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The preservation of biodiversity 

and maintenance of ecosystems 

in a changing world

One of the biggest challenges facing Australia and, indeed, the world 
is the preservation of biodiversity and the maintenance of ecosystem 
functioning. Changes to our natural environments are increasing at 
an alarming rate, and Australia is no exception. In this lecture, I will 
outline some of the issues we currently face in relation to biodiversity 
loss and habitat alteration, and discuss some of the research I have 
been conducting on this topic with various students and colleagues. 
I will focus on how habitat fragmentation influences community 
composition, population persistence and connectivity in small arboreal 
and terrestrial mammals.

I would like to start by considering the question of how many species 
there are in the world; what you might consider is a fairly fundamental 
question in science. However, this is not as easy as it might seem to 
answer. Estimates vary widely, from 3 million ! 100 million species, 
with around 1.5 million species described to date.1 The vast majority 
of these are small and not necessarily very obvious, with many new 
species being described each day. Indeed, most species on the planet 
have not yet been discovered, let alone identified; and many will 
become extinct before they can be studied. Even amongst the better-
known vertebrates, we have regular discoveries of new species.

In addition to there being many living species not yet described, we 
also possess poor understanding of those that are known to us – in 
terms of their functioning and relationships between species and their 
role in the ecosystem. It would be unacceptable if we lost species before 
we even knew their function; and worse if we lose components vital 
for ecosystem functioning and did not realise our loss until too late. 
Indeed, the values of biodiversity are now becoming well documented, 
with direct and indirect economic contributions, as well as important 
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cultural and intrinsic values. For example, the fishing industry of 
Australia is estimated at $2.2 billion per year, kangaroo harvesting at 
$245 million and bushfood production at $100 million.2 

The various ‘services’ provided by ecosystems are also significant 
and include the pollination of crops; storage and cycling of essential 
nutrients; maintenance of fresh water; soil formation and protection; 
breakdown and dispersal of pollutants; and the provision of fish 
nurseries. Within Australia, terrestrial ecosystems have been valued 
at up to $325 billion per annum, while the Murray-Darling Basin is 
thought to provide $187 billion annually in ecosystem services. One 
of the most important points related to this issue of biodiversity is the 
interdependence between species in an ecosystem – something we 
have hardly started to touch on yet.

In the midst of our lack of understanding of biodiversity, species are 
becoming extinct at a rapid rate. Over the past 400 years we have 
lost approximately 500 animal species and 600 plant species that we 
know of; and the last 200 years have seen a rapid increase in these 
numbers. Extinctions are part of a natural process, with well over 99 
per cent of species that have existed now extinct. There have been 
five documented mass extinctions in geological history, with recovery 
from these events occurring over a very long time. The concern with 
the current, or sixth, mass extinction event is that it seems to be 
happening very quickly, and most known extinctions are clearly the 
result of human activities.3 Australia has a particularly bad record in 
this space. We are one of the 17 mega-diverse countries in the world, 
with some 570,000 species, that make up around 6 per cent of the 
world’s biota. We have more endemic species than any other country, 
with many ancient relics and distinctive adaptations.4 

Sadly, in the 200 years since European settlement, we have been 
responsible for 10 per cent of the world’s extinctions, and half of all 
known mammal extinctions. Indeed, we have the largest documented 
decline in biodiversity of any continent over this period, with 4,247 
animal and 1,344 plant species officially listed as threatened under 
the Environmental Protection and Biodiversity Conservation (EPBC) 
Act. This is a stunningly poor achievement for a country that has 
a remarkably low population density, and is considered a ‘highly 
developed’ and wealthy nation. The Northern Territory is not immune 
to these statistics. While the landscape here might seem relatively 
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pristine compared to the more developed southern regions of 
Australia, it too has been subject to significant habitat degradation and 
biodiversity loss. A notable example is the loss of a suite of small and 
medium-sized mammals from the arid zone; and recent contractions 
of a range of more northerly species, including from some of our 
iconic and protected areas.

Major threats to our biodiversity include habitat destruction; 
fragmentation and degradation; invasion and spread of exotic species 
and diseases; over-exploitation of species; pollution; and climate 
change.5 The statistics are fairly stark, with most of the land surface 
transformed by our activities and most species facing multiple threats. 

Amongst all of this doom and gloom, there are some bright patches, 
with increased funding and interest in conservation and restoration 
around the globe. A number of species and ecosystems are now 
much better protected or have been brought back from the brink 
of extinction. We also have better mechanisms for assessing levels 
of threat from particular activities and for implementing effective 
mitigating measures. The study of conservation biology has also 
flourished in the past two decades, with concerted efforts by scientists 
to understand what is happening to our biodiversity and how 
ecosystems might be best managed in a changing world. There has 
been increasing interest in documenting biodiversity, with initiatives 
like the Tree of Life project6 and the Atlas of Living Australia.7 

We have enhanced our understanding of the distributions of species 
and have started elucidating the factors that influence distributions, 
and patterns of biodiversity loss. Attention has vacillated between 
approaches based on understanding individual species responses to 
those that seek to assess and compare communities or landscapes. The 
earlier focus on endangered species or systems has also seen a shift 
to consideration of species or communities that appear more resilient. 
Attention has turned to detailed assessment of individual species and 
how they fit into the system, with attempts to try to identify patterns, 
trends and interactions that can aid in managing systems.8

Something I have been particularly interested in understanding 
is the effect(s) of habitat fragmentation and degradation on our 
unique Australian fauna. Habitat fragmentation is the progressive 
transformation of once large and continuous blocks of vegetation into 
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smaller parcels of land that are separated to a greater or lesser extent 
by matrices of non-original vegetation and with differing degrees of 
permeability.9 Fragmentation results in an overall loss of vegetation 
or habitat. It is generally accepted that smaller areas of useable 
habitat mean smaller populations. As populations become smaller, 
they tend to become more vulnerable to environmental, demographic 
and genetic effects. So, for example, individuals of a species within a 
fragment may become more related to one another over time from 
increased matings between relatives, potentially creating problems 
with inbreeding. There may be a limited number of mates such that 
not all individuals have the chance of breeding, and recruitment 
declines. A disease or other catastrophe may enter the population and 
wipe it out. 

So, habitat fragmentation almost certainly increases the risk 
of extinction of species, but this isn’t the only consequence of 
fragmentation. It can also mean the presence of fewer habitat types 
within an area, which can be detrimental for species that have 
multiple requirements or requirements that differ across seasons or by 
activity. Fragmentation can result in changes to the physical makeup 
of the habitat, increasing the amount of edge habitat and exposure 
to different and often inhospitable microclimates. It can accelerate 
invasion by weeds and predators, and cause drift of herbicides from 
neighbouring farming land, amongst other things. Populations may 
become isolated ! and depending on the degree of separation, the 
type of matrix and the specifics of the species ! dispersal may be 
impeded or completely halted. 

For some species, even relatively small gaps in the vegetation can 
inhibit movements, potentially creating genetically differentiated 
populations, along with an associated decline in genetic diversity and 
a reduction in the capacity to adapt or evolve over time. These are all 
aspects we need to understand if we are to manage our remaining 
areas and species effectively.

I’ve been intrigued by the obvious impacts of fragmentation, such 
as the loss of species from fragmented areas; and by the impacts of 
broad-scale habitat loss. I’m also interested in understanding other 
aspects, such as impacts of increased internal fragmentation of large 
relatively pristine areas as we develop and explore more;10 about how 
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individual animal species respond to these threats, which of those 
species are more resilient and why, and whether the impacts can 
be ameliorated in some way. My colleagues and I have worked in 
partnership with a number of agencies on this, including government 
departments and industry, and have found them to be generally very 
receptive and interested in understanding the system and helping to 
minimise impacts.

A good proportion of my research career to date has been spent 
in South Australia. That state’s record for habitat destruction and 
degradation is not great, at least in the more productive southern and 
eastern parts of the state, with most of the clearing occurring early 
on in colonial history. So, for example, while the Mt Lofty Ranges that 
overlook Adelaide superficially appear to be relatively well wooded, 
an estimated 96 per cent of native vegetation has been removed 
from that region in total,11 and the remaining vegetation occurs 
mostly as small isolated habitat fragments – with some as small as 
half a hectare. Thus, most of the original terrestrial animal species 
inhabiting the region have disappeared altogether: so, questions here 
are about whether we can (and want to) restore ecosystems; how we 
might manage them to retain ecosystem functioning; and what it will 
take to do that.

Another region of concern that I have spent a significant amount of 
time studying is the south-east of South Australia. The region originally 
consisted of a mosaic of grasslands, woodland and forests, and was 
interspersed by wetlands of varying magnitude. It forms a transition 
zone between the wetter temperate zone and the drier western 
and northern regions of the state. This makes it a region of high 
biodiversity, and marks the western and eastern edge of the range for 
a number of plant and animal species; areas that can be important for 
evolutionary potential of a species. Being highly productive, the region 
has suffered severe habitat fragmentation, with only 13 per cent of 
the native vegetation remaining.12 Most (80%) is agricultural land and 
the remaining vegetation is concentrated in the less productive areas. 
Remnant patches of native vegetation here range from a few hectares 
to over 1,000 hectares, but most patches are small, with 80 per cent 
of those in the lower south-east being less than 300 hectares in size. 
Most are surrounded by either pine plantations or grazing land – a 
relatively inhospitable matrix for many mammal species.
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When I commenced working in the region, I was largely interested in 
documenting which (mammal) species had been able to persist and 
their conservation status. I had a particular interest in the arboreal 
marsupials – those species that are dependent to a greater or lesser 
extent on trees. This was in part because I had previously conducted 
research in relation to their role in the pollination of shrubs and trees, 
but also because they are a group of animals often considered most 
threatened by fragmentation.13 They tend to be dependent on forests 
that contain mature trees, as they shelter in hollows during the day, 
and hollows can sometimes take hundreds of years to develop. They 
often have quite specific dietary requirements including sap and gum 
from certain types of trees (particular eucalypts or acacias), nectar 
and pollen, as well as arthropods (insects, spiders etc).14 Some 
species spend their entire life high up in the trees, moving about the 
canopy with ease and travelling between trees by gliding, sometimes 
traversing up to 100 metres in a single glide. The yellow-bellied glider 
(Petaurus australis) is one such species. It is one of the largest of 
the gliding marsupials and is considered threatened across much 
of its range. Not only is it confined to trees, it also has large-area 
requirements and is highly territorial, with a small family group of 
between two and five animals occupying up to 50 hectares as an 
exclusive area.15 This makes it difficult for more than a few animals to 
occupy a small fragment, or to inhabit areas that have been degraded 
through logging or frequent fires, and makes it almost impossible for 
animals to move between isolated patches. 

With this in mind, my colleagues and I conducted targeted surveys of 
arboreal marsupials throughout the south-east region, with particular 
interest in those that were considered at threat of becoming extinct. 
This was important to the South Australian government as it had a 
‘no species loss’ policy and was concerned about the possibility of 
extinctions. As time went on, we became interested in understanding 
more detailed population processes, and adopted an approach that 
combined molecular, ecological, demographic and socioecological 
work. This enabled us to begin to understand how aspects of the 
ecology of a species might influence the likelihood of it being able 
to persist and thrive in fragmented environments; and how a loss 
of structural connectivity between fragments might affect ecological 
connectivity amongst populations by disrupting or inhibiting 
dispersal. Species have different ecological characteristics and vary 
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in their habitat requirements, and so would be expected to respond 
idiosyncratically to fragmentation. So, for example, species that are 
considered specialist (in terms of resources they require) are often 
more at risk than those of more generalist habits. 

Some species are solitary and others group-living, potentially 
influencing viability in terms of population sizes. Species also have 
varying mating systems; some are monogamous, often pairing with a 
mate for life, while others may practise polygamy, where a dominant 
male will preside over a harem and consort with a number of female 
mates. Some will have large-area requirements and be quite mobile, 
while others can live in quite small areas and may be quite sedentary. 
All of these characteristics will affect their responses to habitat 
alteration, and also affect possible strategies for managing them 
effectively.

Trying to understand something of the system meant conducting 
extensive and quite labour-intensive fieldwork over a number of years. 
Species were surveyed by conducting replicated spotlighting transects 
at night when arboreal marsupials are most active, and by installing 
hair-sampling tubes and identifying the hair they left behind.16 

Animals were captured using a range of live-trapping methods, and 
nestboxes were installed as surrogates for hollows to entice animals 
to inhabit them and to more easily sample them.17 Animals that were 
captured were then measured, sexed and individually identified and 
had small tissue samples taken for genetic analysis. For some species, 
we attached radio transmitter devices to animals so we could follow 
them: at night, to enable understanding of where they foraged and 
what they did; and during the day, to understand where they sheltered 
and with whom.

Targeted surveys used to assess patch occupancy and relative 
abundances of species in the south-east over several years pointed 
towards some disturbing results. Nine possum and glider species 
occur in this region, and it forms the western edge of the range for 
four of these. Of 31 fragments initially surveyed, two species, namely 
the diminutive feather-tail glider (Acrobates pygmaeus) and the larger 
yellow-bellied glider (P. australis), were detected in only one fragment 
each.18 
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For the latter species, more intensive study in the area showed that 
there was probably only five individuals remaining in the entire state; 
not a viable population by any standard. This species is relatively 
easy to detect as it makes distinctive v-shaped incisions in the bark 
of trees to obtain phloem sap,19 so it was unlikely we missed picking 
it up. Moreover, records of old incisions made by the species were 
observed in quite a few fragments across the region indicating that 
they did once inhabit much of the suitable habitat. The feathertail 
glider occurs elsewhere in the state only along the Murray River,20 and 
is now in very low numbers there as well. Unfortunately, it is likely 
that both species are on the verge of extinction in this region and in 
South Australia more generally. 

Even the relatively more common sugar glider (Petaurus breviceps) 
showed some worrying trends. The species is listed as rare in South 
Australia, mainly because it is confined to the south-east region, 
where it is generally thought of as fairly common. Our surveys showed 
that nearly 70 per cent of fragments were occupied by this species. 
However, closer examination revealed that the species was much 
less likely to occupy smaller patches of under 100 hectares. Although 
present in all fragments over 300 hectares in size, it was detected 
in fewer than half (40%) of the small fragments.21 This finding came 
as somewhat of a surprise since the species has quite modest area 
requirements compared to the larger gliders (2!4 hectare home-range 
areas, compared to around 30 hectares for some other species). It 
lives in colonies of up to 15 animals and has been known to inhabit 
areas as small as 5 hectares.

We then conducted further work on this species to examine how sugar 
gliders used the fragments they did reside in. Of particular interest 
was the size and number of social groups within areas of different 
dimensions, and the areas used by individual animals or groups 
during their nightly foraging activities. Again, we turned up some 
interesting results. We estimated social group structure and sizes by 
sampling animals that had colonised artificial hollows (nestboxes) that 
we had installed in our survey sites. We also radio-collared a subset 
of animals to find out where they preferred to shelter, and how far 
they moved each night. Interestingly, even in fragments where sugar 
gliders were known to be present, nestboxes were much more likely 
to be occupied in large fragments compared to small fragments.22 

Densities of animals were also higher in the larger fragments, with 
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social groups more than twice the size of those in small fragments on 
average. We recorded an average of seven animals per group in large 
fragments, compared to three for small fragments. Despite marked 
differences in density, individual home-range areas were highly 
variable and, therefore, showed no differences across site types. 
However, we did find that animals tended to travel further each night 
in smaller fragments. Although not specifically quantified, smaller 
fragments appear more degraded and most likely provide fewer 
resources for animals, resulting in smaller overall group sizes and 
the need to travel further to gain resources. This work also indicated 
that sugar glider population sizes in small fragments are probably 
even lower than that predicted on the basis of fragment size alone, 
and may account for lower detection rates in smaller patches. These 
results are of considerable concern, as they indicate a much higher 
likelihood of extinction for the species in fragmented areas than first 
suspected. This concern is exacerbated given the role of this and 
other glider species in the pollination of trees, which is an important 
ecosystem service. Our aim now is to conduct detailed genetic analysis 
to ascertain whether these small populations are also genetically 
depauperate; the degree to which inbreeding may be an issue; and 
whether there is evidence of any connectivity between populations. 
Work has commenced on this,23 but we have some further sampling 
to do before we can offer any firm conclusions.

Given the importance of not only assessing responses of rare or 
threatened species to fragmentation effects, we were keen to compare 
our findings for some of the more common species. We, therefore, 
turned our attention to the common ringtail possum (Pseudocheirus 
peregrinus). This species has a wide distribution across southern 
Australia. It was detected in all of the fragments we surveyed in the 
south-east and was the most commonly encountered species during 
spotlighting surveys.24 Indeed, it is often thought to be more prevalent 
in fragmented areas than continuous forest, and we anticipated that 
it would be robust to fragmentation, based on observations of regular 
sightings along the edges of fragments, and because it is known to 
make use of a variety of habitat types, including pine plantations. We 
were particularly interested in focusing on landscape genetic analysis 
for this species, to determine the extent of gene flow between native 
forest fragments surrounded by both pine plantations and grazing 
land, and to compare patterns of gene flow between fragments and 
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continuous forest. Population and landscape genetics have made a 
huge difference to our capacity to understand the ecology of species 
inhabiting natural and disturbed systems, and are now used routinely 
to complement ecological studies. While the benefits of fieldwork 
cannot be understated, it can, for example, be extremely difficult and 
time-consuming to detect and document occasional movements of 
animals out of normal foraging areas, particularly when those animals 
are small and nocturnal. It is also near impossible to infer the genetic 
consequences of dispersal by observation alone, and this is important 
to ascertain if we are to understand population connectivity.

For this work, we captured ringtail possums across a range of 
fragments and forest areas in the region, and established a group 
of 15 polymorphic microsatellites to assess differences in the genetic 
composition of individuals.25 Microsatellites are the repeating 
sequences of the pairs of nitrogen molecules that make up DNA 
(termed base pairs) and, therefore, determine the genetic makeup of 
organisms. They are particularly useful molecular markers for studies 
on population structure and relatedness because they tend to be highly 
variable and can allow discrimination between individuals. Here, we 
used these markers to genetically assess more than 500 individual 
possums from 14 fragments surrounded by pine plantations or 
agricultural land, and from within sites in continuous forest to provide 
a comparison.

I won’t go into the detailed results here, but we found that even in 
this common and apparently disturbance-adapted species, there was 
evidence of impact from fragmentation.26 Permeability through pine 
plantations as measured by estimates of gene flow was significantly 
lower than through native forest, and distance between fragments 
was an important determinant of genetic connectivity. Small, isolated 
populations exhibited lower genetic diversity and evidence of genetic 
differentiation, and individuals in small fragments showed higher 
levels of relatedness. This work highlighted the importance of genetic 
tools as a complement to understanding long-term consequences of 
fragmentation. 

We also went on to investigate responses to fragmentation of several 
other non-arboreal mammals that have contrasting lifestyles, 
ecological characteristics and habitat requirements. These included 
the small insectivorous, scansorial and relatively common yellow-
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footed antechinus (Antechinus flavipes); the ground-dwelling, 
omnivorous and nationally threatened southern brown bandicoot 
(Isoodon obesulus); and two highly mobile species: the common lesser 
long-eared bat (Nyctophilus geoffroyi), and the more restricted and 
specialised Gould’s long-eared bat (N. gouldi). This work is ongoing 
and will provide important comparative data that will allow more 
general theories to be developed on the impact of fragmentation on 
native mammals. Again, I won’t go into any great detail of the results 
here, but would like to highlight some of the main findings that reflect 
differences amongst species in their responses.

Work on the small marsupial the yellow-footed antechinus involved 
sampling animals from five fragments and five continuous forest 
sites in another part of the south-east region. This species has short 
generation times as it lives for only one year, enabling any loss of 
diversity and impediments to gene flow as a result of fragmentation 
to be detected relatively quickly. Here, we developed and used seven 
microsatellite loci, and while we did find some genetic differentiation 
between fragments, it seems as though dispersal between fragments 
is able to occur, at least between sites that are separated by pine 
plantations and are less than 5 kilometres apart.27 This species 
generally seems more resilient to fragmentation than other species 
of mammals encountered. It is able to persist in very small fragments 
of native vegetation both here and in the Mt Lofty Ranges, where 
it occupies sites as small as a few hectares.28 In the latter region, 
it is the only native small mammal species still persisting. This is 
probably because of its more generalised requirements. It does not 
seem negatively affected by edge habitat (and in some cases seems 
to actually prefer it), and males at least are able to make quite long 
distance movements during the synchronised breeding season. It can 
also make use of, and/or move through, non-native vegetation. Radio-
tracking data from sites in the Mt Lofty Ranges has shown animals to 
move into grazed areas to forage amongst isolated trees on occasion, 
and movements between fragments some distance apart have been 
recorded.29 Thus, the species seems to have hit on a ‘recipe for 
success’ for persisting in a fragmented landscape – by a combination 
of mobility, quick population turnover and a generalist approach – 
although females don’t seem as mobile or adaptable as the males, but 
that’s a story that will have to wait for another time.



12     Professorial Lecture Series  ––––––––––––––––––––––––––––––––––––––––––––––––––––––

Results from assessment of the southern brown bandicoot were as 
might be expected. The species is of concern to land managers in the 
south-east and Mt Lofty Ranges regions and is considered threatened 
at a national level. Of particular concern is its response to the 
combination of fire, weeds and fragmentation. Here, we sampled 15 
populations in the south-east and again used microsatellites to assess 
population structure and landscape genetics.30 We found populations 
to be structured into three main clusters corresponding to the north, 
central and southern parts of its range. We also found significant 
positive genetic correlations for populations within distances of less 
than 2.5 kilometres, indicating some movement between adjacent and 
closely spaced fragments, but little beyond this. 

Something I don’t have much time to talk about here, but which may 
have significant bearing on the management of this and other native 
mammals including the arboreal marsupials, is the prospective value 
of vegetation corridors in aiding dispersal and, thus, gene flow in these 
isolated populations.31 This is potentially an important management 
tool for connecting small isolated populations to each other and to 
larger areas of vegetation; and several agencies in South Australia 
have been investing in the establishment of several corridor systems 
in this region. 

However, like any tool, there are limitations and potential dis-
advantages with the vegetation corridor approach: they require a 
significant investment of time and money; they require the conversion 
of land from (productive) pine plantations into (non-income producing) 
habitat; they require ongoing maintenance, particularly of weeds and 
other feral pests; and they may act as a mortality ‘sink’ for animals 
moving into them, or be avoided by species altogether. Regardless, an 
experiment such as this may be the key to persistence of species in 
these fragmented areas, and it will be interesting to test the efficacy of 
these corridors in the future as they mature and establish. 

Lastly, given their mobility, we took a larger landscape-scale approach 
to the bat project I mentioned previously. We collected some 1,200 
samples from sites throughout western Victoria and south-eastern 
South Australia, including fragments of varying size and degrees of 
isolation, and large areas of continuous forest across hundreds of 
kilometres. Results of this work make up a PhD thesis that is under 
construction at present, so results are preliminary; but for the forest 
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specialist Gould’s long eared bat, we found that populations connected 
through continuous forested habitat showed no genetic structuring 
over distances up to 80 kilometres. However, distances of less than 25 
kilometres between remnants across agricultural land may represent 
barriers to dispersal. Fragmented populations showed signs of 
reduced genetic diversity, inbreeding, higher proportions of related 
individuals and skewed sex ratios. Despite the mobility of bats, it 
seems as though agricultural land can impede gene flow and impair 
population connectivity, again raising concerns about the long-term 
viability and persistence of isolated populations.

So, how can we respond to the biodiversity crisis? As human 
populations grow and consume more, as urbanisation intensifies and 
we increasingly exploit our natural resources, there will be greater 
pressure on biodiversity. Ecosystems will continue to degrade, more 
species will go extinct and ecosystems will become less and less 
functional unless we take action and understand the consequences of 
our actions. This has particular relevance in the Northern Territory as 
we see more and more development opportunities in what is currently 
a less developed and (at least on the surface), relatively intact part of 
Australia; and, indeed, the world. Multiple approaches at a range of 
spatial scales will be required to redress this, with a mix of on-ground 
restoration actions and continuous research and improvement. We 
should be aware that management actions cost considerable amounts 
of money, but doing nothing can cost even more. We also require legal 
instruments and, perhaps more importantly, social interventions and 
shifts in lifestyle. 

Indeed, uptake of alternative approaches is increasing rapidly and 
some practices that were once considered quite alternative are now 
considered normal and everyday. To see this, you only have to look at 
the proportion of houses converting to solar energy or implementing 
water-saving strategies; the increased interest and design of ‘green 
buildings’; or the widespread use of recycling programs. We also 
need to prioritise our activities, and recognise that while broad-scale 
approaches are needed, much conservation is achieved by many 
smaller actions. One of the biggest dangers is complacency and 
ignorance – the idea that ‘it won’t affect me’, ‘won’t happen in my 
lifetime’, ‘I don’t need to understand the implications’ or that ‘it’s not 
the fault of human activities’. 
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In short, many solutions are now available, but they need to come from 
a variety of sources. Thankfully, an exponential increase in research 
effort, greater recognition and investment by a range of agencies, and 
engagement by the community are helping to address these issues 
and give them the attention they require.

In the closing minutes, I would like to acknowledge the important 
contributions of the many students, collaborators and close colleagues 
to the projects I have shared with you here. In particular, colleagues 
from various institutions in South Australia, Victoria and New South 
Wales were pivotal to the work, including Drs Steve Cooper, Ross 
Goldingay, Andrea Taylor, Patrick Tap and Mel Lancaster.

I would also like to acknowledge a fantastic and dedicated group of 
Honours and PhD students who did a large proportion of the field and 
laboratory work, including Amanda McLean, Kay Richardson, Travis 
How, Michelle le Duff, Ben Parkhurst, Mansoureh Malekian, You Li 
and Nik Fuller.
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