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Executive Summary
This report summarises understorey monitoring and investigations in the Chowilla system
(including Tareena and Kulcurna) since 1988 and uses this information in conjunction with
spatial modelling to assess the likely responses to the operation of the Chowilla environmental
regulator. A total of 405 taxa have been recorded from the Chowilla system and due to the large
number of species present, a functional approach (based on water regime preferences and
salinity tolerance) was used to assess the impact of regulated flooding. In 1988 the Chowilla
system was dominated by amphibious and flood dependent species: amphibious species were
present in the pool level littoral zone, temporary wetlands and low elevation floodplain, flood
dependent species were present in the same areas as amphibious species and high elevation
floodplain. Terrestrial species were generally restricted to high elevation floodplain and the
highland, salt tolerant species were present in groundwater discharge zones and bare soil was
uncommon.
Results from monitoring and investigations have shown that the plant community generally
changes from a community dominated by terrestrial species to one dominated by amphibious
and flood dependent species after a site is watered or naturally flooded. However, in areas where
groundwater is discharging at the soil surface (predominantly gaining reaches of outer anabranch
creeks) the plant community showed no significant change after flooding and remained
dominated by bare soil and salt tolerant species. Due the annual life history strategy of many
flood dependent and amphibious species the response of the vegetation is usually short-lived (up
to 12 months after water levels recede).
At present amphibious and floodplain species are restricted to the pool level littoral zone and
wetlands that have been watered.

Terrestrial and salt tolerant species and bare soil are

widespread throughout the floodplain.

In contrast, the plant communities in permanently

inundated areas of the Chowilla system have not changed significantly since 1988.
Using this information, a conceptual model of understorey floodplain vegetation dynamics is
proposed. The model consists of four states:
•

State 1: the plant community is dominated by amphibious and flood dependent
species, this state only exists for 12 months after watering or natural flooding.

•

State 2: the plant community is dominated by terrestrial species. In the absence of
flooding, terrestrial species will replace flood dependent and amphibious species and
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the system moves from state 1 to state 2. The system will move back to state 1 when
watered.
•

State 3: the plant community is dominated by salt tolerant species. In the absence of
flooding, salt may accumulate in the soil and salinity will increase to a level that
exceeds the tolerance of terrestrial taxa and only species with high salinity tolerances
can persist.

•

State 4: bare soil.

The model assumes that flooding (or watering) is required for the plant community to transition
to state 1. The plant community will transition from state 1 to state 2 after 12 months without
flooding and if there is an extended period without flooding and salt accumulates in the soil or
soil moisture becomes extremely low the community will transition to state 3 or 4. Once an area
is dominated by salt tolerant species or bare soil (state 3 or 4) it may require greater effort
(extended or multiple flushing) to return to state 1 compared with the transition from state 2 to
state 1.
Comparisons of the spatial distribution of monitoring sites and the model state a site is in at a
point in time; with soil texture, salinity and flood magnitude (GIS layers) were undertaken.
There was no relationship between soil texture and plant functional group and there were weak
relationships between soil salinity and flood magnitude and plant functional group. However,
these relationships were probably a result of the locations of monitoring sites (environmental
watering sites were restricted to sites that were watered and floodplain condition sites were
predominantly located in areas that require overbank flooding). Furthermore, soil salinity and
flood magnitude data were collected at different scales to the vegetation monitoring (soil salinity
and flood magnitude GIS layers were developed to examine whole of floodplain difference,
whilst the vegetation monitoring examines changes through time at the wetland or site scale).
Despite differences in scale, floodplain wide predictions of the response of understorey
vegetation to regulated flooding can be made based on the response of the vegetation from
monitoring data and spatial modelling using the functional approach outlined in the conceptual
model; however, more work is required to define thresholds between states. There is a high
probability that areas inundated by the regulator will be dominated by flood dependent and
amphibious species for up to 12 months after levels recede since all environmental watering sites
showed this response. The predicted soil salinity (from the WINDS model) in areas inundated
by the regulator is much lower compared with the “do nothing” scenario and predicted soil
salinity levels suggest that the plant community will be dominated by terrestrial species 12
months after regulator operation until the following regulated or natural flood when the
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terrestrial species will be replaced by flood dependent and amphibious species. Salt tolerant
species and bare soil will be restricted to areas not inundated by the regulator.
Native flood dependent (and some amphibious) species are opportunistic and adapted to regular
disturbance (flooding). Regulated flooding will reinstate hydrological diversity and the flooding
disturbance that has been absent from the Chowilla Floodplain in recent years. This will inturn
improve the condition of understorey vegetation in areas inundated by the regulator and increase
the area of the littoral zone (especially at the western end of the floodplain where the regulator
has the greatest effect). However, the distribution of functional groups across the floodplain will
be different compared to a natural flood. Under a natural flood the distribution of flood
dependent and amphibious species will be dependent of the maximum height of the flood peak
and the effect will be distributed evenly across the floodplain. In contrast, under regulated
flooding, the largest amount of floodplain inundated is adjacent to the regulator and the effect
diminishes upstream. Therefore, flood dependent taxa will colonise areas at higher elevations at
the western end of the floodplain and only temporary wetlands and the banks of permanent
waterbodies will be inundated at the eastern end of the floodplain. Nevertheless, regulated
flooding represents an improvement on current conditions and the “do nothing” scenario
because there will be a significant increase in the area of flood dependent and amphibious
species and soil salinity in the area inundated by the regulator will be significantly lower.
Furthermore, regulated flooding will improve regional biodiversity and have positive outcomes
for floodplain plant conservation.
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1. Background
The Chowilla anabranch system is one of the largest (1650 km2) undeveloped continuous
sections of floodplain on the Lower Murray River (O'Malley and Sheldon 1990); nevertheless,
the system has been significantly impacted by river regulation and abstraction but still supports a
high diversity of hydraulic habitats in a relatively small area (O'Malley and Sheldon 1990;
Zampatti et al. 2006a; Zampatti et al. 2006b). The water required to maintain the diversity of
habitats present in the Chowilla system is largely derived from rainfall falling well outside the
region. Runoff from local precipitation is negligible compared with the volume of water that
flows down the River Murray from catchment areas in Victoria, New South Wales and
Queensland (O'Malley and Sheldon 1990), which has made the system particularly vulnerable to
abstraction and the resultant changes in flow regime. For example, a flood of 136,000 MLday-1
is required to completely inundate the Chowilla floodplain (the delineation of the floodplain and
highland for the purposes of this report is the extent of the 1956 flood) and the unregulated
return interval for a flood of this magnitude is one in 13 years (Overton et al. 2006; Overton and
Doody 2010). Under current conditions a flood with a return interval of one in 13 years has a
magnitude of 76,000 MLday-1, which will inundate less than half the area of a flood of 136,000
MLday-1 (Sharley and Huggan 1995; Overton and Jolly 2004; Overton and Doody 2010).
Therefore, if a one in 13 year average flood return interval is required to maintain floodplain
function; over half of the area inundated by the 1956 flood (which under current regulated
conditions has an average flood return interval of one in 15 to 20 years) may not fulfil all of the
ecosystem services historically provided by the floodplain (Overton and Doody 2010).
Furthermore, the average return interval of small to medium sized floods has greatly increased
under regulated conditions; flows of 20,000 MLday-1, occurred in 99 years out of 100 under
unregulated conditions for 7.8 months now occur in 66 years out of 100 for 4.6 months and
flows of 45,000 MLday-1 occurred under unregulated conditions in 83 years out of 100 for and
average of 4.36 months now occur in 34 years out of 100 for an average of 3.2 months (Sharley
and Huggan 1995).
An example of an ecosystem service provided by the floodplain whilst inundated is zooplankton
recruitment from the sediment egg bank. Boulton and Lloyd (1992) compared invertebrate
emergence from floodplain sediments in the Chowilla system from areas with different flood
frequencies and reported that the number of animals hatching and species richness of the egg
banks in areas with a flood return frequency of greater than one in 11 years were significantly
lower than the areas flooded more frequently. Therefore, areas of the floodplain that are
inundated less frequently than one in 11 years (on average) are probably less resilient than areas
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that flood more frequently because colonisation of invertebrates during floods is more reliant on
dispersal into the area.

It is unknown whether the seed banks of flood dependent and

amphibious understorey plant species show a similar pattern but if they do, it is unlikely that a
single flooding event will result in recruitment of the aforementioned groups due to many plant
species having limited dispersal capabilities and reliance on the soil seed bank for colonisation
after disturbance. Therefore, if the seed banks of flood dependent and amphibious species have
been lost from areas it may take several flood events for an area to develop a soil seed bank.
River regulation has resulted in greatly reduced hydrological variability in the lower River Murray,
with extended periods of stable water levels and reduced magnitude and duration of floods (e.g.
Maheshwari et al. 1995). Native floodplain understorey plants are short-lived opportunistic
species adapted to hydrological variability (Nicol 2004). Most species are intolerant of flooding
as adults or juveniles but require flooding (because they germinate as flood waters recede abut
not in response to rainfall) to provide soil moisture for germination and to remove terrestrial
species (potential competitors) (Nicol 2004). The post flood period, which is characterised by
high moisture and low salinity of floodplain soils, forms part of the “boom” of the boom and
bust cycles that are driven by flow variability in dryland river ecosystems (sensu Bunn et al. 2006).
Therefore, river regulation has resulted in a reduction in the frequency and duration of “boom”
periods and the area and duration of suitable conditions for the growth of floodplain
understorey.
An environmental regulator is currently being constructed on lower Chowilla Creek, which when
in operation, will inundate temporary wetlands and low lying floodplain throughout the Chowilla
system. The proposed hydraulic regime will reinstate regular inundation to the aforementioned
areas of the floodplain and increase water level variability in the areas inundated by the regulator,
which will have a positive impact on overstorey condition (Overton and Doody 2010). Data
from environmental watering sites has shown that there is a significant increase in the abundance
of flood dependent and amphibious understorey species after a site is watered (Hassam 2007;
Gehrig et al. 2010; Nicol et al. 2010); therefore, the regulator will facilitate the recruitment of
flood dependent and amphibious species in the inundated areas. Whilst the regulator will only
inundate low lying areas of the floodplain the regular recruitment of flood dependent and
amphibious species will probably result in a large and resilient seed bank building up in the
absence of regular natural flooding. However, the impact of regulated flooding on floodplain
function is not well understood and it is unknown whether regulated inundation will provide the
ecosystem services of a natural flood (i.e. replicate the “boom” period of the boom and bust
cycle (sensu Bunn et al. 2006).
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Furthermore, there are significant risks associated with regulated flooding such as decreased flow
velocity in flowing anabranches, the potential for carp recruitment, (Mallen-Cooper et al. 2008)
and weed recruitment (Nicol 2007). Whilst the latter two risk are probably no greater compared
to a natural flood with a similar hydrograph, they need to be taken into consideration and
operation of the regulator optimised to maximise benefits and minimise risks.
This report will summarise the investigations of understorey vegetation undertaken by O’Malley
(1990), Roberts and Ludwig (1990), Siebentritt (Pilby Lagoon) (2003), Smith and Kenny (2005),
Zampatti et al. (2006b; 2008), Hassam (2007), Marsland et al. (2009) and Nicol et al. (2009) paying
particular attention to the floodplain and temporary wetlands of the system. This information in
conjunction with spatial modelling will be used to evaluate the impact of regulated flooding on
the community dynamics of understorey vegetation in the Chowilla Floodplain.

1.1. Plant functional classification
The large number of plant species present in the Chowilla system makes it impossible to predict
which species may be present under different management scenarios. However, if plants are
classified into functional groups based on water regime preferences, it is possible to predict
which groups will be present under a particular management scenario. Species were classified
into the functional groups outlined in Table 1 and the position they occupy in relation to
flooding depth and duration is outlined in Figure 1. The functional classification was based on
the classification framework devised by Brock and Casanova (1997), which was based on species
present in temporary wetlands in the New England Tablelands region of New South Wales.
Three extra groups were added to encompass the species present in the Chowilla system
(emergent, salt tolerant and flood dependent) (Table 1).
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Table 1: Functional classification of plant species based on water regime preferences, modified from
Brock and Casanova (1997).
Functional
Group

Abbreviation

Amphibious
fluctuation
responders
floating

Afrf

Amphibious
fluctuation
responders
plastic

Afrp

Amphibious
fluctuation
tolerators
emergent
Amphibious
fluctuation
tolerators
low
growing
Amphibious
fluctuation
tolerators
woody

Water Regime Preference

Examples

Static or fluctuating water levels,
responds to fluctuating water levels by
having some or all organs floating on
the water surface. Most species require
permanent water to survive.
Fluctuating water levels, plants respond
morphologically to flooding and drying
(e.g. increasing above to below ground
biomass ratios when flooded).

Azolla spp.,
Lemna spp.,
Potamogeton tricarinatus
Persicaria lapathifolium,
Ludwigia peploides,
Rumex bidens,
Myriophyllum spp.

Afte

Fluctuating water levels, plants do not
respond morphologically to flooding and
drying and will tolerate short-term
submergence (<2 weeks).

Cyperus gymnocaulos,
Juncus usitatus,
Juncus aridicola,
Cyperus difformis,
Cyperus exaltatus

Aftl

Fluctuating water levels, plants do not
respond morphologically to flooding and
drying and are generally small
herbaceous species.

Limosella australis,
Crassula helmsii,
Cyperus pygmaeus

Aftw

Fluctuating water levels, plants do not
respond morphologically to flooding and
drying and are large perennial woody
species.

Eucalyptus camaldulensis,
Eucalyptus largiflorens,
Acacia stenophylla

Emergent

E

Static shallow water <1
permanently saturated soil.

m

or

Submerged
k-selected

Sk

Permanent water.

Submerged
r-selected

Sr

Temporary wetlands that hold water for
longer than 4 months.

Flood
dependent

Fd

Terrestrial
Damp
species

Tda

Terrestrial
Dry species

Tdr

Salt
tolerant

Sat

Temporary inundation, plants germinate
on newly exposed soil after flooding but
not in response to rainfall.
Will tolerate inundation for short periods
(<2 weeks) but require high soil
moisture throughout their life cycle.
Will not tolerate inundation and
tolerates low soil moisture for extended
periods.
Water regime preference can vary from
permanent shallow water to dry 90% of
the time but all species are tolerant to
high soil or water salinity.

Typha spp.,
Phragmites australis,
Schoenoplectus validus,
Bolboschoenus caldwellii
Vallisneria americana,
Potamogeton crispus,
Zanichellia palustris
Ruppia tuberosa,
Lepilaena australis,
Lamprothamnium
macropogon
Epaltes australis,
Centipeda minima,
Glinus lotoides
Carduus tenuiflorus,
Chenopodium murale
Atriplex vesicaria,
Rhagodia spinescens,
Enchylaena tomentosa
Halosarcia pergranulata,
Pachycornia triandra,
Sclerolaena brachyptera
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Emergent
E

Amphibious fluctuation
Tolerator- woody

Increasing Duration

Floodplain

Floating

Amphibious fluctuation
Tolerator-low growing

Submergent k-selected

Submergent
r-selected

Amphibious fluctuation
Tolerator-plastic

Terrestrial
damp

Amphibious fluctuation
Tolerator-emergent

Terrestrial
dry

Increasing Depth

Figure 1: Plant functional groups in relation to depth and duration of flooding (the salt tolerant group is
not included because there are salt tolerant species in all functional groups).

2. Summary of understorey vegetation investigations in the Chowilla
system (including Kulcurna and Tareena) 1988-2009
A total of 405 plant taxa have been recorded from the Chowilla system (including Kulcurna and
Tareena), including 92 exotics, of which 156 were recorded by O’Malley (1990) (which included
the adjacent highland), three by Roberts and Ludwig (1990) and two by DEH biological surveys
prior to 2000 that have not been recorded since (Appendix 1, Table 2). In addition, 18 taxa
listed as rare, five listed as vulnerable and one listed as endangered in South Australia have been
recorded in the system since 1989 (Appendix 1). Out of the taxa of conservation significance,
the one endangered taxon (Crassula sieberana ssp. tetramera) and nine out of the 18 rare taxa have
been recorded or observed since 2004 but none of the vulnerable species have been observed
since 2004 (Appendix 1).
O‘Malley (1990) and Roberts and Ludwig (1990) recorded 307 plant taxa (including 66 exotics)
throughout the Chowilla system during a one-off survey in October 1988. In contrast, 210 taxa
(including 58 exotics) were recorded in surveys undertaken since 2004 (Weedon and Nicol 2006;
Zampatti et al. 2006a; Zampatti et al. 2006b; Hassam 2007; Weedon et al. 2007; Marsland et al.
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2008; Marsland et al. 2009; Nicol et al. 2010). However, the survey undertaken by O’Malley
(1990) included higher elevation alluvial terraces and dunes that are rarely (if ever) inundated by
floods and have not been included in surveys undertaken since 2004. In the aforementioned
surveys 62 native taxa, which are highly desiccation tolerant (e.g. Allocasurina spp., Stipa spp.)
were recorded (O’Malley 1990) that have not been recorded or observed in studies undertaken
since 2004 (Weedon and Nicol 2006; Zampatti et al. 2006a; Zampatti et al. 2006b; Hassam 2007;
Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Nicol et al. 2010). These species
were only present on the high elevation dunes and alluvial terraces (O’Malley 1990) and hence
would not be observed by the more recent surveys that have concentrated on wetlands and the
floodplain (below the 1956 flood level). In addition, seven desiccation tolerant exotic species
were recorded by O’Malley (1990) (Appendix 1) that were also only present above the 1956
flood level. Native flood dependent, amphibious, emergent and submergent species recoded by
O’Malley (1990) and Roberts and Ludwig (1990; 1991) but not in the subsequent surveys are
presented in Table 2.
Table 2: Flood dependent, amphibious emergent and submergent species recorded in the Chowilla
Anabranch system by O’Malley (1990), Roberts and Ludwig (1990; 1991) and Department for
Environment and Heritage but not since 2000.
Species

Functional Group

Status

Amphibromus nervosa

Fd

None

Arabidella eremigena

Fd

None

Brachycome ciliaris var. ciliaris

Fd

None

Brachycome ciliaris var. lanuginosa

Fd

None

Brachycome dentata

Fd

None

Callitriche umbonata

Aftl

Vulnerable in SA

Centipeda thespidioides

Fd

None

Chenopodium cristatum

Fd

None

Fd

Rare in SA

Cyperus hamulosus

Afte

None

Cyperus involucratus

Afte

None

Cyperus rigidellus

Afte

None

Crassula peduncularis

Daucus glochidiatus

Fd

None

Diplachne parviflora

Afte

None

Epaltes cunninghamii

Fd

None

Eragrostis elongata

Fd

None

Fimbristylis velata

Afte

None

Glossostigma diadnrum

Aftl

None

Goodenia heteromera

Fd

Rare in SA

Helipterum corymbiflorum

Fd

None

Isolepis platycarpa

Aftl

None

Isolepis producta

Aftl

Vulnerable in SA

Fd

None

Juncus bufonius

Afte

None

Juncus pauciflorus

Afte

None

Ixiolaena leptolepis
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Functional Group

Status

Juncus subsecundus

Species

Afte

None

Myriophyllum crispatum

Afrp

Vulnerable in SA

Myriophyllum papillosum

Afrp

Rare in SA

Nymphoides crenata

Afrp

Rare in SA

Paspalidium jubiflorum

Afte

None

Poa fordeana

Fd

None

Potamogeton tepperi

Sk

None

Fd

Rare in SA

Afte

None

Pratia concolor
Psuedoraphis spinescens
Ranunculus peltandrus var. platycarpus

Afrp

None

Ranunculus pumilio

Afrp

Vulnerable in SA

Ricciocarpus natans

Afrf

None

Rumex tenax

Afrp

None

Solanum lacunarium

Fd

None

Swainsona microphylla

Fd

None

Swainsona microphylla ssp. minima

Fd

None

Swainsona oroboides

Fd

None

Swainsona phacoides ssp. phacoides

Fd

None

Triglochin calcitrapum

E

None

Triptilodiscus pygmaeus

Fd

None

Wilsonia rotundifolia

Fd

None

The surveys undertaken by O’Malley (1990) and Roberts and Ludwig (1990) used a small
number of large quadrats with the aim of detecting and cataloguing all the species present and
use the information to gain a snapshot of the system. UPGMA cluster analysis was then
employed to determine the major ecological communities present across the floodplain and in
aquatic habitats.

Studies undertaken since 2004 have used a large number of smaller quadrats

with the aim of maximising statistical power to detect differences between sites and through
time. Whilst species-areas curves were used to optimise quadrat size (Zampatti et al. 2006b) rare
species are often not detected using a large number of small quadrats because of the reduced
area covered; however, there is insufficient statistical power to detect differences between sites
or through time when using a small number of large quadrats (sensu Underwood 1992).
Therefore, it is likely that the species recorded by O’Malley (1990) and Roberts and Ludwig
(1990) and not in the recent surveys (Appendix 1) have not have become locally extinct but just
not detected due to the smaller area surveyed.
O’Malley (1990) surveyed 39 quadrats each with an area of approximately 4,000 m2 and using
presence/absence data, six large-scale vegetation communities were identified by UPGMA
cluster analysis on the Chowilla Floodplain in October 1988:
Floodplain community 1: floodplain black box ± red gum ± lignum ± river cooba -forb
communities,
Floodplain community 2: blackbush/hopbush sand based communities,
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Floodplain community 3: lake-bed herbfield,
Floodplain community 4: red gum forest communities,
Floodplain community 5: weedy lagoon communities,
Floodplain community 6: aquatic herbfield.
The most common community (community 1), accounted for 24 of the 39 quadrats. Community
1 was found in areas of clay based soils on high elevation floodplain, low elevation undissected
floodplain, channel edges, levee banks, oxbows and intermittent lakes (O'Malley 1990). The
understorey was dominated by terrestrial dry taxa; nevertheless, flood dependent species (Table
1; Figure 1) were also present in several quadrats (O'Malley 1990). The overstorey species
present in this community require periodic flooding for survival and recruitment (Cunningham et
al. 1981; Roberts and Marston 2000).
The next most common community (community 2) (9 quadrats), was found in areas of red or
grey sandy soils or at high elevations on alluvial terraces, lunettes and minor floodplain rises
(O'Malley 1990). The understorey (no large overstorey taxa were recorded in this community)
was almost exclusively composed of terrestrial dry taxa (Table 1; Figure 1) taxa (O'Malley 1990).
This community is typical of arid zone vegetation in areas that rarely or never flood and similar
to the community found in the highland areas adjacent to the Chowilla floodplain (South
Australian Department of Environment and Natural Resources 1993).
Community 3 was represented by one quadrat, which was located in Lake Limbra on saline clay
soils (O'Malley 1990).

No overstorey was present and the community was dominated by

amphibious, salt tolerant and flood dependent species (Table 1; Figure 1), which was probably a
result of the high soil salinity and recent inundation (O'Malley 1990).
Community 4 was represented by two quadrats, which were located on areas with anaerobic clay
soils on low dissected floodplain (O'Malley 1990). The overstorey was dominated by Eucalyptus
camaldulensis var. camaldulensis and the understorey was a diverse community dominated by
amphibious, emergent and flood dependent species (Table 1; Figure 1) (O'Malley 1990).
Community 5 was represented by two quadrats, which were located in areas of grey cracking clay
soils in Werta Wert Wetland (O'Malley 1990). No overstorey was present and the understorey
was dominated by dense Glycyrrhiza acanthocarpa and Senecio spp. (O'Malley 1990). O’Malley
(1990) also noted that this site was dominated by exotic species, probably due to the wetland’s
periodic flooding, distance from the anabranch system, proximity to improved pastures and is a
favoured watering point for domestic stock (O'Malley 1990). In addition to the high abundance
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of exotic species, native, amphibious and flood dependent species (Table 1; Figure 1) were also
present (O'Malley 1990).
Community 6 was represented by one quadrat, which was located on anaerobic grey clay soils on
an inundated section of low dissected floodplain (O'Malley 1990).

The overstorey was

dominated by Eucalyptus camaldulensis var. camaldulensis and Acacia stenophylla and the understorey a
diverse community of amphibious and flood dependent taxa (Table 1; Figure 1) (O'Malley 1990).
Roberts and Ludwig (1990) surveyed 31 sites that encompassed the five major aquatic
macrohabitats identified by Sheldon and Lloyd (1990) (fast flowing anabranches, slow flowing
anabranches, main river channel, billabongs and backwaters). UPGMA cluster analysis identified
four aquatic vegetation communities between 0.5 m below the water level and bank top (Roberts
and Ludwig 1990):
Aquatic community 1: river red gum and reed,
Aquatic community 2: river red gum and sedge-rush,
Aquatic community 3: spiny sedge and grass,
Aquatic community 4: riparian grasses.
Community 1 overstorey was dominated by Eucalyptus camaldulensis var. camaldulensis with an
understorey of Phragmites australis with other emergent, submerged (Sk) amphibious and flood
dependent (Table 1; Figure 1) taxa being infrequent or absent (Roberts and Ludwig 1990).
Community 2 overstorey was also dominated by Eucalyptus camaldulensis var. camaldulensis;
however, Phragmites australis was either sparse or absent and the understorey was a diverse
community of emergent, submergent (Sk) amphibious and flood dependent species (Table 1;
Figure 1) (Roberts and Ludwig 1990).
Community 3 had no overstorey present, with the understorey dominated by Cyperus gymnocaulos
with amphibious, submergent (Sk), emergent and flood dependent taxa (Table 1; Figure 1) either
absent or present in low abundances (Roberts and Ludwig 1990).
Community 4 also had no overstorey present and was dominated by riparian grasses such as
Paspalum distichum and Cynodon dactylon.

Emergent, amphibious, submergent (Sk) and flood

dependent species (Table 1; Figure 1) were also present (Roberts and Ludwig 1990).
Floristic composition of aquatic and littoral communities in the Chowilla system was strongly
correlated with current velocity (Roberts and Ludwig 1990; Roberts and Ludwig 1991).
Community 2 was generally found in backwaters and billabongs with little or no current and
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communities 3 and 4 in fast and slow flowing anabranches (Roberts and Ludwig 1990; Roberts
and Ludwig 1991).
No published information is available regarding the understorey vegetation on the Chowilla
Floodplain between 1988 and 2001 except for sporadic collections by State Herbarium staff and
the Department for Environment and Heritage biological survey of the Riverine Corridor, which
had several quadrats on the Chowilla Floodplain (Smith and Kenny 2005). Siebentritt (2003)
investigated the impact of a wetting drying cycle on the vegetation of Pilby Creek in 2001. At
the beginning of the study the wetland was dry with the low elevation areas dominated by flood
dependent species such as Centipeda cunninghamii and Chenopodium pumilio and the edges dominated
by Phragmites australis (Siebentritt 2003). When the wetland was refilled flood dependent species
were replaced by amphibious species (Persicaria lapathifolium and Myriophyllum verucossum); however,
the edges remained dominated by Phragmites australis (Siebentritt 2003).
Val and Floramo (2003) undertook a similar investigation to O’Malley (1990) and Roberts and
Ludwig (1990) in Kulcurna, which is located on the eastern edge of the Chowilla floodplain in
New South Wales, using the South Australian Department for Environment and Heritage
biological survey methodology (Heard and Channon 1997) in 2001-2002. A total of 11, 30 x 30
m quadrats were surveyed and numerous opportunistic observations recorded. A total of 139
taxa were recorded (including 20 exotics) the majority of which were drought or salt tolerant
species (except for the drought tolerant amphibious species Muehlenbeckia florulenta, Eucalyptus
camaldulensis, Acacia stenophylla and Eucalyptus largiflorens) (Val and Floramo 2003).
In addition to the surveyed quadrats, Val and Floramo (2003) mapped the major floodplain
vegetation communities using ground-truthed aerial photography. A total of 12 communities
were identified (including cultivated land) (Val and Floramo 2003) (Table 3).
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Table 3: Major vegetation communities present on the Kulcurna floodplain in 2001-02 (*denotes exotic
species) (Val and Floramo 2003).
Community

Black box woodland

Lignum shrubland
Mixed herbland

Red gum woodland

Disphyma herbland

Cultivated land

Poverty bush herbland

Scalded herbland

Samphire herbland

Lignum-nitre goosefoot
Old man saltbush

River cooba

Dominant species
Eucalyptus largiflorens,
Muehlenbeckia florulenta
Atriplex nummularia
Halosarcia pergranulata ssp. pergranulata
Eremophila divaricata
Muehlenbeckia florulenta
Disphyma crassifolium ssp. clavellatum
Sclerolaena tricuspis
Disphyma crassifolium ssp. clavellatum
Sclerolaena tricuspis
Eucalyptus camaldulensis var. camaldulensis
Acacia stenophylla
Muehlenbeckia florulenta
Senecio cunninghamii var. cunninghamii
Enchylaena tomentosa var. tomentosa
Disphyma crassifolium ssp. clavellatum
Muehlenbeckia florulenta
Sclerolaena tricuspis
Sclerolaena brachyptera
Maireana decalvans
Sclerolaena tricuspis
Sclerolaena brachyptera
Atriplex lindleyi
Maireana brevifolia
Maireana decalvans
Sclerolaena tricuspis
Muehlenbeckia florulenta
Maireana decalvans
Disphyma crassifolium ssp. clavellatum
Atriplex lindleyi
Halosarcia pergranulata
Sclerolaena tricuspis
Eucalyptus largiflorens
Halosarcia pergranulata ssp. pergranulata
Pachycornia triandra
Disphyma crassifolium ssp. clavellatum
Atriplex leptocarpa
Sclerolaena brachyptera
Muehlenbeckia florulenta
Chenopodium nitrariaceum
Atriplex nummularia
Muehlenbeckia florulenta
Chenopodium nitrariaceum
Acacia stenophylla
Muehlenbeckia florulenta
Chenopodium nitrariaceum
Eremophila divaricata
Phyla canescens*

Area (ha)

Percentage
of Floodplain

2236

56.2

460

11.6

370.2

9.3

306.8

7.8

180.2

4.5

109.1

2.7

95.2

2.4

80.4

2

63.9

1.6

39.1

1

33.7

0.8

4.3

0.1

The dominant community on the Kulcurna floodplain was black box (Eucalyptus largiflorens)
woodland (Val and Floramo 2003) (Table 3).

The overstorey is dominated by the

aforementioned species and the understorey dominated by terrestrial and salt tolerant species
(Val and Floramo 2003). This community occupied large areas of high and low elevation
floodplain with light to medium clay soils throughout Kulcurna (Val and Floramo 2003)
The lignum (Muehlenbeckia florulenta) and lignum-nitre goosefoot (Muehlenbeckia florulentaChenopodium nitrariaceum) communities occupied low lying floodplain depressions and flood
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runners with medium to heavy clay soils (Val and Floramo 2003). Generally these communities
formed closed stands with little or no understorey but when understorey was present it was
generally salt tolerant or terrestrial taxa (Val and Floramo 2003). Val and Floramo (2003) also
reported that this community was in poor condition with the majority of the overstorey showing
severe signs of stress.
Herbland communities (communities with sparse or no overstorey) occupied nearly 20% of the
Kulcurna floodplain (Val and Floramo 2003) (Table 3). Mixed herblands were dominated by
terrestrial and salt tolerant species, predominantly in low lying flood out areas with medium to
heavy clay soils (Val and Floramo 2003). Similarly, Disphyma, samphire (Halosarcia pergranulata)
and scalded herblands were also dominated by salt tolerant species in low lying flood out areas
with medium to heavy clay soils (Val and Floramo 2003). Poverty bush herbland was dominated
by Sclerolaena spp. (terrestrial species) in low lying flood out areas with light clay soils (Val and
Floramo 2003). Val and Floramo (2003) also stated that the poverty bush community may be a
derived community, becoming dominant in areas where shrubland communities such as
Muehlenbeckia florulenta have declined. The decline in shrub species was probably due to grazing
because the dominant species are not grazed by domestic stock due to their spiny flowers
(Cunningham et al. 1981).
The red gum (Eucalyptus camaldulensis var. camaldulensis) community occurred predominantly next
to areas of permanent water on medium to heavy clay soils (Val and Floramo 2003). The largest
patches occurred along the River Murray, in some areas extending over 400 m from the edge of
the channel and in other areas as a narrow linear strip along the edges of creeks (Val and
Floramo 2003). The understorey was dominated by terrestrial, amphibious and flood dependent
species (probably due to the close proximity to permanent water) (Val and Floramo 2003).
The river cooba (Acacia stenophylla) and old man saltbush (Atriplex nummularia) communities
occupied small areas on heavy clay soils on the Kulcurna floodplain (Val and Floramo 2003)
(Table 3). The dominant species generally occur as understorey in Eucalyptus camaldulensis and
Eucalyptus largiflorens woodlands (Val and Floramo 2003). The understorey community was
dominated by terrestrial and salt tolerant species for both communities (Val and Floramo 2003).
Two land parcels had been previously cleared and cultivated, possibly more than 15 years ago for
growing irrigated lucerne (Val and Floramo 2003). The area is gradually becoming colonised by
native terrestrial herbs and small shrubs (there has been little recruitment of trees or large
shrubs) (Val and Floramo 2003).
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Val and Floramo (2003) also mapped the dominant aquatic habitats in Kulcurna and identified
five wetland types:
•

River Murray Channel

•

Anabranches

•

Backwaters

•

Billabongs

•

Swamps

There is approximately 11 km of River Murray Channel that forms the southern boundary of
Kulcurna (Val and Floramo 2003).

The understorey fringing vegetation is dominated by

emergent, amphibious and flood dependent species and there are patches of submergent and
emergent species extending short distances from the banks (Val and Floramo 2003). The littoral
zone is usually 1–3 m wide after which the understorey is dominated by terrestrial species (J.
Nicol pers. obs.).
The littoral zones of the anabranches and backwaters were also narrow (1–3 m) and dominated
by the same species as the River Murray; however, extensive beds of submergent and
amphibious floating species were present in the permanently inundated areas (Val and Floramo
2003).
There is one large billabong (Tareena Bong) on Kulcurna, which is highly altered due to saline
groundwater inflows (Val and Floramo 2003). Only salt tolerant species are present in the
littoral zone and the permanently inundated areas are devoid of submerged plants (Val and
Floramo 2003).
Val and Floramo (2003) reported that the swamps in Kulcurna are in poor condition and are
dominated by salt tolerant taxa. The largest swamp, Lake Tootnewit, has also been modified by
cultivation and the hydrology altered by the construction of levee banks and channels for
growing crops (Val and Floramo 2003). There are small areas of cane grass (Eragrostis australasica)
swamps, which are also in poor condition with the majority of the plants dead or in very poor
condition (Val and Floramo 2003).
Since 2004 there have been numerous studies investigating the understorey vegetation in the
Chowilla system including The Living Murray condition monitoring (Weedon and Nicol 2006;
Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010.), environmental
watering monitoring (Nicol et al. 2010), temporal changes (Zampatti et al. 2006a; Zampatti et al.
2006b) and relationships between plant communities and soil properties (Hassam 2007).
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Zampatti et al. (2006a; 2006b) investigated the temporal changes of floodplain, littoral and
aquatic vegetation between 2004 and 2006.

In permanently inundated areas the plant

community was dominated by submergent and emergent species which did not change
significantly over the study period. Similarly, the narrow littoral zones adjacent to the edges of
the permanent water bodies that were dominated by amphibious, emergent and flood dependent
species did not change significantly over the study period. In contrast, the higher elevation areas
(temporary wetlands and high elevation littoral zones) did change significantly over the study
period. The winter annuals Mesembryanthemum crystallinum and Craspedia chrysantha (Cunningham et
al. 1981) were present in significantly higher abundances in temporary wetlands in spring 2004
(Zampatti et al. 2006a; Zampatti et al. 2006b). In spring 2005 a small in channel water level rise
inundated the high elevation littoral zone, which enabled before and after comparisons of the
plant communities to be made (Zampatti et al. 2006a). Six sites were surveyed and at three sites
the floristic composition changed from terrestrial species to flood dependent and amphibious
tolerator emergent species; however, at the remaining sites there was no significant change. At
the sites where there was no significant change in floristic composition there was evidence of soil
salinisation before and after the high flow event, which may have prevented the establishment of
flood dependent and amphibious species (Zampatti et al. 2006a).
Pumping water into temporary wetlands, with the aims of improving overstorey condition and
providing refugia in the absence of natural flooding, has occurred at numerous locations across
the Chowilla Floodplain. This intervention has also resulted in the understorey vegetation
changing from a community dominated by terrestrial dry species to one dominated by
amphibious and flood dependent species (Hassam 2007; Gehrig et al. 2010; Nicol et al. 2010).
The functional groups present after watering were consistent between sites (Nicol et al. 2010);
however, the species assemblages differed between sites (Hassam 2007; Gehrig et al. 2010; Nicol
et al. 2010).

For example: Werta Wert Wetland was dominated by Glycyrrhiza acanthocarpa,

Centipeda minima, Calotis hispidula, Polygonum plebium, Abutilon theophrasti and Myriophyllum verucossum;
Brandy Bottle by Scleroblitum atriplinicum, Polygonum plebium and Centipeda minima; Monoman
Horseshoe by Glinus lotoides Eucalyptus camaldulensis seedlings and Myriophyllum verucossum; Twin
Creeks by Epaltes australis, Centipeda minima, Xanthium spp. and Calotis hispidula; Punkah
Horseshoes by Mimulus repens, Glinus lotoides, Sporobolus mitchelli and Heliotropium europaeum,: Lake
Littra by Mimulus repens, Cyperus gymnocaulos and Sporobolus mitchelli; Gum Flat by Phyllanthus lacunaris
and Sporobolus mitchelli; Chowilla Oxbow by Glinus lotoides and Senecio cunninghamii. and
Coppermine Waterhole by Juncus usitatus, Cyperus gymnocaulos, Epaltes australis, Senecio cunninghamii
and Eucalyptus camaldulensis seedlings (Gehrig et al. 2010; Nicol et al. 2010).
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The response of vegetation to watering is usually short-lived (<12 months) with terrestrial
species replacing all but the most desiccation tolerant perennial flood dependent and amphibious
species (e.g. Cyperus gymnocaulos and Sporobolus mitchelli) (Hassam 2007; Marsland et al. 2008).
However, the majority of flood dependent species are annuals that are able to complete their life
cycles in a matter of weeks (Cunningham et al. 1981) and have long-lived persistent seed banks
(Nicol 2004).
The majority of the Chowilla floodplain has not been inundated since the mid nineties and when
surveyed in summer 2006 as part of The Living Murray vegetation condition monitoring
program the vegetation community was dominated by terrestrial species (e.g. Atriplex spp.,
Sclerolaena divaricata) (Weedon and Nicol 2006). In subsequent years, the areas that were not
watered showed a decline in the abundance of terrestrial species with low salinity tolerances and
an increase in abundance of salt tolerant species (e.g. Sclerolaena brachyptera, Sclerolaena stelligra,
Pachycornia triandra, Disphyma crassifolium) (Weedon et al. 2007; Marsland et al. 2008; Marsland et al.
2009).
The major environmental factors that determine the distribution and abundance of plant species
across the Chowilla system are depth, duration and frequency of flooding (sensu Casanova and
Brock 2000), soil moisture availability (Hassam 2007), soil type (primarily texture) (sensu Nicol
2004) and soil salinity (Hassam 2007).

With the exception of soil texture, all of the

aforementioned factors are directly or indirectly related to River Murray flows.

The

predominantly static water levels that have dominated the hydrology of the Chowilla system in
the last 10 years have resulted in minimal floodplain inundation, which has in turn severely
limited opportunities for amphibious and flood dependent plant recruitment (sensu Nicol 2004),
due to extremely low soil moisture and increased soil salinity (Overton and Doody 2010).
Nevertheless, environmental conditions present in the permanently inundated areas (River
Murray pool level and below) of the Chowilla system have remained relatively constant since
1988 (except during periods of high flows). Water levels have generally remained static, except
during floods, and water salinity has remained low (<500 μS.cm-1) (DWLBC 2009). This stable
environment has resulted in extensive areas of submergent (Sk) and emergent (E) species that
have probably not changed significantly since 1988 (Roberts and Ludwig 1990) and have not
changed significantly in recent times (Zampatti et al. 2006a). The plant communities in the
aforementioned areas will probably not change significantly in the future unless there are major
changes to the water regime (primarily drying of permanent wetlands) or increases in salinity.
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On the other hand, there is evidence to suggest that the plant communities across the remainder
of the floodplain (above River Murray pool level) have undergone significant change since 1988
and are continuing to change.

In 1988, large areas of the floodplain were dominated by

amphibious and flood dependent species (O’Malley 1990). Overbank flows in 1989, 1990, 1992,
1993 and 1996 and large in channel flows in 1991, 1995 and 2000 (DWLBC 2009) would have
maintained many of the flood dependent and amphibious communities in many areas until at
least 2001. After 2001 the abundance of amphibious and flood dependent species would
probably have started to decrease and terrestrial species increase (sensu Hassam 2007). The
distribution of flood dependent and amphibious species have contracted to areas with high soil
moisture. In spring 2004 the distribution of amphibious and flood dependent taxa was restricted
to the fringes of permanent water bodes (Zampatti et al. 2006b). Environmental watering has
increased the abundance and expanded the distribution of amphibious and flood dependent
species since 2004; however, the response is usually short-lived (Hassam 2007; Marsland et al.
2008; Nicol et al. 2010) due to the annual life history of most species.
In the absence of inundation (natural or engineered) soil salinity increases, resulting in a decline
in abundance of the drought tolerant, salt intolerant species that initially replaced the flood
dependant and amphibious species and an increase in abundance of salt tolerant species (sensu
Marsland et al. 2008). In extreme cases, the soil salinity may become so high or the soil so
desiccated that even halophytes or xerophytes cannot survive.

3. Change in understorey plant community in the Chowilla system
(including Kulcurna and Tareena) 1988-2009
There is evidence to suggest that the understorey plant community on the Chowilla Floodplain
(above the normal River Murray pool level) has undergone changes since 1988, and continues to
change (O'Malley 1990; Val and Floramo 2003; Weedon and Nicol 2006; Hassam 2007; Weedon
et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010). In contrast, the aquatic
and littoral communities (below normal River Murray pool level) appear to be stable and not
changing significantly (Roberts and Ludwig 1990; Val and Floramo 2003; Zampatti et al. 2006a;
Zampatti et al. 2006b). However, direct comparisons between the work undertaken by O’Malley
(1990), Roberts and Ludwig (1990) and Val and Floramo (2003) and the studies undertaken since
2004 (Weedon and Nicol 2006; Zampatti et al. 2006a; Zampatti et al. 2006b; Hassam 2007;
Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010; Nicol et al. 2010)
cannot be made because of the different methods employed. The major aim of the surveys
undertaken by O’Malley (1990), Roberts and Ludwig (1990) and Val and Floramo (2003) was to
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gain a snapshot of the biological diversity of the system at the time and to catalogue the plant
species present throughout the system; whereas, surveys undertaken since 2004 were designed to
detect change through time and in response to management actions (Weedon and Nicol 2006;
Zampatti et al. 2006a; Zampatti et al. 2006b; Hassam 2007; Weedon et al. 2007; Marsland et al.
2008; Marsland et al. 2009; Gehrig et al. 2010; Nicol et al. 2010). Despite the inability to
undertake direct comparisons between the major studies there were some clear differences in the
plant community between 1988 and present day. For instance, there is evidence to suggest that
there has been a reduction in the number of species present on floodplain since 1988 (O'Malley
1990; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010; Nicol et al. 2010). In addition,
qualitative site specific comparisons can be made at Lake Limbra and Werta Wert Wetland.
In 1988 Muehlenbeckia florulenta, Sporobolus mitchelli, Disphyma crassifolium, Pachycornia triandra and
Cynodon dactylon were present in and around Lake Limbra (O'Malley 1990); however, between
spring 2004 and autumn 2006 the lake and surrounding area was a monoculture of Halosarcia
pergranulata ssp. pergranulata (Zampatti et al. 2006a). The change in floristic composition was
probably due to increases in soil salinity since the last flood, which is evident throughout the lake
(J. Nicol pers. obs.).
O’Malley (1990) reported that Werta Wert Wetland was dominated by exotic species when
surveyed in 1988; however, Nicol et al. (2010) reported that a diverse community of
predominantly native amphibious and flood dependent species was present between 2005 and
2008. O’Malley (1990) attributed the high abundance of exotic species to the proximity of the
site to improved pastures and use by domestic stock as a watering point. Since 1988, Werta
Wert has been fenced and domestic stock excluded and improved pastures not grown nearby.
In addition, Werta Wert has been watered three times since 2004 and it is probably the
combination of these management actions that has resulted in a significant improvement of the
site.
The plant community on the floodplain and in temporary wetlands in Kulcurna in 2001–02 (Val
and Floramo 2003) appears to be similar to the plant community present in corresponding
habitats in Chowilla in 2004–05 (Zampatti et al. 2006a; Zampatti et al. 2006b; Gehrig et al. 2010).
The dominant taxa were drought tolerant terrestrial and salt tolerant species, with flood
dependent and amphibious species restricted to the edges of permanent water bodies (Val and
Floramo 2003; Zampatti et al. 2006a; Zampatti et al. 2006b).
Since 2004 the Chowilla system can be divided into three “zones” based on hydrology and
change in plant community between 2004 and 2009:
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•

Permanent wetlands and the associated wet littoral zone

•

Temporary wetlands that have been watered

•

The floodplain and temporary wetlands that have not been watered

In the permanent wetlands and associated wet littoral zone the plant community has not
changed significantly since 2004 (Zampatti et al. 2006a; Zampatti et al. 2006b).
In temporary wetlands that have been watered the plant community switches between a
community dominated by drought tolerant terrestrial species before watering to flood dependent
and amphibious species after watering then back to terrestrial species after 12 months (Hassam
2007; Gehrig et al. 2010; Nicol et al. 2010). However, in wetlands that have been watered
frequently (e.g. Werta Wert Wetland, Monoman Island Horseshoe, which have been watered
almost annually and in some cases not dried completely between watering events) amphibious
and flood dependent species have not been replaced by terrestrial species (Nicol et al. 2010).
The floodplain and temporary wetlands that were not watered were dominated by drought
tolerant terrestrial species in 2004, which decreased in abundance through time with a
corresponding increase in salt tolerant species and bare soil (Gehrig et al. 2010). The main driver
of the change was probably the lack of overbank flooding in recent years resulting in low soil
moisture over the majority of the floodplain and salt accumulation in the root zone in many
areas of the floodplain (Overton and Doody 2010).
The lack of overbank flooding and predominantly static water levels has resulted in a large
reduction in the area of the littoral zone (the area of floodplain dominated by amphibious and
flood dependent species).

In 1988 the littoral zone extended across the majority of the

floodplain (O'Malley 1990), whereas now the only areas dominated by the aforementioned
groups are the edges of the permanent wetlands (Zampatti et al. 2006a; Zampatti et al. 2006b) and
watered temporary wetlands (Nicol et al. 2010).
A conceptual model that summarises floodplain and temporary wetland vegetation dynamics
(Figure 2) was developed using data collected from floodplain condition monitoring (Marsland et
al. 2009), environmental watering (Nicol et al. 2010) and an honours project investigating the
relationship between soil factors and plant communities in watered and unwatered wetlands
(Hassam 2007).
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Flood
Dependent
and
Amphibious
Species
Floodplain
dry for
>1 year

Inundation

Floodplain inundated
>1 year ago
Low soil salinity and soil moisture
(State 2)

Terrestrial
Dry
Species
Rising saline
groundwater
and/or extended
dry period

Multiple or
extended
flushing flow

Floodplain inundated
<1 year ago
(State 1)

Multiple or
extended
flushing flow

Salt
Tolerant
Species

Rising saline groundwater
Soil EC >20,000 μS.cm-1
(State 3)

Rising saline groundwater
and/or extended dry period

Bare Soil

Salt scald
Dispersible clay soils
Continuous low soil moisture
(State 4)

Figure 2: Conceptual model of floodplain plant community dynamics showing states based on functional
groups present and the major factors that result in changes between states.

The model consists of four states, flood dependent and amphibious vegetation (state 1),
terrestrial dry species (state 2), salt tolerant species (state 3) and bare soil (state 4) (Figure 2).
State 1 is an area of floodplain that was inundated in the previous 12 months or the pool level
littoral zone that has permanently high soil moisture; amphibious and flood dependent species
are the dominant taxa (Figure 2). If the floodplain is not inundated the flood dependent and
amphibious taxa will be replaced by drought tolerant terrestrial species (state 2) (sensu Hassam
2007; Gehrig et al. 2010; Nicol et al. 2010) (Figure 2). When an area of floodplain is dominated
by terrestrial species and inundated the terrestrial species will be replaced by amphibious and
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flood dependent taxa. However, if the area of floodplain is not inundated and is in an area that
has a shallow saline groundwater, salt will be accumulated in the root zone and the terrestrial
species will be replaced by salt tolerant species (state 3) or the soil salinity may become so
elevated that nothing can survive (state 4) (Figure 2). There is evidence to suggest that the
switch from drought tolerant to salt tolerant species occurs when the soil salinity exceeds 20,000
μS.cm-1. Atriplex spp. are generally not present in areas where the soil is greater than 20,000
μS.cm-1 (Hassam 2007) and Eucalyptus camaldulensis trees show signs of extreme stress (Bailey et al.
2002). When the floodplain is dominated by salt tolerant species or bare soil, inundation of the
sediment may not result in the return of flood dependent or amphibious species (sensu Zampatti
et al. 2006a). The sediment may need to be inundated several times or for an extended period to
allow flushing of the salt from the soil profile before the soil salinity is sufficiently low to allow
the establishment of flood dependent and amphibious species. In addition, the lack of flooding
may have resulted in the decline of the seed banks of amphibious and flood dependent species.
Therefore, it is important that large areas of floodplain do not become dominated by salt tolerant
species or bare soil because it may require a greater effort and larger amount of water to return
the floodplain back to state 1 where it is dominated by flood dependent and amphibious species
compared to when the floodplain is dominated by terrestrial species.
A potential indicator species, which signals this change, is Sclerolaena brachyptera because it has
been recorded co-existing with terrestrial species such as Atriplex spp. and Sclerolaena divaricata
and salt tolerant species such as Carpobrotus rossii, Disphyma crassifolium, Salsola kali and Pachycornia
triandra (Gehrig et al. 2010). In large areas of the Chowilla Floodplain Atriplex spp. and Sclerolaena
divaricata have declined in abundance and Sclerolaena brachyptera increased, along with other salt
tolerant taxa such as Pachycornia triandra, Disphyma crassifolium, Salsola kali, Halosarcia pergranulata
and Frankenia pauciflora (Marsland et al. 2009). Figure 3 shows the changes in functional groups
from 2004 to 2009 at each understorey vegetation monitoring site across the Chowilla
Floodplain (Weedon and Nicol 2006; Zampatti et al. 2006a; Zampatti et al. 2006b, Hassam 2007;
Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009 and Nicol et al. 2010). Currently in
the Chowilla system there are large areas of floodplain dominated by salt tolerant taxa (state 3)
and bare soil (state 4) (Gehrig et al. 2010) (Figure 3). The remainder of the floodplain is
dominated by terrestrial species (state 2) (Gehrig et al. 2010) with the exception of sites that were
watered in the past 12 months (Gehrig et al. 2010; Nicol et al. 2010) (Figure 3) and the edges of
permanent water bodies (Zampatti et al. 2006a; Zampatti et al. 2006b) where soil moisture is
permanently high.
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Figure 3: Changes in understorey functional groups at understorey vegetation monitoring sites across the Chowilla Floodplain from 2004 to 2009 (earliest date represented by the innermost circle).
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4. Spatial relationships between soil factors, flood magnitude,
inundation and plant functional groups
To assess the potential impacts of regulated flooding on understorey vegetation on the Chowilla
floodplain the spatial relationships between plant functional groups (outlined in the conceptual
model: Figure 2), soil factors (texture and salinity), flood magnitude and time since inundation
were assessed.
Soil texture was mapped using the modified soil classification from Overton and Jolly (2004)
after Hollingsworth (1990). Soil across the Chowilla Floodplain was classified into nine classes
ranging from heavy clay to sandy loam (Overton and Jolly 2004).
Soil salinity was predicted from the WINDS model (Overton et al. 2006). This model uses
spatial layers of soil texture, flooding frequency, groundwater depth and groundwater salinity to
predict salinity coefficients in the unsaturated zone. Salinity coefficients range from 0 (no
influence on osmotic potential of plants) to 1 (concentrations so high that no plant would be
able to extract water from the soil.
Flood magnitude and time since flooding were calculated using the River Murray Floodplain
Inundation Model (RiM-FIM) (Overton et al. 2009).

This model integrates satellite image

analysis of flood extents with digital terrain modelling and river discharge hydrographs.
Predictions of the extent of inundation since 1988 were used for time since inundation and the
commence-to-fill river discharge values were used as the flood magnitudes. Artificial watering
sites undertaken since 1988 were also used to determine time since last inundation.
The functional group present at a site and at a point in time was overlayed onto soil type
(texture), soil salinity and flood magnitude layers and the relationships between functional group
and the aforementioned factors assessed. Relationship between time since inundation and
functional group was assessed using data from the floodplain condition monitoring (Marsland et
al. 2009) and environmental watering monitoring (Nicol et al. 2010) projects.

4.1. Soil texture
Soil texture is an important factor for plant establishment, growth and survival in wetland and
floodplain ecosystems (e.g. Smith et al. 1995; Higgins et al. 1997; Noe and Zedler 2001; Nicol
2004; Lu et al. 2007; Bhattacharjee et al. 2008; Rentch et al. 2008). Nicol (2004) reported that
significantly different plant communities recruited in Lakes Malta, Balaka, Menindee and
Cawndilla (Menindee Lakes system) on sandy and clay soils after water levels were drawn down,
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despite the sediment being exposed for the same duration. However, there was no significant
difference in the abundance of functional groups on clay or sandy soil (Nicol 2004). On sandy
soils the plant community was dominated by the amphibious species Cyperus gymnocaulos and
flood dependent species Morgania floribunda, Xanthium occidentale and Epaltes australis and on clay
soils the amphibious species Cyperus difformis and flood dependent species Centipeda minima, Glinus
lotoides and Sporobolus mitchellii (Nicol 2004). Similarly on the Chowilla Floodplain (in wetlands
that were watered) there were significant differences in floristic composition between wetlands
and at different elevations within wetlands post-watering (Nicol et al. 2010). The observed
differences were probably due to differences in soil texture (sensu Hassam 2007). However,
there was no significant difference in the abundance of functional groups post-watering (all
wetlands were dominated by amphibious and flood dependent species) between wetlands or
elevations (Nicol et al. 2010).

In addition, in areas that were not watered there was no

relationship between soil texture and functional group from 2005 to 2009 (Appendix 2).

4.2. Soil salinity
In contrast to soil texture, there were patterns in the distribution of functional groups in relation
to soil salinity between 2005 and 2009 (Appendix 3, Table 4a). Chi-squared analysis comparing
the observed and expected (if the distribution was due to chance alone) number of sites
dominated by each functional group for each salinity class were significantly different (Table 4,
Table 5). Total Chi-squared for test of association was 36 (Table 5) indicating there is evidence
for a significant association between functional groups and salinity at the 5 % significance level.
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Table 4: a. Observed and b. random distribution of understorey functional groups from 2005 to 2009
across the Chowilla Floodplain in relation to salinity in ranges of less than 10,000 μS.cm-1, 10,000-30,000
μS.cm-1 and greater than 30,000 μS.cm-1.

a.

>30,000

29

Drought
Tolerant
117

10,000 – 30,000

31

31

15

30

< 10,000

10

17

18

4

Bare

Drought
Tolerant

Flood
Dependent

Salt
Tolerant

>30,000
10,000 – 30,000

46

108

68

71

17

39

25

26

< 10,000

8

18

11

12

-1

Salinity (μS.cm )

Bare

Flood
Dependent
71

Salt
Tolerant
75

b.
-1

Salinity (μS.cm )

Table 5: Chi-squared (degrees of freedom=6) values calculated for each cell comparing observed and
expected (random) values.

>30,000

6

Drought
Tolerant
1

10,000 – 30,000

12

2

4

1

19

< 10,000

1

0

4

5

10

Total

19

3

8

6

36

-1

Salinity (μS.cm )

Bare

Flood
Dependent
0

Salt
Tolerant
0

Total
7

Sites dominated by bare soil and salt tolerant taxa were more abundant in areas with WINDS
modelled soil salinity greater than 10,000 μS.cm-1 (Table 4). However, sites dominated by
drought tolerant and flood dependent species were also abundant in areas where the soil salinity
is above 10,000 μS.cm-1 (Table 4). The soil salinity layer used for this analysis was predicted soil
salinity for 2007 from WINDS modelling and does not take into consideration watering and
temporal changes; therefore, may not reflect the soil salinity at the time of the vegetation survey.
In addition, variations in microtopography can result in small areas having lower surface soil
salinity that inturn influence the abundance of functional groups present at a site (Weedon and
Nicol 2006). Small scale variations in soil salinity may not be reflected in the WINDS salinity
layer due to the pixel size of 30 x 30 m (Overton and Doody 2010). Nevertheless, the salinity
layer provides information on which areas have become or are at risk of becoming salinised.

4.3. Flood magnitude
Similar to soil salinity there were patterns in the distribution of functional groups in relation to
flood magnitude between 2005 and 2009 (Table 6, Appendix 4). Chi-squared analysis comparing
the observed and expected (if the distribution was due to chance alone) number of sites
dominated by each functional group for each salinity class were significantly different (Table 6,
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Table 7). Total Chi-squared for test of association was 62 (Table 7) indicating there is evidence
for a significant association between functional groups and flood magnitude at the 5 %
significance level.
Table 6: a. Observed and b. random distribution of understorey functional groups from 2005 to 2009
across the Chowilla Floodplain in relation to flood magnitude classes of greater than 50,000 ML day-1,
25,000 to 50,000 ML day-1 and less than 25,000 ML day-1.

a.

>50,000

58

Drought
Tolerant
113

25,000 – 50,000

6

41

43

3

<25,000

3

8

8

3

Bare

Drought
Tolerant

Flood
Dependent

Salt
Tolerant

>50,000
25,000 – 50,000

49

120

76

79

14

34

22

23

<25,000

4

8

5

5

-1

Flooding (ML Day )

Bare

Flood
Dependent
52

Salt
Tolerant
101

b.
Flooding (ML Day)

Table 7: Chi-squared (degrees of freedom=6) values calculated for each cell comparing observed and
expected (random) values.
Bare

Drought
Tolerant

Flood
Dependent

Salt
Tolerant

Total

>50,000
25,000 – 50,000

1

0

8

6

15

5

1

21

17

44

<25,000

0

0

2

1

3

Total

6

1

31

24

62

Flooding (ML Day)

Sites dominated by bare soil drought tolerant and salt tolerant taxa were more abundant in areas
that are inundated by floods of greater than 50,000 Ml day-1; however, this may be due to the
location of the floodplain condition monitoring sites. The majority (67 out of 80) of the
floodplain condition monitoring sites are in areas that are inundated by floods of greater than
50,000 Ml day-1 (Marsland et al. 2009) (Appendix 4). In addition, many of the areas that have
been watered also require floods of greater than 50,000 Ml day-1 to be inundated, which accounts
for the large number of sites dominated by flood dependent taxa in this flood magnitude
category (Appendix 4).

4.4. Inundation
The only sites that were dominated by flood dependent species above the pool level littoral zone
were sites that were watered, either by pumping, natural flooding or rainfall runoff, less than 12
months before they were surveyed (Weedon and Nicol 2006; Zampatti et al. 2006a; Weedon et al.
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2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010; Nicol et al. 2010) even in
highly saline areas of the floodplain (e.g. Gum Flat) (Appendix 3). Every site that was watered
by pumping or natural flooding, with the exception of three sites on the edges of outer
anabranch creeks (Punkah Creek, Salt Creek and Slaney Backwater), was dominated by flood
dependent species when surveyed after water levels receded (Zampatti et al. 2006a).

The sites

that showed no significant change were on the edges of gaining reaches where saline
groundwater was clearly flowing into the water body through the littoral zone.
The majority of flood dependent species are short-lived annuals (Cunningham et al. 1981) and 12
months after watering or natural flooding sites were dominated by terrestrial species (e.g.
Marsland et al. 2008). However, areas that are frequently watered (e.g. Werta Wert Wetland,
Lake Littra, Monoman Horseshoe and Twin Creeks) have been dominated by flood dependent
and amphibious taxa continuously since the first watering (Figure 3).

5. Discussion
5.1. Conceptual model
Data summarised in this report shows that the conceptual model presented in Figure 2 has
potential to predict functional groups present in areas of floodplain in response to proposed
management actions; however, there are limitations and more work is required to refine
thresholds.
Evidence from environmental watering monitoring (Nicol et al. 2010), floodplain condition
monitoring (Weedon and Nicol 2006; Weedon et al. 2007; Marsland et al. 2008; Marsland et al.
2009; Gehrig et al. 2010) and the Chowilla fish and macrophytes project (Zampatti et al. 2006a;
Zampatti et al. 2006b) suggests that states 1 and 2 accurately represent changes in vegetation
communities in response to watering and 12 to 24 months after a wetland has dried. At every
site (except three sites along the edge of gaining reaches of permanent wetlands) after an area
was watered or naturally flooded, the plant community was dominated by taxa from the flood
dependent or amphibious functional groups (Weedon and Nicol 2006; Zampatti et al. 2006a;
Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010; Nicol et al. 2010)
even in areas with underlying highly saline groundwater (Appendix 3). Species from these
functional groups are often short-lived; however, in areas that have been watered multiple times
where the frequency of watering closely resembles the natural flooding frequency (e.g. Weta
Wert Wetland, Monoman Horseshoe, Twin Creeks and Lake Littra) the plant community has
been continuously dominated by flood dependent and amphibious taxa since the first watering
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(Figure 3). In contrast, areas watered less frequently (e.g. Punkah Horseshoes, Coppermine
Complex and Gum Flat) were dominated by flood dependent and amphibious taxa for
approximately 12 months after watering, were replaced by terrestrial species (Figure 3) then after
a second watering (Coppermine Complex and Gum Flat) were dominated by flood dependent
and amphibious species (Gehrig et al. 2010).
States 3 and 4 in the conceptual model (Figure 2) represent functional vegetation communities
on the Chowilla floodplain; however, the thresholds for transition between group 2 and groups 3
and 4 are unclear. The threshold of 20,000

-1

μS.cm

was based on the comparison of plant

communities and soil salinity in Hancock Creek, Coppermine Waterhole, Monoman Depression,
Punkah Depression and Chowilla Oxbow where at salinities greater than 20,000

-1

μS.cm

Atriplex

spp. and Sclerolaena divaricata were generally absent (Hassam 2007). However, sites dominated by
terrestrial species were widely distributed throughout the floodplain in areas where the soil
salinity was greater than 30,000

-1

μS.cm

according to the 2007 WINDS salinity layer (Table 4,

Appendix 3). However, the WINDS salinity layer is a snapshot of salinity from 2007 and does
not represent changes in salinity through time; therefore, the soil salinity at the time of a
particular vegetation survey may not be accurately represented by the layer. In addition, the pixel
size for this layer is 30 x 30 m and small scale differences in soil salinity may not be represented
by the layer. To define thresholds soil salinity measurements need to be taken at the same
location as the vegetation monitoring site at the time of the survey.
Furthermore, the thresholds for transition from states 3 and 4 to states 1 and 2 require further
investigation. The assumption that areas dominated by salt tolerant species require greater effort
to return to flood dependent and amphibious species was based on data collected from the 2005
high flow event (Zampatti et al. 2006a). Monitoring data showed that areas that were salinised
(gaining reaches) remained dominated by bare soil and salt tolerant species whereas areas that
were not salinised (losing reaches) showed a significant increase in the abundance of flood
dependent and amphibious species two months after the flow peak (Zampatti et al. 2006a). In
contrast, all areas that were watered were dominated by flood dependent and amphibious species
post-watering regardless of soil salinity (Appendix 3). The high flow event in spring 2005 was a
short small flood pulse that probably resulted in little lateral recharge in areas where groundwater
was discharging; whereas wetland and floodplain watering is of extended duration and freshens a
larger area, forces saline groundwater deeper and data from Gum Flat has shows that watering
pushes salt from the top 100 cm of the soil profile (DWLBC 2007). Therefore, the transition
from states 3 and 4 to state 1 may only require greater effort in areas where groundwater is
discharging.

Monitoring results from Lake Limbra and Coombool Swamp may provide

information to refine thresholds for the transition between the aforementioned states.
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Between 2004 and 2009 a number of sites changed from state 3 or state 4 to state 2 (Figure 3),
and the model assumes that this does not happen without flooding and first passing through
state 1 (Figure 2). Sites dominated by very salt tolerant species such as Halosarcia pergranulata ssp.
pergranulata did not change back to state 2; however, sites dominated by Sclerolaena stelligra and
Sclerolaena brachyptera (which often coexist with Atriplex spp.) sometimes showed an increase in
Atriplex spp. abundance at a particular time that meant they were classified in a group at that
time (using cluster analysis comparing the floristic composition of all sites across the floodplain)
was dominated by species that are indicators of state 2 (Zampatti et al. 2006; Marsland et al.
2009). In summer 2009–10 several large thunderstorms resulted in above average rainfall for the
Chowilla Floodplain (Bureau of Meteorology 2010) and Atriplex spp. had recruited at many sites
that were previously dominated by bare soil or salt tolerant species (Gehrig et al. 2010).
Therefore, rainfall (in same cases) can cause a change from states 3 and 4 to state 2 without
flooding and first passing through state 1.
The distribution of sites (at a point in time) dominated by flood dependent and amphibious
species across areas that flood at different flood magnitudes (Appendix 4) suggests that the
floodplain is resilient and the aforementioned functional groups have a long-lived soil seed bank
(sensu Leck and Brock 2000). Areas inundated by the regulator will probably show the same
response; however, seed bank longevity is unknown and there may be areas that have not
flooded for over 15 years where there is a depauperate seed bank.

5.2. Spatial relationships between functional group and environmental variables
The current spatial relationships between soil salinity (Table 4, Table 5) and flood magnitude
(Table 6, Table 7) were probably a result of the location of the monitoring sites and timing of
vegetation surveys. Environmental watering monitoring sites were located in areas that were
watered, which were temporary wetlands that were able to be filled by pumping, preferably with
minimal earthworks (e.g. Werta Wert Wetland, Lake Littra). These sites were surveyed (when
possible) before and after watering to report on Living Murray targets (Nicol et al. 2010).
Therefore, data was only collected for selected wetland types (usually temporary creeks and
lakes) before and after watering. Floodplain condition monitoring filled in some of the spatial
gaps; however, large areas of the floodplain are inaccessible to vehicles which have resulted in
the majority of sites being located in areas that flood at flows greater than 50,000 ML day-1
(Appendix 4). Floodplain condition monitoring and environmental watering monitoring require
quantitative data to enable comparisons of species abundances through time hence a limited area
is surveyed, which is not an efficient technique to measure species or functional group spatial
distributions. A qualitative line intercept or ground truthed high resolution aerial photography
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or videography technique that covers a larger area may be an efficient method to determine
functional group spatial and temporal distribution in relation to regulator operation.

5.3. Assessment of proposed management scenarios
Predictions of functional group distribution under different management scenarios based on
monitoring data and modelling can be made but will require ground truthing. Results from
environmental watering (Nicol et al. 2010) and floodplain condition monitoring (Weedon and
Nicol 2006; Weedon et al. 2007; Marsland et al. 2008; Marsland et al. 2009; Gehrig et al. 2010)
provide strong evidence that areas inundated by the regulator (Figure 4) will be dominated by
flood dependent and amphibious species for approximately 12 months after regardless of the
initial soil salinity. Furthermore, modelled soil salinity in 2037 under a regulated flooding
scenario shows that areas inundated by the regulator have considerably lower salinity compared
with the areas not inundated and the do nothing scenario (Figure 4, Figure 5, Figure 6).
Therefore, it is likely that areas dominated by bare soil or salt tolerant species will be restricted to
areas not inundated by the regulator and areas of groundwater discharge (Figure 7).
The potential impacts on the distribution of plant functional groups under two management
scenarios (do nothing and regulated flooding) in 2037 and comparisons with the current and
historical (1988) distribution across the Chowilla Floodplain are outlined in Figure 7, Figure 8
and Figure 9. In 1988 based on the information presented in O’Malley (1990) and Roberts and
Ludwig (1990) submergent species were restricted to permanent water bodies, emergent species
to permanent water bodies and the pool level littoral zone, amphibious species from the pool
level littoral zone to low elevation floodplain, flood dependent taxa from the pool level littoral
zone to high elevation floodplain, terrestrial species were generally restricted to high elevation
floodplain and the highland, salt tolerant species were restricted to areas of groundwater
discharge and bare soil was uncommon (Figure 9). Present day there has been no change in the
distribution of submergent or emergent species, with the exception of anecdotal evidence of the
expansion of Typha spp. Amphibious species and flood dependent species are now restricted to
the pool level littoral zone or areas that have been watered, terrestrial species, salt tolerant
species and bare soil have increased their distribution and abundance and are common
throughout the floodplain above the pool level littoral zone (Figure 9). In 2037 under the do
nothing scenario, which includes ceasing all environmental watering, the distribution of
submergent and emergent species will be similar to 1988 and present day (although the stable
water levels may result in the expansion of Typha spp. and Phragmites australis) unless permanent
water bodies dry or there are large increases in surface water salinity throughout the system
(Figure 9). Amphibious and flood dependent species will be restricted to the pool level littoral
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zone, terrestrial species will be restricted to the highland and high elevation floodplain because
the floodplain will probably be highly salinised and unable to support terrestrial species (Figure
6, Figure 8) and salt tolerant species and bare soil will be the dominant groups on the floodplain
(Figure 9). Under a regulated flooding scenario there may be a reduction in the abundance of
submergent and emergent species (especially around the regulator) due to flooding (however,
this would have occurred during natural floods) (sensu Spence 1982), amphibious and flood
dependent species will have increased their distribution and be present in temporary wetlands
and low elevation floodplain that is inundated by the regulator (for 12 months after regulator
operation). Terrestrial species will be present in temporary wetlands (12 months after regulator
operation) through to the highland and salt tolerant species and bare soil restricted to areas not
inundated by the regulator (Figure 4, Figure 5, Figure 7, Figure 9).
Therefore, operation of the regulator will result in an expansion of the distribution and
abundance of flood dependent and amphibious taxa compared with the current distribution
(with environmental watering) and the do nothing scenario (Figure 7, Figure 8, Figure 9).
Furthermore, regulated flooding will reduce soil salinity in areas inundated by the regulator
(Figure 5, Figure 6) that will prevent soil salinisation (only in areas inundated by the regulator,
the remainder of the floodplain is still at risk of salinisation and will require large natural floods
to reduce soil salinity across the entire floodplain) and in years when the regulator is not
operated terrestrial species will dominate. The increased area of floodplain where conditions are
suitable for recruitment of flood dependent and amphibious species should result in increased
plant diversity (at the floodplain and regional scale). For example, Cyperus difformis was recoded
in Coppermine Complex in February 2010 (Gehrig et al. in prep) but had not been recorded in
the Chowilla system since 1988 (O’Malley 1990).
Under current conditions (and the do nothing scenario) the littoral zone has contracted to a
narrow strip approximately 1 m wide along the edges of permanent water bodies throughout the
Chowilla System (and the entire River Murray system between Wentworth and Lock 1).
Regulated flooding will result in the expansion of the littoral zone in areas inundated by the
regulator; however, the inundation pattern and subsequent area colonised by amphibious and
flood dependent species is spatially different from a natural flood that will inundate a similar area
(Figure 4, Figure 7) (Mallen-Cooper et al. 2008). The influence of the regulator decreases with
distance upstream, which means that close to the regulator higher elevation floodplain will be
inundated (Figure 4). Therefore, a larger proportion of the floodplain will be colonised by
amphibious and flood dependent species close to the regulator (the western end of the
floodplain) compared to the eastern floodplain where only temporary wetlands and the edges of
permanent water bodies will be inundated (Figure 4) and watering temporary wetlands of high
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conservation value may need to be undertaken.

Nevertheless, it represents a significant

improvement in floodplain understorey condition for the Chowilla System and has positive
outcomes for regional biodiversity. The area of the littoral zone will increase and a mosaic of
different species and functional groups will establish in the area inundated by the regulator. The
extent of the newly expanded littoral zone will be dependent on proximity to the regulator as
well as elevation and a wider littoral zone will exist at the western edge of the system (Figure 4).
The impact of regulated flooding on floodplain function in unclear. The role of floodplain
understorey vegetation in riverine trophodynamics is not well understood. The fate of carbon
fixed by the understorey vegetation is unknown; it may be an important carbon source for
riverine food webs when the floodplain is inundated and may also be important for terrestrial
food webs between floods. Understorey vegetation may also contribute significantly to soil
carbon (and possibly nitrogen and phosphorus), may be important for bacterial food webs, for
nutrient cycling and increase soil fertility. Hence it is unclear whether regulated flooding will
result in complete restoration of floodplain function; however, the resultant areas of low soil
salinity and improved understorey vegetation (and overstorey) condition may enable these areas
to function in the event of a natural flood.

5.4. Implications for regulator operation
Watering areas of floodplain generally results in positive outcomes for floodplain understorey
condition (Nicol et al. 2010; Gehrig et al. 2010) and from amphibious and floodplain plant
diversity, distribution and abundance perspective; the highest water level possible (to maximise
area of inundation), rates of drawdown not exceeding 5 cm day-1 (preferably 1–3 cm day-1) (Nicol
2004) and annual operation of regulator would have the greatest benefit. However, there are
significant risks associated with regulator operation (e.g. Mallen-Cooper et al. 2008) and
operational constraints that must be taken into consideration. The Chowilla Anabranch system
is one of three remaining areas in the South Australian River Murray that has flowing habitats
(Leigh et al. 2008; Zampatti et al. 2008; Beyer et al. 2010) and has a high diversity of hydraulic
habitats in a small area (Sheldon and Lloyd 1990), which are significantly modified whilst the
regulator is in operation (Mallen Cooper et al. 2008).
The understorey vegetation of the Chowilla floodplain has shown a high capacity to recover
(probably due to a large, persistent seed bank (sensu Nicol 2004); therefore, annual operation of
the regulator is not necessary to ensure long-term persistence of amphibious and flood
dependent species. Operation of the regulator every three to five years will be sufficient to
maintain seed banks and ensure long-term persistence of amphibious and floodplain species in
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the absence of natural flooding; however, more frequent flooding is required to ensure the longterm survival of perennial species, such as Eucalyptus camaldulensis and Muehlenbeckia florulenta
(Roberts and Marston 2000). Rates of draw down of after regulator operation of 3–5 cm day-1
(with up to 10 cm day-1 during the early stages of drawdown) and closing (and keeping closed
during draw down) the structures in Lake Limbra, Lake Littra and Werta Wert Wetland while
water levels are high will result in areas that retain water after levels have returned to pool level.
The draw down rate in the aforementioned wetlands will be dependent on evapotranspiration
and may be considerably lower than other parts of the floodplain. Furthermore, closing existing
structures to retain water on parts of the floodplain will also result in a greater diversity of plant
communities because there will be areas dominated by species that require longer hydroperiods
(e.g. Myriophyllum spp., Persicaria lapathifolium, Ludwigia peploides, Juncus usitatus) and areas with
species that are adapted to short hydroperiods (e.g. Epaltes australis, Centipeda minima, Glinus
lotoides) (Roberts and Marston 2000; Nicol 2004).
Rates of water level rise are not important for flood dependent species and native amphibious
species are adapted to rapid rates of inundation (sensu Nicol 2004). Once there is as little as 5 cm
of water on the floodplain, flood dependent species will not germinate and most terrestrial
species will die within a matter of weeks (Nicol 2004). Most amphibious and all flood dependent
species germinate as water levels are drawn down and the sediment is exposed to the atmosphere
and has high soil moisture (Nicol 2004). Hence, drawdown rates are more important from a
botanical perspective than rates of water level rise and rapid rates of draw down can be offset by
utilising existing wetland structures (e.g. Werta Wert, Lake Littra and Lake Limbra) to provide
areas where there is a slow rate of draw down.
Native flood dependent species are adapted to regular disturbances (i.e. flooding) (Nicol 2004;
Nicol et al. 2010) and operation of the regulator will reinstate periodic disturbances to parts of
the floodplain. Most native flood dependent species are opportunistic and colonise bare soil
after flood waters recede and do not appear to have temperature requirements for germination
(Nicol 2004). Therefore, seasonality of regulator operation will not have an impact on the
response of native species and a diverse community of flood dependent and amphibious species
will recruit in response to regulated flooding regardless of season. However, results from
environmental watering have shown that exotic winter annuals (e.g. Medicago spp., Trifolium spp.,
Sonchus spp.) are more abundant when wetlands dry in winter and Xanthium spp. and Heliotropium
spp. (exotic taxa that grow during warmer months) when wetlands dry in summer (Nicol et al.
2010).
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The recruitment of exotics (pest plants and carp) as a result of regulated flooding poses another
risk; however, these risks are probably no greater than compared to a natural flood with a similar
hydrograph (Nicol 2007; Mallen-Cooper et al. 2008). Competition between native and exotic
plant species on semi-arid floodplains is not well understood with the exception of interactions
between the native Sporobolus mitchellii and exotic Phyla canescens, which will both benefit from
regulated flooding (Taylor and Ganf 2005).
There is a high chance that the abundance of carp will increase as a result of regulator operation
(Mallen-Cooper et al. 2008; Zampatti et al. 2008). The impact of increased carp abundance on
aquatic vegetation in the Chowilla system is unclear. Whilst there is evidence that carp negatively
impact submergent plant communities (e.g. Roberts et al. 1995; Sidorkewicj et al. 1996;
Sidorkewicj et al. 1998; Lundholm and Simser 1999; Kirk and Henderson 2006; Miller and Crowl
2006; Bajer et al. 2009), the majority of studies are either exclusion experiments (which are not
relevant to Chowilla because there are already carp present (Zampatti et al. 2008) or involve
stocking carp in enclosures or mesocosms, which changes their behaviour. Results from an
ongoing study at Brenda Park Wetland (near Morgan), which is an exclusion experiment, showed
very clearly that carp had a negative impact on Myriophyllum verrucosum (the dominant plan in the
wetland) in spring 2009 but in autumn 2010 abundance had severely declined in all treatments
and there was no significant impact of carp (unpublished data). Efforts to exclude adult carp
from wetlands with structures (where it is possible to fit screens), especially in wetlands such as
Werta Wert Wetland where Myriophyllum verrucosum has been recorded (Nicol et al. 2010), may be
a management option.
The distribution of functional groups across the floodplain as a result of regulated flooding is
different from natural flooding (i.e. the distribution of functional groups in 2037 under the
regulated flooding scenario compared with the distribution in 1988 (Figure 9).

However,

hydrological variability will be reinstated at the floodplain scale and the proposed hydrological
regime (outlined at the last operations meeting), in conjunction with operation of the structures
in Hancock Creek (Lake Limbra), Lake Littra and Werta Wert Wetland will result in a diversity
of hydrological regimes across the floodplain. The resultant hydrological diversity will result in a
mosaic of plant communities and functional groups across the floodplain, which represents an
improvement on current condition.

Furthermore, regulated flooding is a more efficient

technique to water large areas of floodplain than pumping and weir pool manipulations.
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Figure 4: Modelled water levels for 10,000 ML day-1 and 40,000 Ml day-1 flow into South Australia under
the regulated flooding scenario (Water Technology 2009).
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WINDS Salinity 2037
Regulator on Chowilla Creek
19.87 m AHD
Operated to maximise benefit
Minimum flows of 10,000 ML day-1

Figure 5: Soil salinity modelled by WINDS for 2037 under the regulated flooding scenario (Overton and Doody 2010).
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Figure 6: Soil salinity modelled by WINDS for 2037 under the do nothing scenario (Overton and Doody 2010).

Nicol et al. (2010)

Chowilla Understorey Vegetation Evaluation

Page 41

____________________________________________________________________________________________

WINDS 2037
Regulator on Chowilla Creek
19.87 m AHD
Operated to maximise benefit
Minimum flows of 10,000 ML day-1

Figure 7: WINDS prediction of tree and understorey condition in 2037 under the regulated flooding scenario (Overton and Doody 2010).
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Figure 8: WINDS prediction of tree and understorey condition in 2037 under the do nothing scenario (Overton and Doody 2010).
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1988
Submergent (k-selected)
Emergent
Amphibious
Flood Dependent
Terrestrial
Salt Tolerant

Only present in groundwater discharge areas

Bare Soil
2009 (includes watering)
Submergent (k-selected)
Emergent
Amphibious*
Flood Dependent*
Terrestrial
Salt Tolerant
Bare Soil
2037 (do nothing)
Submergent (k-selected)
Emergent
Amphibious
Flood Dependent
Terrestrial
Salt Tolerant
Bare Soil
2037 (regulated flooding)
Submergent (k-selected)
Emergent
Amphibious
Flood Dependent
Terrestrial
Salt Tolerant
Bare Soil
Functional Group

Permanent Wetland

Pool Level Littoral Zone

Temporary Wetlands

Low Elevation Floodplain

High Elevation Floodplain

Highland

Figure 9: Historical and potential distribution of functional groups across the Chowilla Floodplain in 1988, present day (including watering) in 2037 under a do nothing
scenario (no pumping or regulated flooding) and in 2037 under a regulated flooding regime (*amphibious and flood dependent species will only be present in wetlands that
have been watered, in contrast to the wetlands that are not watered which will be dominated by terrestrial species, salt tolerant species and bare soil).
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6. Knowledge gaps, further studies and monitoring
•

Review current monitoring protocols to determine which existing sites can be used to
evaluate impact of the regulator and identify areas where gaps exist. Current monitoring
(condition and intervention) provides good spatial coverage of the floodplain; however,
condition and intervention monitoring are collected at different temporal scales.
Condition monitoring is collected annually and intervention monitoring before and after
an intervention. Furthermore, both monitoring programs do not detect the changes in
plant community composition during the drying cycle (sensu Nicol 2004). Condition and
intervention monitoring programs should be combined before regulator operation has
commenced, which will provide quantitative information of vegetation change through
time (before and after regulator operation) and allow the comparison of areas that are
flooded and not flooded and the impact of flood depth and duration on the understorey
plant community (by positioning sites at regular elevation intervals). Extra sites may
need to be established if there are areas or elevations where there are gaps; however,
some sites may not need to be included (especially higher elevation sites or sites that
have the similar plant communities at similar elevations). Furthermore, the understorey
dynamics in red gum, black box and coobah woodlands and lignum shrublands are not
well understood and extra quadrats in these communities would improve our
understanding of the system. The condition and intervention monitoring programs have
proved effective at detecting change through time; nevertheless, they do not detect every
species present and do not detected large-scale changes in distribution of species (or
functional groups) across the floodplain.

•

To assess the change in distribution of species or functional groups across the floodplain
a rapid qualitative vegetation monitoring technique that can assess spatial distribution
across the floodplain needs to be developed. This information can be converted to a
GIS layer and compared to WINDS model outputs, extent of regulated (or natural)
flooding and comparisons of the spatial extent of functional groups through time and in
relation to interventions.

•

The condition and intervention monitoring programs also underestimate the total
number of species present in the Chowilla system and generally do not detect rare
species. O’Malley (1990) and Roberts and Ludwig (1990) established a network of large
quadrats in Chowilla and Val and Floramo (2003) in Kulcurna and Tareena, which were
designed to inventory plant diversity. Periodic surveys of this nature would yield useful
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qualitative information on how the system has changed through time and the status of
species of conservation significance. In addition, it would provide information regarding
species richness of the site and floodplain condition.
•

The impact of regulated flooding on the distribution and abundance of submergent
vegetation is not well understood in the Chowilla system. Extensive beds of submergent
vegetation are present throughout the permanent waterbodies in Chowilla system
(Zampatti et al. 2006a; Zampatti et al. 2006b) and the current distribution is a probably
due to the largely static water levels over the past 10 years (sensu Spence 1982). Water
levels immediately upstream of the regulator will be up to 3 m deeper compared to
normal River Murray pool level for at least two months whilst the regulator is in
operation. It is unknown whether submergent plants will be able to acclimate to or
persist through periods with lower irradiance due to increased water levels. However,
regulated flooding does provide an excellent opportunity to gain information regarding
the light requirements of submergent species in nature.

•

Soil salinity is a key driver of floristic composition and whilst there information available
at the floodplain scale (e.g. AEM surveys and WINDS modelling outputs), site scale
information is not available. To gain site scale information, soil salinity measurements at
selected survey sites need to be undertaken. The information collected could be used to
determine the relationship between salinity and plant community (sensu Hassam 2007),
ground truth AEM and WINDS modelling outputs and define thresholds between
functional group states (Figure 2).

•

Soil moisture is a key driver of floristic composition whilst the floodplain is not
inundated and there is little information regarding the relationships between soil
moisture (and soil water potential) and the plant community. To gain information
regarding soil moisture (and soil water potential) measurements at selected monitoring
sites need to be undertaken.

This information can be used to investigate the

relationships between soil moisture and floristic composition and regulator operation.
•

The seed bank is an important component of floodplain understorey vegetation because
it provides a mechism for plant communities to recover after drought or disturbance.
Floodplain communities usually develop a large and species rich seed bank (sensu Nicol
2004); however, the longevity of the seed bank is unknown and the lack of flooding in
some areas may have resulted in these areas having a depauperate seed bank that may
require multiple flooding events to re-establish. Natural flooding history gradients that
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exist across the Chowilla Floodplain could be utilised to compare floristic composition
of the seed bank in areas with different flooding frequencies (sensu Boulton and Lloyd
1992) to determine if there are areas with depauperate seed banks.

Furthermore

information regarding the seed bank can used to develop predictive models of which
species will recruit as a result of the regulator operation and identify areas that may need
to be protected from grazing or require weed control.
•

The role of understorey vegetation in riverine and floodplain trophodynamics and
nutrient cycling is unknown. The “boom” period of the boom and bust productivity
patterns documented for arid floodplain river systems is largely driven by algal
productivity (Bunn et al. 2006). Most floodplain plants do not germinate until water
levels recede (Cunningham et al. 1981; Nicol 2004); hence, the “boom” in plant
productivity does not occur whilst the floodplain is hydrologically connected to the river.
The draw down period following regulated flooding will provide suitable conditions for a
“boom” in plant productivity (Capon 2003; Nicol 2004; Capon 2005; Capon 2007; Nicol
et al. 2010); however, the fate of the carbon fixed by floodplain vegetation is unknown.
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8. Appendices
Appendix 1: Plant species list of the Chowilla Anabranch system.

Compiled from species lists in

O’Malley (1990), Roberts and Ludwig (1990; 1991), Val and Floramo (2003), Smith and Kenny (2005),
Zampatti et al. (2006a; 2006b) Hassam (2007), Nicol (2007), Marsland et al. (2009) and Nicol et al. (2009) (*
denotes exotic species, # denotes only observed by (O'Malley 1990), % denotes only observed by (Roberts
and Ludwig 1990). Functional groups are based on the functional classification developed by Brock and
Casanova (1997), explanation of functional group abbreviations is outlined in Table 1. Status (state
conservation rating, native or exotic or proclaimed pest plant) as listed in Barker et al. (2005).
Species

Functional
Group

Status

Common pest plant in temporarily

Abutilon theophrasti*

Fd

Acacia ligulata#

Tdr

None

Dryland species

Acacia nyssophylla#

Tdr

None

Dryland species

Acacia oswaldii#

Tdr

None

Dryland species

Acacia stenophylla

Aftw

None

Common riparian tree

Actinobole uliginosum#

Tdr

None

Agrostis avenacea

Fd

Exotic

Comments

None

flooded areas throughout the SAMDB

Not recorded since 1989
Common native of temporarily flooded
areas

Ajuga australis

Tdr

None

Dryland species

Alectryon oleifolium ssp. canescens

Tdr

None

Dryland species

Allocasurina cristata#

Tdr

None

Dryland species

Alopecurus geniculatus*#

Afte

Exotic

Not recorded since 1989

Alternanthera denticulata

Fd

None

Alternanthera nodiflora

Fd

None

Ammania multiflora

Fd

None

Amphibromus nervosa#

Fd

None

Not recorded since 1989

Amyema miquelii

NA

None

Mistletoe

Angallis arvensis*

Tda

Exotic

Not recorded since 1989

Angianthus tomentosus

Sat

None

Uncommon

Arabidella eremigena#

Fd

None

Not recorded since 1989

Arctotheca calendula*

Tdr

Exotic

Winter annual

Aristida contorta#

Tdr

None

Not recorded since 1989

Asperula gemella#

Tda

None

Not recorded since 1989

Asphodelus fistulosus*

Tdr

Exotic

Uncommon

Common native of temporarily flooded
areas, especially areas with clay soils
Common native of temporarily flooded
areas, especially areas with clay soils
Common native of temporarily flooded
areas

Common pest plant in temporarily
Aster subulatus*

Afte

Exotic

flooded areas and on the edges of
permanent water bodies throughout the
SAMDB
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Species

Functional
Group

Status

Comments

Atriplex eardleyae

Tdr

None

Dryland species

Atriplex holocarpa

Tdr

None

Dryland species

Atriplex leptocarpa

Tdr

None

Dryland species

Atriplex limbata

Tdr

None

Dryland species

Atriplex lindleyi

Tdr

None

Dryland species

Atriplex nummularia

Tdr

None

Dryland species

Atriplex pseudocampanulata

Tdr

None

Dryland species

Atriplex semibaccata

Tdr

None

Dryland species

Atriplex stipitata

Tdr

None

Dryland species
Common in temporarily flooded areas on

Atriplex suberecta

Fd

None

the Murray floodplain upstream of
Blanchetown

Atriplex velutinella

Tdr

None

Dryland species

Atriplex vesicaria

Tdr

None

Dryland species

Avena fatua*

Tdr

Exotic

Common terrestrial weed

Azolla filiculoides

Afrf

None

Azolla species difficult to differentiate

Azolla pinnata

Afrf

None

Azolla species difficult to differentiate

Boerhavia dominii#

Tdr

None

Not recorded since 1989

Bolboschoenus caldwellii

E

None

Bolboschoenus medianus

E

None

Brachycome basaltica var. gracilis

Fd

Rare in SA

Common plant in watered areas

Brachycome ciliaris var. ciliaris#

Fd

None

Not recorded since 1989

Brachycome ciliaris var. lanuginosa#

Fd

None

Not recorded since 1989

Brachycome dentata#

Fd

None

Not recorded since 1989

Brachycome linearilobia

Fd

None

Common plant in watered areas

Brassica tournifortii*#

Tdr

Exotic

Bromus arenarius#

Tdr

None

Bromus rubens*

Sat

Exotic

Bulbine semibarbata

Tdr

None

Dryland species

Calandrina eremaea#

Tdr

None

Not recorded since 1989

Callitriche stagnalis*%

Aftl

Exotic

Not recorded since 1989

Vulnerable

Bolboschoenus species are difficult to
differentiate
Bolboschoenus species are difficult to
differentiate

Common terrestrial weed in high rainfall
areas of SA
Not recorded since 1989
Common weed of mildly salt affected
areas

Not recorded since 1989

Callitriche umbonata#

Aftl

Callitris columellaris

Tdr

None

Dryland Species

Callitris glaucophylla

Tdr

None

Dryland Species

Callitris preissii

Tdr

None

Dryland Species

Calocephalus citreus#

Tdr

None

Not recorded since 1989

Calocephalus sonderi#

Tdr

Rare in SA

Not recorded since 1989

Calotis cuneifolia

Fd

None

Common plant in watered areas

in SA
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Species

Functional
Group

Status

Comments

Calotis hispidula

Fd

None

Common plant in watered areas

Calotis porpyroglossa

Fd

None

Common plant in watered areas

Calotis scapigera

Fd

Rare in SA

Common plant in watered areas

Carduus tenuiflorus*

Tda

Exotic

Carrichtera annua*

Tdr

Exotic

Carthamus lanatus*#

Tda

Exotic

Not recorded since 1989

Centaurea melitensis*

Tda

Exotic

Uncommon

Centipeda cunninghamii

Fd

None

Uncommon

Centipeda minima

Fd

None

Common plant in watered areas

Centipeda thespidioides#

Fd

None

Not recorded since 1989

Chara sp.

Sk

None

Chenopodium cristatum#

Fd

None

Not recorded since 1989

Chenopodium curvispicatum

Fd

None

Uncommon

Chenopodium desertorum#

Tdr

None

Not recorded since 1989

Chenopodium murale*

Tda

Exotic

Uncommon

Chenopodium nitrariaceum

Tdr

None

Common floodplain shrub

Chenopodium pumilio

Fd

None

Common plant in watered areas

Chrysocoryne pusilla#

Tdr

None

Not recorded since 1989

Cirsium vulgare*

Tda

Exotic

Citrullus lanatus*

Tdr

Exotic

Convolvulus remotus#

Tdr

None

Conyza bonariensis*

Tda

Exotic

Cotula australis

Aftl

None

Uncommon

Cotula bipinnata*#

Aftl

Exotic

Not recorded since 1989

Cotula coronopifolia*

Aftl

Exotic

Craspedia glauca

Tdr

None

Craspedia pleiocaphala#

Tdr

None

Not recorded since 1989

Crassula colorata var. acuminata#

Tdr

None

Not recorded since 1989

Crassula helmsii

Aftl

None

Crassula peduncularis#

Fd

Rare in SA

Not recorded since 1989

Crassula sieberana ssp. tetramera

Aftl

Endangered

Common on the edges and in shallow

in SA

areas of permanent water bodies

Cressa cretica

Sat

None

Uncommon

Common terrestrial weed in high rainfall
areas of SA
Uncommon, only recorded in
Coppermine after last watering

Submergent, common in shallow areas
in permanent water bodies

Common terrestrial weed in high rainfall
areas of SA
Common on sandy soils at higher
elevations
Not recorded since 1989
Common pest plant in damp situations
throughout the SAMDB

Salt tolerant but requires high soil
moisture.
Common after high winter/spring rainfall,
does not persist into summer very often

Common on the edges and in shallow
areas of permanent water bodies
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Species

Functional
Group

Status

Crinum flaccidum

Tdr

None

Cuscuta campestris*

NA

pest plant in

Proclaimed
SA

Comments
Common on sandy soils at higher
elevations
Parasitic plant, host is usually terrestrial
or flood dependent

Cymbopogon obtectus#

Tdr

None

Not recorded since 1989

Cynodon dactylon*

Tdr

Exotic

Uncommon

Cyperus difformis

Afte

None

Cyperus exaltatus

E

None

Uncommon

Cyperus gilesii

Afte

None

Uncommon

Cyperus gymnocaulos

Afte

None

Cyperus hamulosus

Afte

None

Recorded by DEH in 1997

Cyperus involucratus#

Afte

None

Not recorded since 1989

Cyperus pygmaeus

Aftl

None

Uncommon

Cyperus rigidellus

Afte

None

Recorded by DEH in 1997

Damasonium minus

Afrp

None

Uncommon

Danthonia caespitosa#

Tdr

None

Not recorded since 1989

Danthonia setacea#

Tdr

None

Not recorded since 1989

Daucus glochidiatus#

Fd

None

Not recorded since 1989

Dianella longifolia var. porracea#

Tdr

None

Not recorded since 1989

Digitaria ciliaris*#

Tdr

Exotic

Not recorded since 1989

Diplachne parviflora#

Afte

None

Disphyma crassifolium ssp. clavellatum

Sat

None

Common in Coppermine complex after
watering

Common in and around temporary and
permanent wetlands

Not recorded since 1989
Common floodplain species, especially
in mildly salt affected areas

Dissocarpus paradoxus var. paradoxus

Tdr

None

Uncommon

Dittrichia graveolens*

Tda

Exotic

Common in several watering sites

Dodonea viscosa ssp. angustissima

Tdr

None

Uncommon

Dysphania glomulifera ssp. glomulifera

Tdr

None

Uncommon

Echium plantagineum*

Tdr

Exotic

Winter annual

Eclipta platyglossa

Fd

None

Uncommon

Einadia nutans

Tdr

None

Uncommon

Elatine gratioloides

Aftl

Rare in SA

Uncommon

Eleocharis acuta

E

None

Elodea canadensis*

Sk

pest plant in

Common emergent in shallow areas of
permanent water bodies

Proclaimed
Common in Lock 6 weir pool

SA
Proclaimed
Emex australis*

Tdr

pest plant in

Uncommon

SA
Enchylaena tomentosa

Tdr

None

Common floodplain species
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Species

Functional
Group

Status

Comments

Enneapogon nigricans#

Tdr

None

Not recorded since 1989

Enteropogon acicularis#

Afte

None

Very drought tolerant

Epaltes australis

Fd

None

Common plant in watered areas

Epaltes cunninghamii#

Fd

None

Not recorded since 1989

Eragrostis australasica

Fd

None

Uncommon

Eragrostis dielsii

Fd

None

Common plant in watered areas

Eragrostis elongata#

Fd

None

Not recorded since 1989

Eragrostis lacunaria

Tdr

Rare in SA

Uncommon

Eremophila bignoniifolra#

Aftw

None

Uncommon

Eremophila divaricata

Fd

None

Uncommon

Eremophila sturtii#

Tdr

None

Not recorded since 1989

Eriochiton slceroilenoides

Tdr

None

Uncommon

Erodium botrys*

Tdr

Exotic

Uncommon

Erodium cicutarium*

Tdr

Exotic

Uncommon

Erodium crinatum#

Tdr

None

Not recorded since 1989

Aftw

None

Common floodplain tree

Eucalyptus gracilis

Tdr

None

Dryland species

Eucalyptus largiflorens

Aftw

None

Common floodplain tree

Eucalyptus largiflorens x gracilis hybrid

Aftw

None

Eucalyptus oleosa#

Tdr

None

Not recorded since 1989

Euchiton sphaericus

Tdr

None

Uncommon

Euphorbia drummondii

Fd

None

Common plant in watered areas

Exocarpus aphyllus#

Tdr

None

Not recorded since 1989

Exocarpus sparteus#

Tdr

None

Not recorded since 1989

Exocarpus strictus#

Tdr

Rare in SA

Uncommon

Fimbristylis velata#

Afte

None

Not recorded since 1989

Frankenia cupularis#

Sat

None

Uncommon

Frankenia pauciflora var. gunnii

Sat

None

Eucalyptus camaldulensis var.
camaldulensis

Green hybrid, common floodplain tree
easily confused with E. largiflorens

Increased in abundance on the
floodplain in recent years
Increased in abundance on the

Frankenia serpyllifolia

Sat

None

Galenia pubescens*

Tdr

Exotic

Uncommon

Galenia secunda*

Tdr

Exotic

Uncommon

Glinus lotoides

Fd

None

Glinus oppositfolia#

Fd

None

Glossostigma diadnrum#

Aftl

None

Glycyrrhiza acanthocarpa

Fd

None

Gnaphalium sphaericum#

Tda

None

floodplain in recent years

Difficult to differentiate between Glinus
species
Difficult to differentiate between Glinus
species, not recorded since 1989
Not recorded since 1989
Common in watered areas with,
especially Werta Wert
Not recorded since 1989
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Species

Functional
Group

Status

Comments

Goodenia gracilis

Fd

None

Uncommon

Goodenia fasicularis#

Tdr

None

Not recorded since 1989

Goodenia heteromera#

Fd

Rare in SA

Not recorded since 1989

Grevillea huegelii#

Tdr

None

Not recorded since 1989

Gunniopsis septifraga

Sat

None

Uncommon

Gypsophila australis#

Tdr

None

Not recorded since 1989

Hakea leucoptera#

Tdr

None

Not recorded since 1989

Haloragis aspera

Fd

None

Uncommon

Halosarcia indica ssp. leiostachya

Sat

None

Common in salt affected areas

Halosarcia pergranulata ssp. divaricata

Sat

None

Common in salt affected areas

Sat

None

Common in salt affected areas

Tda

Exotic

Not recorded since 1989

Tdr

None

Not recorded since 1989

Helichrysum bracteatum#

Tdr

None

Not recorded since 1989

Heliotropium amplexicaule*

Tdr

Exotic

Halosarcia pergranulata ssp.
pergranulata
Hedypnois rhagoidioloides*#
Helichrysum apiculatum var.
apiculatum#

Will recruit after flood waters recede,
uncommon in Chowilla
Common pest plant throughout the lower

Heliotropium curassivicum*

Sat

Exotic

Heliotropium europaeaum*

Tdr

Exotic

Heliotropium supinum*

Fd

Exotic

Helipterum corymbiflorum#

Fd

None

Not recorded since 1989

Helipterum floribundum#

Tdr

None

Not recorded since 1989

Helipterum moschatum#

Tdr

None

Not recorded since 1989

Helipterum pygmaeum

Fd

None

Uncommon

Herniaria cinerea*

Tda

Exotic

Uncommon

Herniaria hirsuta*#

Tda

Exotic

Not recorded since 1989

Hordeum glaucum

Tdr

Exotic

Uncommon

Hordeum leporinum*

Tdr

Exotic

Uncommon

Hordeum vulgare*

Tdr

Exotic

Uncommon

Hydrilla verticillata

Sk

Rare in SA

Lock 6 and Isle of Mann growing with

Murray and Darling floodplains
Will recruit after flood waters recede,
common in watered areas
Common in watered areas, easily
confused with H. europaeum

Present in River Murray upstream of

Elodea canadensis
Hypochoeris glabra*

Tdr

Exotic

Uncommon

Hypochoeris radicata*

Tdr

Exotic

Uncommon

Iseotopsis graminifolia

Fd

None

Common in watered areas

Isolepis australiensis

Aftl

None

Uncommon

Isolepis hookeriana

Aftl

None

Common in watered areas

Isolepis platycarpa#

Aftl

None

Not recorded since 1989
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Species

Functional
Group

Status
Vulnerable

Isolepis producta#

Aftl

Isolepis victoriensis

Aftl

None

Ixiolaena leptolepis#

Fd

None

in SA

Comments

Not recorded since 1989
Uncommon
Not recorded since 1989
Common in and around the shallow

Juncus aridicola

Afte

None

areas of permanent water bodies, easily
confused with J. usitatus

Juncus bufonius#

Afte

None

Not recorded since 1989

Juncus pauciflorus#

Afte

None

Not recorded since 1989

Juncus subsecundus#

Afte

None

Not recorded since 1989
Common in and around the shallow

Juncus usitatus

Afte

None

Lactuca saligna*

Tdr

Exotic

Lactuca serriola*

Tdr

Exotic

Lamarkia aurea*#

Tda

Exotic

Not recorded since 1989

Lawrencia glomerata#

Tda

None

Not recorded since 1989

Lepidium fasciculatum#

Tda

None

Not recorded since 1989

Lepidium papillosum#

Tda

None

Not recorded since 1989

Lepidium pseudohyssopifolium#

Tda

None

Not recorded since 1989

Limonium lobataum*#

Sat

Exotic

Not recorded since 1989

Limosella australis

Aftl

None

Lolium rigidum*

Tdr

Exotic

Lophochloa cristata #

Tda

None

Lophochloa pumila#

Tda

None
None

areas of permanent water bodies
Common terrestrial weed in high rainfall
areas of SA
Common terrestrial weed in high rainfall
areas of SA

Common in and around the shallow
areas of permanent water bodies
Common terrestrial weed in high rainfall
areas of SA
Not recorded since 1989
Not recorded since 1989
Common species in and around

Ludwigia peploides ssp. montevidensis

Afrp

Lycium australe

Tdr

None

Uncommon

Lysiana exocarpi ssp. exocarpi

NA

None

Mistletoe

Lythrum hyssopifolia

Fd

None

Uncommon

Maireana apressa#

Tdr

None

Maireana brevifolia

Tdr

None

Maireana erioclada#

Tdr

None

Maireana pentagona#

Tdr

Rare in SA

Maireana pentatropis#

Tdr

None

Maireana pyramidata#

Tdr

None

permanent water bodies

Not recorded since 1989, common
dryland species in the region
Uncommon
Not recorded since 1989, common
dryland species in the region
Not recorded since 1989
Not recorded since 1989, common
dryland species in the region
Not recorded since 1989, common
dryland species in the region
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Species

Functional
Group

Status

Comments

Maireana turbinata

Tdr

None

Uncommon

Malacocera tricornis

Tdr

None

Common dryland species in the region

Malva parviflora*

Tdr

Exotic

Present in large numbers in Werta Wert

Marrubium vulgare*

Tdr

Exotic

Uncommon

Marsilea angustifolia

Afrp

None

Common in watered areas

Marsilea drummondii

Afrp

None

Common in watered areas

Medicago minima*

Tdr

Exotic

Common in watered areas

Medicago polymorpha*

Tdr

Exotic

Common in watered areas

Medicago spp.*

Tdr

Exotic

Melaleuca lanceolata ssp. lanceolata

Tdr

None

Melilotus indica*#

Tdr

Exotic

Mentha australis

Afrp

None

Mesembryanthemum crystallinum*

Sat

Exotic

Mesembryanthemum nodiflorum*

Sat

Exotic

Common in watered areas
Uncommon tree sometimes present on
floodplains
Not recorded since 1989
Uncommon although present in low
numbers in a lot of watered area
Common floodplain weed, especially
after high winter and spring rainfall
Common floodplain weed, especially
after high winter and spring rainfall
Common in watered areas, especially

Mimulus repens

Aftl

None

abundant in Lake Littra and Punkah
Horseshoes

Minuria cunninghamii

Fd

None

Minuria integerrima

Fd

None

Uncommon

Mollugo cerviana

Fd

None

Common in watered areas

Morgania floribunda

Fd

None

Muehlenbeckia florulenta

Aftw

None

Common floodplain shrub

Muehlenbeckia horrida

Aftw

Rare in SA

Uncommon

Myoporum platycarpum

Tdr

None

Dryland tree

Myoporum parvifolium

Tdr

Rare in SA

Uncommon

Myosurus minimus var. australis*#

Fd

Exotic

Not recorded since 1989

Myriocephalus stuartii

Tdr

Exotic

Uncommon

Myriophyllum crispatum#%

Afrp

Myriophyllum papillosum#

Afrp

Rare in SA

Not recorded since 1989

Myriophyllum salsugineum

Afrp

None

Uncommon

Myriophyllum verucossum

Afrp

None

Neatostema apulum*#

Tda

Exotic

Not recorded since 1989

Nicotiana glauca*

Tdr

Exotic

Uncommon

Nicotiana velutina

Tda

None

Uncommon

Nitella sp.

Sk

None

Vulnerable
in SA

Uncommon

Common in watered areas and on the
edges of permanent water bodies

Not recorded since 1989

Common in permanent and watered
areas, especially Werta Wert

Submergent, common in shallow areas
in permanent water bodies
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Species
Nitraria billardierei#

Functional
Group
Tdr

Status
None

Comments
Not recorded since 1989
Submergent, common in shallow areas

Nothoscordum borbonicum*

Tda

Exotic

Nymphoides crenata#

Afrp

Rare in SA

Not recorded since 1989

Olearia pimeloides ssp. pimeloides#

Tdr

None

Not recorded since 1989

Omphalolappula concava#

Tda

None

Not recorded since 1989

Onopordum acaulon*

Tdr

Exotic

Sat

Rare in SA

Uncommon

Osteocarpum salsuginosum#

Sat

None

Not recorded since 1989

Oxalis perennans

Tdr

None

Uncommon

Oxalis pes-caprae

Tdr

Exotic

Pachycornia triandra

Sat

None

Papaver hybridum*#

Tdr

Exotic

Not recorded since 1989

Parapholis incurva*#

Sat

Exotic

Not recorded since 1989

Parietaria debilis#

Tda

None

Not recorded since 1989

Paspalidium jubiflorum#

Afte

None

Osteocarpum acropterum var.
acropterum

in permanent water bodies

Common terrestrial weed in high rainfall
areas of SA

Common terrestrial weed in high rainfall
areas of SA
Common in salt affected areas, currently
increasing in abundance

Not recorded since 1989
Common around the edges of

Paspalum distichum

Afrp

None

permanent water bodies, especially the
main channel

Pentaschistis airoides*#

Tda

Exotic

Persicaria lapathifolium

Afrp

None

Not recorded since 1989
Uncommon
Common around the edges of

E

None

Afrp

Exotic

Phyllanthus lacunaris

Fd

None

Picris squarrosa

Tda

Rare in SA

Uncommon

Tdr

None

Not recorded since 1989

Tdr

None

Not recorded since 1989

Tdr

None

Not recorded since 1989

Plagiobothrys plurisepaleus#

Tda

None

Not recorded since 1989

Plantago cunninghamii#

Tda

None

Not recorded since 1989

Plantago turrifera

Fd

None

Uncommon

Poa fordeana#

Fd

None

Not recorded since 1989

Podotheca angustifolia#

Tdr

None

Not recorded since 1989

Pogonolepis muelleriana#

Sat

None

Not recorded since 1989

Phragmites australis

Phyla canescens*

Pimelea microcephala ssp.
microcephala#
Pimelea trichostachya#
Pittosporum phylliraoides var.
microcarpa#

permanent water bodies
Common floodplain pest plant
throughout the SAMDB
Common in watered areas, especially
Gum Flat and Coppermine Complex
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Species

Functional
Group

Status

Comments

Polycalymma stuartii

Tdr

None

Uncommon

Polycarpon tetraphylla*#

Tdr

Exotic

Not recorded since 1989

Polygonum aviculare*

Tdr

Exotic

Polygonum plebium

Fd

None

Afte

Exotic

Uncommon, except around areas of
human habitation
Common in watered areas, especially
Werta Wert and Brandy Bottle
Widespread, although rarely abundant

Polypogon monspeliensis*

pest plant usually present on the edges
of permanent water bodies

Potamogeton crispus

Sk

None

Common submergent

Potamogeton tepperi#

Sk

None

Not recorded since 1989

Potamogeton tricarinatus

Sk

None

Common submergent

Pratia concolor#

Fd

Rare in SA

Not recorded since 1989

Psoralea tenax

Fd

None

Uncommon

Afte

None

Not recorded since 1989

Fd

None

Common in watered areas

Psuedoraphis spinescens#
Psuedognaphalium luteo-album
Pterocaulon sphacelatum

Fd

None

Uncommon

Ptilotus spathulatus#

Tda

None

Not recorded since 1989

Afrp

None

Not recorded since 1989

Ranunculus peltandrus var.
platycarpus#
Ranunculus pumilio#

Afrp

Ranunculus scleratus*

Afrp

Vulnerable
in SA
Proclaimed
pest plant in
SA

Not recorded since 1989

Weed of national significance, abundant
around the edges of Pilby Lagoon

Rhagodia spinescens

Tdr

None

Uncommon

Rhodanthe polygalifolia

Tdr

None

Uncommon

Ricciocarpus natans%

Afrf

None

Not recorded since 1989

Riechardia tingitana*

Tdr

Exotic

Uncommon

Rorippa eusylis

Fd

None

Uncommon

Rorippa palustris*

Fd

Exotic

Uncommon

Rostraria cristata*

Fd

Exotic

Uncommon

Rostraria pumila*

Fd

Exotic

Uncommon
Locally abundant in Boat Creek and a

Rumex bidens

Afrp

None

few other spots throughout the system in
permanent water bodies

Rumex crispus*#

Afrp

Exotic

Rumex tenax#

Afrp

None

Not recorded since 1989
Not recorded since 1989
Abundant immediately upstream of Lock

Salix babylonica*

E

Exotic

6 in the Main Channel but not common
in the anabranches
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Species

Functional
Group

Status

Comments
Uncommon until 2007-08 and is

Salsola kali

Sat

None

increasing in abundance on salt affected

Salvia verbenaca*#

Tdr

Exotic

Not recorded since 1989

Sarcocornia quinqueflora

Sat

None

Uncommon

Scaevola spinescens#

Tdr

None

Not recorded since 1989

Schismus barbatus#

Tdr

None

areas of the floodplain

Not recorded since 1989
Widespread throughout the system on

Schoenoplectus validus

E

None

the edges of permanent water bodies
but rarely highly abundant

Scleranthus minusculus#

Tda

None

Not recorded since 1989

Sclerolaena brachyptera

Sat

None

Common plant across the floodplain

Sclerolaena decurrens

Tdr

None

Uncommon

Sclerolaena dicantha

Tdr

None

Common dryland species

Sclerolaena divaricata

Tdr

None

Sclerolaena limbata

Tdr

None

Uncommon

Sclerolaena muricata var. muricata

Tdr

None

Uncommon

Sclerolaena muricata var. semiglabra

Tdr

None

Uncommon

Sclerolaena obliquicuspis

Tdr

None

Uncommon

Sclerolaena patenticuspis#

Tdr

None

Not recorded since 1989

Sclerolaena stelligra

Sat

None

Sclerolaena tricuspis

Tdr

None

Senecio cunninghamii

Fd

None

Senecio glossanthus

Fd

None

Common in watered areas

Senecio lautus

Tda

None

Common in watered areas

Senecio pinnatifolius

Fd

None

Common in watered areas

Senecio quadridentatus

Tdr

None

Senecio runcifolius

Fd

None

Common plant in areas of the floodplain
not salt affected

Common plant, increasing in abundance
in recent years
Uncommon
Common in watered areas, especially
Punkah Horseshoes

Common in watered areas
Common in watered areas, especially
Punkah Horseshoes

Senna nemophylla var. platypoda#

Tdr

None

Not recorded since 1989

Sida ammophila

Tdr

None

Not recorded since 1989

Sida intricata

Tdr

None

Uncommon

Silene apetula*#

Tdr

Exotic

Not recorded since 1989

Silene gallica*#

Tdr

Exotic

Not recorded since 1989

Sisymbrium erysimoides*#

Tda

Exotic

Not recorded since 1989

Sisymbrium irio*#

Tda

Exotic

Not recorded since 1989

Solanum esuriale

Tda

None

Common on Monoman Island Floodplain

Solanum lacunarium#

Fd

None

Uncommon

Solanum nigrum*

Tda

Exotic

Uncommon

Solanum oliganthum

Tdr

None

Uncommon
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Species

Functional
Group

Status

Comments

Soliva anthemifolia*#

Tdr

Exotic

Not recorded since 1989

Sonchus asper*

Tda

Exotic

Uncommon

Sonchus oleraceus*

Tda

Exotic

Uncommon

Sonchus tenerrimus*#

Tda

Exotic

Not recorded since 1989

Spergularia diandra*

Sat

Exotic

Spergularia marina*

Sat

Exotic

Salt tolerant species, increasing in
abundance in recent years
Salt tolerant species, increasing in
abundance in recent years
Very small floating plant, easily

Spirodella punctata

Afrf

None

overlooked especially when large
amount of Lemna and Azolla are present
Very small floating plant, easily

Spirodella pusilla

Afrf

None

overlooked especially when large
amount of Lemna and Azolla are present
Common in watered areas and around

Sporobolus mitchelli

Fd

None

Stipa drummondii#

Tdr

None

Not recorded since 1989

Stipa nitida#

Tdr

None

Not recorded since 1989

Stipa scabra ssp. falcata#

Tdr

None

Not recorded since 1989

Stipa scabra#

Tdr

None

Not recorded since 1989

Swainsona greyana

Fd

None

Swainsona microphylla#

Fd

None

Not recorded since 1989

Swainsona microphylla ssp. minima#

Fd

None

Not recorded since 1989

Swainsona oroboides#

Fd

None

Not recorded since 1989

Swainsona phacoides ssp. phacoides#

Fd

None

Not recorded since 1989

Taraxacum officinale*

Tda

Exotic

Uncommon

Tetragonia eremaea

Sat

None
None

the edges of permanent water bodies

Common around the edges of
permanent water bodies

Uncommon
Common in watered areas, especially

Tetragonia tetragonoides

Sat

Teucruim racemosum

Tdr

None

Common in watered areas

Threlkeldia diffusa

Sat

None

Uncommon

Thysanotus baueri#

Tdr

None

Not recorded since 1989

Trachymene cyanopetula

Fd

None

Common in watered areas

Trichanthodium skirrophorum

Coppermine

Sat

None

Uncommon

Triglochin calcitrapum#

E

None

Not recorded since 1989

Triglochin procerum

E

None

Uncommon emergent

Triptilodiscus pygmaeus#

Fd

None

Not recorded since 1989

Typha domingensis

E

None

Urospermum picroides*#

Tdr

Exotic

Not recorded since 1989

Urtica urens*#

Tda

Exotic

Not recorded since 1989

Common in shallow water and around
the edges of permanent water bodies
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Species

Functional
Group

Status

Comments
Common submergent, abundant

Vallisneria spiralis

Sk

None

throughout the system in shallow

Verbena officinalis*#

Tdr

Exotic

Not recorded since 1989

Veronica peregrina ssp. xalapensis*#

Tda

Exotic

Not recorded since 1989

Vittadinia australasica#

Tdr

Vittadinia cervicularis#

Tdr

None

Not recorded since 1989

Vittadinia cuneata#

Tdr

None

Not recorded since 1989

Vulpia muralis*#

Tda

Exotic

Not recorded since 1989

Vulpia myuros*#

Tda

Exotic

Not recorded since 1989

Wahlenbergia communis

Fd

None

Common in watered areas

Wahlenbergia fluminalis

Fd

None

Common in watered areas

Wahlenbergia multicaulis

Fd

None

Common in watered areas

Wahlenbergia tumidifructa

Fd

None

Common in watered areas

Waitzia acuminata#

Tdr

None

Not recorded since 1989

Wilsonia rotundifolia#

Fd

None

Not recorded since 1989

Proclaimed

Common floodplain weed, especially in

Xanthium californicum*

Fd

pest plant in

watered areas and along the edges of

permanent water

Xanthium occidentale*

Fd

Vulnerable
in SA

Not recorded since 1989

SA

permanent water bodies

Proclaimed

Common floodplain weed, especially in

pest plant in

watered areas and along the edges of

SA

permanent water bodies
Uncommon submergent although there

Zanichellia palustris

Sk

Rare in SA

is a large localised population
downstream of Lock 6

Zygophyllum ammophilum#

Tda

None

Not recorded since 1989

Zygophyllum auranitacum#

Tda

None

Not recorded since 1989

Zygophyllum eremaeum#

Tdr

None

Not recorded since 1989

Zygophyllum glaucum#

Tda

None

Not recorded since 1989

Zygophyllum iodocarpum#

Sat

None

Not recorded since 1989
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Appendix 2: Spatial and graphical distribution of plant functional groups across soil classes in a. 2005, b.
2006, c. 2007, d. 2008 and e. 2009.
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Appendix 3: Spatial and graphical distribution of plant functional groups across salinity classes in a. 2005,
b. 2006, c. 2007, d. 2008 and e. 2009.
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Appendix 4: Spatial and graphical distribution of plant functional groups across flood magnitude classes
in a. 2005, b. 2006, c. 2007, d. 2008 and e. 2009.
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