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Executive summary
Tareena Billabong is a ≈44ha terminal oxbow wetland on the Chowilla floodplain in south-western NSW.
The permanently-inundated wetland was selected for disconnection to achieve water savings and
prevent saline outflows from the wetland as part of drought contingency planning in 2007/08. The
Murray-Darling Freshwater Research Centre (MDFRC) was engaged by the then Murray-Darling Basin
Commission (now the Murray-Darling Basin Authority) to monitor Tareena Billabong to observe
changes in environmental condition in order to allow detection of, and response to, risk of
environmental damage.
The ecological indicators monitored at Tareena Billabong included water levels and quality, blue-green
algae, fish, river red gum, understorey vegetation, waterbirds and groundwater. Six 3-monthly surveys
were completed during the monitoring period of 27 November 2007 to 10 March 2009. Monitoring
results were assessed against pre-determined ‘trigger values’ for management intervention based on
Wallace et al. (2007) and DWE (2007).

Water levels and quality
Tareena Billabong was disconnected from Salt Creek in April 2007 with a temporary blockbank. Water
levels in the wetland decreased through evaporation and the majority of the wetland had dried by
November 2007 when MDFRC commenced its monitoring program. Low inflows continued into Tareena
Billabong in December 2007 and January 2008 from a leak in the blockbank that maintained a small
pool of surface water near the inlet. In February 2008 a management decision was made to refill the
wetland by removing some of the sand bags, and by mid-March 2008 the water level within the wetland
had equilibrated with Salt Creek.
The electrical conductivity (EC) of surface water ranged from 252 – 55,860 µS.cm-1@25oC and
exceeded the 5,000 µS.cm-1 (5 ds.m-1) trigger value of DWE (2007) on 29 of 38 sampling occasions,
and the 1000 mg.L-1 (or ≈1,500 µS.cm-1) trigger value of Wallace et al. (2007) on 30 of 38 sampling
occasions.
Surface water pH levels remained above the pH< 6 trigger value for all sites and times (minimum pH
6.87) and was alkaline on 36 of 37 occasions. However, pH levels exceeded 9 on 38% of sampling
occasions due to high rates of photosynthesis within the wetland.
Water temperatures remained above the trigger value of <6oC on all sampling occasions. However,
water temperatures exceeded the trigger value of >30oC on 5 occasions (maximum 34.3oC) on hot days
due to the low thermal buffering capacity of the shallow wetland.
Dissolved oxygen (DO) concentrations remained above the 5 mg.L-1 trigger value for all sampling times
and sites, ranging from 6.43 - 17.52 mg.L-1. Surface water turbidity was relatively high (311 – 567 NTU)
at Tareena Billabong when the wetland was isolated from Salt Creek and comprised only a small and
shallow pool near the inlet. Turbidity decreased to below 200 NTU from March 2008 following refilling.

Blue-green algae
Blue-green algae (BGA) counts exceeded the trigger value of 15,000 cells.mL-1 of Wallace et al. (2007)
for 5 of 18 site-times. However, no confirmed toxin producers (or suspected but unconfirmed toxin
producers) were sampled at counts above 15,000 cells.mL-1.

Fish
Four native and two exotic fish species were sampled at Tareena Billabong in relatively low abundance
from all fish surveys. No rare or threatened fish species were sampled. Large numbers of common carp
(Cyprinus carpio) were trapped within Tareena Billabong following its disconnection in June 2007.
Some fish were harvested commercially at this time, although many thousands more perished in
September 2007 as surface water EC increased.

River red gum
River red gum (RRG) condition at Tareena Billabong was extremely poor. 26 of the 30 monitored trees
contained no foliage throughout the monitoring period and were considered to be dead. Their deaths
are attributed to the extensive soil salinisation in the region around Tareena Billabong.
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Of the four live RRG trees monitored, the trigger point for management intervention was not met as
there was no clear deterioration in tree condition during the monitoring period as a result of wetland
disconnection (Wallace et al. 2007).

Understorey vegetation
A total of 60 plant taxa (51 native and 9 exotic) from six functional groups were sampled at Tareena
Billabong. The sampled understorey vegetation community of Tareena Billabong did not contain rare or
threatened plant species, and hence did not meet the trigger value of Wallace et al. (2007) relating to
the maintenance of aquatic habitat for rare or threatened vegetation species.

Waterbirds
A total of 28 waterbird species were recorded at Tareena Billabong. The lowest abundance (n=26) and
richness (n=5) of waterbirds occurred in December 2007 as the wetland had mostly dried and consisted
of a small fresh pool near the inlet. Following wetland refilling in February and March 2008, waterbird
abundances increased progressively to December 2008 when 4,256 individual waterbirds from 15
species were recorded. High abundances of micro- and macroinvertebrates were observed within
Tareena Billabong following refilling and provide an important food source to waterbirds.
Two waterbird species of conservation significance were recorded at Tareena Billabong including
Caspian Tern (n=4) and Great Egret (n=2).

Groundwater
Groundwater was monitored from two bores located 300-500m to the north-east of Tareena Billabong.
In May/June 2008, the groundwater level was 19.12 mAHD (≈4m below ground surface) and 18.80
mAHD (≈3m below ground surface) at bores GW087581 and GW087582, respectively. These
groundwater levels are considerably higher than the wetland bed level of ≈18.0-8.3 mAHD indicating
that the wetland may receive saline inflows (groundwater EC was ≈80,000 µS.cm-1).

Achieving the study objective
The monitoring program was successful in achieving its objective of assessing the ecological condition
of Tareena Billabong following its disconnection from Salt Creek and during its drying and refilling
phases. One important aspect of the study was the close interaction between the survey team and
managers throughout the period of monitoring. Monitoring results were interpreted against predetermined trigger values and communicated regularly to key managers whereupon they were
distributed more broadly to other managers and stakeholders. This communication was important to
ensure that managers were able to make timely decisions if required based on recent and appropriate
environmental data.

Future management
The occurrence of high salt loads in the landscape surrounding Tareena Billabong and within the
wetland itself is, and will continue to remain, the dominant threat to the ecological values of this site.
Management actions such as drying the wetland are problematic due to potentially greater salinisation
issues. In addition, there are threats to other downstream areas from saline outflows from the wetland.
A further issue that may limit management options at Tareena Billabong is the occurrence of sulfidic
sediments. Reduced sulfur was present in relatively high concentrations at Tareena Billabong (Baldwin
et al. 2007), although the drying event of 2007 did not result in wetland acidification following refilling.
However, it is unclear whether additional drying events may generate quantities of acid that exceed the
buffering capacity of the wetland. Therefore, it is recommended that any future drying event at Tareena
Billabong be accompanied by a more spatially-comprehensive soil monitoring program to better assess
the risks of acidification and allow for a timely management response.
There is no simple solution for the future management of Tareena Billabong. A key challenge is to
manage the threats to the ecological values at this site so that the wetland can continue to provide
ecological services in its salinised landscape, whilst taking into consideration the effects of this
management upon downstream wetlands. As demonstrated in this study, regular monitoring and
effective communication with managers can reduce the risks of environmental damage when
implementing management interventions. However, managing the saline groundwater levels remains
the dominant long-term challenge for this region.
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Introduction
Background
A series of years of low inflows to the Murray River system resulted in drought contingency planning
between the States of the Murray-Darling Basin in April 2007. Part of the adopted measures included
the temporary disconnection of wetlands to reduce evaporation losses. Tareena Billabong was one
wetland selected by the NSW Government for disconnection to achieve water savings.
The Murray-Darling Freshwater Research Centre was engaged by the Murray-Darling Basin
Commission to monitor Tareena Billabong as part of the drought water recovery measures (Contract
No. MD962). On 15 December 2008 (part-way through the monitoring period) the Murray-Darling
Basin Authority (MDBA) absorbed all of the functions of the MDBC which ceased to exist. The
monitoring program remained unchanged during this transition.

Objective of study
The primary objective of the monitoring program was to assess the ecological condition at Tareena
Billabong following its disconnection from Salt Creek and for a minimum period of six months following
refilling. In particular, the monitoring program was designed to provide early detection of changes that
may lead to environmental damage at the wetland.

Monitoring strategy
The monitoring strategy involved assessing monitoring results against pre-determined ‘trigger values’
for management intervention (Wallace et al. 2007; DWE 2007). These trigger values reflected levels at
which environmental damage to the wetland ecosystem may be occurring. Results were also
evaluated against previous monitoring times to provide an indication of any direction of change. The
monitoring team liaised closely with managers and stakeholders throughout the project. Water quality
data was disseminated rapidly to managers and stakeholders following its collection (generally within
48 hours) with details of other ecological indicators provided in regular 3-monthly update reports
(McCarthy et al. 2008; McGuffie et al. 2008a,b, 2009).
This final report represents the monitoring that occurred by MDFRC at Tareena Billabong for the
period 27 November 2007 to 10 March 2009. Prior to this time the wetland was monitored by NSW
DECC from May to November 2007, the results of which are reported elsewhere (DECC 2007).

Site description
Tareena Billabong is a 3.3km-long terminal oxbow wetland with a surface area of ≈44ha situated on
the Chowilla floodplain in south-west NSW. The wetland is located approximately 6km from the Murray
River and inflows come from the Murray River via Salt Creek (Figure 1). The water regime at the
wetland was naturally intermittent, but changed to permanent following the construction of Murray
River Weir and Lock 6 in 1930 that elevated the river level. Tareena Billabong is a relatively shallow
wetland of less than 0.5m water depth when maintained by the Lock 6 weir pool level (Baldwin et al.
2007). The use of the nearby Lake Victoria as a water storage has also altered the groundwater
dynamics in this area, with elevated saline groundwater levels impacting significantly upon the
floodplain ecosystem (e.g. Howles and Marsden 2003).

Recent wetland hydrology
A decision was made in April 2007 to disconnect Tareena Billabong from Salt Creek and the Lock 6
weir pool of the River Murray. In addition to the purpose of achieving water savings through reduced
evaporation losses, the disconnection provided managers with an ability to control the flow of saline
water from the wetland back to the Murray River during any lowering of the Lock 6 weir pool.
A blockbank was constructed of sand bags in June 2007 at a narrow point along the inlet to Tareena
Billabong (close to Salt Creek) to disconnect the wetland from Salt Creek and the Murray River. Water
levels within the wetland decreased through evaporation and the surface area of the wetland
contracted significantly (DECC 2007). The majority of the wetland dried completely with the exception
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of a relatively small pool of water near the inlet that was being maintained by a small leak in the sand
bags. It was at this stage in November 2007 that MDFRC commenced the monitoring program
detailed in this report.

A
Tareena
Billabong

Salt
Creek

Murray
River

N
2 km
GW087582

B
Tareena Billabong
T2

GW087581

T1

T3
Inlet
S2
S1

T1A

Regulator
Terminal
end

N

Salt Creek

0.5 km
Figure 1. Tareena Billabong (A) in its regional setting and (B) in detail, with sampling sites for
Tareena Billabong (yellow) and Salt Creek (pink) shown. The locations of two groundwater bores
are shown in (B).
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Methods
Ecological indicators and sampling schedule
The ecological indicators monitored as part of this program were determined by the protocol for
assessing wetlands selected for disconnection (Wallace et al. 2007) and additional input from NSW
Government agencies and the MDBC. The times of monitoring of each ecological indicator are shown
in Table 1. An important feature of the monitoring program was flexibility related to the frequency and
duration of monitoring of the ecological indicators given uncertainties related to (a) the timing of
wetland drying and refilling, and (b) the potential for acidification of Tareena Billabong upon drying and
refilling.
Six 3-monthly surveys were completed during the monitoring period of 27 November 2007 to 10 March
2009.
Table 1. Schedule of monitoring at Tareena Billabong.

Sulfidic sediments
There were initial concerns relating to the occurrence of sulfidic sediments at Tareena Billabong prior
to disconnecting and drying the wetland. The occurrence of sulfidic sediments and risks of acidification
of Tareena Billabong were assessed by MDFRC and are reported separately (Baldwin et al. 2007).

Water levels and quality
Water level was measured from referenced (mAHD) gauges located either side of the regulator at the
inlet. For water quality, electrical conductivity (µS.cm-1 @ 25oC), pH, temperature (oC), dissolved
oxygen (mg.L-1) and turbidity (NTU) were measured in-situ at four sites within Tareena Billabong and
at two sites in Salt Creek (Figure 1). The sampling frequency ranged from twice-weekly to fortnightly
depending upon local conditions and requests by the client.
Water quality trigger values were established by DWE (2007) and Wallace et al. (2007), as shown in
Table 2. Managers were advised when monitoring results reached or exceeded these trigger values.
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Table 2. Water quality trigger values for management notification.
Variable
Temperature
Dissolved oxygen
pH
Electrical conductivity

DWE (2007)
<6 / >30oC
<5 mg.L-1
<6 / >9
>5,000 µS.cm-1

Wallace et al. (2007)
<2 mg.L-1
<6
>1,500 µS.cm-1

Blue-green algae
Phytoplankton samples of 0.2 L were obtained at 0.2 m water depth at three sites (T1 – T3) every
three months when surface water was present. Samples were preserved at the point of collection with
the addition of 5 mL Lugol’s solution. Blue-green algae species were identified and counted by
AlgaeTest Consulting (Malgorzata Przybylska). The trigger value for management notification was
when BGA counts exceeded 15,000 cells.mL-1 (Wallace et al. 2007).

Fish
The fish community within the wetland was surveyed with fyke nets every three months. Electrofishing
was not undertaken due to the high salinity of the wetland. For each sampling occasion, two large fyke
nets and two small fyke nets were deployed overnight at each of three sites (T1-T3). Large fyke nets
(30mm stretched mesh) had a single wing (8m x 0.65m) attached to the centre of the first of seven
supporting hoops (Ø = 0.55m). Small fyke nets (<1mm stretched mesh) had dual wings (each 2.5m x
1.2m) with three supporting hoops (Ø = 0.55m) in the main body of the net. A rigid plastic grid with
square openings (5cm x 5cm) was attached to the first support hoop on the small fyke nets to exclude
large fish. The times of deployment and hauling were recorded for each net, and sets were generally
around 17h (range of 15 – 22h). All fish captured were identified to species level (McDowell 1996;
Lintermans 2007) (with the exception of Hypseleotris spp.: see Bertozzi et al. 2000) and counted.
Native fish (and any bycatch) were returned alive to the water at the point of capture, while non-native
fish were euthanized with AQUI-S solution and buried as per ethics requirements.

Tree vegetation
The condition of 30 river red gum trees was assessed every 3 months (transects of 10 trees at each of
sites T1–T3). Trees containing foliage (i.e. live leaves) were preferentially selected at each site given
that the purpose of the monitoring program was to monitor potential decline in tree condition.
However, only 4 of 30 trees contained foliage at the commencement of monitoring.
Tree condition was assessed using the measures of crown cover, new growth and bark condition. For
each tree, the amount of foliage present (crown cover) was assessed relative to the hypothetical
carrying capacity of that tree given its existing branching structure. In the field, this entailed (a) viewing
the branching structure of the tree, (b) visualising the maximum amount of foliage (100%) that could
be supported by that branching structure assuming the tree was in full health, and (c) calculating the
amount of existing foliage (%) relative to the carrying capacity of that tree. Independent scores to the
nearest 5% interval were obtained by two observers. The mean score was obtained and the tree
assigned to the appropriate category of Table 3.
Table 3. Categories of crown condition (from Wallace et al. 2007).
Category
0
1
2
3
4
5

Description
No crown or sparse dead leaves (dead or near dead)
Full or substantial crown of dead leaves (near dead)
Sparse crown of live leaves (highly stressed)
Minimal cover (stressed)
Moderate cover (moderately stressed)
Full cover (healthy)

% cover
0%
0%
<10%
10-25%
26-75%
76-100%

The amount of new growth (new leaves or epicormic growth) was assessed relative to the biomass of
foliage at the time of the survey. Independent scores to the nearest 5% interval were obtained by two
observers. The mean score was obtained and the tree assigned to one of the categories of Table 4.
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Table 4. Categories of new growth (from Wallace et al. 2007).
Category
0
1
2
3
4

Description
None
Sparse
Minimal cover
Moderate cover
Dense cover

% cover
0%
<10%
10-25%
26-75%
76-100%

Bark condition was assessed as being of one of three categories (Table 5).
Table 5. Categories of bark condition (from Wallace et al. 2007).
Category
0
1
2

Description
No bark (generally long-term dead trees)
Cracked bark
Intact bark

Vertical photo points of each tree were obtained every 3 months to provide a temporal visual record of
each tree. A marker peg was placed in the ground beneath each tree. A Pentax Optio W20 digital
camera was placed in a camera holder containing a bubble float to maintain the camera in a horizontal
plane to obtain a vertical photograph of the tree’s crown. The camera was placed on the marker peg
and shaded to prevent glare on the image. Camera settings were 7.0 megapixel, highest image
quality, fully wide angle, focus on infinity, auto exposure and no flash.

Understorey vegetation
Understorey / aquatic vegetation was monitored at sites T1-T3 every 3 months. At each site, a fixed
15 x 1m2 quadrat (comprising 15 individual cells of 1m x 1m) was established at +60, +30, 0, -30, and
-60cm elevations from the usual waterline using a theodolite and staff. At Tareena Billabong, the
waterline was estimated at each site from bank erosion given that the wetland had commenced drying
prior to the commencement of the monitoring program. In each cell, the presence of plant species was
recorded if the plant was alive and its base occurred within the cell. The frequency of occurrence of
any plant within the 15 cells provided a semi-quantitative measure of abundance.
On the occasions when it was difficult to classify a plant to species level (due to factors such as early
growth stage or no flowers) plants were recorded to genus or family level. Voucher specimens were
obtained for each taxon to aid identification.
The conservation status of each plant species was determined from the NSW threatened species lists
(DEC, 2009) and the Commonwealth List of Threatened Fauna of the Environment Protection and
Biodiversity Conservation Act 1999.
Recorded plant species were classified into one of 15 plant functional groups (Table 6). The
classification of species follows that of Brock and Casanova (1997) and Reid and Quinn (2004).
Species not recorded by either of those studies were assigned to groups based on Cunningham et al.
(1992) and direct field based observations. In some circumstances species have been classified
broadly (e.g. T, instead of Tdr or Tda). This has occurred where species were identified to genus or
family level only.

Waterbirds
Waterbirds were monitored at three sites (T1-T3) by Ecosurveys, Deniliquin (Rick Webster) every 3
months. Waterbird species and their abundances were recorded. Terrestrial bird species were also
recorded when present.

Photo points
Four photo points were established to document visual changes at the wetland. At each photo point, a
landscape image was taken from the top of an established wooden stake every 3 months. The image
obtained from the first sampling time was used to frame subsequent images. The camera was shaded
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to prevent glare on the image. Photographs were taken using the same camera and settings
described for the river red gum vertical photo points.

Groundwater
Groundwater data was collected and provided by NSW DWE. Groundwater levels were continuously
logged at monitoring bores GW087581 (6241413N, 504540E) and GW087582 (6241606N, 504159E)
located adjacent to Tareena Billabong.
Table 6. Understorey vegetation functional groups (based on Brock and Casanova
(1997) and Reid and Quinn (1994)).
Category

Description

S

submerged plants (do not tolerate drying)

Se

submerged emergent

Sk

submerged k selected: slower growth, perennial

Sr

submerged r-selected species: rapid growth, annual

F

Floating, unattached species

AT

amphibious: fluctuation-tolerating species -emergent species (cope with
fluctuations of water presence/absence by enduring the range of water conditions
without major change in morphology or growth)

Ate

species which are mostly monocotyledons (emergent plants that tolerate wetting
and drying)

Atl

species which are all dicotyledons and require damp conditions (low growing
plants that tolerate wetting and drying)

AR

amphibious: fluctuation-responder species - floating species (change their growth
pattern or morphology in response to the presence/absence of water)

Arf

species which have floating leaves in their aquatic phases and also grow stranded
on damp ground (plants with floating leaves when flooded)

Arp

species with various growth characteristics, featuring morphological plasticity
(plants that respond to flooding with different growth forms)

Atw

Amphibious (woody): flood tolerators, woody species

T

terrestrial plants

Tdr

terrestrial :dry (terrestrial plants that typically do not tolerate flooding)

Tda

terrestrial: damp ( terrestrial plants that grow in damp places)
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Results
Water levels
Water levels at Tareena Billabong and Salt Creek were equal in late May 2007 (≈18.41mAHD) before
a temporary blockbank consisting of sand bags was constructed in June 2007 (DECC 2007). Water
levels within Tareena Billabong decreased steadily after the wetland became disconnected from Salt
Ck and the Murray River (DECC 2007). At the commencement of monitoring by MDFRC on 27
November 2007, the majority of Tareena Billabong was dry and the water level in the relatively small
pool of surface water near the inlet was 18.125 mAHD (Figure 2).
Low inflows continued into Tareena Billabong in December 2007 and January 2008 from a leak in the
blockbank, with the rate dependent upon the adjacent water level in Salt Creek. These small inflows
maintained the small pool of surface water near the inlet. The water level in the wetland remained
within the range of 18.11 – 18.14 mAHD until early February 2008 when inflow to the wetland
increased considerably due to a slight raising of the Lock 6 weir pool. A management decision was
made at this time to refill the wetland by removing some of the sand bags, and by mid-March the water
level within the wetland had equilibrated with Salt Creek at 18.335mAHD (Figure 2).
The blockbank remained open from February 2008 until November 2008. In November 2008 an
unknown person(s) reinstated several sandbags and disconnected the wetland from receiving further
inflows, whereupon the wetland began to again draw down. In early December 2008 managers reopened the blockbank by removing several sand bags and the wetland had refilled by 16 December
2008. The blockbank remained open when water quality monitoring ceased on 24 February 2009.

Water level
18.5

Gauge (mAHD)

Tareena Billabong
Salt Creek

18.4

18.3

Majority of
wetland dry
18.2

18.1
Oct-07

Dec-07

Feb-08

Apr-08

Jun-08

Aug-08

Oct-08

Dec-08

Feb-09

Date
Figure 2. Surface water levels (mAHD) at Tareena Billabong and Salt Creek.
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Water quality
Electrical conductivity
Trigger values
Tareena Billabong: The electrical conductivity (EC) of surface water ranged from 252 – 55,860
µS.cm-1@25oC and exceeded the 5,000 µS.cm-1 (5 ds.m-1) trigger value of DWE (2007) on 29 of 38
sampling occasions, and the 1000 mg.L-1 (or ≈1,500 µS.cm-1) trigger value of Wallace et al. (2007)
on 30 of 38 sampling occasions.
Salt Creek: Mean EC ranged from 211 – 605 µS.cm-1@25oC and remained below the DWE (2007)
and Wallace et al. (2007) trigger values.
Surface water electrical conductivity (EC) was relatively high within Tareena Billabong at the
commencement of monitoring by DECC in May 2007 (≈10,000 µS.cm-1) and increased to ≈85,000
µS.cm-1 by November 2007 as the wetland dried (DECC 2007). The mean EC measured by MDFRC
on 30 October 2007 was 55,860 µS.cm-1, and this decreased considerably to fresh conditions when all
of the wetland sites had dried except for the small pool being supplied with fresh water from near the
inlet (Figure 3).
Electrical conductivity at Tareena Billabong gradually increased following refilling as the wetland
remained connected to Salt Ck (Figure 3). There was a temporary increase in mean EC in midNovember 2008 (35,475 µS.cm-1) following the short-term disconnection of the wetland from Salt Ck
and an increase in EC at site T3 near the inlet (Figure 3B). Mean EC decreased in December 2008
after the blockbank was reopened, but increased steadily over the summer period through the evapoconcentration of salts within the wetland.
EC exhibited a gradient of increasing concentration with distance from the inlet throughout the
monitoring period, with more steady rates of increase occurring at more distant sites (Figure 3B). EC
at the terminal site 1A was 78,900 µS.cm-1 at the completion of water quality monitoring on 24/2/09.
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Figure 3. (A) Mean (±1 S.E.) electrical conductivity (µS.cm-1@25oC) of surface water at Tareena
Billabong and Salt Creek, and (B) electrical conductivity at individual sites of Tareena Billabong.
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pH
Trigger values
Tareena Billabong: Surface water pH levels remained above the pH< 6 trigger value of DWE
(2007) and Wallace et al. (2007) for all sites and times. Surface water pH was alkaline on 36 of 37
occasions, with the lowest pH measurement being 6.87 on 10/12/07. However, mean pH levels
exceeded the DWE (2007) trigger value of pH>9 on 14 of 37 sampling occasions, with the highest
measurement of 9.90 occurring on 13/6/08.
Salt Creek: Mean pH levels ranged from pH 7.03 – 8.47 and remained within the acceptable pH
range of 6-9.

Surface water pH at Tareena Billabong was alkaline on 36 of 37 sampling occasions, ranging from pH
6.87 – 9.90. The pH levels within the wetland were consistently higher than for Salt Creek, where pH
ranged from 7.03 – 8.47 over the monitoring period (Figure 4).
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Figure 4. Mean (±1 S.E.) pH of surface water at Tareena Billabong and Salt Creek.
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Water temperature
Trigger values
Tareena Billabong: Surface water temperatures remained above the trigger value of <6oC of DWE
(2007) on all sampling occasions. However, water temperatures exceeded the trigger value of
>30oC on 5 occasions, with the highest mean water temperature recorded being 34.3oC on
22/01/08.
At Salt Ck, surface water temperatures ranged from 10.10 – 27.95oC and remained within the DWE
(2007) acceptable range of 6-30oC.

Surface water temperatures followed seasonal changes in atmospheric temperatures. Water
temperatures at Tareena Billabong were more variable to short-term temperature changes than the
deeper Salt Creek (Figure 5) primarily due to the lower thermal buffering capacity of this relatively
shallow wetland.
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Figure 5. Mean (±1 S.E.) surface water temperatures (oC) at Tareena Billabong and Salt Creek.
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Dissolved oxygen
Trigger values
Tareena Billabong: Dissolved oxygen (DO) concentrations remained above the 2mg.L-1 and 5mg.L1
trigger values of Wallace et al. (2007) and DWE (2007), respectively, for all sampling times and
sites. Mean DO values ranged from 6.43 - 17.52 mg.L-1.
Salt Creek: Mean DO concentrations ranged from 7.15 – 11.04 mg.L-1.
At Tareena Billabong, very high (super-saturated) DO concentrations were recorded on several
occasions. At some of these times, there was visual evidence of algal blooms.
At Salt Creek, DO concentrations were less variable than for Tareena Billabong both within and
between sampling times. The lower dissolved oxygen concentrations generally coincided with higher
water temperatures as the oxygen carrying capacity of water decreases with increasing temperatures
(Figure 6).
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Figure 6. Mean (±1 S.E.) dissolved oxygen (mg.L-1) concentrations at Tareena Billabong and Salt
Creek.
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Turbidity
Trigger values
No trigger values were established for turbidity in Wallace et al. (2007) or DWE (2007).

Surface water turbidity was relatively high (311 – 567 NTU) at Tareena Billabong when the wetland
was isolated from Salt Creek and comprised only a small and shallow pool near the inlet. Turbidity
decreased following refilling and mean values remained below 200 NTU after March 2008. At the
deeper Salt Creek, turbidity remained relatively low with the highest measurement being 183 NTU on
2/12/08 (Figure 7).
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Figure 7. Mean (±1 S.E.) surface water turbidity (NTU) at Tareena Billabong and Salt Creek.
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Blue-green algae
Trigger values
Blue-green algae (BGA) counts exceeded the trigger value of 15,000 cells.mL-1 of Wallace et al.
(2007) for 5 of 18 site-times.
No confirmed toxin producers (or suspected but unconfirmed toxin producers) were sampled at counts
above 15,000 cells.mL-1.
A total of 16 BGA taxa were sampled at Tareena Billabong. Anabaena circinalis was the only potential
toxin producer sampled but was in low abundance (70 cells.mL-1) at one site in December 2007 only.
The suspected but unconfirmed potential toxin producer Planktolyngbya subtilis was sampled in higher
abundance (9,300 cells.mL-1) at one site in December 2007 but was below the 15,000 cells.mL-1
trigger value of Wallace et al. (2007). The total counts of BGA (with counts of the most abundant
taxon) are presented in Table 7.
Table 7. Blue-green algal counts (dominant taxon count in parentheses) at Tareena
Billabong.
Date

Site 1
(cells.mL-1)

Site 2
(cells.mL-1)

Dec07

Site 3A: 980
(840 Anabaena sp.)

Site 3B: 1,180
(900 Pseudanabaena sp.)

Apr08

65,540
(32,500 Pseudanabaena
sp.)

16,300
(8,440 Pseudanabaena sp.)

1,390
(850 Planktolyngbya sp.)

Jun08

1,580
(1,040 Cuspidothrix sp.)

370
(350 Cuspidothrix sp.)

21,860
(21,580 Aphanocapsa sp.)

Aug08

9,170
(8,970 Spirulina sp.)

0

5,190
(2,570 Spirulina sp.)

Nov08

2,900
(1,570 Aphanocapsa sp.)

2,040
(1,390 Aphanocapsa sp.)

74,260
(66,590 Aphanocapsa sp.)

Feb09

380
(380 Aphanocapsa sp.)

42,370
(42,020 Aphanocapsa sp.)

3,110
(680 Planktolyngbya sp.)
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Site 3C: 11,440
(9,300 Planktolyngbya
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Fish
Trigger values
Four native and two exotic fish species were sampled at Tareena Billabong in relatively low
abundance.
The native fish community of Tareena Billabong did not contain rare or threatened fish species, and
hence did not meet the trigger value of Wallace et al. (2007) that involved a requirement for the
maintenance of aquatic habitat as fish refuge.

Common carp deaths following wetland disconnection
Large numbers of common carp (Cyprinus carpio) were observed at Tareena Billabong in 2007
following the construction of the blockbank. Some of these fish were attempting to move out of the
wetland due likely to the increasing surface water salinity. The electrical conductivity (EC) near the
inlet was lower than the remainder of the wetland due to fresh water leaking through the sand bags
(Figure 8).

Figure 8. Common carp at the blockbank attempting to leave Tareena Billabong as salt levels
increased within the wetland. Photo: B.McCarthy, MDFRC, 17 August 2007.

Many of the common carp near the inlet were harvested commercially. However, thousands of
common carp remained within the wetland and died in September 2007 when the increasing EC levels
reached ≈26,000 µS.cm-1(Figure 9). Of several hundreds of skeletons inspected, no native fish were
observed.
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Figure 9. Carcasses of some of the many thousands of common carp lining the edge of Tareena
Billabong during the drawdown of the wetland. Photo: B.McCarthy, MDFRC, 30 October 2007.

Netting Surveys
A total of 710 individual fish from four native and two exotic species were sampled at Tareena
Billabong from six fish surveys (Table 8). None of the fish species sampled was listed as rare or
threatened.
The exotic eastern gambusia was the most abundant species sampled (n=598, or 84% of total catch)
followed by bony bream (n=53), carp gudgeon (n=28), Australian smelt (n=22), common carp (n=8)
and flathead gudgeon (n=1).
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Table 8. Abundance (and size range in parentheses) of fish sampled at Tareena Billabong.
Common Name

Scientific Name

Relative Abundance
Dec07

25
(13-21mm)

Jun082

Aug082

Nov082

Feb092

4
(14-21mm)
6
(17-520mm)
35

71

47

127

164

266

3

6

3

2

3

3

Hypselerotris sp.

Australian smelt

Retropinna semoni

0

Flathead gudgeon

Philypnodon grandiceps

0

Bony bream

Nematalosa erebi

0

Eastern gambusia*

Gambusia holbrooki

Common carp*3

Cyprinus carpio

Richness

Apr08

2

1
(12mm)
1
(20mm)
1
(22mm)
15
(36-50mm)
52
(12-35mm)
1
(400mm)

Carp gudgeon

Abundance

1

1
(17mm)
14
(12-32mm)

0

1
(34mm)

0

6
(16-48mm)

0

1
(27mm)

0

0

0

0

0

0

0

32
(10-37mm)

121
(6-35mm)

(1 observed)

0

162
(10-46mm)
1
(520mm)

38
(67-115mm)
227
(11-31mm)
0

1

Surface water in December 2007 was restricted to the small and relatively fresh pool near the inlet that was being sustained by the leaking sand bags. Due to the small size of pool,
fishing effort was reduced and consisted of 2 x large fyke nets (LFN) and 2 x small fyke nets (SFN). Seine netting was also conducted at this site (sampling 3 common carp only).

2

Wetland had refilled at the time of sampling and fishing effort comprised 2 x LFN and 2 x SFN at each of 3 sites.

3

Numerous adult carp were observed throughout the wetland in April 2008 following wetland refilling, indicating recolonisation of the wetland by this exotic species. In June 2008 a
single common carp was observed at site 3 (near inlet) indicating that the species is likely moving between Tareena Billabong and Salt Ck as EC reaches lethal levels for this species
within the wetland.

*Exotic fish species

Bycatch
Other non-fish species sampled included:
December 2007: one yabby (Cherax destructor) and hundreds of corixids
April 2008: two eastern long-neck turtles (Chelodina longicollis), shrimp and corixids
June 2008: two yabbies and several hundred corixids
August 2008: one yabby and high abundances of the zooplankton Daphnia
November 2008: one yabby and high abundances of the zooplankton Daphnia and corixids
February 2009: no bycatch recorded

Tareena Billabong Drought Contingency Monitoring – Final Report

17

River red gum
Trigger values
River red gum (RRG) condition at Tareena Billabong was extremely poor. 26 of the 30 monitored trees
contained no foliage throughout the monitoring period and are considered to be dead. Their deaths
are attributed to the extensive soil salinisation in the region around Tareena Billabong (details in
groundwater section).
Of the four live trees monitored, the trigger point for management intervention was not met as there
was no clear deterioration in tree condition during the monitoring period as a result of wetland
disconnection (Wallace et al. 2007).

The condition of river red gum at Tareena Billabong was extremely poor throughout the study period, with 26 of
30 (87%) river red gum surveyed having no live foliage during any of the six surveys (Figure 10). The bark
condition for all of these trees was rated as 1 (cracked bark) for most surveys but was recorded as 0 (no bark) in
the final survey as most of the bark had peeled and fallen from the trees. Given that no foliage was observed on
any of these 26 trees in the 14-month monitoring period, and the deteriorated bark condition, it is evident that
these trees are dead.

Crown condition

30
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20
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Aug-08
Nov-08
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10

0
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1

2

3

4

5

Crown Condition Category
Figure 10. Crown condition of river red gums at Tareena Billabong.

Trees with foliage were selectively targeted for the survey, but none fitting this criterion were available at sites T1
or T2. Only four trees with foliage were available for inclusion near site T3. It is probable, therefore, that the
percentage of dead trees at Tareena Billabong exceeds the 87% measured in this survey.
For each of the four trees with foliage, there was variability in the scores of crown condition between times
(Figure 10). However, these changes were not well reflected in the photographs of these trees where there is no
evidence for a clear increase or decrease in the amount of foliage present within the crown during the monitoring
period (Figure 11). The differences are therefore attributed to the variability in scoring (differences over time and
differences between observers) using visual assessments.
Of the four trees with foliage throughout the monitoring period, new growth (1-10%) was recorded at one tree in
December 2007 and at two trees in February 2009. Bark condition was intact at these four trees for all surveys.
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Figure 11. Vertical photographs of the four (1-4) river red gum trees with foliage being monitored at
Tareena Billabong in (A) December 2007, (B) April 2008, (C) June 2008, (D) August 2008, (E) November
2008 and (F) February 2009.

Understorey vegetation
Trigger values
A total of 60 plant taxa from six functional groups were sampled at Tareena Billabong from the six
surveys of understorey vegetation.
The sampled understorey vegetation community of Tareena Billabong did not contain rare or
threatened plant species, and hence did not meet the trigger value of Wallace et al. (2007) relating to
the maintenance of aquatic habitat for rare or threatened vegetation species.
A total of 60 plant taxa (51 native and 9 exotic) were identified at Tareena Billabong from the six surveys. The
most abundant species sampled was the salt-tolerant slender glasswort Sclerostegia tenuis, followed by ruby
saltbush Enchylaena tomentosa and spiny sedge Cyperus gymnocaulos.
Understorey vegetation richness ranged from 11-37 taxa between surveys. The abundance of each taxon for
each sampling time (calculated as the number of cells in which each taxon was recorded from a possible 225
cells) and its functional group are presented in Table 9.
None of the species recorded was listed as threatened from NSW (DEC 2009) or Commonwealth (EPBC Act
1999) legislation.
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Table 9. Understorey vegetation sampled at Tareena Billabong on six sampling occasions. Functional groups
and abundances are presented, and exotic species are highlighted with an asterisk.
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The total abundance of understorey species at each elevation and time (calculated as the summed occurrence
of each species from a maximum possible score of 45 per species) is presented in Figure 12A. The graph
highlights the relatively high abundance of plant species from the quadrats 0cm (water edge) to 60cm above the
waterline compared to quadrats located below the waterline (-30cm and -60cm elevations). A similar pattern
occurred for species richness (Figure 12B). The greatest abundance and richness of understorey vegetation
occurred in June 2008 and August 2008, predominately at the +30 and +60cm elevations.
Vegetation only occurred at the -60cm elevation in December 2007 when the wetland had dried and this quadrat
was exposed (Figure 12A). Five terrestrial taxa were sampled in low abundance at this time and elevation,
including purple burr-daisy Calotis cunefolia, ruby saltbush Enchylaena tomentosa, grass Poaceae, grey
copperburr Sclerolaeana diacantha and star copperburr Sclerolaena stelligula. These taxa are not tolerant to
flooding and were not detected at the -60cm elevation in the subsequent five surveys following refilling.
The salt tolerant slender glasswort Sclerostegia tenuis was the only species sampled at the -30cm elevation.
This species was recorded from all six surveys but only at Site 1 for this elevation. The -30cm quadrat at Site 1
was not inundated following wetland refilling. This most likely occurred due to the wetland being dry when the
quadrats were established and the consequent error in estimating the ‘wetland-full’ water level at this site.
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Figure 12. (A) Abundance and (B) richness of understorey vegetation from fixed quadrats at Tareena
Billabong. Five elevations were surveyed at six times.
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Plant functional groups
The 60 taxa surveyed classified into six of a possible 15 functional groups (Figure 13). No submerged or floating
species were recorded. The majority of taxa (43 of 60) were classified as Tdr (terrestrial dry) which includes
terrestrial plants that typically do not tolerate flooding. Species belonging to this group were mostly located at the
+30 and +60cm elevations. Six taxa were classified as Tda (terrestrial damp) which includes plants that grow at
damp locations. Most of these species were also located at the +30 and +60cm elevations, with the single
exception of the salt-tolerant creeping monkey flower Mimulus repens that was surveyed only at the 0cm
elevation. Of the six taxa classified within the amphibious group, the most abundant was spiny sedge Cyperus
gymnocaulos which was most abundant at the 0cm elevation but also well represented at the +30 and +60cm
elevations.
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Figure 13. Species richness of understorey vegetation by functional group at Tareena Billabong at six
sampling times.

Waterbirds
Trigger values
No trigger values were established for waterbirds in Wallace et al. (2007) or DWE (2007).

A total of 28 confirmed waterbird species were recorded at Tareena Billabong from six surveys. The abundances
of waterbirds for each sampling occasion are listed in Table 10.
The lowest abundance (n=26) and richness (n=5) of waterbirds occurred in December 2007 as the wetland had
mostly dried and consisted of a small fresh pool near the inlet. Following wetland refilling in February and March
2008, waterbird abundances increased progressively to December 2008 when 4,256 individual waterbirds from
15 species were recorded. In March 2009 waterbird abundances had decreased to 867 individuals from 13
species (Table 10). A multivariate analysis of the waterbird communities surveyed at each time highlights the
strong difference between the waterbird community in December 2007 to the other times (Figure 14).
Two waterbird species of conservation significance were recorded at Tareena Billabong including Caspian Tern
(n=4) and Great Egret (n=2) (see Table 10 for further details).
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Figure 14. Ordination of the waterbird community at Tareena Billabong at six sampling times. Stress = 0%.

Terrestrial birds
In addition to the surveying of waterbirds, the occurrence of any terrestrial birds encountered was recorded. A
total of 35 terrestrial birds were recorded across the six surveys at Tareena Billabong, with richness ranging from
8 to 15 species per survey. All terrestrial birds recorded were native and none was considered to be rare or
threatened. A list of terrestrial birds for each survey time is shown in Table 11.
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Table 10. Waterbirds recorded at Tareena Billabong.
Common name

Scientific name

Australasian Grebe
Australasian Shoveler
Australian Pelican
Australian Shelduck
Black Swan
Black-fronted Dotteral
Black-tailed Native-hen
Black-winged Stilt
Caspian Tern1
Chestnut Teal
Dotteral/Plover sp.
Duck sp.
Great Cormorant
Great Egret1,2,3,4
Grey Teal
Hardhead
Hoary-headed Grebe
Little Black Cormorant
Little Grassbird
Masked Lapwing
Pacific Black Duck
Pink-eared Duck
Red-capped Plover
Red-kneed Dotteral
Red-necked Avocet
Royal spoonbill
Sharp-tailed Sandpiper
Silver Gull
Whistling Kite
White-faced Heron

Tachybaptus novaehollandiae
Anas rhynchotis
Pelecanus conspicillatus
Tadorna tadornoides
Cygnus atratus
Elseyornis melanops
Tribonyx ventralis
Himantopus himantopus
Hydropronge caspia
Anas castanea

Abundance
Dec07

Mar08
7

9

237
55
53
7

2

Jun08
67
2
104
47
26
61
2
1
4
18

Sep08
3
1
118
8
1
1
1
1

Dec08
1
3
193
3
1
37

Mar09
44
16
197
32
5
37
1
1

Phalacrocorax carbo
1
Ardea modesta
1
1
Anas gracilis
8
94
464
954
2,325
511
Aythya australis
5
Poliocephalus poliocephalus
139
Phalacrocorax sulcirostris
1
Megalurus gramineus
1
Vanellus miles
30
10
3
1
5
Anas superciliosa
5
13
6
2
51
Malacorhynchus membranaceus
7
5
15
12
11
Charadrius ruficapillus
Erythrogonys cinctus
1
1
3
Recurvirostra novaehollandiae
220
769
1,622
1
Platalea regia
1
Calidris acuminata
7
1
Larus novaehollandiae
1
1
1
Haliastur sphenurus
2
2
Egretta novaehollandiae
Richness
5
12*
15*
19
15
13
Total count
26
502
1,172
1,898
4,256
867
*Confirmed species only; 1Listed within the China Australia Migratory Bird Agreement (CAMBA); 2Listed within the Japan Australia Migratory Bird Agreement (JAMBA); 3Listed as a migratory
4
wetland species within the EPBC Act 1999; Listed as a migratory marine species within the EPBC Act 1999
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Table 11. Terrestrial birds recorded at Tareena Billabong.
Common name

Scientific name

Australian Magpie
Australian Owlet-nightjar
Australian Raven
Australian Ringneck
Black-faced Cuckoo-shrike
Blue Bonnet
Brown Treecreeper
Crested Pigeon
Galah
Grey Butcherbird
Grey Shrike-thrush
Horsfield's Bronze-Cuckoo
Long-billed Corella
Lorrikeet sp.
Magpie-lark
Nankeen Kestral
Noisy Miner
Pallid Cuckoo
Peaceful Dove
Pied Butcherbird
Red-rumped Parrot
Spiny-cheeked Honeyeater
Striped Honeyeater
Superb Fairy-wren
Tree Martin
Wedge-tailed Eagle
Weebill
Welcome Swallow
White-backed Swallow
White-fronted Chat

Occurrence
Dec07

Mar08

Gymnorhina tibicen
Aegotheles cristatus
Corvus coronoides
Barnardius zonarius
Coracina novaehollandiae
Northiella haematogaster
Climacteris picumnus
Ocyphaps lophotes
Cacatua roseicapilla
Cracticus torquatus
Colluricincla harmonica
Chrysococcyx basalis
Cacatua tenuirostris

X

X

Grallina cyanoleuca
Falco cenchroides
Manorina melanocephala
Cacomantis pallidus
Geopelia striata
Cracticus nigrogularis
Psephotus haematonotus
Acanthagenys rufogularis
Plectorhyncha lanceolata
Malurus cyaneus
Hirundo nigricans
Aquila audax
Smicrornis brevirostris
Hirundo neoxena
Cheramoeca leucosternus
Epthianura albifrons
Lichenostomus
penicillatus
White-plumed Honeyeater
Corcorax
White-winged Chough
melanorhamphos
Willie Wagtail
Rhipidura leucophrys
Yellow-throated Miner
Manorina flavigula
Richness

X

X

Jun08

Sep08

Dec08

Mar09

X
X
X

X

X
X
X

X

X
X

X
X
X

X

X
X
X
X

X

X

X
X
X
X

X

X

X

X

X
X

X
X
X
X

X
X

X

X
X
X

X
X
X
X
X

X

X

X
X
X

X

X

X
X
X
X
X

X

X

X

X

X
X
11
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Groundwater
Groundwater data was collected and interpreted by NSW DWE. The following text is based on information
provided by Mark Mitchell (NSW DWE).
The aquifer on the floodplain near Tareena Billabong consists of fine sand and clay to a depth of about 10m
below natural surface based on bore logs (not presented). At depths greater than 10m there is an increase in
grain size of the sand to a fine to medium gravel.
The groundwater flow gradient is towards Tareena Billabong from the north-east. The closest DWE monitoring
bores GW087581 and GW087582 are located approximately 500m and 300m, respectively, to the north-east of
the wetland (Figure 1B). GW087581 is located on the periphery of the floodplain, and GW087582 is located on
the floodplain. In May/June 2008, the groundwater level was 19.12 mAHD (≈4m below ground surface) and
18.80 mAHD (≈3m below ground surface) at GW087581 and GW087582, respectively (Figure 15). These
groundwater levels are considerably higher that the wetland bed level of ≈18.0-8.3 mAHD (based on Figure 2).
The electrical conductivity of the groundwater at each bore is presented in Figure 16. At the time of bore
-1
-1
construction in June 1988, groundwater salinity was 56,550 mg.L and 58,500 mg.L at bores GW087581 and
GW087582, respectively.
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Figure 15. Groundwater hydrographs of bores (A) GW087581 and (B) GW087582 located approximately
500m and 300m, respectively, from Tareena Billabong.
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Figure 16. Electrical conductivity of groundwater in bores GW087581 and GW087582 near Tareena
Billabong.
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Photopoints
Photopoints from sites 1, 2 and near 3 (at inlet) are presented in Figure 16. These images provide a
photographic history of the site and highlight changes in water levels and understorey vegetation over time.

Site 1A

Site 1B

Site 1C

Site 1D

Site 1E
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Site 2A

Site 2B

Site 2C

Site 2D

Site 2E

Inlet A

Inlet E

Figure 16. Photographs at sites 1, 2 & inlet at Tareena Billabong on (A) 4 December 2007, (B) 18 June
2008, (C) 13 August 2008, (D) 20 November 2008 and (E) 24 February 2009.
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Discussion
The monitoring program was successful in its objective of assessing the ecological condition of Tareena
Billabong following its disconnection from Salt Creek and during its drying and refilling phases. One important
aspect of the study was the close interaction between the survey team and managers throughout the period of
monitoring. Monitoring results were interpreted against pre-determined trigger values and communicated
regularly to key managers whereupon they were distributed more broadly to other managers and stakeholders.
This communication was important to ensure that managers were able to make timely decisions if required
based on recent and appropriate environmental data.

Water levels and quality
Surface water within Tareena Billabong was salinised (≈14,000 µS.cm-1) before the wetland was disconnected
from Salt Creek in June 2007 (DECC 2007). Following disconnection to both (a) achieve water savings and (b)
prevent saline outflows to other wetlands due to potential changes in the Lock 6 weir pool level, EC increased to
≈85,000 µS.cm-1 by November 2007 as the wetland dried through evaporation (DECC 2007). When the majority
of the wetland had dried completely, a relatively small pool of fresh water was maintained near the inlet due to a
leak in the sandbags. Therefore, salinity levels mostly well-exceeded the trigger values of ≈1,500 µS.cm-1and
5,000 µS.cm-1 of Wallace et al. (2007) and DWE (2007), respectively, and was not unexpected given the
extensive salinisation impacts in the area.
Following wetland refilling, EC exhibited a gradient of increasing concentration with distance from the inlet. This
gradient is predicted given the mobilisation and transport of salts away from the inlet as the wetland refilled, and
it also conforms to the model of increasing concentration of salts as surface water evaporates. The increase in
EC was steadier with distance from the inlet, given that (a) changes in water level in Salt Creek and (b) winds
can result in the export of saline water from the wetland and import of low-EC water from Salt Creek.
Surface water pH was monitored closely at Tareena Billabong due to the confirmed occurrence of sulfidic
sediments within the wetland (Baldwin et al. 2007). The high net acidity of several sediment cores, and the
variable acid neutralising capacity of the samples, resulted in concerns for the potential acidification of sediments
during wetland drying and consequently of surface water upon refilling (Baldwin et al. 2007). Following the drying
and refilling of the wetland, acidification of surface waters did not occur, indicating that the acid buffering
capacity of the wetland sediments was sufficient to neutralise any acid generated from the drying event on this
occasion.
The pH levels at Tareena Billabong were generally alkaline, and exceeded the trigger value of pH 9 on 38% of
sampling occasions, with the highest measurement being 9.90. These relatively high pH readings may be
attributed to high levels of photosynthesis at the time of sampling (typically early afternoon) by algae
(phytoplankton and potentially periphyton). When CO2 availability becomes limited, these plants use dissolved
carbonates as their source of carbon and the consumption of protons (H+) and the production of hydroxyl ions
(OH-) can increase surface water pH. This model is supported by very high (super-saturated) dissolved oxygen
concentrations on some of the sampling times, and often coincided with visual evidence of phytoplankton
blooms.
Surface water turbidity was relatively high at Tareena Billabong when the wetland was isolated from Salt Creek
and comprised only a small, shallow and fresh pool near the inlet. Turbidity decreased following wetland refilling
and mean values remained below 200 NTU after March 2008. These lower turbidity values may be explained by
the slightly greater water depth within the wetland and reduced susceptibility of wetland sediments to become
resuspended within the water column from wind and wave action. In addition, the high salt concentrations within
the water column following wetland refilling may promote flocculation and increased water clarity (Nielsen et al.
2003).

Blue-green algae
Blue-green algae counts were highly variable both spatially and temporally. Total counts of BGA exceeded the
trigger value of 15,000 cells.mL-1 of Wallace et al. (2007) for at least one site on 4 of the 6 sampling occasions.
However, no confirmed toxin producers (or suspected but unconfirmed toxin producers) were sampled at counts
above 15,000 cells.mL-1 for any sample.
Blue-green algae are a natural feature of wetlands such as Tareena Billabong and play an important role within
food webs by converting sunlight energy into carbohydrate. Given that the surface waters of this wetland are not
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sourced as drinking water (except perhaps by livestock), high BGA counts here are less problematic than for
wetlands accessible to the public.

Fish
Tareena Billabong supported high abundances of common carp prior to wetland disconnection. Following
construction of the blockbank and increasing wetland salinity, hundreds of large common carp were observed at
the inlet trying to move into Salt Creek. Professional fishers collected several tonnes of common carp from this
area as the wetland was drying. Following further draw down of the wetland, it became evident that the biomass
of common carp removed from the wetland was small relative to the total biomass of common carp trapped
within the wetland given the abundance of carcasses subsequently lining the water edge.
Common carp can survive in saline water up to approximately 26,000 µS.cm-1 based on field observations in
both Australia (McCarthy et al. 2003) and internationally (Barraclough and Robinson 1971; Crivelli 1981).
Electrical conductivity exceeded this threshold in Tareena Billabong in September 2007 as water levels
continued to draw down. The thousands of common carp deaths at this time were likely due to the high EC
levels, although influences from other factors such as low dissolved oxygen cannot be discounted. The absence
of large-bodied native species observed during wetland drying, and of carcasses following drying, indicates that
these species were not utilising Tareena Billabong prior to its disconnection.
Following wetland refilling in February/March 2008, Tareena Billabong was again blocked off from Salt Creek for
a brief period in November 2008. Electrical conductivity within the wetland exceeded the ≈26,000 µS.cm-1
threshold for common carp survival at the monitored sites, although no fish deaths were recorded at that time.
This may be due to the creation of a pool of relatively fresh water near the blockbank from a further small leak in
the blockbank, and several common carp were observed within this pool. At this time, the exotic Gambusia
holbrooki was the most abundant fish sampled at Tareena Billabong (162 individuals). This species was sampled
at all sites and at salinities ranging from 27,900 – 35,700 uS.cm-1, indicating its tolerance to high salinity levels.
The abundance and diversity of fish sampled in each Tareena Billabong survey was low, with a mean
abundance and richness of 118 and 3.3, respectively. The results contrast strongly with other regional wetlands
being monitored with a similar fishing effort as part of drought monitoring measures, such as Euston Lakes
(mean abundance of 445 individual fish from 7.3 species per wetland per survey; McCarthy et al. 2009) and
Tumudgery Creek (mean abundance of 1,273 fish from 9.3 species per survey; Durant et al. 2009). The findings
highlight the poor aquatic habitat at Tareena Billabong for fish species, predominately due to the high surface
water salinity. In addition, the shallow water depths of <0.5m and lack of structural habitat mean that fish would
be vulnerable to predation, particularly from birds.

River red gum
River red gum was the dominant tree surrounding Tareena Billabong. However, the condition of river red gum
was extremely poor prior to the commencement of the monitoring program due to extensive soil salinisation
around the wetland. Some river red gums in reasonable condition were located relatively close to Salt Ck where
soil salinisation effects are presumably lower than for the remainder of Tareena Billabong.
Live trees were selectively sought at each sampling site for inclusion within the monitoring program. However,
only four trees with foliage (relatively close to Salt Creek) were located from the sampling sites. Therefore, 26
trees containing no foliage (but generally with small twigs indicating that the tree was either alive or had recently
died) were included in the monitoring program.
The 26 river red gums had no foliage for all six surveys, indicating that these trees were dead. For each of the
four trees with foliage, the observed variability in crown condition between times was not well reflected in the
photographs of these trees where there was no clear evidence for an increase or decrease in the amount of
foliage present within the crown between surveys. The differences are therefore mostly attributed to the
variability in scoring (differences over time and differences between observers) using visual assessments. The
relatively small changes in foliage cover following disconnection indicate that wetland drying did not have a
noticeable effect upon river red gum condition at Tareena Billabong.
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Understorey vegetation
A total of 60 plant taxa from six functional groups were sampled at Tareena Billabong from the six surveys of
understorey vegetation. None of the species sampled was considered threatened based on NSW and
Commonwealth listings, and hence did not meet the trigger value of Wallace et al. (2007) relating to refilling the
wetland to maintain aquatic habitat for these species.
No submerged plant species were sampled at Tareena Billabong. However, the monitoring program commenced
several months after Tareena Billabong had been disconnected from Salt Creek and the -30cm and -60cm depth
quadrats were exposed. Therefore, we cannot determine whether there was a loss of submerged aquatic
vegetation following wetland disconnection. However, there was no visual evidence for the occurrence of
submerged species based on other MDFRC field visits to the wetland in the months prior to its disconnection.
Also, no submerged species were observed to re-establish within the wetland following its refilling.
The understorey vegetation surveyed contained salt tolerant species, with slender glasswort Sclerostegia tenuis
the most abundant species sampled. However, many of the species sampled were not considered to be salt
tolerant. These species occurred at the 0-60cm elevations above the waterline and often occurred on sandy
soils, particularly at site T2. It appears that areas around Tareena Billabong with this soil type are providing
some protection from the extensive soil salinisation occurring at the wetland. One explanation may be that the
porous sands are preventing the vertical mobilisation of salts by capillary action that occurs through the
evaporation of surface soil moisture.
An increase in the abundance and richness of understorey species occurred at the +30 and +60 cm elevations in
June and August 2008, particularly at site T2. This increase is attributed to the germination of terrestrial species
in response to increased soil moisture arising from winter rainfall. Species abundance and richness decreased in
consecutive surveys, indicating that many of these germinants did not recruit.

Waterbirds
The high abundance and diversity of waterbirds at Tareena Billabong following wetland drying and refilling
demonstrate the ecological services this saline wetland is providing for waterbirds. Whilst waterbird monitoring
did not commence until December 2007 when the wetland had mostly dried, waterbirds were not observed in
high numbers from earlier field trips at the wetland when surface water covered most of the wetland (B.
McCarthy, pers. obs.). Following wetland refilling, waterbird abundance and diversity increased over consecutive
surveys and abundance peaked at 4,256 individual waterbirds in December 2008.
The drying and refilling of Tareena Billabong likely stimulated a ‘boom’ in wetland productivity that supported the
high abundances of waterbirds recorded. Drying and then rewetting wetland sediments can result in a pulse of
nutrients to be released from wetland sediments (Baldwin and Mitchell 2000) that fuels a trophic cascade in
energy transfer. Phytoplankton and periphyton may utilise these nutrients and in turn support high abundances
of emerging zooplankton and macroinvertebrates. In August 2008 and November 2008, high abundances of
micro- and macroinvertebrates were observed within Tareena Billabong (and were also sampled in high
abundance as bycatch in the fish nets), and it is logical to surmise that these organisms were being utilised by
waterbirds as a food resource.

Groundwater
Elevated levels of saline groundwater are directly influencing Tareena Billabong, as evident in the extensive soil
salinisation surrounding the wetland and the Chowilla floodplain more generally. Following disconnection of the
wetland from Salt Creek in 2007, it was unclear whether the wetland would dry completely or maintain surface
water in direct connection with the regional groundwater system. The observation that the wetland did dry
completely, with a dry sediment crust forming over the wetland bed, indicates that the groundwater level was
likely at a shallow depth below the wetland bed.
The disconnection and drying of Tareena Billabong in 2007 did not have any noticeable influence on the
groundwater levels in the area. However, its drying did result in an increase in surface water salinity caused by
saline groundwater inflow evaporation.
Any future drying events would result in the same processes occurring as in 2007, although the effects are
difficult to predict. The intrusion of saline groundwater and the impact on the ecological condition of the billabong
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and the surrounding vegetation would be dependent on the elevation of the bed of Tareena Billabong in relation
to the elevation of the groundwater, and the size of the freshwater lens surrounding the wetland.
Preliminary investigations were undertaken in 2003 as part of a major program to design and construct a
groundwater interception scheme to control groundwater levels on the Chowilla floodplain. It was envisaged that
this scheme would reduce saline groundwater inflows to the Murray River and allow the regeneration of natural
vegetation across the Chowilla floodplain (Howles and Marsden 2003). However, there are no current plans to
progress this scheme.

Future management
The occurrence of high salt loads in the landscape surrounding Tareena Billabong and within the wetland itself
is, and will continue to remain, the dominant threat to the ecological values of this site. Management actions
such as drying the wetland are problematic due to potentially greater salinisation issues. In addition, there are
threats to other downstream areas from saline outflows from the wetland and from salt accumulated on the
floodplain more broadly. A long-term strategy to manage accumulated salt is required to minimise future
environmental degradation at Tareena Billabong and the Chowilla floodplain more broadly.
A further issue that may limit management options at Tareena Billabong is the occurrence of sulfidic sediments.
Reduced sulfur was present in relatively high concentrations at Tareena Billabong (Baldwin et al. 2007),
although the drying event of 2007 did not result in wetland acidification following refilling. However, it is unclear
whether additional drying events may generate quantities of acid that exceed the buffering capacity of the
wetland. Therefore, it is recommended that any future drying event at Tareena Billabong be accompanied by a
more spatially-comprehensive soil monitoring program to better assess the risks of acidification and allow for a
timely management response.
There is no simple solution for the future management of Tareena Billabong. A key challenge is to manage the
threats to the ecological values at this site so that the wetland can continue to provide ecological services in its
salinised landscape, whilst taking into consideration the effects of this management upon downstream wetlands.
As demonstrated in this study, regular monitoring and effective communication between researchers and
managers can reduce the risks of environmental damage when implementing management interventions.
However, managing the saline groundwater levels remains the dominant long-term challenge for this region.
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