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Introduction

Almost 20 years ago, Bill Williams wrote a
provocative opinion paper (Williams, 1988) enti-
tled ‘Limnological imbalances: an antipodean
viewpoint’. In his typical stimulating style, Bill
Williams made a number of assertions about his
personal perception of the global status of the
discipline of limnology and some recommenda-
tions for future directions and ways to address
the perceived ‘imbalance’. In essence, he argued
that modern limnology is excessively concerned
with research and issues in the northern temper-
ate region because that is where the majority of
work published in English originates. Concepts
and models such as the River Continuum Con-
cept (Vannote et al., 1980) and the processes of
stratification in dimictic lakes (reviewed in
Hutchinson, 1967) were spawned and supported
by examples from the northern temperate region,
and through adoption into textbooks, became
considered the ‘norm’. Naturally, these models
and concepts came to underpin management
strategies, sometimes being misapplied to situa-
tions well beyond those intended by the original
proponents. Williams (1988) concluded his paper
with encouragement to ‘consider alternatives’ and
to broaden the scope of modern limnology to
include salt lakes (his personal favourite) and
temporary waters because, as he argued, these
may be more typical of world waterbodies than
deep permanent lakes or hydrologically stable
north temperate rivers.

So has this balance been redressed in the last
20 years, at least in Bill Williams’ antipodean

epicentre? Are trends in limnological research
and management in Australia following trajec-
tories advocated by Williams (1988) or are some
aspects still lagging? Have there been new trends
that were not foreshadowed by Williams (1988)
and where might antipodean contributions to
global limnology be likely to flourish in the next
20 years? In this synthesis, we begin by setting
Australian limnology into a brief historical
context, much of which derives directly from
Bill Williams’ papers. We then explore several
trends in aquatic ecology, management, and
conservation in Australia exemplified by papers
in this Special Issue honouring Bill Williams’
extraordinary contribution to global and Aus-
tralian limnology. Virtually every aspect of
modern Australian limnology has built on or
been complemented by Bill Williams’ prolific
output, and this is also true for the papers in
this Issue (Table 1). We conclude that, in gen-
eral, Australian limnologists and aquatic man-
agers are making valuable contributions to
global limnology and water resource manage-
ment, fulfilling Bill Williams’ hopes. Some issues
(e.g., salinisation) are more prevalent in Aus-
tralia than in the northern temperate zone as
Williams (1988) pointed out but problems of
eutrophication and acidification are also
becoming serious in parts of Australia. Criti-
cally, the management solutions to these prob-
lems must address causes not symptoms
(Boulton & Brock, 1999) and understanding
these causes must include assessing the geo-
morphological, hydrological, and ecological
contexts unique to different parts of Australia.
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The Australian context

Although Australia is hailed as the world’s driest
inhabited continent, it spans tropical to alpine
areas, boasting a diversity of river and wetland
types that rivals those found among the other
larger continents. Admittedly, much of the con-
tinent is arid or semi-arid (Comı́n & Williams,
1994) and large, deep lakes or rivers with sub-
stantial permanent discharge are rare. Most of
Australia’s natural surface waterbodies are saline
and/or temporary, and the continent is prone to
frequent and protracted supra-seasonal droughts
(Lake, 2003). In a continent blessed with an
abundance of many other natural resources, fresh
water is often the limiting resource. Paradoxi-
cally, the scarcity of Australia’s water supply and
the impacts of the last 200 years of human pop-
ulation expansion on surface and groundwater
quality have not been reflected in an emphasis on
the scientific study of our water resources, despite
constant encouragement for nearly 30 years from
Williams (1976, 1980, 1993, 1998, 1999a, 1999b,
2001, 2002, 2003).

Modern limnological research in Australia has
had a relatively short history, and much of it has
drawn from Bill Williams’ contributions. Under-
standably, most of the early work was taxonomic
as scientists, usually immigrating from the
northern temperate zone, came to take up uni-
versity or museum curatorial positions, and be-

gan to describe the (to them) unusual and
distinctive aquatic flora and fauna (e.g., platypus,
black swan). For the aquatic invertebrates, a
group of special interest to Bill Williams, this
taxonomic focus was evident in the first half of
the 20th century (e.g., Tillyard, 1916; Nicholls,
1943), culminating in texts on entire orders
(Mosely & Kimmins, 1953; Harker, 1954) and the
first edition of ‘Australian Freshwater Life’
(Williams, 1968) that drew together keys for
many of these groups. New families of aquatic
insects continued to be discovered (e.g., Neboiss,
1978), and a second edition of Bill Williams’
popular book of keys was produced (Williams,
1983). This proved invaluable to the next gener-
ation of limnologists who began working in the
1960s and 1970s as public awareness grew
regarding the severe environmental degradation
of Australia’s waters. In the last decade or so, his
lead has been followed by annual taxonomic
workshops for professionals as well as the pop-
ular book by Gooderham & Tsyrlin (2002).

In 1961, Bill Williams co-founded the Aus-
tralian Society for Limnology, a society that now
boasts over 650 researchers, managers, and stu-
dents, and has held well-attended annual meet-
ings since its origins. Over the 45 or so years since
its foundation, research papers have increasingly
focused on management of aquatic ecosystems in
Australia although fundamental research, partic-
ularly ecology, continues to be reported. This has

Table 1. Since the opinion paper by Williams (1988), redressing the ‘limnological imbalance’ has followed several trends in Australia.

These are listed below, matched with their authors in this Special Issue and a subset of papers by Bill Williams that exemplifies or

complements each general topic

Topic Special Issue author Bill Williams’ examples

Trends in salt lake ecology

and management

Timms; Strehlow et al.

Halse & Massenbauer

Williams & Kokkinn (1988);

Williams (1999a, 2001, 2002).

Trends in dryland river ecology

and management

Sheldon; Jenkins et al. Williams (1975, 1985, 1998).

Trends in water resource

management and conservation

Hancock & Boulton

Fitzsimmons & Robertson

Hillman et al.

Williams (1980, 1983, 1998b, 2003).

Repairing spaceship Earth Lake; Miller & Boulton

Brookes et al.

Ryder & Miller

Williams, 1976; Williams, 1988;

Williams, 1999b; Williams, 2003.

160



paralleled the change in preoccupation with ‘wa-
ter quantity’ to ‘water quality’ (Boulton & Brock,
1999), and the increasing role played by biologists
in aquatic management, another of Bill William’s
central messages (Williams, 1980). In 1973, Ian
Bayly, another influential Australian limnologist,
and Bill Williams wrote the first textbook of
Australian (and New Zealand) limnology (Bayly &
Williams, 1973). It had a strong focus on physi-
cal and chemical limnology, reflecting the
majority of work that had been done in Australia
to that time, and more significantly, identified the
scarcity of research on Australian flowing waters.
In the last few decades, this has also changed
(Lake, 1995), and Australian limnologists have
made valuable global contributions to lotic ecol-
ogy (e.g., Bunn & Davies, 1999; Lake 2001,
2003).

A snapshot of Australian limnology in the
1980s was captured by De Deckker & Williams
(1986). Their edited book, ‘Limnology in Austra-
lia’, contains a series of essays on those areas of
limnology where Australian scientists had most
impact and topics regarded as interesting to the
international limnological community. The book
demonstrates how Australian limnology at that
time had advanced both conceptually and in glo-
bal awareness of management issues, with equal
numbers of chapters covering pure sciences, eco-
systems, and processes and management. Later,
Bill Williams would go on to edit further collec-
tions of papers that focused increasingly on man-
agement and conservation issues (Williams, 1998),
and his awareness of the importance of applying
rigorous scientific research to management issues
in a global context is the topic of his ultimate
paper (Williams, 2003).

Trends in salt lake ecology and management

Bill Williams had a special interest in salt lakes.
He insisted that limnology was not exclusively a
‘freshwater’ domain and that much could be
learned from comparative ecology spanning dif-
ferent types of wetlands (Williams, 1988). Initial
research in these environments was directed
towards describing their distinctive faunal fea-
tures (e.g., Williams, 1972; Walker, 1973) but

there was soon the realisation that salt lakes were
a common wetland globally (Williams, 1976) and
secondary salinisation was a major environmental
threat across much of the world outside the
northern temperate zone (Williams, 1987). It is
now widely accepted that secondary salinisation
has destroyed or currently threatens numerous
fresh and saline wetlands, and has impaired
agricultural productivity in many areas (Crabb,
1997). The severity of this impact in Australia is
reviewed by Timms (2005) who also identifies the
grim future for wetlands from global trends in
climate change and further extinctions from sa-
linisation. This prediction may provide a stimulus
for research in salt lake ecology to identify link-
ages among salinisation, ecological processes, and
landscapes.

Strehlow et al. (2005) provide an example of
applied research that builds on the knowledge of
salt lake fauna and their ecology from early lim-
nological work including that by Bill Williams
(Table 1). Their study is based on the model of
alternate stable states (Scheffer, 1989), and pro-
vides conceptual links between salinity, produc-
tivity, and macroinvertebrate communities. The
study concludes with a classification of ‘ecological
regimes’ that provide a link between management
actions and wetland health, suggesting this ap-
proach may more useful in protecting the structure
and function of salt lake ecosystems than manag-
ing salinity in isolation.

With a better understanding of landscape
linkages, there is a trend in saline lake manage-
ment towards addressing the causes rather than
symptoms of salinisation, and increasing the
effectiveness of wetland management through im-
proved communication with research scientists.
This is the central message of Halse & Mass-
enbauer (2005) who draw on examples from south-
western Australia (where secondary salinisation is
most severe) to highlight the importance of
understanding physical and chemical linkages
within catchments. They conclude that effective
aquatic conservation will rely on informed man-
agement actions in terrestrial landscapes. This
recognition of landscape–waterscape linkages has
led to the recent proliferation of inter-disciplinary
research involving geomorphologists, hydrolo-
gists, and ecologists to tackle management
problems.
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Trends in dryland river ecology and management

Williams (1988) identified temporary waters as
more typical of world water bodies than deep
permanent lakes or north temperate rivers, and he
foreshadowed how our increased scientific under-
standing of these wetlands would inform man-
agement of water allocations and the effects of
extractive use (Williams, 1998). Conceptual
insights have also emerged from studies of tem-
porary waters (e.g., Fisher, 1983; Stanley et al.,
1997; Boulton, 2003; Lake, 2003). Williams (1988)
also bemoaned the lack of coverage of temporary
waters in many textbooks but this situation is
changing (Boulton & Brock, 1999; Dodds, 2002).
In Australia, wetlands in arid and semi-arid areas
face intensifying pressure for their water resources,
yet harbour unique biota and ecological processes
that rely on the ‘boom and bust’ regime of alter-
nating flood and drought (Williams, 1998; Kings-
ford, 1999).

As Williams (1988) noted, this variable water
regime is a contrast to conditions in many areas
where ‘conventional’ models of ecosystem func-
tion have been developed, and this also applies to
techniques for assessing river condition or ‘health’
where many standard field methods are con-
founded by variable flows (Boulton et al., 2000).
Sheldon (2005) tackles this dilemma by proposing
a ‘trend approach’ in which the use of common
macroinvertebrate-based indicators for river
health could be adapted for use in naturally
variable systems. Wetlands in Australia’s arid-
zone face many threats (reviewed in Jenkins
et al., 2005) and there is urgent need for reliable
indicators of condition. Also required is more
interactive and collaborative research rather than
the more common reactive approaches, and this
needs to be conducted at relevant spatial and
temporal scales, and with full recognition of the
fundamental role of hydrologic variability (Jen-
kins et al., 2005).

Trends in water resource management

and conservation

As described above, early ecological limnology in
Australia was preoccupied with the taxonomy of
the often-distinctive aquatic biota. Globally and in

Australia, research has broadened to include the
ecological roles of this biota, recognising the ben-
efits of functional approaches (e.g., Cummins &
Klug, 1979; Brock & Casanova, 1997). One sig-
nificant limnological advance since Williams
(1988) has been the greater global appreciation of
the ecological implications of the tight linkages
between surface and groundwaters (Gibert et al.,
1994; Jones & Mulholland, 2000). This linkage has
important implications for how we manage surface
waters (Boulton, 2000) and groundwater depen-
dent ecosystems (Murray et al., 2003). Environ-
mental flow releases have been seen as a valuable
management tool in helping to restore altered flow
regimes (Ladson & Finlayson, 2002) but most
studies of the ecological effects of environmental
flow releases have focused on surface riverine biota
and processes (e.g., Gore et al., 2001; Arthington &
Pusey, 2003). Hancock & Boulton (2005) describe
responses of the surface–subsurface linkages in a
river subject to an experimental environmental
flow release. Not only does this provide useful
information for managers about the benefits of
‘flushing flows’, it is an example of the application
of experimental manipulations in field studies to
help elucidate causes of ecological patterns and
processes.

River regulation and groundwater abstraction,
the development of agriculture, declining water
quality, isolation from catchment processes, and
degradation of riparian areas are persistent
threats to aquatic ecosystems in Australia (Wil-
liams, 1980, 1998; Kingsford, 2000; Boulton
et al., 2003). Although there are efforts to address
some of these issues (Brock et al., 1999; Ar-
thington & Pusey, 2003), equivalent attention to
the conservation of freshwater ecosystems
through protected areas has lagged far behind.
Australia currently lacks an adequate freshwater
reserve system (Georges & Cottingham, 2002;
Nevill & Phillips, 2004) and their establishment is
one of the highest priorities for biodiversity
conservation research (Fitzsimmons & Robert-
son, 2005). One of the major impediments to the
identification and designation of freshwater re-
serves relates directly to the Australian landscape
that incorporates aquatic habitats that are highly
diverse both spatially and temporally, and the
subsequent inability to ascribe representativeness
or ‘health’ to these habitats (e.g., Sheldon, 2005).
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While the delineation of a reserve boundary that
incorporates the full range of water levels and
flow regimes for an aquatic system may be
desirable, it may be unlikely given the competing
interests of economies, communities and natural
resource management.

Williams (1993) drew attention to the impor-
tance of social issues such as population growth
in Australia, and likely effects on water resources.
This linkage between aquatic systems and their
catchments, the economy based on them, and the
human societies and cultures connected to them
has led Hillman et al. (2005) to propose that one
way in which change in natural resource man-
agement is best managed is with the cooperation
of those most affected. They suggest that identi-
fying and engaging the community and the
development of analytical techniques to support
inter-disciplinary research projects are two major
areas in which new knowledge is urgently needed.
This, in turn, implies the need for greater
understanding and a broader knowledge base
than is likely to be found in any one discipline or
any one group in the community.

Repairing spaceship earth

Given Bill Williams’ devoted efforts advocating
the sustainable use and conservation of Austra-
lia’s inland waters, it is fitting that one of the
major advances in limnology has been in the
field of rehabilitation and restoration. Williams
(1988) argued that limnology in Australia is
much less distinctive and more generally appli-
cable on a global basis than had been fully
realized. The development and application of
restoration ecology theory to Australian rivers
and wetlands (e.g., Lake, 2003) provides a global
commonality for the assessment of Australian
inland aquatic ecosystems. In examining resto-
ration as an ecological enterprise, Lake (2005)
sets the scene for the remaining papers in this
Special Issue by emphasizing the need for res-
toration to be set at the catchment scale, for
clear goals to be set, and for effective monitoring
to determine progress.

There is a clear trend evident from the papers in
this Issue that the restoration and management of
Australian inland aquatic ecosystems is moving

towards an approach integrating ecosystem struc-
ture and functions for designing restoration pro-
jects, and measuring restoration success (reviewed
in Ryder & Miller, 2005). Miller & Boulton (2005)
use urban streams as a template to demonstrate
that an understanding of the interactions of
catchment scale processes such as hydrology,
drainage pattern, leaf input, and biological attri-
butes of a stream is crucial for managers trying to
restore stream ecosystem services. Bill Williams
was one of the earliest Australian researchers to
recognise the inherent importance of urban
streams for research and management (Williams,
1999b) and he would be pleased to see the ad-
vances currently being made in urban stream re-
search in this country (e.g., Walsh, 2004).

Brookes et al. (2005) postulate that anthropo-
genic disturbances to catchments have decreased
the structural complexity of such ecosystems, and
in doing so have reduced their resilience to further
environmental change. They suggest that the
effective management of water resources requires a
catchment scale restoration of biogeochemical
pathways. As a result, increased biodiversity of
aquatic and terrestrial habitats, and ecological
functions will promote ecosystem resilience. How-
ever, the use of ecosystem functions as measures of
ecosystem health or restoration success is still in its
infancy, providing an opportunity for Australian
limnologists that was not foreseen by Williams
(1988). Ryder & Miller (2005) suggest one way
forward is undertaking research into where, and
under what circumstances the structure and func-
tion of aquatic systems are linked. Restoration of
streams and wetlands may be furthered by an
appreciation of the functional role of biological
communities, and from targeting some restoration
towards the re-establishment of structurally sig-
nificant species and functionally significant pro-
cesses (Ryder & Miller, 2005). This approach
provides an integrated, long-term measure of eco-
system function with knowledge of structural
attributes facilitating historical comparisons. Res-
toration projects with a well-founded scientific
base, and defined scientific and management goals
and outcomes (Lake, 2005), will expand our
knowledge of aquatic ecosystem function, and
contribute to the effective conservation and man-
agement of water resources, ensuring the sustain-
ability of ‘Spaceship Earth’.
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Conclusion

In our Introduction, we asked whether Bill Wil-
liams’ perceived limnological imbalances had been
redressed in the last 20 years. Efforts by Australian
and other antipodean limnologists, and the papers
from this Special Issue indicate the balance has
been redressed, although perhaps there are still
some aspects lagging. These aspects would include
research and management of temporary waters
and groundwaters, freshwater protected areas, and
assessments of functional as well as structural as-
pects of freshwater ecosystems. Limnological re-
search and management directions have taken
different trajectories beyond those forecasted in
Williams (1988). For example, there is more
emphasis on social aspects and community
involvement in water resource management, a
greater amount of work on assessment of water-
body condition and ‘health’, cutting-edge research
on aquatic rehabilitation and restoration, and
some excellent examples of experimental field
ecology. Australian limnologists are already
recognised as international leaders in some of these
‘new trends’, and Bill Williams would be proud of
his legacy. Perhaps the most encouraging aspect is
that there is probably no need to consider an
antipodean viewpoint because the global contri-
butions from Australia are just that – global. The
papers in this Special Issue are not so much un-
iquely Australian as internationally relevant, and
many of their messages apply equally across the
globe, perhaps even in those deep permanent lakes
and rivers of the north temperate zone. Most
importantly, there is a greater awareness of the
vulnerability of the aquatic life support systems of
Spaceship Earth (Williams, 2003), and recognition
of the value of the science reported in this Special
Issue to tackling the water resource issues of the
next 20 years.

Acknowledgements

We thank the contributors to this Special Issue,
those who gave papers at the symposium held in
Adelaide in November 2003, and the reviewers of
the manuscripts. Most of the authors and review-
ers knew Bill personally and ‘went the extra mile’

in honour of his contributions, support, and
friendship. We also thank Patrick De Deckker for
comments on this synthesis, and to he and Michael
Geddes for allowing us to be involved in preparing
this Special Issue for publication.

References

Arthington, A. H. & B. J. Pusey, 2003. Flow restoration and

protection in Australian rivers. River Research and Appli-

cations 19: 377–395.

Bayly, I. A. E. &W. D. Williams, 1973. Inland Waters and their

Ecology. Longman, Australia.

Boulton, A. J., 2000. River ecosystem health down under:

assessing ecological condition in riverine groundwater zones

in Australia. Ecosystem Health 6: 108–118.

Boulton, A. J., F. Sheldon, M. C. Thoms & E. H. Stanley, 2000.

Problems and constraints in managing rivers with variable

flow regimes. In Boon, P. J., B. R. Davies & G. E. Petts

(eds), Global Perspectives on River Conservation: Science,

Policy and Practice. John Wiley and Sons, London: 411–

426.

Boulton, A. J., 2003. Parallels and contrasts in the effects of

drought on stream macroinvertebrate assemblages. Fresh-

water Biology 48: 1173–1185.

Boulton, A. J., W. F. Humphreys & S. M. Eberhard, 2003.

Imperilled subsurface waters in Australia: biodiversity,

threatening processes and conservation. Aquatic Ecosystem

Health and Management 6: 41–54.

Boulton, A. J. & M. A. Brock, 1999. Australian Freshwater

Ecology: Processes and Management. Gleneagles Publishing,

Glen Osmond, Adelaide, South Australia.

Brock, M. A. & M. T. Casanova, 1997. Plant life at the edges of

wetlands; ecological responses to wetting and drying pat-

terns. In Klomp, N. & I. Lunt (eds), Frontiers in Ecology:

Building the Links. Elsevier Science, Oxford: 181–192.

Brock, M. A., R. G. B. Smith & P. J. Jarman, 1999. Drain it,

dam it: alteration of water regime in shallow wetlands on the

New England Tablelands of NSW. Wetlands Ecology and

Management 7: 37–46.

Brookes, J. D., K. Aldridge, T. Wallace, L. Linden & G. G.

Ganf, 2005. Multiple interception pathways for resource

utilisation and increased ecosystem resilience. Hydrobiologia

552: 135–146.

Bunn, S. E. & P. M. Davies, 1999. Aquatic food webs in turbid,

arid zone rivers: preliminary data from Cooper Creek,

Western Queensland. In Kingsford, R. T. (ed.), A Free

Flowing River: the Ecology of the Paroo River. National

Parks and Wildlife Service, Sydney, Australia: 67–76.

Comı́n, F. A. & W. D. Williams, 1994. Parched continents: our

common future?. In Margalef, R. (ed.), Limnology Now: a

Paradigm of Planetary Problems. Elsevier Science,

Amsterdam: 473–527.

Crabb, P., 1997. Murray-Darling Basin Resources. Murray-

Darling Basin Commission, Canberra, Australia.

164



Cummins, K. W. & M. J. Klug, 1979. Feeding ecology of

stream invertebrates. Annual Review of Ecology and Sys-

tematics 10: 147–172.

De Deckker, P. & W. D. Williams (eds), 1986. Limnology in

Australia. CSIRO and Dr W. Junk Publishers, Dordrecht,

Netherlands.

Dodds, W., 2002. Freshwater Ecology: Concepts and Envi-

ronmental Applications. Academic Press, San Diego, USA.

Fisher, S. G., 1983. Succession in streams. In Barnes, J. R. & G.

W. Minshall (eds), Stream Ecology – Application and

Testing of General Ecological Theory. Plenum Press, New

York: 7–27.

Fitzsimons, J. A. & H. A. Robertson, 2005. Freshwater reserves

in Australia: directions and challenges for the development

of a comprehensive, adequate and representative system of

protected areas. Hydrobiologia 552: 87–97.

Georges, A. & P. Cottingham, 2002. Biodiversity in inland

waters – priorities for its protection and management: rec-

ommendations from the 2001 Fenner Conference on the

environment. Technical Report 1/2002. Cooperative

Research Centre for Freshwater Ecology, Canberra.

Gibert, J., D. Danielopol & J. Stanford (eds), 1994. Ground-

water Ecology. Academic Press, San Diego.

Gooderham, J. & E. Tsyrlin, 2002. The Waterbug Book: a

Guide to the Freshwater Macroinvertebrates of Temperate

Australia. CSIRO Publishing, Collingwood, Australia.

Gore, J. A., J. B. Layzer & J. Mead, 2001. Macroinvertebrate

instream flow studies after 20 years: a role in stream man-

agement and restoration. Regulated Rivers: Research and

Management 17: 527–542.

Halse, S. A. & T. Massenbauer, 2005. Incorporating research

results into wetland management: lessons from recovery

catchments in saline landscapes. Hydrobiologia 552: 33–44.

Hancock, P. J. & A J. Boulton, 2005. The effects of an envi-

ronmental flow release on water quality in the hyporheic zone

of the Hunter River, Australia. Hydrobiologia 552: 75–85.

Harker, J. E., 1954. The Ephemeroptera of eastern Australia.

Transactions of the Royal Entomological Society of London

105: 241–268.

Hillman, T., L. Crase, B. Furze, J. Ananda & D. Maybery,

2005. Multidisciplinary approaches to natural resource

management. Hydrobiologia 552: 99–108.

Hutchinson G. E., 1967. A Treatise on Limnology. Vol. II.

John Wiley and Sons, New York.

Jenkins, K. M., A. J. Boulton & D. S. Ryder, 2005. A common

parched future? Research and management of Australian

arid-zone floodplain wetlands. Hydrobiologia 552: 57–73.

Jones, J. B. & P. J. Mulholland, (eds) 2000. Streams and

Ground Waters. Academic Press, San Diego.

Kingsford, R. T.(ed.), 1999. A Free-Flowing River: the Ecology

of the Paroo River. NSW National Parks and Wildlife Ser-

vice, Hurstville, New South Wales.

Kingsford, R. T., 2000. Ecological impacts of dams, water

diversions and river management on floodplain wetlands in

Australia. Austral Ecology 25: 109–127.

Ladson, A. & B. Finlayson, 2002. Rhetoric and reality in the

allocation of water to the environment: a case study of the

Goulburn River, Victoria, Australia. River Research and

Applications 18: 555–568.

Lake, P. S., 1995. Of floods and droughts: river and stream

ecosystems of Australia. In Cushing, C. E., K. W. Cummins, &

G. W. Minshall (eds), River and Stream Ecosystems. Else-

vier, Amsterdam: 659–694.

Lake, P. S., 2001. On the maturing of restoration: linking

ecological research and restoration. Ecological Management

and Restoration 2: 110–115.

Lake, P. S., 2003. Ecological effects of perturbation by drought

in flowing waters. Freshwater Biology 48: 1161–1172.

Lake, P. S., 2005. Perturbation, restoration and seeking eco-

logical sustainability in Australian flowing waters. Hydro-

biologia 552: 109–121.

Miller, W. & A. J. Boulton, 2005. Managing and rehabilitating

ecosystem processes in regional urban streams in Australia.

Hydrobiologia 552: 121–133.

Mosely, M. E. & D. E. Kimmins, 1953. The Trichoptera

(Caddis-flies) of Australia and New Zealand. British Mu-

seum, London.

Murray, B. R., M. J. B, Zeppel, G. C. Hose & D. Eamus, 2003.

Groundwater-dependent ecosystems in Australia: it’s more

than just water for rivers. Ecological Management and

Restoration 4: 110–113.

Neboiss, A., 1978. Atriplectididae, a new caddis-fly family

(Trichoptera: Atriplectididae). In Crichton, M. I. (ed), Pro-

ceedings of the 2nd International Symposium on Trichop-

tera. Junk, The Hague: 67–73.

Nevill, J. & N. Phillips (eds), 2004. The Australian Freshwater

Protected Area Resource Book. OnlyonePlanet Australia,

Melbourne.

Nicholls, G. E., 1943. The Phreatoicoidea. Part I. The Am-

phisopidae. Papers and Proceedings of the Royal Society of

Tasmania 1942: 1–145.

Ryder, D. S. & W. Miller, 2005. Setting goals and measuring

success: linking patterns and processes in stream restoration.

Hydrobiologia 552: 147–158.

Scheffer, M., 1989. Alternative stable states in eutrophic, shal-

low freshwater systems: a minimal model. Hydrological

Bulletin 23: 73–83.

Sheldon, F., 2005. Incorporating natural variability into the

assessment of ecological health in Australian dryland rivers.

Hydrobiologia 552: 45–56.

Stanley, E. H., S. G. Fisher & N. B. Grimm, 1997. Ecosystem

expansion and contraction in streams. BioScience 47: 427–

435.

Strehlow, K., J. Davis, L. Sim, J. Chambers, S. Halse, D. Ham-

ilton, P. Horwitz, A. McComb & R. Froend, 2005. Temporal

changes between ecological regimes in a range of primary and

secondary salinised wetlands. Hydrobiologia 552: 17–31.

Tillyard, R. J., 1916. Life-histories and descriptions of Aus-

tralian Aeschninae; with a description of a new form of

Telephlebia by Herbert Campion. Journal of the Linnaean

Society (Zoology) 33: 1–83.

Timms, B. V., 2005. Salt lakes in Australia: present problems

and prognosis for the future. Hydrobiologia 552: 1–15.

Vannote, R. L., G. W.Minshall, K. W. Cummins, J. R. Sedell &

C. E. Cushing, 1980. The river continuum concept. Canadian

Journal of Fisheries and Aquatic Sciences 37: 130–137.

Walsh, C. J., 2004. Protection of in-stream biota from urban

impacts: minimise catchment imperviousness or improve

165



drainage design? Marine and Freshwater Research 55: 317–

326.

Walker, K. F., 1973. Studies on a saline lake ecosystem. Aus-

tralian Journal ofMarine andFreshwaterResearch 24: 21–27.

Williams, W. D., 1968. Australian Freshwater Life: the Inver-

tebrates of Australian Inland Waters (2nd ed.). McMillan,

Melbourne.

Williams, W. D., 1972. The uniqueness of salt lake ecosystems.

In Kajak, Z. & A. Hillbrecht-Illowska (eds), Productivity

Problems of Freshwaters. Polish Academy of Science,

Warsaw: 349–362.

Williams, W. D., 1975. A note on the macrofauna of a tem-

porary rainpool in semi-arid Western Australia. Australian

Journal of Marine and Freshwater Research 26: 425–429.

Williams, W. D., 1976. Some problems for Australian limno-

logists. Search 7: 187–190.

Williams, W. D., 1980. An Ecological Basis for Water Resource

Management. Australian National University Press,

Canberra.

Williams, W. D., 1983. Life in Inland Waters. Blackwell Sci-

entific Publishers, Victoria, Australia.

Williams, W. D., 1985. Biotic adaptations in temporary lentic

waters, with special reference to those in semi-arid and arid

regions. Hydrobiologia 125: 85–110.

Williams, W. D., 1987. Salinization of rivers and streams: an

important environmental hazard. Ambio 16: 180–185.

Williams, W. D., 1988. Limnological imbalances: an antipo-

dean viewpoint. Freshwater Biology 20: 407–420.

Williams, W. D., 1993. Australian inland waters: a limited

resource. Australian Biologist 6: 2–10.

Williams, W. D. (ed.), 1998. Wetlands in a Dry Land: Under-

standing for Management. Environment Australia, Canber-

ra.

Williams, W. D., 1999a. Salinisation: a major threat to

water resources in the arid and semi-arid regions of the

world. Lakes and Reservoirs: Research and Management 4:

85–91.

Williams, W. D., 1999b. Urban rivers and streams: important

community wetlands needing informed management. In

Rutherford, I. D. & R. Bartley (eds), The Challenge of

Rehabilitating Australia’s Streams. CRC for Catchment

Hydrology, Melbourne: 719–724.

Williams, W. D., 2001. Salinization: unplumbed salt in a

parched landscape. Water Science and Technology 43: 85–

91.

Williams, W. D., 2002. Environmental threats to salt lakes and

the likely status of inland saline ecosystems in 2025. Envi-

ronmental Conservation 29: 154–167.

Williams, W. D., 2003. Spaceship Earth. Barbara Hardy & Bob

Lewis, Adelaide, South Australia.

Williams, W. D. & M. J. Kokkinn, 1988. The biogeograph-

ical affinities of the fauna in episodically filled salt lakes: a

study of Lake Eyre South, Australia. Hydrobiologia

158: 227–236.

166


