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Abstract

Ephemeral deflation basin lakes are widespread throughout arid and semiarid regions of the Murray—Darling Basin in
Australia. Although they are diverse, productive habitats, the water resources development has generally caused significant
declines in their ecological condition. Managers are currently trying to protect or restore these systems, however, without
an adequate theoretical framework on which to base management decisions. This is because the existing conceptual models
provide little insight into the effects of any component of the flow regime except flooding. This paper reviews the effects of
flooding and drying on lakes, using the information and conclusions therein to propose a conceptual model that identifies
five stages in the flooding and drying cycle. This conceptual model incorporates elements of the Flood Pulse Concept,
Trophic Cascade models and the Geomorphic-Trophic model, as they apply to these highly variable water systems.
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INTRODUCTION

Ephemeral deflation basin lakes (EDBLs) are widespread
throughout the arid and semiarid regions of the Murray-
Darling Basin, Australia, where evaporation exceeds
rainfall. Ephemeral deflation basin lakes are important
both as wetlands and as components of the larger
floodplain ecosystem (Ward 1989; Ward & Stanford 1995).
They support diverse and productive plant and animal
communities and provide, for example, critical nursery
habitat for native fish (Puckridge 1999), as well as
breeding and feeding habitat for birds (Kingsford et al.
2004). In addition to these natural values, EDBLs
represent a valuable resource for human activities, as
many are used to grow crops, to store water and/or
as recreational areas. A considerable body of evidence
suggests that water resource and agricultural develop-
ment on arid zone EDBLs have generally had detrimental
impacts on net ecosystem productivity and diversity
(Kingsford 2000a; Kingsford et al. 2004).

Ephemeral deflation basin lakes are lowland river
floodplain environments that fluctuate between terrestrial
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and aquatic states. The hydrology of these systems leads
to the development of wetland and terrestrial annual
vegetation on the dry bed of the lake, surrounded by
a fringe of perennial vegetation — similar to the low
groundwater recharge, drought wetlands described by the
Wetland Continuum (Euliss ef al. 2004). In the Murray-
Darling Basin, the water resources management has
significantly altered the hydrological regime of many
EDBLSs, such that they can be classified into three broad
categories as follows: (i) those that are not affected by
water resources development; (i) those that are dry more
frequently than under natural conditions; and (iii) those
that remain wet for longer periods or more frequently than
under natural conditions — ~35% of the River Murray
wetlands, according to Pressey (1990) and Seddon et al.
(1997). Alterations to natural hydrological patterns can
strongly impact biotic and abiotic processes.

It is generally agreed that both wet and dry periods are
important for maintaining ecosystem integrity in
ephemeral wetlands (Boulton & Lloyd 1992; Boulton &
Jenkins 1998). Disturbances, such as flooding and drying,
drive the aquatic and terrestrial successional processes
and facilitate the biotic and abiotic exchanges between
elements of the floodplain and the riverine environment
(cf. Flood Pulse Concept, Junk et al. 1989). Because of this
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reality, EDBLs are potentially sites of high produc-
tivity and diversity within arid zone floodplain ecosystems.
As a consequence, management of these systems
has implications for their productivity and diversity at a
landscape scale.

While the pressure placed on resource managers to
achieve both environmental and water resources
objectives has increased, the knowledge required to
achieve these objectives is not readily available. This
situation exists despite an increasing body of knowledge
concerning various aspects of the ecology of floodplain
systems. The current knowledge on these aspects is
fragmented, and is not integrated within a conceptual
framework appropriate to EDBLs, encompassing aspects
of both wet and dry lake phases. As an example, although
the Flood Pulse Concept (Junk et al. 1989) predicts that
the loss of flooding is expected to have a detrimental effect
on wetland condition, there are no similar conceptual
models to predict the effect of the loss of drying episodes.

To attempt to construct an heuristic conceptual model of
EDBLs, the existing conceptual models of ephemeral lake
ecology were examined, and combined with our knowledge of
the ecological impacts of lake drying and inundation.
Although the subsequently developed conceptual model
focuses on EDBLs in the Murray-Darling Basin, it also
is likely to be at least partially applicable to EDBLs found
in semiarid regions throughout the world.

EDBLs in the Murray-Darling Basin

The majority of EDBLs in the Murray-Darling Basin occur
in western New South Wales. Based on a survey of lakes in
this region, Seddon and Briggs (1998) identified 567
deflation basin lakes larger than 100 ha. Although
numerous smaller deflation basins have been identified
and mapped (Kingsford et al. 1998), very little information
exists for the majority of lakes in the region. Seddon et al.
(1997) compiled a database of lake attributes, publishing
literature for EDBLs larger than 100 ha in western
New South Wales. And, although not restricted to EDBLs
alone, similar information about smaller Murray-Darling
Basin wetlands, and wetlands considered important from a
conservation perspective, also has been compiled (ANCA
1992).

In western New South Wales, depressions (which
become EDBLs) are formed on the floodplain by the
eastward movement of bed material by wind and wave
action from the prevailing westerly winds. Sand dunes or
lunettes formed by the deposition of these eroded bed
materials commonly occur on the eastern margin of lake
basins. Lake beds generally consist of fertile clay soils
deposited by successive flooding events and differ
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markedly from the soils on surrounding higher ground
(Bowler 1990; Pressey 1990). Ephemeral deflation basin
lakes receive water intermittently from their riverine
supply during periods of high flow, or from local rainfall.
Under natural conditions, EDBLs are subjected to
episodes of rapid flooding, followed by more protracted
periods of evaporative drying. The periodicity of these
wet/dry phases varies considerably among EDBLs. Some
lakes receive water from annual high river levels, filling
frequently, while other might remain dry for many years.
In fact, some might never fill if their supply channels have
been disconnected or obstructed. Although variations
in groundwater interactions among lakes also might
have impacts on surface water hydrological regimes,
little information concerning these processes is presently
available. Despite their geomorphological similarity, EDBLs
are heterogeneous, with the flood frequency, flood
duration, salinity and water source varying greatly among
lakes (Seddon & Briggs 1998).

The periodicity of flooding and drying is not well
documented for most EDBLs. Records exist for some of
the more actively managed storages, examples being
Lake Victoria (Hope 2000) and the Menindee Lakes
(Green 1997), and for those on the Darling Anabranch
(Withers 1994) and Talyawalka Creek (Withers 1996).
However, similar records are not usually maintained for rainfall-
filled lakes, which are often excluded from management
strategies because they do not occur on the floodplains of
gauged rivers. Nevertheless, it has become evident over
the last two decades that all EDBLs are extremely
vulnerable to water resources development (Kingsford
2000b; Roshier et al. 2001).

Existing conceptual models
Appropriate conceptual models can greatly assist in
the management of EDBLs for sustainable use, and for
the protection of their environmental values. They can be
used as a basis for developing management strategies,
as well as for designing monitoring programs to evaluate
the possible environmental outcomes of management inter-
ventions. There are several conceptual models con-
cerning lake ecology currently available to scientists and
managers that could be used to guide the manage-
ment of EDBLs. However, because all of the current
conceptual models are derived from lakes or tropical
rivers in the Northern Hemisphere, they might not be
appropriate in an Australian context.

Alternate stable states
The first of these conceptual models views lakes
as oscillating between stable states of macrophyte
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domination or phytoplankton domination (Scheffer et al.
1993; Casanova et al. 1997; Bachmann et al. 1999). Each
of these states is influenced by the distribution and
concentration of nutrients and sediments. The loss of
macrophytes has the effect of eliminating habitat for a
range of invertebrates (Diehl & Kornijow 1992; Schriver
et al. 1995; Burks et al. 2001), thereby altering trophic
structure. In some instances, varying water levels has led
to the loss of macrophytes and a change in state (Coops
et al. 2003). In other instances, hydrological variation has
stimulated the macrophyte community (Poiani & Johnson
1993; Casanova 1994; Blanch ef al. 1999). For this reason,
although the concept of alternative stable states does not
provide managers with a comprehensive framework on
which to formulate hydrological strategies, it does provide
guidance on nutrient management and erosion.

Trophic cascade
The trophic cascade or food-web models also might have

some relevance in regard to managing EDBLs. These
models suggest that lake productivity and community
composition are determined by a combination of top-down
and bottom-up forces, such that changes in the fish
community can influence algal abundance and water
quality (Carpenter et al. 2001). While food-web manipulations
have successfully facilitated improvements in water quality
and in reducing algal blooms (Carpenter & Kitchell 1988;
Carpenter et al. 2001), there are nevertheless some situations
in which they are not appropriate. Trophic cascades
appear to be weakened, for example, as the food web or
habitat becomes more complex (Shapiro 1990; Lazzaro
1997), or where other stresses (e.g. sedimentation) are an
environmental factor (Phillips ef al. 1999). As the trophic
cascade models have not considered water regime, they
have only limited utility for managers concerned with the
effects of water resources development.

Flood Pulse Concept
The third conceptual model is the Flood Pulse Concept,
which states that the flood pulse stimulates productivity
(Junk et al. 1989; Lewis et al. 2000b). The Flood Pulse
Concept was formulated to describe the ecology of river—
floodplain ecosystems rather than to describe individual
wetlands. Floods are considered important in determining
the productivity and diversity of lake communities. Thus,
alteration of flooding regimes has had a detrimental impact
on Australian wetlands (Briggs et al. 1998; Kingsford
2000a). A major limitation of the Flood Pulse Concept is
that it emphasizes the flood pulse, with no reference
to either long-term flow regimes or other important
hydrological events such as drying (Walker et al. 1995;
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Puckridge et al. 2000). Thus, the Flood Pulse Concept
provides advice for only one component of the water
regime common in ephemeral lakes.

Geomorphic-Trophic Model
The fourth conceptual model is the Geomorphic-Trophic

Model. This model suggests that variations in bio-
geochemical and biotic processes between floodplain lakes
can be largely understood, and predicted on the basis of
morphometric and hydrological factors. The Geomorphic—
Trophic Model has been utilized for Orinoco floodplain
lakes, wherein lake shape affects turbidity and, in turn, the
biotic community (Lewis ef al. 2000a). The model also has
been utilized for Arctic lakes, whereby lake shape affects
the persistence of fish during the winter freeze (Hershey
et al. 1999). Lake shape also affects diversity, with positive
correlations being reported between the lake surface area
and the diversity of zooplankton (Dodson 1992; Dodson
et al. 2000), fish (Barbour & Brown 1974; Browne 1981) and
molluscs (Browne 1981). The increased diversity with lake
surface area appears to be an example of the species—area
relationship, although the mechanism producing these
patterns has received little attention (Douglas & Lake 1994).

Lake morphology also affects productivity, with shallow
lakes usually being more productive (Hamilton & Lewis
1990; Serruya 1990; Perin ef al. 1996). The mechanisms
underlying this pattern include mixing and stratification,
oxygenation, the relative contribution of the littoral zone,
and nutrient inputs (Hamilton & Lewis 1990; Serruya 1990;
Perin et al. 1996). Although a relationship exists between
lake depth and lake hydroperiod, it is possible that
the observed patterns of productivity in ephemeral lakes
are large because ephemeral lakes tend to be shallower
than permanent lakes of similar volume. However, this
hypothesis does not explain why water resources
development has such detrimental effects on EDBLs.

The above summary demonstrates that no existing
conceptual models adequately describe the relationship
between water regime and lake ecology in ephemeral
systems. The lack of such a conceptual model is because,
in part, of the lack of data regarding the changes that
occur in lakes as they undergo cycles of drying and
flooding. There is a growing body of information, however,
about the ecology of floodplain and ephemeral wetlands.

Ecological impacts of lake drying
The drying of a lake is brought about by a combination of
draining, evaporation and groundwater infiltration, with
the relative importance of each process varying among
lakes and drying stages. Most of the available literature on
drying concerns lakes and wetlands in which evaporation
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is the dominant process. As lakes and wetlands evaporate,
a number of predictable changes usually occur, examples
being the concentration of nutrients, salt and organisms,
and an increased turbidity (Talling 1992; Thormann et al.
1998). Increases in algal abundance and changes in
algal species composition also have been reported
(Talling 1992; Ibanez 1998).

Another common feature of drying lakes is that
biotic interactions such as predation and competition
increase (Schneider & Frost 1996; Golladay et al. 1997
Tockner et al. 1999; Wantzen et al. 2002). These changes
are usually linked to a declining availability of habitat
(Golladay et al. 1997) and increases in the proportion of
predatory taxa (Lake ef al. 1989; Batzer & Wissinger 1996;
Corti et al. 1997, Moorehead ef al. 1998). This trend,
however, is not universal (Timms & Boulton 2001).
Increases in predator abundance have been explained
primarily in terms of the progressive colonization of
ephemeral lakes and wetlands by predators (Wiggins
et al. 1980; Lake et al. 1989; Jeffries 1994).

Although the number of predatory taxa in a lake
increases with drying, the situation is complicated by the
changes that occur in habitat availability as a result of
drying. Top-down control has been proven to be more
important in shallow lakes (Jeppesen ef al. 1997). As lakes
dry and become shallower, predation might become more
intense without additional colonization by predatory taxa.
As an example of the way in which predator pressure
might change, deep lakes offer fish refuge from avian
predation. This refuge is eventually lost, however, and
while some fish might attempt to find their way back to
deeper refuges, many remain isolated (Kahl 1964; Kushlan
1976). Without a refuge, the fish community might
undergo dramatic population reduction as avian predation
becomes more effective (Kushlan 1976; Scholz et al. 1999).
The reduction in fish numbers might offer invertebrate
predators (e.g. notonectids and dytiscid beetles) an
opportunity to proliferate (Boulton & Lloyd 1991;
Jeffries 1994; Brendonck et al. 2002).

During the final stages of drying, the concentration of
nutrients and salts can be extreme, fluctuations in water
quality can increase, the buffering capacity of the water
volume diminishes, and the lake is more exposed to
weather (Talling 1992; Balla & Davis 1995; Podrabsky et al.
1998). When the lake finally dries, there is typically a well-
established vertical zonation of terrestrial flood-dependent
vegetation surrounding an area of dry cracked mud,
where salt levels are too high, or drying conditions too
extreme, to allow development of vegetation. Drought-
resistant propagules of microinvertebrates (Boulton &
Jenkins 1998; Jenkins & Boulton 1998) and plants (Brock
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1998; Nicol 2004) remain within the sediments, awaiting
cues for germination. Other animals (e.g. yabbies and
frogs) might find refuge in burrows or in moist habitats
under litter (Wiggins et al. 1980; Boulton 1989).

Drying also consolidates lake-bed sediments (van der
Wielen, 2003). Although this process is affected by the
duration of the dry phase, upon re-inundation it can
decrease the sediment resuspension rates and increase
the particle settlement rates. The reduced turbidity has
the significant effect of increasing the light penetration
into the water column (van der Wielen, 2003).

Ecological impacts of the loss of lake drying
There is little doubt that drying is a major disturbance.
Many taxa, however, have found ways of surviving even
prolonged periods of drying such as drought. In many
ephemeral systems, the loss of a dry phase has led to
significant changes often perceived as deleterious. Bird
density and diversity, for example, are known to decline
with the removal of a dry phase (Briggs et al. 1994,
Kingsford ef al. 2002; 2004), as the original community
composition shifts towards a composition with a greater
proportion of piscivorous species (Kingsford et al. 2002).
Invertebrate productivity (Brinson ef al. 1981; Maher &
Carpenter 1984; Briggs & Maher 1985) and diversity
(Leslie et al. 1997; Boulton & Jenkins 1998) also have been
shown to decline in response to the loss of wetland drying.
The loss of a dry phase has been associated with an
increased abundance of introduced fish species such as
carp (Cyprinus carpio) (Gehrke et al. 1995; Boulton &
Jenkins 1998; Gehrke efal. 1999). The vegetation
community also undergoes significant changes, including
the loss of lignum (Muehlenbeckia cunninghamii) and red
gums (Eucalyptus camaldulensis) (Walker & Thoms 1993;
Thornton & Briggs 1994), as well as changes to the
macrophytic community structure (Brock & Casanova
1991; Poiani & Johnson 1993; Walker et al. 1994). While
much less is known about changes to ecological processes,
it would appear that the loss of a dry phase leads to an
increased importance in anaerobic decomposition of
organic matter (Brinson et al. 1981; Boon et al. 1996).

In regulated water systems, a greater proportion of the
water volume in such lakes is drained for consumptive use.
This has ecological implications for regulated lakes, by
facilitating the export of nutrients and salt, as well as such
organisms as algae and microinvertebrates. Although this
study is not aware of data that allow determination of the
specific effects of these changes on lake ecology, it is likely
that it has an effect on the post-flood nutrient pulse.
An accelerated drawdown might alter the rate of
solute concentrations in a lake, thereby depriving some
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microinvertebrates of the cues required to stimulate the
onset of resting stages (Kalk & Schulten-Senden 1977;
Ricci 2001). There is no evidence to date from Australian
studies to support this hypothesis (Sinclair-Knight-Merz
2002).

Ecological impacts of lake flooding
Floods are highly variable phenomena. This is particularly
the case in Australia where flood frequency, magnitude,
timing and duration are all highly unpredictable
(Puckridge et al. 1998). Flood effects can vary with timing
(Boulton & Jenkins 1998; Nielsen et al. 1999), depth
(Briggs et al. 1993a; Leeper & Taylor 1998), mode of
flooding (Quinn ef al. 2000) and floodwater water quality
(Leeper & Taylor 1998; Rabalais et al. 1998; Lewis et al.
2000a). Despite such variations, however, some effects are
common to all floods.

Floods are generally associated with a pulse of nutrients
and organic matter. Nutrients and organic matter are
released from dried sediments (Qui & McComb 1996;
Baldwin & Mitchell 2000), vegetation (Furch & Junk
1997), and other organic material (Dumont 1992) and/or
they are imported from upstream or the floodplain by the
floodwater (Hillbricht-Ilkowska 1999; Tockner et al. 1999;
Lewis et al. 2000a). Floods also are associated with increases
in the abundance or productivity of invertebrates
(Hart 1985; Junk 1997; Lewis et al. 2000a), macrophytes
(Brinson et al. 1981; Poiani & Johnson 1993; Nielsen &
Chick 1997), fish (Holcik 1996; Poizat & Crivelli 1997,
Gutreuter et al. 1999; Puckridge ef al. 2000) and birds
(Briggs & Thornton 1999; Kingsford et al. 1999). Based on
the Flood Pulse Concept, the pulse of nutrients and
organic matter drives the observed increases in the plant
and animal productivity. If these impacts were the only
effect of floods, however, responses similar to those of
eutrophication might be expected. Although moderate
eutrophication has been associated with increased
productivity (Growns et al. 1992; Carpenter et al. 1998),
there are virtually no studies suggesting that eutro-
phication and flooding have the same ecological impacts
and outcomes.

This study suggests that a nutrient pulse is just one of at
least three changes that occur when ephemeral wetlands
are flooded. The second change is expansion of aquatic
habitat and habitat complexity. At small spatial scales,
complex habitat patches are created through either
inundation of terrestrial vegetation, or by stimulating
macrophyte growths. Numerous studies have found that
this type of spatially complex habitat provides refuge for a
range of prey organisms, thereby allowing development of
more diverse and abundant invertebrate communities
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(Boulton & Lloyd 1991; Dumont 1992; Balla & Davis 1995;
Leslie et al. 1997; Battle & Golladay 2001). The inundated
vegetation might provide both a refuge habitat and a
source of organic carbon, in fuelling a highly productive
community (Lewis et al. 2000a; Battle & Golladay 2001),
and while plants that can live on both land and water
(e.g. lignum and red gums) continue to provide spatial
complexity as long as they are inundated, many terrestrial
grasses and herbs decompose and offer only ephemeral
habitat for aquatic invertebrates (Battle & Golladay 2001).
Although some lake beds might support the growth of
submerged or emergent macrophytes, this possibility is
highly variable and depends on a range of environmental
factors.

At a larger spatial scale, floods can create a mosaic of
habitat types, including deep pools, large shallow water
areas, and vegetated islands (Kingsford et al. 2002). These
habitats are important for different groups of organisms.
As an example, vegetated islands provide important
breeding habitat for birds (Briggs et al. 1993b), whereas
shallow water provides important feeding habitat for
wading birds (Kingsford et al. 1999).

The third important change that occurs during the
flooding of an ephemeral wetland involves alterations to
the predator community (Lake efal. 1989; Batzer &
Wissinger 1996; Battle & Golladay 2001). The use of
lake-bed sediments as a dry refuge means that
microinvertebrates can rapidly colonize after a flood event:
many predators, though not all invertebrate predators
(Brendonck et al. 2002), take longer to colonize and
reproduce. This contention is supported by studies that
record a slow accumulation of predators in ephemeral
lakes, and the presence of predator-intolerant species
during early flooding stages (Jeffries 1994; Collinson et al.
1995; Batzer & Wissinger 1996; Timms 1997). The initial
scarcity of predators immediately after flooding gives the
microinvertebrate community the opportunity to take
maximum advantage of the increased autotrophic and
heterotrophic productivity associated with a flood, as
predicted by the trophic cascade model (Carpenter &
Kitchell 1988).

Ecological impacts of the loss of lake flooding
In view of the effects of floods on nutrient dynamics,
aquatic habitats and community composition, it is not
surprising that many of the dramatic changes associated
with the loss of flooding have been reported. These
include changes in the species composition of floodplain
vegetation (Bren 1992; Brereton 1994; Nielsen & Chick
1997), and declines in invertebrate diversity (Boulton &
Lloyd 1991; Jenkins & Boulton 1998), fish (Kingsford
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2000a; Gehrke & Harris 2001) and birds (Kingsford &
Thomas 1995; Leslie 2001; Kingsford et al. 2004). As a
consequence, the effects of water resources development
on the flooding characteristics are a major challenge facing
managers of EDBLs (Walker et al. 1997; Kingsford 2000a).

CONCEPTUAL MODEL OF EDBL FUNCTION
Based on this study, it is believed that EDBLs undergo
cycles of flooding and drying, in which there are five
phases that begin and end with a dry lake bed (Fig. 1), as
follows:

1. The first phase occurs after a dry or partially dried
lake is flooded (Fig. 1b). It is characterized by high habitat
diversity and complexity, high productivity and relatively
few aquatic predators. This combination of characteristics
allows for the development of an abundant, diverse
consumer community.

2. During the second phase (Fig.1lc), the fish
abundance increases while habitat complexity decreases.
As the flood water begins to recede, vegetation (e.g.
lignum) is stranded on the floodplain. Inundated grasses
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also begin to degrade and decompose, further reducing
the habitat complexity.

3. As a lake contracts further, organisms become
concentrated and the numbers of predators increase
(Fig. 1d), exerting a significant top-down pressure on the
invertebrate community.

4. When a lake becomes too shallow to serve as a
refuge for fish, avian predation becomes an important
structuring force (Fig. le), producing a trophic cascade
that causes invertebrate numbers to increase. This process
continues until the physical conditions become too harsh.

5. The lake finally dries, becoming an important
terrestrial habitat for a range of plants and animals
(Briggs et al. 2000).

This conceptual model suggests that the Flood
Pulse Concept, trophic cascade/food-web models, and
Geomorphic-Trophic Model all have some application to
ephemeral lakes and the role of drying. As discussed
above, although floods create aquatic habitats and
increase productivity, the ecosystem relies on dry phases
to facilitate the accumulation of organic matter, as well as

(a)

Fig. 1. lllustration of the five
(d) stages of lake filling and drying.
(@) Dry lake bed with forbs and
grasses; (b) shallow flooding creates
a heterogeneous, nutrient-rich aquatic
habitat with few aquatic predators;
(0) established lake with established
invertebrate and fish communities;
(d) late-flooding cycle with low
habitat heterogeneity, and well
established predatory fish community;
(e) drying lake in which avian
predation dominates; (f) dry lake,
providing productive habitat for

terrestrial plants and animals.
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the generation of habitats important for fuelling the
subsequent increased productivity once flooding occurs.
Although the trophic cascade/food-web models appear to
have some applications, the effects of predators change
over time — predators first accumulate within the lake
and, as the lake subsequently dries, the influence of
avian predation increases. From this perspective, the
Geomorphic-Trophic Model also has some application,
because some of the observed changes appear to be driven
by the changes occurring in lake shape during the five
phases of the flooding and drying cycle.

It is recognized that the knowledge base upon which
this conceptual model is founded is incomplete — there
might be regions for which the model might be partially or
totally inappropriate. We believe that this synthesis of the
available information, however, will provide a valuable
reference point for researchers, as well as a useful tool
for managers who currently lack adequate scientific
information on which to base their management decisions
regarding these productive and diverse systems.

Management implications

The management of EDBLSs should consider the different
roles and nature of the flooding event, the drying and the
connectivity. Any change to the depth or duration of
flooding can have significant impacts on a lake ecosystem,
first by affecting the ability of each organism to colonize
the lake, and then by altering trophic relationships.
These changes already have been widely recognized
as significant degrading forces in Australian wetlands
(Puckridge 1999; Kingsford 2000a,b).

The loss of a dry phase also has been recognized
as a major degrading force for lakes (Briggs 1988).
The conceptual model presented herein suggests
that permanent inundation allows the accumulation of
predatory species, with the potential to exclude predator-
intolerant species. This situation can, in turn, force a
lake into a trophic configuration in which its productivity
and diversity are reduced. The loss of a dry phase also
might lead to the loss of habitat heterogeneity, with
similar effects on production and diversity. This conceptual
model suggests that, although rehabilitation might not
require complete drying, restoration of a hydrological
cycle that produces changes in trophic structure and the
development of vegetation on the lake bed will be
important considerations in managing these systems.

Finally, the conceptual model presented herein indicates
that changes to the nature of the connection between the
lake and the source of its colonists (e.g. river or floodplain)
will have an impact on the ecology of a lake by affecting
the ability of aquatic organisms to colonize the lake. This
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observation also has implications for the lake’s trophic
structure.

This conceptual model attempts to describe the ecology
of individual wetlands, and implies that any change to the
hydrological cycle is likely to lead to changes in the
condition of wetlands. The consequences of these changes
must be viewed from the perspectives of both the
individual wetland and the broader landscape that would
have contained wetlands with a diversity of hydrological
regimes. While this review reveals that we have made
progress in attempting to understand how ephemeral
wetlands function, much additional information is needed
before we will have a thorough understanding of the
impacts of hydrological changes at larger spatial and
temporal scales. Thus, the model presented herein
should be viewed as a means of improving our ability to
predict the outcomes of water resources development
on individual wetlands, while also providing guidance for
attempts to restore or rehabilitate the wetlands.
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