Fitzgerald River National Park.  A successful captive 

breeding programme established at Perth Zoo has allowed the release of dibblers onto 

Escape Island, a third island off Jurien Bay, and onto the mainland at Peniup Proposed 

Nature Reserve and at the Stirling Ranges in southern Western Australia (Friend 2004).   

 

The successful management of both natural and introduced populations of dibblers 

relies upon a detailed understanding of all aspects of their ecology.  The purpose of this 

thesis was to investigate the ecological relationships between dibblers and other species 

that inhabit the Jurien islands. 

 

Large numbers of the introduced house mouse, Mus domesticus, exist on Boullanger 

and Whitlock islands, but there are none on Escape Island.   A large population of the 

King’s skink, Egernia kingii, exists on Escape Island.  There is a small population on 
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Boullanger Island, but there are none on Whitlock Island.  A small population of 

another small insectivorous marsupial, the grey-bellied dunnart, Sminthopsis 

griseoventer, inhabits Boullanger Island, but there are none on Whitlock or Escape 

islands.  The interactions between these species are largely unknown.  This study 

investigated the main factors regulating the population dynamics of the mammals by 

examining the effect of seabirds, competition between island species, and seasonal 

changes in the environment. 

 

In Western Australia, the breeding range of many species of tropical seabirds is slowly 

expanding southwards due to the southerly flow of the Leeuwin Current (Dunlop and 

Wooller 1990).  Large numbers of the wedge-tailed shearwater, Puffinus pacificus, have 

colonised Whitlock Island within the last 150 years (Johnstone and Storr 1998).  

Despite its close proximity (approximately 300 m), negligible numbers of shearwaters 

are found on Boullanger Island.  Densities on Escape Island are intermediate to those on 

Boullanger and Whitlock islands.   

 

The dibbler Interim Recovery Plan 1998 -2000 (Start 1998) expressed concern that large 

numbers of burrowing seabirds could threaten populations of dibblers through the 

destruction of vegetation or competition for habitat.  However, burrowing seabirds can 

have significant positive effects on island habitats.  By increasing concentrations of soil 

nutrients, island productivity improves and there is an increase in vegetation (Garcia et 

al. 2002).  Food availability improves for both primary and secondary consumers 

(Sanchez-Pinero and Polis 2000, Stapp and Polis 2003), and there is the potential for 

change in the life history of island species (Iason et al. 1986).  Wolfe (2004) showed 

that the presence of shearwaters on Whitlock Island lead to an increase in the body 

condition indices and longevity of dibblers compared to those of dibblers on Boullanger 

Island. 

 

A common feature of some dasyurid marsupials is the phenomenon of male die-off, 

where males die from stress shortly after breeding (Dickman and Braithwaite 1992).  

While in most of these species die-off is obligate, dibblers exhibit facultative die-off 

where males die only in some years and in some populations, suggesting a possible link 

between die-off and resource availability (Mills and Bencini 2000).  Wolfe (2004) and 

Wolfe et al. (2004) confirmed this link and found that males on Whitlock Island 

survived for longer and were caught in greater numbers than those on Boullanger Island.  
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Reduced die-off on Whitlock Island was attributed to the presence of seabirds and their 

nutrient inputs, suggesting that large numbers of burrowing seabirds have the ability to 

alter the life history traits of island species.  The effect of seabirds on the dynamics of 

the translocated population of dibblers on Escape Island has not yet been investigated. 

 

To understand the competitive relationships between species on the Jurien islands, it is 

necessary to study the mechanisms operating and the resources being utilised.  The 

strongest evidence for competition can be derived from controlled field experiments 

which manipulate the abundances of competitor species (Munger and Brown 1981, Fox 

and Pople 1984).  The possibility of a manipulation experiment on the Jurien islands 

was discussed with the Dibbler Recovery Team.  As dibblers are endangered and the 

islands are fragile ecosystems classified as Class A Nature Reserves (CALM 2004), it 

was not considered appropriate to conduct such an experiment.  Dibblers have been 

deliberately introduced to Escape Island, which is free from house mice.  Wedge-tailed 

shearwaters, King’s skinks and grey-bellied dunnarts also inhabit the islands to varying 

degrees.  The Jurien islands therefore presented an ideal opportunity for an 

observational study.  Previous experiments on competition have been carried out in 

areas where humans have inadvertently introduced a new species (Schoener 1983, 

Holway 1999).   

 

The interaction between dibblers and house mice is not clear.  Several researchers have 

reported that house mice are competitively inferior to native mammals (Ride et al. 1962, 

Fox and Pople 1984), although others have reported that house mice restrict the 

distribution and abundance of native species, eventually displacing them (Newsome and 

Corbett 1975).  Numbers of dibblers on Boullanger Island appear to be decreasing, 

possibly as a result of competition with large numbers of house mice (McCulloch 1998, 

Start 1998, Stewart 2001).  Although house mice usually occur at low densities on 

islands, the population on Boullanger Island reaches up to 700 per hectare in summer 

(Dickman 1992), with similar densities recorded on Whitlock Island (Stewart 2001).  

The reproductive potential of house mice indicates that their numbers, and therefore 

competition for resources, could increase to the point where they become detrimental to 

the survival of dibblers. The Dibbler Recovery Plan (Friend 2004) listed house mice as 

a possible threat to dibblers through competition for limited resources, and indicated the 

need to clarify the relationship between the two species.   
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Dibblers are insectivorous, and an increasing number of researchers have found a high 

proportion of invertebrates in the diet of house mice (Whitaker 1966, Watts and 

Braithwaite 1978, Miller and Webb 2001, Moro and Bradshaw 2002).  Stewart (2001) 

found that although house mice on the Jurien islands were primarily herbivorous, on 

Whitlock Island they ate significantly more invertebrates than on Boullanger Island.  

Dibblers have been reported to consume house mice (Dickman 1986), but more recent 

studies have found no evidence of their predation (Bencini et al. 2001).  Based on the 

above evidence, it seems more likely that house mice are a threat to dibblers through 

competition for food, rather than a benefit as a resource.   

 

The competitive exclusion principle states that two species sharing exactly the same 

niche cannot coexist without one species out-competing the other (Hardin 1960).  

However, Wolff (1996) found that the survival of both white footed mice and deer mice 

was mediated by fluctuating environmental conditions that reversed the direction of 

competition before extinction of one species occurred.  Although the two species used 

similar microhabitats and ate the same food types, they coexisted through different 

physiological responses to seasonal changes in the environment.   

 

The coexistence of dibblers and house mice since at least 1961 on Boullanger Island 

(Ford 1963) and at least 1985 on Whitlock Island (Fuller and Burbidge 1987), suggests 

that there are differences in their behaviour, diet and/or physiology.  The two species 

may avoid competition by selecting for different habitats or food types, or they may 

have different physiological responses to seasonal changes, which influence their 

survival rates.  Factors that affect the population dynamics of rodents include changes in 

temperature and rainfall (Singleton et al. 2005), food and water availability (Chew and 

Butterworth 1964), access to shelter and nest sites (Mutze 1991), attack by predators, 

and competition with other species (Pech et al. 1999).  In particular, the increase in 

vegetative growth that follows rainfall, providing both food and shelter sites to animals, 

is widely acknowledged as the ecological trigger for mouse plagues (Redhead 1988, 

Singleton 1989, Krebs et al. 2004).  There is likely to be a relationship between seasonal 

changes in the environment and numbers of house mice, and therefore the level of 

competition between dibblers and house mice. 

 

Island environments are characterised by extremes of food and water availability, and 

by high sodium loads.  Previous authors have found that native species are more 
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physiologically able to cope with these environments, and have lower water and sodium 

turnovers compared to introduced species of similar size (Mutze et al. 1991, Moro and 

Bradshaw 1999a).  Water and sodium turnovers also reflect differences in diet.  

Herbivorous mammals tend to consume more dietary water than non-herbivorous 

mammals due to the higher water content of plant tissues (Nagy and Peterson 1988).  As 

water and sodium are often packaged together in island environments, herbivores may 

also ingest greater amounts of sodium than non-herbivores.   

 

There are currently no management plans for the control of house mice on Boullanger 

and Whitlock islands.  The results of this study will help to determine the viability of 

dibblers on the islands, and will help the Dibbler Recovery Team to establish the 

necessity of either controlling or eradicating house mice. 

 

The King’s skink is a large lizard weighing up to 600 grams (Arena 1986) that may 

compete with the dibbler for resources such as food and habitat.  Previous researchers 

have reported that numbers of King’s skinks on Escape Island are greater than numbers 

of dibblers at all times (Moro 2003, Rawlinson 2003).  Adult King’s skinks are 

primarily herbivorous, but juvenile and sub-adult King’s skinks consume greater 

proportions of invertebrates and may compete with dibblers for food (Richards 1990, 

Rawlinson 2003).  King’s skinks are commonly aggressive towards intruders entering 

their territory (Elliot and Outka 1976, Heatwole 1976, Rose 1982).  Therefore, it is not 

surprising that previous authors have reported that several dibblers on Escape Island are 

missing limbs or tails (Moro 2003, Rawlinson 2003).  The effect of both competition 

and aggression from King’s skinks on the body condition and survival of the 

translocated population of dibblers on Escape Island is not known. 

 

A detailed understanding of the interactions between species on the Jurien islands is 

critical for their conservation.  To determine the key factors governing populations of 

mammals, this thesis addressed the following questions: 

 

(i) Do the characteristics of dibblers on each island differ with respect to factors 

including densities, longevity, body condition, reproductive success and diet?  If 

so, why?  Is the main factor governing the population dynamics of dibblers the 

impact of seabirds, or competition with house mice or King’s skinks? 
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(ii) Do house mice on each island differ in densities, body condition, longevity or 

diet?  If so, what are the reasons for these differences?  How do seasonal changes 

in the amount of rainfall and the availability of food affect the population 

dynamics of house mice?  

 

(iii) Do environmental factors cause fluctuations in population growth rates, and 

therefore the level of competition between dibblers and house mice?  How do 

these two species differ in their responses to environmental fluctuations, and do 

responses vary among the same species from different islands?   

 

(iv) Is the availability of invertebrates different across islands, seasons and habitats?   

Are differences in invertebrate abundance due to the impact of seabirds and their 

nutrient inputs? Alternatively, is a decrease in invertebrate availability on one 

island due to their consumption by house mice or King’s skinks?  

 

(v) Do dibblers, house mice, dunnarts and King’s skinks on the same island compete 

for food?  Does the diet of dibblers or house mice differ across islands?  Is there a 

relationship between seasonal fluctuations in diet and the availability of 

invertebrates? 

 

(vi) Do dibblers and house mice have different water and sodium turnovers, and if so, 

why?  Does one species eat more than another? 

 

Three general hypotheses were formed for this research.  These are outlined below, and 

were tested through a series of more specific hypotheses in each experimental chapter.   

 

1) Greater densities of burrowing seabirds on Whitlock Island than on Boullanger 

Island would indirectly increase the overall productivity of the island and hence 

the availability of food.  As a result, mammals would have greater densities, 

improved body condition indices and longer life spans.  Escape Island, having 

intermediate seabird densities, would demonstrate intermediate effects. 

 

2) Competition between native mammals and house mice would be offset by cool, 

wet winters that reduce house mouse numbers before they reach intolerable levels 

for dibblers and dunnarts.  House mice would be less adapted to their adopted 
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island environment than native dibblers and would therefore have greater water 

and sodium turnovers, and greater feeding rates.  Numbers of house mice would 

be greater than numbers of dibblers during all seasons, therefore house mice 

would be a greater drain on island resources at all times.   

 

3) King’s skinks in high numbers would compete with dibblers for space and food.  

Aggression from King’s skinks would result in lower body condition indices for 

injured dibblers compared to intact dibblers.  Dietary overlap between adult 

King’s skinks and dibblers would be low, however dietary overlap between 

juvenile or sub-adult King’s skinks would be high. Numbers of King’s skinks on 

Escape Island would be greater than dibblers during all seasons, and consequently 

King’s skinks would be a greater drain on island resources. 

 

Together, the studies described in each experimental chapter investigate the main 

factors regulating the dynamics of mammals on the Jurien islands. 

 

Chapter 2 presents basic details of the study sites and of the study species.  Chapter 3 

presents data on population numbers, densities, habitat preferences and reproductive 

status. The effect of seasonal changes in the environment on population numbers and 

therefore the level of competition is examined.  Chapter 4 demonstrates the effect that 

large numbers of burrowing seabirds have on the body condition and longevity of 

mammals, Chapter 5 demonstrates the effect of seabirds on the availability of 

invertebrates as food, and Chapter 6 investigates dietary overlap and the potential for 

competition for food.  Chapter 7 details the investigation of water and sodium turnovers 

in dibblers and house mice, and documents the use of these turnovers to estimate 

feeding rates.  Chapter 8 links together all results, presents an estimate of the potential 

biomass drain of dibblers, house mice and King’s skinks on island resources, and 

discusses the overall conclusions of this study.   
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Chapter 2 

 

Study sites and study species 
 

Background information on the study sites and study species, and the general methods 

relating to my trapping regime are detailed below. Specific methods and details of 

statistical analyses are presented in each experimental chapter. 

 

2.1 Study sites 

 

2.1.1 Location and climate  

 

Boullanger Island (25.9 ha), Whitlock Island (5.4 ha) and Escape Island (10.5 ha) 

(hereafter referred to as Boullanger, Whitlock and Escape) are located 230 km north of 

Perth in Jurien Bay, Western Australia (30o19’S., 115o02’E.), and lie within 3 km of the 

mainland. A sandbar links Boullanger and Whitlock at various times during spring and 

summer (Keighery et al. 2002), but Escape is isolated and lies approximately 1.5 km 

south of Whitlock (Figure 2.1).  Visitor access to the islands is restricted to day visits as  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1:  View looking east from the northwest edge of Escape, with Whitlock (left) and Boullanger 
(right) in the distance.  The Jurien mainland can be seen on the horizon. 
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they are Class A Nature Reserves and are classified as ‘limited access areas’ under the 

Turquoise Coast Island Nature Reserves Management Plan (CALM 2004).  The islands 

are managed by the Western Australian Department of Conservation and Land 

Management (CALM) for the conservation of flora and fauna (Conservation and Land 

Management Act 1984). 

 

The southwest of Western Australia experiences a Mediterranean type climate, with hot 

dry summers and cool, wet winters.  The islands are exposed to variable temperatures, 

fluctuating water availability and high salt loads. A seasonal drought generally occurs 

during the summer months of November to March (Figure 2.2).  The mean maximum 

temperature and mean minimum temperature for Jurien are 24.7oC and 13.1oC 

respectively. The average annual rainfall for Jurien is 555.4 mm (Data from 1969 to 

2004, Western Australian Bureau of Meteorology, Perth). 
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igure 2.2:  Mean monthly maximum and minimum temperatures (oC) and monthly precipitation (mm) 

Geology and habitat 

abitat types on Boullanger, Whitlock and Escape have previously been described in 

detail (McCulloch 1998, Miller 2000, Mills and Bencini 2000, Bencini et al. 2001, 

 
 
F
for Jurien during the period when fieldwork took place (May 2002 to October 2004).  Based on Bureau of 
Meteorology data. 
 

2.1.2 

 

H
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orthern tip, Boullanger has a limestone headland that is separated from the rest 

f the island by a small sandbar.  The remainder of the island is composed of sandy soils 

side of Boullanger consists of a foredune heath comprised mainly of 

triplex isatidea, Myoporum insulare, Olearia axillaris, Scaevola crassifolia, and 

  It is 

omposed of three main habitat types (Figure 2.3). The southern headland consists of 

Keighery et al. 2002, Moro 2003, Friend 2004).  The following descriptions of habitat 

include plant species found during the time that fieldwork for this study took place 

(Figure 2.3).  Each island supports a wide variety of plant species. Boullanger has 50 

plant species (including 12 introduced), Whitlock has 55 plant species (including 17 

introduced), and Escape has 60 plant species (including 23 introduced; Keighery et al. 

2002). 

 
 
On its n

o

(McCulloch 1998).  The vegetation type on the northern end of the island consists of 

shrubland dominated by Acacia cyclops and Myoporum insulare.  Previously this 

habitat has been described as open and easy to access (Bencini et al. 2001), however in 

recent years parts have become overgrown and difficult to move through (pers. obs.). 

This area may now provide better protection for small mammals from predators such as 

the barn owl (Tyto alba; Dickman et al. 1991) and from harsh environmental conditions.  

It covers approximately one sixth of the island, and will be referred to hereafter as the 

‘Acacia’ habitat.   

 

The north-western 

A

Rhagodia baccata. This region, hereafter referred to as ‘Foredune Heath’, also covers 

approximately one-sixth of the island.  A closed heath dominated by Scaevola 

crassifolia covers the remaining two-thirds of the island.  Other species in this area 

include Acanthocarpus preissii, Atriplex cinerea, Carpobrotus virescens, Myoporum 

insulare, Olearia axillaris and Rhagodia baccata. This habitat will hereafter be referred 

to as ‘Heath’.  There is a very small area (approximately 0.09 ha; pers. obs.) dominated 

by a Lepidosperma gladiatum thicket (Bencini et al. 2001), but for the purposes of this 

study it was not considered a large enough area to warrant specific investigation. 

 

Whitlock is a limestone plateau that is floristically different from Boullanger.

c

rocky outcrops and succulent heath composed mainly of Acanthocarpus preissii, 

Atriplex cinerea, Carpobrotus virescens, Enchylaena tomentosa, Frankenia pauciflora, 

Olearia axillaris, Phyllanthus calycinus and Templetonia retusa (Bencini et al. 2001, 



Chapter 2 Study site and study species 
 

  

12 

igure 2.3:  The island habitats on Boullanger and Whitlock.  Three habitats have been classified on each 
land: Boullanger consists of Acacia, Foredune Heath and Heath; Whitlock consists of Atriplex, Nitraria 
nd Rocky. 

as of exposed limestone, and vegetation that is structurally similar to that on 

Keighery et al. 2002). This habitat will be referred to hereafter as ‘Rocky’. Patches of 

Nitraria billardierei and Atriplex cinerea, hereafter referred to as ‘Nitraria’ and 

‘Atriplex’ respectively, cover the remainder of the island.  

 
 

Boullanger:  Acacia Whitlock:  Atriplex  

 

 

 

 

 

 

 Whitlock:  Nitraria Boullanger:  Foredune Heath 
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Escape is similar to Whitlock in having large areas of sand overlying coastal limestone, 

are

Whitlock (Figure 2.4).  A closed heath dominated by Scaevola crassifolia and Olearia 

axillaris covers the northern headland and southern region, hereafter referred to as 

‘Heath’ habitat.  There are patches of Nitraria billardierei located along the southern 
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and western edges of the island, hereafter referred to as ‘Nitraria’; and a rocky outcrop 

in the middle of the island that supports a variety of species including Acanthocarpus 

 

 
Escape:  Nitraria Escape:  Heath 

Escape:  Rocky  
Figure 2.4:  The three habitat types on 
Escape: Heath, Nitraria and Rocky. 
 

 

 

 

 

preissii, Acacia rostellifera, Atriplex cin

mentosa, Frankenia pauciflora and Olearia axillaris, hereafter referred to as ‘Rocky’. 

pecies found on Boullanger, Whitlock and Escape can be found 

 Appendix A. 

hitlock support natural populations of the dibbler (Parantechinus 

picalis), which is listed as endangered in the IUCN Red List Categories (IUCN 2001).  

 

 

 

 

erea, Carpobrotus virescens, Enchylaena 

to

Escape has a noticeably more extensive groundcover of mosses and herbs than does 

Whitlock (Start 1998). 

 

A detailed list of plant s

in
 
2.1.3 Fauna 

 

Boullanger and W

a

A successful captive breeding program at Perth Zoo resulted in the establishment, 

commencing in 1998, of a translocated population of dibblers on Escape (Moro 2003).  

Large numbers of the introduced house mouse (Mus domesticus) exist on Boullanger 

and Whitlock, and a small population of the grey-bellied dunnart (Sminthopsis 

griseoventer) inhabits Boullanger.  All three islands maintain endemic populations of 
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 species investigated on Boullanger, Whitlock and Escape.  

s 

several lizards, a list of which can be found in the Turquoise Coast Island Nature 

Reserves: Management Plan 2004 (CALM 2004).  The largest lizard found on the 

islands is the King’s skink (Egernia kingii). King’s skinks are present in low numbers 

on Boullanger and in high numbers on Escape, but are absent on Whitlock.  Table 2.1 

summarises the species whose interactions are examined in this thesis, and their relative 

numbers on each island.   

 
Table 2.1:  The relative number of each
 

 Dibblers House Mice King’s skinks Dunnart

Boullanger Low High Low Low 

Whitlo  ck High High None None 

Escape High None High None 
 

Predators on the island de aerial r pecies (Dic et al. 1991), but there 

re no large terrestrial predators.  Each island, but particularly Whitlock, is a breeding 

s inclu aptor s kman 

a

ground for colonies of seabirds.  High numbers of the wedge-tailed shearwater (Puffinus 

pacificus) exist on Whitlock (approximately 370 burrows per ha), but there are very few 

on Boullanger (Wolfe 2004, Wolfe et al. 2004).  Numbers on Escape lie between those 

of the other islands; preliminary work for this study (see Appendix B) estimated density 

at 186 burrows per ha. A colony of approximately 400 surface-nesting bridled terns 

(Sterna anaethetus) and an unknown number of little shearwaters (Puffinus assimilis) 

are also found on Whitlock (Onton 2003, Wolfe 2004).  The less conspicuous burrows 

of the white-faced storm petrel (Pelagodroma marina) cover a small area on Boullanger 

from October to February (pers. obs.).  White-faced storm petrels are approximately 6 

times smaller in size and weight than shearwaters, and burrow density is approximately 

196 burrows per ha at peak times (Onton 2003).  During this study a small number of 

buff-banded rails (Gallirallus philippensis) were captured on Boullanger.  In addition, 

all three islands are nesting sites for caspian terns (Sterna caspia), crested terns (Sterna 

bergii) and fairy terns (Sterna nereis; Mills 2004).  Recent lists of breeding and 

observed bird species on the islands can be found in CALM (2004) and Onton (2003).  
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2.2 Study species 

 

2.2.1 Parantechinus apicalis 

 

The dibbler is a small insectivorous marsupial belonging to the Family Dasyuridae 

(Figure 2.5; Woolley 1995).  Dibblers are monestrous, breeding during autumn (March-

April) and females carry up to eight young (Woolley 1971).  Juveniles remain 

dependent on the female for three to four months, and become sexually mature at ten to 

eleven months (Woolley 1995).  Adults weigh 35 to 120 g, with dibblers from the 

mainland tending to be slightly larger than dibblers from the islands.  Males are 

generally larger than females (Woolley 1971). 

 
 

 

(a) 

(d) 

(b) 

(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.5:  Study species: (a) dibbler (b) house mouse (c) King’s skink and (d) grey-bellied dunnart. 
 

The subfossil record reveals a wide occurrence of dibblers in the south west of 

Australia at the time of European settlement (Figure 2.6; Lundelius 1957). Dibblers 

were found within 200 km of the coast from Shark Bay to Peak Charles (150 km north 

of Esperance), on the south coast from King George Sound to Israelite Bay, and on the 

Eyre Peninsula in South Australia (Muir 1985). The dibbler was thought to have 
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become extinct, but in 1967 photographer Michael Morcombe trapped two specimens 

on Banksia blossoms at Cheyne Beach (now part of Arpenteur Nature Reserve), on the 

south coast of Western Australia (Morcombe 1967).  Since their rediscovery, dibblers 

have been found at two other sites on the Western Australian mainland. These are 

Fitzgerald River National Park (Muir 1985) and Torndirrup National Park (Smith 

1990).  Recent surveys, however, have failed to locate any natural populations of 

dibblers outside the Fitzgerald River National Park (Friend, pers. com.). In 1985, small 

dibbler populations were discovered 200 km north of Perth on Boullanger and Whitlock 

Islands in Jurien Bay (Fuller and Burbidge 1987).  Dibblers on the mainland and the 

islands are managed under a Recovery Plan (Friend 2004), which is overseen by a 

Recovery Team. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 2.6:  Distribution of Parantechinus apicalis in Western Australia. Shading indicates former 
distribution.  Current natural distribution is limited to the Fitzgerald River National Park, and Boullanger 
and Whitlock in Jurien Bay.  Figure reproduced from Mills (2004). 
 

One of the significant achievements resulting from the Dibbler Interim Recovery Plan 

(Start 1998) was the establishment of a captive breeding program at Perth Zoo in 1997, 

which resulted in the release of dibblers onto Escape (Bradley et al. 1999).  A total of 

88 dibblers were released in four groups; 26 individuals in 1998, 41 in 1999, 19 in 2000 

and 2 in 2001 (Moro 2003).  The captive breeding programme shifted from island to 
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mainland dibblers after the finding that dibblers from the islands had low levels of 

genetic variation (Mills et al. 2004). The first mainland release of dibblers was in 

Peniup Nature Reserve in October 2001.  Since then two more releases into Peniup have 

taken place (Friend 2004).  In October 2004, dibblers were released into the Stirling 

Range National Park (Friend, pers. com.).   

 

2.2.2 Mus domesticus 

 

House mice are small rodents belonging to the Family Muridae.  House mice have 

inhabited the Jurien Bay islands since at least 1961 on Boullanger (Ford 1963) and at 

least 1985 on Whitlock (Fuller and Burbidge 1987).  However, there is no 

documentation to confirm when house mice first colonised Australia, or indeed the 

islands.  It is possible that house mice were introduced via Dutch ships along the west 

coast after 1616 (Long 1988), or that colonisation occurred concurrently with European 

settlement around 200 years ago.  There is confusion regarding the correct nomenclature 

of house mice in Australia, as at least four species of Mus would have had opportunities 

to colonise Australia over the past 200 or more years.  Researchers pre-1991 describe 

house mice in Australia as M. musculus (Norton 1987, Kemper 1990), however, recent 

studies indicate that Australian mice belong to the species Mus musculus domesticus 

(Sangster et al. 1998, Maryanto et al. 2005) or a separate species Mus domesticus 

(Figueroa et al. 1986, Singleton and Redhead 1990, Singleton et al. 2005, Sutherland et 

al. 2005). To reduce confusion in this thesis, house mice will be referred to as Mus 

domesticus, even if named otherwise in quoted literature. 

 

Adult house mice on the islands weigh approximately 13 to 26 grams.  The reproductive 

biology of the mouse is uniquely suited to support ecological opportunism (Singleton 

and Redhead 1990).  House mice mature quickly and are ready to mate at 2 to 3 months, 

having litters of up to 12 young and a gestation period of only 3 weeks (Long 1988).  

House mice in the southwest division of Western Australia generally have a distinct 

spring-summer breeding period, although given favourable climatic conditions house 

mice could potentially breed throughout the year (Chapman 1981, Tann et al. 1991, 

Triggs 1991).  To avoid repetition, house mice on the islands will hereafter be referred 

to in the text as mice.  
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2.2.3 Egernia kingii 

 

The King’s skink (Figure 2.5) is a large lizard limited to the southwest of Western 

Australia, with populations ranging from Hutt River in the north to Duke of Orleans 

Bay in the south (Humphreys 1990).  King’s skinks are present on many islands in 

Western Australia (Ford 1963, Storr et al. 1981, Chalmers and Davies 1984), including 

Escape, where their numbers have been recorded as high (Moro 1998).  King’s skinks 

have been known to use rock crevices and seabird burrows for nesting, foraging and 

sheltering (Ford 1963, Arena 1986, Dilly 2000).  Lizards are commonly aggressive to 

intruders entering their territory (Elliot and Outka 1976, Heatwole 1976, Rose 1982).  It 

is therefore somewhat surprising that juvenile King’s skinks, born in late February and 

early March (Heatwole 1976), coexist with adults until they reach sexual maturity at 

approximately 3 years of age (Arena 1986).   

 

2.2.4 Sminthopsis griseoventer  

 

The grey-bellied dunnart is another insectivorous marsupial belonging to the Family 

Dasyuridae (Figure 2.5).  Adults are similar in size to house mice, and weigh 

approximately 14 to 25 grams (Dickman 1995).  Dunnarts on Boullanger mate during 

July, and produce only one litter per year.  Females carry litters of up to eight young, 

which are deposited in a leaf-lined nest just under the soil surface after a pouch life of 

four to five weeks (Dickman 1995).  Previous findings suggest that dunnarts on 

Boullanger live to a maximum age of two and one half years, becoming sexually mature 

at one year (Dickman 1995). 

 

There has been debate on whether the dunnart on Boullanger is a separate sub-species to 

the grey-bellied dunnart (S. griseoventer), which is common on the mainland of 

southwestern Western Australia.  A genetic study of island and mainland dunnarts by 

Lynam (1987) found there were differences at three allozyme loci.  These were of 

sufficient magnitude to recognise species status in other dasyurids.  However, further 

genetic work by Labrinidis et al. (1998) could not find any evidence of allozyme 

differences between island and mainland populations. Crowther et al. (1999) 

investigated morphological differences between mainland and island animals, and 

argued that the island population should be recognised as a new and previously 

undescribed sub-species, due to differences based upon skull and body characteristics.  
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Based on allozyme results and morphometric differences, Crowther et al. (1999) 

suggested that dunnarts on Boullanger be described as a new subspecies Sminthopsis 

griseoventer boullangerensis. By formally describing a new subspecies, Crowther et al. 

(1999) raised significant conservation issues as the new taxon qualified as Critically 

Endangered (Maxwell et al. 1996), and could compete with other taxa for scarce funds 

allocated to the management and recovery of threatened fauna (Start et al. 2006).  In an 

attempt to resolve the identity issue, Moro (1999) and Start et al. (2006), repeated 

previous genetic work (Lynam 1987, Labrinidis et al. 1998), and found that there was 

no evidence to suggest differences between island and mainland populations.  Since the 

morphological differences observed by Crowther et al. (1999) were not considered 

enough to classify the island variant as a separate taxon, Start et al. (2006) suggested 

that the name Sminthopsis griseoventer boullangerensis should be regarded as a 

synonym of Sminthopsis griseoventer, and the taxon therefore deleted from lists of 

threatened taxa.  However, Start et al. (2006) supported the suggestion by Labrinidis et 

al. (1998) that dunnarts on Boullanger should be treated as a separate management unit, 

as their persistence on the island may be important in the long-term conservation of the 

species.  Management efforts by the Dibbler Recovery Team to protect dibblers on the 

islands also effectively conserve dunnarts on Boullanger .   

 

2.3 Trapping Regime 

 

Trapping was carried out over a period of 30 months, from May 2002 to October 2004, 

in 30 trapping sessions (9857 trap nights; Tables 2.2, 2.3, 2.4).  Ten trips were made to 

each of Boullanger, Whitlock and Escape, approximately one every 3 months to 

coincide with seasonal changes.  Trapping was not conducted during the winter months 

of July and August, when unfavourable weather conditions often prevent boats from 

landing on the islands.  This is also the time when deposited juvenile dibblers could be 

harmed if lactating females were trapped overnight.  Because of time limitations and 

weather constraints it was not always possible to sample each island during the same 

month.  To enable comparisons across islands, data in the following chapters were 

compared according to seasons.  Trips from December to February were considered 

summer trips, March to May were autumn trips, June to August were winter trips, and 

September to November were spring trips.  If two trips were made to one island in the 

same season, data from each trip were combined.  
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Elliott type B metal traps (Elliott Scientific, Upwey, Victoria) were set on each island 

and baited with a mixture of peanut butter and rolled oats. Pitfall traps were also set on 

Boullanger, and consisted of a 35 cm deep piece of PVC piping dug into the ground so 

that it was flush with the earth’s surface (Figure 2.7).  Each pitfall had a 1 m long piece 

of fencing on either side of its entrance.  The main purpose of pitfalls was to increase 

captures of dunnarts on Boullanger.  Dibblers were able to escape from pitfalls, 

although mice and dunnarts could not. This was tested by putting a dibbler into the 

bottom of a pitfall.  After 5 minutes it had escaped.  King’s skinks were not caught in 

pitfalls. 

 

Traps were set in the late afternoon and checked the following morning. Traps were 

placed partly or completely under vegetation to provide protection from the weather. 

          

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7:  A pitfall trap on Boullanger (left) and a dibbler in front of an Elliott trap (right). 
 

Table 2.2:  Number of trap nights for each trapping session on Boullanger. 
  

Trip 
Dates 

Elliott  
Trap Nights 

Pitfall 
Trap Nights 

Total 
Trap Nights 

 
May 26 – May 29 ‘02 

 
162 

 
162 

 
324 

Sep 30 – Oct 03 ‘02 162 162 324 
Nov 30 – Dec 06 ‘02 423 315 738 
Apr 04 – Apr 07 ‘03 162 162 324 
Jun 17 – Jun 20 ‘03 216 162 378 
Sep 05 – Sep 08 ‘03 216 162 378 
Dec 15 – Dec 19 ‘03 288 216 504 
Apr 02 – Apr 05 ‘04 216 162 378 
Jun 17 – Jun 19 ‘04 216 162 378 
Oct 26 – Oct 30 ‘04 
 

288 216 504 

TOTAL 2349 1881 4230 
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Table 2.3:  Number of trap nights for each trapping session on Whitlock. 

 

Trip Dates 
 

Elliott Trap Nights 

May 25 – May 29 ‘02 243 
Oct 11 – Oct 14 ‘02 243 
Jan 29 – Feb 04 ‘03 324 
Apr 01 – Apr 04 ‘03 216 
Jun 20 – Jun 23 ‘03 243 
Sept 30 – Oct 3 ‘03 243 
Feb 02 – Feb 08 ‘04 324 
Mar 31 – Apr 02 ‘04 162 
Jun 26 – Jun 25 ‘04 243 
Sep 25 – Sep 30 ‘04 
 

297 

TOTAL 2538 
 
Table 2.4: Number of trap nights for each trapping session on Escape. 

 

Date Elliott Trap Nights 
 
Sep 29 – Sep 30 ‘02 

 
90 

Dec 01 – Dec 05 ‘02 270 
Mar 11 – Mar 16 ‘03 351 
May 02 – May 05 ‘03 243 
Jun 05 – Jun 08 ‘03 243 
Sep 26 – Sep 29 ‘03 243 
Feb 09 – Feb 15 ‘04 467 
Feb 18 – Feb 19 ‘04 100 
Apr 05 – Apr 08 ‘04 243 
Jun 20 – Jun 22 ‘04 243 
Sep 20 – Sep 25 ‘04  596 
 
TOTAL 

 
3089 

 

2.3.1 Trap locations 

 

Both Elliott and pitfall traps were arranged in grids.  Each grid had 9 traps. They were 

placed in 3 rows, and there were 3 traps in each row.  Each grid was assigned to a 

particular habitat type.   

 

Boullanger 

As mentioned in Section 2.1.2, the 3 habitat types on Boullanger are Acacia, Foredune 

Heath and Heath.  On each trip at least six sites were set, and each site included a grid of 
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Elliotts and a grid of pitfalls (giving a total of 54 Elliotts and 54 pitfalls per night).  

Traps were placed at 6 m intervals in each grid.  One site was assigned to Acacia, one to 

Foredune Heath, and four to Heath.  On trips where the weather was cool enough to 

allow it, two extra grids of Elliotts were set in the Heath habitat, in order to increase 

capture rates of dibblers. 

 

Whitlock 

Three grids of Elliotts (81 traps) were set up in each of the three Whitlock habitat types: 

Rocky, Atriplex and Nitraria.  During periods of warm weather and high capture rates, 

only two grids per habitat (54 traps) were set.  This decreased collection times and 

helped to avoid animals overheating.  Traps on Whitlock were spaced at 3 m intervals, 

in order to keep each grid in a particular habitat. 

 

Escape 

For most times of the year, three grids of Elliotts (81 traps) were set in each of the 

Escape habitat types: Rocky, Heath and Nitraria.  Again, to avoid animals overheating 

during periods of warm weather, occasionally only two grids per habitat type were set.  

Traps were spaced at 6 m intervals on Escape.  The approximate position of two Nitraria 

grids and two Rocky grids are shown in Figure 2.8. 

 

 

Nitraria Nitraria 

Rocky 

Rocky 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 2.8:  Approximate position of two Nitraria grids and two Rocky grids on Escape. 
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2.3.2 Handling 

 

All animals trapped were marked as part of a mark-release-recapture program to provide 

information on population size and structure.  Dibblers, dunnarts and mice were given 

an individual mark on capture.  Dibblers were marked by passive transponders (Trovan, 

Central Animal Records, Keysborough, Victoria) implanted under the skin of the dorsal 

neck area. Prior to injection the skin was swabbed with 70% ethanol, and a drop of 

tissue adhesive (3M VetbondTM), was used afterwards to seal the punctured skin, and 

ensure the transponder was not lost.  This enabled identification of the animal by a 

unique 10-digit code when scanned by the Trovan hand scanner (Model-Mini Reader).  

Juveniles that weighed less than 20 g were ear notched rather than micro-chipped. 

 

Dunnarts and mice were marked with a combination of bilateral ear notches (Figure 

2.9), that marked animals up to number 255.  Once this number was reached, animals 

were given a hole in the middle of their left ear, and the numbering started again (ie. 

hole left 1 – 255). The process then continued with a hole in the middle of their right ear 

(ie. hole right 1 – 255); then mice were given a hole in the middle of both ears and 

numbering resumed again (ie. hole both 1 – 255).  It was therefore theoretically possible 

to identify a total of 1020 animals. 

 

 

 

 

 

 

 

 

 
 

Figure 2.9:  Ear notch numbering system used for dunnarts and mice.  Figure reproduced from CALM 
(1998) with ear notch numbers altered. 
 

King’s skinks were marked with a permanent, waterproof, brightly coloured paint pen. 

Paint marks have been used in the past (Woodbury 1956, Bloomberg and Shine 1996, 

Dilly 2000, McMann 2000), and cause no distress to the animal.  During every trip, a 

different coloured line corresponding to each day of the trip was drawn on the skink’s 
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dorsal surface (Figure 2.10).  For trips in December 2002, March 2003, May 2003 and 

June 2003, a coloured number corresponding to trip date was added as part of a study 

conducted by an honours student (Rawlinson 2003).  Trip marks were touched up each 

time a skink was caught, to ensure that marks remained on the animal. 

 

Animals were recorded as new, recapture or retrap each time they were caught.  New 

animals were those that had not been caught before; recaptures were those caught on 

previous trips; and retraps were those already caught on the same trip. Standard 

measurements were taken on dibblers, dunnarts and mice, including sex, weight, age 

and length of short pes. Reproductive status was recorded for each female; in dibblers 

and dunnarts the number of pouch young or the number of lactating teats were counted, 

and pregnant or lactating house mice were noted.  In males, measurements of testes 

width and length were taken throughout the year.  Head length of dibblers and dunnarts 

was recorded, as was width at the base of dibblers’ tails (Figure 2.10).   

 

 
 

 

 

 

 

 

 
Figure 2.10:  Day mark on a King’s skink indicated by arrow (left), and measuring a dibbler’s head 
(right). 
 

King’s skink measurements were taken on several trips. Measurements included weight, 

sex, snout-vent length, tail length, and the number and length of tail breaks.  Skinks 

were classified as either juvenile, sub-adult or adult based on the measurements in Table 

2.5 (Storr et al. 1981, Arena 1986, Langton 2000). 

 
Table 2.5:  Age class of lizards based on SVL (snout to vent length) measurements and weight. 
 
Age class SVL (mm) Weight (g) 

Juvenile ≤ 149 ≤ 139 

Sub-Adult 150 - 190 140 - 200 

Adult ≥ 191 ≥ 200 
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Chapter 3 

 

Population structure and dynamics of species on the Jurien islands 
 

3.1  Introduction  
 

To understand the relationships between sympatric species on the Jurien islands, it was 

necessary to characterise their population structure and dynamics.  This chapter presents 

data on population densities and habitat preferences. Specific attention was paid to the 

response of each species to seasonal changes in the environment, and to the effect that 

this may have on potential competition.  The reproductive success of dibblers and mice 

was also recorded.   

 

Burrowing seabirds may positively affect fauna by two main mechanisms: directly, by 

providing shelter from predators and climate conditions (Newman 1987, Chapple 2003), 

and indirectly, by altering the characteristics of the soil via biopedturbation (Bancroft 

2004).  The indirect impact of burrowing seabirds through increases in soil nutrients 

includes a significant increase in productivity which affects both primary (Anderson and 

Polis 1998b, Sanchez-Pinero and Polis 2000) and secondary consumers (Stapp et al. 

1999, Stapp and Polis 2003).  There is a change in species diversity, and animals 

increase in abundance and density (Markwell and Daugherty 2002).   

 

Densities of burrowing wedge-tailed shearwaters have been estimated at 370 burrows 

per ha on Whitlock (Onton 2003), 186 burrows per ha on Escape (Appendix B), and low 

to nil on Boullanger (Wolfe 2004).  Wolfe (2004) investigated the concentrations of soil 

nutrients on the Jurien islands, and found that there were significantly greater 

concentrations of available nitrate nitrogen, ammonium nitrogen, phosphorous, 

potassium, sulphur, reactive iron and total phosphorous on Whitlock compared to 

Boullanger (p ≤ 0.001).  Concentrations of soil nutrients on Escape were intermediate 

between those on Boullanger and Whitlock, with the exception of reactive iron which 

was found in the greatest concentrations on Escape (Wolfe 2004).  Densities of dibblers 

are greater on Whitlock than on Boullanger  (Mills and Bencini 2000, Stewart 2001, 

Mills 2004), but densities on Escape have not previously been compared to those on 

Boullanger and Whitlock.  It was hypothesised that at all times of the year densities of 
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dibblers would be greatest on Whitlock, intermediate on Escape, and least on 

Boullanger, reflecting the productivity of the three islands.   As the dynamics of mice on 

Whitlock may also be influenced by the presence of wedge-tailed shearwaters, it was 

hypothesised that at all times of the year densities of mice would be greater on Whitlock 

than on Boullanger. 

 

Animal populations typically change dramatically over time due to variation in 

deterministic (fecundity) and stochastic (rainfall, food) processes (Moro and Morris 

2000).  It is well known that rodent populations show great variation in size and 

composition over short periods of time, and undergo ‘boom’ and ‘bust’ cycles 

(Newsome and Corbett 1975, Dickman et al. 1999).  Rainfall is a major factor 

influencing rodent populations, and is widely acknowledged as the key to mouse 

plagues (Redhead 1988, Singleton 1989, Predavec and Dickman 1994, Krebs et al. 

2004, Singleton et al. 2005).  Increases in rodent numbers following rainfall usually 

reflect increases in food availability (Chew and Butterworth 1964, Brown and Heske 

1990).  Rainfall also increases shelter sites by increasing the growth of vegetation, and 

can allow extension of the breeding season (Mutze et al. 1991).  Therefore, numbers of 

mice on Boullanger and Whitlock were expected to increase in the months following 

winter rains.   

 

The competitive exclusion principle states that no two similar species can coexist 

indefinitely without one species out-competing the other (Hardin 1960, Krebs 1972).  

However, competitive exclusion does not occur in all situations.  Wolff (1996) found 

that the coexistence of white-footed mice and deer mice was possible because of their 

different physiological response to seasonal changes in environment.  Both species were 

behaviourally and ecologically similar, consuming the same food types (Wolff et al. 

1985) and using similar microhabitats (Graves et al. 1988).  However, while white-

footed mice exhibited rapid population growth during favourable conditions, they had 

poor survival during unfavourable conditions.  In comparison, deer mice did not 

increase as rapidly during favourable times, but had higher survival rates and 

maintained stable numbers during unfavourable winter conditions.  Fluctuating 

environmental conditions reversed the direction of competition before extinction of one 

species occurred (Wolff 1996).   
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A number of researchers who studied the partitioning of resources also found habitat 

selection to be a fundamental mechanism facilitating species coexistence (Rosenzweig 

and Winakur 1969, Brown and Lieberman 1973, Schoener 1974, Haering and Fox 

1997).  Animals exhibit preference for particular habitats based upon variables such as 

vegetation structure and floristics (Barnett et al. 1978, Cockburn 1981), temperature and 

rainfall (Braithwaite et al. 1978), and competition or predation from other species 

(Rosenzweig 1981, Fox 1982, Fox and Pople 1984).  A review of the literature suggests 

that the habitat preference of small mammals is most strongly influenced by the 

availability of food, and of vegetation for shelter (Moro 1991, Bennett 1993, Wilson et 

al. 2001).  On Whitlock, burrows of the wedge-tailed shearwater probably provide both 

dibblers and mice with protection from pressures such as harsh environmental 

conditions, predation and water loss (Bencini et al. 2001).   

 

Previous studies revealed that dibblers prefer dense vegetation  (McCulloch 1998, 

Bencini et al. 2001). The most comprehensive study of habitat preference of island 

dibblers was by Wolfe (2004), who by radio-tracking found that dibblers on Whitlock 

sheltered in dense Nitraria habitats during their non-active times, and during their active 

times used the more open habitats of Rocky and Atriplex to forage.  For this study, it 

was hypothesised that dibblers would be trapped more frequently in areas of dense 

vegetation, such as the Acacia habitat on Boullanger, and Nitraria habitats on Whitlock 

and Escape.   

 

House mice often act as an opportunist or fugitive species, occupying niches left vacant 

by native species (Haering and Fox 1997).  However, some researchers have suggested 

that introduced mice restrict the distribution and abundance of native species, eventually 

displacing them (Newsome and Corbett 1975).  Based upon body size relationships, it is 

unlikely that mice will restrict the distribution of dibblers.  Previous studies have shown 

that larger species tend to exclude smaller species from their preferred habitats, 

(Dickman 1988, Fisher and Dickman 1993a).  Hence, in areas where trap success for 

dibblers is high, trap success of both mice and dunnarts was expected to be low. In 

accordance with avoidance theory, dibblers on Escape may avoid habitats where 

numbers of King’s skinks are high. 
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3.2  Methods 
 

Trapping and animal handling methods have been described in section 2.3.  The 

trapping data used to estimate population numbers and densities during this study’s 

earlier trips includes data collected during this study, and data on dibblers collected by 

H. Mills, K. Wolfe and D. Moro from September 1999 to May 2002 on Boullanger, 

Whitlock and Escape.   

 

Calculation of population numbers, densities and habitat preferences for dibblers, mice 

and King’s skinks on Boullanger was based only upon numbers caught in Elliott traps, 

because it was possible for dibblers to escape from pitfall traps, and no King’s skinks 

were caught in them.  Mice had a low trap success rate in pitfall traps compared to 

Elliotts (2.3% and 49.8% respectively), and inclusion of numbers of pitfalls set would 

have underestimated the population of mice. Dunnarts had similar trap success rates in 

both pitfalls and Elliotts (0.3% and 0.6% respectively) therefore calculation of numbers 

was based upon captures in both trap types. 

 

3.2.1 Population numbers 

 

A calculation of the minimum number of animals known-to-be-alive (KTBA) was used 

to give an indication of population size, and results were adjusted to numbers per 100 

trap-nights to account for any difference in trapping effort. Calculations of KTBA 

numbers are acknowledged as underestimates, but they have the advantage of yielding a 

real number, rather than an estimate that may depend upon a set of unrealistic 

assumptions (Hilborn et al. 1976).  Minimum number KTBA is the total number of 

individuals caught over the course of a trapping session (retraps not included), and was 

the index used to give an estimate for the numbers of King’s skinks on Escape and 

Boullanger for each trip.   

 

A variation of this method is to boost minimum number KTBA by adding both the 

number of individuals sampled on a particular trip, and those individuals not caught, but 

known to be alive as they were caught on both previous and subsequent occasions 

(Krebs 1966).  This variation was applied when estimating numbers of dibblers, 

dunnarts and mice.  Mammals had been given individual marks, but when King’s skinks 

were captured they were only given day marks.   
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In addition, when calculating minimum number KTBA for dibblers and dunnarts, it was 

assumed that all caught adults must have been alive prior to the last breeding season. 

The approximate age of dibblers and dunnarts can be determined due to their distinct 

breeding seasons (section 2.2), and sub-adults are easily recognised due to their low 

body weights.  Mice breed for most parts of the year (section 3.3.7), so a similar 

assumption could not be adopted.  Consequently, mice caught with no markings from 

earlier trips were not included in calculations of minimum number KTBA for past trips. 

 

Estimates for total abundance of animals and their densities on the islands were 

calculated using the same method.  Estimates of abundance give an indication of the 

total number of each species on each island, while estimates of density give an 

indication of the number of each species per unit of area. Total numbers and densities 

were extrapolated from minimum number KTBA, after correcting for the proportion of 

the area where traps were set on each island.  The method used is explained in the 

following section. 

 

3.2.2   Population densities  

 

Densities of animals were extrapolated using values for minimum number KTBA by 

correcting for the proportion of each island in which traps were set.  For dibblers on 

Whitlock, where Elliott grids covered an area of 6 x 6 m, a boundary strip of 19 m was 

included either side of the grid, so that the total trapping area included an area of 44 x 

44 m (0.19 ha) per grid.  The inclusion of the boundary strip allows for movement of 

animals, and 0.19 ha approximates the core home range of 0.24 ± 0.05 ha for males and 

0.16 ± 0.04 ha for females which has been estimated for dibblers on Whitlock  (Wolfe 

2004).   

 

Boundary sizes for grids on Boullanger, where grids covered an area of 12 x 12 m, were 

set at 38 m on either side of the grid (double those on Whitlock). Hence, the total area 

covered by grids on Boullanger was 88 x 88 m (0.77 ha).   The area covered by grids on 

Escape was set to be intermediate between those on Boullanger and Whitlock (ie. 66 x 

66 m; 0.44 ha).  Justification for larger boundary sizes on Boullanger and Escape comes 

from previous studies estimating home ranges of small mammals.  McCulloch (1998) 

examined the activity of dibblers on the Jurien islands and found that females had 

significantly greater home ranges on Boullanger than on Whitlock.  Males on 
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Boullanger also had greater home ranges, although differences to those on Whitlock 

were not significant (McCulloch 1998).  Greater home ranges for animals on Boullanger 

may be due to the larger size of the island, a theory supported by two individual studies 

investigating the home range of tropical rodents on islands  (Fleming 1971, Alder et al. 

1997).  In addition, several researchers have found that the home range of marsupials is 

smaller in areas of high resource availability, as animals do not need to travel great 

distances to find food (Green et al. 1998, Masters 2003, Pavey et al. 2003).  A number 

of authors have reported that resource availability is lower on Boullanger than on 

Whitlock (Chapter 6, Miller et al. 2003, Wolfe et al. 2004), supporting the theory that 

home ranges of animals on Boullanger should be greater than those on Whitlock. 

 

Richards (1990) observed that King’s skinks on Escape remained within 40 m of their 

capture point, suggesting that their home ranges are smaller than those of dibblers.  The 

home ranges of mice and dunnarts on the Jurien islands have never been investigated.  

Trapping data showed that most recaptures occurred within a single grid for mice, and 

recaptures were always in the same grid for dunnarts.  Based upon trapping data and 

reports that home range decreases with decreasing body size (Harestad and Bunnell 

1979, Swihart et al. 1988), it was expected that the home range of dunnarts and mice 

would be smaller than that of dibblers.  For this reason, the total boundary size of each 

grid for mice, dunnarts and King’s skinks was considered half of that covered by grids 

for dibblers on each island.  Thus, the total trapping area covered by grids on Escape 

was 33 x 33 m (vs 66 x 66 m for dibblers), which approximates the 40 x 40 m area 

suggested by Richards (1990) for King’s skinks. 

 

3.2.3   Correlation of house mouse numbers with rainfall 

 

Monthly rainfall records were obtained from the Jurien Bay townsite, the closest 

weather station to the study site.  Minimum number of mice KTBA per 100 trap nights 

was correlated with cumulative monthly rainfall (CM) and cumulative monthly rainfall 

residuals (RR). Cumulative monthly rainfall is an additive measure of actual rainfall in 

the months prior to a sampling date (in this case, 0 to 12 months prior to a trapping 

session).  Cumulative monthly rainfall residual is the cumulative difference between the 

actual and the mean monthly rainfall records (Sutherland et al. 1991).  Mean monthly 

rainfall was calculated using data for the Jurien Bay region from 1969 to 2004 (Western 

Australian Bureau of Meteorology). 
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Minimum numbers of mice KTBA on Boullanger and Whitlock were correlated with 

CM and RR values for the same month, and with CM and RR values for previous 

months up to one year earlier (Southgate and Masters 1996).  This enabled any time lag 

in the response of populations of mice to be examined. 

 

3.2.4   Habitat preferences 

 

Habitat preferences of dibblers, mice, King’s skinks and dunnarts were investigated 

using trapping data.  For each species, the average total number of captures per 100 trap 

nights (hereafter referred to as ‘trap success’) was compared for each habitat type on 

each island.   

 

3.2.5   Reproduction in females 

 

The proportion of reproductive and non-reproductive female dibblers caught on 

Boullanger, Whitlock and Escape was compared.  Reproductive dibblers were classified 

as those with pouch young in winter, and those that were lactating or had elongated teats 

during spring.  Dibblers that showed no sign of breeding in winter or spring were 

classified as non-reproductive.  This group may include females that lost their pouch 

young at an early stage, and therefore did not have elongated teats during September.   

Juvenile dibblers were not at reproductive age, and were therefore removed from the 

analysis.   

 

The reproductive status of populations of female mice on Boullanger and Whitlock was 

compared. Females were classified as juvenile, breeding or other. Juveniles were 

included in the analysis to determine if breeding occurred throughout the year.  Animals 

were classified as juveniles based on weight and size measurements, and were 

considered non-reproductive. Breeding females were those that were visibly pregnant or 

lactating, and those classified as other were not visibly pregnant or lactating, but 

considered to be of reproductive age based on body weight and size. 

 

3.2.6   Statistical analysis 

 

The statistical package GenStat (7th Edition, VSN International Ltd © 2003, United 

Kingdom) was used for all analyses within and between islands.  Differences in 
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minimum number KTBA between trapping trips and seasons, and percentage trap 

success rates for animals in each habitat type, were compared using a general analysis of 

variance (ANOVA) and Fisher’s least significant difference (LSD) for pair wise 

comparisons.  Log transformation of data was performed where assumptions of the 

ANOVA were not met. Results are presented as means ± standard errors.  Differences 

were considered to be significant when p ≤ 0.05.  

 

Correlation of minimum number of mice KTBA with cumulative monthly rainfall and 

cumulative monthly rainfall residuals, and the significance of the correlation, were 

determined using regression analysis. 

 

3.3   Results 
 

3.3.1   Population numbers 

 

There was no significant seasonal effect on the minimum number of dibblers KTBA per 

100 trap nights on either island (Table 3.1). Trap success tended to increase in spring, 

due to the juvenile recruits in the population (Appendix C).  Juveniles were assumed to 

have been alive since late May, hence if juveniles were captured during spring, KTBA 

estimates increased in autumn.  Minimum number KTBA per 100 trap nights fluctuated 

for dibblers on Boullanger from a low of 5.6 in autumn 2004 to a high of 21.0 in 

autumn 2002, whilst dibblers on Whitlock fluctuated from a low of 5.4 in spring 2004 

to a high of 23.0 in autumn 2002.  Dibblers on Escape showed the greatest fluctuation 

in numbers, from a low of 4.7 in spring 2004 to a high of 85.6 in spring 2002.   

 

Mouse numbers were greater than dibbler numbers at all times of the year, with the 

exception of estimates for winter and spring 2003 on Boullanger (Table 3.1).  There 

was a significant seasonal effect on minimum number KTBA for mice on Whitlock (p = 

0.048).  Numbers of mice tended to decrease over the winter months, and steadily 

increased following spring.  Minimum number KTBA for mice fluctuated on 

Boullanger from a low of 2.8 in early spring 2003 to a high of 97.2 in early winter 

2004.  Numbers of mice on Whitlock also fluctuated according to season, but not to the 

same extremes.  There was a low of 26.9 in early spring 2004 and a high of 91.4 in 

autumn 2004.  Recapture rate of mice on Boullanger was 9.9%, which was much lower  
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Table 3.1: Minimum number known-to-be-alive (KTBA) for dibblers, house mice, King’s skinks and 
dunnarts on Boullanger, Whitlock and Escape from autumn 2002 to spring 2004.  Numbers were adjusted 
to values per 100 trap nights to account for the different trapping effort on each island. 
 
 
 

 
Dibblers 

 
House Mice 

 
King’s skinks 

 
Dunnarts 

 
 
 
Season 

 
Boullanger 

 
Whitlock

 
Escape 

 
Boullanger

 
Whitlock

 
Boullanger 

 
Escape

 
Boullanger

Autumn 02 21.0 23.0 - 61.7 72.4 0.6 - 0.3 

Spring 02 19.8 21.4 85.6 26.5 50.6 1.2 50.0 3.1 

Summer 03 6.6 13.0 27.0 46.6 48.5 0.2 22.2 1.4 

Autumn 03 8.0 15.3 8.9 32.1 57.9 0.6 18.4 3.1 

Winter 03 19.0 12.8 21.8 13.0 53.1 0 19.8 1.6 

Spring 03 6.4 11.1 18.9 2.8 28.4 0.5 31.3 1.2 

Summer 04 5.9 7.4 7.4 39.6 52.2 0.4 43.2 1.0 

Autumn 04 5.6 10.5 14.4 93.1 91.4 0.5 37.0 1.1 

Winter 04 17.6 7.4 11.1 97.2 69.1 0 23.1 0.8 

Spring 04 12.5 5.4 4.7 13.9 26.9 1.4 15.4 0.2 

 
 
 
Table 3.2: Abundance estimates for dibblers, house mice, King’s skinks and dunnarts on Boullanger, 
Whitlock and Escape.  Values are extrapolated from minimum number KTBA after adjusting for the area 
effectively trapped on each island. 
 
 

 
Dibblers 

 
House Mice 

 
King’s skinks 

 
Dunnarts 

 
 
 
Season 

 
Boullanger 

 
Whitlock

 
Escape

 
Boullanger 

 
Whitlock

 
Boullanger 

 
Escape 

 
Boullanger 

Autumn 02 190 174 - 2230 2182 22 - 22 

Spring 02 178 161 186 959 1525 45 1186 223 

Summer 03 117 195 196 3294 2919 17 1682 167 

Autumn 03 72 102 142 1159 1550 22 1339 223 

Winter 03 171 96 147 468 1599 0 1382 100 

Spring 03 184 84 131 100 855 17 739 167 

Summer 04 71 112 112 1906 3143 17 1811 84 

Autumn 04 67 53 96 4482 1835 22 1586 89 

Winter 04 212 56 70 4682 2083 0 1800 67 

Spring 04 151 50 72 669 992 50 857 17 
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than the recapture rate of 36.8% on Whitlock (Appendix D).  This was especially 

noticeable over winter, when the majority of mice appeared to die off on Boullanger.   

 

Minimum number KTBA per 100 trap nights (Table 3.1) and trap success (Appendix F) 

for dunnarts on Boullanger were low at all times of the year.  There was no significant 

effect of season.  Numbers ranged from a low of 0.2 in spring 2004 to a high of 3.1 in 

spring 2002 and autumn 2003.    Minimum number KTBA for King’s skinks on 

Boullanger was also low, ranging from no animals in winter 2003 and winter 2004, to 

1.4 in spring 2004.  In comparison, estimates for King’s skinks on Escape ranged from 

a low of 15.4 in spring 2004 to a high of 50.0 in spring 2002.  There was no significant 

effect of season on King’s skink numbers for either island. 

 
Estimates of total abundance suggest that numbers of dibblers on Boullanger, Escape 

and Whitlock are similar (Table 3.2).  Estimates were 67 to 212 dibblers on Boullanger, 

70 to 196 dibblers on Escape, and 50 to 195 dibblers on Whitlock.  Abundance 

estimates for mice on Boullanger were 100 to 4682 individuals, and 855 to 3143 

individuals on Whitlock.  Numbers of King’s skinks on Boullanger were low at 0 to 50 

individuals, compared to an estimate of 739 to 1811 individuals on Escape.  Estimates 

of total numbers of dunnarts on Boullanger ranged from 17 to 223 animals.  

 

3.3.2   Population densities 

 

Densities of dibblers were greatest on Whitlock at all times of the year, ranging from 

9.2 ha-1 during spring 2004, to 36.2 ha-1 during summer 2003 (Figure 3.1a).  Densities 

on Boullanger were lowest at most times, ranging from 2.6 ha-1 during summer 2004 to 

a high of 8.2 ha-1 in winter 2004.  During winter 2004, densities of dibblers on 

Boullanger were greater than densities of 6.6 ha-1 found on Escape.  At all other times 

densities of dibblers on Escape were intermediate between those on Boullanger and 

Whitlock, and were greatest during summer 2003 at 18.6 ha-1. 

 

Mouse densities were greater on Whitlock at all times, ranging from 158.4 ha-1 during 

spring 2003 to 582.0 ha-1 during summer 2004.  Densities on Boullanger ranged from 

3.9 ha-1 during spring 2003 to 180.8 ha-1 during winter 2004 (Figure 3.1b). 
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Densities of King’s skinks on Escape ranged from 70.4 ha-1 during spring 2003 to 172.4 

ha-1 during summer 2004, and on Boullanger from no animals during winter 2003 and 

winter 2004 to 1.9 ha-1 during spring 2004 (Figure 3.1c).   

 

Dunnart densities were lowest on Boullanger during spring 2004 at 0.6 ha-1, and 

greatest at 8.6 ha-1 during autumn 2003 (Figure 3.1d). 
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Figure 3.1:  Densities of (a) dibblers (b) house mice (c) King’s skinks and (d) dunnarts, on Boullanger, 
Whitlock and Escape from autumn 2002 to spring 2004.  Densities are extrapolated from minimum 
numbers KTBA after adjusting for the area effectively trapped on each island. 
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3.3.3   Correlation of house mouse numbers with rainfall 
 

The total rainfall for each year of field work was below the mean annual rainfall for 

Jurien Bay of 555 mm, being 349 mm in 2002, 474 mm in 2003 and 420 mm in 2004.  

Minimum number of mice KTBA correlated best with cumulative monthly rainfall 

(CM) including a time lag (Figure 3.2).  Mice on Whitlock showed the greatest 

correlation with CM values with a 7 month time lag (r = 0.78, p = 0.008), while mice on 

Boullanger showed the greatest correlation with CM values with a 6 month time lag, 

although the correlation was not significant (r = 0.60, p = 0.062).  Correlations of mouse 

numbers with RR values were not significant for mice on either island. 
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Figure 3.2:  Time lag correlations between cumulative monthly rainfall and minimum number KTBA of 
house mice from (a) Boullanger, and (b) Whitlock.  Significance levels (p) are shown as dotted lines. 
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3.3.4   Habitat preferences 

 

During the study there were 95 dibbler captures on Boullanger, 228 on Whitlock and 

342 on Escape.  There were no significant differences in trap success of dibblers 

between the three habitat types on Boullanger (p > 0.05; Table 3.3).  Capture rates of 

dibblers on Whitlock were significantly greater in Rocky (11.4 ± 1.46%) and Nitraria 

(10.2 ± 2.50%) habitats than in Atriplex habitats (5.2 ± 0.84%; p < 0.05).  In 

comparison, capture rates of dibblers on Escape were significantly greater in Nitraria 

(19.1 ± 3.57%) than in Heath (11.1 ± 1.99%; p < 0.05) or Rocky habitats (2.6 ± 0.77%; 

p < 0.001).  
 
Table 3.3:  Mean (± SE) trap success rate for dibblers in each habitat on Boullanger, Whitlock and 
Escape.  For each island, means followed by different letters are significantly different (p ≤ 0.05). 
 
 

Island Habitat Trap-nights 
(Elliotts) 

Dibblers 
captured 

Trap success rate (%) 
(Mean ± SE) 

Boullanger Acacia 315 13  4.0 ± 2.17 a
 Foredune Heath 315 11  3.4 ± 1.18 a
 Heath 1611 71  3.9 ± 1.25 a

Whitlock Atriplex 828 44   5.2 ± 0.84 a
 Nitraria 855 85  10.2 ± 2.50 b

 Rocky 855 99           11.4 ± 1.46 b

Escape Heath 1013 107           11.1 ± 1.99 a
 Nitraria 1086 212           19.1 ± 3.57 b
 Rocky 891 23             2.6 ± 0.77 c

 

There were 1167 and 1659 captures of mice on Boullanger and Whitlock respectively.  

Trap success of mice in each habitat was similar, and differences were not significant on 

either island (p > 0.05; Table 3.4).   
 
Table 3.4:  Mean (± SE) trap success rate for house mice in each habitat on Boullanger and Whitlock.  
There were no significant differences in trap success between habitat types on either island (p ≤ 0.05). 
 
 

Island Habitat Trap-nights 
(Elliotts) 

Mice 
captured 

Trap success rate (%) 
(Mean ± SE) 

Boullanger Acacia 306 196  64.5 ± 11.47 
 Foredune Heath 306 173  57.1 ± 13.70 
 Heath 1539 798  59.9 ± 19.61 

Whitlock Atriplex 828 569 69.1 ± 6.43 
 Nitraria 855 547 64.9 ± 5.67 
 Rocky 855 543 63.3 ± 4.83 
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There were 12 and 974 captures of King’s skinks on Boullanger and Escape 

respectively.  There were no significant differences in capture rates between habitat 

types on either island (Table 3.5).   
 
Table 3.5:  Mean (± SE) trap success rate for King’s skinks in each habitat on Boullanger and Escape.  
There were no significant differences in trap success between habitat types on either island (p ≤ 0.05). 
 
 

Island Habitat Trap-nights
(Elliotts) 

King’s skinks 
captured 

Trap success rate (%) 
(Mean ± SE) 

Boullanger Acacia 315 2 0.6 ± 0.37 
 Foredune Heath 315 3 1.0 ± 0.52 
 Heath 1611 7 0.4 ± 0.21 
     
Escape Heath 864 336 37.8 ± 3.87 
 Nitraria 855 313 35.8 ± 5.04 
 Rocky 837 325 38.2 ± 6.25 

 

Dunnart captures on Boullanger were low, totalling 18 over the 30 month trapping 

period. Captures were significantly greater in the Acacia habitat (1.8 ± 0.76%), 

compared to captures in Foredune Heath (0.3 ± 0.22%) or Heath habitats (0.3 ± 0.20%; 

p < 0.05; Table 3.6).  
 
Table 3.6:  Mean (± SE) trap success rate for dunnarts in each habitat type on Boullanger.  Means 
followed by different letters are significantly different (p ≤ 0.05). 
 
 

Habitat Trap-nights  
(Pitfalls and Elliotts) 

Dunnarts 
captured 

Trap success rate (%) 
(Mean ± SE) 

Acacia 630 10 1.8 ± 0.76 a
Foredune Heath 630 2 0.3 ± 0.22 b
Heath 2862 6 0.3 ± 0.20 b

 

3.3.5   Comparison of the reproductive status of female dibblers 

 

Twenty-two female dibblers of reproductive age were caught on Boullanger (Figure 

3.3), the majority of which had high numbers of pouch young.  Average number of 

pouch young was 7.1 ± 0.37.  Only one female that was in her first year of breeding had 

no young in her pouch.  This individual may have lost her young at an early stage of 

their life.   

 

Thirty-six females were caught on Whitlock of which thirty-one were reproductive.  

Two of the five non-reproductive dibblers were in their first breeding season.  The 

remaining three were in their third or fourth breeding season. It is not unusual for  
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Figure 3.3:  Proportion of reproductive and non-reproductive female dibblers caught on (a) Boullanger 
(b) Whitlock and (c) Escape.  Numbers above columns indicate sample sizes.  
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females after their second breeding season to have no pouch young.  Average number of 

pouch young was 6.1 ± 0.35.   

 

There were six non-reproductive animals among the forty-seven females caught on 

Escape.  One of these individuals was in her third year of breeding, three were in their 

second year and two in their first. Average number of pouch young for the forty-one 

reproductive dibblers was 6.3 ± 0.32.  Two female dibblers that were missing their tails 

and a hind leg were still able to breed and produce offspring for two consecutive years.  

One individual had eight lactating teats in her first year, and three in the next. The other 

individual had six pouch young in both years.  

 

There were no significant differences between islands in average number of pouch  

young. 

 

3.3.6   Population structure of female house mice 

 

Pregnant female mice were caught throughout the year on both Boullanger and 

Whitlock, with the exception of spring 2003 on Boullanger, when no mice were 

captured (Figure 3.4).  Captures of juveniles on most trips indicate that mice breed 

throughout the year on both islands.  Proportion of pregnant females and juveniles in the 

population tended to increase in spring, particularly on Whitlock. 
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Figure 3.4:  Structure of the female population of house mice caught on (a) Boullanger and (b) Whitlock.   
Animals are classified as Juvenile, Breeding or Other.  Numbers above each column indicate sample 
sizes. 
 

3.4   Discussion 
 

3.4.1   Effect of seabirds on mammal numbers and densities 

 

The results of this study support the hypothesis that at all times densities of dibblers and 

mice would be greater on Whitlock than they are on Boullanger. Densities of dibblers 

on Escape were intermediate between those on Boullanger and Whitlock, with the 
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exception of winter 2004 when densities on Boullanger were greater than those on 

Escape.  The higher densities on Boullanger during winter 2004 can be attributed to the 

high number of juveniles that were caught in spring 2004, and therefore assumed to be 

alive in winter 2004.  Numbers of caught juveniles were low in 2004 on Escape and 

Whitlock, probably due to adverse weather conditions at the time of trapping.  Trapping 

of dibblers during spring 2003 and spring 2004 took place during early September on 

Whitlock and Escape, but during October on Boullanger.  Juvenile dibblers on the 

islands appear to be more active during October, and therefore future monitoring aimed 

at detecting juvenile recruits should take place during this month. 

 

Burrowing seabirds can influence productivity on islands by increasing concentrations 

of soil nutrients.  Through their deposition of guano and other materials, seabirds can 

indirectly increase nutrients in the soil, which has ‘bottom up’ effects.  Primary 

production increases and consumers grow at a faster rate, have a greater reproductive 

success, and increase in numbers and densities (Iason et al. 1986, Polis and Hurd 1996a, 

Wolfe et al. 2004).   

 

The results of this study demonstrated that Whitlock, which has a greater density of 

burrowing seabirds and consequently greater soil nutrient concentrations (Wolfe 2004), 

supports greater densities of mammals.  Boullanger, where numbers of shearwaters are 

negligible, and where there are significantly lower concentrations of soil nutrients, 

supports lower densities of mammals.  Escape, where seabird activity is moderate, and 

where soil nutrient concentrations are intermediate between those on Boullanger and 

Whitlock, supports densities of mammals that are at most times intermediate to densities 

on Boullanger and Whitlock.  These findings parallel those of Mills and Bencini (2001) 

and Wolfe (2004), who found higher densities of dibblers on Whitlock than on 

Boullanger.  Stapp and Polis (2003) also found that numbers of omnivorous mice, 

Peromyscus maniculatus, increased from 8 individuals/100 trap nights on islands 

without seabirds, to 26 individuals/100 trap nights on islands with seabirds.   

 

Previous authors have reported that dibblers, mice and King’s skinks on the Jurien 

islands shelter in seabird burrows (McCulloch 1998, Bencini et al. 2001, Stewart 2001, 

Rawlinson 2003, Wolfe et al. 2004). It was noted during this study that on release all 

three species frequently ran down wedge-tailed shearwater burrows (pers. obs.).  The 

greater recapture and survival rate of mice on Whitlock compared to mice on 
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Boullanger (recapture rate of 36.8% compared to 9.9%), may be due to mice utilising 

seabird burrows for shelter from harsh environmental conditions, particularly over cold 

wet winters.  Although Boullanger supports few wedge-tailed shearwaters, white-faced 

storm petrels inhabit part of the island during spring and summer (October to January).  

Onton (2003) measured the length and diameter of burrows on Boullanger and Whitlock 

and found that burrows of white-faced storm petrels were approximately four times 

smaller in volume than those of the wedge-tailed shearwater.  In addition, they are less 

permanent than shearwater burrows, usually collapsing over the winter months.  They 

may therefore not provide animals with sufficient protection from adverse weather 

conditions. 

 

Previous researchers have expressed concern that mice on the islands may negatively 

affect dibblers or dunnarts by altering components of their habitat such as seabird 

occupation or vegetation structure (Baczocha and Start 1997, Friend 2004).  However, 

the results of this study suggest that seabirds are more likely to affect the population 

dynamics of both mice and dibblers.   

 

Chapter 4 discusses the role of seabirds in more detail, and documents their effect on 

body condition and longevity of mammals on the Jurien islands. 

 

3.4.2   Effect of rainfall on house mouse numbers 

 

Rainfall appears to be a major factor controlling numbers of mice.  Mouse numbers on 

Boullanger and Whitlock showed the greatest correlation with rainfall in the previous 6 

and 7 months respectively, although differences were not significant for mice on 

Boullanger.  This may be due to the number and timing of field trips.  These trips were 

carried out once every 3 to 4 months on each island; monitoring every month may have 

detected a closer association between rainfall and mouse numbers on Boullanger.  

Mouse numbers showed the least correlation with rainfall one month previously (Figure 

3.2).  The results support the hypothesis that mice would show predictable fluctuations 

in abundance, decreasing over the winter months, and steadily increasing from spring 

through to autumn.   

 

Predavec (1994) investigated the relationship between rainfall, food availability and 

abundance of two species of rodents in arid Australia.  Population numbers were found 
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to fluctuate between seasons, and were closely linked with rainfall and rain-induced 

food availability.  Likewise, in a study of the population ecology of house mice on an 

island in Scotland, Triggs (1991) found that rainfall, or environmental variables affected 

by rainfall, were the chief catalysts for population changes.  Population numbers ranged 

from 450 animals during the coldest months, to 3250 animals during warmer months 

(Triggs 1991).  Abundance estimates for mice on Boullanger ranged from 100 following 

winter to 4682 prior to winter storms, and on Whitlock from 855 following winter to 

3143 in summer.  It is probable that the decrease in numbers over the colder months, 

which is particularly evident on Boullanger, is primarily due to an increase in mortality.  

Mice on both islands breed all year round, although reproduction ceases to some extent 

over winter (Figure 3.4).  In similar studies numbers of house mice decreased during the 

colder winter months due to a combination of mortality and low reproduction rates 

(DeLong 1967, Bronson 1979, Triggs 1991, Masters 1993, Moro and Morris 2000).  In 

this study, the increase in mouse numbers following winter is probably a reflection of 

the increase in vegetative growth and invertebrate abundance following rainfall.  The 6 

and 7 month time lag can be attributed to the time it takes for mice to respond to the 

increase in productivity, and for juveniles to enter the trappable population.  The 

population dynamics of mice on the Jurien islands display a typical ‘boom and bust’ 

cycle as reported for rodents by other authors (Newsome and Corbett 1975, Redhead 

1988, Boonstra and Redhead 1994, Dickman et al. 1999). 

 

3.4.3   Population trends 

 

Dibblers 

In this study, estimates of abundance revealed no regular pattern for dibbler numbers on 

any one island, although Moro (2003) found that dibbler numbers were consistently 

higher on Escape, followed by Whitlock and then Boullanger.  This study allowed 

comparison of dibbler numbers across all three islands by using similar trapping 

regimes and accounting for the area of each island effectively trapped by each grid.  

Although populations fluctuate on each island, actual numbers and abundance estimates 

for dibblers were quite similar (Table 3.1 and 3.2).  However, as discussed previously, 

densities of dibblers are greatest on Whitlock, intermediate on Escape and lowest on 

Boullanger, and this can be attributed to the productivity of each island. 
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Despite the greater densities of dibblers on Whitlock, the results from this study suggest 

that numbers of dibblers on Whitlock are decreasing (Figure 3.1).  However, monitoring 

on Boullanger and Whitlock has occurred on a regular basis since 1997 (Mills 2004, 

Wolfe 2004).  The data collected over this time suggests that although the population on 

Whitlock fluctuates across seasons, in the long-term it is stable.  The same data gave 

rise to concerns that dibbler numbers on Boullanger are decreasing due to possible 

competition with mice (McCulloch 1998, Start 1998, Stewart 2001).  This study 

demonstrated that although dibbler numbers fluctuate between seasons and the 

population experiences short-term instabilities, females have high numbers of pouch 

young and the population is probably stable in the long term, as indicated by Figure 3.1.  

Chesson and Huntly (1989) defined long-term stability as the tendency of a community 

to recover from extreme perturbations of the densities of any of its component species.  

In this case, dibblers display long-term stability despite large populations of mice for 

most parts of the year.  

 

Dibblers were first released onto Escape in 1998, and estimates of minimum number 

KTBA (unadjusted for trapping effort) peaked in 2000 at 131 individuals (Moro 2003).  

At the commencement of this study in spring 2002 the estimate of minimum number 

KTBA (unadjusted for trapping effort, see Appendix C) was 77 individuals, compared 

to 26 individuals KTBA during winter 2004. However, we cannot entirely compare 

numbers KTBA with 2000 estimates, as Moro (2003) trapped using lines while this 

study trapped using grids.  The results show that numbers of dibblers on Escape have 

decreased throughout the course of this study. It is possible that when dibblers were first 

released their population numbers grew at their maximum, or intrinsic, rate of increase. 

For populations to grow at this rate they require high food availability and low density 

of animals, hence, there is negligible competition for resources (Caughley and Sinclair 

1994, Krebs 2001). This scenario is not common, but is most often found when a 

population is in the early stages of growth, as occurs when animals are released into an 

area from which they were formerly absent (Caughley and Sinclair 1994, Krebs 2001).  

For growth to continue at this rate there must be an infinite supply of resources, which 

is unlikely in the majority of environments.  With high numbers of dibblers on Escape, 

resources such as availability of food or nesting sites may have reached their carrying 

capacity.  Interaction between animal densities and the amount of available resources 

means that populations tend to fluctuate until an equilibrium between the two is reached 

(May 1972, Krebs 2001).  The dibbler population on Escape might currently be 
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readjusting to sustainable numbers.  A similar situation occurred for numbats 

(Myrmecobius fasciatus) that were reintroduced to Boyagin Nature Reserve in Western 

Australia (Friend and Thomas 2003).  Thirty-five numbats were released from 1985 to 

1987 whilst the area was being fox baited, and numbat presence was monitored by 

searching for diggings or scats.  Numbat presence peaked in 1993 when diggings and/or 

scats were found at 90% of the sites monitored, decreasing in 1996 to sightings at 37% 

of sites, and increasing in 2000 to sightings at 62% of sites.  The results indicated that 

although population indices fluctuated, the population of numbats at Boyagin was self-

sustaining and the reintroduction was successful (Friend and Thomas 2003).  Continued 

monitoring of dibblers on Escape is essential for long-term assessment of their survival.   

 

Another explanation for the apparent decrease in dibbler numbers on Whitlock and 

Escape relates to the relatively low numbers of juvenile dibblers caught on these islands 

during 2003 and 2004, as discussed in section 3.4.1.   Dibblers may also compete for 

traps with large numbers of mice on Boullanger and Whitlock, and with large numbers 

of King’s skinks on Escape.  Hence, traps may already be occupied by mice and by 

King’s skinks before dibblers are caught in them.  This may affect apparent population 

numbers. 

 

House mice 

The results indicated that numbers of mice were greater than numbers of dibblers for all 

times of the year on Whitlock, and for most times of the year on Boullanger.  Peak 

densities of mice were 181 ha-1 and 582 ha-1 on Boullanger and Whitlock respectively.  

Densities were greater than those found on Thevenard Island in the northern waters of 

Western Australia (≤11.4 ha-1; Moro and Morris 2000), but did not reach plague 

numbers of greater than 1000 ha-1 found by numerous researchers in inland Australia 

(Newsome and Crowcroft 1971, Singleton 1989, Boonstra and Redhead 1994).   

 

Models of population growth predict that compared to animals at high densities, animals 

at low densities respond more dramatically to extreme conditions.  Thus animals at low 

densities respond more to situations in which environment and competition are either 

both unfavourable or both favourable (Chesson and Huntly 1989). Population decline is 

amplified under unfavourable environmental and competitive conditions, and reversed 

under favourable conditions (Chesson and Huntly 1989).  This theory may in part 

explain the dramatic fluctuation of numbers of mice on Boullanger in response to 
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seasonal changes.  Mice on Whitlock, which exist at greater densities in more 

favourable conditions, do not show such dramatic fluctuation of numbers.   

 

King’s skinks  

The number of King’s skinks on Escape was greater than the number of dibblers at all 

times of the year.  Abundance estimates for King’s skinks on Escape ranged from 739 to 

1811,   similar to the estimate of 1895 made by Rawlinson (2003) using mark-recapture 

techniques.  Low capture rates during winter probably reflect low activity of the 

ectothermic skinks rather than a reduction in numbers.  Abundance estimates of King’s 

skinks on Boullanger reached a maximum of 50 animals, although numbers may be 

slightly underestimated due to competition for traps with mice.  However, it is unlikely 

that King’s skinks on Boullanger pose a major threat in terms of competition for 

resources with dibblers and dunnarts. 

 

Dunnarts 

Captures of dunnarts on Boullanger were low throughout the study period, and numbers 

showed no predictable fluctuations.  Abundance estimates ranged from 17 to 223, which 

is below the estimate of 300 made by Dickman (1992).  The decrease in captures over 

the years suggests the species may be unsuccessfully competing for resources with mice 

and dibblers. Competition for food is discussed further in Chapter 5.  Similar to 

dibblers, the apparent number of dunnarts may also be affected by competition for traps 

with large numbers of mice. 

 

3.4.4   Habitat preferences  

 

The hypothesis that there would be a higher trap success for dibblers in areas of dense 

vegetation was supported for dibblers on Escape, where trap success was significantly 

greater in Nitraria habitats.  On Boullanger, trap success was greatest in Acacia 

habitats, although results were not significantly different to those in Foredune Heath 

and Heath habitats.  On Whitlock the greatest trap success occurred in Rocky habitats, 

closely followed by Nitraria habitats, a similar result to that found by Wolfe (2004). 

 

The difference between Whitlock and Escape for trap success of dibblers in Rocky 

habitats is intriguing.  The most logical explanation for increased captures in Rocky 

habitats on Whitlock is the higher densities of dibblers on this island, suggesting that 
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dibblers utilise all the habitats that are available to them.  However, low captures of 

dibblers in Rocky habitats on Escape may also be due to the influence of King’s skinks.  

Captures of King’s skinks were greatest in Rocky habitats, followed by Heath and 

Nitraria habitats. In comparison, more dibblers were captured in Nitraria, followed by 

Heath and then Rocky habitats.  Dibblers on Escape suffer from injuries such as 

castration and missing extremities, presumably from aggression by King’s skinks (Moro 

2003, Rawlinson 2003).  Therefore, it is not surprising that dibblers may avoid habitats 

preferred by King’s skinks.  The results give weight to the hypothesis that trap success 

of dibblers would be lower in habitats where trap success of King’s skinks was higher, 

however this may be due to chance as habitat preferences were not significant for 

skinks.  With high numbers of both dibblers and King’s skinks, it may not be possible 

for the two species to avoid one another completely due to the relatively small size of 

the island. 

 

On Whitlock, a similar situation occurred between dibblers and mice.  Captures of mice 

were greatest in Atriplex habitats, followed by Nitraria and Rocky habitats, but dibblers 

showed reverse preferences.  Again, this adds weight to the theory that mice may avoid 

those habitats that dibblers prefer, but this finding may be due to chance as habitat 

preferences were not significant for mice.   

 

Capture rates for dunnarts on Boullanger were highest in the Acacia habitat.  Dibblers 

and mice were also caught in greater numbers in the Acacia habitat, however 

differences with other habitats were not significant.  The results suggest that the Acacia 

habitat was the most attractive to all three mammal species on the island, possibly due 

to increased shelter or food availability (see section 5.3.3).  The hypothesis that mice 

would act as a fugitive species, more frequently occupying those habitats that dibblers 

avoid, was not supported on Boullanger. In fact, greater capture rates for both dibblers 

and mice in Acacia habitats on Boullanger during periods of high dibbler density and 

low mouse density (as was the case during spring 2004), suggest that the two species do 

not go to great lengths to avoid one another. 

 

Due to the small number of captures of dunnarts over the study period, it is not possible 

to draw conclusions about species avoidance and possible competition for space.  Based 

on body size relationships and the smaller size of dunnarts, it is likely that large 

populations of mice will have more of a negative effect on the dunnart compared to the 
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dibbler.  Dibblers do not appear to exclude dunnarts from Acacia habitats, but again, it 

is difficult to draw conclusions due to the small sample size. 

 

Apparent habitat preferences of both dibblers and dunnarts may also be affected by 

competition for traps with large populations of mice on Boullanger and Whitlock, and 

with large populations of King’s skinks on Escape. 

 

3.4.5   Species co-existence 

 

Theoretical models of competition indicate that in cases of competition between two 

similar species, one species may be displaced or both may reach a stable equilibrium 

(Murray 1979). The possibility of displacement gives rise to the competitive exclusion 

principle, which proposes that complete competitors cannot coexist (Hardin 1960, Krebs 

1972, Stiling 1992).  Coexistence of similar species can be mediated through niche 

partitioning, predation, or environmental disturbance that keeps population numbers 

below resource limitation (Murray 1979, Wolff 1996).  Animals investigated in this 

study showed no significant habitat preferences in response to the presence of other 

species.  Species co-existence on the Jurien islands, in particular co-existence of 

dibblers and mice, may in part be mediated by fluctuating environmental conditions.   

 

Temporal fluctuations can promote coexistence of species provided there is an 

interaction between the environment and the level of competition, and provided that 

species show differential responses to environmental change (Chesson and Rosenwig 

1991, Chesson 1994).  Differential responses to seasonal change mean that although one 

species may be a superior competitor under certain conditions, another species will be 

dominant under other environmental conditions (Chesson and Huntly 1989).  Periods of 

environmental favourability can be measured by population parameters such as 

numbers, birth rate and juvenile survival (Singelton and Redhead 1990, Chesson and 

Rosenwig 1991, Caughley and Sinclair 1994, Chesson 1994).  In this study dibblers and 

mice differed in their response to weather extremes.  Cool wet winters act to suppress 

mouse populations before their numbers, and hence competition for resources, reach 

intolerable levels for dibblers.  Conversely, dibblers are more tolerant to cool wet 

winters, and their numbers increase over this time due to breeding and the dispersal of 

juveniles.  
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Because of the effect of environmental change on the degree of competition, an increase 

in environmental favourability for abundant species may result in an increase in 

competition (Chesson and Huntly 1989).  In this case, above average temperatures 

combined with below average rainfall over winter periods could lead to decreased 

mortality and increased breeding of mice, potentially leading to an increase in 

competition with native species.  Moro and Morris (2000) reported a similar situation 

between native and introduced mice on Thevenard Island. They suggested that if the 

density of house mice increased above a certain threshold due to higher rates of 

fecundity and a longer breeding season than occurs with native mice, house mice may 

adversely affect the survival of native mice (Moro and Morris 2000).  Coexistence of 

the two species probably occurred due to their different physiological and survival 

responses in a seasonally fluctuating environment.  

 

A reduction in dibbler numbers on Escape may in part be caused by competition with 

large numbers of King’s skinks.  Dibblers and King’s skinks share similar niches with 

respect to shelter, and missing limbs on dibblers are most likely a result of aggression 

from King’s skinks when dibblers intrude on their territory.  Dibblers appear quite 

resilient to aggression, and females missing legs are still able to reproduce and support 

pouch young.  However, it is possible that aggressive King’s skinks occasionally kill 

dibblers.  Chapter 4 discusses the effect of King’s skinks on the body condition of 

dibblers, and Chapter 5 investigates possible competition between the two species for 

food. 
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Chapter 4 

 

Effect of seabirds on body condition and longevity of mammals on the 

Jurien islands 
 

4.1  Introduction 
 

Many studies have documented the importance of islands as refuges for animals at risk 

of extinction (Burbidge 1989, Dickman 1992, Short et al. 1992, Short and Smith 1994, 

Copley 1995, Serena and Williams 1995). Islands offer one of the best prospects for 

long-term conservation of endangered animals, at the same time providing breeding 

grounds for many species of seabirds. In Western Australia, due to the influence of the 

Leeuwin current, tropical seabirds have been expanding their breeding range 

southwards (Dunlop and Wooller 1990, Johnstone and Storr 1998).  Little is known 

about the impact that large numbers of both burrowing and surface-nesting seabirds will 

have on the ecosystem function of individual islands. 

 

Colonisation of seabirds can indirectly affect island habitats through the deposition of 

guano, food scraps, feathers, eggshells and bird carcasses (Anderson and Polis 1998b).  

Seabird guano is rich in nitrogen, phosphorus and potassium, hence nutrients lost by soil 

leaching are often replaced by breeding seabirds (Gillham 1960, Gillham 1963).  

Increases in the concentration of soil nutrients produce ‘bottom up’ effects on other 

trophic levels, such as increases in vegetative growth and primary productivity (Iason et 

al. 1986, Ryan and Watkins 1989, Stapp et al. 1999, Garcia et al. 2002).  In turn, this 

affects both primary and secondary consumers by increasing their abundance and 

reproductive success (Iason et al. 1986, Polis and Hurd 1996a, Markwell and Daugherty 

2002).  However, burrowing seabirds may also act to reduce vegetation structure and 

plant diversity (Bancroft 2004), consequently reducing the number and variety of 

invertebrates (Abbott 1976). 

 

Wolfe (2004), who compared Boullanger and Whitlock, found that the increased 

presence of seabirds on Whitlock had a significant effect on its productivity.  Large 

numbers of the wedge-tailed shearwater, a burrowing seabird, inhabit Whitlock, while 

there are very few shearwaters on Boullanger (Wolfe 2004, Wolfe et al. 2004).  In 
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December 2002, approximately 370 wedge-tailed shearwater burrows per ha were 

recorded on Whitlock, along with a colony of approximately 400 ground-nesting bridled 

terns (Onton 2003, Wolfe 2004).   

 

Previous investigators have thought that burrows of the wedge-tailed shearwater might 

provide dibblers with protection from pressures such as harsh environmental conditions, 

predation and water loss (McCulloch 1998).  Wolfe (2004) showed that large numbers 

of seabirds on Whitlock increased soil nutrient concentrations compared to soil nutrient 

concentrations on Boullanger. Mean available concentration of nitrate nitrogen was 20 

times higher, ammonia nitrogen 7 times higher, phosphorus 9 times higher, potassium 6 

times higher, sulphur 6 times higher and reactive iron 11 times higher on Whitlock than 

on Boullanger (Table 4.1; Wolfe 2004).  There was a significantly greater abundance of 

invertebrates on Whitlock than on Boullanger, probably as a result of the increase in soil 

nutrients and the increase in primary productivity such as vegetative growth (Miller et 

al. 2003, Wolfe 2004).   

 
Table 4.1:  Concentrations of available nutrients on the mainland in Jurien Bay, and on Boullanger, 
Escape and Whitlock.  Results are presented as means ± SE.  Differences in soil nutrient concentrations 
between the mainland and the islands were not tested statistically due to the relatively small sample sizes 
on the mainland and on Escape.  Data taken from Wolfe (2004). 
 
 
 Mainland Boullanger Escape Whitlock 

Shearwater densities Nil Low to nil Intermediate High 

Petrel densities Nil Low Nil Nil 

Nitrate Nitrogen 
(mg/kg) 2.7 ± 0.7 4.2 ± 0.7 16.3 ± 5.1 84.5 ± 18.8 

Ammonium Nitrogen 
(mg/kg) 2.8 ± 0.4 1.2 ± 0.0 3.7 ± 0.8 7.8 ± 1.6 

Phosphorus 
(mg/kg) 27.8 ± 5.0 52.8 ± 4.1 214.2 ± 55.3 470.5 ± 39.2 

Potassium 
(mg/kg) 35.8 ± 4.6 32.1 ± 3.9 122.8 ± 48.0 200.2 ± 25.7 

Sulphur 
(%) 15.5 ± 4.6 9.5 ± 0.7 52.2 ± 11.0 60.8 ± 7.0 

Reactive Iron 
(mg/kg) 36.3 ± 18.8 20.0 ± 2.6 387.0 ± 225.9 218.9 ± 25.4 
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On Boullanger, approximately 196 burrows per ha of the white-faced storm petrel cover 

part of the island from October to January (Onton 2003).  The petrels and their burrows 

are approximately 4 to 6 times smaller than shearwaters and their burrows (Onton 

2003). Concentrations of most soil nutrients tested on Boullanger were similar to those 

on the mainland (Table 4.1), where colonisation of seabirds does not occur (Wolfe 

2004).  Hence, the influence of petrels on ecosystem function on Boullanger is 

considered to be minimal compared to that of shearwaters on Whitlock.   

 

The nutrient status of soils on Escape was intermediate between those found on 

Whitlock and Boullanger, with the exception of values for reactive iron which was very 

high on Escape (Wolfe 2004).  Concentrations of nutrients tested were 3 to 20 times 

greater on Escape than on Boullanger.  This was expected, as the density of shearwaters 

on Escape is approximately 186 burrows per ha (Appendix B), which is intermediate to 

the high densities (370 burrows per ha) found on Whitlock, and the low densities (low 

to nil) found on Boullanger. 

 

The higher productivity of Whitlock was reflected in the body condition and survival of 

dibblers. Due to the increased resources available to them, male and female dibblers on 

Whitlock had greater densities, better body condition indices and longer estimated life 

spans than those on Boullanger (Wolfe 2004, Wolfe et al. 2004).  The body condition of 

an animal refers to its energetic state, so an animal in good condition has higher energy 

reserves (usually fat) than an animal in poor condition (Schulte-Hostedde et al. 2001).  

Hence, measurements of body condition provide insight into the nutritional state of 

animals, and can give valuable information concerning reproductive success, potential 

survival and the general ‘well-being’ of populations (Arnould 1995, Gallivan et al. 

1995).  In female mammals, reproductive traits such as litter mass, number of litters, 

neonatal mass, and breeding life-span increase with body condition (Arnould 1995, 

Gallivan et al. 1995).   

 

The reproductive success of a number of dasyurid species is influenced by the 

phenomenon known as male die-off, or semelparity, where males die from stress after 

an intense breeding season (Lee and McDonald 1985). In most of these species die-off 

is obligate, yet dibblers exhibit facultative die-off (Mills and Bencini 2000), where 

males die only in some years and in some populations (Dickman and Braithwaite 1992, 

Braithwaite and Griffiths 1994). Die-off has been reported on Boullanger in some years, 
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but never on Whitlock or Escape (Mills and Bencini 2000, Moro 2003, Wolfe et al. 

2004).  Good body condition and high fat reserves prior to breeding are vital for males 

that exhibit facultative die-off to survive past the short intense breeding season (Lee and 

McDonald 1985, Oakwood et al. 2001, Wolfe et al. 2004).  It is therefore not surprising 

that the post-breeding survival of male dibblers on Whitlock is significantly greater than 

that of males on Boullanger (Mills and Bencini 2000, Wolfe et al. 2004). If there is a 

link between male die-off and resource availability, increased productivity as a result of 

increased seabird density may lead to greater survival of male dibblers (Wolfe 2004, 

Wolfe et al. 2004).  

 

This chapter describes a study which investigated body condition and estimated life 

span of both dibblers and mice.  Based on numbers of nesting seabirds and findings 

from previous studies, the hypothesis that the body condition and longevity of dibblers 

would be greatest on Whitlock, intermediate on Escape, and least on Boullanger was 

tested.  Dibblers from Escape have not previously been compared with dibblers from 

Boullanger and Whitlock.  Escape lies between Whitlock and Boullanger in terms of 

numbers of nesting seabirds and consequent nutrient concentrations in the soil. As 

discussed in Chapter 3, King’s skinks are aggressive towards dibblers on Escape, and 

this could result in injured individuals having a decrease in body condition.   

 

The body condition and longevity of mice on Boullanger and Whitlock was also 

compared.  Seabirds may affect the population dynamics of mice, as well as those of 

dibblers.  It was therefore expected that mice on Whitlock would have better body 

condition and longer life spans than mice on Boullanger. 

 

Post-breeding die-off of male dibblers was investigated. The percentage of males 

surviving past their first breeding season was expected to be greater on Whitlock than 

on Boullanger.  Male-die off has not previously been reported on Escape, where 

densities of shearwaters and concentrations of soil nutrients are intermediate to those on 

Boullanger and Whitlock.  Therefore, it was expected that males would survive past 

their first breeding season.   
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4.2  Methods  
 

Trapping and animal handling methods have been described in section 2.3.  The 

trapping data used to determine the estimated life span and age-class structure of 

dibblers include data collected during this study, and data collected by H. Mills, K. 

Wolfe and D. Moro from Boullanger, Whitlock and Escape from September 1999 to 

May 2002.   

 

4.2.1   Body condition 

 

The residual index method was used to determine body condition of dibblers and mice.  

Male and female animals were compared separately. Body mass was regressed on pes 

length after the data had been log transformed to meet the assumptions of regression. 

The residual distances of individual points from the regression line were used as an 

index of body condition (Gould 1975).  Dibblers with pouch young and pregnant mice 

were removed from the analysis, so that average weight was not overestimated. A 

number of dibblers on Escape have injuries such as missing limbs and tails, presumably 

from aggression by King’s skinks. These dibblers were also removed from the 

regression, as their inclusion may have underestimated average weight. Their body 

condition was estimated once the regression line had been calculated. 

 

Using the residual index method, a mean body condition is equal to zero. An individual 

with a positive residual is considered to be in better condition than an individual with a 

negative residual (Jakob et al. 1996, Guinet et al. 1998).  The residual approach is 

considered to be the most reliable index of condition (Schulte-Hostedde et al. 2001). 

 

4.2.2 Life span 

 

Minimum life span (in months) was determined from trapping data for dibblers, mice 

and dunnarts. King’s skinks were not given individual marks, therefore it was not 

possible to estimate their longevity.  The approximate age of dibblers and dunnarts can 

be determined due to their distinct breeding seasons (see section 2.2). Dibblers and 

dunnarts that were first caught as adults were assumed to have been alive since the 

previous breeding season, which is in May for dibblers and in August for dunnarts. 
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Mice breed for most months of the year.  The assumption discussed above could 

therefore not be used as their birth month could not be predicted.  Estimated longevity 

of mice was calculated from the date of their first capture to the date of their last 

capture. Calculations of life span are acknowledged to be underestimates. 

 

4.2.3   Comparison of age class structure of male dibblers 

 

The percentage age classes of breeding males (between 1 and 2 years old, between 2 

and 3 years old, and greater than 3 years old), were compared between Boullanger, 

Whitlock and Escape, during spring and winter from 2000 to 2004.  Juvenile dibblers 

less than one year old were not of reproductive age, therefore were not included in the 

analysis.  A comparison of age classes between islands allows for the possibility that the 

observed male die-off on Boullanger during some years could be a reflection of the low 

density of males, hence their low capture rate, rather than the death of all males in the 

population (Wolfe 2004). 

 

4.2.4   Statistical analysis 

 

The statistical package Genstat (7th Edition, VSN International Ltd © 2003, United 

Kingdom) was used for all analyses within and between islands.  Body condition indices 

and estimated life spans were compared between sexes and islands using analysis of 

variance (ANOVA).  Log transformation of data was performed where assumptions of 

ANOVA were not met. Results are presented as means ± standard errors.  Differences 

were considered to be significant when p ≤ 0.05.  

 

4.3   Results 
 

4.3.1   Body condition  

 

Dibblers 

Body condition indices were significantly greater for dibblers on Whitlock (0.047 ± 

0.0203 for males; 0.040 ± 0.0273 for females) compared to dibblers on Boullanger (-

0.026 ± 0.0284 for males; -0.067 ± 0.0256 for females; p < 0.05).  Body condition 

indices of dibblers from Escape (-0.025 ± 0.0275 for males; 0.008 ± 0.0175 for females) 

were intermediate between those on Boullanger and Whitlock.  There were no 
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significant differences in body condition indices between males on Boullanger and 

Escape, however females on Escape had significantly greater body condition indices 

than females on Boullanger (p < 0.05; Table 4.2).  Male and female dibblers from the 

same island showed no significant differences in body condition indices. 

 

Thirty-five percent of dibblers caught on Escape had injuries.  Most were missing part 

or all of their tails, three were missing one hind leg, and one male was castrated.  There 

were no significant differences in body condition indices of injured dibblers (0.073 ± 

0.0497 for males; -0.002 ± 0.0297 for females), compared to body condition indices of 

intact dibblers (-0.070 ± 0.0310 for males; 0.015 ± 0.0216 for females).   Therefore, 

injured dibblers were included in the above comparisons of body condition across 

islands. 
 
 
Table 4.2:  Body condition indices of male and female dibblers on each island. Values are averages ± SE.  
For each row, means followed by different letters are significantly different at the 5% level (p ≤ 0.05). 
 

  Boullanger Whitlock Escape 

Males -0.026 ± 0.0284 a 0.047 ± 0.0203 b -0.025 ± 0.0275 a

Females -0.067 ± 0.0256 a 0.040 ± 0.0273 b 0.008 ± 0.0175 b

 

House mice 

Both male and female mice had significantly better body condition indices on Whitlock 

(0.022 ± 0.0115 for males; 0.073 ± 0.0120 for females) than on Boullanger (-0.035 ± 

0.0162 for males; -0.085 ± 0.0145 for females; Table 4.3). Differences were highly 

significant for female mice (p > 0.001). 

 
Table 4.3:  Body condition indices of male and female house mice on Boullanger and Whitlock islands. 
Values are averages ± SE.  For each row, means followed by different letters are significantly different at 
the 5% level (p ≤ 0.05). 
 

  Boullanger Whitlock 

Males -0.035 ± 0.0162 a 0.022 ± 0.0115 b

Females -0.085 ± 0.0145 a 0.073 ± 0.0120 b
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4.3.2   Life span 

 

Dibblers 

The estimated life span for both male and female dibblers combined was significantly 

different on each island. Combined life spans ranged from 19.2 ± 1.60 months on 

Whitlock, to 15.0 ± 0.89 months on Escape, and 10.3 ± 0.76 months on Boullanger.  

Females lived significantly longer than males on Escape (p = 0.018), but there was no 

significant difference in life span between males and females on Boullanger or 

Whitlock.  

 

Estimated longevity of male dibblers was significantly greater on Whitlock (18.6 ± 2.13 

months) than on Escape (12.2 ± 1.33 months; p < 0.05) or Boullanger (9.9 ± 1.20 

months; p < 0.05; Table 4.4).  Female dibblers on Whitlock (20.0 ± 2.29 months) and 

Escape (16.6 ± 1.13 months), had significantly longer life spans than females on 

Boullanger (10.6 ± 0.97 months; p < 0.05). 

 

Longevity was also calculated removing individuals that were not caught past 6 months 

of age, resulting in the estimated life span of males on Boullanger (14.2 ± 1.97 months) 

being slightly, but not significantly, greater than males on Escape (13.3 ± 1.42 months).  

Estimated longevity remained greatest for both male (22.1 ± 2.26 months) and female 

(22.0 ± 2.36 months) dibblers on Whitlock. 

 

It is interesting to note that the life span of captive dibblers at Perth Zoo that were 

originally collected from the islands is 53.4 ± 4.60 for males (n = 6) and 54.5 ± 11.50 

for females (n = 2; C. Lambert, pers. comm.). 

 

House mice 

Estimated longevity of male and female mice combined was significantly greater for 

mice on Whitlock (2.5 ± 0.09 months) compared to mice on Boullanger (1.3 ± 0.03 

months; p < 0.001).   

 

Both male and female mice had significantly longer life spans on Whitlock (2.4 ± 0.13 

months for males; 2.5 ± 0.12 months for females) than on Boullanger (1.3 ± 0.07 

months for males, p < 0.05; 1.3 ± 0.04 months for females, p < 0.05; Table 4.5). 

Estimated longevity was also calculated for each island excluding those mice that were  
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Table 4.4:  Minimum life span in months of male and female dibblers on each island. Values are 
averages ± SE with the number of individuals analysed listed in brackets below.  Sub-adults were 
classified as those animals that were only caught when they were 6 months old or younger.  For each row, 
means followed by different letters are significantly different at the 5% level (p ≤ 0.05). 
 
 
  Boullanger Whitlock Escape 

Males 9.9 ± 1.20 a 

(43) 
18.6 ± 2.13 b 

(40) 
12.2 ± 1.33 a 

(43) 

Males  - excluding sub-adults 14.2 ± 1.97 a 

(22) 
22.1 ± 2.26 b 

(32) 
13.3 ± 1.42 a 

(38) 

Females 10.6 ± 0.97 a 

(53) 
20.0 ± 2.29 b 

(33) 
16.6 ± 1.13 b 

(76) 

Females - excluding sub-adults 15.9 ± 1.34 a 

(26) 
22.0 ± 2.36 b 

(29) 
17.7 ± 1.13 ab 

(70) 

 
 
 
Table 4.5:  Minimum life span of male and female house mice on Boullanger and Whitlock. Values are 
averages ± SE with the number of individuals analysed listed in brackets below.  For each row, means 
followed by different letters are significantly different at the 5% level (p ≤ 0.05).  
 
 

  Boullanger Whitlock 

Males 1.3 ± 0.07 a 

(269) 
2.4 ± 0.13 b 

(336) 

Males  - excluding those caught once           4.1 ± 0.33 a 

(26) 
       4.8 ± 0.24  a 

(128) 

Females 1.3 ± 0.04 a 

(633) 
2.5 ± 0.12 b 

(511) 

Females  - excluding those caught once 3.7 ± 0.18 a 

(62) 
5.2 ± 0.21 b 

(188) 

 
    
 
Table 4.6:  Minimum life span of male and female dunnarts. Values are averages ± SE with the number 
of individuals analysed listed in brackets below.  Means were not significantly different at the 5% level (p 
≤ 0.05). 
 
 
 Boullanger 

Males 11.6 ± 1.12 
(5) 

Females 11.9 ± 1.68 
(10) 

 



Chapter 4 Effect of Seabirds on Body Condition and Longevity of Mammals 
  

62 

caught only once.  Longevity remained greatest for both sexes on Whitlock (4.8 ± 0.24 

months for males; 4.1 ± 0.33 months for females) compared to Boullanger (4.1 ± 0.33 

months for males; 3.7 ± 0.18 months for females), although differences were not 

significant for male mice.   

 

Dunnarts 

The estimated life span of male and female dunnarts combined was 11.8 ± 1.16 months. 

However, this is based on a sample of 15 animals, so results should be treated with 

caution. There was no significant difference between estimated life span of males (11.6 

± 1.12 months) and females (11.9 ± 1.68 months; p > 0.05; Table 4.6). 

 

4.3.3 Comparison of age class structure of male dibblers 

 

As discussed in section 4.3.2, male dibblers less than one year of age were considered to 

be non-reproductive, and were excluded from analysis. 

 

From 2000 to 2004, 35 males over the age of one were caught on Boullanger.  Twenty-

nine males were between 1 and 2 years old (83%), four were between 2 and 3 years old 

(11%), and two survived past 3 years old (6%).   

 

Captures of male dibblers were greatest on Whitlock, with a total of 113 males captured.  

A greater percentage of males survived past their first and second breeding season – 72 

males were between 1 and 2 years old (64%), 32 were between 2 and 3 years old (28%), 

and 9 males survived to be older than 3 (8%).   

 

Numbers of captures on Escape were intermediate to captures on Boullanger and 

Whitlock, with a total of 63 males caught over the 5 years.  Percentage age classes were 

similar to those on Boullanger, with 55 of these males between 1 and 2 years of age 

(87%), and 8 males between two and three years old (13%).  One male survived past 3 

years of age, however this individual was removed from the analysis as he had been 

castrated, probably by a King’s skink, before he reached his first breeding season.  

Interestingly, this individual was the oldest known dibbler on Escape, and was 55 

months old when last captured.   
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Complete male die-off did not occur on any of the islands from 2000 to 2004, although 

captures of males on Boullanger and Escape were particularly low during spring in 2003 

and 2004, when compared to numbers caught on Whitlock (Figure 4.1).  As well as 

males surviving longer on Whitlock when compared to both Boullanger and Escape, the 

minimum number of males known to be alive was greater on Whitlock at all times. 
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Figure 4.1:  Proportion (%) of adult (> one year old) male dibblers known to be alive (KTBA) on (a) 
Boullanger (b) Whitlock and (c) Escape between 2000 and 2004. Numbers above each column indicate 
sample sizes. 
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4.4   Discussion 
 

The findings reported in this chapter support the hypothesis that body condition and 

longevity of dibblers on Whitlock would be greater than that of dibblers on Boullanger.  

Whitlock also supports greater densities and higher population numbers of both dibblers 

and mice (Chapter 3).  Better body condition, longer estimated life spans and higher 

densities of mammals on Whitlock can be attributed to colonisation of the island by 

seabirds, and the influence this has on the productivity of the island.  Numerous studies 

have investigated the effect that large numbers of seabirds have on the ecosystem 

function of individual islands (Polis and Hurd 1995, Polis and Hurd 1996a, Polis and 

Hurd 1996b, Anderson and Polis 1998b, Sanchez-Pinero and Polis 2000, Bancroft 2004, 

Wolfe 2004). Many researchers have found that large nutrient inputs, via seabird 

colonies and detritus washed onto beaches, have a significant effect on island 

productivity (Polis and Hurd 1995, Polis and Hurd 1996a).  Consequently, both primary 

and secondary consumers (Ryan and Watkins 1989, Polis and Hurd 1996b, Sanchez-

Pinero and Polis 2000) and predators (Anderson and Polis 1998b, Stapp et al. 1999) 

increase their population densities and grow to larger sizes at a faster rate (Polis and 

Hurd 1996a, Stapp and Polis 2003).     

 

The results of this study indicate that the percentage of males surviving past their first 

breeding season was greater on Whitlock than on Boullanger, supporting the theory that 

there is a link between resource availability and male die-off.  Indeed, male dibblers at 

Perth Zoo that had unlimited access to resources, had a lifespan of 53 months (C. 

Lambert, pers. comm.), compared to 22 months, 14 months and 13 months for males on 

Whitlock, Boullanger and Escape respectively.  It is evident that large numbers of 

seabirds may have the ability to influence the life history strategy of the dibbler, as 

suggested by Wolfe 2004 and Wolfe et al. 2004. It is known that the enrichment of 

habitat by seabird colonies can have a positive effect on the lifetime reproductive 

success of large mammals, such as red deer (Iason et al. 1986).   

 

The hypothesis that body condition and longevity of dibblers on Escape would be 

intermediate between those on Whitlock and Boullanger was supported for female 

dibblers.  However, results for males suggest that dibblers on both Boullanger and 

Escape are similar in terms of body condition and longevity, probably because dibblers 

from both these islands exhibit male-die off, which does not occur on Whitlock.  
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Perhaps the most obvious evidence of male die-off on Escape is the presence of the 

castrated male who was 55 months old when last caught, compared to the average 

estimated life span of 13 months for other males on Escape. Complete male die-off did 

not occur in any year from 2000 to 2004.  However, the number of males caught on 

Boullanger and Escape in 2003 and 2004 was exceptionally low, with a maximum of 2 

males caught post breeding season.  This compares to a relatively high number of males 

caught on Escape from 2000 to 2002.  Different trapping regimes may have had an 

influence on the number of males caught.  In this study (which commenced after the 

breeding season of 2002) traps were set in a grid structure, while in the earlier study  

traps were set in lines (Moro 2003).  However, the decline in captures of males on 

Escape also correlates with the decline of females in the population (as discussed in 

Chapter 3), possibly due to the population fluctuating until numbers reach sustainable 

levels. 

 

The results from this study suggested that there was no difference in life span between 

male and female dibblers on Boullanger, and male and females dibbler on Whitlock.  

This is not surprising for animals on Whitlock, as males do not exhibit male die-off.  

However, we would expect that if male die-off was occurring on Boullanger, the 

estimated life spans of females would be greater than that of males.  A possible 

explanation for this is that estimated life spans are based on those animals that are 

caught and are therefore alive.  Males that do not die after the breeding season as a 

result of stress may live to a similar age to females.  However, evidence of male die-off 

is clear from the proportion of males to females that were captured.  During 2003 and 

2004, on both Boullanger and Escape, the number of females known-to-be-alive was at 

least double the number of males known-to-be-alive (Appendix C).  In contrast, 

numbers of males captured on Whitlock were frequently greater or equal to the number 

of females captured.  The results suggest that male die-off was occurring to some extent 

on both Boullanger and Escape.  The sex ratio (male:female) of juveniles that were 

caught from spring 2002 to spring 2004 was 6:7, 5:6 and 1:2 for juveniles on 

Boullanger, Whitlock and Escape respectively (Appendix G).  Greater captures of adult 

females on Boullanger and Escape may also be due to greater numbers of female 

offspring, particularly on Escape. 

 

Surprisingly, aggression from King’s skinks did not have a significant effect on the 

body condition of either male or female dibblers on Escape.  Missing part of the tail 
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does not appear to put dibblers at a major disadvantage. However, two females each 

missing one hind leg, and the castrated male, constituted the most ‘trap happy’ dibblers, 

and were caught on nearly every trip in the same grid.  Dibblers missing a hind leg may 

be more willing to enter traps because they find it more difficult to move long distances 

in search of food.  Nevertheless, the two females were still able to produce pouch young 

in two successive years (see section 3.3.5).  It should be remembered that aggression 

from King’s skinks may kill dibblers immediately, or may thereafter place them at a 

significant disadvantage.  The third female missing a hind leg was caught once as a 

juvenile, but was never recaptured.  She may have subsequently died because she was 

disadvantaged when seeking shelter and when searching for food.  Inexperienced 

juvenile dibblers may be particularly vulnerable to aggression as they have not yet 

learnt to avoid attack, and may have limited reflex ability to escape from danger. 

 

During the breeding season increased levels of circulating testosterone in male dibblers 

lead to high levels of free cortisol (Mills 2004).  Elevated levels of cortisol stimulate 

gluconeogenesis from protein which allows increased activity during the short breeding 

season, but ultimately causes a decrease in body condition (Lee and Cockburn 1985).  In 

addition, free cortisol depresses the immune system and males often die from stress 

related diseases  (Lee and McDonald 1985).  Good body condition and high fat reserves 

are vital for male dibblers to survive past the breeding season, as they can preferentially 

utilise their fat reserves for energy during active periods, rather than deplete protein and 

muscle.  Due to the high levels of stress experienced by males post breeding season they 

may be more vulnerable to attack by King’s skinks.  This may be responsible for the 

decreased longevity of males compared to females on Escape.  Attack by King’s skinks 

may also in part be responsible for the decreased longevity of males on Escape 

compared to males on Boullanger, as numbers of King’s skinks are considerably less on 

Boullanger (Chapter 3).   

 

The hypothesis that mice on Whitlock would have greater body condition and longer 

survival rates than mice on Boullanger was supported.  Tann et al. (1991) found that 

investigation of nutrient abundance was essential for an understanding of the population 

dynamics of house mice, and this study confirmed that seabirds, and their consequent 

nutrient inputs, affect the population dynamics of both dibblers and mice.  Mice do not 

appear to adversely affect body condition and longevity of dibblers on Whitlock, where 
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densities of both dibblers and mice are high.  Body condition and longevity of dibblers 

were greater on Whitlock than on Escape, where mice are not present.   

 

It is evident that colonisation of seabirds has a greater influence over the dynamics of 

both dibblers and mice than the colonisation of mice has on the dynamics of dibblers.  

However, while mice appear to have little or no effect on the body condition and 

longevity of dibblers on highly productive Whitlock, if mice were eliminated from 

Boullanger, which has low productivity, the outlook for survival of dibblers might 

improve.   

 

This study clearly demonstrates that high densities of seabirds positively affect the 

population dynamics of mammals on the Jurien islands. 

  



   68 

 

 



   69

Chapter 5 

 

Influence of seabirds on numbers of invertebrates 

 

5.1   Introduction 
 

The presence of seabirds on islands can influence ecosystem productivity. Changes 

include an increase in vegetation growth and an increase in the abundance of both 

primary and secondary consumers  (Iason et al. 1986, Stapp et al. 1999, Garcia et al. 

2002).  A number of authors have reported higher numbers of invertebrates on islands 

occupied by seabirds than on islands without seabirds (Ryan and Watkins 1989, Polis 

and Hurd 1995, Anderson and Polis 1998a, Stapp et al. 1999).  The main purpose of this 

chapter is to present data on invertebrate availability on each island, and to explore any 

seasonal or habitat changes in availability.  Reasons for observed differences are 

discussed in relation to seabird occupation on the islands, seasonal changes in the 

dynamics of invertebrate populations, and the habitat preferences of mammals presented 

in previous chapters. 

 

Miller et al. (2003) and Wolfe (2004) found greater numbers of invertebrates on 

Whitlock than on Boullanger.  The increase in abundance of invertebrates was attributed 

to greater densities of burrowing seabirds on Whitlock (Wolfe 2004).  Seabirds can 

influence invertebrate abundance in two ways.  Firstly, seabirds can indirectly increase 

concentrations of soil nutrients through the deposition of guano and other materials.  

Nitrogen and phosphorus are vital for plant production and increased amounts of these 

macro-elements can enhance vegetation growth (Anderson and Polis 1998a).  This 

increase in primary production can support a greater number of invertebrates that feed 

on the vegetation.  Secondly, there may be an increase in scavenging invertebrates or 

parasites that feed on seabird carrion, which in turn support a higher number of 

secondary invertebrate consumers such as some species of spiders and beetles (Sanchez-

Pinero and Polis 2000).   

 

In this study the greater density of seabirds on Whitlock was expected to lead to a 

greater number of invertebrates compared to Boullanger.  It has already been shown that 

the body condition and longevity of dibblers is significantly greater on Whitlock than on 
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Boullanger and Escape (Chapter 4).  This may be due to a greater number of 

invertebrates from the Orders that dibblers consume more frequently, but the 

availability of invertebrates on Escape has not previously been compared to the 

availability on Boullanger and Whitlock.  Numbers of nesting seabirds and soil nutrient 

concentrations on Escape are intermediate between those on Boullanger and Whitlock 

(Wolfe 2004), and therefore invertebrate availability on Escape was expected to be 

intermediate to that on Boullanger and Whitlock.   

 

Seasonal fluctuations in invertebrate abundance have been observed in both arid  

(Morton 1978, Read 1987, Gilfillan 2001) and temperate environments (Dickman 1982, 

Statham 1982, Fox and Archer 1984, Bennett and Baxter 1989, Green 1989, Gibson 

2001).  Read (1987) and Dickman (1982) attributed seasonal changes in availability of 

invertebrates to changes in temperature, while Gilfillan (2001) found that invertebrate 

abundance was driven primarily by rainfall.  A common pattern recorded by these 

studies was an increase in invertebrate abundance during spring and summer, and a 

decrease during winter.  Wolfe (2004) found that there was a seasonal effect on the 

availability of some dibbler prey items on Whitlock.  Significantly more beetles, true 

bugs and cockroaches were caught during spring.  Miller et al. (2003) found that greater 

numbers of invertebrates were caught per pitfall trap on Whitlock during winter, 

followed by spring then autumn, although differences were not significant.  In both 

cases (Miller et al. 2003 and Wolfe 2004) only limited sampling was conducted.  In this 

study, invertebrate abundance was expected to increase following the winter rains and 

the resultant increase in lush vegetation.  It was predicted that more invertebrates would 

be caught during spring and that numbers would decrease during summer to a winter 

minimum.   

 

Relationships between habitat preference and food availability have been found for 

other marsupials, including the brown antechinus (Antechinus stuartii; Gullan and 

Robinson 1980), fat-tailed antechinus (Pseudantechinus macdonnellensis; Gilfillan 

2001; Pavey et al. 2003) and brush-tailed phascogale (Phascogale tapoatafa; Soderquist 

1995; van der Ree et al. 2001).  Greater numbers of dibblers were captured in Acacia 

habitats on Boullanger, Rocky habitats on Whitlock, and in Nitraria habitats on Escape.  

Dunnarts on Boullanger also exhibited a preference for Acacia habitats (Chapter 3).  It 

was expected that a preference for these habitats was due to an abundance of prey when 
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foraging, and that therefore the availability of invertebrates would be greatest in these 

habitats. 

 

5.2   Methods 
 

5.2.1   Invertebrate sampling - field collection  

 

Collection of invertebrates from Boullanger, Whitlock and Escape occurred during 

autumn 2003, winter 2003, spring 2003 and summer 2004.  The sampling effort on each 

island was equal, with two replicates per habitat type on each island. In total, there were 

six sites sampled per island for each season.  Habitat types are described in Section 

2.1.2. 

 

In order to sample a wide variety of possible prey for the four study species, five 

methods were used to trap invertebrates: pitfall traps, flying-insect traps, leaf litter 

samples, canopy samples and soil core samples.  Pitfall traps act by intercepting mobile 

ground-dwelling invertebrates, while litter and soil core samples give an estimation of 

litter-dwelling and sub-surface invertebrates. As dibblers are known to be semi-arboreal 

(McCulloch 1998), canopy samples and flying insect traps were used to sample foliage-

dwelling and low-flying invertebrates. 

 

Pitfall traps 

During each sampling period, 24 pitfall traps were set on each island. Two trapping 

grids were used as replicates in each habitat type. At each grid, four pitfall traps were 

placed on the corners of a six metre square.  The pitfall traps consisted of a 250 mL vial 

dug into the ground, so that the top of the vial was flush with the earth’s surface (Figure 

5.1).  Approximately 50 mL of pitfall trap solution, made up of 70% ethanol, 25% 

distilled water and 5% glycerol (Wolfe 2004), was added to each vial.  Pitfall traps 

remained in the field for two consecutive nights, with extra solution added after the first 

night if necessary. Upon collection, traps were secured with a lid, and vials refrigerated 

until analysed. 

 

Flying insect traps 

One flying insect trap (Aeroxon Fly Catcher, Agralan Ltd, Germany) was set at each 

site, so that there were two replicates per habitat.  Flying insect traps consisted of 
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double sided sticky pieces of paper, approximately 30 cm long and 4.5 cm wide. Traps 

were suspended from one bush to another, less than 1m from the ground, and were left 

for two consecutive nights.  Following collection traps were stored in plastic containers 

and sealed until analysed.   

 

 

 

 

 

 

 

 

 
Figure 5.1:  An invertebrate pitfall trap (left) and taking a canopy sample in Foredune Heath habitat on 
Boullanger (right). 
 

Leaf litter samples 

One leaf litter sample was taken at each site.  The surface litter within a 15 cm x 15 cm 

square was taken from a random point in the grid using a collection pan and brush. The 

litter was transferred to a paper bag after which Mortein® Insect Spray (containing 

tetramethrin, bioallethrin and bioresmethrin) was sprayed into the bag to kill any 

invertebrates in the sample. 

 

Canopy samples 

During each sampling period, one canopy sample was taken at each site.  Two to three 

randomly selected plants were vacuumed with a small particle vacuum for 1 minute, 

after which Mortein® Insect Spray was sprayed into the vacuum to kill any 

invertebrates in the collection filter (Figure 5.1). The contents of the collection filter 

were transferred to a small vial, and 70% ethanol added as a preservative.   

 

Soil core samples 

One soil core was sampled from each site.  Soil cores consisted of a 5 cm length of 50 

mm diameter piping that was hammered into the ground in a random spot at each site. 

By digging around the side of each pipe, and placing a cardboard base at the bottom of 

the pipe, the contents of each sample could be transferred to a plastic container.  
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Containers were sealed and stored in a cool, dry place.  Contents were analysed shortly 

after returning from field trips to avoid decomposition of invertebrates. 

 

5.2.2   Invertebrate sampling - laboratory analysis 

 

Pitfall traps 

The contents of each pitfall trap were poured into a Petri dish, and placed under a 

dissecting microscope to aid in identification.  Invertebrates were counted and identified 

to Order by reference to various texts (Harvey and Yen 1989, CSIRO 1990a, CSIRO 

1990b).  Once recorded, invertebrates were stored in smaller vials and preserved with 

70% ethanol.   

 

Flying insect traps 

Each trap was divided into four similar sized pieces, and both sides examined under the 

dissecting microscope.  Invertebrates from each Order were counted.  Due to the 

stickiness of the traps, it was not possible to remove the invertebrates and store them in 

ethanol. Analysed traps were stored back in their plastic containers.   

 

Leaf litter samples 

The contents of each leaf litter sample were weighed and transferred to an aluminium 

tray.  Litter was examined under the dissecting microscope and all invertebrates were 

counted and identified to Order.  Invertebrates were placed in 10 mL vials and stored in 

70% ethanol. 

 

Canopy samples 

The contents of each canopy sample were poured into a Petri dish and examined under 

the dissecting microscope. Invertebrates were counted and identified to Order. 

Invertebrates were placed in 10 mL vials and stored in 70% ethanol. 

 

Soil core samples 

To make sampling easier, soil from each core was divided into different size fractions 

using a nest of sieves. The largest three fractions were: (1) > 4.75 mm; (2) < 4.75 mm > 

2.00 mm; and (3) < 2.00 mm > 1.00 mm.  Each fraction was transferred to a Petri dish, 

labelled and examined under a dissecting microscope.  Invertebrates were counted, 

sorted to Order and stored in a 10 mL vial containing 70% ethanol. 
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5.2.3   Statistical analysis 

 

Analysis of variance (ANOVA) and Fisher’s least significant difference (LSD) 

(GenStat, 7th Edition, VSN International Ltd © 2003, United Kingdom) were used to 

test for a significant difference in the mean number of invertebrates captured for each 

sampling method (pitfall traps, flying insect traps, leaf litter samples, canopy samples 

and soil core samples) on Boullanger, Whitlock and Escape.   

 

Due to the small numbers obtained by using flying insect traps, leaf litter samples, 

canopy samples and soil core samples, only pitfall trap data were used to test (using 

ANOVA and Fisher’s LSD) for significant differences in the average number of food 

items that were preferentially eaten by dibblers (including beetles, larvae, cockroaches, 

true bugs, ants and earwigs: Chapter 6).   

 

A two-way ANOVA and Fisher’s LSD were used to test for seasonal and habitat 

differences in the average number of invertebrates caught in pitfall traps for each 

individual island.   

 

For each statistical analysis, residual plots were checked for normality to ascertain that 

the assumptions of ANOVA were met.  Transformation of data was performed if 

residual plots indicated that the data were skewed, and outliers were removed.  Results 

are presented as means ± standard errors, and differences were considered to be 

significant when p ≤ 0.05.  

 
5.3   Results 
 

5.3.1   Invertebrate community 

 

A total of 16,456 invertebrates from 30 different Orders were collected using the 5 

sampling techniques.  On Boullanger, 4413 invertebrates were caught from 22 Orders; 

on Whitlock 5437 invertebrates were caught from 29 Orders; and on Escape 6606 

invertebrates were caught from 26 Orders (Table 5.1).  The most frequently caught 

orders were flies (Diptera), ants (Hymenoptera), springtails (Collembola), mites and 

ticks (Acarina), true bugs (Hemiptera), beetles (Coleoptera), cockroaches (Blattodea) 

and spiders (Araneae).   
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Table 5.1:  Numbers of invertebrates caught from each Order on each island, using all 5 trapping 
methods.   
 

Order Boullanger Whitlock Escape Total 
     
Acarina 624 202 80 906 
Amphipoda 1 0 0 1 
Araneae 85 87 58 230 
Blattodea 44 398 9 451 
Coleoptera (adults) 346 283 160 789 
Coleoptera (larvae) 21 12 11 44 
Collembola 683 92 406 1181 
Dermaptera 26 34 15 75 
Diptera (adults) 1426 3171 4234 8831 
Diptera (larvae) 0 1 0 1 
Embioptera 0 0 2 2 
Ephemeroptera 0 5 0 5 
Hemiptera 296 382 133 811 
Hymenoptera 731 378 1240 2349 
Isopoda 62 83 7 152 
Isoptera 0 3 1 4 
Lepidoptera (adults) 10 16 3 29 
Lepidoptera (larvae) 2 0 0 2 
Mecoptera 0 2 0 2 
Megaloptera 0 2 0 2 
Neuroptera 1 15 6 22 
Orthoptera 14 143 98 255 
Phasmatodea 0 3 2 5 
Polyxenida 1 1 1 3 
Protura 0 6 4 10 
Pscoptera 0 11 25 36 
Pseudoscorpionida 8 12 7 27 
Scolopendrida 0 1 0 1 
Sigmurethra 0 0 1 1 
Siphonaptera 5 7 48 60 
Thysanura 12 19 18 49 
Thysanoptera 2 0 21 23 
Trichoptera 13 68 16 97 
     
TOTAL 4413 5437 6606 16456 

 

For each trap type, over-abundant invertebrates (that were usually flies, but occasionally 

springtails or ants), were identified and removed from the dataset in the seasons that 

Genstat recognised them as outliers.  The high percentage of flies in pitfall traps is 

probably a result of them being attracted to the alcoholic solution.  Analysis of the 

adjusted data set indicated that over all seasons combined, significantly greater numbers 

of invertebrates per pitfall trap were caught on Whitlock (25.8 ± 2.30) than on 



Chapter 5 Influence of Seabirds on Numbers of Invertebrates 
  

76 

Boullanger (19.7 ± 1.40; p < 0.05; Table 5.1).  Numbers caught per pitfall trap on 

Escape were intermediate to those on Whitlock (p > 0.05) and Boullanger (p > 0.05). 

 

Numbers of invertebrates caught in flying insect traps were significantly greater on 

Escape (57.4 ± 7.10) and Whitlock (48.7 ± 7.90), than on Boullanger (27.9 ± 2.60; p < 

0.05).  However, a significantly greater number of invertebrates were caught in leaf 

litter samples collected from Boullanger (5.8 ± 1.03), compared to those on Escape (3.1 

± 0.60; p < 0.05).  Numbers caught in leaf litter samples from Whitlock were 

intermediate to numbers caught on Boullanger (p > 0.05) or Escape (p > 0.05).  There 

were no significant differences between islands in numbers of invertebrates caught in 

canopy or soil core samples (p > 0.05; Table 5.2).   

 
Table 5.2:  The mean (± SE) numbers of invertebrates captured per trap type on each island over all 
seasons.  In each row, means followed by a different letter are significantly different at the 5% level (p ≤ 
0.05).  Numbers in brackets represent number of Orders identified in each trap type. 
 

 Boullanger Whitlock Escape 

Pitfall traps  (29)    19.7 ± 1.40 a 25.8 ± 2.30 b 22.7 ± 2.00 ab

Flying insect traps  (12)    27.9 ± 2.60 a 48.7 ± 7.90 b 57.4 ± 7.10 b

Leaf litter  (13) 5.8 ± 1.03 b   4.4 ± 0.75 ab 3.1 ± 0.60 a

Canopy  (12) 3.3 ± 0.82 a  3.9 ± 0.64 a 3.0 ± 0.78 a

Soil cores  (9) 0.8 ± 0.12 a  0.7 ± 0.13 a 0.6 ± 0.10 a

 

For all islands combined, a greater number of invertebrates from a more diverse 

selection of Orders were caught in pitfall traps (12,252 invertebrates from 29 Orders), 

followed by flying insect traps (3511 invertebrates from 12 Orders), leaf litter samples 

(399 invertebrates from 13 Orders), canopy samples (244 invertebrates from 12 Orders) 

and soil core samples (50 invertebrates from 9 Orders).   (Refer to Appendices H - J for 

specific details of numbers caught per trap type on each island). 
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Figure 5.2:  Average (± SE) number of (a) beetles, (b) larvae, (c) cockroaches, (d) true bugs, (e) ants and 
(f) earwigs trapped per pitfall trap on Boullanger, Whitlock and Escape.  For each species, different letters 
denote significant differences at the 5% level (p ≤ 0.05). 
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5.3.2   Differences in abundance of dibbler prey items 

 

Dibblers primarily consume beetles, larvae, cockroaches, true bugs, ants and earwigs 

(Chapter 6).  No particular island had greater numbers of all species.  Beetles and 

earwigs were found in greater numbers on Whitlock (1.9 ± 0.30 and 0.3 ± 0.07 

respectively) and on Boullanger (2.5 ± 0.38 and 0.2 ± 0.06 respectively) than on Escape 

(0.9 ± 0.19 and 0.03 ± 0.02 respectively; p < 0.05).  Cockroaches were found in greater 

numbers on Whitlock (4.0 ± 1.55) than on Boullanger (0.4 ± 0.09; p < 0.05) and on 

Escape (0.1 ± 0.03; p < 0.05).    

 

True bugs were found in greater numbers on Whitlock (3.6 ± 1.36) than on Escape (1.1 

± 0.24; p < 0.05), while numbers on Boullanger were between the two (p > 0.05).  

However, ants were found in greater numbers on Escape (12.3 ± 3.20) compared to 

Boullanger (6.9 ± 0.90; p < 0.05) and Whitlock (3.2 ± 0.72; p < 0.05). There were no 

differences in numbers of larvae found on Boullanger, Whitlock and Escape (p > 0.05; 

Figure 5.2).   

 

5.3.3   Seasonal differences in invertebrate availability 

 

Total invertebrate abundance showed no predictable seasonal patterns which occurred 

on all islands, but within individual islands there were significant changes. 

 

On Boullanger, the number of invertebrates caught per pitfall trap did not differ between 

seasons (p > 0.05; Figure 5.3).  Compared to other seasons, the availability of beetles 

(4.2 ± 1.02), ants (9.5 ± 1.70) and earwigs (0.5 ± 0.20) was greatest in summer (p < 

0.05); true bugs (3.3 ± 0.68) in spring (p < 0.05); larvae (0.2 ± 0.10) during winter (p < 

0.05); and cockroaches (0.7 ± 0.23) during autumn (p < 0.05). 

 

On Whitlock, greater numbers of invertebrates were caught during summer (35.9 ± 

7.70) compared to spring (18.8 ± 2.13; p < 0.05; Figure 5.3).  Numbers caught per 

pitfall during winter and autumn were intermediate to those in summer (p > 0.05) and 

spring (p > 0.05).  Compared to other seasons, greater numbers of beetles (3.6 ± 0.90) 

were caught during summer (p < 0.05), and greater numbers of cockroaches (11.5 ± 

5.78) and ants (7.5 ± 2.60) were caught during autumn (p < 0.05). 



Chapter 5 Influence of Seabirds on Numbers of Invertebrates 
  

79

 

 

0

5

10

15

20

25

30

35

40

45

50

Autumn Winter Spring Summer

M
ea

n 
nu

m
be

r o
f i

nv
er

te
br

at
es

/p
itf

al
l t

ra
p

(a)  Boullanger

0

5

10

15

20

25

30

35

40

45

50

Autumn Winter Spring Summer

M
ea

n 
nu

m
be

r o
f i

nv
er

te
br

at
es

/p
itf

al
l t

ra
p

(b)  Whitlock

 ab  ab

  a

  b

0

5

10

15

20

25

30

35

40

45

50

Autumn Winter Spring Summer

M
ea

n 
nu

m
be

r o
f i

nv
er

te
br

at
es

/p
itf

al
l t

ra
p

(c)  Escape

a

 c

bc

b

a a a

a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.3:  Mean (± SE) number of invertebrates captured in pitfall traps during each season on (a)  
Boullanger (b) Whitlock and (c) Escape.  For each island, different letters indicate significant differences 
between seasons at the 5% level (p < 0.05).   
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Figure 5.4:  Mean (± SE) number of invertebrates in pitfall traps in each habitat type on (a)  Boullanger 
(b) Whitlock and (c) Escape.   For each island, different letters indicate significant differences between 
habitats at the 5% level (p < 0.05).   
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On Escape, captures of invertebrates were significantly greater during autumn (39.0 ± 

8.01) compared to spring (27.1 ± 3.00; p < 0.05), summer (22.9 ± 2.61; p < 0.05) and 

winter (6.1 ± 0.80; p < 0.05; Figure 5.3).  Similar to Boullanger and Whitlock, the 

availability of ants was greatest during autumn (17.2 ± 4.90; p < 0.05).  Beetles (1.6 ± 

0.59) and true bugs (3.5 ± 0.75) were captured in greater numbers during spring (p < 

0.05), while cockroaches (0.3 ± 0.11) and larvae (0.3 ± 0.11) were captured in greater 

numbers during winter (p < 0.05). 

 

5.3.4   Effect of habitat on invertebrate availability 

 

On Boullanger, greater numbers of invertebrates were caught per pitfall trap in Acacia 

(24.5 ± 2.90) habitats compared to Foredune Heath (14.4 ± 1.28; p < 0.05) habitats.  

Captures in Heath habitats were between the two (p > 0.05; Figure 5.4).  Greater 

numbers of cockroaches (0.9 ± 0.22) and larvae (0.5 ± 0.13) were caught in Acacia 

habitats (p < 0.05), and greater numbers of earwigs (0.16 ± 0.08) in Foredune Heath 

habitats (p < 0.05).   

 

On Whitlock, captures of invertebrates were similar across all habitats (p > 0.05; Figure 

5.4).  Compared to other habitats on Whitlock, a higher number of beetles (3.5 ± 0.75) 

were caught in Atriplex habitats (p < 0.05), and a higher number of cockroaches (9.3 ± 

4.40) were caught in Nitraria habitats (p < 0.05). 

 

On Escape, a greater number of invertebrates were caught in Nitraria (29.4 ± 6.20) 

habitats than in Rocky (18.0 ± 2.42; p < 0.05) habitats.  Captures in Heath habitats were 

between the two (p > 0.05; Figure 5.4).  There was no effect of habitat on the 

availability of invertebrate types preferred by dibblers (p > 0.05). 

 

5.4   Discussion 
 

5.4.1   Influence of seabirds on invertebrate abundance across islands 

 

The results of pitfall trapping support the hypothesis that Whitlock would sustain a 

greater number of invertebrates than Boullanger, as reported by previous researchers 

(Miller et al. 2003, Wolfe 2004).  The results from pitfall trapping also support the 

hypothesis that invertebrate abundance on Escape would be intermediate to that on 
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Whitlock and Boullanger.  Of particular interest is the abundance of those types of 

invertebrates preferred by dibblers including beetles, larvae, true bugs, cockroaches, 

ants and earwigs.  No one particular island had a greater abundance of all preferred 

types of dibbler prey, however numbers of cockroaches, earwigs and true bugs were 

greatest on Whitlock, and beetles were found in significantly greater numbers on 

Boullanger and Whitlock than on Escape.    

 

The results from this study suggest that invertebrate abundance on Whitlock is 

positively influenced by the presence of large numbers of burrowing seabirds, a theory 

that is supported by numerous studies from around the world (Ryan and Watkins 1989, 

Polis and Hurd 1996a, Anderson and Polis 1998a, Stapp et al. 1999, Sanchez-Pinero 

and Polis 2000, Markwell and Daugherty 2002, Stapp and Polis 2003).  Markwell and 

Daugherty (2002) found an increase in overall invertebrate abundance on islands 

inhabited by seabirds in New Zealand, while Sanchez-Pinero and Polis (2000) found 

that beetle abundance was five times greater on islands inhabited by seabirds in the Gulf 

of California (Mexico).  Polis and Hurd (1995) found that nutrient inputs from seabirds 

positively influenced numbers of spiders and spider-prey, including parasites and 

carcass-scavenging insects such as flies, beetles and ticks. The density of spiders was 

four to five times greater on islands inhabited by seabirds.   

 

The greater densities, better body condition and longer life spans of mammals on 

Whitlock (reported in Chapters 3 and 4) may be a consequence of the greater 

availability of invertebrates on this island, in particular, a greater abundance of Orders 

that mammals more frequently consume.  For opportunistic feeders, insects are a 

nutritionally better-balanced food than plant matter as they provide animals with 

essential nutrients and protein, and have a higher energy content (Luo and Fox 1994).   

 

5.4.2   Seasonal differences in invertebrate abundance 

 

The hypothesis that overall invertebrate availability would be greatest during spring, 

intermediate during summer, and lowest in autumn and winter, was not supported by the 

results of pitfall trapping on Boullanger, Whitlock or Escape.  Invertebrate abundance 

on each island showed no particular trend across seasons.  This was unexpected, as 

numerous mainland studies investigating invertebrate abundance have found a pattern of 

high invertebrate numbers during spring and summer, compared to lower numbers 
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during autumn and winter (Morton 1978, Read 1987, Bennett and Baxter 1989, Green 

1989, Gibson 2001, Gilfillan 2001).  However, the majority of these studies were in 

regions that experience extremes of temperature fluctuations during the year.  The effect 

of season on invertebrate availability may be slightly less on the Jurien islands due to 

more moderate temperature changes across seasons (Figure 2.2).  Previous researchers 

investigating food availability on Boullanger and Whitlock found a pattern of low 

invertebrate abundance in autumn, followed by an increase in winter and spring 

(Stewart 2001, Miller et al. 2003, Wolfe 2004).  However, these studies were based on 

limited time periods and were unable to sample all seasons.   

 

It is possible that sampling methods did not detect an overall increase in invertebrate 

numbers across the three islands during spring or summer due to a combination of the 

sampling intensity and chance.  Although five methods of sampling were used, due to 

time constraints it was only possible to analyse two replicates per habitat type per 

season for flying insect traps, leaf litter samples, canopy samples and soil core samples.  

In addition, very small numbers of invertebrates were caught using these techniques, so 

that only numbers caught in pitfall traps could be used to analyse differences between 

seasons and habitats.  The results must be considered in light of the limitations of 

sampling methods, which are discussed in further detail in section 5.4.4.   

 

Despite the lack of an overall trend in invertebrate abundance across islands, the results 

of pitfall trapping detected a seasonal change in the abundance of particular Orders.  

Beetles, which dibblers eat in the greatest quantities (Chapter 6; Miller et al. 2003; 

Rawlinson 2003), increased in number during either spring or summer on Boullanger, 

Whitlock and Escape.  Wolfe (2004) reported a similar finding for beetles on Whitlock, 

and also reported an increase in numbers of true bugs, earwigs and grasshoppers during 

spring.  This study found that numbers of true bugs increased on Boullanger and Escape 

during spring, and that numbers of ants and earwigs increased on Boullanger during 

summer.  Researchers from around Australia have reported similar findings of increases 

in abundance of particular Orders during spring and summer (Read 1987, Bennett and 

Baxter 1989, James 1991).  In remnant forest vegetation in New South Wales, Bennett 

and Baxter (1989) found that the abundance of beetles, crickets and spiders increased 

during spring and reached peak numbers during summer.  At Fowlers Gap in arid New 

South Wales, Read (1987) reported an increase in beetle numbers during spring and 

summer, while in central Australia, James (1991) reported an increase in true bug 
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numbers following moist spring conditions, followed by a decrease in numbers in 

autumn.  The increase in number of particular Orders during spring and summer of this 

study is probably a result of the increase in rainfall over winter, and the consequent 

increase in vegetative growth for invertebrates to feed on. 

 

During spring, a higher abundance of invertebrates from the Orders that dibblers 

preferentially feed on coincides with the increased levels of food intake that female and 

juvenile dibblers are likely to need at this time.   Dibblers on the islands breed in late 

March and pouch young are born in May (Mills 2004).  Availability of invertebrates 

during spring was investigated during September, when several females were still 

lactating (pers. obs.), and juvenile dibblers were starting to disperse.  Previous 

researchers have reported that the annual breeding cycle of some vertebrates may be 

linked to seasonal increases in prey availability.  Antechinus species mate during winter, 

which was thought to be related to predictable seasonal environments (Braithwaite and 

Lee 1979), so that juvenile dispersal coincided with the spring flush of insects (Dickman 

1982).  Increases of invertebrates in arid regions of Australia have been implicated as a 

factor in the seasonal breeding of both small mammals (Breed 1982) and birds (Schodde 

1982).   

 

5.4.3   Differences in invertebrate abundance across habitats 

 

On Boullanger, a greater mean number of invertebrates per pitfall trap were captured in 

the Acacia habitat, which is preferred by dibblers, dunnarts and mice (Chapter 3).  The 

Acacia habitat also supported greater numbers of beetles, larvae, cockroaches and ants, 

which make up a high percentage of the diet of both dibblers and dunnarts (Chapter 6).  

It is likely that mammals on Boullanger prefer this habitat due to the combination of 

increased availability of both food and shelter.   

 

On Whitlock, invertebrate availability did not differ across habitats, a similar finding to 

that of Wolfe (2004).  Trap success for dibblers on Whitlock was significantly greater in 

both Rocky and Nitraria habitats than in Atriplex habitats (Chapter 3).  Wolfe (2004) 

also reported that dibblers on Whitlock spend the majority of their non-active time in 

Nitraria habitats, and the majority of their active time in Rocky habitats (Wolfe 2004).  

As invertebrate availability is similar in each habitat, their preference for Nitraria 

habitats to shelter in is probably due to the dense vegetation offered by this habitat, 
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while their preference for Rocky habitats during active times may be due to the ease of 

movement around this habitat.   

 

On Escape, a greater mean number of invertebrates per pitfall trap were captured in 

Nitraria habitats, followed by Heath and Rocky habitats.  Trap success of dibblers was 

greatest in Nitraria habitats, followed by Heath and Rocky habitats, therefore it is likely 

that dibblers prefer Nitraria habitats as they support higher numbers of invertebrates.   

 

The density of shearwater burrows on Escape is greater in Nitraria habitats (0.32 

burrows per m2) and Heath habitats (0.02 burrows per m2) than in Rocky areas where no 

burrows are found (Appendix B).  Research in the Gulf of California (Mexico) found 

that on islands supporting burrowing seabirds, the densities of spiders and beetles were 

12 and 6 times greater respectively within the seabird colony than were densities outside 

the colony (Polis and Hurd 1995, Sanchez-Pinero and Polis 2000).  The higher number 

of invertebrates caught in Nitraria habitats on Escape may be due to the greater densities 

of shearwaters and their nutrient inputs.   

 

The hypothesis that invertebrate availability would be greater in those habitats preferred 

by dibblers was supported for results on Boullanger and Escape.  Dibblers probably 

exhibit a preference for Acacia habitats on Boullanger and Nitraria habitats on Escape 

due to the combination of increased food availability and denser vegetation for shelter 

offered by these habitats.  Many small Australian mammals select for habitat with 

vegetation cover that provides both protection and food availability (Serena and 

Soderquist 1989, Moro 1991, Bennett 1993, Wilson et al. 2001).  

 

5.4.4   Limitations of sampling methods 

 

Pitfall traps are commonly used for the collection of terrestrial invertebrates in 

ecological studies  (Greenslade 1964, Luff 1975, Arena 1986, Dickman 1988, Herbert et 

al. 2000, Stewart 2001, Miller et al. 2003).   However, a number of factors may affect 

efficiency of pitfall traps, thus causing bias in the results.  Such factors include the 

diameter and spacing of traps (Ward et al. 2001), the effects of ground vegetation and 

habitat structures on the position of pitfall traps (Southwood 1978), the disturbance 

associated with digging in pitfalls (Gibson 2001), and the attraction of invertebrates to 

the retentive solution (Miller et al. 2003).  Steps were taken to remove bias in this study.  
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Pitfall traps were placed 6 m apart, as Ward et al. (2001) found that placing pitfall traps 

5 or 10m apart resulted in a significantly higher number of species of beetles than when 

traps were placed 1 m apart.  Occasionally it was necessary to place pitfalls slightly 

closer or further apart, as in Rocky habitats it was difficult to find deep enough soil to 

ensure that pitfalls were flush with the substrate surface.  The initial disturbance 

associated with digging in pitfalls means that invertebrates may either be attracted to or 

avoid areas where pitfalls are placed.  Initial disturbance cannot be avoided, however 

pitfalls were left open for two nights so that invertebrates may resume normal activity in 

this time.  Traps were also checked each day to ensure that they had not been disturbed 

by King’s skinks or shearwaters.  Finally, large numbers of flies (and occasionally 

springtails or ants) that were attracted to the alcoholic solution in pitfalls were identified 

as outliers using statistical analysis, and were therefore removed from further 

consideration.    

 

Some researchers have expressed concern that pitfall traps may sample only a small part 

of the invertebrate community (Luff 1975), while others have suggested that pitfall 

trapping confounds measurement of activity with abundance (Greenslade 1964, Fox and 

Archer 1984).  As pitfall trapping works on the theory that invertebrates randomly fall 

into pitfall traps while carrying out normal activities, the method does measure 

invertebrate activity as well as abundance.  However, because increased activity of 

potential prey items means that they are more likely to be encountered by a predator 

(Statham 1982), this method of assessing prey availability was considered appropriate.  

The results from this study also showed that pitfall trapping caught greater numbers of 

invertebrates from a more diverse range of Orders, compared to other trapping methods.  

Fewer invertebrates from a lower number of Orders were captured using the canopy, 

litter and soil core sampling methods.  These methods may prove less effective in 

monitoring food availability as they sample only a brief moment in time, rather than 

pitfall traps and flying insect traps that sampled over two consecutive nights.  Due to the 

patchy distribution of invertebrates, such ‘snapshot’ samples may not represent true 

population sizes (Gibson 2001).   

 

Miller et al. (2003) found a close correlation between the Orders and sizes of 

invertebrates caught in pitfalls and those in the diet of the dibbler.  Based on these 

findings, and on the high number of invertebrates and Orders caught in pitfalls 

compared to other sampling methods, pitfall trapping should be considered the most 
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time efficient method for sampling the diet of dibblers.  As mice, King’s skinks and 

dunnarts also forage on the ground, pitfall trapping was considered an appropriate 

method of capturing the mobile, ground dwelling invertebrates that make up their diet. 
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Chapter 6 
 

 Dietary analysis of study species on the Jurien islands 
 

6.1   Introduction 
 

Large populations of mice and King’s skinks on the Jurien islands may threaten the 

survival of dibblers and dunnarts through competition for food.  The primary aim of this 

part of the study was to investigate the dietary preferences of dibblers, mice, King’s 

skinks and dunnarts on the islands, and thus determine the degree of dietary overlap.  It 

is possible that a significant difference between the diet of mice and dibblers could be 

exploited in the interests of controlling mice.  The second aim was to investigate any 

differences in the diet of dibblers and mice across islands, and the reasons for these 

differences.  The third aim was to investigate any seasonal changes in the diet of 

dibblers and mice.   

 

Past studies have reported that dibblers are primarily insectivorous (Dickman 1986, 

Fuller and Burbidge 1987, Bencini et al. 2001, Miller et al. 2003).  The most recent 

comprehensive study of dibbler diet on Boullanger and Whitlock found that the 

common invertebrates detected in scats were beetles (Coleoptera), followed by 

cockroaches (Blattodea), true bugs (Hemiptera) and earwigs (Dermaptera; Miller et al. 

2003).  Approximately 25% of dibbler diet is plant material (Miller 2000, Bencini et al. 

2001), although some studies have found plant matter to be as high as 40% (Dickman 

1986).  The proportion of plant material consumed may be dependent upon season 

and/or prey availability (McCulloch 1998, Miller et al. 2003).  A number of researchers 

have found that the diet of small mammals changes according to seasonal changes in 

availability of food (Watts and Braithwaite 1978, Bennett and Baxter 1989, Mutze et al. 

1991, Luo and Fox 1994, Chen et al. 1998, Gibson 2001).  The results reported in 

Chapter 5 demonstrate seasonal changes in the abundance of several invertebrate Orders 

that are most often found in dibbler scats. In particular, the availability of beetles, true 

bugs, ants and earwigs increased during spring or summer on at least one island.  In 

addition, several plant species found on the islands fruit or produce seed during spring 

(Rippey and Rowland 1995).  Several researchers have reported findings of Rhagodia 

baccata berries in dibbler scats collected during spring (McCulloch 1998, Stewart 2001, 
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Miller et al. 2003).  Dibblers may alter their diet in response to seasonal changes in the 

availability of both invertebrate and plant material.   

 

Previous research has found no significant differences in diet between dibblers on 

Whitlock and Boullanger (McCulloch 1998, Stewart 2001).  Based on past findings, two 

hypotheses were tested; (1) dibblers on each island would show seasonal changes in diet 

based on the availability of food items; and (2) there would be no significant differences 

in diet between dibblers on Boullanger, Escape and Whitlock.  

 

The remains of vertebrates, including mouse bone and hair, feathers and lizard scales, 

have been found in the scats of island dibblers (Dickman 1986, Bencini et al. 2001).  

More recent studies have found no evidence of vertebrate bones, indicating that the 

ingestion of adult mice is not common (Bencini et al. 2001).  Most records of dibblers 

consuming vertebrate prey are from dibblers caught in pitfall traps with mice and 

dunnarts (Start 1998).  However, dibblers may consume neonatal mice if they are able 

to obtain them from nests.  Neonatal mice are hairless and their bones are soft, so their 

consumption by dibblers may not be evident from scat analysis.  This possibility was 

investigated by examining the scats of captive dibblers that were known to have fed on 

neonatal mice.   

 

Grey-bellied dunnarts are primarily insectivorous, with invertebrates constituting 

approximately 95% of their diet (Dickman 1988).  Theoretical explanations of body 

size-prey size relationships suggest that smaller predators specialise in eating smaller 

prey (Dickman 1988, Fisher and Dickman 1993a).  However, Dickman (1988) found 

that smaller dasyurids such as the dunnart are still capable of grasping and piercing 

larger prey.  It was hypothesised that dibblers and dunnarts on Boullanger would select 

for similar Orders of invertebrates, thus, the percentage overlap in their fine-scale diet 

would be high.  For the purposes of this study, the degrees of dietary overlap are 

classified as very low, low, moderate, high and very high.  The percentage overlap of 

each category is defined in section 6.2.4. 

 

House mice exhibit an opportunistic foraging strategy allowing them to utilise a wide 

range of habitats.  Their dietary intake is primarily influenced by seasonal changes in 

food availability and competition within and between species (Whitaker 1966, Copson 

1986, Miller and Webb 2001). House mice have been reported as herbivorous 
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(Whitaker 1966), granivorous (Newsome 1969, Singelton and Redhead 1990) and 

omnivorous (Berry 1968, Berry and Tricker 1969, Thompson 1982), although mice 

occupying these feeding niches commonly supplement their diet with insects during 

periods of reproduction and growth.  Consumption of insects by house mice is most 

likely to occur when they are in high abundance, as rodents are primary herbivores and 

have not evolved physiologically and morphologically to prey on insects (Luo et al. 

1994).   However, an increasing number of authors have reported a high proportion of 

insects in the diet of house mice both overseas  (Whitaker 1966, Miller and Webb 2001, 

Le Roux et al. 2002, Smith et al. 2003) and in Australia (Watts and Braithwaite 1978, 

Copson 1986, Moro and Bradshaw 2002), suggesting that mice have a greater 

dependence on invertebrates than was previously recognised.   

 

Mice on Boullanger and Whitlock have been reported as primarily herbivorous (Miller 

2000, Stewart 2001, Miller et al. 2003).  However, Stewart (2001) found that the scats 

of mice from Whitlock contained significantly more animal matter (34%) than the scats 

of mice from Boullanger (10%).  Based on previous findings, it was predicted that the 

percentage overlap in fine-scale diet between dibblers and mice on Boullanger would 

be low.  Similarly, it was hypothesised that overlap in fine-scale diet between dunnarts 

and mice on Boullanger would be low.  Mice from Whitlock were expected to eat 

greater amounts of invertebrate material than mice from Boullanger.  Therefore, it was 

predicted that the percentage overlap of fine-scale diet between dibblers and mice on 

Whitlock would be moderate.   

 

Mice from both islands were expected to show seasonal changes in consumption of 

invertebrates.  A greater proportion of pregnant females were found on Boullanger and 

Whitlock during spring (section 3.3.6), hence consumption of invertebrates was 

expected to increase during this season.  The proportion of invertebrate remains found 

in mouse scats was also expected to show a significant positive correlation with 

seasonal changes in the availability of invertebrates.  This study found no consistent 

seasonal pattern in invertebrate abundance across Boullanger, Whitlock and Escape, 

although numerous mainland studies have reported a pattern of high invertebrate 

numbers during spring and summer (Morton 1978, Bennet and Baxter 1989, Gibson 

2001, Gilfillan 2001).  Therefore, consumption of invertebrates was expected to be 

greatest during spring and summer, and less during autumn and winter. 
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The diets of adult and juvenile King’s skinks are remarkably different in the relative 

proportions of plant and animal matter ingested (Richards 1990).  Juvenile King’s 

skinks are predominantly insectivorous until reaching a snout to vent length of around 

130 mm, after which their diet is predominately herbivorous (Arena 1986, Richards 

1990).  As a species the King’s skink should be regarded as omnivorous (Brown 1983, 

Richards 1990).  The most recent study of the diet of King’s skinks on Escape found 

that adult scats contained 1.6% invertebrate material, compared to juvenile and sub-

adult scats which contained 12.6% and 10.3% invertebrate material respectively 

(Rawlinson 2003).  Percentage overlap of fine-scale diet of dibblers and adult King’s 

skinks, and King’s skinks as a species, was expected to be low.  However, it was 

hypothesised that percentage overlap of fine-scale diet between dibblers and juvenile or 

sub-adult King’s skinks would be high.   

 

6.2   Methods 
 

6.2.1   Collection of faecal samples 

 

Field 

Faecal samples were collected from Elliott and pitfall traps used to capture dibblers, 

dunnarts, mice and King’s skinks.  Scats that had visible bait contamination were 

discarded.  Scats were collected on a seasonal basis on each island from May 2002 to 

October 2004. 

 

Zoo 

To ascertain whether consumption of neonatal mice is evident in the scats of dibblers, 

five dibblers from Perth Zoo were fed on baby house mice for five days, and their scats 

collected and frozen until later analysis.  Protocol required that the dibblers also 

remained on their morning feed of live insects. 

 

6.2.2   Preparation of slides 

 

The method used was a variation of the methods used by Moro and Bradshaw (2002) 

and Miller et al. (2003).  For analysis of dibbler, mice and dunnart faeces, scats were 

removed from the freezer and approximately 2 mL of 70% ethanol were added to vials 

to soften the contents. After two days, each sample was removed from the ethanol and 
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transferred to a 30 mL vial. One mL of hot water was added to dissolve fats and aid in 

the separation of the fragments. The scats were gently macerated using a blunt 

dissecting needle.  Two drops of 1% basic Fuschin were added to highlight the cellular 

structures of plant material.  After one hour the contents of the vials were rinsed twice 

with water.  Excess water was decanted after each rinse using a syringe.  Scat contents 

were then transferred to a Petri dish. 

 

The method used for analysis of King’s skink samples was similar, although volumes 

were increased due to the larger size of the scats.  Twenty mL of ethanol were added to 

each sample, after which approximately 5 mL of hot water were added.  Scats were then 

stained with six drops of basic Fuschin dye. 

 

Broad-scale diet composition 

The contents of the Petri dish were placed under a dissecting microscope, and diet was 

initially classified into broad food categories.  A grid divided into 5 mm squares was 

placed beneath the Petri dish. On this grid, 10 random squares were highlighted. For 

each scat, observations of the ratio of fruit and seed / plant / invertebrate / vertebrate / 

unidentifiable matter were recorded from the highlighted squares, using a magnification 

of 40x.  Soil, bait and hair that was presumably ingested during feeding or grooming, 

and any other matter that could not be identified, was classified as unidentifiable matter.  

Results are presented as the relative frequency of occurrence (%) of broad-scale food 

items in scats, which is a recommended procedure for comparisons between species 

(Hansson 1970, Luo et al. 1994).  Relative frequency of occurrence was calculated by 

averaging the percentage of broad-scale food items in each scat. 

 

The number of scats analysed at the broad-scale level totalled 173 dibbler scats (44 from 

Boullanger, 61 from Whitlock and 68 from Escape); 124 mouse scats (61 from 

Boullanger and 63 from Whitlock); 34 King’s skinks scats from Escape, and 10 grey-

bellied dunnart scats from Boullanger.  Approximately three mouse and dibbler scats 

were randomly chosen from each of the three habitat types per island per season, from 

summer 2003 to spring 2004.  Low capture rates or lack of scats in traps meant that this 

was not always possible.  All scats collected from King’s skinks and dunnarts from May 

2002 to October 2004 were analysed.    
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Fine-scale diet composition 

From each Petri dish, larger pieces of both plant and invertebrate material were 

removed, placed on a slide, and examined under 100x and 400x magnification.  

Invertebrates were identified to Order, and plants were identified to genus or, where 

possible, species. Identification of invertebrates was made possible through preparation 

of a reference collection (see below), reference to texts (Harvey and Yen 1989, CSIRO 

1990a, CSIRO 1990b) and sketches made by Miller (2000). It was not always possible 

to identify larvae in scats to a specific Order.  For this reason, larvae that were presumed 

to be either fly larvae (Diptera), moth larvae (Lepidoptera) or beetle larvae (Coleoptera) 

were grouped together as one.   

 

Recognition of plant tissue in scats is based on identification of epidermal cells of 

leaves and stems, as for many animals there is little or no digestion of epidermal cells 

(Storr 1960, Hansson 1970).  Two assumptions are implicit in this study; that there is 

equal digestibility of food items between and within species, and that errors associated 

with sampling are reduced by replication and pooling of data (Storr 1960).  Plant 

features used to aid with identification included the orientation of epidermal cells 

(dicotyledon vs. monocotyledon), the size and arrangement of stomata and associated 

subsidiary cells, and the shape and size of unspecialised cells (Storr 1960, Hansson 

1970).  Fragments that were initially unidentifiable were photographed and kept for 

future reference.  

 

Three mouse scats from Boullanger and two from Whitlock contained no fragments that 

were identifiable at the fine-scale level, hence these were removed from the analysis.  

From the remaining 336 scats, 55 food categories were identified, including 14 species 

of seed, 4 monocotyledon species, 22 dicotyledon species, 10 invertebrate Orders and 

the remains of birds, mice, reptiles, larvae and egg shell.   The percentage frequency of 

occurrence of food categories was calculated by averaging the relative proportion of 

individual food types in each scat.  Food types that contributed 0.5% or less to the diet 

of each species on an island are not presented in the results, but were included in all 

analyses of diet diversity and percentage overlap of diet between species. 
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6.2.3   Reference collection 

 

A collection of reference slides for invertebrate and plant material was prepared and 

used to aid in identification.  Once analysed, invertebrates collected as part of the food 

availability investigation (Section 5.2) were cut up using a scalpel blade to simulate 

digestion, and set onto a microscope slide.  To prepare a plant reference slide, plant 

material was collected from the study site and sections of leaf, stem, seed, root, berries 

and flowers were set as permanent mounts. A layer of clear nail polish was applied to 

both the adaxial and abaxial surfaces of leaves and stems. Once the nail polish had 

dried, it was possible to peel off a section.  Sections of nail polish and plant were 

stained with two drops of basic Fuschin dye to highlight cell structures, and the sample 

left for one hour.  The material was then rinsed, placed on a microscope slide and air-

dried for 24 hours.  Examination under a high power microscope showed the position 

and orientation of cellular structures and stomata, which is different for each species 

(Storr 1960, Hansson 1970).  Digital photographs of both invertebrate and plant 

reference slides were taken to enable easier comparison and identification of fragments 

in scats.  Figures 6.1 and 6.2 show the appearance of epidermal cells in reference photos 

of Carpobrotus virescens and Spinifex longifolius respectively, and compare them to the 

appearance of epidermal cells in plant fragments found in scats. 

 

6.2.4   Statistical analysis 

 

Analysis of variance (ANOVA) was considered to be an appropriate technique to test 

statistical significance between two or more means (Johnson and Bhattacharyya 1996).  

Analysis of variance and Fisher’s least significant difference (LSD) for comparison 

between means were used to compare differences in broad-scale diet between species, 

using GenStat (7th Edition, VSN International Ltd © 2003, United Kingdom).  Log 

transformation of data was performed where assumptions of the ANOVA were not met.  

Results are presented as means ± standard errors.  Differences were considered to be 

significant when p ≤ 0.05.   

 

A Shannon-Weiner index was applied to compare the diversity of the fine-scale diet 

composition of each species (Krebs 1989, Moro and Bradshaw 2002).  The percentage 

overlap of broad-scale and fine-scale dietary items was calculated using the Renkonen 

measure,  which is considered one of the best indicators of percentage overlap between 
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Figure 6.1:  Epidermal cells from Carpobrotus virescens:  as seen in (a) a plant reference slide, and (b) a 
dibbler scat.  Identification was based upon size and shape of unspecialised cells and presence of stomata. 
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(a) 

 

(b) 

 
 
Figure 6.2:  Epidermal cells from Spinifex longifolius:  as seen in (a) a plant reference slide, and (b) a 
house mouse scat.  Identification was based upon size and shape of unspecialised cells and presence of 
stomata. 
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species (Krebs 1989).  For the purposes of this study, the percentage of dietary overlap 

was classified according to the following categories:  

• very low:  0% to < 20% overlap 

• low:  20% to < 40% overlap 

• moderate:  40% to < 60% overlap  

• high:  60% to < 80% overlap, and  

• very high:  80% to 100% overlap.   

 

Seasonal changes in the percentage of invertebrates found in the broad-scale diet of 

dibblers and mice were correlated with the frequency of occurrence (%) of invertebrates  

in each season (Chapter 5).  Frequency of occurrence was calculated by dividing the 

number of invertebrates collected in one season by the total number of invertebrates 

collected, using numbers caught from all trap types (including pitfall traps, flying insect 

traps, leaf litter samples, canopy samples and soil core samples). 

 

6.3   Results 
 

6.3.1   Zoo scats 

 

Twenty-nine scat samples were analysed. Any material that appeared to be vertebrate 

was removed from the Petri dish and photographed. From 29 scats, 7 showed what 

appeared to be consumption of neonatal mice (24.1%).  These scats contained small 

pieces of pink flesh, as shown in Figure 6.3.  When breaking apart the scat, flesh parts 

were distinct from other darker parts of the scat (ie. the remains of exoskeleton), as they 

were lighter in colour and different in texture.  The remaining 22 scats showed no 

evidence of the consumption of neonatal mice. 

 

6.3.2    Dietary overlap on each island 

 

6.3.2.1  Boullanger 

 

Broad-scale dietary composition 

Analysis of 44 dibbler scats and 61 mouse scats from animals on Boullanger revealed 

that there were significant differences (p < 0.05) in all broad-scale food groups  
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Figure 6.3:  Evidence of the consumption of neonatal house mice found in scats collected from dibblers 
at Perth Zoo: (a) wet pieces of flesh (b) flesh air-dried for 24 hours.  Dibblers were fed on house mice for 
a period of 5 days.  Seven scats contained similar small pieces of flesh. 
 

consumed by the two species (Figure 6.4).  Dibblers consumed 23.0% fruit and seed, 

3.4% plant, 51.1% invertebrate, 9.2% vertebrate and 13.2% unidentifiable material. In 

comparison, mice consumed 5.2% fruit and seed, 50.1% plant, 16.2% invertebrate and 

28.5% unidentifiable material.  No vertebrate remains were identified in mice scats, 

therefore statistical analysis was not possible as the variance of the mouse samples was 

zero.  The percentage overlap of broad-scale food categories between dibblers and mice 

on Boullanger was 24.8%. 

 

Ten dunnart scats contained 0.5% fruit and seed, 9.5% plant, 72.5% invertebrate and 

17.5% unidentifiable material.  There was an overlap of 55% in broad food groups 

between dibblers and dunnarts, and an overlap of 26.2% between dunnarts and mice. 

 

Fine-scale dietary composition 

A 34.2% overlap of the fine-scale categories was identified between dibblers and mice 

on Boullanger (Table 6.1).  The greatest overlap was the type of fruit and seed eaten 

(66.7%), followed by type of invertebrate (57.7%) and species of dicotyledon (34.8%).  

There was no overlap in species of monocotyledon consumed.  The Shannon-Weiner 

index indicated that an average of 3.9 and 4.5 species were found in each dibbler and 

mouse scat respectively.   

 

Invertebrates constituted 60.0% of the fine scale diet of dibblers, the most common food 

type being beetles (18.5%) and larvae (11.9%).  The majority of plant material in 
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dibbler scats was from dicotyledon species, in particular the seeds of Rhagodia baccata 

(17.4%).   

 

Dicotyledon plant material formed the bulk of the diet of mice on Boullanger (57.8%), 

the most common plant species in scats being Carpobrotus virescens (9.2%), 

Tetragonia decumbens (9.2%) and Rhagodia baccata (9.0%).  The saltbush species  

Atriplex isatidea and Atriplex cinerea were also consumed (5.5% and 4.2% 

respectively).  

 

Fine-scale analysis of dunnart scats showed that their diet consisted mainly of 

invertebrates (87.6%), the majority of which were beetles (44.6%; Table 6.1).  

However, this is based on a limited sample of 10, so results should be treated with 

caution.  A 40.5% overlap of fine scale categories was identified between the diets of 

dunnarts and dibblers, and a 25.4% overlap between the diets of dunnarts and mice.  

There was considerable overlap in the type of invertebrate eaten by dunnarts and 

dibblers (67.3%) and by dunnarts and mice (41.3%).  The Shannon-Weiner index 

indicated that an average of 2.4 species was found in each dunnart scat. 
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Figure 6.4:  Comparison of broad-scale food categories found in faecal pellets of dibblers, house mice, 
dunnarts and King’s skinks on (a) Boullanger, (b) Whitlock and (c) Escape.  Each bar represents the mean 
± standard error of a food item present in the faecal pellets of a species.  For each island, different letters 
denote significant differences between species in their consumption of a food type (p ≤ 0.05). 
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Table 6.1:  Relative frequency of occurrence (%) of fine-scale food categories (all trips combined) in the 
faecal pellets of dibblers (n=44), house mice (n=58) and dunnarts (n=10) on Boullanger. Monocotyledon 
and dicotyledon species includes leaf, stem and root.  Food types that contributed 0.5% or less to the diet 
of each species are not presented. 
 
 
 
Food Item Occurrence (%) 
 Dibbler House Mouse Dunnart 
Monocotyledon fruit and seed    
     Avena barbata 0 0.8 0 
     Grass seed D 1.1 0.3 0 
     Grass seed E 2.9 1.9 0 
     Grass seed F 3.0 0.1 0 
Dicotyledon fruit and seed    
     Acanthocarpus preissii 0.8 0 0 
     Rhagodia baccata 17.4 5.8 0.8 
     Seaweed 0 1.6 0 
Monocotyledon species    
     Avena barbata 0 5.2 0 
Dicotyledon species    
     Atriplex cinerea 0 4.2 3.3 
     Atriplex isatidea 0.1 5.5 0 
     Carpobrotus virescens 2.5 9.2 0 
     Malva australiana 0 1.1 0 
     Myoporum insulare 1.0 0 0 
     Olearia axillaris 0.5 3.6 0 
     Rhagodia baccata 0 9.0 3.3 
     Scaevola crassifolia 0.2 1.6 0 
     Senecio lautus 0 0.6 0 
     Spinifex longifolius 0 0.9 0 
     Tetragonia decumbens 0.1 9.2 0 
     Threlkeldia diffusa 0 1.6 0 
     Trachyandra divaricata 1.3 3.7 5.0 
     Species A 0 2.2 0 
     Species B 0 4.5 0 
     Weed species C 0 0.9 0 
Invertebrate Order    
     Araneae 2.1 1.8 0 
     Blattodea 4.5 0 5.0 
     Coleoptera 18.5 4.5 44.6 
     Dermaptera 8.5 0.3 23.3 
     Diptera 2.2 3.0 0 
     Hemiptera 5.5 5.1 10.3 
     Hymenoptera 1.5 4.7 1.4 
     Lepidoptera 4.6 0 0 
     Orthoptera 0.7 0 0 
     Larvae 11.9 5.8 3.0 
Vertebrate    
     Bird remains 4.0 0 0 
     Mouse remains 3.9 0 0 
    
Shannon-Wiener Diversity Index 3.9 4.5 2.4 
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6.3.2.2   Whitlock 

 

Broad-scale dietary composition 

For animals on Whitlock, differences in the proportions of fruit and seed, plant and 

invertebrate matter found in 61 dibbler scats were highly significant compared to the 

proportions found in 63 mouse scats (p < 0.01; Figure 6.4).  Dibbler scats contained on 

average 4.5% fruit and seed, 6.5% plant, 67.6% invertebrate and 7.8% vertebrate 

material. In comparison, mouse scats contained 22.6% fruit and seed, 27.0% plant and 

26.9% invertebrate material. No vertebrate material was identified in mouse scats.  The  
 
 
Table 6.2:  Relative frequency of occurrence (%) of fine-scale food categories (all trips combined) in the 
faecal pellets of dibblers (n = 61) and house mice (n = 61) on Whitlock.  Monocotyledon and dicotyledon 
species includes leaf, stem and root.  Food types that contributed 0.5% or less to the diet of each species 
are not presented. 
 
 
Food Item Occurrence (%) 
 Dibbler House Mouse 
Monocotyledon fruit and seed   
     Grass seed E 1.4 0.3 
     Grass seed F 0.9 0.5 
Dicotyledon fruit and seed   
     Rhagodia baccata 2.7 26.7 
     Spinifex longifolius 0.6 0.5 
Monocotyledon species   
     Avena barbata 0.1 3.5 
     Grass species C 0 1.0 
Dicotyledon species   
     Atriplex cinerea 2.6 5.6 
     Carpobrotus virescens 1.1 3.8 
     Nitraria billardierei 1.0 5.8 
     Olearia axillaris 0.1 2.1 
     Rhagodia baccata 0 1.0 
     Spinifex longifolius 0.3 1.3 
     Tetragonia decumbens 0 1.7 
     Threlkeldia diffusa 0 0.8 
     Trachyandra divaricata 0 1.8 
     Species B 0.3 1.4 
Invertebrate Order   
     Araneae 1.8 0.8 
     Blattodea 7.6 0.8 
     Coleoptera 21.5 14.2 
     Dermaptera 9.7 0.8 
     Diptera 1.4 0.1 
     Hemiptera 5.8 3.7 
     Hymenoptera 2.5 4.4 
     Lepidoptera 0.7 0 
     Larvae 27.0 14.9 
Vertebrate   
     Bird remains 6.3 0 
     Mouse remains 2.6 0 
   
Shannon-Wiener Diversity Index 3.4 3.7 



Chapter 6 Dietary Analysis of Study Species 
  

104 

remaining 13.5% for dibbler scats and 23.5% for mouse scats was unidentifiable.  The 

percentage overlap of broad-scale diet between dibblers and mice on Whitlock was 

37.9%, which is noticeably higher than the overlap of 24.8% found on Boullanger. 

 

Fine-scale dietary composition 

The percentage overlap of fine-scale food categories found in dibbler and mouse scats 

was 48.3%, of which the majority was the amount of insect material eaten.  There was  

 
Table 6.3:  Relative frequency of occurrence (%) of fine-scale food categories (all trips combined) in the 
faecal pellets of dibblers (n=68) and King’s skinks (n = 34) on Escape.  Monocotyledon and dicotyledon 
species includes leaf, stem and root.  Food types that contributed 0.5% or less to the diet of each species 
are not presented. 
 
Food Item Occurrence (%) 
 Dibbler King’s skink 
Monocotyledon fruit and seed   
     Avena barbata seed 0.8 2.3 
     Grass seed E 1.2 0 
     Grass seed F 1.1 0.1 
Dicotyledon fruit and seed   
     Nitraria billardierei 0 10.7 
     Rhagodia baccata  1.3 27.8 
     Scaevola crassifolia  0 8.3 
     Senecio lautus 0 6.2 
     Spinifex longifolius  0.1 0.7 
     Threlkeldia diffusa 3.0 0.4 
     Seaweed 0 5.6 
Monocotyledon species   
     Grass species G 0 1.0 
Dicotyledon species   
     Atriplex cinerea 1.5 2.0 
     Carpobrotus virescens 0.6 7.5 
     Mesembryanthemum crystallinum 0.7 0 
     Olearia axillaris 0.6 2.4 
     Scaevola crassifolia 0.1 0.7 
     Spinifex longifolius 1.9 4.2 
     Threlkeldia diffusa 0 2.6 
Invertebrate Order   
     Araneae 2.0 0 
     Blattodea 10.2 3.2 
     Coleoptera 27.8 1.5 
     Dermaptera 7.1 3.6 
     Diptera 1.1 0 
     Hemiptera 8.4 0.6 
     Hymenoptera 2.3 0 
     Isopoda 1.1 0 
     Lepidoptera 0.8 0 
     Orthoptera 1.5 0 
     Larvae 20.2 6.3 
Vertebrate   
     Bird remains 0.1 0 
     Egg shell 0.7 0 
   
Shannon-Wiener Diversity Index 3.5 3.7 
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considerable overlap (79.1%) in the Order of invertebrate and in the species of 

dicotyledon (63.9%) and monocotyledon (60.0%) consumed by dibblers and mice. The 

most common invertebrates found in both dibbler and mouse scats were beetles (21.5% 

for dibblers and 14.2% for mice) and larvae (27% for dibblers and 14.9% for mice). The 

majority of larvae were from flies, but beetle and moth larvae were also present.  

Berries of the fruiting Rhagodia baccata formed a large component of mouse scats 

(26.7%), but were found in relatively smaller proportions in dibbler scats (2.7%).  Both 

dibblers and mice preferred dicotyledons over monocotyledons, the most frequently 

consumed species being Nitraria billardierei, Atriplex cinerea and Carpobrotus 

virescens.   

 

The Shannon-Weiner index indicated that an average of 3.4 and 3.7 species were found 

in each dibbler and mouse scat respectively (Table 6.2).   

 

6.3.2.3   Escape 

 

Broad-scale dietary composition 

Broad-scale analysis of 68 dibbler scats and 34 King’s skink scats from Escape 

indicated highly significant differences in the amount of fruit and seed, plant and 

invertebrate material eaten by the two species (p < 0.01; Figure 6.4).  No vertebrate 

remains were found in the scats of King’s skinks.  The scats of dibblers contained 5.4% 

fruit and seed, 8.5% plant, 72.9% invertebrate, 0.5% vertebrate and 12.7% 

unidentifiable material, compared to the scats of King’s skinks which contained 50.1% 

fruit and seed, 26.0% plant, 13.2% invertebrate and 10.7% unidentifiable material.  The 

percentage overlap of broad-scale food categories between dibblers and King’s skinks 

was 27.1%. 

 

Fine-scale dietary composition  

A 23.4% overlap in fine-scale categories was identified between dibblers and King’s 

skinks, of which 15.4% were invertebrates (Table 6.3).  There was considerable overlap 

in the Order of invertebrate consumed (60.4%).  However, fruit and seed formed 62.6% 

of the diet of King’s skinks, and there was relatively little overlap (23.5%) with the 

species of fruit and seed eaten by dibblers.  The scats of King’s skinks frequently 

contained Rhagodia baccata berries (27.8%), Scaevola crassifolia seeds (8.3%), 

Senecio lautus seeds (6.2%) and seaweed (5.6%).  Dibbler scats contained markedly 
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less fruit and seed material, the most common being from Threlkeldia diffusa (3.0%) 

and Rhagodia baccata (1.3%).  Both animal species appeared to feed more frequently 

on dicotyledon plant material (7.4% for dibblers and 20.2% for King’s skinks) rather 

than monocotyledon material (1.3% for King’s skinks and 0.3% for dibblers).  Overlap 

of dicotyledon material was 50.6%, with both animals consuming greater amounts of 

Carpobrotus virescens, Atriplex cinerea and Spinifex longifolius than other plant 

species. The Shannon-Weiner index indicated that an average of 3.5 and 3.7 species was 

found in each dibbler and King’s skink scat respectively.   

 

6.3.2.3.1   Differences in age classes of King’s skinks 

 

Broad-scale dietary composition 

Significantly greater amounts of invertebrate material were found in the scats of 

juvenile (55.0 ± 15.00%) and sub-adult (40.4 ± 23.33%) King’s skinks, compared to the 

scats of adult King’s skinks (7.3 ± 3.51%; p < 0.05; Table 6.4).  The amount of fruit and 

seed material found in scats of sub-adult King’s skinks was significantly less (5.0 ± 

2.89%) than the amount found in scats of adult King’s skinks (58.2 ± 6.08%; p < 0.05).  

No fruit and seed material was identified in the scats of juvenile King’s skinks.  

Percentages of plant material found in scats were similar for juveniles, sub-adults and 

adults (p > 0.05). 

 

Percentages of broad-scale food categories found in scats were compared for dibblers 

and King’s skinks of different age classes.  Differences were highly significant (p < 

0.01) for percentages of fruit and seed, plant and invertebrate material found in adult 

King’s skink scats compared to dibbler scats.  Dietary overlap remained relatively low 

at 21.2%.   

 
Table 6.4:  Frequency of occurrence of broad-scale food categories found in the scats of juvenile (n=2), 
sub-adult (n=3) and adult (n=29) King’s skinks on Escape.  Means in the same column that are followed 
by different letters are significantly different at the 5% level (p ≤ 0.05). 
 
 
Age class Seed  Plant Invertebrate 

Juvenile 0 30.0 ± 10.00 a 55.0 ± 15.00 a 

Sub-adult  5.0 ± 2.89 a 43.3 ± 21.67 a 40.4 ± 23.33 a 

Adult 58.2 ± 6.08 b  24.0 ± 4.25  a   7.3 ± 3.51   b 
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Dietary overlap between sub-adult King’s skinks and dibblers increased to 53.9%, 

however there remained significant differences in amounts of invertebrate (p = 0.01) 

and plant material (p < 0.001) found in dibbler scats compared to amounts found in the 

scats of sub-adult King’s skinks.   

 

Dietary overlap was greatest between juvenile King’s skinks and dibblers at 63.5%.  

There were no significant differences in amounts of fruit and seed or invertebrate 

material consumed by the two species, however juvenile King’s skinks consumed 

significantly greater amounts of plant material than dibblers (p = 0.007). 

 

Fine-scale dietary composition 

Fine-scale analysis of scats indicated that King’s skinks of all age classes consumed 

similar types of invertebrates, the most common being beetles, cockroaches and larvae.   

 

Percentage overlap of fine-scale food items between dibblers and King’s skinks was low 

at 26.7% for adults, moderate at 43.3% for sub-adults, and high at 60.7% for juveniles.  

However, the results must be treated with caution as they are based on small sample 

sizes for both juvenile (n=2) and sub-adult (n=3) King’s skinks. 

 

6.3.3   Differences within species across islands 

 

For the purposes of comparing species across islands, the percentage of fruit and seed 

material and plant material eaten was combined.  This more clearly illustrated 

differences in the amount of vegetation consumed. 

 

Dibblers 

Broad-scale analysis of scats identified that the amount of plant material, including fruit 

and seed matter, in dibbler scats from Boullanger (26.4 ± 4.04%) was significantly 

greater than the amount of plant material found in dibbler scats from Whitlock (11.0 ± 

1.77%; p < 0.05) and Escape (13.9 ± 1.84%; p < 0.05; Table 6.5).  Conversely, the 

amount of invertebrate material in dibbler scats from Boullanger (51.1 ± 4.17%) was 

significantly less than the amount of invertebrate material found in dibbler scats from 

Whitlock (67.6 ± 2.81%; p < 0.05) and Escape (72.9 ± 2.32%; p < 0.05).   
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The proportion of vertebrate material in dibbler scats from Escape (0.5 ± 0.45%) was 

significantly less than the proportion of vertebrate material found in dibbler scats from 

Boullanger (9.2 ± 3.68%; p < 0.05) and Whitlock (7.8 ± 2.55%; p < 0.05; Table 6.5).   

Fine-scale analysis of scats from Escape found that eggshell and bird remains had a 

frequency of occurrence of 0.1% and 0.7% respectively.  In comparison, bird remains 

(including feathers and bone) occurred in 4.0% and 6.3% of scats from Boullanger and 

Whitlock.  Mouse remains appeared in 3.9% of scats from Boullanger, and 2.6% of 

scats from Whitlock.  Scats from Boullanger also contained 0.3% of remains of reptiles. 

 
Table 6.5:  Comparison of the broad-scale diet of dibblers on Boullanger, Whitlock and Escape. Means in 
each column that are followed by different letters are significantly different at the 5% level (p ≤ 0.05). 
 
 
Island Plant material Invertebrate material Vertebrate material 

Boullanger 26.4 ± 4.04 a 51.1 ± 4.17 a 9.2 ± 3.68 a 

Whitlock 11.0 ± 1.77 b 67.6 ± 2.81 b 7.8 ± 2.55 a 

Escape 13.9 ± 1.84 b 72.9 ± 2.32 b 0.5 ± 0.45 b 
 
 
House mice 

A significantly greater amount of invertebrate material was consumed by mice on 

Whitlock (26.9 ± 3.43%) than by mice on Boullanger (16.2 ± 2.41%; p = 0.013; Table 

6.6).  There was no significant difference in the amount of plant material consumed on 

Boullanger or Whitlock (p > 0.05). 

 

Fine-scale analysis of scats identified that the types of invertebrates consumed by mice 

on both islands were similar, the most frequent types being beetles and larvae (Tables 

6.1 and 6.2).  The Shannon-Weiner index indicated that an average of 4.5 species were 

found per mouse scat collected from Boullanger, compared to 3.7 species per mouse 

scat collected from Whitlock.   

 
Table 6.6:  Comparison of the broad-scale diet of house mice on Boullanger and Whitlock. Means in the 
same column that are followed by different letters are significantly different at the 5% level (p ≤ 0.05). 
 
 
Island Plant material Invertebrate material 

Boullanger 55.3 ± 2.65 a 16.2 ± 2.41 a 

Whitlock 49.6 ± 3.74 a 26.9 ± 3.43 b 
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6.3.4   Seasonal changes in diet 

 

Dibblers 

Dibblers on Boullanger significantly increased their intake of fruit and seed material 

during spring (43.6 ± 6.43%), compared to summer (13.6 ± 4.79%; p < 0.05), autumn 

(13.0 ± 8.89%; p < 0.05) and winter, when no fruit or seed material was found in scats.  

The increase in fruit and seed material corresponded to a slight decrease in invertebrate 

material.  However, there was no significant seasonal effect on the amount of plant, 

invertebrate or vertebrate material found in scats from dibblers on Boullanger (p > 0.05; 

Figure 6.5).  The correlation between seasonal changes in abundance of invertebrates on 

Boullanger (section 5.3.3) with seasonal changes in the proportion of invertebrates eaten 

by dibblers was not significant (r2 = 0.006; p = 0.922).   

 

Four scats collected from Boullanger during spring and summer contained feathers, and 

one of these scats contained bone.  Collection of these scats coincided with the time that 

white-faced storm petrels inhabit the island.  Three scats collected during periods of 

high mouse numbers (summer 2003 and winter 2004) contained mouse remains 

including hair and bone.   

 

Dibblers on Whitlock also increased their fruit and seed intake during spring, although 

the effect of season on intake of fruit and seed, plant, invertebrate or vertebrate material 

was not significant (p > 0.05; Figure 6.3).  There was no relationship between seasonal 

changes in availability of invertebrates (section 5.3.3) and seasonal changes in the 

proportion of invertebrates consumed by dibblers (r2 = 0.768; p = 0.124). 

 

Feathers were found in the scats of 11 dibblers from Whitlock, 3 of which also 

contained bone and cartilage.  Collection of these scats corresponded to the time when 

wedge-tailed shearwaters nest on Whitlock.  Two scats collected during autumn and 

winter contained mouse hair and bone, coinciding with periods of high mouse numbers. 

 

Dibblers on Escape significantly increased their consumption of invertebrates during 

winter (83.6 ± 3.03%), compared to spring (68.2 ± 4.53%; p < 0.05) and summer (66.6 

± 5.24%; p < 0.05).  Proportion of invertebrates eaten during autumn was intermediate 

to those eaten in winter (p > 0.05) and spring (p > 0.05; Figure 6.5).  The decrease in 

invertebrate consumption corresponded to an increase in the consumption of plant, fruit 
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and seed material.  However, there was no significant seasonal effect on the amount of 

plant, fruit and seed, or vertebrate material eaten (p > 0.05).  As with dibblers on 

Boullanger and Whitlock, there was no correlation between invertebrate abundance 

(section 5.3.3) and proportion of invertebrates found in scats collected from Escape (r2 = 

0.255; p = 0.495).   

 

House mice 

Mice on Boullanger significantly increased their consumption of invertebrates during 

winter (29.1 ± 6.77%) and spring (22.6 ± 6.08%) compared to autumn (7.0 ± 1.45%; p > 

0.05; Figure 6.6).  Proportion of invertebrates in the diet during summer was 

intermediate to the proportions during spring (p > 0.05) and autumn (p> 0.05).  There 

was no significant correlation between seasonal changes in the availability of 

invertebrates and proportion of invertebrates found in scats (r2 = 0.107; p = 0.673).  In 

contrast to the amount of invertebrates consumed, a significantly greater amount of 

plant material was eaten by mice on Boullanger during autumn (61.1 ± 4.20%), summer 

(54.9 ± 3.99%) and spring (50.0 ± 8.12%) compared to winter (32.4 ± 6.23%; p < 0.05).   

There was no significant seasonal change in the amount of fruit and seed found in scats.   

 

Mice on Whitlock ate significantly greater amounts of invertebrates during spring (45.7 

± 6.84%) compared to summer (28.1 ± 5.97%; p < 0.05), winter (16.4 ± 4.55%; p < 

0.05) and autumn (4.6 ± 2.22; p < 0.05).  Again, there was no significant correlation 

between invertebrate availability and proportion of invertebrates found in scats (r2 = 

0.526; p = 0.274).  In comparison to the amount of invertebrate material eaten, 

significantly greater amounts of fruits and seeds were eaten during autumn (51.0 ± 

7.40%) and winter (38.6 ± 8.87%) compared to summer (8.6 ± 4.35%; p < 0.05) and 

spring (8.1 ± 2.18%; p < 0.05).  The proportion of plant material found in scats was 

significantly greater in summer (41.7 ± 5.98%) compared to spring (24.5 ± 6.31%; p < 

0.05) and winter (14.6 ± 4.53%; p < 0.05; Figure 6.6).  The amount of plant material 

found in scats during autumn was intermediate to the amount found during summer (p > 

0.05) and spring (p > 0.05).  
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Figure 6.6:  Seasonal changes in the diet of house mice on (a) Boullanger and (b) Whitlock, expressed as 
percentage relative frequency of occurrence of each food category in the faecal pellets analysed.  Samples 
were taken over a period of two years, and seasons combined.  Sample sizes are shown in parentheses. 
Black area: fruit and seed; open area: plant; dark grey area: invertebrate; light grey area: unidentified 
material. 
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Figure 6.5:  Seasonal changes in the diet 
of dibblers on (a) Boullanger, (b) Whitlock 
and (c) Escape, expressed as percentage 
relative frequency of occurrence of each 
food category in the faecal pellets 
analysed.  Samples were taken over a 
period of two years, and seasons combined.  
Sample sizes are shown in parentheses. 
Black area: fruit and seed; open area: plant; 
dark grey area: invertebrate; medium grey 
area: vertebrate; light grey area: 
unidentified material. 
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6.4   Discussion 
 

Three main topics are discussed below: (1) dietary overlap between different species on 

each island; (2) differences in the diet of dibblers and mice across islands; and (3) 

seasonal changes in the diet of dibblers and mice, including the correlation between diet 

and seasonal changes in the availability of invertebrates.   

   

6.4.1   Dietary overlap on the Jurien islands 

 

Boullanger 

The results of this study confirm that dibblers and dunnarts on Boullanger are primarily 

insectivorous, as reported by previous authors (Dickman 1986, Fuller and Burbidge 

1987, Dickman 1988, Dickman 1995, McCulloch 1998, Miller et al. 2003).  Broad-

scale analysis of diet indicated no significant differences in the percentages of fruit and 

seed, plant and invertebrate material eaten by the two species.  The percentage overlap 

in fine-scale food categories for the two dasyurids was moderate at 41%, which was 

lower than expected.  However, the hypothesis that dibblers and dunnarts would select 

for similar Orders of invertebrates was supported, with both species eating beetles in 

the greatest amounts.  The Shannon-Weiner index suggested that the diversity of the 

diet of dunnarts was low, with an average of 2.4 species found per scat compared to 3.9 

for dibblers.  The results of scat analysis from dunnarts should be treated with caution, 

as only ten samples were available. Even though Murray et al. (1999) suggested that a 

minimum of 10 scats from separate individuals is a sufficient target for dietary studies, 

it is possible that a greater diversity of species would have been found in scats had 

more samples been available.   

 

Due to the moderately high overlap in both broad-scale (55%) and fine-scale (41%) diet 

between dibblers and dunnarts, the two species may compete for food during periods of 

high animal abundance, such as when juvenile dibblers are dispersing.  However, for 

most parts of the year it is unlikely that dibblers and dunnarts are serious threats to one 

another due to their low densities and numbers (see section 3.3.2).   

 

There were significant differences in the percentage of all broad-scale food categories 

consumed by dibblers and mice on Boullanger.  Percentage overlap of fine-scale food 

categories was 34%, supporting the hypothesis that dietary overlap would be low.  
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Again, the greatest overlap was in the type of invertebrate consumed (58%), with both 

species preferring beetles and larvae.  Mice consumed greater proportions of 

invertebrates during winter, which coincides with periods of high mouse numbers 

(section 3.3.1).  During this time, dibblers and mice may compete for food.  A possible 

reduction in the availability of invertebrates during winter is of extra concern, as it 

coincides with the dibblers’ reproductive season, when both adult and juvenile dibblers 

would need to increase their food intake.  Competition for invertebrates may also be 

linked to the increased occurrence of male-die off on Boullanger (see section 4.3.5).  

 

Overlap of fine-scale food categories between dunnarts and mice was 25%, supporting 

the hypothesis that dietary overlap would be low.  Because dunnarts and mice are 

similar in size they are more likely to select for similar sized invertebrates (Dickman 

1988, Fisher and Dickman 1993a).  Indeed, overlap in the Order of invertebrate 

consumed was 41%.  As with dibblers, large populations of mice may threaten the 

dunnart by reducing the availability of food.  Again, this is of particular concern during 

winter as it coincides with the dunnarts’ mating season (section 2.2.4). 

 

Dibblers, dunnarts and mice on Boullanger all preferred plant material (including fruits 

and seeds) from dicotyledons over monocotyledons.  Atriplex species, Rhagodia 

baccata and Carpobrotus virescens were eaten in the greatest quantities by all three 

species.  In addition, berries from Rhagodia baccata were the most frequently 

consumed fruit by both dibblers (17.4%) and mice (5.8%).  Atriplex cinerea, Atriplex 

isatidea and Rhagodia baccata are common over much of the island (pers. obs.).  Storr 

(1964) also found that quokkas on Rottnest consumed Rhagodia and Carpobrotus, 

depending on the relative availability of each plant in different habitats.  

 

Whitlock 

Broad-scale analysis of dibbler and mouse scats collected from Whitlock indicated that 

there was a significant difference in all food categories consumed.  However, fine-scale 

analysis of food types suggested that dietary overlap between the two species was 

moderate at 48%.  The results support the hypothesis that dietary overlap between 

dibblers and mice would be greater for animals on Whitlock compared to animals on 

Boullanger.  Dietary overlap of invertebrates, monocotyledon and dicotyledon species 

was high (60 – 79%), suggesting that large numbers of mice on Whitlock may compete 

for food with dibblers.  Competition for food is potentially the greatest for 
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invertebrates, with both species eating larger proportions of beetles and larvae 

compared to other invertebrate Orders.  Both species preferred dicotyledon species over 

monocotyledon species, feeding on Nitraria billardierei, Atriplex cinerea and 

Carpobrotus virescens in greater quantities.  Plant material, particularly succulent 

species such as Carpobrotus virescens, may represent a source of water as there is no 

free water on the islands (Bencini et al. 2001).  It is known that mice inhabiting semi-

arid areas supplement their diet with moist foods such as the fruits of the succulent 

plant species Nitraria schoberi, in order to increase their water intake (Mutze et al. 

1991).  As on Boullanger, berries from the fruiting Rhagodia baccata were found in the 

scats of both dibblers (2.7%) and mice (26.7%). 

 

Although the percentage similarity in diet between dibblers and mice on Whitlock was 

comparatively high relative to the overlap found on Boullanger, it did not reach the 

94% dietary overlap found between native mice and house mice on Thevenard Island 

(Moro and Bradshaw 2002).  Moro and Bradshaw (2002) suggested that the high 

dietary overlap on Thevenard may indicate that native and feral mice are either spatially 

separated, thereby reducing the risk of resource competition, or their food resources are 

sufficiently abundant to sustain their populations.  It is highly unlikely that populations 

of dibblers and mice on Whitlock are spatially separated due to the small area of the 

island.  However, the results detailed in Chapter 5 indicated that availability of 

invertebrates was significantly greater on Whitlock compared to Boullanger.  It is 

probable that mice on Whitlock consume more invertebrates because they are more 

readily available. 

 

The introduction and design of palatable anti-coagulant poisons in recent years has lead 

to successful attempts to eradicate feral rodents from islands (Morris 1989; Taylor and 

Bruce 1993).  However, a common theme to most successful eradication programmes is 

that only introduced rodents were present, or coexisting native animals were 

considerably larger than introduced rodents, and could therefore be denied access to the 

poison by use of a bait station (Morris 1989).  The feasibility of controlling or 

eradicating mice on Boullanger and Whitlock poses a far more difficult problem.  

Dibblers, dunnarts and mice ate similar plant and invertebrate species, suggesting that 

the use of an uncovered poison bait on either island is not feasible as all three species 

would find the bait palatable.  Several species of reptiles and birds on the islands would 

also be threatened if poison baits were used.  On Boullanger, the similar sizes of 
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dunnarts, juvenile dibblers and mice, suggests it is unlikely that a bait station could be 

used at any time without harming dunnarts and juvenile dibblers.  Bait stations could be 

used on Whitlock at times of the year when juvenile dibblers are not present, however 

early spring would be the most appropriate time to bait due to lower numbers of mice, 

but juvenile dibblers are dispersing at this time.  In addition, the use of a bait station 

would not exclude small reptiles from accessing baits, and native marsupials may be 

exhibited to secondary poisoning by feeding on poisoned reptiles or mice.  The 

feasibility of controlling mice numbers on Boullanger and Whitlock is discussed further 

in Chapter 8. 

 

Escape 

The percentage overlap of fine-scale diet between King’s skinks (age classes combined) 

and dibblers was 23%, supporting the hypothesis that dietary overlap between the two 

species would be low.  However, evidence from scat analysis indicated that juvenile and 

sub-adult King’s skinks consume significantly greater amounts of invertebrate material 

than do adult King’s skinks.  The results support the findings of previous studies (Pough 

1973, Arena 1986, Richards 1990, Rawlinson 2003).  There was a low (21%) overlap 

between dibblers and adult King’s skinks, but because of the increased invertebrate 

consumption, overlap became moderate (43%) for sub-adults, and high (63%) for 

juveniles.  King’s skinks probably eat animal material for essential protein, as it is 

unlikely all nutritional and energy requirements can be obtained from vegetation alone 

(Richards 1990).  The most common types of invertebrates found in the scats of both 

dibblers and King’s skinks of each age class were larvae, beetles and cockroaches, 

leading to a high overlap of 60% in the type of invertebrate consumed.  This implies the 

potential for competition, particularly between dibblers and young King’s skinks, and 

particularly between dibblers and all King’s skinks over dry summer periods, when 

availability of plant material is low. 

 

A decrease in vegetative biomass through consumption by King’s skinks may result in a 

decrease in the availability of food for invertebrates (Read 1987, Bennett and Baxter 

1989, James 1991).  Since this may lead to a decrease in invertebrate abundance it may 

also cause a decrease in the availability of food for dibblers.  Population numbers of 

King’s skinks are greater than numbers of dibblers at all times, suggesting that King’s 

skinks are a significant drain on island resources.   
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No dibbler remains were found in the scats of King’s skinks, a similar finding to that of 

Rawlinson (2003).  Evidence to date indicates that King’s skinks are aggressive towards 

dibblers, as indicated by the high occurrence of injured dibblers on Escape.  However, 

the results of scat analysis suggest that King’s skinks are not actively predating on 

dibblers, probably because they are unable to hold on to them when they initially catch 

them. 

 

6.4.2   Differences in diet across islands  

 

Dibblers 

The hypothesis that there would be no significant differences in diet between dibblers 

on Boullanger, Whitlock and Escape was not supported.  When compared to dibblers on 

Whitlock and Escape, dibblers on Boullanger ate significantly more plant material and 

significantly less invertebrate material.  The greater consumption of invertebrates by 

dibblers on Whitlock and Escape may reflect the greater availability of invertebrates on 

these islands (section 5.3).  Previous researchers have found no difference in the diet of 

the dibbler between Boullanger and Whitlock (Miller 2000, Stewart 2001, Miller et al. 

2003).  The diet of dibblers on Escape has not previously been compared with that on 

Boullanger and Whitlock.  Time constraints meant that previous studies were based on a 

relatively short period of eight months, compared to this study which sampled over a 

period of two years.  Sampling over such a time enabled a more complete picture of 

dietary patterns covering periods of fluctuating food availability and high and low 

densities of mammals and reptiles.  

 

Dibblers on each island are primarily insectivorous, but supplement their diet with 

plants, fruits and vertebrate material.  Most of the dasyurids described as insectivorous 

consume additional food items.  For example, although primarily insectivorous, the 

brush-tailed phascogale (Phascogale tapoatafa) feeds on nectar and seed coats of 

Macrozamia (Scarff et al. 1998), while the mulgara (Dasycerus cristicauda) consumes 

rodents, reptiles and small marsupials (Chen et al. 1998).  In this study, the Shannon-

Weiner index indicates that dibblers from Boullanger consume a greater number of food 

types than dibblers on Whitlock and Escape, probably because they feed on a wider 

variety of plants, fruits and seeds due to their lower invertebrate consumption. 
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Twelve invertebrate Orders were identified in the scats of dibblers (10 from Boullanger, 

11 from Whitlock and 12 from Escape). The most common types of invertebrate 

consumed by dibblers from each island were beetles and larvae, followed (in no 

particular order) by earwigs, cockroaches and true bugs.  Previous authors have also 

reported that a wide range of invertebrate Orders are consumed in different proportions 

by dibblers (Bencini et al. 2001, Miller et al. 2003) and other dasyurids (Fox and Archer 

1984,  Lunney et al. 1986, Fisher and Dickman 1993b, Chen et al. 1998, Pollock 1999, 

Gilfillan 2001).   

 

It is interesting that previous researchers studying the diet of the dibbler have not 

recorded the high percentages of larvae found in this study (McCulloch 1998, Stewart 

2001, Miller et al. 2003, Rawlinson 2003). This may be due to limited sampling times.  

Larvae remains appeared most frequently in the scats of dibblers from Whitlock (27%), 

followed by Escape (20%), then Boullanger (12%).  The majority of larvae were from 

flies, although beetle and moth larvae were also present.  Female invertebrates often 

deposit their eggs on wet decaying organic matter such as animal waste or rotting plant 

debris (CSIRO 1990a).  Following the winter rains, the onset of warmer weather often 

causes the succulent species Mesembryanthemum crystallinum, which is common over 

much of Whitlock, to start decomposing during spring (pers. obs.).  In addition, waste 

products from high numbers of wedge-tailed shearwaters on Whitlock may provide 

increased breeding grounds for invertebrates, which may explain the higher percentage 

of larvae found in scats collected from this island.   

 

Vertebrate remains were found in significantly greater amounts in dibbler scats 

collected from Boullanger and Whitlock than from Escape.  Of particular interest is the 

finding of mice remains in three dibbler scats from Boullanger and two from Whitlock.   

This contrasts to the findings of Miller et al. (2003) and Bencini et al. (2001), who 

found no evidence of mouse predation by dibblers.  However, Dickman (1986) also 

found evidence of mouse predation by dibblers. An important similarity in this study 

and that of Dickman (1986) is that both used pitfall traps.  On several field trips, intact 

dead or partially eaten dead mice were found alone in pitfall traps.  Dibblers were able 

to escape from pitfall traps used in this study (section 2.3), therefore it is probable that 

captured dibblers predated on caught mice before escaping.  Dibblers may have also 

deliberately entered pitfalls to capture mice.  In one instance a dibbler was found in a 

pitfall trap together with a half-eaten mouse.   
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The pitfall trap explanation does not explain the presence of mice remains in dibbler 

scats collected from Whitlock during autumn and winter, as there were no pitfalls 

placed on this island.  A possible explanation is that during periods of high mice 

numbers, up to six mice were caught in one Elliott trap.  Occasionally the trap door 

would release as a mouse was entering or leaving the trap, resulting in the mouse being 

caught by the door and predated on whilst caught, presumably by a dibbler.  It is highly 

likely that if dibblers were able to corner and capture a mouse then they would prey on 

it, but it is unlikely that this situation would happen often in the wild.  Mouse burrows 

are common across both Boullanger and Whitlock.  They are small, making it unlikely 

that dibblers would be able to enter without becoming stuck.  No evidence of predation 

of neonatal mice was found in dibbler scats collected from the islands.  However, only 

24% of dibbler scats collected from Perth Zoo showed evidence of their consumption, 

suggesting that scat analysis is not the most appropriate method of determining if 

dibblers predate on neonatal mice.  Muscle and viscera are generally highly digestible 

(Hume 2003), which may explain why only a low number of scats collected from the 

zoo gave positive results.  An alternative explanation is that some zoo dibblers obtained 

enough invertebrate material in their diet, and did not need to supplement it with the 

mice offered to them.  Overall, it appears that if given the chance, dibblers in the wild 

will predate on mice, utilising them as a resource.  However, it is more likely that high 

populations of mice will act as a threat to the dibbler by competing for resources. 

 

Feathers and occasionally bone were also found in scats of dibblers from Whitlock and 

Boullanger during the periods when seabirds were nesting on the islands.  It is likely 

that dibblers would scavenge on dead chicks left in burrows.  Due to size discrepancies, 

it is unlikely that dibblers would predate on live chicks (Dickman 1988, Fisher and 

Dickman 1993a).  Dibblers may also consume small feathers unintentionally during 

periods of high seabird occupation.   

 

House mice 

The results indicated that mice from Whitlock ate significantly greater amounts of 

invertebrate material (27%) than mice from Boullanger (16%).  The results confirm the 

findings of Stewart (2001), who found 34% and 10% invertebrate material in the scats 

of mice from Whitlock and Boullanger respectively.  Similar to dibblers, the greater 

consumption of invertebrates by mice on Whitlock may reflect the greater availability of 
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invertebrates on this island (Chapter 5).  The better body condition and longer life spans 

of mice on Whitlock compared to those on Boullanger (Chapter 4) may be related to 

their greater intake of invertebrates, which are a more nutritionally balanced food for 

mammals (Luo et al. 1994).  

 

The Shannon Weiner index indicated that the diversity of the diet of mice on Boullanger 

was greater than that of mice on Whitlock, probably due to the ready availability of a 

wider variety of plant species in most habitats on Boullanger.  Mice from both islands 

appeared to consume plants that were common in the habitat type from which they were 

captured.   

 

6.4.3   Seasonal differences in diet 

 

Dibblers  

Dibblers on each island increased their consumption of fruits and seeds during spring 

and summer, although differences were not significant for dibblers on Whitlock or 

Escape.  During spring and summer, the majority of plant species on the islands are 

fruiting or producing seed (pers. obs.).  The results support the theory that dibblers 

would change their diet in response to seasonal changes in the environment.   

 

Dibblers from Escape significantly increased their consumption of invertebrates during 

winter, compared to spring and summer.  This was unexpected, as the results from 

Chapter 5 suggested that invertebrate availability was lowest on Escape during winter.  

However, winter coincides with the increased levels of food intake needed as females 

begin to lactate and juvenile dibblers later disperse.   

 

Dibblers from Boullanger and Whitlock showed no significant seasonal changes in their 

intake of plant, invertebrate or vertebrate material.  The results support those of previous 

researchers who found no seasonal changes in consumption of invertebrates by dibblers 

on these islands (Miller et al. 2003).  The relationship between the proportion of 

invertebrates in the diet and seasonal changes in availability was not significant for 

dibblers on Boullanger, Whitlock or Escape.  In contrast, a number of researchers 

investigating the diet of rodents and marsupials have found that seasonal changes in 

availability of invertebrates affect prey selection by a number of insectivorous mammals 

(Lunney et al. 1986, Miller and Webb 2001).  The eastern chestnut mouse (Pseudomys 
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gracilicaudatus) consumed a high percentage of insects during summer (Luo and Fox 

1994), which coincided with periods of  high invertebrate availability as confirmed by 

pitfall trapping (Fox and Archer 1984).   

 

Despite the lack of an overall trend in total invertebrate abundance across islands, the 

results from Chapter 5 indicate a seasonal change in the abundance of particular Orders.  

Beetles, true bugs, ants and earwigs increased in number during spring or summer on at 

least one island, while cockroaches increased during autumn and winter.  Miller et al. 

(2003) detected a close correlation between type and size of invertebrates caught in 

pitfalls and those found in the scats of dibblers.  Like most other dasyurid species 

(Hindmarsh and Majer 1977, Morton 1978, Hall 1980, Lunney et al. 1986, Murray et al. 

1999), dibblers are opportunistic or generalist feeders.  They do not select for a certain 

prey type or size, and consume invertebrates that are readily available to them (Miller et 

al. 2003).  Although dibblers do not appear to change the total proportion of 

invertebrates in their diet in response to seasonal changes in availability, it is likely that 

the type of invertebrate they consume changes depending on what is available.  

 

House mice  

Evidence to date indicates that the diet of rodents can be highly variable from season to 

season (Whitaker 1966, Copson 1986, Miller and Webb 2001), a finding that is 

supported by the results of this study.  Mice on Boullanger significantly increased their 

intake of invertebrates during winter and spring, which corresponded to a decrease in 

the proportion of plant material eaten.  Similarly, the proportion of invertebrates found 

in mice scats on Whitlock increased during spring, and decreased during autumn and 

winter when the percentage of plant, fruit and seed material in the diet increased.  

 

Similar to previous findings for mice on Whitlock (Stewart 2001), mice on both islands 

ate greater amounts of invertebrates during spring, which corresponded with an increase 

in the proportion of pregnant females (see section 3.3.6).  These results support the 

hypothesis that mice increase their consumption of invertebrates during periods of 

reproduction and growth.  Higher intake of invertebrates during spring may reflect 

active selection of nutritious foods by breeding mice, whose energy demands are 

comparatively higher than those of non-breeding mice (Tann et al. 1991).  Authors of 

similar studies have found that rodents increased their invertebrate consumption during 

periods of reproduction.  Tann et al. (1991) found that consumption of invertebrates 
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peaked in house mice following the appearance of pregnant and lactating females, 

whilst Luo and Fox (1994) found that the eastern chestnut mouse (Pseudomys 

gracilicaudatus) showed significant changes in invertebrate consumption in response to 

breeding and growth.   

 

The hypothesis that mice would increase their consumption of invertebrates during 

summer because of an increase in invertebrate availability was not supported.  There 

was no significant correlation between the proportion of invertebrates found in mouse 

scats, and the availability of invertebrates on either island.  This was unexpected, as 

numerous authors have suggested that rodents increase their consumption of 

invertebrates when they are abundant (Watts and Braithwaite 1978, Luo and Fox 1994, 

Miller and Webb 2001).  Indeed, Stewart (2001) found that an increase in consumption 

of invertebrates by mice on Whitlock during spring was closely correlated to seasonal 

changes in invertebrate availability.  Miller and Webb (2001) found that house mice 

inhabiting coastal sand dunes in New Zealand significantly increased their intake of 

beetles and moth larvae in summer, and increased their intake of plant material during 

winter when the availability of insects was low.  The results of pitfall trapping indicated 

that availability of invertebrates was greatest on Boullanger and Whitlock during 

summer, however there was no consistent seasonal pattern across each island.  The low 

correlation between diet and availability of invertebrates may be a result of this, and the 

limitations associated with invertebrate sampling methods (as discussed in section 

5.4.4).  The abundance of particular food items also changed according to season.  It is 

possible that mice altered the proportion of invertebrate types eaten depending on what 

was most readily available. 

 
The seasonal changes in the diet of mice from both Boullanger and Whitlock suggest 

that, like dibblers, they are an opportunistic species.  The diet of generalist animals 

varies with seasonal changes, resource availability and stage of growth of species 

(Watts and Braithwaite 1978, Tann et al. 1991, Luo et al. 1994).  Dietary generalism 

would be advantageous to species occupying the Jurien islands, as their habitats are 

subject to an array of harsh environmental conditions and fluctuations in food 

availability.  Species must alter their feeding habits in relation to these changing 

conditions, and take advantage of resources that are available.  Reliance on plants alone 

may increase the risk of water stress during summer periods when plants are low in 

water content (Moro and Bradshaw 2002).  In addition, dasyurids have an unspecialised 
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digestive system (Hume 1982), and consumption of plants alone may not supply them 

with all the essential nutrients needed to maintain homeostasis.   
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Chapter 7 

 

Estimation of feeding rates for dibblers and house mice using water 

and sodium fluxes 
 

7.1   Introduction 

 

The Jurien islands are characterised by a lack of free water, high sodium inputs and 

periodic food shortages.  Such conditions present species that inhabit them with the 

challenge of obtaining sufficient water and nutrients from their diet to maintain water 

and electrolyte balance (Morton 1980, Bradshaw et al. 1994, Moro and Bradshaw 

1999a).  The coexistence of dibblers and mice on Boullanger since at least 1961 (Ford 

1963) and on Whitlock since at least 1985 (Fuller and Burbidge 1987), suggests that 

differences exist between their behaviour and/or physiology. The primary purpose of the 

study described in this chapter was to investigate the water and sodium turnovers of 

dibblers and mice in order to identify the physiological requirements of each species.  

By determining the behavioural and physiological differences that allow dibblers and 

mice to coexist, it may be possible to identify some weakness in the ecology of mice 

that could be exploited in an endeavour to control their numbers. 

 

An absence of free water on islands implies that mammals are forced to rely upon water 

from their diet and on water produced by their own metabolism and oxidation of foods 

(Purohit 1974, Bradshaw 2003).  Herbivorous mammals tend to consume more dietary 

water than non-herbivorous mammals because of the high water content of plant tissues 

(Nagy and Peterson 1988).  In environments where there is a lack of free water, sodium 

is often packaged together with dietary water (MacMillen and Christopher 1975).  The 

results detailed in Chapter 6 showed that mice eat significantly greater amounts of plant 

material than dibblers.  Differences in the nature, quality and quantity of the diet of 

dibblers and mice should be reflected in their water and sodium turnovers.  

 

The ability of the house mouse to survive in areas experiencing extremes of water and 

salt availability is well documented both in Australia (Fertig and Edmonds 1969, 

Haines et al. 1973) and overseas (Berry 1968, Copson 1986, Miller and Webb 2001, Le 
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Roux et al. 2002).  However, several authors have reported high water fluxes for house 

mice when compared to native rodents of similar size (Mutze et al. 1991, Moro and 

Bradshaw 1999a).  This may suggest that house mice have not yet undergone the 

physiological adaptations needed for them to cope adequately and efficiently with dry 

environments.  In comparison, numerous studies suggest that native mammals 

inhabiting arid and semi-arid areas exhibit appropriate adaptations to low water 

availability and high salt loads (MacMillen and Lee 1967, MacMillen and Lee 1969, 

MacMillen 1972, Nagy et al. 1978, Morris and Bradshaw 1981, Nagy and Suckling 

1985, Nagy and Peterson 1988, Bradshaw et al. 1994, Moro and Bradshaw 1999a).  

Based on diet and past reports on the water-conserving ability of native species, it was 

hypothesised that mice would have greater water and sodium fluxes than dibblers.  

 

Animals deprived of water may show a reduction in water turnover (Hulbert and 

Dawson 1974, Nagy et al. 1976), while animals with an abundance of water may 

display increased rates of turnover (Holleman and Dieterich 1973).  Green (1997) 

reported that water turnovers for dibblers on Boullanger and Whitlock were greatest 

during periods of high rainfall in spring and winter, and lowest during periods of low 

rainfall in summer and autumn (unpublished data collected by Green, King and 

Dickman).  Mice are primarily herbivorous, while dibblers consume up to 26% plant 

material (Chapter 6).  Dibblers and mice were expected to increase their water turnover 

during spring, when plant matter would be high in water content due to rainfall in 

previous months.   

 

Numerous authors have suggested that consumption of invertebrates during summer 

months, when the water content of the vegetation is low, may help mammals to 

maintain water balance  (Morris and Bradshaw 1981, Murray and Dickman 1994, Moro 

and Bradshaw 1999a).  Due to their high consumption of invertebrates throughout the 

year, dibblers would maintain water balance (water influx equals water efflux) at all 

times.   

 

The second aim of this study was to use information on the diet of dibblers and mice, 

together with measures of water and sodium turnovers, to predict their feeding rates in 

terms of dry matter intake (g day-1).  If the animal is known not to drink, rates of water 

turnover, after correction for metabolic water production, can be used to estimate 

feeding rates (Lifson and McClintock 1966).  In addition, information on sodium fluxes 
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can provide independent estimates of food intake due to the close correlation between 

sodium turnover and dry matter intake (Green 1978, Green and Dunsmore 1978, Green 

and Eberhard 1979).  Feeding rates of dibblers and mice on the Jurien islands have not 

previously been investigated.  Quantification of the diet of mammals on the islands 

allows a more accurate assessment of the degree of potential competition.  The low 

digestibility of plant diets means that to obtain a given amount of food energy, 

herbivorous animals must consume more dry matter than carnivorous animals (Nagy 

and Peterson 1988). Nagy (2001) also reported that eutherian mammals tend to have 

greater feeding rates than marsupial mammals of similar size.  Thus, once body size 

was accounted for, it was hypothesised that mice would have greater feeding rates than 

dibblers.   

 

7.2   Methods 
 

7.2.1   Water and sodium in study site 

 

A profile of the water and sodium available in the study sites was estimated from (a) 

rainfall records for Jurien Bay, (b) the water and sodium content of a representative 

sample of plants and invertebrates from each island, and (c) the use of salt traps set 

across each island.  Plant samples known to be eaten by study species (Chapter 6) were 

collected late in the afternoon, wrapped in foil and weighed immediately on return to 

the mainland.  A known weight of plant was washed with distilled water to remove any 

external sodium for later analysis of concentrations of surface salt.  Plants were dried at 

60oC to constant weight, and the water content of each plant was expressed as a 

percentage of its fresh (wet) weight.  Captured invertebrates (caught by hand or 

retrieved from pitfalls used to catch dunnarts on Boullanger) were frozen, weighed, 

dried at 60oC to constant weight, and reweighed to determine their water content.  The 

water content was expressed as a percentage of the fresh weight of each invertebrate 

collected. 

 

The total water content of the diet was calculated by first multiplying the percentage 

water content of each diet item by the frequency of occurrence of the item in the diet (as 

found by scat analysis, Chapter 5).  The results for each diet item were then summed to 

estimate the total preformed water composition of the diet.  If the water content of a 

particular item was not known, the average of all dietary items was used. 
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To determine the sodium content of individual diet items, a known quantity of dried 

washed plant or invertebrate material was placed in the furnace oven at 600oC for a 

period of at least 6 hours.  The resulting ash was diluted in a known quantity of caesium 

chloride and distilled water, and analysed for its sodium content using an atomic 

absorption spectrophotometer (Perkin Elmer, AAnalyst 300, USA).  A standard curve 

was graphed and a linear regression calculated to determine the true sodium 

concentration of each diet item, once the dilution factor had been accounted for.  The 

total sodium content of the diet was calculated in a similar manner to the water content 

of the diet. 

 

Salt traps were used to determine the amount of sodium deposited in the environment 

from sea spray and rainfall. Two traps were placed on each island: one on the outer 

northwest boundary of each island and one to the west of the boundary salt trap, in 

approximately the middle of the island. Traps consisted of a plastic funnel (21 cm 

diameter) set inside a plastic container that was held one metre above the ground by a 

post.  Each trap was replaced approximately every 3 months.  The volume of water in 

each container was recorded and traps were filled to a known volume with distilled 

water.  For analysis of sodium content, each trap was shaken and a known volume of 

water was diluted with caesium chloride and analysed using an atomic absorption 

spectrophotometer (Perkin Elmer, AAnalyst 300, USA). 

 

7.2.2   Water and sodium fluxes of dibblers and house mice 

 

Tritiated water (3H) and sodium-22 (22Na) were used to estimate and compare water and 

sodium turnovers of dibblers and mice. Turnovers were investigated on Boullanger 

during summer 2003, on Whitlock during summer 2003, summer 2004 and spring 2004, 

and on Escape during autumn 2003, summer 2004 and spring 2004.  Low recapture 

rates of mice and no recaptures of dibblers on Boullanger during summer 2003 meant 

that turnovers were not investigated on this island the following year.   

 

On each trip grids were checked early in the morning.  Captured animals were identified 

and standard measurements taken.  Adult animals were injected intraperitoneally with 

0.25 mL of a solution containing 1.85 MBq (50 µCi) of tritium and 37 kBq (1 µCi) of 

sodium-22.  Animals were held in calico bags for 4 hours to allow isotopes to reach 

equilibrium inside the body, after which 120 μL and 200 μL of blood from mice and 
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dibblers respectively were collected from the lateral tail vein.  A small cut was made 

across the tail vein and blood was collected using heparinized micro-haematocrit tubes. 

Tubes were sealed with Sealease clay, labelled and held on ice.  Animals were released 

at their site of capture, and 2-7 days later, recaptured dibblers and mice were weighed 

and bled again using the same procedure.  On return to the mainland, blood samples 

were centrifuged in a micro-haematocrit centrifuge (Hawksley Ltd, Sussex, UK) for 5 

minutes at 15000 g, and the separated plasma transferred to a fresh Eppendorf tube, 

labelled and frozen until further analysis.   

 

The specific activity of 3H and 22Na in the plasma was measured by counting 10 μL 

aliquots in 3 mL of scintillant (Ultima Gold, Packard Instrument Co., Canberra) using a 

liquid scintillation counter (Packard 300CD, Packard Instrument Co., Canberra).  

Counts were corrected for background and quenching, and all samples counted to an 

error of less than 1%.  Concentrations of stable sodium (23Na) in the plasma were 

determined from 5 μL aliquots, using an atomic absorption spectrometer (Perkin Elmer, 

AAnalyst 300, USA). Estimates of water and sodium fluxes were calculated from the 

decline in specific activity of the isotopes in body fluids using the equations of Nagy 

and Costa (1980). 

 

7.2.3   Calculation of feeding rates 

 

Feeding rates of dibblers on Whitlock and Escape and of mice on Boullanger and 

Whitlock were estimated using two methods: (a) from water influx and the water 

content of their respective diets (as investigated in Chapter 5), and (b) from sodium 

influx and the sodium content of the diet, with and without correction for exogenous 

sources of sodium (ie. sodium found on plant surfaces as a result of salt spray).  Feeding 

rates are expressed as grams per day of dry matter intake (DMI). 

 

Dry matter intake from water influx 

Water influx was determined using tritiated water as described above, and corrected for 

an estimate of metabolic water production for each species.  No laboratory trials were 

undertaken on captive animals in this study, therefore metabolic water production of 

dibblers and mice was estimated from laboratory studies on other animals.  For dibblers, 

metabolic water production (MWP) was estimated at 1.7 mL day-1, which is equivalent 

to the MWP of field populations of agile antechinus (Antechinus agilis; reported in 
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some studies post 1988 as brown antechinus, Antechinus stuartii; Dickman 1988), 

another small dasyurid marsupial (Nagy et al. 1978).  For mice, MWP was estimated at 

1.3 mL day-1, as found by Moro and Bradshaw (2002) for house mice on Thevenard 

Island.  Once corrected for MWP, the result was divided by the total water content of 

the diet to give an estimate of DMI.   

 

Dry matter intake from sodium influx 

Sodium influx was determined using 22Na, as described above.  DMI was estimated by 

dividing sodium influx by the sodium content of the diet.  The result was corrected for 

sodium assimilation rate, which accounts for the proportion of sodium that is consumed 

and incorporated into the body following digestion (Moro and Bradshaw 2002).  Again, 

no laboratory trials were undertaken in this study to validate sodium assimilation rate. 

Therefore, assimilation rate was estimated at 93% for both dibblers and mice, as was 

found for house mice on Thevenard Island (Moro and Bradshaw 2002).   

 

Predictions of DMI may be overestimated if intake of non-dietary sodium is not 

accounted for.  As mentioned previously, the amount of sodium on plant surfaces was 

measured during each season. To give a more accurate representation of sodium influx, 

the amount of sodium found on plant surfaces was subtracted from sodium influx, and 

the result corrected for a sodium assimilation rate of 93%, to approximate the 

assimilation rate estimated for mice. 

 

7.2.4   Statistical analysis 

 

Analysis of variance (ANOVA) and Fisher’s least significant difference (LSD) 

(GenStat, 7th Edition, VSN International Ltd © 2003, United Kingdom) were used to 

compare differences between and within species in their rates of water and sodium 

fluxes and estimated feeding rates.  Residual plots were examined for normality and log 

transformation of data was performed if the assumptions of the ANOVA were not met.  

Results are presented as means ± standard errors, and differences are considered to be 

significant when p ≤ 0.05. 

 

The correlation between variables and any significance of the correlation was tested 

using least squares regression.  No laboratory trials were undertaken on captive animals 

in this study, therefore the minimum daily water requirements for dibblers and mice 
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were estimated by regressing their daily water influx against their daily change in body 

mass.  The intercept of the regression line where mass change rate equals zero indicates 

water requirement, providing there is a significant correlation among data from 

individuals that are losing body mass.   

 

Allometric comparisons of water influx follow those predicted by Nagy and Peterson 

(1988) (± 95% confidence intervals) for marsupial mammals and eutherian mammals in 

the field.  Using the allometric relationships of Nagy (1994), field metabolic rates of 

dibblers and mice were estimated to predict the Water Economy Index (WEI) of each 

species.  WEI is the units of millilitres of water processed per kilojoule of energy 

metabolised, and allows a comparison of species independent of body size and 

taxonomic effects of rate processes (Nagy and Peterson 1988).   

 

Allometric comparisons of DMI follow those predicted by Nagy (2001) (± species 

deviation) for wild populations of marsupial mammals and rodents.  Species deviation is 

the average difference (%) between the actual and predicted feeding rates of the species 

used to derive the allometric equations calculated in Nagy (2001).  Species deviation 

values are a conservative estimate of the error associated in predicting DMI values for 

new species, compared to 95% confidence intervals that predict larger errors when 

estimating DMI.  The DMI of mice on Whitlock was also compared to allometric 

predictions (± 95% confidence intervals) for eutherian rodents as detailed in Nagy 

(1987). 

 

7.3   Results 
 

7.3.1   Water and sodium in study site 

 

There were no significant differences in water or sodium content of plants or 

invertebrates between islands (p > 0.05), and therefore samples collected from each 

island were combined.  The average water content of selected plants (70.1 ± 1.79%) and 

invertebrates (71.5 ± 1.62%) was similar (p > 0.05).  There was no significant seasonal 

effect on the water content of invertebrates (Table 7.2).  However, the water content of 

selected plants was significantly greater in winter (82.8 ± 2.07%) and spring (74.4 ± 

2.61%), than in autumn (60.3 ± 2.92; p < 0.05) and summer (59.4 ± 4.75%; p < 0.05;  
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Table 7.1:  Seasonal differences in the water and sodium content of plants eaten by study species on 
Boullanger, Whitlock and Escape.  Plant samples collected from each island were combined.  Means (± 
SE) in the same column that are followed by different letters are significantly different at the 5% level (p 
< 0.05). 
 
 

 Water content 
% fresh weight 

Sodium content 
mg (g dry weight)-1 n 

  On plant In plant*  

Autumn 60.3 ± 2.92  a 1.6 ± 0.35  c 6.0 ± 0.70  a 23 

Winter 82.8 ± 2.07  b   0.8 ± 0.21  ab 5.4 ± 0.67  a 22 

Spring 74.4 ± 2.61  b 0.3 ± 0.06  a 4.3 ± 0.73  a 29 

Summer 59.4 ± 4.75  a  1.4 ± 0.41  bc 14.5 ± 5.05  b 17 
 
*Values for ‘In plant’ excludes sodium concentration found on the plant 
 
Table 7.2:  Seasonal differences in the water and sodium content of selected invertebrates on Boullanger, 
Whitlock and Escape.  Values are mean (± SE), and samples collected from each island were combined.  
There were no significant differences in the water or sodium content of invertebrates between seasons (p 
> 0.05). 
 
 

 Water content 
% fresh weight 

Sodium content  
mg (g dry weight)-1 n 

Autumn 74.9 ± 2.69   5.7 ± 1.48 13 

Winter 71.6 ± 3.79 5.7 ± 3.54 6 

Spring 67.6 ± 2.46 5.3 ± 2.02 10 

Summer 70.6 ± 5.24 2.3 ± 0.72 5 
 
 
Table 7.3:  Total rainfall and amount of sodium deposited into the study sites per season, as measured by 
salt traps.  Sodium values are mean ± SE.  For each season, means followed by a different letter are 
significantly different at the 5% level (p ≤ 0.05).  There were two salt traps on every island during each 
season. 
 

 Sodium (mg m-2 day -1) 
 

Total rainfall 
(mm) Boullanger Whitlock Escape 

Autumn  98  19.4 ± 5.60 a 23.0 ± 8.80   ab   53.4 ± 7.60  b 

Winter 240  24.4 ± 1.07 a  60.0 ± 20.09 ab 105.7 ± 19.75 b 

Spring 81  21.7 ± 5.49 a  38.0 ± 2.84   ab   62.8 ± 12.56 b 

Summer 3   1.09 ± 0.01 a   3.28 ± 1.66  ab     7.5 ± 0.50   b 
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Table 7.2). No significant correlations were found between the water content of plants 

or invertebrates with rainfall (p > 0.05). 

 

Sodium deposited on the study sites, as measured by salt traps, was highest following 

periods of high rainfall from June to August, and lowest during the drier months of 

December to February.  The relationship between sodium deposition and rainfall was 

significant for salt traps on Escape (r2 = 0.96, p = 0.036) but not for those on Boullanger 

(p > 0.05) or Whitlock (p > 0.05; Table 7.3).  Significantly greater amounts of sodium 

were deposited on Escape than on Boullanger during each season (p < 0.05).  Sodium 

deposited on Whitlock was intermediate to that on Boullanger (p > 0.05) and Escape (p 

> 0.05) at all times of the year.  Despite this, the amount of sodium found on plant 

surfaces was similar for each island (p > 0.05) and therefore plant surface samples were 

combined.  The sodium content found on the surface of plants was greatest in autumn 

(1.6 ± 0.35 mg g-1 dry weight), followed by summer (1.4 ± 0.41 mg g-1 dry weight), 

winter (0.8 ± 0.21 mg g-1 dry weight) and spring (0.3 ± 0.06 mg g-1 dry weight; Table 

7.1).  There were no significant correlations between the sodium deposited on 

Boullanger, Whitlock or Escape, and the sodium found on the surface of plants (p > 

0.05). 

 

The sodium content of selected plants (6.9 ± 1.05 mg g-1 dry weight) and invertebrates 

(5.1 ± 1.01 mg g-1 dry weight) was similar (p > 0.05).  There was no significant seasonal  

effect on the sodium content of invertebrates (p > 0.05).  However, the sodium content 

of selected plants was significantly greater in summer (14.5 ± 5.05 mg g-1 dry weight), 

than in autumn (6.0 ± 0.70 mg g-1 dry weight; p < 0.01), winter (5.4 ± 0.67 mg g-1 dry 

weight; p < 0.01) and spring (4.3 ± 0.73 mg g-1 dry weight; p < 0.01).  

 

7.3.2   Water turnovers 

 

Body mass  

Dibblers maintained constant body mass on Whitlock (52.1 ± 2.01 g) and Escape (49.5 

± 1.63 g) throughout all trips (p > 0.05).  In contrast, mice on Whitlock maintained a 

significantly greater body mass in spring 2004 (25.6 ± 1.23 g) than in summer 2003 

(19.9 ± 0.78; p < 0.05) and summer 2004 (18.5 ± 0.55 g; p < 0.05; Table 7.4).  For all 

trips combined, mean body mass of mice on Whitlock (19.6 ± 0.49 g) and mice on 

Boullanger (19.3 ± 0.69 g) was similar (p > 0.05). 
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Table 7.4:  Body mass, total body water (TBW) and water flux rates of dibblers on Whitlock and Escape.  Values are means ± SE. 
 
 
 Whitlock  Escape 

 Summer 
2003 n Summer 

2004 n Spring 
2004 n  Autumn 

2003  Summer  
2004 n Spring 

2004 n 

              
Initial body wt (g) 50.8 ± 3.55 9 51.7 ± 3.06 16 56.7 ± 1.25 4  52.5 ± 3.40 10 46.1 ± 2.04  15 53.2 ± 2.69 6 
Change body wt (% day-1) -0.6 ± 0.46 3 -0.9 ± 0.22 8 -0.2 ± 0.13 4  -0.6 ± 0.16 8 -0.5 ± 0.09 11 -0.8 ± 0.19 5 
Total body water (% body wt) 70.0 ± 3.27 9 82.2 ± 1.81 16 78.2 ± 3.20 4  88.9 ± 1.75 10 78.0 ± 2.51 15 84.6 ± 2.22 6 
              
Water influx              
   % TBW day-1 29.8 ± 1.43 3 27.0 ± 1.93 8 41.3 ± 2.41 4  27.0 ± 1.81 8 20.6 ± 1.94 11 37.2 ± 5.30 5 
   mL day-1 9.4 ± 1.61 3 11.5 ± 1.33 8 18.1 ± 0.67 4  13.1 ± 1.62 8 7.3 ± 0.61 11 17.2 ± 2.59 5 
   mL (kg0.82 day)-1 118.5 ± 12.10 3 132.7 ± 11.65 8 191.1 ± 3.69 4  140.9 ± 10.00 8 94.3 ± 7.78 11 188.4 ± 27.76 5 
              
Water efflux              
   % TBW day-1 31.6 ± 1.49 3 29.2 ± 2.25 8 41.7 ± 2.37 4  27.9 ± 1.81 8 21.8 ± 1.74 11 38.9 ± 5.41 5 
   mL day-1 10.0 ± 1.82 3 12.3 ± 1.37 8 18.3 ± 0.62 4  13.6 ± 1.66 8 7.7 ± 0.61 11 17.9 ± 2.64 5 
   mL (kg0.82 day)-1 125.9 ± 14.05 3 142.9 ± 12.54 8 193.2 ± 3.50 4  146.5 ± 10.26 8 99.4 ± 7.47 11 196.9 ± 28.63 5 
              
Water required to maintain 
body mass (mL day-1) 7.3 3 11.1 8 18.8 4  11.6 8 8.0 11 14.1 5 
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Table 7.5:  Body mass, total body water (TBW) and water flux rates of house mice on Boullanger and Whitlock.  Values are means ± SE. 
 
 
 Boullanger  Whitlock 

 Summer  
2003 n  Summer  

2003 n Summer  
2004 n Spring  

2004 n 

          
Initial body weight (g) 19.3 ± 0.69 40  19.8 ± 0.78 22 18.5 ± 0.55 30 26.0 ± 0.84 5 
Change body weight (% day-1) -0.2 ± 0.15 8  -0.7 ± 0.34 8 -0.6 ± 0.18 16 -0.6 ± 0.24 4 
Total body water (% body weight) 75.4 ± 1.82 40  77.1 ± 1.95 22 85.4 ± 0.88 30 84.7 ± 0.99 5 
          
Water influx          
   % TBW day-1 34.6 ± 5.19 8  33.5 ± 3.65 8 33.3 ± 1.66 16 39.7 ± 6.45 4 
   mL day-1 6.8 ± 0.94 8  5.7 ± 0.70 8 5.3 ± 0.25 16 8.5 ± 0.92 4 
   mL (kg0.82 day)-1 147.5 ± 19.27 8  130.8 ± 14.24 8 137.0 ± 6.30 16 173.5 ± 25.03 4 
          
Water efflux          
   % TBW day-1 35.4 ± 5.22 8  37.7 ± 4.71 8 35.9 ± 1.41 16 42.3 ± 5.69 4 
   mL day-1 6.9 ± 0.94 8  6.4 ± 0.91 8 5.8 ± 0.26 16 9.0 ± 0.72 4 
   mL (kg0.82 day)-1 151.2 ± 19.51 8  147.0 ± 17.87 8 150.2 ± 5.59 16 184.8 ± 21.64 4 
          
Water required to maintain  
body mass (mL day-1) 6.7 8  6.5 8 5.5 16 10.7 4 
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Total body water 

The total body water of all dibblers combined was 80.4 ± 1.23%, which was comparable 

to the total body water of 79.3 ± 1.03% for all mice combined (p > 0.05).  

 

For all trips combined, dibblers on Whitlock had a significantly lower total body water 

content (77.9 ± 1.77%) than dibblers on Escape (82.8 ±1.64%; p = 0.046).  Dibblers 

exhibited seasonal fluctuations in their total body water content.  Those on Whitlock 

had a significantly greater total body water content during summer 2004 (82.2 ± 1.81%) 

compared to summer 2003 (70.0 ± 3.27%; p < 0.05).  Total body water during spring 

2004 was intermediate to that in summer 2003 (p > 0.05) and summer 2004 (p > 0.05; 

Table 7.4).  Dibblers on Escape had a significantly greater total body water content 

during autumn 2003 (88.9 ± 1.75%) compared to summer 2004 (77.9 ± 2.51%).  Total 

body water during spring 2004 was intermediate to that in autumn 2003 (p > 0.05) and 

summer 2004 (p > 0.05).   

 

Mice on Whitlock had a significantly greater total body water content (82.1 ± 1.05%) 

than mice on Boullanger (75.4 ± 1.82%; p < 0.001).  Similar to dibblers on Whitlock, 

mice on Whitlock had a significantly greater total body water content during summer 

2004 (85.4 ± 0.88%) compared to summer 2003 (77.1 ± 1.95%; p < 0.05).  Total body 

water of mice during spring 2004 was intermediate to that in summer 2004 (p > 0.05) 

and summer 2003 (p > 0.05; Table 7.5).  Water fluxes for mice on Boullanger were only 

investigated once due to low recapture rates during summer 2003.   

 

When total body water was regressed against body condition indices (Chapter 4) the 

relationship was significant for dibblers during spring 2004 (r2 = 0.92; p = 0.04), and for 

mice during summer 2003 (r2 = 0.28; p = 0.03) for animals on Whitlock.  For all 

seasons combined, the relationship was significant for mice on Whitlock (r2 = 0.17; p = 

0.005), but not for dibblers on Whitlock (p > 0.05) or Escape (p > 0.05).  Nor was the 

relationship significant when species from different islands were combined (p > 0.05).  

 

Water metabolism 

Dibblers and mice maintained water balance (influx = efflux) during each trip (p > 

0.05).  For all seasons combined, mice had significantly greater daily influx rates (34.4 

± 1.68% total body water day-1) than did dibblers (28.2 ± 1.47% total body water day-1; 

p = 0.007).  However, water flux is related to body mass (Nagy and Peterson 1988) and 
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when size differences were accounted for, there was no significant difference between 

the daily influx rates of dibblers (135.6 ± 7.46 mL (kg0.82 -1 d) ) and mice (142.0 ± 6.60 

mL (kg0.82 -1 d) ; p = 0.523).   

 

The correlation between body mass and water influx was significant for both dibblers 

(r2 = 0.39; p < 0.001) and mice (r2 = 0.16; p = 0.016).  For dibblers on Whitlock, the 

minimum daily water required to maintain body mass was high during spring 2004 at 

18.8 mL day-1, decreasing to 11.1 mL day-1 -1 during summer 2004 and 7.3 mL day  

during summer 2003.  The minimum daily water requirement of dibblers on Escape was 

also greatest during spring 2004 at 14.1 mL day-1, decreasing to 11.6 mL day-1 during 

autumn 2003 and 8.0 mL day-1 during summer 2004. 

 

To maintain body mass, mice on Whitlock required 10.7 mL day-1 of water during 

spring 2004, decreasing to 6.5 mL day-1 during summer 2003 and 5.5 mL day-1 during 

summer 2004.  Mice on Boullanger required a minimum of 6.7 mL day-1 during 

summer 2003. 

 

Dibblers on Whitlock had significantly greater influx rates during spring 2004 (41.2 ± 

2.41% total body water day-1) compared to summer 2003 (29.8 ± 1.43% total body 

water day-1; p < 0.05) and summer 2004 (27.0 ± 1.93% total body water day-1; p < 0.05; 

Table 7.4).  Likewise, dibblers on Escape had significantly greater water influx rates 

during spring 2004 (37.2 ± 5.30% total body water day-1) compared to autumn 2003 

(27.0 ± 1.81% total body water day-1; p < 0.05) and summer 2004 (20.6 ± 1.94% total 

body water day-1; p < 0.05).   

 

Like dibblers on Whitlock, mice on Whitlock had greater influx rates during spring 

2004 than during summer 2003 or summer 2004, however differences were not 

significant (p>0.05; Table 7.5).   

 

Rates of water influx for both dibblers and mice did not correlate with the water content 

of plants or invertebrates for mammals on Boullanger, Whitlock or Escape.  

 

Allometric relationships generated by Nagy and Peterson (1988) for marsupial 

mammals in the field with body masses equivalent to those of dibblers on Whitlock 

(52.1 g) and Escape (49.5 g), predict water fluxes (± 95% confidence intervals) of 26.9 
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(11.0 – 64.5) mL day-1 and 26.1 (10.7 – 62.5) mL day-1 respectively.  The observed 

mean water influx of 12.8 mL day-1 for dibblers on Whitlock and 11.9 mL day-1 for 

dibblers on Escape, are 52.2% and 54.2% below predicted values, but fall within the 

95% confidence intervals predicted by Nagy and Peterson (1988). 

 

Allometric relationships for eutherian mammals in the field with average body masses 

equivalent to those of mice on Boullanger (19.3 g) and Whitlock (19.6 g), predict water 

fluxes (± 95% confidence intervals) of 3.7 (0.7 – 18.4) mL day-1 and 3.7 (0.7 – 18.6) 

mL day-1 respectively.  The observed mean water influxes of 6.8 mL day-1 for mice on 

Boullanger and 5.9 mL day-1 for mice on Whitlock are 85.2% and 59.7% above 

predicted values, but fall within the 95% confidence intervals predicted by Nagy and 

Peterson (1988).   

 

Water Economy Index values of mice on Boullanger and Whitlock were estimated at 

0.154 and 0.132 respectively, while the WEI of dibblers on Whitlock and Escape was 

estimated at 0.119 and 0.114 respectively. 

 

7.3.3   Sodium turnovers 

 

Exchangeable sodium pools 

For all trips combined, mice had significantly greater exchangeable pool sizes (50.7 ± 

2.25 mmol kg-1) than dibblers (43.0 ± 1.35 mmol kg-1; p = 0.004).  There were no 

significant seasonal variations in pool sizes for dibblers or mice on Whitlock, however 

dibblers on Escape had significantly greater pool sizes during spring 2004 (53.9 ± 3.94 

mmol kg-1) compared to autumn 2003 (41.0 ± 1.87 mmol kg-1; p < 0.05) and summer 

2004 (38.6 ± 1.88 mmol kg-1; p < 0.05; Table 7.6).   

 

The exchangeable sodium pool size was positively correlated with the total body water 

volume for both dibblers (r2 = 0.15, p = 0.016) and mice (r2 = 0.21, p = 0.008).  For 

dibblers there was a significant correlation between sodium pool size and the sodium 

concentration of the plasma (r2 = 0.24, p = 0.002).  Neither species exhibited a 

significant correlation between pool size and body mass (p > 0.05). 
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Sodium fluxes 

There were no significant correlations between exchangeable pool sizes and rates of 

influx for dibblers and mice.  Both species maintained electrolyte balance (sodium 

influx = sodium efflux) during each trip.  For all trips combined, rates of fractional 

influx for mice (84.6 ± 5.09% of the sodium pool day-1) were over double those for 

dibblers (34.5 ± 1.81 of the sodium pool day-1; p < 0.001).  Rates of influx between 

dibblers on Whitlock and Escape were similar (p > 0.05), however mice on Whitlock 

had a significantly greater mean influx (90.7 ± 5.43% of the sodium pool day-1) than did 

mice on Boullanger (61.3 ± 9.20% of the sodium pool day-1; p = 0.017).  

 

There were no significant seasonal differences in sodium fluxes for dibblers on 

Whitlock or Escape (Table 7.6), or for mice on Whitlock (Table 7.7). As mentioned 

previously, turnovers were investigated only once on Boullanger due to low recapture 

rates.  The sodium deposited on Boullanger, Whitlock and Escape, as measured by salt 

traps, was not significantly correlated with the sodium influx rates of either dibblers or 

mice, nor with the sodium content of plants or invertebrates (p > 0.05). 

 

For all animals combined, both dibblers and mice exhibited a positive correlation 

between rates of sodium influx and rates of water influx.  For dibblers, the equation for 

the regression (where n = 37, r2 = 0.64 and p < 0.001) was:  

(a)  sodium influx (mmol day-1) = 0.05·water influx (mL day-1) + 0.15. 

 

When dibblers were separated into those from Whitlock and those from Escape, the 

correlation remained positive for both.  The equation for dibblers on Whitlock (where n 

= 15, r2 = 0.79 and p < 0.001) was:   

(b)  sodium influx (mmol day-1) = 0.07·water influx (mL day-1) - 0.06. 

 

The equation for dibblers on Escape (where n = 22, r2 = 0.56 and p < 0.001) was:   

(c)  sodium influx (mmol day-1) = 0.04·water influx (mL day-1) + 0.24. 

 

For all mice combined, the equation for the regression (where n = 32, r2 = 0.22 and p = 

0.006) was:  

(d)  sodium influx (mmol day-1) = 0.07·water influx (mL day-1) + 0.44. 
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Table 7.6:  Sodium space, exchangeable sodium pool, sodium flux rates and concentrations of stable sodium in plasma of dibblers on Whitlock and Escape.  Values are means ± SE. 
 
 
 

 Whitlock Escape  
Summer 

2003 
Summer 

2004 
Spring  Autumn Summer Spring n n n n n    2004 2003 2004 2004 

              
 Sodium space (% body wt) 26.8 ± 1.06 3 28.4 ± 1.20 8 35.2 ± 1.38 4 29.9 ± 1.23 8 29.2 ± 1.36  11 36.9 ± 2.99 5 

Exchangeable sodium pool  36.0 ± 2.18 3 42.2 ± 2.83 8 49.6 ± 2.25 4 41.0 ± 1.87 8 38.6 ± 1.70 11 53.9 ± 3.94 5 (mmol kg-1) 
              
Sodium influx              

 -1 day -1 11.7 ± 1.47 3 14.2 ± 1.80 8 20.7 ± 1.53 4 13.2 ± 0.94 8 12.4 ± 1.70 11 19.8 ± 2.62 5    mmol kg
    % pool day -1 32.7 ± 4.43 3 33.5 ± 3.81 8 41.9 ± 2.80 4 32.7 ± 2.92 8 33.0 ± 5.02 11 36.6 ± 4.16 5 

              
Sodium efflux              

 -1   mmol kg  day -1 12.4 ± 1.58 3 15.1 ± 2.01 8 21.0 ± 1.61 4 13.6 ± 0.92 8 12.8 ± 1.69 11 20.7 ± 2.66 5 
    % pool day -1 34.5 ± 4.58 3 35.7 ± 4.10 8 42.5 ± 2.91 4 33.7 ± 2.84 8 33.9 ± 5.02 11 38.2 ± 4.01 5 

              
Sodium concentration in 
plasma (mmol L

 132.9 ± 3.73 6 143.7 ± 3.24 16 143.9 ± 3.03 8 137.3 ± 2.30 16 135.0 ± 2.05 22 144.9 ± 1.72 10 -1) 
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Table 7.7:  Sodium space, exchangeable sodium pool, sodium flux rates and concentrations of stable sodium in plasma of house mice on Boullanger and Whitlock.  Values are 
means ± SE. 
 
 
 
 Boullanger  Whitlock 

 Summer 
2003 n  Summer 

2003 n Summer 
2004 n Spring 

2004 n 

          
Sodium space (%) 36.3 ± 2.14 7  35.9 ± 2.31 8 34.7 ± 3.02 15 34.2 ± 0.85 4 
Exchangeable sodium pool 
(mmol kg-1) 51.0 ± 2.81 7  48.9 ± 3.32 8 51.4 ± 4.25 15 50.9 ± 0.91 4 

          
Sodium influx          
   mmol kg-1 day -1 30.5 ± 3.75 7  41.8 ± 4.86 8 48.5 ± 5.37 15 42.6 ± 3.46 4 
   % pool day -1 61.3 ± 8.61 7  86.5 ± 4.86 8 94.7 ± 7.71 15 83.7 ± 6.59 4 
          
Sodium efflux          
   mmol kg-1 day -1 31.0 ± 3.91 7  44.0 ± 5.22 8 50.3 ± 5.40 15 43.8 ± 3.61 4 
   % pool day -1 62.2 ± 8.91 7  90.7 ± 9.06 8 98.4 ± 7.63 15 86.2 ± 7.05 4 
          
Sodium concentration in plasma  
(mmol L-1) 138.7 ± 1.54 14  133.1 ± 2.48 16 154.6 ± 2.02 30 147.7 ± 3.27 8 
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When mice were separated into those from Whitlock and those from Boullanger, the 

correlation remained significant for mice on Whitlock, but not for mice on Boullanger.  

However, the Boullanger sample is based on 7 individuals.  Had recaptures been higher 

and therefore more samples available, a significant relationship may have been detected.  

The equation for the regression for mice on Whitlock (where n = 25, r2 = 0.31 and p = 

0.004) was:  

(e)  sodium influx (mmol day-1) = 0.10·water influx (mL day-1) + 0.35. 

 

The significance of the relationship suggests that dibblers from Whitlock and Escape, 

and mice from Whitlock, were obtaining both water and sodium from the same dietary 

source.   

 

7.3.4   Feeding rates 

 

Dibblers 

For dibblers on Whitlock and Escape, estimates of DMI using water fluxes were greater 

at all times than estimates of DMI using sodium fluxes (Table 7.12).  Predictions of 

DMI using water influx and the water content of dietary items (Tables 7.8 and 7.9) 

averaged 15.41 ± 1.607 g day-1 for dibblers on Whitlock, and 9.60 ± 1.121 g day-1 for 

dibblers on Escape.  These values are based on the assumption that dibblers do not 

drink, and may be incorrect if the assumption is violated.   

 

An alternative method is to estimate DMI using information from sodium influxes and 

the sodium content of the diet (Tables 7.8 and 7.9).  Average DMI, corrected for a 

sodium assimilation rate of 93% (Moro and Bradshaw 2002), was predicted at 7.12 ± 

0.782 g day-1 for dibblers on Whitlock, and 6.60 ± 0.550 g day-1 for dibblers on Escape 

(Table 7.12).  

 

A more accurate representation of DMI may be obtained by accounting for sodium that 

is incidentally ingested from the surface of plants, to avoid overestimating food intake.  

When estimates of sodium influx were corrected by subtracting the sodium found on 

plant surfaces, the DMI values (corrected for sodium assimilation rate), dropped to 6.69 

± 0.818 g day-1 for dibblers on Whitlock, and 6.11 ± 0.581 g day-1 for dibblers on 

Escape.  
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Using the equations of Nagy (2001), estimates of DMI (± 17% species deviation) for 

field populations of marsupial mammals of similar mass to dibblers on Whitlock (52.1 

g) and Escape (49.5 g), are predicted at 6.72 (5.58 – 7.86) g day-1 and 6.49 (5.39 – 7.59) 

g day-1 respectively.  In this study estimates of DMI once corrected for exogenous 

sources of sodium and sodium assimilation rate, were 0.4% below predicted values for 

dibblers on Whitlock and 5.9% below predicted values for dibblers on Escape, and fall 

within the 17% error associated with species deviation (Nagy 2001).   

 

 
Table 7.8:  Water and sodium composition of the diet of dibblers on Whitlock.  Frequency of occurrence 
(FOO) is the proportion of food items in faeces (n = 61) relative to other items identified.  The water and 
sodium content of each dietary item was estimated from samples collected in the field.  Food types that 
contributed 0.5% or less to the diet are not presented. 
 

Dietary Na in Dietary 
sodium 

Water in  
Food Item FOO Water dietary item dietary item 

(mL (100g)-1) (µL g-1) (mmol g-1) (mmol kg-1) 
Fruit and seed      
Grass seed E 0.014 70.1 9.81 0.183 2.57 
Grass seed F 0.009 70.1 6.31 0.183 1.65 
Rhagodia baccata seed 0.027 84.7 22.87 0.135 3.65 
Spinifex longifolius seed 0.006 68.6 4.12 0.050 0.30 
Plant species      
 Atriplex cinerea 0.026 67.6 17.56 0.179 4.66 
Carpobrotus virescens 0.011 83.9 9.23 0.501 5.51 
Nitraria billardierei 0.010 72.1 7.21 0.255 2.55 
Invertebrate Order      
Araneae 0.018 69.7 12.55 0.069 1.23 
Blattodea 0.076 77.0 58.50 0.144 10.92 
Coleoptera 0.215 74.6 160.39 0.033 7.05 
Dermaptera 0.097 69.6 67.46 0.024 2.37 
Diptera 0.014 61.1 8.55 0.216 3.03 
Hemiptera 0.058 58.4 33.89 0.256 14.83 
Hymenoptera 0.025 66.9 16.74 0.115 2.87 
Lepidoptera 0.007 74.9 5.24 0.067 0.47 
Larvae 0.270 73.5 198.40 0.087 23.52 
Vertebrate      
Bird remains 0.063 71.5 45.04 0.125 7.87 
Mouse remains 0.026 71.5 18.59 0.125 3.25 
      
SUM   722.44  103.83 
 

 
 

 



Chapter 7 Isotopic Fluxes and Feeding Rates of Mammals 
 

142 

Table 7.9:  Water and sodium composition of the diet of dibblers on Escape.  Frequency of occurrence 
(FOO) is the proportion of food items in faeces (n = 68) relative to other items identified.  The water and 
sodium content of each dietary item was estimated from samples collected in the field.  Food types that 
contributed 0.5% or less to the diet are not presented. 
 
 

Water in  Dietary Na in Dietary 
sodium Food Item FOO dietary item Water dietary item 

(mL (100g)-1) (µL g-1) (mmol g-1) (mmol kg-1) 

Fruit and Seed      
Avena barbata seed 0.008 47.1 3.77 0.071 0.57 
Grass seed E 0.012 70.1 8.41 0.183 2.20 
Grass seed F 0.011 70.1 7.71 0.183 2.02 
Rhagodia baccata seed 0.013 84.7 11.01 0.135 1.76 
Threlkeldia diffusa seed 0.030 81.2 21.03 0.183 5.50 
Plant species      
 Atriplex cinerea 0.015 67.6 10.13 0.179 2.69 
Carpobrotus virescens 0.006 83.9 5.04 0.501 3.01 
Mesembryanthemum 
crystallinum 

0.007 70.58 4.94 0.314 2.20 

Olearia axillaris 0.006 49.2 2.95 0.023 0.13 
Spinifex longifolius 0.019 68.6 13.03 0.050 0.96 
Invertebrate Order      
Araneae 0.020 69.7 13.94 0.069 1.37 
Blattodea 0.102 77.0 78.51 0.144 14.66 
Coleoptera 0.278 74.6 207.39 0.033 9.12 
Dermaptera 0.071 69.6 49.38 0.024 1.73 
Diptera 0.011 61.1 6.72 0.216 2.38 
Hemiptera 0.084 58.4 49.08 0.256 21.48 
Hymenoptera 0.023 66.9 15.40 0.115 2.64 
Isopoda 0.011 71.3 7.84 0.309 3.40 
Lepidoptera 0.008 74.9 5.99 0.067 0.53 
Orthoptera 0.015 62.0 9.31 0.057 0.86 
Larvae 0.202 73.5 148.43 0.087 17.60 
Vertebrate      
Mouse remains 0.007 71.5 5.01 0.125 0.87 
      
SUM   705.54  100.99 
 

 

House mice 

For mice on Boullanger and Whitlock, predictions of DMI using water influx and the 

water content of dietary items (Tables 7.10 and 7.11) averaged 5.47 ± 0.937 g day-1 and 

4.56 ± 0.334 g day-1 respectively.  Again, these values are based on the assumption that 

mice do not drink, and may be incorrect if the assumption is violated.  Using the 

alternative method of estimating DMI from sodium influxes and the sodium content of 

the diet of mice (Tables 7.10 and 7.11), average DMI (corrected for a sodium 

assimilation rate) was predicted at 3.24 ± 0.444 g day-1 for mice on Boullanger, and 

6.46 ± 0.475 g day-1 for mice on Whitlock (Table 7.13). When estimates of sodium 

influx were corrected for by accounting for sodium found on plant surfaces, DMI values  
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Table 7.10:  Water and sodium composition of the diet of mice on Boullanger.  Frequency of occurrence 
(FOO) is the proportion of food items in faeces (n = 58) relative to other items identified.  The water and 
sodium content of each dietary item was estimated from samples collected in the field.  Food types that 
contributed 0.5% or less to the diet are not presented. 
 
 

Water in  Dietary Na in Dietary 
sodium Food Item FOO dietary item Water dietary item 

(mL (100g)-1) (µL g-1) (mmol g-1) (mmol kg-1) 

Fruit and Seed      
Avena barbata seed 0.008 47.1 3.77 0.071 0.57 
Grass seed E 0.019 70.1 13.32 0.183 3.49 
Rhagodia baccata seed 0.058 84.7 49.13 0.135 7.83 
Seaweed 0.016 70.1 11.22 0.183 2.93 
Plant species      
Avena barbata 0.052 47.1 24.50 0.071 3.70 
Atriplex cinerea 0.042 67.6 28.37 0.179 7.54 
Atriplex isatidea 0.055 67.7 37.22 0.701 38.57 
Carpobrotus virescens 0.092 83.9 77.22 0.501 46.11 
Malva australiana 0.011 70.1 7.71 0.183 2.02 
Olearia axillaris 0.036 49.2 17.72 0.023 0.81 
Rhagodia baccata 0.090 65.3 58.79 0.135 12.16 
Scaevola crassifolia 0.016 72.1 11.54 0.133 2.13 
Senecio lautus 0.006 76.6 4.60 0.023 0.14 
Spinifex longifolius 0.009 68.6 6.17 0.050 0.45 
Tetragonia decumbens 0.092 85.9 79.01 0.272 25.01 
Threlkeldia diffusa 0.016 73.5 11.76 0.342 5.47 
Trachyandra divaricata 0.037 89.1 32.96 0.008 0.29 
Species A 0.022 70.1 15.42 0.183 4.04 
Species B 0.045 70.1 31.54 0.183 8.26 
Weed species C 0.009 88.7 7.98 0.096 0.86 
Invertebrate Order      
Araneae 0.018 69.7 12.55 0.069 1.23 
Coleoptera 0.045 74.6 33.57 0.033 1.48 
Diptera 0.030 61.1 18.33 0.216 6.49 
Hemiptera 0.051 58.4 29.80 0.256 13.04 
Hymenoptera 0.047 66.9 31.47 0.115 5.40 
Larvae 0.058 73.5 42.62 0.087 5.05 
      
SUM   713.06  207.83 
 
 

-1(corrected for sodium assimilation rate), dropped to 2.96 ± 0.444 g day  for mice on 

Boullanger, and 6.08 ± 0.480 g day-1 for mice on Whitlock. 

 

Average estimates of DMI (± 44% species deviation) for field populations of rodents of 

similar mass to mice on Boullanger (19.3 g) and Whitlock (19.6 g), are estimated at 

3.28 (1.84 – 4.73) g day-1 -1 and 3.32 (1.86 – 4.78) g day  respectively.  Estimates of DMI 

for mice on Boullanger and Whitlock, using values corrected for exogenous sources of 

sodium were 9.8% below and 83.0% above predicted values.  DMI estimates for mice 

on Boullanger fell within the 44% error associated with species deviation, although 

DMI estimates for mice on Whitlock did not.  However, error values associated with 
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Table 7.11:  Water and sodium composition of the diet of mice on Whitlock.  Frequency of occurrence 
(FOO) is the proportion of food items in faeces (n = 61) relative to other items identified.  The water and 
sodium content of each dietary item was estimated from samples collected in the field.  Food types that 
contributed 0.5% or less to the diet are not presented. 
 
 

Food Item FOO 
Water in  

dietary item 
(mL (100g)-1) 

Dietary 
Water 
(µL g-1) 

Na in 
dietary item 
(mmol g-1) 

Dietary 
sodium 

(mmol kg-1) 

Fruit and Seed      
Grass seed E 0.014 70.1 9.81 0.183 2.57 
Grass seed F 0.009 70.1 6.31 0.183 1.65 
Rhagodia baccata seed 0.027 84.7 22.87 0.135 3.65 
Spinifex longifolius seed 0.006 68.6 4.12 0.050 0.30 
Plant species      
 Atriplex cinerea 0.026 67.6 17.56 0.179 4.66 
Carpobrotus virescens 0.011 83.9 9.23 0.501 5.51 
Nitraria billardierei 0.010 72.1 7.21 0.255 2.55 
Invertebrate Order      
Araneae 0.018 69.7 12.55 0.069 1.23 
Blattodea 0.076 77.0 58.50 0.144 10.92 
Coleoptera 0.215 74.6 160.39 0.033 7.05 
Dermaptera 0.097 69.6 67.46 0.024 2.37 
Diptera 0.014 61.1 8.55 0.216 3.03 
Hemiptera 0.058 58.4 33.89 0.256 14.83 
Hymenoptera 0.025 66.9 16.74 0.115 2.87 
Lepidoptera 0.007 74.9 5.24 0.067 0.47 
Larvae 0.270 73.5 198.40 0.087 23.52 
Vertebrate      
Bird remains 0.063 71.5 45.04 0.125 7.87 
Mouse remains 0.026 71.5 18.59 0.125 3.25 
      
SUM   722.44  103.83 
 

species deviation are conservative estimates compared to 95% confidence intervals.  

Using the equations of Nagy (1987), estimates of DMI (± 95% confidence intervals) of 

a eutherian rodent of the same mass as mice on Whitlock, are 3.33 (1.20 – 9.18) g day-1.  

The actual DMI of 6.08 g day-1 for mice on Whitlock falls within the 95% confidence 

intervals predicted by Nagy (1987). 

 

On a mass specific basis, the DMI of mice on Whitlock was over double the amount 

(0.29 ± 0.025 g (g body mass-1) day-1) of that of mice on Boullanger (0.13 ± 0.02 g (g 

body mass-1) day-1; p = 0.002).  Dibblers consumed similar amounts on both Whitlock 

(0.13 ± 0.013 g (g body mass-1) day-1) and Escape (0.12 ± 0.011 g (g body mass-1) day-1; 

p > 0.05).  For all animals combined, the DMI of mice was significantly greater (0.26 ± 

0.023 g (g body mass-1) day-1) than the DMI of dibblers (0.12 ± 0.008 g (g body mass-1) 

day-1; p < 0.001). 
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Table 7.12:  Calculations of feeding rates for field populations of dibblers on Whitlock and Escape.  Values are means (± SE). 
 

A n Trip Body Water 
influx 

Sodium 
influx 

DMI (1) DMI 
(2a)

Corrected 
DMI (2b)

Sodium on 
plants 

Sodium influx corrected 
for exogenous sodium

Corrected 
DMI (3)mass 

(g) (mL day-1) 
(g day-1 B C D E) 

-1(mmol day ) (g day-1) (g day-1 -1) (mmol g ) (mmol (g plant)-1) (g day-1) 

Whitlock            
Summer 2003 3 50.78 9.37 10.62 0.53 5.12 4.77 0.06 0.47 4.22 

(3.546) (1.611) (2.230) (0.108) (1.037) (0.965) (0.018) (0.108) (0.965) 

Summer 2004 8 51.75 11.48 13.54 0.70 6.79 6.32 0.06 0.64 5.77 
(3.061) (1.329) (1.840) (0.106) (1.018) (0.946) (0.018) (0.106) (0.946) 

Spring 2004 4 56.75 18.13 22.76 1.17 11.30 10.51 0.01 1.16 10.39 
(1.250) (0.668) (0.925) (0.071) (0.683) (0.635) (0.003) (0.071) (0.635) 

Escape           
Autumn 2003 8 52.50 13.08 11.38 0.69 6.86 6.38 0.07 0.62 5.73 

(3.403) (1.616) (1.616) (0.042) (0.418) (0.389) (0.015) (0.042) (0.389) 

Summer 2004 11 46.10 7.32 5.62 0.54 5.35 4.98 0.06 0.48 4.41 
(2.036) (0.614) (0.614) (0.050) (0.493) (0.458) (0.018) (0.050) (0.458) 

Spring 2004 5 53.16 17.18 15.48 1.07 10.62 9.87 0.01 1.06 9.75 
(2.692) (2.587) (2.587) (0.151) (1.496) (1.391) (0.003) (0.151) (1.390) 

 

ADMI(1) = (water influx – metabolic water production) / total water in diet.  Metabolic water production (MWP) is estimated at 1.7 mL day-1, which is equivalent to the MWP of 
field populations of Antechinus stuartii, another small dasyurid marsupial (Nagy et al. 1978). 
For dibblers on Whitlock, total dietary water = 0.7224 mL g-1 (Table 7.9) and for dibblers on Escape, total dietary water = 0.70554 mL g-1 (Table 7.10). 
B -1DMI(2a) = sodium influx / dietary sodium.  Dietary sodium = 0.1038 mmol g  for dibblers on Whitlock (Table 7.9), and 0.1010 mmol g-1 for dibblers on Escape (Table 7.10). 
CDMI(2b) = Corrected for sodium assimilation rate of 93% (Moro and Bradshaw 2002). 
DCorrected sodium influx = isotopic flux – exogenous sodium. 
DMI(3) = (corrected sodium influx) / (dietary sodium), and corrected for assimilation rate of 93%. E
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Table 7.13:  Calculations of feeding rates for field populations of house mice on Boullanger and Whitlock.  Values are means (± SE). 
 
Trip n Body 

mass 
(g) 

Water 
influx 

(mL day-1) 

DMI (1)A 

(g day-1) 
Sodium 
influx 

(mmol day-1) 

DMI 
(2a)B

(g day-1) 

Corrected 
DMI (2b)C

(g day-1) 

Sodium on 
plants 

(mmol g-1) 

Sodium influx corrected 
for exogenous sodiumD

(mmol (g plant)-1) 

Corrected 
DMI (3)E

(g day-1) 

Boullanger           
Summer 2003 8 19.29 

(0.687) 
6.77 

(0.937) 
5.47 

(0.937) 
0.72 

(0.099) 
3.48 

(0.477) 
3.24 

(0.444) 
0.06 

(0.018) 
0.66 

(0.099) 
2.96 

(0.444) 

Whitlock           
Summer 2003 8 19.89 

(0.781) 
5.67 

(0.696) 
4.37 

(0.696) 
0.91 

(0.121) 
6.74 

(0.893) 
6.26 

(0.831) 
0.06 

(0.018) 
0.85 

(0.121) 
5.84 

(0.831) 

Summer 2004 11 18.52 
(0.553) 

5.31 
(0.248) 

4.01 
(0.248) 

0.91 
(0.106) 

6.76 
(0.788) 

6.29 
(0.732) 

0.06 
(0.018) 

0.85 
(0.050) 

5.87 
(0.732) 

Spring 2004 5 25.62 
(1.226) 

8.46 
(2.923) 

7.16 
(0.923) 

1.08 
(0.069) 

8.01 
(0.513) 

7.45 
(0.477) 

0.01 
(0.003) 

1.07 
(0.069) 

7.36 
(0.477) 

 
ADMI(1) = (water influx – metabolic water production) / total water in diet.  Metabolic water production (MWP) is estimated at 1.3 mL day-1, which is equivalent to the MWP of 
house mice on Thevenard Island (Moro and Bradshaw 1999b). 
For house mice on Boullanger, total dietary water = 0.0.7131 mL g-1 (Table 7.11) and for house mice on Whitlock, total dietary water = 0.7470 mL g-1 (Table 7.12). 
BDMI(2a) = sodium influx / dietary sodium.  Dietary sodium = 0.2078 mmol g-1 for house mice on Boullanger (Table 7.11), and 0.1351 mmol g-1 for dibblers on Escape (Table 7.12). 

 

 

CDMI(2b) = Corrected for sodium assimilation rate of 93% (Moro and Bradshaw 2002). 
Corrected sodium influx = isotopic flux – exogenous sodium. 
DMI(3) = (corrected sodium influx) / (dietary sodium), and corrected for assimilation rate of 93%. 

D

E
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7.4   Discussion 
 

7.4.1   Water fluxes 

 

Comparisons within and between species 

Neither dibblers nor mice showed evidence of stress when turnovers were investigated.  

Body water volume remained constant within each trip and the rate of water influx was 

equal to the rate of water efflux.  Dibblers on Whitlock and Escape also maintained 

body weight during all seasons, possibly due to their high consumption of invertebrates.  

The availability of invertebrates was constant throughout the year (Chapter 5), and the 

water and sodium concentrations of invertebrates remained in a steady state.  Similar 

work by Morris and Bradshaw (1981) suggested that invertebrates supplied the ash-grey 

mouse (Pseudomys albocinereus) with an appropriate water source that kept this species 

in physiological balance during the drier months of the year.   

 

Numerous studies have suggested that measures of total body water can give indirect 

measures of fat reserves in mammals (Panaretto 1963, Searle 1970, Kodma 1971, 

Holleman and Dieterich 1973).  Stored fat is free of water, so that a decrease in total 

body water can indicate an increase in fat content (Gauthier and Thomas 1990).  Despite 

the lack of a significant relationship between total body water content and body 

condition indices, dibblers on Whitlock have a significantly lower total body water 

content than dibblers on Escape.  This may be indicative of their greater fat reserves, a 

theory that is supported by their greater body condition indices (Chapter 4).  In turn, the 

higher fat content and better body condition of dibblers on Whitlock may result from the 

greater productivity on this island and the greater availability of invertebrates on 

Whitlock compared to Boullanger or Escape (Chapter 5).   

 

In contrast, mice on Boullanger had significantly lower total body water than mice on 

Whitlock, despite the increased productivity on Whitlock and the higher body condition 

indices and dry matter intake of mice on Whitlock compared to Boullanger.  However, 

this may be a reflection of the combination of the low number of samples collected from 

Boullanger and the timing of field trips.  Summer turnovers were investigated on 

Boullanger during early December 2002, and on Whitlock during late January 2003 and 

February 2004.  Mice on Boullanger may have had lower body water contents as they 

were still depositing fat from the flush of food following the winter rains.  By late 
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January and early February it is possible that animals on Whitlock were losing body fat 

due to a decrease in the water and nutrient content of the vegetation.   In addition, when 

total body water was regressed against body condition indices (Chapter 4) the 

relationship was not significant for mice on Boullanger, suggesting that total body water 

may not be indicative of high fat reserves and therefore better body condition in mice 

from this island.   

 

The hypothesis that mice would have significantly greater water influxes (% total body 

water day-1) than dibblers was supported for all animals and seasons combined. Mice 

turned over 33% to 40% of their total body water per day, which was greater than the 

water flux of dibblers at most times.  Dibblers on Escape and Whitlock turned over 20% 

to 41% of their total body water per day.  However, when size differences were 

accounted for, the water turnover of mice (142 mL kg-0.82 day-1) remained greater than 

that of dibblers (136 mL kg-0.82 day-1) but the difference was not significant.   

 

Higher water turnovers of mice therefore probably reflect their smaller body size, but 

may also be attributed to the greater proportion of plant material in their diet.  Past 

studies have found that field populations of herbivorous mammals have water fluxes 

that are up to three times higher than non-herbivorous mammals (Nagy and Peterson 

1988).  Water usage between species also differs between different taxonomic and 

phylogenetic groups.  However, a review of rates of water turnover in marsupials and 

eutherians revealed that differences in water turnover between the two phylogenies 

(Richmond et al. 1962, Denny and Dawson 1975) were more likely due to habitat 

differences than to phylogenetic differences (Nicol 1978).   

 

The extent to which various animals depend on the availability of environmental water 

is reflected by the amount of water they process through their bodies each day (Nagy 

and Peterson 1988).  The lower water fluxes for dibblers, particularly during summer 

periods when water is in short supply, suggest that they are less reliant on the 

environment for their water needs.  In comparison, mice process more water through 

their body per day, and are more dependent on their surroundings for dietary water.   

 

Allometric predictions can serve as standards for mammals of a particular size.  

Comparison of actual and predicted values can reveal the potential water conserving 

ability of a species (Nagy and Peterson 1988).  In this study, the observed water fluxes 
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for dibblers on Whitlock and Escape were 52% and 54% below those predicted for field 

populations of marsupial mammals.  In comparison, the observed water fluxes for mice 

on Boullanger and Whitlock were 85% and 60% above predicted values for eutherian 

mammals.  Comparison of real and predicted values suggest that dibblers exhibit good 

water conserving abilities, yet mice are not well adapted to cope with a deficit of free 

water in the environment.   

 

An additional measure to compare the water conserving abilities of dibblers and house 

mice is made possible through estimation of their Water Economy Index (WEI).  Low 

WEI values indicate use of physiological, morphological and behavioural adaptations to 

enable better water conservation in the wild (Nagy and Peterson 1988).  The lower WEI 

values estimated for dibblers compared to mice suggest that dibblers have better water 

conserving abilities and are therefore more adapted to their island environment.    

 

In this study, the lack of a significant correlation between the water and sodium content 

of the diet, and the water and sodium influxes of dibblers and mice suggests that diet 

alone may not explain the increase in turnovers.  Dibblers and mice may be accessing 

water from alternative sources such as dew or rainwater, particularly during winter and 

spring.  Previous authors have suggested that small mammals, including fat-tailed 

dunnarts (Sminthopsis crassicaudata), agile antechinus (Antechinus agilis) and short-

tailed mice (Leggadina lakedownensis) ingest dew as an additional source of dietary 

water (Nagy et al. 1978, Morton 1980, Moro and Bradshaw 1999a).  The lack of a 

significant correlation between influx and diet may also be due to the limited number of 

sampling trips on each island.  Had each island been sampled more frequently, a 

significant correlation may have been detected.   

 

This study found that dibblers turn over 20% to 41% of their body water per day, which 

is similar to the turnover of 30% to 60% of body water per day reported for other 

mammals (Bradford 1974, MacMillen and Christopher 1975, Nagy et al. 1978).  The 

rates of water turnover for dibblers on Whitlock (145 mL kg-0.82 day-1) and Escape (129 

mL kg-0.82 day-1) are within the range of values recorded for field populations of dibblers 

and other marsupial mammals of similar size (Table 7.14).  Green, King and Dickman 

(unpublished data noted in Green 1997) recorded water flux rates for dibblers (49 g) of 

194 mL kg-0.82 day-1 during spring, similar to this study which found water flux rates of 

191 and 188 mL kg-0.82 day-1 for dibblers on Whitlock (57 g) and Escape (53 g) during 
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spring.  Lee and Nagy (unpublished data noted in Nagy and Peterson 1988) recorded 

water flux rates for dusky antechinus (Antechinus swainsonii; 47 g) of 281 mL kg-0.82 

day-1 during spring.  In contrast, Kennedy and Macfarlane (1971) recorded a low of 87 

mL kg-0.82 day-1 for the mulgara (Dasycercus cristicauda; 86 g) while Haines et al. 

(1974) recorded 93 mL kg-0.82 -1 day  for the kowari (Dasyuroides byrnei; 127 g).  

Differences in water turnover between these species can in part be attributed to 

differences in habitat.  While dusky antechinus inhabit moist sclerophyll forests and 

rainforests where water is readily available (Williams and Williams 1982), the mulgara 

and the kowari are desert dwelling mammals and are thus adapted to a deficit of free 

water (Kennedy and Macfarlane 1971, Haines et al. 1974).  Water availability on the 

islands is intermediate between these two extremes, therefore it is not surprising that the 

water fluxes for dibblers are intermediate to these species.   

 
-0.82The water influx rates of mice on Boullanger (147 mL kg  day-1) and Whitlock (140 

mL kg-0.82 day-1) were similar to those of house mice on Thevenard Island (158 mL kg-

0.82 day-1) in the north-west of Western Australia (Moro and Bradshaw 1999a), but were 

greater than those found for house mice in Cockleshell Gully (108 – 116 mL kg-0.82 day-

1), 12 km north-east of Jurien Bay (Morris 1981; Table 7.14).  However, the rates did 

not reach the high turnovers recorded for house mice inhabiting wheat fields in South 

Australia (335 mL kg-0.82 day-1; Mutze et al. 1991).  Variation of water flux within a 

species can be large, due to differences in factors such as temperature and rainfall, 

habitat, diet, sex and reproductive status (Nagy and Peterson 1988).  It is likely that the 

island environment of Boullanger and Whitlock is substantially different to the 

mainland environment at Cockleshell Gully, despite their relative proximity to one 

another.  Thevenard Island, which is off the north-west coast of Western Australia, is 

subject to similar extremes of high salt loads and shortages of water which are 

characteristic of island environments (Moro and Bradshaw 1999a).   
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Table 7.14:  Mean body mass and water influx rates for various eutherian rodents and marsupial 
mammals.  Values are for field populations of animals unless otherwise stated. 
 

Species Body mass Water influx rates  Comments 

 (g) (mL day-1   ) (mL (kg0.82 day)-1  ) 

Eutherian mammals     

Mus domesticus 19.3 6.8 147.5 Boullanger Island WAA

A 19.6 5.9 140.5 Whitlock Island WA
Cockleshell Gully WA, 
autumn 13-13.9 3.3 108.3 - 116.2 B

 14.8 1.8-10.7 56.4 - 335.3 Crop fields, SAC

 15 5 157.8 Thevenard Island WAD

Pseudomys albocinereus 19.1 4.0 103.2 Cockleshell Gully WA, 
MarchE

 28.6 7.5 137.9 Cockleshell Gully WA, 
AugustE

Leggadina lakedownensis 25.1 4.6 94 Thevenard IslandD

Peromyscus maniculatus 25.0 5.3 108.7 WinterF

Pseudomys nanus 40.3 5.1 70.6 Barrow Island WA, springG

Barrow Island WA, 
autumn 51.5 11.3 128.7 G

Marsupial mammals     

Sminthopsis crassicaudata 20.4 22.4 544.9 Werribee VIC, summerH

 15.3 20.6 634.5 Werribee VIC, springH

Antechinus agilis 25.7 13.9 279.8 Healesville VIC, winterI

 25.7 18.9 380.5 Healesville VIC, winterI

Parantechinus apicalis 52.1 12.8 145.4 Whitlock IslandA

 49.5 11.9 129.4 Escape IslandA

 51.0 9.4 107.9 Boullanger and Whitlock 
islands WA, summerJ

Boullanger and Whitlock 
islands WA, autumn 59.0 9.1 92.7 J

Boullanger and Whitlock 
islands WA, winter 47.0 15.2 186.5 J

Boullanger and Whitlock 
islands WA, spring 49.0 16.4 194.5 J

Antechinus swainsonii 47.4 23.1 281.5 Females, springK

 54.2 72.5 791.5 Females, lactatingK

 72.7 50.4 432.5 Males, mating seasonK

Dasycercus cristicauda 86.0 11.2 87.0 Ayres Rock, NTL

Dasyuroides byrnei 127.0 16.8 92.8 Birdsville, QLDM

Petaurus breviceps 135.0 40.6 209.7 Willung VIC, malesN

 

A This study, B Morris (1981),C Mutze et al. (1991), D Moro and Bradshaw (1999a), E Morris and 
Bradshaw (1981), F Grubbs (1980), G Bradshaw et al. (1994), H Morton (1980), I J Nagy et al. (1978),  
Green, King and Dickman, unpublished data, K L  Lee and Nagy, unpublished data, Kennedy and 
Macfarlane (1971), field animals under laboratory conditions, M Haines et al. (1974), field animals under 
laboratory conditions, N Nagy and Suckling (1985). 
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Seasonal differences 

The hypothesis that dibblers and mice would have greater water influx rates during 

spring was supported, although differences were not significant for mice on Whitlock.  

Similar to the findings of this study, Green (1997) reported that dibblers on Boullanger 

and Whitlock had greater water flux rates during winter and spring compared to summer 

and autumn (data collected by Green, King and Dickman, Table 7.14).  The increase in 

water turnover coincided with an increase in dry matter intake per day and an increase 

in average body weight for both dibblers and mice (Tables 7.12 and 7.13).  It is 

suggested that the increase in water turnover and dry matter intake is related to the 

increase in availability of succulent vegetation following the winter rains.  Many 

authors have shown that higher water turnover rates have been associated with diets 

consisting of succulent vegetation and/or invertebrates (Yousef et al. 1974, Morton 

1980, Morris and Bradshaw 1981).  The ash-grey mouse (Pseudomys albocinereus) 

increased its water turnover during winter months, which correlated with an increase in 

the water content of the vegetation and an increase in rainfall in the month prior to the 

sampling date (Morris and Bradshaw 1981).  Although there were no clear seasonal 

patterns in invertebrate abundance in this study, previous studies reported that 

invertebrate numbers increased on Whitlock and Boullanger during winter and spring 

(Miller et al. 2003, Wolfe 2004).  The increase in water turnover for dibblers may also 

be affected by an increase in their intake of invertebrates during this time.  The 

relatively stable water fluxes found for mice on Whitlock suggest that mice were able to 

utilise water from a reliable source throughout the year. 

 

Water turnovers for dibblers were greater than water turnovers for mice when spring 

was compared to summer.  It is likely that during periods of high water availability, 

water conservation becomes less important for the dibbler than during summer periods 

when there may be a deficit of free water.  The fat-tailed dunnart (Sminthopsis 

crassicaudata), another dasyurid, consumed invertebrates with a high water content and 

was found to have a high water turnover, suggesting that water conservation was less 

important for its survival (Morton 1980).  It is not surprising that a species with greater 

access to succulent vegetation and invertebrates has greater water fluxes.  Both dibblers 

and mice also displayed an increase in the amount of water required to maintain body 

mass during spring compared to summer.  However, during periods of high water 

availability, animals may be ingesting excess water and excreting the excess via urine.  

Laboratory tests involving manipulation of the amount of water and food given to 
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animals may deliver a more accurate estimate of the volume of water required to 

maintain body mass.  

 

7.4.2   Sodium fluxes 

 

Rates of fractional sodium influx for mice were over double those for dibblers, 

supporting the hypothesis that mice would have greater sodium turnovers than dibblers.  

Dietary water and sodium are often packaged together in areas with a deficit of free 

water (MacMillen and Christopher 1975).  Mice had greater water fluxes than dibblers, 

therefore it is not surprising that their sodium fluxes were also greater.  The higher 

sodium influxes of mice suggest that they are eating more of a particular food type, or 

they are eating a more diverse range of foods that are high in sodium and water content 

(Moro and Bradshaw 1999a).  Greater sodium turnovers for mice are probably a 

reflection of their greater feeding rates compared to dibblers, as discussed in section 

7.4.3.     

 

Mice on Boullanger and Whitlock may also increase their sodium intake by developing 

a salt appetite, as suggested for mice on Thevenard Island (Moro and Bradshaw 1999a) 

and rats fed on increasing concentrations of saline solutions (Chew 1965).  Indeed, the 

sodium content of the diet of mice on Boullanger was estimated at 208 mmol per kg of 

dry matter while that on Whitlock was estimated at 104 mmol per kg of dry matter.  The 

higher sodium content of the diet of mice on Boullanger may be a result of their greater 

consumption of plants that are high in sodium content, such as Carpobrotus virescens 

and Atriplex isatidea.  In comparison, mice on Whitlock consumed a greater proportion 

of food types that are comparatively low in sodium concentration, including 

invertebrates, the seeds of Rhagodia baccata and the plant species Atriplex cinerea.  

Actual sodium fluxes were lower for mice on Boullanger compared to Whitlock, 

probably as a result of their lower DMI per day.  

 

Despite higher sodium fluxes for mice, neither dibblers nor mice appeared to be 

experiencing stress as sodium influx was equal to sodium efflux at all times.  The 

significant correlation of water influx rates and sodium influx rates for both species 

suggests that at most times water and sodium comes from the same dietary source.  

High sodium loads are toxic to mammals, and this study demonstrated that dibblers 

have superior water conserving abilities than mice.  In the event of a drought there 
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would be an increase in water shortage on the islands, and a consequent increase in the 

sodium concentration of plant material.  In such a situation, mice would be more 

vulnerable than dibblers to toxic sodium loads due to their greater water fluxes and DMI 

per day. 

 

7.4.3   Feeding rates 

 

Comparisons within and between species 

One of the most accurate representations of DMI may be obtained by accounting for 

sodium that is incidentally ingested from the surface of plants, which avoids 

overestimating actual dietary intake.  This strategy was developed by Murphy (1997) 

working with spinifex birds on Barrow Island, and has been trialled by Moro and 

Bradshaw (2002) who investigated the feeding rates of native and introduced mice on 

Thevenard Island.  Using this relatively new method, the average feeding rate of 

dibblers on Whitlock was 7.0 g day-1 and on Escape was 6.8 g day-1, these rates being 

close to the predicted values of Nagy (2001).  In comparison, the average DMI of mice 

on Whitlock was 6.1 g day-1, double that of the DMI of mice on Boullanger which was 

3.0 g day-1.  While the DMI of mice on Boullanger was close to predicted values, the 

DMI of mice on Whitlock was 83% above predicted values (Nagy 2001).  The increase 

in DMI of mice on Whitlock may be a reflection of the higher productivity of this 

island.  As a result of the increase in vegetative growth and abundance of invertebrates 

for food, the mice increase their daily feeding rates.  However, the DMI of mice on 

Whitlock may be slightly overestimated.  Although there were no significant differences 

between islands in the sodium concentrations found in plants or on their surfaces, 

concentrations of sodium in salt traps indicated that greater (although not significantly 

greater) amounts of sodium were deposited on Whitlock compared to Boullanger.  This 

was expected, as part of Boullanger is protected from the wind by a bay, and is therefore 

not exposed to the same levels of salt spray as Whitlock.  Analyses of sodium 

concentrations at more frequent intervals may detect greater sodium concentrations on 

plant surfaces on Whitlock compared to Boullanger, and would therefore result in a 

lower estimate of dry matter intake for mice on this island. 

 

On a mass specific basis, the dry matter intake of mice was over double that of dibblers, 

supporting the hypothesis that mice would have significantly greater feeding rates than 

dibblers.  Densities of mice are greater than densities of dibblers at most times, 
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suggesting that mice are a greater drain on food resources.  Chapter 8 links the results 

from this chapter and from Chapter 3 to predict biomass consumption and quantify the 

impact of dibblers and mice on island resources.  

 

Previous studies have reported similar findings for the dry matter intake of house mice.  

House mice on roadside verges in South Australia had a daily DMI of approximately 

17% of their body mass (Mutze et al. 1991), similar to the daily DMI of 15% of the 

body mass found for mice on Boullanger.  In comparison, house mice on Thevenard 

Island had a daily DMI of 30% of their body mass (Moro and Bradshaw 2002), which is 

comparable to the daily DMI of mice on Whitlock that ranged from 28% to 31% of their 

body weight.  

 

No published studies have previously estimated the daily DMI of dibblers.  This study 

found that the daily DMI of dibblers on Whitlock and Escape was similar, ranging from 

8% to 18% of their body weight.  Previous studies on marsupial mammals have found a 

range in daily feeding rates.  Field populations of agile antechinus (Antechinus agilis; 

25.7 g) living in a wet forest in Healesville, Victoria, consumed 60% of their body mass 

per day (Nagy et al. 1978), while fat-tailed dunnarts (Sminthopsis crassicaudata; 6.6 g) 

in Werribee, Victoria, consumed 80% to 90% of their body mass per day (Nagy et al. 

1988).  Sugar gliders (Petaurus breviceps; 121 g) had a daily DMI of 9% of their body 

mass (Nagy and Suckling 1985), while larger mammals such as short-nosed bandicoots 

(Isoodon obesulus; 1230 g) and quokkas (Setonix brachyurus; 1900 g) had daily feeding 

rates of 4% and 3% of their body mass respectively (Nagy et al. 1990, Nagy et al. 

1991).  Smaller mammals tend to have greater feeding rates as they require more energy 

per unit of body mass than do larger mammals (Nagy 1994, Nagy et al. 1999).  

 

Seasonal differences 

Dibblers and mice both increased their feeding rates in spring compared to summer.  

Dibblers on the islands breed in late March and pouch young are born in May (Mills 

2004).  Spring turnovers were investigated during September, when several females 

were still lactating, and juvenile dibblers were starting to disperse.  Female dibblers and 

juvenile dibblers are likely to need increased levels of food intake during this time.  

Indeed, isotopic fluxes of dibblers indicated that the amount of water required per day to 

maintain body mass increased during spring compared to other seasons.  Previous 

authors reported an increase in abundance of invertebrates during winter and spring 
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(Miller et al. 2003, Wolfe 2004). This is a similar pattern to Antechinus species where 

the timing of mating (winter) is thought to be related to predictable seasonal 

environments (Braithwaite and Lee 1979), so that juvenile dispersal coincides with the 

spring flush of insects (Dickman 1982).   

 

In addition, the increase in DMI for mice on Whitlock during spring corresponds with a 

high proportion of pregnant females in the population (Chapter 3).  Similar to dibblers, 

mice on Whitlock also required greater amounts of water during spring to maintain 

body mass, possibly because females were lactating.  The timing of mating of mice on 

the islands may be related to predictable seasonal patterns such as an increase in food 

availability (Bomford 1987) or total energy intake (Bronson 1979). 

 

7.4.4   Limitations of isotope turnover studies 

 

Turnover studies using tritium and sodium-22 allow an insight into the physiological 

needs of study animals.  However, results must be considered in the light of isotope 

study limitations.  Nagy and Costa (1980) reported measurements of water flux to be 

accurate to within 8% in captive animals, while Nagy and Peterson (1988) expected 

errors to be within 10% in field studies of free-ranging animals.  Holleman and 

Dieterich (1975) used tritium to estimate the total body water of small rodents (12 to 85 

g) and reported an error of 10% (95% confidence).  This error was regarded as 

acceptable, but they suggested that investigators be aware of the error associated with 

calculating other components of body composition, such as the percentage of body fat, 

from total body water (Holleman and Dieterich 1975).  Gauthier and Thomas (1990) 

found that although estimates of body fat from total body water content had an error of 

25% to 150% in passerine birds, measures were sufficiently precise to allow the 

comparison of fat reserves between groups of animals. 

 

Researchers must also be aware that a small discrepancy between intake and turnover 

may exist due to the portion of dietary sodium that passes straight through the gut, and 

is therefore not assimilated into the exchangeable sodium pool.  In addition, isotopes 

may be absorbed and incorporated into the bones of a growing animal (Green and 

Newgrain 1979).  In their study on the eastern quoll (Dasyurus viverrinus), Green and 

Eberhard (1979) found that sodium turnover underestimated actual intake by 15%.   

Despite the discrepancy, the study concluded that sodium-22 provides good estimates of 
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dietary sodium and food intake, as have previous studies on both herbivores (Green and 

Dunsmore 1978, Green et al. 1978, Williams and Ridpath 1982) and carnivores (Green 

1978, Green and Eberhard 1983, Robertson and Newgrain 1992).  

 

Estimates of feeding rates from water and sodium turnovers are accurate providing the 

animal does not drink (Lifson and McClintock 1966, Nagy and Costa 1980).  In this 

study, estimates of dry matter intake from water turnovers were high, suggesting that 

animals may be drinking and that the assumptions inherent in this calculation were 

violated.  The role of dew or rainwater as a source of water and sodium for dibblers and 

mice cannot be dismissed, especially during wet periods.  In addition, a proportion of 

the diet was unidentifiable, so that some dietary sodium or dietary water remains 

unaccounted for.  

 

Despite these limitations, the use of radioactive isotopes to estimate water and sodium 

turnovers allows us to investigate differences in physiology and behaviour between 

coexisting species.  In this study, estimates of feeding rates derived from water and 

sodium turnovers allowed us to quantify the diet of each species and more clearly 

understand the degree of resource depletion by mice, and the potential for competition 

with dibblers. The most obvious advantage of the tritiated water and sodium-22 method 

is the ability to sample non-destructively, which is clearly important when investigating 

the ecophysiology of an endangered marsupial.  
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Chapter 8 

 

General Discussion 
 

This study was designed to investigate the ecological interactions between dibblers and 

other prominent species living on the Jurien islands, and to determine the main factors 

regulating numbers of dibblers on each island.  Ideally, a manipulation experiment that 

controlled numbers of competing species in island plots would give the strongest 

evidence for competition.  As dibblers are endangered, restricting them to enclosures 

during periods of reproduction and growth could be detrimental to their survival.  The 

islands of Boullanger, Whitlock and Escape are also fragile ecosystems, and the 

construction of large fences across the islands would entail extensive damage to habitat.  

It was therefore not considered appropriate to conduct such an experiment.  The Jurien 

islands presented an ideal opportunity for this observational study, but the results must 

be considered in the light of its limitations, which include a lack of replication on each 

individual island.  Each island embodies its own separate ecosystem, differing in size, 

vegetation structure and species composition, and this may have contributed to some the 

observed differences between islands. 

 

Despite these limitations, the results from this study highlight both the influence of 

burrowing seabirds and the impact of competition from mice and King’s skinks on 

island populations of dibblers.  This discussion will link together the results from each 

experimental chapter, and present conclusions based on these results.  The first three 

sections set out below discuss the general hypotheses developed in Chapter 1.  Section 

8.1 concentrates on the effect of large numbers of seabirds on the population dynamics 

of mammals.  Section 8.2 discusses competition between dibblers and mice and gives 

recommendations on the necessity and feasibility of controlling or eradicating mice.  

Section 8.3 discusses competition between dibblers and King’s skinks, and Section 8.4 

concludes the chapter by summarising the main findings of this thesis and the resultant 

implications for the conservation of dibblers and other species. 
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8.1 Effect of seabirds on the population dynamics of mammals on the Jurien 

islands 

 

General Hypothesis 1:  Greater densities of burrowing seabirds on Whitlock than 

on Boullanger would indirectly increase the overall productivity of the island and 

hence the availability of food.  As a result, mammals would have greater densities, 

improved body condition indices and longer life spans.  Escape, having 

intermediate seabird densities, would demonstrate intermediate effects. 

 

The results presented throughout this study support the above hypothesis.   

 

By increasing soil nutrient concentrations, large numbers of seabirds on Whitlock had a 

significant effect on island productivity, which had flow on effects to other levels in the 

trophic system.   Pitfall trapping studies (Chapter 5) showed that there were greater 

numbers of invertebrates on Whitlock, followed by Escape, then Boullanger.  More 

cockroaches, earwigs and true bugs, which dibblers eat in greater amounts, were also 

found on Whitlock.  Greater densities of both dibblers and mice were supported on 

Whitlock than on Boullanger (Chapter 3), and this can be attributed to the increase in 

resources available to them.  Densities of dibblers on Escape were intermediate to those 

on Boullanger and Whitlock at most times of the year.  Prior to this study other authors 

have shown that an increase in vegetation and in invertebrate availability, as a result of 

colonisation by seabirds, has resulted in an increase in populations of secondary 

consumers such as insectivorous lizards (Polis and Hurd 1996a, Markwell and 

Daugherty 2002), omnivorous mice (Stapp and Polis 2003) and larger mammals such as 

red deer (Iason et al. 1986).  Other researchers at The University of Western Australia 

are in the primary stages of an investigation on the Jurien islands that uses stable 

isotopes to follow the movement of nutrients from soil to plants, and to primary and 

secondary consumers. 

 

This investigation demonstrated that both dibblers and mice on Whitlock had 

significantly better body condition and survived for longer than those on Boullanger 

(Chapter 4).  The body condition and longevity of female dibblers on Escape was 

intermediate to those on Boullanger and Whitlock.  The overall wellbeing of mammals 

on Boullanger, Whitlock and Escape can almost certainly be attributed to the influence 

of seabirds on the productivity and availability of food on each island. 



Chapter 8 General Discussion 
 
 

 

161

 

Burrowing seabirds can have significant positive effects on the habitats in which they 

breed, a finding supported by this study, and by previous researchers both in Australia 

(Brown et al. 1993, Walsh et al. 1997, Bancroft 2004) and overseas (Ryan and Watkins 

1989, Okazaki et al. 1993, Sanchez-Pinero and Polis 2000, Mulder and Keall 2001).  

Wolfe (2004) found that soil nutrient concentrations on Whitlock, where densities of 

wedge-tailed shearwaters are high, were significantly greater than those on Boullanger, 

where densities of shearwaters are negligible.  Concentrations of most nutrients on 

Escape, where densities of shearwaters are moderate, were intermediate to those on 

Boullanger and Whitlock.  Soil nutrient concentrations on Boullanger were similar to 

those on the mainland (Wolfe 2004), where no seabirds are present, suggesting that low 

numbers of the smaller white-faced storm petrel on Boullanger have little influence on 

ecosystem productivity. 

 

The results presented in Chapter 4 support the theory that there is a link between 

resource availability and male die-off in dibblers.  Whitlock supported greater numbers 

of male dibblers that survived to an older age compared to those on Boullanger or 

Escape, suggesting that large numbers of seabirds have the ability to affect the life 

history strategy of dibblers.   Evidence from captive bred dibblers suggests that there is 

an evolutionary advantage for males to survive for longer.  In captivity, male dibblers 

can produce sperm and sire litters up to and including their third year (Mills and Bencini 

2000), thereby increasing their lifetime reproductive success.  Newton (1989) defines 

lifetime reproductive success as the total number of young raised by an individual 

during its lifetime.  Wolfe et al. 2000 reported that female dibblers in captivity preferred 

to mate with older, larger males and were more aggressive towards smaller males.  

Observation of captive animals suggests that dibblers that survive to their second and 

third breeding season could potentially pass their genes on to future generations, thereby 

increasing the gene pool and increasing their lifetime reproductive success. 

 

Males on both Boullanger and Escape exhibited some degree of die-off, and were 

similar in terms of body condition and longevity.  Competition from mice or King’s 

skinks may have affected males on Boullanger and Escape (as discussed in sections 8.2 

and 8.3), where resources are less available than they are on Whitlock.  In their study of 

the northern quoll (Dasyurus hallucatus), Braithwaite and Griffiths (1994) found that 

males had better body condition and survived for longer in areas of higher productivity 
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when compared to males in less productive environments.  The results reported by 

Braithwaite and Griffiths (1994) were supported by Oakwood (2000), who found that 

complete male die-off of the northern quoll occurred in the less productive 

environments.  The link between resource availability and male-die off could be further 

tested by supplementing nutrients in resource-poor areas such as Boullanger.  Due to the 

fragile nature of the island environment and the high conservation status of the dibbler 

this is not possible at the moment. 

 

This study clearly demonstrated that high densities of seabirds positively affect island 

productivity and the population dynamics of mammals on the Jurien islands.    

 
 
8.2 Competition between native marsupials and introduced rodents, and the 

feasibility of control. 

 

General Hypothesis 2:  Competition between native mammals and house mice 

would be offset by cool, wet winters that reduce house mouse numbers before they 

reach intolerable levels for dibblers and dunnarts.  House mice would be less 

adapted to their adopted island environment than native dibblers and would 

therefore have greater water and sodium turnovers, and greater feeding rates.  

Numbers of house mice would be greater than numbers of dibblers during all 

seasons, therefore house mice would be a greater drain on island resources at all 

times.   

 

This study demonstrated that dibblers on Whitlock, where densities of mice are great, 

have higher densities, better body condition and longer life spans than dibblers on 

Escape, where mice are absent.  This, along with estimates of food availability on each 

island, suggests that competition with mice is not the main factor regulating the 

dynamics of dibblers on the islands.  Rather, it is the influence of seabirds and their 

nutrient inputs.  However, the question remains, are mice a potential threat to dibblers, 

particularly on Boullanger, where resources are low?  The following discussion 

examines the factors allowing dibblers and mice to coexist, investigates the biomass 

consumption by each species, and explores the potential for mice to threaten dibblers.  

The feasibility of controlling mice in the presence of other island species is also 

discussed.   
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The competitive exclusion principle proposes that two species occupying exactly the 

same niche cannot coexist without one species out-competing the other (Hardin 1960, 

Krebs 1972).  Although some researchers have found that native species are superior 

competitors to introduced species (Haering and Fox 1997), others have found that house 

mice restrict the abundance of native species, eventually displacing them (Newsome 

and Corbett 1975).  The decline of the vulnerable McGregor’s skink (Cyclodina 

macgregori) on Mana Island in New Zealand was attributed to predation by house mice 

(Newman 1994).  This study found that the coexistence of dibblers and mice on the 

Jurien islands is possible because of their differential responses to environmental 

disturbance, to niche partitioning, and to an abundance of the resources required to 

sustain both species.   

 

The results detailed in Chapter 7 indicate that dibblers are better than mice in being able 

to physiologically cope with their island environment.  On a mass specific basis, 

dibblers have lower water and sodium fluxes and subsequently lower feeding rates than 

mice.  Lower water fluxes for dibblers suggest that they are less reliant on the 

environment for their dietary needs, which is particularly beneficial during summer 

periods when water is in short supply.  Comparison of the water turnovers of dibblers 

and mice with predicted allometric values, along with estimation of their Water 

Economy Index values, also demonstrated that dibblers have better behavioural and 

physiological water conserving abilities in the wild.  Despite this, densities of 

introduced mice were estimated as up to 67 and up to 37 times greater than densities of 

dibblers on Boullanger and Whitlock respectively (Chapter 3).  The success of mice on 

the islands is primarily due to their high rates of fecundity under favourable climatic 

conditions.  

 

Numbers of mice on the Jurien islands follow the typical ‘boom and bust’ cycle as 

reported for house mice in other regions of Australia (Newsome and Corbett 1975, 

Redhead 1988, Boonstra and Redhead 1994).  Numbers of mice on Boullanger and 

Whitlock were closely correlated with rainfall in the previous 6 and 7 months (Chapter 

3).  The hypothesis that competition would be offset by cool, wet winters was 

supported.  These conditions act to suppress mouse numbers.  In contrast, dibblers are 

more tolerant of winter environments, and their numbers increase during this time due 

to breeding and the dispersal of juveniles.  The suppression of mouse numbers by 
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winter conditions significantly contributes to the coexistence of the two species by 

decreasing mouse numbers to levels tolerable for the dibbler. 

 

Differential responses of dibblers and mice to seasonal change implies that although 

dibblers may be superior competitors under certain environmental conditions, mice will 

be dominant under other conditions (Chesson and Huntly 1989).  Numbers of mice 

steadily increased following spring, reaching peak levels during autumn and early 

winter (Chapter 3).   An increase in favourable conditions for mice implies an increase 

in competition for resources such as space and food.   

 

To avoid competition during periods of high mouse densities, animals may select for 

different habitats, or eat different types and sizes of food (Haering and Fox 1997).  

Mammals investigated in this study showed no significant habitat preferences in 

response to the presence of other species (Chapter 3).  During periods of high densities 

of mammals, it is unlikely that animals can avoid one another because of the small size 

of the Jurien islands.  However, dibblers and mice partitioned resources by selecting for 

different types of food (Chapter 6).  There were significant differences between the 

amounts of broad-scale food items consumed by both species, and dietary overlap was 

low at 34% on Boullanger and moderate at 48% on Whitlock.  Mice on Whitlock ate 

significantly greater amounts of invertebrate material (27%) than mice on Boullanger 

(16%), probably due to the higher availability of invertebrates on this island.   

 

Knowledge of population estimates of dibblers and mice (Chapter 3), coupled with 

information on their feeding rates (Chapter 7), can be used to determine the impact of 

both species on island resources.  Predictions of (dry weight) biomass consumption by 

mice on Boullanger range from 0.3 kg per day for low population numbers to 13.9 kg 

per day for high population numbers.  Estimates of food consumption by dibblers on 

Boullanger (using the feeding rates estimated for all dibblers combined) ranged from 

0.4 kg to 1.3 kg per day.   

 

On Whitlock, estimates of food consumption by mice ranged from 0.5 kg to 19.1 kg per 

day.  The amount eaten by dibblers was lower at all times, ranging from 0.3 kg to 1.3 kg 

per day.  Estimates of biomass consumption suggest that mice are a greater drain on 

island resources than dibblers are at all times on Whitlock, and at most times on 

Boullanger.   
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Despite the reasonably low dietary overlap between dibblers and mice, a decrease in 

vegetative growth entails a decrease in availability of food for invertebrates (Read 1987, 

Bennett and Baxter 1989, James 1991).  This implies a possible decrease in invertebrate 

abundance, therefore a decrease in availability of food for dibblers.  The coexistence of 

dibblers and mice on Boullanger and Whitlock suggests that there is an abundance of 

food to sustain both species.  However, there may be cause for concern during periods 

of food shortage, especially on Boullanger where resources are less available.   

 

On Boullanger, competition for food may occur during winter when numbers of mice 

peak, particularly as winter is the time when there is a higher proportion of invertebrates 

in the diet of mice (Chapter 6).  A decrease in food availability during winter coincides 

with the dibblers’ reproductive season, when both adult and juvenile dibblers need extra 

energy and food resources.  The biomass consumption of high populations of mice on 

Boullanger may be linked to the increased occurrence of male die-off of dibblers on this 

island (Chapter 4).  Males may die because of a lack of food resources to sustain body 

condition during the breeding season. 

 

Greater body condition indices and longer survival rates of both male and female 

dibblers on Whitlock suggest that ample resources are available to sustain both native 

and introduced mammals, despite the combination of high population numbers and high 

feeding rates of mice. 

 

Due to the small number of captures of dunnarts on Boullanger over the study period, it 

is not possible to draw conclusions about their competition for resources with dibblers 

and mice.  However, comparison of numbers of dunnarts caught in this study with 

captures in previous years (Dickman 1992) suggests that their population size has 

decreased.  This is possibly because the dunnart is unsuccessfully competing for 

resources with other island species.  Although dietary overlap between dunnarts and 

mice was low at 25%, overlap in the Order of invertebrate consumed was moderate at 

41%.  Mice and dunnarts are also similar in size and are therefore more likely to select 

for similar sized invertebrates (Dickman 1988, Fisher and Dickman 1993a).  Large 

populations of mice may threaten numbers of dunnarts on Boullanger, especially during 

winter as this coincides with the dunnarts’ mating season.  As with dibblers, dunnarts 

need to increase their energy intake at this time.  Dietary overlap between dibblers and 
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dunnarts was moderate at 41%, but it is unlikely that these two species are serious 

threats to one another due to their low densities and numbers at most times of the year.   

 

Populations of dibblers on Boullanger and Whitlock appear to be stable (Chapter 3). 

High densities of mice on Whitlock do not appear to reduce food availability on this 

island, nor do they appear to adversely affect the body condition and longevity of 

dibblers.  However, if mice were to be eliminated from Boullanger, which has low 

productivity, the outlook for survival of dibblers might improve.  But are mice really a 

threat? 

 

As dibblers do not commonly predate on adult mice, large populations of mice are not a 

food resource, but are instead a potential threat through competition for limited food 

resources.  The reproductive potential of mice during favourable conditions could result 

in an increase in their densities to the point where competition becomes intolerable for 

native species.  This would be particularly true following several successive winters of 

low rainfall and warm temperatures. 

 

Mice may also threaten native species by spreading viral pathogens and thereby acting 

as a disease reservoir (Moro et al. 1999d).  Previous authors have shown that field 

populations of house mice from various locations on the Australian mainland were 

infected with up to eight viruses (Singleton et al. 1993, Smith et al. 1993). However, 

researchers on Boullanger found that mice were seropositive to only two viruses, 

murine cytomegalovirus and epizootic diarrhea of infant mice, and therefore currently 

present a minor disease risk to populations of native marsupials (Moro et al. 2003).   

 

Large populations of mice may also attract birds of prey that potentially predate on 

dibblers, dunnarts and mice (Dickman et al. 1991).  Raptor species sighted during this 

study included several resident ospreys (Pandion haliaetus), and the occasional 

Australian kestrel (Falco cenchroides).  A barn owl (Tyto alba) was spotted in previous 

years on Boullanger (Stewart 2001), but was not sighted during this study.  Although 

mice probably attract birds of prey, removing them from the islands may result in 

greater predation of dibblers and dunnarts, which could adversely affect their already 

low numbers.    
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Any bona fide (and therefore costly) attempt to manage numbers of mice should focus 

on their eradication from both Boullanger and Whitlock.  It is highly probable that if a 

successful eradication programme focussed on only one island, mice would quickly be 

reintroduced due to the proximity of the other island.  Limitation of mice numbers 

rather than their total eradication would have little long-term effect on numbers, as the 

high fecundity of mice allows them to repopulate after a few months, as demonstrated 

by mice on Boullanger (Chapter 3).   

 

The feasibility of controlling mice and the side-effects of control on other island species 

must also be considered.  Control of high densities of rodents is by biological or 

chemical means, as trapping is not a realistic option.  Biological control programmes 

that aim to reduce fertility may decrease numbers but do not eradicate the target species.  

Delivery of sterilising agents, such as steroids, synthetic hormones or 

immunocontraceptive vaccines, can be time-consuming, expensive, require repeated 

administration, and may not be species specific (Chambers et al. 1999b).  It is unlikely 

that fertility control using these methods would be an appropriate technique to control 

mouse numbers on Boullanger and Whitlock. 

 

Chemical control methods aim to increase the mortality of pests, but can result in 

environmental and ethical problems due to the indirect and direct poisoning of non-

target species and the effect of chemical residues (Chambers et al. 1999a).   Poison baits 

were used to successfully eradicate Norway rats (Rattus norvegicus) from Breaksea 

Island in New Zealand (Taylor and Bruce 1993), while black rats (Rattus rattus) have 

been eradicated from five islands in the north of Western Australia, some of which were 

also important breeding sites for seabirds (Morris 1989).  Broad-scale poisoning would 

have a devastating effect on the native marsupials, reptiles and bird species inhabiting 

the Jurien islands and is therefore not an option.   

 

Bait stations have been used in the past to successfully eradicate rodents from islands, 

but sometimes with unacceptable side-effects.  On Boodie Island off Western Australia, 

poison-bait was made accessible to black rats (Rattus rattus) by drilling small holes into 

the bait station which allowed baits to be accessed by the rat, but not by a larger 

marsupial (≈ 600g), the burrowing bettong (Bettongia lesueur; Morris 1989).   

However, attempts to restrict the burrowing bettong failed as they obtained access to the 

baits once they were dragged into the open by the rats.  As a result, the population of 
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bettongs was also eradicated.  Bait stations were trialled on Thevenard Island in an 

attempt to eradicate house mice in the presence of a small native rodent, the short-tailed 

mouse (Leggadina lakedownensis; Moro 2001).  Despite the minimal harm to native 

rodents, Moro (2001) suggested that complete eradication of house mice was not 

probable due to their high numbers and reproductive potential.  As discussed in section 

6.4.1, it is unlikely that bait stations could be used on the Jurien islands to cost-

effectively eliminate mice without major environmental harm.  Large numbers of 

stations would need to be set up, and this would entail extensive damage to vegetation 

during both installation and maintenance.  There would be harmful flow-on effects to 

both invertebrates and non-target species. 

 

The successful use of sodium monofluroacetate (1080) baits to control feral animals has 

been widely acknowledged in Australia (Bailey 1996, Morris et al. 1998, Twigg et al. 

2005) and New Zealand (Innes and Barker 1999, Veitch 2001).  The effect of 1080 baits 

on populations of native animals on the Jurien islands is not known, although dibblers 

on the mainland in Western Australia have been recorded as being exceptionally 

tolerant to the toxin (Twigg et al. 2003).  On Rangitoto Island in New Zealand, 1080 

baits were successfully used to eradicate possums and wallabies.  As a result of the 

decrease in competition for food resources, there was an increase in abundance of four 

species of native birds within one year (Miller and Anderson 1992).  Introduced house 

mice were also present on the island.  Although there was a decline in numbers of house 

mice in the 2 months following poisoning, the population rapidly recovered to post-

baiting numbers (Miller and Miller 1995).  Although the use of 1080 baits might 

initially be successful in reducing numbers of mice on the Jurien islands, it is unlikely 

that complete eradication is possible due to their high fecundity and ability to repopulate 

after a few generations.   

 

To summarise, it is highly unlikely that eradication of mice is feasible without 

considerable effects on other island species.  At the time of this study, dibblers and mice 

had coexisted for at least 45 years on Boullanger, and 21 years on Whitlock.  Despite 

the potential threat of mice to dibblers, it is probable that seasonal fluctuations in the 

environment will continue to offset competition between the two species.  Nevertheless, 

mice act as a potential threat rather than as a resource for dibblers.  Future trapping 

studies on the islands should therefore destroy mice as they are caught.  This is cost 

effective and requires minimal extra effort.   
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8.3 The effect of competition with King’s skinks on the population dynamics of 

dibblers 

 

General Hypothesis 3:  King’s skinks in high numbers would compete with 

dibblers for space and food.  Aggression from King’s skinks would result in lower 

body condition indices for injured dibblers compared to intact dibblers.  Dietary 

overlap between adult King’s skinks and dibblers would be low, however dietary 

overlap between juvenile or sub-adult King’s skinks would be high. Numbers of 

King’s skinks on Escape would be greater than dibblers during all seasons, and 

consequently King’s skinks would be a greater drain on island resources. 

 

Population numbers of dibblers on Escape have decreased over the course of this study, 

possibly as a result of competition with, or aggression from, King’s skinks.  No dibbler 

remains were found in the scats of King’s skinks, suggesting that King’s skinks were 

not actively preying on them.  King’s skinks reportedly eat small dead mammals in 

captivity (Arena 1986), but due to the agility and speed of dibblers they would probably 

be unable to catch and restrain them in the wild.   

 

However, dibblers and King’s skinks share similar habitats, and missing limbs on 

dibblers are probably the result of aggression from King’s skinks when dibblers intrude 

on their territory.  Surprisingly, dibblers with injuries did not have lower body condition 

indices than intact animals, and females missing limbs were still able to reproduce and 

support pouch young (Chapter 4).  Nevertheless, dibblers without one leg may find it 

difficult to move long distances and may therefore be at a significant disadvantage to 

intact animals.  Indeed, dibblers missing a leg were caught in the same grid on nearly 

every trip.  It is possible that aggression from King’s skinks occasionally kills dibblers, 

particularly juveniles who may have limited reflex responses and are smaller and 

inexperienced in avoiding attacks.  Attacks from King’s skinks may also be an extra 

source of stress for male dibblers during the mating season.  This may account for the 

lower life spans of males on Escape compared to males on Boullanger, where densities 

of King’s skinks are low (Chapter 3).   

 

Dietary overlap between dibblers and adult King’s skinks was 21%, increasing to 43% 

and 63% for sub-adult and juvenile King’s skinks.  The results support General 
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Hypothesis 3, and suggest that there is the potential for competition, particularly 

between dibblers and young King’s skinks.   

 

Richards (1990) investigated the water and sodium turnovers of King’s skinks on 

Escape.  From estimates of sodium fluxes, Richards (1990) was able to predict that 

King’s skinks had a feeding rate of 8.28 g of dry matter per day.  Using the population 

estimates from Chapter 3 and Richards’s (1990) estimate of DMI per day, predictions of 

food consumption by King’s skinks range from 6.1 kg per day for low population 

numbers, to 15.0 kg per day for high population numbers.  In contrast, estimates of 

biomass consumption for dibblers on Escape (using population numbers and feeding 

rates from this study), range from 0.4 kg to 1.2 kg per day.  From a biomass perspective, 

it suggests that compared to dibblers, King’s skinks are a greater drain on island 

resources at all times.   

 

Regardless of whether King’s skinks are eating more plant or invertebrate material, 

their high numbers may deplete resources available to dibblers.  Like the impact of mice 

on Boullanger, the increased resource drain by King’s skinks on Escape is of particular 

concern during the dibblers’ reproductive season.  Conversely, the translocation of 

dibblers to Escape may have resulted in a decrease in the availability of invertebrates 

for sub-adult and juvenile King’s skinks. 

 

The decrease in numbers of dibblers on Escape in recent years may also be due to the 

tendency for a population to change until a stable equilibrium occurs between animal 

densities and resource availability.  Continued monitoring of dibblers on this island is 

essential to establish the success of their translocation.  Potential competition between 

dibblers and King’s skinks highlights the disruption which can occur to the natural 

balance of an ecosystem when a new species is introduced to a relatively stable 

environment. 

 

8.4   Conclusion 

 

This study highlights the positive impact that burrowing seabirds can have on their 

nesting islands.  Productivity was greater (Chapter 5), and mammals had greater 

densities (Chapter 3), better body condition and longer life spans (Chapter 4) on 

Whitlock, the island with the highest seabird densities. On Boullanger, where densities 
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of seabirds and productivity were least, mammals had the lowest densities, poorest body 

condition and shorter life spans.  Mammals on Boullanger ate significantly less 

invertebrate material than mammals on Whitlock and Escape (Chapter 6), probably due 

to the low availability of invertebrates on Boullanger.  In most areas investigated 

Escape fell between the other two islands.   

 

The beneficial influence of burrowing seabirds is true at the current population levels.  

However, it is unclear whether this relationship would remain if numbers of seabirds 

were to increase.  The southward expansion of the breeding range of wedge-tailed 

shearwaters has been almost exponential in recent years (Johnstone and Storr 1998), 

implying a potential impact on both natural and translocated populations of animals 

existing on islands.  While nutrient inputs from seabirds can have beneficial effects on 

productivity, heavy guano deposition can severely damage vegetation and reduce 

biodiversity (Gillham 1961).  In addition, large numbers of seabirds can physically 

damage vegetation, or compete with other animals for habitat.  Future monitoring on the 

islands should continue to assess seabird and mammal numbers to ensure that the 

relationship between the two remains positive.  

 

Prior to this study, little was known of the impact of introduced mice or King’s skinks 

on numbers of dibblers.  Colonisation by seabirds appears to be the main factor 

regulating the dynamics of dibblers, rather than competition with other island species. 

However, predictions of feeding rates (Chapter 7) combined with population estimates 

(Chapter 3) suggest that mice and King’s skinks are a significant drain on island 

resources.   The results presented in Chapter 4 support the theory that there is a link 

between resource availability and male die-off in dibblers.  The impact of mice on 

Boullanger and King’s skinks on Escape may therefore increase the occurrence of male 

die-off on these islands. 

 

The concepts developed in this study may also be applied to the management of other 

animals that exist on islands. A similar scenario of high populations of seabirds together 

with populations of mammals is likely to exist for a number of species, as islands 

remain important sanctuaries for animals that are threatened or endangered (Bell 1989, 

Burbidge 1989, Daugherty et al. 1990, Abbott 2000).  The results suggest that 

translocation or reintroduction of other species to resource-rich environments may 

increase their chances of survival, and may have an effect on the occurrence of post 
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mating mortality in other dasyurid species.  While numerous authors have reported that 

male die-off is inevitable in field populations of Antechinus and Phascogale (Marlow 

1961, Woolley 1966, Cuttle 1982, Lee et al. 1982), ambiguity surrounds die-off in the 

northern quoll (Dasyurus hallucatus).  Studies have shown that the northern quoll does 

not exhibit many of the characteristics associated with male die-off (Braithwaite and 

Griffiths 1994, Oakwood et al. 2001), and if males could survive to a second breeding 

season they would be capable of producing spermatozoa (Oakwood 2000).  Introduction 

of the northern quoll to resource-rich areas may reduce the extent to which males die 

after breeding.   

 

However, the translocation of animals to islands to preserve their numbers is a 

controversial issue.  While islands can provide a safe haven from mainland disturbances 

such as human impact, exotic predators and habitat destruction, island populations are 

particularly vulnerable to environmental disturbance.  The introduction of mice to 

Boullanger and Whitlock is evidence of this.  Escape has remained mouse free, 

probably because access to the island is so difficult that it is relatively free from human 

interference.  Introductions of species into areas that have minimal human visitation are 

likely to be more successful.  Indeed, Short et al. (1992) attributed the failure of the re-

introduction of parma wallabies (Macropus parma) to Pulbah Island in Lake Macquarie, 

New South Wales, to their predation by dogs that were brought to the island by 

picnickers and fisherman. 

 

Island populations also tend to have reduced genetic diversity compared to mainland 

populations, and are therefore more at risk of extinction due to inbreeding depression 

and random genetic drift (Frankham 1997, Mills et al. 2004).  Indeed, Mills et al. 2004 

reported that island dibblers had reduced levels of genetic variability compared to 

mainland dibblers.  However, the same study also reported that dibblers from Whitlock 

displayed higher levels of inbreeding than those on Boullanger.  Despite this, dibblers 

on Whitlock appear to be in far better condition than those on Boullanger, suggesting 

that in this case current environmental factors such as seabird occupation and resource 

availability have more influence on survival than does genetic variability.   

 

The results from this study illustrate that despite their proximity to one another, each 

Jurien island embodies its own separate ecosystem that is influenced by different 

environmental factors.  As a result, mammals inhabiting the islands show clear patterns 
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of separation with regard to their biology and ecology, and may react in different ways 

to environmental disturbance.  The findings demonstrate that an understanding of the 

processes that affect ecosystem function is essential for the management of any species. 

 

This investigation clearly demonstrates the value of long-term population studies, and 

demonstrates how communication between research institutes and wildlife organisations 

can lead to the successful recovery of threatened species.  Research on the dibbler 

began in the 1980’s and has continued to the present day. Such long-term knowledge is 

invaluable when managing species at risk of extinction.  An example of this is that of 

the theories that have been associated with male die-off in dibblers.  While data that was 

collected from 1986 to 1988 suggested that male die-off on Boullanger was obligate 

(Dickman and Braithwaite 1992), future research indicated that die-off was facultative 

on Boullanger and did not occur on Whitlock (Mills and Bencini 2000, Wolfe et al. 

2004).  Early research on the translocated population of dibblers on Escape also 

suggested that male die-off did not occur on this island (Moro 2003), however the 

results of this study suggest that die-off occurs in some years.  These results show how 

the population dynamics of species can differ between years, and demonstrate the 

benefits of long-term monitoring in detecting such changes.   Future monitoring of 

island populations will aid in ensuring the long-term success of the translocated 

population of dibblers to Escape. 

 

Past researchers have investigated the biology, ecology and genetics of the dibbler 

(Woolley 1971, Dickman 1986, Dickman and Braithwaite 1992, Mills and Bencini 

2000, Miller et al. 2003, Moro 2003, Friend 2004, Mills 2004, Mills et al. 2004, Wolfe 

2004, Wolfe et al. 2004).  The results of these studies have helped the Dibbler Recovery 

Team to determine management priorities for dibbler populations, and as a result 

populations of dibblers in the wild have increased in the past 7 years.  The findings 

from this study will assist the Dibbler Recovery Team with future management 

decisions regarding populations of dibblers on the Jurien islands, and in particular may 

help in any decision made about the need to control mouse numbers in the coming 

years.   
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Appendix A:  Plant species found on Boullanger, Whitlock and Escape: a combination of those 
found during this study and those listed by Keighery et al. (2002).  Introduced species are 
denoted by an asterisk (*). 
 
Name Boullanger Whitlock Escape 
Aizoaceae    
* Carpobrotus virescens √ √ √ 
* Mesembryanthemum crystallinum  √ √ 
* Tetragonia decumbens √ √ √ 
* Tetragonia implexicoma √ √ √ 
Anthericaceae    
Thysanotus patersonii √   
Apiaceae    
Daucus glochidiatus √   
Apocynaceae    
Alyxia buxifolia   √ 
Asphodelaceae    
*  Trachyandra divaricata √ √ √ 
Asteraceae    
Angianthus cunninghamii  √  
Arctotheca populifolia √   
Brachyscome ciliaris √ √ √ 
Cotula cotuloides  √ √ 
Euchiton sphaericus  √  
Gnaphalium indutum  √  
Hypochaeris glabra √ √ √ 
* Olearia axillaris √ √ √ 
Ozothamnus cordatus √  √ 
Podotheca angustifolia √   
Pseudognaphalium luteoalbum  √  
* Senecio lautus √ √ √ 
Sonchus oleraceus √ √ √ 
Sonchus sp.  √  
Urospermum picroides √ √ √ 
Brassicaceae    
Brassica tournefortii √   
Cakile maritima √ √  
Hornungia procumbens  √  
Lepidium lyratogynum √ √ √ 
Caryophyllaceae    
Cerastium glomeratum  √ √ 
Sagina apetala  √ √ 
Spergularia diandra  √ √ 
Spergularia rubra   √ 
Chenopodiaceae    
* Atriplex cinerea √ √ √ 
* Atriplex isatidea √ √ √ 
Chenopodium murale   √ 
* Enchylaena tomentose √ √ √ 
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Name Boullanger Whitlock Escape 
* Rhagodia baccata √ √ √ 
Salsola tragus √ √ √ 
Convolvulaceae    
* Threlkeldia diffusa √ √ √ 
Crassulaceae    
Wilsonia humilis  √ √ 
Crassula colorata √ √ √ 
Crassula exserta √ √  
Cyperaceae    
Carex preissii  √  
* Isolepis nodosa √  √ 
* Lepidosperma gladiatum √   
Dasypogonaceae    
* Acanthocarpus preisii √ √ √ 
Euphorbiaceae    
Phyllanthus calycinus  √ √ 
Frankeniaceae    
* Frankenia pauciflora √ √ √ 
Gentianaceae    
Centaurium erythraea   √ 
Goodeniaceae    
* Scavola crassifolia √ √ √ 
Haemodoraceae    
* Conostylis candicans √   
Juncaginaceae    
Triglochin centrocarpa √   
Triglochin nimutissima   √ 
Lauraceae    
Cassytha racemosa √   
Malvaceae    
* Malva australiana √ √ √ 
Malva parviflora  √  
Mimosaceae    
* Acacia cyclops  √   
Acacia rostellifera √  √ 
Myoporaceae    
* Eremophila glabra   √ 
* Myoporum insulare   √ 
Oxalidaceae    
Oxalis corniculata √ √ √ 
Oxalis perennans  √ √ 
Papilionaceae    
Medicago polymorpha  √ √ 
Templetonia retusa  √ √ 
Pittosporaceae    
Pittosporum phylliraeoides   √ 
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Name Boullanger Whitlock Escape 
Plantaginaceae    
Plantago debilis  √ √ 
Poaceae    
Aira caryophyllea   √ 
Austrostipa elegantissima √  √ 
Austrostipa flavescens √   
* Avena barbata √ √ √ 
Bromus arenarius √ √ √ 
Bromus diandrus √  √ 
Ehrharta brevifolia  √ √ 
Ehrharta longiflora √ √ √ 
Eragrostis dielsii   √ 
Hordeum leporinum   √ 
Lolium rigidum   √ 
Parapholis incurva   √ 
Phalaris minor   √ 
Poa poiformis √ √  
Rostraria cristata   √ 
Spinifex hirsutus √   
* Spinifex longifolius √ √ √ 
Sporobolus virginicus √ √ √ 
Vulpia myuros √ √ √ 
Calandrinia calyptrate  √ √ 
Samolus junceus   √ 
Samolus repens √  √ 
Clematis linearifolia √   
Spyridium globulosum √ √ √ 
Galium aparine  √  
Galium migrans  √  
Exocarpus sparteus √  √ 
Dischisma arenarium √  √ 
Solanaceae    
Anthocercis littorea √   
Nicotiana occidentalis √ √ √ subsp. hesperis 
Thymelaeaceae    
Pimelea gilgiana  √ √ 
Urticaceae    
Parietaria debilis √  √ 
Zygophyllaceae    
* Nitraria billardierei √ √ √ 
Zygophyllum billardierei √ √ √ 
Zygophyllum fruticulosum   √ 
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Appendix B:  Density of wedge-tailed shearwater burrows on Escape. 

 

Introduction 

Preliminary work for this study included vegetation surveys on each island to determine 

the location of each trapping grid. Each survey included a count of the number of 

seabird burrows within each quadrat, which enabled an estimation of the density of 

wedge-tailed shearwater burrows in each habitat. Past work by Onton (2003) estimated 

the density of wedge-tailed shearwaters and white-faced storm petrels on Whitlock and 

Boullanger using a similar method.  Densities of wedge-tailed shearwaters burrows on 

Escape have not previously been estimated. 

 

Methods 

Seabird burrows on Escape were measured in nine quadrats; three in each of the three 

habitat types (Heath, Rocky and Nitraria).  The quadrats were used simultaneously to 

record the type and number of plant species within each habitat, and the percentage 

vegetation cover (unpublished data, A. Stewart).  Quadrats were 9 m2.  Each quadrat 

began from a random point selected within each habitat. A square nested quadrat was 

established expanding in a northwest direction. The number of wedge-tailed shearwater 

burrows in each 1m2 quadrat was counted individually and added to give a total number 

for the overall quadrat.   

 

Densities of wedge-tailed shearwater burrows were extrapolated for the entire island 

after correcting for the number of burrows in each habitat type.  The proportion that 

each habitat occupies on Escape was estimated from aerial photographs and knowledge 

of the island. 

 

Results and Discussion 

The density of shearwater burrows on Escape was 0.02 ± 0.019 burrows per m2 in Heath 

habitats and 0.32 ± 0.089 burrows per m2 in Nitraria habitats. There were no burrows 

found in Rocky habitat quadrats. 

 

The area covered by each habitat was estimated at 3.75 ha for Rocky habitats, 6 ha for 

Heath habitats and 0.75 ha for Nitraria habitats.  The total density of shearwater burrows 

on Escape extrapolated from these areas was 186 wedge-tailed shearwater burrows per 

ha. 
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Appendix C:  Trapping data for dibblers (Parantechinus apicalis) on Boullanger, Whitlock and Escape. 
 

 2002  2003  2004 
 Autumn Spring  Summer Autumn Winter Spring  Summer Autumn Winter Spring 

Boullanger             

Total captures 6 8  16 5 1 44  8 1 6 41 
Recaptures within trips 1 0  0 0 0 9  1 0 1 5 
Recaptures between trips 1 4  4 2 0 2  4 0 3 8 
Actual KTBA 34 32  28 13 42 44  17 12 38 36 
KTBA Sex ratio  (M:F) 5:2 1:1  3:4 3:10 6:15 7:15  5:12 1:5 7:12 13:23 
Trap success  (%) - Elliotts 3.7 4.9  3.8 3.1 0.5 6.4  2.8 0.5 2.3 14.2 
                                - Pitfalls 0 0  0 0 0 0  0 0 0.46 0 

Whitlock             

Total captures 20 42  33 33 15 18  31 8 13 16 
Recaptures within trips 6 12  7 8 3 4  12 1 3 0 
Recaptures between trips 14 16  13 21 11 7  15 7 8 11 
Actual KTBA 56 52  43 33 31 27  24 17 18 16 
KTBA Sex ratio  (M:F) 1:1  25:27  22:21 15:18 17:14 5:4  7:5 11:6 13:5 11:4 
Trap success (%) - Elliotts 8.2 17.3  10.2 3.7 6.2 7.4  9.6 4.9 5.3 5.4 

Escape             

Total captures - 14  42 64 21 21  48 44 4 56 
Recaptures within trips - 0  9 14 10 6  23 13 1 28 
Recaptures between trips - 8  3 24 10 13  10 22 2 16 
Actual KTBA - 77  73 53 56 49  42 37 26 27 
KTBA Sex ratio  (M:F) 2:7 24:53  22:51 1:3 9:19 18:31  14:28 11:26 3:23 3:24 
Trap success (%) - Elliotts - 15.5  15.5 10.8 8.6 8.6  8.5 18.1 1.6 3.5 
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Appendix D: Trapping results for house mice (Mus domesticus) on Boullanger and Whitlock. 

 
  2002 2003 2004  

Autumn Spring  Summer Autumn Winter Spring  Summer Autumn Winter Spring  

Boullanger             

Total captures 126 39  243 63 33 0  156 236 267 51 

Recaptures within trips 17 3  38 17 9 0  44 25 50 7 

Recaptures between trips 0 3  20 7 7 0  2 28 27 5 

Actual KTBA 100 43  197 52 28 6  114 201 210 40 

KTBA Sex ratio  (M:F) 55:54 19:17  63:142 2:21 5:3 1:2  3:5 57:154 1:6 5:9 

Trap success  (%) - Elliotts 72.8 22.8  55.1 37.0 15.3 0  52.8 105.0 120.4 21.8 

                                - Pitfalls 4.9 1.2  3.17 1.8 0 0  1.8 4.3 4.3 1.8 

Whitlock             

Total captures 206 127  185 136 161 120  251 134 196 133 

Recaptures within trips 29 26  40 27 48 32  87 17 39 53 

Recaptures between trips 0 27  42 31 44 53  27 51 79 51 

Actual KTBA 176 123  157 125 129 69  169 148 168 80 

KTBA Sex ratio  (M:F) 65:112 45:56  73:72 44:65 36:77 4:7  65:99 50:67 61:96 17:23 

Trap success (%) - Elliotts 84.8 52.3  57.0 63.0 66.3 49.4  77.5 82.7 80.7 44.8 
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Appendix E:  Trapping data for King’s skinks (Egernia kingii) on Boullanger and Escape.  Additional data collected for King’s skinks on Escape during autumn and 
winter 2003 (ie. sex ratio and recaptures between trips) was collected during research carried out with a colleague who was collecting data for an Honour’s thesis 
investigating competition between King’s skinks and dibblers (Rawlinson 2003). 
 
 

2002  2003 2004   

Autumn Spring  Summer Autumn Winter Spring  Summer Autumn Winter Spring  

Boullanger             

Total captures 1 2  1 1 0 1  1 1 0 4 

Actual KTBA 1 2  1 1 0 1  1 1 0 3 

Recaptures within trips 0 0  0 0 0 0  0 0 0 1 

Trap success (%) - Elliotts 0.62 1.23  0.24 0.62 0 0.46  0.35 0.46 0 1.39 

Escape             

Total captures - 45  69 133 50 104  202 93 59 113 

Recaptures within trips - 0  9 24 1 26  35 3 3 21 

Recaptures between trips - -  - 1 31 42  - - - - 

Actual KTBA - 45  60 109 48 76  167 90 56 92 

Sex ratio  (M:F) - -  - 21:25 4:7 -  - - - - 

Trap success (%) - Elliotts - 50.0  25.6 42.4 20.6 42.8  52.2 38.3 24.3 19.0 
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Appendix F:  Trapping data for grey-bellied dunnarts (Sminthopsis griseoventer) on Boullanger. 
 

 2002  2003  2004 

 Autumn Spring  Summer Autumn Winter Spring  Summer Autumn Winter Spring 

Boullanger             

Total captures 0 1  0 7 1 5  2 1 2 1 

Recaptures within trips 0 0  0 1 0 0  0 0 0 0 

Recaptures between trips 0 0  0 1 1 0  0 1 0 0 

Actual KTBA 1 10  10 10 6 10  5 4 3 1 

KTBA Sex ratio  (M:F) 0:1 1:3  1:3 1:3 0:1 3:7  1:4 0:4 0:3 0:1 

Trap success  (%) - Elliotts 0 0  0 0 0.62 0.73  0.35 0.46 1.23 0 

                                - Pitfalls 0 0.62  0 4.32 0 0  0.46 0 0 0.46 

 
 

Appendix G:  Sex ratio (M:F) of juvenile dibblers that were caught during spring 2002 to 2004 on Boullanger, Whitlock and Escape.  Numbers in brackets represent 
sample sizes. 
 

 Spring 

 2002 2003  2004 

Boullanger 1:1 
(6) 

6:7 
(32) 

 9:11 
(20) 

3:0 

0:1 

(3) 

(1) 

 

 

1:1 

3:2 

(6) 

(5) 

4:9 
(13) 

0:3 
(3) 

Whitlock 

Escape 
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Appendix H:  The total number of invertebrates trapped on Boullanger for each technique and 
for each season. 
 

Sampling 
Technique 

Orders 
Caught 

Autumn Winter Spring Summer Total 

       
Pitfall trap 21 462 1225 433 1305 3425 
Flying insect trap 11 99 187 205 179 670 
Leaf litter 13 80 105 14 20 219 
Canopy 11 16 21 39 4 80 
Soil core 8 5 3 5 6 19 
       
Total 22 662 1541 696 1514 4413 
 

 

Appendix I:  The total number of invertebrates trapped on Whitlock for each technique and for 
each season. 
 

Sampling 
Technique 

Orders
Caught

Autumn Winter Spring Summer Total 

       
Pitfall trap 24 1989 748 451 866 4054 
Flying insect trap 12 242 180 481 265 1168 
Leaf litter 13 34 16 30 25 105 
Canopy 12 10 35 28 20 93 
Soil core 9 5 2 4 6 17 
       
Total 29 2280 981 994 1182 5437 
 
 

Appendix J:  The total number of invertebrates trapped on Escape for each technique and for 
each season. 
 

Sampling 
Technique 

Orders
Caught

Autumn Winter Spring Summer Total 

       
Pitfall trap 23 1528 1372 928 945 4773 
Flying insect trap 12 194 861 281 337 1673 
Leaf litter 9 15 23 27 10 75 
Canopy 10 4 15 44 8 71 
Soil core 7 3 3 3 5 14 
       
Total 26 1744 2274 1283 1305 6606 
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