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ABSTRACT

The regulation of Australian lowland rivers such as the River Murray has resulted in changes to the flooding characteristics
of many associated wetlands. It has been suggested that these changes in flooding have changed the pattern of response of
many wetland biota. The substantial variability in the size and shape of these wetlands makes limited field observations
difficult to interpret. To overcome this variability 16 experimental billabongs were constructed in which factors that may
cause changes to populations within billabongs could be manipulated. In this paper we report on experiments that test
the hypothesis that changing the pattern of flooding alters the density and diversity of rotifers and microcrustaceans in
billabongs. The experimental billabongs were sampled fortnightly for two years. During this time four flood events were
imposed. Flooding of the experimental billabongs resulted in increased microcrustacean abundance. Rotifer abundance
rarely increased following flooding. Changing the time of flooding did not modify this response. Observed changes in
community structure following flooding result from changes in the relative densities of taxa already present rather than
changes in the community composition. Copyright  2002 John Wiley & Sons, Ltd.

KEY WORDS: rotifers; microcrustaceans; zooplankton; cut-off meanders; billabongs; floodplain; flooding; mesocosms

INTRODUCTION

Australia has a diverse range of wetlands that cover approximately 3% of the land, but the majority of these
are ephemeral (Mitchell, 1994). Non-riverine wetlands have their own local catchment or are filled from
groundwater, such as mound springs in central Australia (Robins, 1999). Riverine wetlands are associated
with rivers during flooding. Often these are formed by the meanderings of lowland rivers and are commonly
termed billabongs, cut-off meanders, oxbows or lagoons.

Communities within billabongs vary geographically and seasonally. The variability in hydrology of flood-
plain billabongs has promoted specialized adaptations, particularly in animals that are capable only of passive
dispersal (Hillman, 1986). They survive in a constantly changing chemical and physical environment that
creates a range of stresses from extremes of temperature, fluctuating salinity and low oxygen levels to
complete drying (Williams, 1985).

Much of the high diversity in floodplain environments is assumed to be driven by variations in the flooding
regime (Hillman, 1986; Bonecker and Lansac-Tôha, 1996; Garcı́a et al., 1997). Incoming flood waters supply
allochthonous nutrients (Welcomme, 1979; Garcı́a et al., 1997) and make available nutrients from decaying
material (Bonecker and Lansac-Tôha, 1996). The release of nutrients fuels a pulse of primary productivity,
which in turn stimulates zooplankton growth and abundance (Hall et al., 1970; Junk et al., 1989). The
increased biomass of zooplankton may form a resource for juvenile fish either in the billabong (Geddes
and Puckridge, 1989) or in the river channel as flood waters recede (Humphries et al., 1999).

Abiotic processes have an important role in determining community structure (Bonner et al., 1997).
Following flooding, zooplankton abundance rapidly increases due to the activation of resting stages such as
eggs and diapausing juveniles (Morton and Bayly, 1977; Boulton and Lloyd, 1992). The species that survive
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to take advantage of the new environment are those best adapted to the physical and chemical environment
(King et al., 1996), with individual species having their own specialized requirements (Bérzins and Pejler,
1989). The critical chemical parameters (dissolved oxygen, pH, conductivity) affecting floodplain microin-
vertebrates appear to be similar globally (Shiel, 1979), and these parameters are known to be influenced by
the hydrology of the system (Van den Brink and Van der Velde, 1994; Van den Brink et al., 1994). Billabong
hydrology is influenced by spatial and temporal patterns of high flow and, as a result, quite proximal bill-
abongs can have very different hydrological patterns based on their position on the floodplain (Walker and
Thoms, 1993).

The high natural variability of billabongs makes adequate replication for field experimentation difficult. The
use of experimental billabongs has the potential to shed light on many of the processes that occur in natural
billabongs, by standardizing the size and structure controlling many of the processes that occur. Mesocosms
have been widely used in ecotoxicological experiments as an experimental link between the laboratory and
natural environment (Crossland and La Point, 1992). While scaling up from mesocosm experiments to natural
systems is not always possible, the same biological processes and successional patterns occur (Odum, 1969).

This paper examines the hypothesis that changes in the duration of flooding and in the seasonality of
flooding influence the density and diversity of rotifer and microcrustacean populations.

METHODS

Experimental design

Sixteen mesocosms were constructed on the floodplain of the River Murray, 4 km south of Albury, New
South Wales, Australia. Each mesocosm was constructed from circular corrugated galvanized iron with a
diameter of 4.5 m and height of 1.2 m and was sunk into the ground to a depth of approximately 0.8 m.
Overflow pipes were installed into each mesocosm to regulate the maximum depth to approximately 0.9 m.

Each mesocosm was profiled to provide a shallow, ephemeral area and a deeper area (Figure 1). The profile
was overlaid with a plastic liner. All were then alternately filled with river water and drained over a fortnightly
cycle for three months to remove any plastic residues leaching from the liners.

Soil (32 m3) was collected from the nearby floodplain, homogenized and distributed evenly between the
billabongs, giving a sediment depth of approximately 15 cm. Ten litres of dry sediment from the margin of
an adjacent ephemeral billabong—typically flooded in winter or early spring from rainfall events —were
added to each half of each billabong to provide an inoculum of ‘local’ biota.

The shallow area in each half of each billabong was planted with Myriophyllum papillosum Orch., and
Vallisneria americana Graebner. During the course of the experiment a further 12 plant taxa colonized the
experimental billabongs (Nielsen and Chick, 1997).

Flood patterns

One of four hydrological flood-patterns (Fp) was assigned randomly to each of the 16 experimental bill-
abongs giving four replicates of each. The four flood-patterns are described in Table I.

Figure 1. Profile of an experimental billabong
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Table I. Flood pattern imposed on the 16 artificial billabongs

Flood pattern Description

Unflooded/Control Mimicking natural billabongs that are infrequently inundated. Water
levels allowed to fluctuate with rainfall and evaporation.

Permanent Mimicking flooding that has been caused by the construction of dams
and weirs downstream. Water levels maintained at maximum depth.

Spring Mimicking releases used for environmental flows. Water levels
allowed to fluctuate with rainfall and evaporation. Billabongs
artificially flooded to maximum depth September 1995 and 1996.

Summer Mimicking flooding caused by releases from upstream water storages
for irrigation. Water levels allowed to fluctuate with rainfall and
evaporation. Billabongs artificially flooded to maximum depth
January 1995 and 1996.

When flood events were imposed on the summer and spring flood-patterns, water was pumped from
Ryans Creek, a nearby anabranch of the River Murray, through a 50 µm filter to remove any rotifers and
microcrustaceans. In all four imposed flood events the volume of water approximately doubled.

Sampling

A single quantitative sample was collected from each experimental billabong using a Jabsco self-priming
pump (model number 22050-200), pumping at 14 litres per minute at each sampling time. Pump flows
were measured using a Fisher and Porter variable area flow meter. The inlet pipe was moved in a zig-zag
pattern up and down through the water column while moving the inlet pipe backwards and forwards across
the billabong so that both deep and shallow areas were sampled over a two minute period. The sampled
volume was filtered through a 35 µm mesh net and the filtrate was returned to the billabong. The collected
sample volume was recorded and a 10 ml subsample extracted and preserved in 70% ethanol. The remaining
organisms were returned live to their respective billabongs. In the laboratory successive 1 ml aliquots were
taken from the 10 ml subsample and counted in a Sedgwick-Rafter counting chamber and identified using
a darkfield microscope, until a minimum of 200 individuals had been counted. These were identified to the
level of genus following Shiel (1995). All counts were converted to animals per litre (density) and animals
per billabong (abundance) prior to analysis.

During the period from January 1995 to November 1996 samples were collected every two weeks. However,
after July 1995 only every second sampling event was sorted and identified. When flood events were imposed
on either the summer or spring flood patterns, sampling of the relevant flood-pattern and the unflooded flood-
pattern was intensified to every second day for the week preceding the flood and on an expanding (0, 0.5, 1,
3, 6, 9, 14, 21 days) post-flood. Sampling of these treatments then reverted back to the normal two-weekly
sampling event. Any increases in the number of animals within the billabong as a result of flooding were
expected to occur within a three-week period (Tan and Shiel, 1993). For the flood events the unflooded
flood-pattern was used as a reference against which the flooded billabongs were compared.

Statistical analysis

Systat (Ver. 6.0.1) was used for univariate analysis of variance (ANOVA). Data (zooplankton density
and abundance) were subjected to fourth root transformation to remove heterogeneity of variances and the
dependency of variance and mean. The analysis of variance was based on a split-plot design: treatments
applied to the billabongs (plots) and fish/no fish to separate halves within the billabongs. The model was used
to analyse both the long-term data set and the four sets of flood data. When significant differences between
treatments were indicated, Bonferroni Pairwise comparisons were applied.
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Definitions

Density is defined as the number of animals in one litre of water, and abundance refers to the number of
animals occurring in each billabong (i.e. the number of animals per litre multiplied by the volume of water in
each billabong at the time). Assuming negligible input of zooplankton with incoming water, the immediate
result of flooding is a dilution of animals (i.e. lower density) with abundance largely unaltered. A significant
ANOVA will indicate if imposed flooding results in an increase in the abundance of zooplankton. Importantly,
the null hypothesis proposes a change in densities, relative to dilution, and proposes no change in abundance.
This distinction is critical in interpreting the ANOVA results in this study.

RESULTS

Hydrology

The fluctuation in the volume of the experimental billabongs was an important component of the experiment.
The four flooding events (two spring and two summer) all resulted in an approximately two-fold increase in
the volume of the experimental billabongs. The timing of these floods was important in the development of
the various communities.

The four flood-patterns imposed on the billabongs could be rated in terms of the amount of fluctuation
that occurred in their water levels (Figure 2). The permanent treatment had no variability in water levels.
Water lost via evaporation was continually replaced with rainwater previously collected in tanks. The summer
flood treatment had reduced depth variability because the two summer flood events occurred at the time when
evaporation was greatest, thus refilling them at a time when evaporation would have otherwise reduced depth
substantially. This reduced the amount of time that terrestrial areas were exposed each year to one to two
months. The unflooded and spring flooded treatments both had more variability in their depth. The two spring
flood events corresponded with natural spring rainfall that filled the unflooded treatment at about the same
time. Both the unflooded and spring flooded treatments lost substantial amounts of water through evaporation
particularly over the summer months, exposing large amounts of sediments for up to six months each year.

Duration of inundation

There were significant differences in the abundance of rotifers between treatments over the 20 month period
with a greater abundance of rotifers in the permanently flooded treatment (Fp × T: P = 0.010) (Figure 3).
The greater abundance of rotifers in the permanently flooded treatment resulted from this treatment supporting
a higher density of animals (Fp × T: P = 0.011) (Figure 3). The population density of Conochilus sp.
(Fp × T: P = 0.006) was higher in the permanent treatment over the 20 months than in any other treatment
(Figure 4).

Over the 20 month period there was a significant difference between treatments in the abundance of micro-
crustaceans. There was a greater abundance in the more permanently flooded treatments (Fp × T: P < 0.001)

(Figure 3). There was also a higher density of microcrustaceans in the permanent treatment over the summer
period (Fp × T: P = 0.022) (Figure 3). Two groups of microcrustaceans displayed differences in population
densities between treatments over this period. The chydorids had a higher density in the permanently filled
treatment (Fp × T: P = 0.001) (Figure 4). The ostracod Newnhamia sp. had higher densities in the unflooded
and spring flooded treatments (Fp × T: P < 0.001) (Figure 4).

Timing of inundation

Summer flooding. Analysis of the data from the two summer floods revealed that there was no change in
either the density or abundance of rotifers. After the flood in the summer of 1996 two rotifer taxa showed
significant variations in their densities between times. The densities of Anuraeopsis sp. (Fp × T: P = 0.016)

and Trichocerca sp. (Fp × T: P < 0.001) (Figure 5) populations were diluted and did not return to pre-flood
densities during the sampling period.
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Figure 2. Variation in the volume of the experimental billabongs over the two year period. Dashed line indicates volume of water
needed to completely inundate the sediment

There was no increase in the density of microcrustaceans after either the 1995 or 1996 floods. Nor was
there an increase in their abundance after the 1995 flood. There was a significant difference in the abundance
of microcrustaceans between times after the 1996 flood (Fp × T: P < 0.001) (Figure 5), with numbers rising
slowly after the flood event.

Spring flooding. Analysis of the data from the spring floods reveals that there was no change in either the
density or abundance of rotifers and microcrustaceans after either the 1995 or 1996 floods.

Following the spring flood in 1995 population densities of two taxa had significant variations between
times. The population of Filinia sp. recovered from the initial dilution and rapidly increased in density after
flooding in 1995 (Fp × T: P < 0.001) (Figure 6). The densities of Keratella sp. population remained diluted
after the 1995 spring flood (Fp × T: P < 0.001) (Figure 6).

DISCUSSION

The densities of both rotifers and microcrustaceans in the experimental billabongs varied seasonally as found in
other freshwater systems (e.g. Orcutt and Pace, 1984). Rotifers constituted most of the zooplankton identified
in the experimental billabongs.

Duration of Inundation

The permanent and summer treatments had higher abundance of both rotifers and microcrustaceans, espe-
cially over the drier summer months when water levels in the unflooded and spring flooded billabongs became
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Figure 3. The abundance and density of rotifers and microcrustaceans in the four treatments for 1995–1996. Mean values only.

° = unflooded; ◊ = permanent; � = summer, � = spring. Fp × T: P is the probability of a significant difference between treatments
(Fp) over time (T)

low. The densities of both rotifer and microcrustacean populations in the four treatments appeared to change in
cyclic patterns that were unrelated to the hydrology of the billabongs. In the experimental billabongs, perma-
nent flooding had only a minor effect on the structure of the zooplankton community. The rotifer Conochilus
sp. and the cladoceran family Chydoridae were the only taxa that were more numerous in the permanently
inundated treatment than in the others. Large waterbodies have been found to have more diverse chydorid
communities than small waterbodies, owing to the greater diversity of habitat (Fryer, 1968, 1985). The
increase in macrophyte cover that was observed in the permanently inundated treatment (Nielsen and Chick,
1997) may have provided increased habitat in this study (Bonecker and Lansac-Tôha, 1996). The increased
macrophytes may also have allowed the planktonic rotifer Conochilus sp. to coexist with competitors and
obtain refuge from predators.

The density of the ostracod Newnhamia sp. was reduced by permanent inundation. In the unflooded and
spring flood-patterns there were strong seasonal peaks in densities in early summer that were absent from the
permanently flooded treatments and weak in the summer flooded treatments. Many ostracod taxa are early
colonizers of temporary waterbodies and Newnhamia fenestrata has been recorded soon after inundation (Lake
et al., 1989). Loss of variability in hydrology may potentially remove those environmental cues necessary to
trigger emergence from resting eggs deposited by previous generations (Wiggins et al., 1982; Neckles et al.,
1990). Hence, loss of flooding variability may represent a disturbance to this crustacean (Golladay et al.,
1997).

Seasonality of flooding

In many systems flood events are predictable and seasonal, and result in substantial increases in the biomass
of the microfauna that is then utilized by animals at higher trophic levels (Junk et al., 1989). It is expected
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Figure 4. Rotifer and microcrustacean taxa with significant variations in their densities (animals/litre) under the different flooding
patterns during 1995–1996. Mean values only. ° = unflooded; ◊ = permanent; � = summer, � = spring. Fp × T: P is the probability

of a significant difference between treatments (Fp) over time (T)

that flood events on temperate floodplains in Australia should have a similar effect (Lloyd et al., 1994). In
this study, the response of both rotifers and microcrustaceans after the four floods was not predictable and
varied between years. Rotifers did not increase in density or abundance after either summer flood or spring
floods. Only after one summer flood did microcrustacean abundance increase. Under natural circumstances,
the emergence of animals from the egg-bank will vary depending on the relative proportion of wet or dry
sediment covered by inundation. In this instance, the experimental billabongs, with mostly vertical sides, are
an extreme case with only limited sediment available for rewetting.

These results suggest that the seasonality of flooding may not be important to rotifers and microcrustaceans
in these systems. Wiggins et al. (1982) suggest that emergence of animals from resting eggs is dependent
not only on the availability of water but also on receiving the right cues in the right sequence. There was a
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Figure 5. The density of Anuraeopsis sp. and Trichocerca sp. and the abundance of microcrustaceans with significant changes in density
after the summer flood in 1996. Mean values only. ° = unflooded; � = flooded. Fp × T: P is the probability of a significant difference

between treatments (Fp) over time (T). Arrow indicates time of flood event

substantial reservoir of resting zooplankton eggs in the sediments of all the experimental billabongs (Nielsen
et al., 2000), which implies that even though water was supplied, the correct environmental cues were not.
The lack of response following flooding may have been through delayed emergence of these resting eggs.

Individual microinvertebrate genera varied in their response to flooding, broadly following patterns reported
by Tan and Shiel (1993). Populations can be classified as having three types of response to flooding. Type
A response resulted in a dilution of the population densities. Populations did not undergo rapid recruitment
after flooding and remained diluted for an indefinite period of time. Type B response resulted in a dilution
of population densities. Populations rapidly undergo a period of recruitment resulting in population densities
exceeding pre-flood densities. Type C response resulted in a dilution of population densities. Populations
rapidly undergo a period of recruitment until pre-flood densities are regained. The response of animals to
flooding in this experiment was not consistent across seasons or time.
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Figure 6. The density of Filinia sp. and Keratella sp. after the spring flood in 1995. Mean values only. ° = unflooded; � = flooded.
Fp × T: P is the probability of a significant difference between treatments (Fp) over time (T). Arrow indicates time of flood event

There were only minor changes in the taxonomic composition of the two assemblages. Over the two
year period of the study different hydrological patterns appeared to result (often indirectly) in changed
population densities for some genera but to a large extent the zooplankton communities appeared to be
independent of hydrological pattern over time. This is analogous to the response of macrophytes that live
in these environments. A response (germination or hatching) appears to be related to environmental factors
other than hydrology (Brock and Casanova, 1997).

Changes in the community were related to changes in population densities, rather than changes in the
community composition. This may be due to the taxonomic resolution used, but previous studies have also
shown only a limited effect of flooding on the recruitment of new taxa (Tan and Shiel, 1993; Pechar et al.,
1996). Despite this, studies of emergence after wetting sediment (e.g. Boulton and Lloyd, 1992) and estimates
of numbers of dormant eggs (De Stasio, 1989; Hairston, 1996) indicate a significant potential for recruitment
from the sediment. The method and frequency of sampling used in this study should have permitted the
detection of taxa present in all but very low numbers. This suggests that either all the taxa emerging from
sediments after flooding were already represented in the water column or that new emergent taxa failed to
become established either because current environmental factors were unsuitable or through their inability
to compete with taxa already present. Flood-induced recruitment in billabongs that have not dried out may
be much less significant than the phenomenon in dry, episodic systems. The egg-bank in the latter is the
foundation for successional processes. This suggests the egg-bank may not be as important in influencing the
productivity of permanent billabongs as it is in ephemeral billabongs. As with the macrophyte communities
(Brock and Casanova, 1997), increasing either the permanency of flooding or the duration of the dry period
may result in a loss of diversity from the microfauna.

The regulation of lowland rivers and storage of water for irrigation releases in temperate regions has
had two substantial effects. Within the River Murray system much of the hydrologic variability has been
removed resulting in some wetlands becoming more permanently inundated with little fluctuation in water
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levels (Walker and Thoms, 1993). Secondly, water releases from impoundments for irrigation have resulted in
a shift from a predominantly winter flood pattern to a summer flood pattern (Hillman, 1986). Historically, the
biota of these wetlands has been considered to be sensitive to changing environmental conditions (Walker and
Thoms, 1993). This study suggests that at the scale of microfauna the biota are robust, with populations within
the communities exhibiting varying degrees of resilience to environmental change. However, invertebrates
that are adapted to a cycle of wetting and drying may be lost from the system, possibly due to the loss of
environmental cues. This suggests that, to maintain a high level of diversity on the floodplain, management
practices need to be aimed at maintaining a diversity of hydrological regimes, ranging from permanently
flooded billabongs to ephemeral billabongs.
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