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Summary 
 

Ecology Australia was commissioned by the Mallee Catchment Management Authority (CMA) to 

undertake the 2020–21 condition monitoring of the Hattah Lakes Icon Site, as part of The Living Murray 

Condition Monitoring Program. Monitoring encompassed the assessment of five vegetation components 

(River Red Gum, Black Box, wetland vegetation communities, floodplain vegetation communities and 

Lignum) as well as waterbirds and fish communities.  

The Living Murray is a joint initiative of the Australian Government and the governments of New South 

Wales, Victoria and South Australia, and was initiated in response to the demonstrable long-term 

decline in the health of the Murray River system (MDBA 2011). The primary goal of the program is to 

achieve a healthy working River Murray system for the benefit of all Australians. The program also aims 

to deliver the objectives and outcomes of the Murray-Darling Basin Plan (MCMA 2021a). 

Monitoring for The Living Murray Condition Monitoring Program began in 2006–07, and has been 

undertaken annually since, with the exception of 2014–15 due to a lack of program funding. A summary 

of the 2020–21 results is provided in Table 1. 

Table 1 Summary of whether ecological objectives have been met for each project 

component for 2020-21 

Component Objective Achieved 
Partially 
achieved 

Not 
achieved 

River Red Gum 

Improve condition and maintain extent 
from baseline (2006) levels of River Red 
Gum (Eucalyptus camaldulensis) to 
sustain communities and processes 
typical of such communities at Hattah 
Lakes Icon Site by 2030 

  

Black Box 

Improve condition and maintain extent 
from baseline (2006) levels of Black Box 
(Eucalyptus largiflorens) to sustain 
communities and processes typical of 
such communities at Hattah Lakes Icon 
Site by 2030 

 



Wetland vegetation 

Improve species richness and abundance 
of native water-dependent floodplain 
and wetland aquatic vegetation at 
Hattah Lakes Icon Site by 2030. 

 



Floodplain vegetation 

Improve species richness and abundance 
of native water-dependent floodplain 
and wetland aquatic vegetation at 
Hattah Lakes Icon Site by 2030. 

 





Lignum 

Improve condition and maintain extent 
from baseline (2006) levels of Lignum 
(Duma florulenta) to sustain 
communities and processes typical of 
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Component Objective Achieved 
Partially 
achieved 

Not 
achieved 

such communities at Hattah Lakes Icon 
Site by 2030 

Waterbirds 

Provide feeding habitat for a range of 
waterbirds, and have successful nesting 
by colonially nesting waterbirds at 
Hattah Lakes Icon Site by 2030. 

 



Fish communities 

Maintain recruitment of populations of 
small bodied native fish and presence of 
large bodied native fish at Hattah Lakes 
by 2030 

Not applicable 

(due to the Wetland and Chalka Creek 
sites being dry in autumn 2021) 

 

River Red Gum 

For the 2020–21 survey period River Red Gum communities saw a decline in the mean percentage of 

trees with a Tree Condition Index (TCI) score of 10 or more. The mean percentage of trees with a TCI ≥10 

fell from 77.33% in 2019–20 to 65.6% in 2020–21 and dropped below the target of TCI ≥70% of trees 

with a TCI of ≥10. However, prior to the 2019–20 survey period, the target was not met for five 

consecutive years (excluding 2014–15 when monitoring was not undertaken). Furthermore, the annual 

mortality rate of River Red Gums was 1.1% in 2020–21, exceeding the target of annual mortality of <1%. 

A mean River Red Gum population status index score of 0.79 was recorded for the current three-year 

period at Hattah Lakes. This narrowly misses the specific target of a J-curve index value of ≥0.8 and 

represents a decline from the 2017–20 index score of 0.89. Though there was substantial recruitment of 

River Red Gums in the 2014–17 period following widespread floodplain inundation at Hattah Lakes, 

recruitment has dropped substantially in the periods since. The population status index target not being 

met is likely a function of increasing time since inundation of the floodplains, in addition to only one 

year of data thus far being collected for the 2020–23 period. Therefore, when the remaining two years 

of data are collected, the population status index may rise above the minimum threshold. 

Given the failure of River Red Gum communities to meet the specific targets for TCI, annual mortality 

rate and population structure index, the objective to “Improve condition and maintain extent from 

baseline (2006) levels of River Red Gum (E. camaldulensis) to sustain communities and processes typical 

of such communities at Hattah Lakes Icon Site by 2030” cannot be considered achieved for 2020–21. 

Black Box 

For the 2020–21 survey period Black Box communities saw a decline in the mean percentage of trees 

with a TCI of 10 or more. In 2020–21 only 38.28% of Black Box trees surveyed exceeded the target of a 

TCI or 10 or more, compared with 54.82% in 2019–20. This represents the seventh consecutive year in 

which the target for TCI was not met for Black Box at Hattah Lakes. In contrast, the target of an annual 

mortality rate of <1% was met for Black Box communities, with a mortality rate of 0.4% for the 2020–21 

season.  
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For the 2020–21 survey period Black Box communities recorded a population structure index value of 

0.86, exceeding the target of a population structure index value of ≥0.8. This represents a continuation 

of the trend of Black Box exceeding this target in every three-year period since the monitoring began.  

In 2020–21 Black Box communities at Hattah Lakes met the specific targets for annual mortality and 

population structure index scores, while failing to meet the target for TCI. Therefore, the objective to 

“Improve condition and maintain extent from baseline (2006) levels of Black Box (E. largiflorens) to 

sustain communities and processes typical of such communities at Hattah Lakes Icon Site by 2030” can 

be considered partially achieved. 

Wetland vegetation communities 

Whole-of-icon-site scores for both species richness and abundance decreased significantly since the last 

monitoring period where the highest scores recorded since monitoring began in 2007–08 were 

achieved. Across the Icon Site, the number of transects compliant with the native water-responsive 

species richness index has decreased from 39% of transects in 2019–20, with 18 compliant transects, to 

9% in 2020–21, with 4 compliant transects. Similarly, native water-responsive species abundance 

compliance across the Icon Site decreased from 33% of transects in 2019–20, with 15 compliant 

transects, to 13% in 2020–21, with 6 compliant transects. Despite this overall decrease, episodic 

wetlands recorded compliant transects for both species richness and abundance for the first time since 

2016–17. 

Some encroachment of drought tolerant species occurred in the semi-permanent and persistent 

temporary wetlands (which were not currently inundated) in the 2020–21 survey period. However, this 

is likely a natural response to increasing time since inundation within ephemeral wetlands. In contrast, 

Lake Kramen which was inundated at the time of surveying, saw an increase in the proportional 

abundance of amphibious species and a decrease in the abundance of drought-tolerant species.  

Although the Icon Site scores for species richness and abundance were relatively low for the 2020–21 

survey period, this may not necessarily be an indication of poor wetland health at Hattah Lakes. 

Wetland vegetation is highly dynamic, responding to wetting and drying cycles with changes in species 

richness and abundance. During the 2020–21 survey period only one wetland site was inundated, with 

the rest likely responding to increasing time since inundation by shifting to a less diverse and abundant, 

drier flora. NMDS ordination indicated this, with the inundated site, Lake Kramen, containing a 

substantially different floristic composition to other wetland sites at Hattah Lakes. Furthermore, sites in 

the semi-permanent wetlands contained a flora which was somewhat distinct from the persistent-

temporary wetlands. Due to an increase in species richness and abundance at the episodic wetlands, the 

objective to “improve species richness and abundance of native water-dependent floodplain and 

wetland aquatic vegetation at Hattah Lakes Icon Site by 2030” can be considered partially met for 2020–

21. 

Floodplain vegetation communities 

Whole-of-icon-site scores show there has been a marked decrease in species richness since the last 

survey where record high levels were recorded (0.26 down from 0.9 last survey period). Icon Site species 

abundance also decreased compared with 2019–20 levels, but this change was not as substantial as that 

for species richness (0.13 down from 0.21). This suggests that the high diversity of species recorded in 
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the last survey period, which were not seen in this period, were likely in lower abundance or highly 

localised given that their decline did not significantly affect species abundance across the Icon Site.  

Interestingly, the spike in species richness which was seen last year did not coincide with an inundation 

event. Given that species richness typically increases in response to inundation events at Hattah Lakes 

this suggests a possible influence of other factors such as inundation drawdown or the timing and 

volume of rainfall events. However, these influences require further investigation and additional 

analyses are recommended to tease apart these relationships. 

The proportional abundance of drought-tolerant species at the often and sometimes-flooded sites 

decreased when compared with the 2019–20 survey period. This was accompanied by gains in the 

abundance of terrestrial damp species and woody amphibious fluctuation tolerators. This represents a 

reversal of the previous trend towards a drier flora following inundation in 2016–18 and may suggest 

the influence of a partial inundation event such as through rainfall. 

Floodplains are highly dynamic and their species richness and abundance respond rapidly to inundation 

events. As such, the relatively low levels of species richness and abundance in this survey period may 

not accurately portray the health of the floodplain communities at Hattah Lakes, rather they are likely a 

symptom of the current stage of the system in a wetting and drying cycle. NMDS ordination revealed 

some distinction between the FRFs in terms of species composition, however there was still significant 

overlap, particularly between the often and sometimes-flooded sites — the rarely-flooded sites being 

the most distinct due to their strong affinity with terrestrial dry species. 

Icon Site scores for richness and abundance decreased from the previous survey, as did the proportions 

of compliant sites in each flood return frequency. This suggests that the objective to “improve species 

richness and abundance of native water-dependent floodplain and wetland aquatic vegetation at Hattah 

Lakes Icon Site by 2030” was not met for 2020–21. 

Lignum 

The site level target for Lignum condition states that more than 70% of Lignum plants at Hattah Lakes 

have a LCI score of ≥4; this target was met for the Lignum Swamp and Woodlands as well as across the 

whole site. Lignum shrubland narrowly missed the target condition, recording 69.5% of plants with an 

LCI score of ≥4. At an Icon Site level, the Icon Site Condition Index scored 0.75 which was also the index 

score in 2019–20. Based on these results, the ecological objective to “Improve condition and maintain 

extent from baseline (2006) levels of Lignum (Duma florulenta) to sustain communities and processes 

typical of such communities at Hattah Lakes Icon Site by 2030” was partially met. 

Waterbirds 

Only one of the 15 surveyed wetlands at the Hattah Lakes Icon Site, Lake Kramen, contained water and 

provided foraging habitat for waterbirds during both the spring and autumn waterbird surveys. All 

waterbirds were observed at Lake Kramen, with the exception of one White-faced Heron (Egretta 

novaehollandiae) and one Masked Lapwing (Vanellus miles) observed at a dry wetland. 

All 11 common waterbirds set out to be recorded annually over the 2020–30 period under the Hattah 

Lakes objectives were recorded between the spring and autumn surveys, all at Lake Kramen. 
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No evidence of current or recent nesting by colonial waterbirds was observed during the spring and 

autumn surveys. Only Black Swans (Cygnus atratus) were observed with cygnets in spring and building 

nests in autumn. 

The overall 10-year objectives to provide feeding habitat for waterbirds and to stimulate successful 

breeding by colonial waterbirds are still on track to be met by 2030 at the Hattah Lakes Icon Site. 

However, nesting may have to be monitored more closely over the coming years to more reliably 

determine breeding success as set out in the objective. 

As a noteworthy observation, the nationally vulnerable Regent Parrots (Polytelis anthopeplus) were seen 

(during the non-waterbird surveys) utilising tree hollows (and likely nesting) at Lake Cantala in spring. 

Fish communities 

Only a small proportion of the fish monitoring sites (i.e. the three Murray River sites) were able to be 

sampled in 2021 because the Wetland and Anabranch (Chalka Creek) sites were dry. Consequently, valid 

2021 comparisons against the fish monitoring targets were unable to be made. 

The three-year drawdown has meant that the fish community of the Hattah Lakes has effectively been 

‘reset’, with the new fish community having to be established by species or their egg or larvae that 

survive being pumped in with environmental water delivery from the Murray River. The timing of the 

filling event in May 2021 is optimal in terms of minimising transfer of Carp (Cyprinus carpio) and Eastern 

Gambusia (Gambusia holbrooki), but is expected to result in an initial fish community that is of low 

diversity and abundance due to a relative lack of native fish eggs, larvae and small fish expected to be 

transferred at that time of year. 

Murray Cod (Maccullochella peelii) at the Riverine sites have continued to recover from the spring 2016 

hypoxic blackwater event. Record high numbers of Murray cod were captured in 2021 (marginally 

eclipsing the autumn 2016 record high), despite the proportion of young of year cod being notably 

lower in 2021 than in other years. 

Record numbers of Golden Perch (Macquaria ambigua) were also captured in 2021 (marginally eclipsing 

the 2019 record high), however numbers were highly variable between sites and the population remains 

dominated by adult fish, with recruitment virtually absent since 2014. The golden perch young of year 

captured in 2021 (i.e. one individual) is the only young of year golden perch captured over the last six 

years of monitoring. 

Several recommendations have been made in terms of potential directions for future analyses. 
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1 Introduction 

Ecology Australia was commissioned by the Mallee Catchment Management Authority (MCMA) to 

undertake the 2020–21 condition monitoring of the Hattah Lakes Icon Site, as part of The Living Murray 

(TLM) Condition Monitoring Program. Monitoring encompassed the assessment of five vegetation 

components (River Red Gum, Black Box, wetland vegetation communities, floodplain vegetation 

communities and Lignum) as well as waterbird and fish communities. 

TLM is a joint initiative of the Australian Government and the governments of New South Wales, Victoria 

and South Australia and was initiated in response to the demonstrable long-term decline in the health of 

the Murray River system (MDBA 2011). The primary goal of the program is to achieve a healthy, working 

river through the accrual and release of environmental flows to benefit the ecology of the system 

(MDBA 2011). To measure the long-term ecological benefits to the Hattah Lakes Icon Site, a monitoring 

program has been in place guided by the Hattah Lakes Environmental Water Management Plan (MCMA 

2021a) and the Condition Monitoring Program plan (MCMA 2021b). This plan has been reviewed 

regularly with the latest review completed in 2020-21. Monitoring for TLM Condition Monitoring 

Program began in 2006–07, and has been undertaken annually since, with the exception of 2014–15 due 

to a lack of program funding.  

In 2020-21 six new River Red Gum sites and four new Black Box sites were established and surveyed at 

Hattah Lakes as part of the tree condition monitoring component of the program. Sites were selected to 

broaden the cover of tree condition monitoring sites with the aim of providing more informative data on 

the outcomes of water management actions. These sites were in addition to the existing 27 River Red 

Gum sites and 18 Black Box sites at Hattah Lakes. Additional parameters for tree condition monitoring 

including mistletoe extent, new tip growth, reproductive extent, leaf die-off and bark cracking which 

were monitored for in previous years were not included in this year’s survey. These parameters have 

been removed from analysis in the revised 2020-21 Condition Monitoring Plan as they were found to 

not provide meaningful data, particularly when collected at a coarse, annual time-scale.  

Reporting for the 2020–21 condition monitoring has been split into two documents. Part A (this report) 

provides the ecological objectives, methods, results and discussion for each of the monitoring 

components, while Part B provides supporting information such as site data, photographs and species 

lists. 
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2 Study Area 

The Hattah Lakes Icon Site is located in northwest Victoria and covers approximately 13,000 ha of lakes 

and floodplain set within the 48,000 ha Hattah–Kulkyne National Park and the Murray–Kulkyne Park 

(MDBA 2012; Figure 1). It is situated within Mildura Rural City local government area and the Mallee 

Catchment Management Authority region, and straddles three bioregions: Robinvale Plains, Lowan 

Mallee and Murray Mallee.  

Hattah Lakes is set within a predominantly agricultural landscape, with extensive irrigated horticulture, 

dryland cropping and stock grazing undertaken on surrounding private land (MDBA 2012). Pastoralism 

and logging in the area which now makes up Hattah-Kulkyne National Park date back as far as 1847. 

Extensive grazing by sheep and rabbits throughout much of the 19th and 20th century led to significant 

damage to native vegetation and soils and in 1915 a sanctuary was established, which eventually led to 

the creation of Hattah-Kulkyne National Park and Murray-Kulkyne Park. Today, the Icon Site continues 

to be threatened by a drying climate, exotic species invasion, grazing, and over-extraction and 

regulation of flows in the Murray River for agriculture, industry and urban use (Butcher & Hale 2011; 

MDBA 2012). 

Hattah Lakes is one of six Icon Sites that are the focus of the TLM program. These sites were chosen 

because of their high ecological and economic value and their cultural and heritage significance to 

Aboriginal people and the broader community (MDBA 2011). Hattah Lakes was selected as a TLM Icon 

Site due to the extent, condition, diversity and habitat value of the lake and floodplain communities, as 

well as the social and cultural importance of the lakes (MDBA 2012). Twelve lakes within the Icon Site 

are Ramsar listed due to their provision of important waterbird refugia and for their significant 

biodiversity values (MDBA 2012). The Hattah Lakes Ramsar site supports a high level of floristic diversity, 

with soil seed bank studies showing a comparable species richness to that of entire floodplain systems 

such as Narran Lakes (Butcher & Hale 2011). The Icon Site also supports over 300 vertebrate species 

(GHD 2009) including an array of fish and bird species which are protected under the Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act) and international migratory bird 

agreements.  
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Figure 1 Boundary of Hattah Lakes Icon Site. 
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2.1 Hydrology 

2.1.1 Murray River 

The River Murray is a highly regulated river with a series of weirs and dams placed in the system from 

the mouth to the source. The regulation and impoundment of sections of the river has restricted the 

natural flow and seasonal hydrological cycle. The lower section of the River Murray between the Murray 

mouth and Mildura (880 km) consists of a series of 11 Locks and their weirpools; each weirpool 

approximately three vertical metres higher than the downstream one. Upstream of Mildura the Locks 

and weirs are further apart with the next weir upstream of Mildura Lock 15 at Euston (approximately 

220 river Kilometres away). 

The large distance between Lock 11 and Lock 15 means that the River Murray flowing past the Hattah 

Lakes Icon Site is relatively unregulated as it is outside the influence of the Lock 11 weirpool. The 

hydrograph of flow downstream of Lock 15 shows similar characteristics to the many parts of the mid to 

lower Murray, with the return period between large peaks increasing since 1993 (Figure 2).  

Historically, the significant trigger point for flows that affect the Hattah Lakes was 38,000 ML/d flow at 

Euston. This flow volume is the level that water entered the lakes system under natural conditions. From 

1975 (earliest historical data)  to 1993, water entered the lakes system in most years, even if this was 

only a small volume to top up some of the lakes. As part of the Living Murray program (TLM), this inflow 

height was lowered in 2013, so that flows of about 23,000 ML/d can be captured. However, since 

completion of the works, apart from the flood of 2016, no flows have been greater than 23,000 ML/d.  

Chalka Creek is the main channel that delivers water through the Hattah Lakes system from the Murray 

River. As part of the Hattah Lakes Works and Measures Program under TLM, the sill level at the inlet to 

Chalka Creek was lowered. Chalka Creek now receives water in ‘natural’ flows when flow in the main 

channel reaches about 23,000 ML/d at Lock 15. This means that apart from the 2016 flood event, all 

water delivered to the lakes has been through pumps. 
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Figure 2 Average daily discharge (ML/day) hydrograph for the Murray River at Colignan 1975–

2021 (source: https://livedata.mdba.gov.au/euston-weir-downstream), with the 

Millennium Drought circled in red. 

2.1.2 Wetland watering history 

The first environmental water delivery took place in 2005/06 with water delivered to Lake Hattah via a 

set of temporary pumps, pumping water into Chalka Creek from the Murray River (Table 2).  This was in 

response to the persisting Millennium Drought (2001 – 2009) and an attempt to prevent complete loss 

of wetland values in some of the Hattah Lakes. This was followed up in 2006/07 with more of the semi-

permanent lakes receiving water and further water in 2009/10. The drought was broken by the flood 

event of 2010/11, but even this did not provide large scale inundation through the lake system. 

A significant change took place following the completion of TLM water delivery infrastructure. This 

allowed more water to be delivered through large permanent pumps, and simulate medium to large 

floods that have been lost as a result of river regulation. Over the last eight years, there have been four 

large inundation events across the floodplain, one targeting Red Gum communities and three targeting 

Black Box communities on the higher terraces of the floodplain.  

The last environmental water was delivered in November 2017, after which the lakes were left to 

drawdown. At the time of sampling, many of the lakes and floodplain had been dry for up to 3 years, 

except for rainfall that may have fallen.  

https://livedata.mdba.gov.au/euston-weir-downstream
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Table 2 The inundation history of the Hattah Lakes from 2001 to 2021. The table reflects conditions at the time of sampling (Spring to Autumn). 

Environmental water was delivered late in Autumn 2021 and is not reflected in the table as it does not have bearing on the collected data 

this year. 2013/14 marks the start of water delivery using the TLM water delivery infrastructure. 

Site 

Flow component achievement over time 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07 

2007-
08 

2008-
09 

2009-
10 

2010-
11 

2011-
12 

2012-
13 

2013-
14 

2014-
15 

2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20 

2020-
21 

                    Height on floodplain 43.65 44.68 D/d 44.51 44.84 D/d D/d 

 

Lake Bulla 
D D D D D D D D W W W-D D W W W-D W W W-D W-D D 

                E U     E E   E/U E       

Lake Hattah 
D D D D W W-D D W-D W W W-D D W W W-D W W W-D W-D D 

        E       E U     E E  E/U E       

Lake Mournpall 
D D D D D W D D W W W-D W-D W W W-D W W W-D W-D D 

          E     E U     E E  E/U E       

Lake Arawak 
D D D D D W W-D D D D D D W W W-D W W W-D D D 

          E             E E  E/U E       

Lake Bitterang 
D D D D D D D D D D D D W W W-D W W W-D W-D D 

                        E E  E/U E       

Lake Brockie 
D D D D D D D D D D D D W W W-D W W W-D D D 

                        E E  E/U E       

Lake Cantala 
D D D D D D D D D D D D D W W-D W W W-D W-D D 

                          E  E/U E       

Lake Konardin 
D D D D D D D D D D D D W W W-D W W W-D D D 

                        E E  E/U E       

Lake Little 
Hattah  

D D D D W W-D D W-D W W W-D D W W W-D W W W-D D D 

        E       E U     E E  E/U E       

Lake Nip Nip 
D D D D D D D D D D D D W W W-D W W W-D D D 

                        E E  E/U E       

Lake Tullamook D D D D D D D D W W-D D D W W W-D W W W-D D D 
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Site 

Flow component achievement over time 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07 

2007-
08 

2008-
09 

2009-
10 

2010-
11 

2011-
12 

2012-
13 

2013-
14 

2014-
15 

2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20 

2020-
21 

                E       E E  E/U E       

Lake Yerang 
D D D D D D D D D W W-D D W W W-D W W W-D D D 

                  U     E E  E/U E       

Lake Yelwell 
D D D D D D D D W W W-D D W W W-D W W W-D D D 

                E U     E E  E/U E       

Lake Boich 
D D D D D D D D W W-D D D W W W-D W W W-D D D 

                E       E E  E/U E       

Lake Lockie 
D D D D W W D W W W W-D D W W  W W D D D 

        E E     E U     E E  E/U E       

Lake Marramook 
D D D D D W W-D D W W-D D D W W W-D W W W-D D D 

          E     E       E E  E/N E       

Lake Roonki 
D D D D D D D D W W-D D D W W W-D W W W-D D D 

                E       E E  E/U E       

Lake Kramen 
D D D D D D D D D W W-D W-D D W W W-D D D W W-D 

                  E       E E E         

 

Key:  D =Dry, W-D = lake in drawdown (no new water delivery), W = Wet (received water) 

             E = Environmental water used, U = Unregulated flows (‘natural’ inflows) 

*  Lake Mournpall and Lake Hattah still contained water during spring. Lake Hattah dried completely in November 2020 and Lake Mournpall in February 2021. 

2.1.3 Environmental water 

Environmental water was not delivered during the monitoring period as field work was completed prior to the Autumn watering event in 2020-21. The last 

delivery of environmental water finished in November 2018, with the lakes remaining in drawdown since then. The lakes were all dry (see footnote above) with 

only Lake Kramen containing water, and drawing down, during the year (Table 2). 
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3 Tree condition 

3.1 Introduction 

Hydrology strongly influences vegetation condition at multiple levels of ecological organisation (i.e. 

individual plants, plant populations and species, vegetation communities and across vegetated 

landscapes). For example, survival, growth and reproduction of individual plants in these environments 

are strongly influenced by past hydrological conditions (e.g. timing, duration of flood events) and 

antecedent conditions (e.g. time since last flood event (Nilsson & Svedmark 2002; Brock et al. 2006)). 

Changes to flooding regimes as a result of river regulation have substantially affected vegetation 

condition along the lower Murray River. In addition, the effects of river regulation have been 

compounded by recent drought (MDBA 2012a).  

River Red Gums (Eucalyptus camaldulensis Dehnh.) are large native trees growing to 40 m high (VicFlora 

2020). This species forms Red Gum Forest and Red Gum Woodland vegetation communities occurring in 

riparian and floodplain areas along the Murray River (MDBA 2012a). River Red Gum communities are 

important habitats and sources of food for birds (including colonial nesters and migratory birds), 

mammals, and reptiles (MDBA 2012a).  

Black Box (Eucalyptus largiflorens F. Muell) trees grow to 20 m high and occur on seasonally inundated 

riverine floodplains (VicFlora 2020). This species is common on the floodplains of the Murray River, 

forming Black Box Woodland where infrequent flooding plays a major role in the recruitment of this 

species (MDBA 2012a). Black Box provides important habitat for both arid and riverine fauna (MDBA 

2012a). 

Assessing the condition of both River Red Gum and Black Box is fundamental to informing progress 

toward the ecological objectives of The Living Murray program across the majority of The Living Murray 

Icon Sites.  The ecological objectives for River Red Gum and Black Box developed and refined in the 

Hattah Lakes Condition Monitoring Plan (CMP) (MCMA 2021b) are; 

Objective HL4 Condition and extent of floodplain vegetation 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (Eucalyptus 

camaldulensis), Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and 

processes typical of such communities at Hattah Lakes Icon Site by 2030. 

The following revised targets have been established in the Hattah Lakes Environmental Water 

Management Plan (MCMA 2021a) relating to River Red Gum and Black Box populations under Objective 

HL4: 

• In standardised transects that span the floodplain elevation gradient and existing spatial 

distribution, ≥70% of River Red Gum trees with Tree Condition Index ≥10, with annual mortality 

<1%. 

• In standardised transects that span the floodplain elevation gradient and existing spatial 

distribution, ≥70% of black box trees with Tree Condition Index ≥10, with annual mortality <1%. 

This report section willassess the crown extent and density of River Red Gum and Black Box populations 

against established targets to estimate tree condition. 
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3.2 Methods 

3.2.1 Tree Condition Index 

A summary of the method for assessing tree condition is provided below. Refer to the Condition 

Monitoring Program design for Hattah Lakes (MCMA 2021b) for a detailed account. The tree condition 

assessment for River Red Gum and Black Box is determined by ground survey, on the basis of a 

determination of the condition of a representative 30 trees from within a particular assessment site. The 

condition of the trees at each site is determined by combining an assessment of crown extent and 

crown density. 

For River Red Gums, tree condition was assessed at 33 transects distributed across the Icon Site, 27 of 

which had already established and six established during the 2020-21 surveys. For Black Box, tree 

condition was assessed at 22 transects across Hattah, including four transects established during the 

2020-21 surveys. Transects are arranged across Hattah Lakes to be representative of the different River 

Red Gum and Black Box communities present, based on Ecological Vegetation Classes (EVCs) and Water 

Regime Classes (WRCs). Consequently, the number of transects located in each EVC/WRC is proportional 

to the relative area of that EVC/WRC. 

Each transect comprised of a minimum of 30 tagged trees (individual tree waypoints can be provided). 

To compensate for the loss of sample trees due to mortality, for each live tree lost a replacement was 

randomly selected (next closest live tree). To indicate a replacement tree, a decimal number shall be 

included on the marker (i.e. tree # 384 is replaced, the new tree will be marked 384.1).  

At each transect, the individual condition of 30 marked trees was measured to provide an on-ground 

assessment of tree condition. All assessments were undertaken by two observers. Assessment of the 

condition of each tree was undertaken by assessing the crown of the tree for crown extent and crown 

density. Each measure was recorded as a percent (to the nearest 5%). Where observer scores differed 

by more than 10% on any one measure, discussion of the variance was undertaken between observers 

and the component re-assessed. In addition to assessing the crown, the diameter of each tree, at breast 

height (1.3 m above the ground) (DBH) for River Red Gum trees was undertaken to determine growth of 

target trees (in alternate years with Black Box condition assessments). At each site, two photos were 

taken from established photo points. Assessments were undertaken during November and December 

2020. 

As per MCMA (2021b), the percentage of sampled trees with a Tree Condition Index (TCI) ≥10 was 

calculated per site and averaged across all sites. Data are presented as the mean proportion of trees (± 

standard error) at each site within Hattah, with a TCI ≥ 10. The Tree Condition Index (TCI) for each tree is 

calculated by adding the scores for both crown extent and density (Table 3) for a maximum possible TCI 

score of 14. For each site, the number of trees in each category is determined and the percent of viable 

(or live) trees with a TCI score ≥10 is calculated. 
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Table 3 Categories used to determine score for Crown extent and Crown density based on 

field assessed percent. 

Percent Score 

0 0 

1-10 1 

11-20 2 

21-40 3 

41-60 4 

61-80 5 

81-90 6 

91-100 7 

 

3.2.2 Tree Mortality Rate 

The total number of newly dead trees in condition monitoring sites was calculated from a comparison of 

the data with the previous year. The percent death rate was calculated by dividing the number of newly 

dead trees from the 2020-21 season by the total number of live trees at the end of the previous year’s 

sampling. 

3.3 Results 

3.3.1 Tree Condition Index 

The proportion of trees with a TCI of 10 or more was calculated for each of the 22 Black Box Tree and 33 

River Red Gum Condition sites within the Hattah study area. The target of 70% for Black Box was not 

met, with 38.28% of sampled trees having a TCI of 10 or more (Figure 3). The target of 70% for River Red 

Gums was also not met, with 65.56% of sampled trees having a TCI of 10 or more (Figure 4). This 

represents the seventh consecutive year of monitoring in which the target for Black Box has not been 

met. For River Red Gums, this year’s survey represents a decline from the previous survey, when 77.33% 

of trees recorded a TCI greater than 10. However, the percentage of Red Gum trees with TCI greater 

than 10 had been below the 70% target for the five surveys prior to 2019-20. 
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Figure 3 Mean percentage (±SE) of Black Box trees with TCI ≥ 10  for each survey period across 

the Black Box Tree Condition sites at Hattah Lakes. An overall target of 70% was used 

to determine if the Hattah Lakes Black Box tree population was healthy and 

sustainable. 

 

 

Figure 4 Mean percentage (±SE) of River Red Gum trees with TCI ≥ 10 for each survey period 

across the River Red Gum Tree Condition sites at Hattah Lakes. An overall target of 

70%  was used to determine if the Hattah Lakes River Red Gum tree population was 

healthy and sustainable. 

Across all sites, the percent of trees with a TCI ≥10 was low for Black Box (Table 4). However, more 

variability was found for Red Gums, where a number of sites had a much higher percent of trees with a 

TCI ≥10 than Black Box sites (Table 4). For example, greater than 90% of trees were recorded with a TCI 
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≥10 at Site R29, while just 9% of trees were recorded with a TCI ≥10 at Site R18. Detailed results relating 

to each site are shown in the Part B report in Figures 3-6 and 9-11 (Palmer et al. 2021).   

Table 4 Percentage of trees with TCI ≥ 10 for each Black Box and River Red Gum Tree 

Condition site at Hattah Lakes for the 2020-21 survey period. 

Black Box % Trees with TCI ≥10 River Red Gum % Trees with TCI ≥10 

B1 H 0% R1 H 17% 

B10 H 0% R10 H 27% 

B11 H 67% R11 H 100% 

B12 H 80% R12 H 97% 

B13 H 58% R13 H 97% 

B14 H 3% R14 H 93% 

B15 H 17% R15 H 57% 

B16 H 43% R16 H 73% 

B17 H 50% R17 H 93% 

B18 H 53% R18 H 50% 

B19 H 17% R19 H 3% 

B2 H 7% R2 H 40% 

B20 H 53% R20 H 23% 

B21 H 70% R21 H 70% 

B22 H 20% R22 H 32% 

B3 H 30% R23 H 70% 

B4 H 53% R24 H 90% 

B5 H 57% R25 H 73% 

B6 H 30% R26 H 43% 

B7 H 67% R27 H 30% 

B8 H 30% R28 H 43% 

B9 H 63% R29 H 7% 

    R3 H 74% 

    R30 H 40% 

    R31 H 40% 

    R32 H 33% 

    R33 H 57% 

    R4 H 97% 

    R5 H 70% 

    R6 H 83% 

    R7 H 97% 

    R8 H 37% 

    R9 H 30% 
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3.3.2 Tree Mortality Rate 

Across both species, there were 11 newly dead trees in condition monitoring sites in 2020-21. This 

translates to a 0.8% mortality rate. For River Red Gums, a mortality rate of 1.1% was recorded, slightly 

above the established target of <1%. For Black Box sites, a mortality rate of 0.4% was recorded, within 

the target of <1%. 
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3.4 Discussion 

Black Box tree condition decreased from the previous year’s survey, decreasing from 54.82% in 2019-20 

to 38.28% in the current period and staying below the target of 70%. However, the long-term trend in 

Black Box condition has been stable since 2015-16. There was a slight decline in condition in 2017-18 

and 2018-19 before improving in 2019-20. Red Gum tree condition declined slightly from 2019-20, 

decreasing from 77.33% to 65.56% in 2020-21, dropping below the target of 70%. With the exception of 

a substantial decline in 2018-19, Red gum condition has also remained stable generally staying above 

50% of trees with TCI greater than 10.  

Variability in tree condition from year to year can be due to a number of factors, including long-and 

short-term inundation histories as well as antecedent environmental conditions. While environmental 

watering may have contributed to increases in condition of both species in 2016-17, environmental 

water was also delivered to Hattah in 2017-18 leading to widespread flooding. However, condition of 

both species decreased in 2017-18. This suggests the delivery of environmental water two years in 

succession may have been too frequent for these species. 

Higher percentages of trees with a TCI score ≥10 were found at Red Gum sites than at Black Box sites. 

This may reflect the proximity of Red Gum sites to river channels and increased capacity to access water, 

while Black Box sites tend to occur at higher elevations. However, this may also be an indication of 

inadequate flooding frequency and duration at Black Box populations, as while Black Box are more 

drought- and salt-tolerant species than Red Gums (George 2004; George et al. 2005) these results may 

be an indication of declining health. 

3.5 Objectives and target attainment 

The target of more than 70% of trees with a tree condition index ≥ 10 was not met for Black Box while 

the annual mortality <1% was met. This suggests the ecological objective to ‘Improve condition and 

maintain extent from baseline (2006) levels of Black Box (E. largiflorens) to sustain communities and 

processes typical of such communities at Hattah Lakes Icon Site by 2030’ is only being partially met in 

terms of tree condition and annual mortality. 

For River Red Gum, neither the target of more than 70% of trees with a tree condition index ≥ 10 or the 

target of annual mortality <1% was met. Considering this, the ecological objective to ‘Improve condition 

and maintain extent from baseline (2006) levels of River red Gum (E. camaldulensis) to sustain 

communities and processes typical of such communities at Hattah Lakes Icon Site by 2030’ is not being 

met in terms of tree condition and annual mortality. 

A summary of target attainment relating to the objectives is provided below in Table 5.. 
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Table 5 Summary of tree condition target attainment in 2020-21 

Objective HL4 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (Eucalyptus 
camaldulensis), Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and processes 
typical of such communities at Hattah Lakes Icon Site by 2030. 

Specific targets Attained 
Partial 
attainment 

Not 
attained 

≥70% of River Red Gum and Black Box trees with Tree Condition Index ≥10: 

• Black Box    

• River Red Gum    

Annual mortality <1%: 

• Black Box    

• River Red Gum    

 

3.6 Recommendations 

The capacity of trees to reproduce and maintain viable populations in the long-term is a key component 

of tree condition. Thus, consideration of indicators associated with reproductive effort (i.e. buds, 

flowers and fruits) in any assessment of tree condition is recommended to provide a more accurate 

indicator of tree condition. Inclusion of such indicators can provide greater insight into tree condition 

assessments and the ability of populations to persist over time.  

Across the floodplains of the Murray River, tree health is intimately associated with the timing, 

frequency and duration of flow events (Roberts & Marsden 2011; Rogers 2011). The provision of flood 

history mapping across all tree condition sites and added scope for further analysis to investigate 

associations between flood histories and tree condition would enable a greater understanding of the 

impacts of flood frequency on tree condition across time. Furthermore, analysis of tree condition in 

relation to flood history would provide valuable insight into how environmental flows are aiding in the 

long-term survival of Black Box and Red Gum populations.  

In addition, groundwater is an important source of moisture for floodplain tree species (Pettit & Froend 

2018; Roberts & Marston 2011). The recommendations put forward by Wood et al. (2018) to monitor 

the quality and depth of groundwater are therefore appropriate and important, especially for 

monitoring and interpreting long-term trends in these communities. 
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4 Population Structure 

4.1 Introduction 

Investigations of population age structure can provide insight into regeneration patterns of plant 

populations and how these populations respond to their environment. However, establishing the age of 

eucalypts in semi-arid regions is problematic, where rainfall and seasonal temperatures constrain the 

production of annual tree rings (cf. George et al. (2005) and references therein). Instead, tree size 

measured as trunk (or bole) diameter is commonly used as a surrogate for tree age, and this approach 

has been used here (George et al. 2005; Roberts & Williams 2004). 

Assessing the population structure of both River Red Gum and Black Box is fundamental to informing 

progress toward the ecological objectives of The Living Murray program. The ecological objective for 

River Red Gum and Black Box developed and refined in the CMP (MCMA 2021b) are: 

Objective HL4 Condition and extent of floodplain vegetation 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (E. camaldulensis), 

Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and processes typical of 

such communities at Hattah Lakes Icon Site by 2030. 

Specific targets outlined in the CMP (MCMA 2021b) for Red Gum and Black Box woodlands under 

objective HL4 are;  

• River red gum follow the appropriate J-curve defined by Smith et al. (1997) in George et al. (2005) 

for tree population structure with an Index value of ≥0.8. 

• Black box follow the appropriate J-curve defined by Smith et al. (1997) in George et al. (2005) for 

tree population structure with an Index value of ≥0.8. 
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4.2 Methods 

Population structure of River Red Gum and Black Box is assessed on a rolling three-year cycle so that 

each year approximately one third of sites are sampled; transects were established in 2006–07, 2007–08 

and 2008–09 (Wood et al. 2018). This method seeks to capture data on the spatial arrangement and age 

(using trunk diameter as a surrogate) of River Red Gum and Black Box along transects set perpendicular 

to key environmental gradients; such as water bodies and elevation (MCMA 2021b). 

For River Red Gums, 14 transects allocated for this year’s monitoring were assessed while for Black Box, 

8 transects allocated for this year’s monitoring were assessed. Population status/structure data was 

collected in November and December 2020. 

At each transect, the Diameter at Breast Height (DBH) of each live River Red Gum or Black Box 10 m 

either side of the transect line was measured and location marked using a GPS (this allows for later 

comparison of transect alignment between previous years). For large trees (> 3 m high), trunk diameters 

were recorded at a height of 1.3 m. For trees with multiple trunks, the DBH of all trunks were measured, 

each converted to a cross-sectional area, the areas totalled, then the total area converted to a proxy 

DBH measurement for comparison to single trunk trees. For smaller trees (< 3 m), seedling and saplings, 

trunk diameter were measured above the tree base and below the first bifurcation. Water Regime Class 

(WRC) strata for each species were allocated as follows: 

• River Red Gum 

o Red Gum Forest (RGF); 

o Red Gum with Flood-Tolerant Understorey (RFGTU); and 

o Fringing Red Gum Woodland (FRGW). 

• Black Box 

o Black Box Swampy Woodland (BBSW); and 

o Riverine Chenopod Woodland (RCW). 

 

4.2.1 Population Status (J curve) 

The change in population structure of trees for both species over time was visualised by plotting the 

square-rooted frequency of DBH, in 15 cm size classes, of all trees surveyed at Hattah Lakes population 

status sites, for each rolling three-year period. This process was repeated for trees with DBH <15 cm, 

with 1 cm size classes. 

Analysis of population status over time followed the methods outlined in MCMA (2021b). As DBH data is 

collected in a rolling three-year schedule, the 2020-23 period so far only contains surveys from 2020-21. 

DBH data for each site were plotted as a histogram, in 15 cm bins, and compared to an ideal reference 

population structure, i.e. an inverse J curve (George et al. 2005). The distance between the observed 

data and the reference data for each site was assessed using Spearman’s rho coefficient (ρ), and a J 

curve index, with a value between 0 and 1, was calculated from rho as follows: 
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Following Robinson (2014), a linear mixed effects model with repeated measures was fitted, to assess 

how the index varied over time, with WRC strata as a fixed effect and site as a random effect nested 

within strata. All calculations were made in R (R Development Core Team 2018). The lme4 package 

(Bates et al. 2015) was used to estimate fitted values for each time period within each stratum and 

standard deviation (SD) was estimated using bootstrapping. The Student’s t-distribution was used to 

calculate 95% confidence intervals from the SD. Differences in the index between time periods were 

examined using the lmerTest package (Kuznetsova et al. 2017), which calculates P-values for the F-test 

using a Satterthwaite approximation for the numerator degrees of freedom. The mean index (± 95% 

confidence intervals) across time periods was plotted to track the status of the population structure for 

both species at the Hattah Icon Site over time, in relation to the minimum threshold of a mean J curve 

index of 0.8 for River Red Gum and Black Box, which is based on previous data and aligns with records at 

the end of the Millennium Drought (Brown et al. 2017). 

4.3 Results 

4.3.1 Black Box 

A mean Black Box population status index of 0.86 (pooling indices between WRCs) was recorded for the 

current three-year period at Hattah Lakes, exceeding the minimum threshold of 0.80 (Figure 5).  

 

Figure 5 Mean population status index (± 95% CI) for Black Box at the Hattah Lakes Icon Site, 

based on correlation with an ideal population structure, the ‘inverse j-curve’. A 

minimum threshold of 0.80 is set for Black Box at Hattah Lakes. Population status 

indices are pooled between WRCs in each survey period. 
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A linear mixed effect model did not detect a significant effect of year on population status index across 

any three-year survey period, with relatively wide confidence intervals for the amount of change 

between periods (Table 6). Water Regime Class (WRC) did not have a significant effect on the degree to 

which Black Box at each site approximated an ideal population structure (P = 0.3; Table 6). 

 

Table 6 Least squares mean index values from a linear mixed effect model exploring the 

effect of WRC on the Black Box population status index at the Hattah Lakes Icon Site, 

over time, with site as a random effect. 

Parameter Index mean Standard error Lower 95% CI Upper 95% CI 

BBSW 0.8360 0.05028 0.7314 0.9406 

RCW 0.9029 0.04360 0.8122 0.9936 

2006–08 0.8485 0.03698 0.7746 0.9224 

2008–11 0.8428 0.03606 0.7707 0.9148 

2011–14 0.8863 0.03544 0.8155 0.9572 

2014–17 0.8613 0.03554 0.7902 0.9323 

2017–20 0.8854 0.03506 0.8153 0.9555 

2020-23 0.8927 0.04101 0.8109 0.9746 

 

Results from the current survey continue the trend found since 2014-2017 of a flatter distribution of 

juvenile Black Box trees (<15 cm), when compared to the sharper J curve distribution observed in 2011–

2014 (Figure 6). 
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Figure 6 Frequency of Black Box trees (square-root transformed) for each DBH size-class (0–

300+ cm) for each three-year period, pooled within the Hattah Lakes Icon Site. 

 

The abundance of juvenile Black Box individuals recorded across all size classes for the current survey 

period was similar to 2008-11. However, lower numbers of juvenile Black Box trees were recorded when 

compared to all other survey periods (Figure 7).  

 

Figure 7 Frequency of Black Box trees (square-root transformed) for each DBH size-class (0–15 

cm) for each three-year period, pooled within the Hattah Lakes Icon Site. 
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4.3.2 River Red Gum 

A mean River Red Gum population status index of 0.79 (pooling indices between WRCs) was recorded 

for the current three-year period at Hattah Lakes, missing the minimum threshold of 0.8 (Figure 8).  

 

Figure 8 Mean population status index (± 95% CI) for River Red Gum at the Hattah Lakes Icon 

Site, based on correlation with an ideal population structure, the ‘inverse j-curve’. A 

minimum threshold of 0.8 is set for River red Gum at Hattah Lakes. Population status 

indices are pooled between WRCs in each survey period. 

 

A linear mixed effects model did not detect a significant effect of year on population status index across 
any rolling survey period, with relatively wide confidence intervals for the amount of change between 
periods (Table 7). A significant effect of WRC was detected, with population status indices significantly 
higher in Red Gum Forest (RFG) compared to Red Gum with a flood-tolerant understorey (P = 0.02;Table 
7). 
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Table 7 Least squares mean index values from a linear mixed effect model exploring the 

effect of WRC on the River Red Gum population status index at the Hattah Lakes Icon 

Site, over time, with site as a random effect. 

Parameter Index mean Standard error Lower 95% CI Upper 95% CI 

FRGW 0.8762 0.02201 0.8320 0.9204 

RFG 0.9451 0.03875 0.8673 1.0229 

RGFTU 0.8108 0.02757 0.7555 0.8661 

2006–08 0.8610 0.02239 0.8167 0.9053 

2008–11 0.8783 0.02097 0.8368 0.9198 

2011–14 0.8699 0.02089 0.8286 0.9113 

2014–17 0.9055 0.02196 0.8621 0.9489 

2017–20 0.8917 0.02055 0.8510 0.9323 

2020-23 0.8585 0.03993 0.7792 0.9371 

 

A flatter distribution was observed when examining the DBH of juvenile River Red Gums (<15 cm) in 
2020–21, when compared to the sharper J curve distribution observed in 2014–2017, when in excess of 
300,000 trees with a DBH of 0–1 cm was recorded (Figure 9). 
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Figure 9 Frequency of River Red Gum trees (square-root transformed) for each DBH size-class 

(0–300+ cm) for each three-year period, pooled within the Hattah Lakes Icon Site. 

 

Lower numbers of juvenile River Red Gums (DBH<15 cm) were observed in the current three-year 
period compared to the previous three survey periods. However, the frequency of juveniles with DBHs 
1-2 cm were similar in the current period when compared to 2011-14 (Figure 10). 

 

 

Figure 10 Frequency of River Red Gum trees (square-root transformed) for each DBH size-class 

(0–15 cm) for each three-year period, pooled within the Hattah Lakes Icon Site. 
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4.4 Discussion 

A Black Box population status index of 0.86 was recorded, above the minimum threshold of 0.80. 

However, this was slightly lower than the previous survey period, when 0.88 was recorded. While 

reduced numbers of Black Box were recorded across all size classes in the current survey period, the 

general size-class distribution of Black Box trees within Hattah Lakes follows the inverse j-curve shape 

required to reflect an ideal population structure. 

The population status index for River Red Gum at Hattah Lakes was 0.79, which narrowly misses the 

threshold of 0.8. This also represents a substantial decrease in the index from the previous survey 

period (0.89). While substantial River Red Gum recruitment occurred during the 2014-2017 period, 

there has been a marked decline in recruitment in the following two survey periods, which is reflected in 

the reduced population index recorded for the current period. The increase in recruitment throughout 

2014-17 is most likely a result of environmental water delivery between 2013-15, while the current 

decline in population status index may be due to increased seedling mortality as a result of drying 

conditions since flooding associated with environmental water. 

For both Black Box and River Red Gum, only one year of data has been collected as part of the 2020-23 

survey period. Thus, any interpretation of results for this period needs to take into account this is not a 

complete dataset and results may change depending on data collected over the next two survey 

periods. 

4.5 Objective and target attainment 

Black Box communities recorded a population structure index value of 0.86, exceeding the target of a 

population structure index value of ≥0.8. This represents a continuation of the trend of Black Box 

exceeding this target in every three-year period since the inception of monitoring. The objective to 

“Improve condition and maintain extent from baseline (2006) levels of Black Box (E. largiflorens) to 

sustain communities and processes typical of such communities at Hattah Lakes Icon Site by 2030” can 

be considered partially achieved, due to Black Box failing to meet the tree condition index target (see 

Section 3.5). 

River Red Gum communities recorded a population structure index value of 0.79, narrowly missing the 

target population structure index value of ≥0.8 and represents a decline from the 2019-20 index score of 

0.89. Given the failure of River Red Gum communities to meet the population target as well as the 

targets for tree condition (see Section 3.5), the objective to “Improve condition and maintain extent 

from baseline (2006) levels of River Red Gum (E. camaldulensis) to sustain communities and processes 

typical of such communities at Hattah Lakes Icon Site by 2030” cannot be considered achieved in 2020-

21. 

A summary of target attainment relating to the objectives is provided below in Table 8. 
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Table 8 Summary of population structure target attainment for 2020-21 

Objective HL4 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (Eucalyptus 
camaldulensis), Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and processes 
typical of such communities at Hattah Lakes Icon Site by 2030. 

Targets Attained 
Partial 
attainment 

Not 
attained 

River Red Gum and Black Box follow the appropriate J-curve defined by Smith et al. (1997) in George et al. 
(2005) for tree population structure with an Index value of ≥0.8. 

• Black Box    

• River Red Gum    

 

4.6 Recommendations 

Similar to tree condition, population age structure of floodplain trees is strongly linked with the timing, 

frequency and duration of flow events (Roberts & Marsten 2011; Rogers 2011). Results suggest 

environmental water delivery has aided in River Red Gum recruitment, however the provision of flood 

history mapping and added scope for further analysis to investigate associations between flood histories 

and population structure sites would be of great benefit to interpreting results in relation to delivery of 

environmental water. 

Minimum thresholds for the-whole of-site scale indices are currently being achieved for Black Box and  

River Red Gums. However, for both species, considerable variability was found in population structure 

between survey years. This variability is likely due to a number of factors, including inundation history, 

past land use and current environmental conditions. Further analysis utilising inundation mapping and 

data on more recent environmental changes would assist in interpreting these results.     

Whole-of-site indices are not necessarily providing an accurate measure of population viability among 

individual sites. At a whole-of-site scale, among-site variability in population structure is not being 

considered. A range of localised factors can influence population structure at individual site scale for 

each species, including local-scale water availability and variability in topographic features. We 

therefore recommend increased scope for among-sites variation to be included in future analyses of 

tree population age structure.      
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5 Wetland Vegetation Communities 

5.1 Introduction 

Water regime is a major factor influencing plant community development and patterns of plant zonation 

in wetlands (Casanova & Brock 2000). In undisturbed wetland systems, the frequency and duration of 

floodplain wetland inundation is affected by the location of the wetland in the landscape and/or 

capacity to retain water. Anthropogenic changes to the quantity of water (e.g. changes to natural 

frequency, duration and extent) in waterways and wetlands, impacts wetland vegetation communities 

through changes in plant community composition and zonation, and increases the potential for 

invasions of introduced species (Brook 2003). In particular, increased drying of wetlands shows a decline 

in water responsive species (diversity and cover), and an increase in dryland terrestrial species, including 

exotic plant species (Brook 2003). Environmental water is used to assist in protecting and restoring the 

environmental values of waterways, floodplains and wetlands that have had their natural flow cycle 

adversely disrupted. 

The Hattah Lakes Icon Site comprises the Hattah Lakes wetland complex and the adjoining floodplain 

area, with the floodplain extent defined by the largest flood on record (in 1956) (MDBA 2012a). The 

hydrology of the Hattah wetlands has changed substantially as a result of the regulation and diversion of 

River Murray flows, resulting in a reduction in the frequency and duration of flooding. This has had flow-

on effects on the associated vegetation, including tree deaths, transitioning to an increasingly terrestrial 

understorey, reduction in habitat for a range of fauna, and changes to the diversity and abundance of 

wetland flora (MDBA 2012a). Part of The Living Murray program is to deliver environmental water to 

Hattah Lakes Icon Site to restore the floodplains to a condition prior to water regulation (MDBA 2012a). 

Vegetation condition monitoring of 12 wetlands within the Icon Site has been undertaken to determine 

change over time and inform ongoing management of the watering program. The twelve sites have 

been divided into three water regime classes — Semi-permanent Wetlands (3 sites); Persistent 

Temporary Wetlands (8 sites); and Episodic Wetlands (1 site). 

The following section presents the finding of the vegetation condition monitoring of the 12 wetlands. It: 

• assesses native water-responsive species richness and abundance in wetlands against a point of 

reference; 

• assesses the condition of wetlands across the whole Icon Site using native water-responsive 

species richness and abundance scores; and 

• examines the presence or absence of drought tolerant vegetation in wetlands. 

Ecological objectives for the Hattah Lakes Icon Site are set out in the CMP (MCMA 2021b) are:  

Objective HL3 Species richness and abundance aquatic vegetation 

Improve species richness and abundance of native water-dependent floodplain and wetland aquatic 

vegetation at Hattah Lakes Icon Site by 2030. 
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The Specific targets relating to wetland vegetation communities under objective HL3 are: 

By 2030, maintain or improve: 

Reference target for wetland water responsive vegetation species richness maintained or improved 

across semi-permanent, persistent temporary and episodic wetlands (Brown et al. 2016). 

• Semi-permanent wetlands water responsive species richness 80th percentile is ≥3.86 

• Persistent temporary wetlands water responsive species richness 80th percentile is ≥3.07 

• Episodic wetland (Lake Kramen) water responsive species richness 80th percentile is ≥3.84 

 

Reference target for wetland water responsive species abundance maintained or improved across semi-

permanent, persistent temporary and episodic wetlands (see Brown et al. 2016): 

• Semi-permanent wetlands water responsive species abundance 80th percentile is ≥23.86 

• Persistent temporary wetlands water responsive species abundance 80th percentile is ≥20.28 

• Episodic wetland (Lake Kramen) water responsive species abundance 80th percentile is ≥27.48 

 

Relevant functional groups include those identified in Huntley et al. (2016): amphibious plants, 

amphibious floating plants, amphibious herbs, amphibious woody plants, floating plants and terrestrial 

and drought tolerant functional groups. 
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5.2 Methods 

Twelve sites have been established for monitoring wetland vegetation communities within the Hattah 

Lakes Icon Site, of which nine were established in 2007–08, and one each were established in 2010–11, 

2011–12 and 2012–13 (Huntley et al. 2016). Each wetland site has been assigned to one of three water 

regime classes (semi-permanent wetlands, persistent temporary wetlands, episodic wetlands). All sites 

have been surveyed annually since their establishment - with the exception of 2014–15 (Brown et al. 

2018).  

Data collection for this round of monitoring was undertaken in March-April 2021. An overview of 

methods followed for data collection and statistical analysis are provided below; for further details on 

the project methodology see MCMA (2021b). 

5.2.1 Data collection 

Four established transects (three at Lakes Brockie and Boich) were surveyed at each site. Perpendicular 

to the transect line, between three and six 15 x 1 m2 quadrats were sampled (as 15 x 1 m x 1 m cells); 

these quadrats had been previously established to reflect differing elevation within the wetland (Figure 

11). For the number of transects, quadrats and elevations at each individual wetland, see Table 9. 

 

Table 9 The number of transects, quadrats and elevations at each of the 12 wetlands in 

Hattah Lakes. 

Site 
No. of 

transects 
No. of quadrats per 

transect 
Elevations surveyed (cm) 

Chalka Creek 4 4 0, 50, 100, 150 

Chalka Creek North 4 4 0, 30, 60, 90 

Lake Bitterang 4 6 0, 50, 100, 150, 200, 150 

Lake Boich 3 3 0, 30, 60 

Lake Brockie 3 5 0, 30, 60, 90, 120 

Lake Bulla 4 6 -100, -50, 0, 50, 100, 150 

Lake Hattah 4 6 -100, -50, 0, 50, 100, 150 

Lake Kramen 4 5 50, 100, 150, 200, 250 

Lake Little Hattah 4 3 0, 30, 60 

Lake Mournpall 4 7 -100, -50, 0, 50, 100, 150, 200 

Lake Nip Nip 4 3 0, 50, 100 

Lake Yerang 4 3 0, 50, 100 
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Figure 11 Schematic of the survey design used to assess wetland vegetation communities under 

The Living Murray program at the Hattah Lakes Icon Site (adapted from Wallace [2009] 

in MCMA 2021b). 

Survey methods use the presence/absence of vegetation species within quadrats located along 

transects to produce a frequency score for each species. Species abundance in each quadrat is 

determined by recording the presence of each species that have live plants rooted within each cell. This 

provides a frequency score for each species in each quadrat of between 0 and 15. Bare earth and coarse 

woody debris are included as taxa (e.g. cells containing no live plants are given a bare ground score of 

1). 

5.2.2 Plant species classification 

Species identification 

Plant taxonomy and the use of common names follow the Victorian online plant census (VicFlora 2020), 

the Victorian Biodiversity Atlas database (DELWP 2021) and for taxa not acknowledged in Victoria the 

NSW online flora (PlantNET 2020). Species of State and/or National conservation significance were 

determined by reference to the state advisory list (DEPI 2014), and listings under the Victorian Flora and 

Fauna Guarantee Act 1988 and the Federal Environment Protection and Biodiversity Conservation Act 

1999. 
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Where an asterisk (*) precedes a plant name, it is used to signify a non-indigenous taxon, those species 

which have been introduced to Victoria or Australia. A hash (#) is used to denote Victorian native plants 

that are not indigenous to the relevant vegetation type.  

The seasonality of some plant species may prove to be a limitation to the survey. Some species may 

have been overlooked because they were inconspicuous in summer when the surveys were conducted, 

or have been identified to genus level only due to the absence of fertile material. While these limitations 

may affect comparison of species level data from year to year, as Huntley et al. (2016) points out, the 

use of plant functional groups (see below) ameliorates this issue to a large extent. 

Plant functional groups 

Plant species recorded in surveys at Hattah Lakes are classified into functional groups (Table 10). As 

specified in Huntley et al. (2016), the classification of plant species into these groups is based largely on 

Brock & Casanova (1997) and Reid & Quinn (2004), and species that are not classified in either of these 

studies are assigned to functional groups based on field observations and information in VicFlora (2020) 

and Cunningham et al. (1992). An additional floating (F) functional group is added to identify species not 

attached to the substrate. Functional group T (instead of Tdr or Tda) and A (instead of Ate, Atl, Arf or 

Arp) are assigned where species are identified to genus or family level only (Huntley et al. 2016). 

Table 10 Plant functional groups used to classify species recorded during surveys of Hattah 

wetlands. 

FG Description 

S Aquatic submerged species (established plants do not tolerate drying). 

F Aquatic floating, unattached species (established plants do not tolerate drying). 

Arf Amphibious, fluctuation-responder, floating species which have floating leaves in their 

aquatic phases and also grow stranded on damp ground. 

Arp Amphibious, fluctuation-responder, floating species, with various growth characteristics, 

that feature morphological plasticity in response to water level fluctuations. 

Atl Amphibious, fluctuation-tolerant, emergent species which are dicotyledons and require 

damp conditions (low growing plants that tolerate wetting and drying). 

Ate Amphibious, fluctuation-tolerant, emergent species which are mostly monocotyledons 

(emergent plants that tolerate wetting and drying). 

Atw Amphibious, fluctuation-tolerant, emergent plants which are woody (trees and shrubs 

that tolerate wetting and drying). 

A Amphibious species (plants that tolerate both flooding and drying). 

T Terrestrial species (plants that do not tolerate flooding). 

Tda Terrestrial species that typically occur in damp habitats. 

Tdr Terrestrial species that typically occur in dry habitats. 
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5.2.3 Data analysis 

Point of reference assessment 

Wetlands are classified into three Water Regime Classes (WRC; Semi-permanent Wetlands, Persistent 

Temporary Wetlands and Episodic Wetlands). For each WRC a point of reference index of the 80th 

percentile has been developed for both species’ richness and abundance (MCMA 2021b) (Table 11). The 

point of reference includes native plant species that are considered water-responsive and excludes 

drought-tolerant species (MCMA 2021b). 

Table 11 Point of reference indices for wetland vegetation communities at the Hattah Lakes 

Icon Site (adapted from MCMA 2021b) 

Water Regime Class 

Index 1: water responsive 

species richness (80th 

percentile) 

Index 2: water responsive 

species abundance (80th 

percentile) 

Semi-permanent Wetlands 3.86 23.86 

Persistent Temporary Wetlands 3.07 20.28 

Episodic Wetlands 3.84 27.48 

 

As outlined in Wood et al (2018) wetland vegetation is considered to be in good condition when: 

• native water-responsive species richness in a WRC is at or above the 80th percentile reference 

index (Table 7, adapted from MCMA 2021b); and  

• native water-responsive species abundance in a WRC is at or above the 80th percentile reference 

Index (Table 7, adapted from MCMA 2021b). 

To calculate if water-responsive species richness was in good condition for wetlands (adapted from 

MCMA (2021b)): 

• all years of data were used, including only native water responsive plant species (e.g. species 

associated with the following functional groups; S, F, Arf, Arp, Atl, Ate, Atw, A and Tda) and 

excluding records classified only to genus level; 

• the total number of species were averaged across all quadrats for each transect for each year; 

• for each WRC in each year, transects with water responsive species richness at or above the 80th 

percentile (Index 1 in Table 11) score = 1 (compliant), and transects with water responsive 

species richness below the point of reference score = 0 (non-compliant); and 

• the proportion of compliant transects across all wetlands within each WRC was plotted over 

time. 

The same steps (above) were applied to determine if water responsive species abundance was in good 

condition for each WRC. Abundance measures for each species in each quadrat (i.e. maximum of 15 per 

species) were summed and then a transect abundance measure was estimated by averaging the quadrat 

abundance measures within each transect. 
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Whole-of-icon-site wetland scores were calculated by weighting the strata scores for both the richness 

and abundance of native water-responsive species, considering the total number of wetlands in each 

water regime class (WRC) in the Hattah Lakes Icon Site, and the number of transects sampled within 

each WRC. Scores were weighted using the example shown in Brown et al. (2016), informed by methods 

to estimate an overall mean from a stratified sample (Sutherland 2006). The number of wetlands in each 

of the WRCs at the Hattah Lakes Icon Site was converted to total number of possible transects, to 

ensure that the number of surveyed transects represents a sub-sample (Table 12). The total number of 

possible transects assumes that each wetland has four potential transects, except for the Lake Boich and 

Lake Brockie wetlands, where three transects have been surveyed. To determine 95% confidence 

intervals, t-values were calculated in RStudio (R Core Team 2018) for P = 0.05 (two-sided) using the 

degrees of freedom method shown in Sutherland (2006). The Whole-of-Icon Site scores were calculated 

for each survey year since 2007–08 (excluding 2014–15) and presented with 95% confidence intervals. 

These values were plotted as a time series to examine the effect environmental watering has had on the 

richness and abundance of water responsive species at an Icon Site scale. 

Drought-tolerant vegetation in wetlands 

One of the original ecological objectives ‘non-macrophyte vegetation in lakes’ was intended to identify if 

there was an encroachment of drought tolerant plant species (i.e. species from the Tdr functional group) 

into wetlands (Huntley et al. 2016). Analysing the presence/absence of plant species through functional 

group representation in each WRC in each survey year was used to make this determination (Wood et 

al. 2018). This was be considered with respect to whether or not the presence of drought tolerant 

species is a natural occurrence (e.g. the presence of a drought tolerant community may be a reflection 

of the natural dry phase of an ephemeral wetland) (Wood et al. 2018). Therefore, this objective may 

only be relevant to some wetlands in some years (Huntley et al. 2016). 

Charts were produced to display the proportion of functional group abundance data for each survey 

year, in each WRC. For display purposes, functional groups A, Arf, Arp, Ate, Atl (for definitions see Table 

3) were combined into one amphibious group ‘A’. Functional group ‘T’ was excluded from these graphs 

as it was not possible to determine if these species were drought tolerant (Tdr) or terrestrial damp (Tda) 

species. 

Both indigenous and introduced species were included in the analysis, as both groups will respond to 

changes in hydrology across the wetlands. 

Species composition in wetlands 

The average abundance of each species at each site was calculated by finding the average abundance 

across all elevations within each transect and then finding the average of all transects. Species 

composition (species richness and abundance) was then analysed through an ordination using non-

metric multidimensional scaling (NMDS) with the WRC as the factor. Vectors were fitted for the 

abundance of each functional group at each site. The model was estimated in R (R Core Team, 2019) 

using the package Vegan (Oksanen, 2019). Due to a heavy skewing of the data by the sites at Chalka 

Creek and North Chalka Creek two ordinations were undertaken for wetlands at Hattah Lakes; one 

including these sites and one without.  

For the current survey, species richness and abundance were also presented in bar chart form for each 

wetland site at Hattah Lakes. In addition, the mean depth of inundation for each site (for the current 
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survey only) was also calculated by finding the mean inundation depth across all elevations within each 

transect (including those where the inundation depth was 0 cms), then averaging across all transects in 

the wetland. This was displayed alongside the species richness and abundance values for each wetland. 
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5.3 Results 

5.3.1 Data summary 

A total of 94 vascular plant species were recorded from the 12 Hattah Lakes wetland sites during the 

2020–21 monitoring. Of these, 72 (76.6%) were indigenous and 22 (23.4%) were exotic while eight 

species were recorded on the advisory list of rare or threatened plants in Victoria by DELWP (formerly 

DEPI) (2014) (two vulnerable, three rare and three poorly known). The percent of indigenous species 

recorded represents a decline from the previous year’s surveys, which recorded 84.6% indigenous and 

15.4% exotic. For further details on plant species recorded please refer to Part B of this report. 

5.3.2 Point of reference assessment 

Water-responsive species richness 

None of the transects across the Semi-permanent WRC (SPW) were compliant with the native water-

responsive species richness index (Table 12, Figure 12). Of the transects across the Persistent Temporary 

(PTW) WRC, less than 10% were compliant. Of the Episodic WRC (EPW), half of the transects were 

compliant. Across the Icon Site, compliance has decreased from 39% of transects in 2019-20, with 18 

compliant transects, to 9% in 2020-21, with 4 compliant transects. Transects in the Episodic WRC have 

been compliant in the current survey period for the first time since 2016-17.  

 

Table 12 Number of transects compliant with ecological targets relating to species richness 

and abundance of native water-responsive species, in each water regime class (WRC) 

at the Hattah Lakes Icon Site, as surveyed in the 2020-21 season. Also shown are 

stratum scores for each WRC, a weighted Icon Site wetland score (with 95% 

confidence intervals for two sampled comparisons with normally distributed error 

variance) and the surveyed and total number of wetlands in each category. Stratum 

scores were weighted by the total number of possible transects in each WRC (in 

parentheses), to reflect the number of wetlands. 

Water regime class (WRC) 

No. 
wetlands 

at Icon 
Site 

No. 
surveyed 
wetlands 

Species richness Species abundance 

No. 
compliant 
transects 

Strata score 
Icon Site 

score 

No. 
compliant 
transects 

Strata score 
Icon Site 

score 

Semi-permanent (SPW) 5 3 0 of 12 0 
0.096 

(±0.049) 

0 of 12 0 
0.141 

(±0.443) 
Persistent temporary (PTW) 13 8 2 of 30 0.07 3 of 30 0.1 

Episodic (EPW) 2 1 2 of 4 0.5 3 of 4 0.75 
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Figure 12 Proportion of transects from wetlands in WRCs at the Hattah Lakes Icon Site 

considered compliant with the native water-responsive species richness index 

(transects with a mean species richness score above the 80th percentile). No data was 

collected in 2014–15. 
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Water responsive species abundance 

As with species richness, some transects at wetlands in the Persistent temporary WRC (PTW) and 

Episodic WRC (EPW) were considered compliant with the native water-responsive species abundance 

index, however no Semi-permanent (SPW) transects were compliant (Table 12, Figure 13). There were 

six compliant transects (3 in PTW, 3 in EPW), or 13% of all wetland transects (Table 12). This represents 

a decrease in the PTW species abundance index from the previous year, when nine transects were 

considered compliant. Three quarters of the EPW transects were considered compliant, compared to 

none in the previous two survey periods (Figure 13). 

 

 

Figure 13 Proportion of transects from wetlands in WRCs at the Hattah Lakes Icon Site 

considered compliant with the native water-responsive species abundance index 

(transects with a mean species abundance score above the 80th percentile). No data 

was collected in 2014-15. 
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Whole-of-Icon Site score 

The proportion of transects compliant with native water-responsive species richness indices at Hattah 

Lakes differed across WRCs (Table 12). Transects were compliant in Persistent Temporary and Episodic 

WRCs, with no compliant transects in the Semi-permanent WRC. The Icon Site score for native species 

richness at wetlands during the current survey (0.096) was substantially lower than the score recorded 

in the previous survey period (0.516), which was the highest on record since the start of the Living 

Murray condition monitoring (Figure 14).  

 

 

Figure 14 Icon Site scores for the Hattah Lakes Icon Site wetlands based upon native water-

responsive species richness indices and weighted across each WRC (± 95% confidence 

intervals for two sampled comparisons with normally distributed error variance) 

across survey years. No data were collected in 2014–15. Water events are shaded 

(green: natural flooding; purple: e-water; teal: natural flooding and e-water). 
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Mean Icon Site species richness scores in wetlands appear to be substantially higher in seasons without 

flooding, compared to seasons with e-water events (Figure 15). Icon Site scores for wetland species 

richness in seasons with natural flooding and e-water flows were similar to seasons with either no 

flooding or e-water flows. 

 

Figure 15 Mean Icon Site wetland scores based upon native water-responsive species richness 

indices, for the Hattah Lakes Icon Site (± standard error), for each water event type. 

Non-flooded years n = 7, natural flooding n = 2, e-water n = 4, natural flooding and e-

water n = 1. 

 

Similarly for native water-responsive species abundance indices, no transects were recorded as 

compliant at Semi-permanent Wetlands (Table 12). Of the Persistent Temporary WRC transects, 10% 

were recorded as compliant, a drop from 30% in the previous survey period. In contrast to the last two 

survey periods which had no compliant transects recorded at Episodic wetlands, 75% of transects were 

compliant in the current period. The Icon Site score for native species abundance for the current survey 

(0.141) was lower than 2019-20 (0.322) or 2018-19 (0.224) (Figure 16).  
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Figure 16 Icon Site scores for the Hattah Lakes Icon Site wetlands based upon native water-

responsive species abundance indices and weighted across each WRC (± 95% 

confidence intervals for two sampled comparisons with normally distributed error 

variance) across survey years. No data were collected in 2014–15. Water events are 

shaded (green: natural flooding; purple: e-water; teal: natural flooding and e-water). 

Results indicate native water-responsive species abundance Icon Site scores for wetlands at Hattah 

Lakes were higher in seasons without flooding, compared to seasons where wetlands received water, 

either naturally or through e-water events (Figure 17). This may be related to a lag-time of one to two 

years which is typically seen following flooding before species abundance peaks (Figure 16). 

 

Figure 17 Mean Icon Site wetland scores based upon native water-responsive species abundance 

indices, for the Hattah Lakes Icon Site (± se), for each water event type. Non-flooded 

years n = 7, natural flooding n = 2, e-water n = 4, natural flooding and e-water n = 1. 
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5.3.3 Drought-tolerant vegetation in wetlands 

There has been an increase in drought-tolerant species (Tdr) at Semi-permanent wetlands since the last 

survey period (from 16.06% to 30.93%, Figure 18), while there was a slight decrease in terrestrial damp 

species (Tda, decreasing from 47.6% to 40.8%) compared to the last survey period (Figure 18). Woody 

species tolerating inundation (Atw) and amphibious species (A) remain unchanged in Semi-permanent 

wetlands, where they comprise under a third of records. 

In 2019-20, over two-thirds of the plant records in Semi-permanent wetlands at the Hattah lakes Icon 

Site were drought-tolerant or terrestrial damp species (Figure 18). This result has increased slightly since 

2018-19, but is a considerable increase since the 2017-18 survey, when less than 1% of these functional 

groups were recorded. Drought-tolerant species (Tdr), which had not been recorded in this WRC since 

2012-13, were recorded for the first time in 2018-19 and have increased in each survey period since. 

Similar proportions of woody species tolerating inundation (Atw) and amphibious species (A) were 

recorded over the last three survey periods. 

 

Figure 18 Semi-permanent Wetland WRC (SPW), proportion of sum of abundance for each 

functional group at the Hattah Lakes Icon Sites for each survey period. No data were 

collected in 2014-15. 

 

Across persistent temporary wetlands, there has been an increase in drought-tolerant species (34.9%) 

since the last survey period (Figure 19). Meanwhile, there was a slight decrease in terrestrial damp 

species compared to the last survey period. The abundances of woody species tolerating inundation and 

aquatic species were at low levels in Persistent Temporary wetlands, where they make up less than 14% 

of records. 

The proportion of drought-tolerant species in Persistent Temporary wetlands is the highest it has been 

since 2012-13, with this functional group making up over a third of records (Figure 19). The proportion 

of terrestrial damp species has remained at over half of the species found at Persistent Temporary 
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wetlands from 2017-18 to present. The collective proportion of plants in the Atw and A functional 

groups show a declining trend since 2015-16. However, woody species tolerating inundation (Atw) have 

increased slightly since the last survey period. 

 

Figure 19 Persistent Temporary Wetland WRC (PTW), proportion of sum of abundance for each 

functional group at the Hattah Lakes Icon Sites for each survey period. No data were 

collected in 2014-15. 

 

A decrease in drought-tolerant species (26.6%) and a simultaneous increase in amphibious species 

(22.6%) of similar magnitude was seen at Episodic wetlands compared to 2018-19, while no data was 

collected in 2019-20 (Figure 20). 

The proportion of drought-tolerant species in Episodic Wetlands is the lowest it has been since 2015-16, 

when no records of plants in this functional group were recorded (Figure 20). Amphibious species have 

shown a simultaneous increase in records, the highest it has been since 2015-16, when the wetland 

comprised close to 95% amphibious species. Records of species in Tda and Atw functional groups have 

remained relatively consistent since 2016-17. This increase in the abundance of amphibious species in 

the Episodic Wetlands (Figure 20) is in contrast to the decreasing trend seen in the Persistent Temporary 

Wetlands (Figure 19) and likely reflects the inundated state of the Episodic Wetland Lake Kramen. 
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Figure 20 Episodic Wetland WRC (EPW), proportion of sum of abundance for each functional 

group at the Hattah Lakes Icon Sites for each survey period. No data were collected in 

2014-15 or 2019-20. 

5.3.4  Species composition in wetlands 

NMDS ordinations indicate that species composition is distinctly different in Chalka Creek and North 

Chalka Creek when compared with other wetland sites at Hattah Lakes (Figure 21a). This was primarily 

driven by a high abundance of Lesser Joyweed Alternanthera denticulata at the Chalka Creek and North 

Chalka sites. Southern Licorice Glycyrrhiza acanthocarpa was also absent from Chalka Creek and North 

Chalka, but abundant at all other wetland sites, further driving their distinct difference in species 

composition from other wetland sites at Hattah Lakes.  

Chalka Creek and North Chalka Creek were removed from a second ordination of species composition to 

better elucidate the relationships between the remaining sites (Figure 21b). This revealed a distinct 

grouping of the sites by their WRC. Lake Kramen (the only Episodic Wetland) exhibited a unique species 

composition, driven primarily by a high abundance of Native Verbena Verbena officinalis var. 

gaudichaudii. Southern Licorice was most strongly associated with the PTW sites (particularly Lake Little 

Hattah and Lake Boich). The PTW sites Lake Brockie and Lake Bitterang also had strong associations with 

the Terrestrial damp (Tda) functional group.  
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Figure 21 NMDS ordination of species composition across wetlands in Hattah Lakes for the 2020-

21 season (grouped by WRC). Figure a) shows all wetland sites at Hattah, with all sites 

except Chalka Creek (CH) and North Chalka Creek (NC) centralised under the left-most 

point due to a skew of the data. Figure b) shows wetland sites at Hattah Lakes with 

Chalka Creek and North Chalka Creek removed. Lines show statistically significant (P = 

0.01) vectors indicating strength of association with each wetland. 

WRCs: EPW; Persistent episodic wetland, PTW; Persistent temporary wetland, SPW; 

Semi-permanent wetland. Site Codes: BI; Lake Bitterang, BL; Lake Bulla, BO; Lake 

Boich, BR; Lake Brockie, CH; Chalka Creek, H; Lake Hattah, K; Lake Kramen, LH; Lake 

Little Hattah, MO; Lake Mournpall, NC; North Chalka Creek, NN; Lake Nip Nip, Y; Lake 

Yerang.  
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For the current survey period, mean species richness was greatest at the EPW site Lake Kramen, which 

also experienced an average of 51cm inundation depth, and lowest at PTW sites Lake Little Hattah and 

Lake Yerang (Figure 22). Overall, the PTW and SPW sites had similar mean species richness (4.14 and 

4.46 respectively). There was however, significantly more variation in species richness of the PTW sites 

than the SPW sites.  

 

 

Figure 22 Mean transect species richness and mean depth of inundation (cm) (± standard error) 

at each wetland site in Hattah Lakes for the 2020-21 season. Mean inundation depth is 

shown in orange. At the time of surveying in 2020-21 only Lake Kramen was 

inundated. Sites are grouped by WRC: EPW; Persistent Episodic Wetland, PTW; 

Persistent Temporary Wetland and SPW; Semi-permanent Wetland. 

 

For the current survey period, mean species abundance also peaked at Lake Kramen at 59.6, a result 

over twice as high as the next greatest abundance at Lake Bitterang (Figure 23). Mean species 

abundance was higher overall at the SPW sites than the PTW sites at 20.81 compared with 18.13. The 

PTW sites also recorded more variation in mean species abundance than the SPW sites. The PTW site 

Chalka Creek North recorded the lowest overall mean species abundance at 10.69, closely seconded by 

Lake Yerang at 10.71. 
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Figure 23 Mean transect species abundance and mean depth of inundation (cm) (± standard 

error) at each wetland site in Hattah Lakes for the 2020-21 season. Mean inundation 

depth is shown in orange. At the time of surveying in 2020-21 only Lake Kramen was 

inundated. Sites are grouped by WRC: EPW; Persistent Episodic Wetland, PTW; 

Persistent Temporary Wetland and SPW; Semi-permanent Wetland.  
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5.4 Discussion 

5.4.1 Persistent Temporary Wetlands 

Just two of 30 transects in the persistent temporary wetlands (PTW) were compliant for species richness 

from the current survey period. This represents a decline in the proportion of compliant transects for 

the current period (0.07) from the previous two surveys in 2018-19 and 2019-20 (both 0.3). Similarly, a 

lower proportion of transects were compliant for species abundance in 2020-21 (0.1) compared to 

2018-19 (0.37) and 2019-20 (0.3).  

Higher species richness in PTW sites in 2018-2019 and 2019-20 were most likely due to widespread 

natural flooding across sites in late 2016 and environmental water delivery in 2017-18. Typically, water-

responsive species richness and abundance is highest in the years following inundation, which tends to 

result in a higher diversity of Tda (terrestrial damp) and A (all amphibious species groups) species 

(Casanova and Brock 2000, Huntley et al. 2016). When looking at the percent of individual functional 

groups, the Tdr (terrestrial dry) group increased from 22.7% in 2019-20 to 34.9% in 2020-21, while the 

percent of plants in the A (aquatic) functional groups continued to show a trend of declining percentage 

since 2015-16. This is most likely a reflection of increasing time since inundation, as the Tdr group 

consists of many species from the Chenopodiaceae family, including drought and salt tolerant species 

from the Sclerolaena, Atriplex, Maireana, Chenopodium and Rhagodia genera. 

Trends in functional group occurrence across time are consistent with previous findings, where aquatic 

and amphibious species (S, F and A functional groups) are dominant during flooding and watering 

events, while Tda (damp terrestrial) and amphibious species tend to increase in richness and abundance 

during drawdown phases followed by dominance of Tdr species during extended dry periods.   

 

5.4.2 Semi-permanent Wetlands 

Three wetlands comprise the Semi-permanent Wetland Group – Lake Hattah, Lake Mournpall and Lake 

Bulla. No transects were found to be compliant for species richness or abundance in the current survey 

period. However, a high proportion of transects were recorded as compliant for richness (0.75) and 

abundance (0.5) in 2019-20.  

No sites were inundated in 2019-20 or during the current survey period. A substantial increase in the 

proportion of Tdr species was recorded in the current survey period (30.9%) when compared to 2019-

20, when 16.1% was recorded. This continues a trend over the last three surveys of increases in the 

occurrence of species from this group since 2017-18 when no Tdr species were recorded, and is 

associated with a decrease in the occurrence of aquatic species. A combination of natural floods and 

environmental water delivery led to widespread flooding across Hattah in 2016-17 and 2017-18, while 

all three semi-permanent wetlands were still partially inundated in 2018-19. The drier conditions 

experienced at these wetland sites since 2017-18 has seen a shift in the species composition of the sites 

from being dominated by species requiring greater duration and frequency of inundation to those 

capable of surviving in drier conditions. 

5.4.3 Episodic Wetlands 

Lake Kramen is the only wetland within the Episodic Wetland group and therefore is more limited in 

sample size compared to the other wetland groups. Two of the four transects at Lake Kramen were 
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found to be compliant for species richness, while three out of four were compliant with species 

abundance. Comparisons cannot be made with 2019-20 data, as Lake Kramen was not sampled in 2019-

20. Distinct differences in species composition at Lake Kramen in relation to all other sites may be due to 

inundation levels, as Lake Kramen was the only site experiencing any inundation at the time of surveys. 

In particular, a high abundance of the amphibious species Red Water-milfoil Myriophyllum verrucosum 

was recorded at inundated elevations at Lake Kramen (Table 13). With further drawdown following the 

current inundation of the site, it is likely that this site will achieve full compliance for species richness 

and abundance.   

Table 13 Hattah Lakes Icon Site – summary of compliant transects 

Wetland 
No. of compliant transects 

Potential Factors affecting compliance 
Richness Abundance 

Persistent Temporary Wetlands 

Chalka Creek 1 of 4 1 of 4 

Most quadrats with sparse plant 
occurrences and a high cover of bare 
ground, but some +0 cm elevation 
transects with a high density of 
Alternanthera denticulata, Glinus 
lotoides and various other species 

Chalka Creek North 0 of 4 0 of 4 
High cover of bare ground and leaf litter 
with sparse species occurrences 

Lake Bitterang 1 of 4 1 of 4 

High abundance of Glycyrrhiza 
acanthocarpa at +0 cm elevations 
following drawdown of water from 
inundation in 2018-2019. Higher species 
richness at +50, +200 and +250 cm 
elevations 

Lake Boich 0 of 3 0 of 3 

Majority of quadrats with low species 
diversity - high occurrence of 
Glycyrrhiza acanthocarpa. 
High proportion drought-tolerant (Tdr) 
species 

Lake Brockie  0 of 3 1 of 3 

Low diversity/high abundance of water 
responsive species, primarily Eucalyptus 
camaldulensis, Glycyrrhiza 
acanthocarpa and Stemodia florulenta. 
High diversity of drought-tolerant (Tdr) 
species 

Little Lake Hattah 0 of 4 0 of 4 
Majority of quadrats with low species 
diversity - high abundance of 
Glycyrrhiza acanthocarpa 

Lake Nip Nip 0 of 4 0 of 4 
Majority of quadrats with low water 
responsive and high drought-tolerant 
(Tdr) species richness 
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Wetland 
No. of compliant transects 

Potential Factors affecting compliance 
Richness Abundance 

Lake Yerang 0 of 4 0 of 4 
High occurrence of bare ground and leaf 
litter. No water responsive species 
recorded at +0 cm elevation 

Semi-permanent Wetlands 

Lake Hattah 0 of 4 0 of 4 
Low water-responsive species richness 
in most transects. Higher diversity of 
drought-tolerant (Tdr) species 

Lake Mournpall 0 of 4 0 of 4 

Site dominated by dense stands of 
Persicaria lapathifolia and Glycyrrhiza 
acanthocarpa, particulary between -100 
and +50 cm 

Lake Bulla 0 of 4 0 of 4 

High amount of bare ground and leaf 
litter. Low water-responsive species 
richness with many elevations 
dominated by Glycyrrhiza 
acanthocarpa. High diversity of 
drought-tolerant (Tdr) species at +0 cm 
elevation 

Episodic Wetlands 

Lake Kramen 2 of 4 3 of 4 

High abundance of Myriophyllum 
verrucosum in inundated transects (+50 
and +100 cm). High water-responsive 
species richness and abundance in non-
inundated transects (+150 to +250 cm) 

5.4.4 Whole of Icon Sites 

Nine percent (9%) of transects were compliant for water-sensitive species richness and 14% for species 

abundance. For both richness and abundance, this represents a decline in scores from the previous 

survey, when scores of 51% and 33% were recorded for species richness and abundance respectively. 

Considerable variability exists in the water regime among wetland sites at Hattah, as well as the 

wetting/drying phase each site is currently experiencing (i.e. inundated, drawdown, extended drying). 

Thus, few conclusions can be drawn from the whole of Icon Site scale.       
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5.5 Objective and target attainment 

The Icon Site score for native species richness at wetlands during the current survey was substantially 

lower than the score recorded in the previous survey period, while the Icon Site score for native species 

abundance for the current survey was also lower than 2019-20. Past results suggest a combination of 

natural flooding and environmental water delivery in previous years has aided in facilitating shifts from 

wetlands vegetation communities dominated by terrestrial dry species to communities containing a 

wider variety of species functional groups.  

While results from the current survey represent a potential decline in both species richness and 

abundance at a whole-of-site scale, it does not necessarily indicate the adopted ecological objective for 

wetland vegetation at Hattah lakes to “Improve species richness and abundance of native water-

dependent floodplain and wetland aquatic vegetation at Hattah Lakes Icon Site by 2030” is not being 

met.  

A summary of target attainment relating to the objectives is provided below in Table 14. 

Table 14 Summary of floodplain vegetation target attainment 

Objective HL3 

Improve species richness and abundance of native water-dependent floodplain and wetland aquatic vegetation 
at Hattah Lakes Icon Site by 2030. 

Targets Attained 
Partial 
attainment 

Not 
attained 

Species richness 

• Semi-permanent wetlands water responsive species richness 
80th percentile is ≥3.86 

   

• Persistent temporary wetlands water responsive species 
richness 80th percentile is ≥3.07 

   

• Episodic wetland (Lake Kramen) water responsive species 
richness 80th percentile is ≥3.84 

   

Species abundance 

• Semi-permanent wetlands water responsive species 

abundance 80th percentile is ≥23.86 

   

• Persistent temporary wetlands water responsive species 

abundance 80th percentile is ≥20.28 

   

• Episodic wetland (Lake Kramen) water responsive species 

abundance 80th percentile is ≥27.48 
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5.6 Recommendations 

Conclusively establishing whether or not ecological objectives have been met at a whole of site scale is 

problematic. Wetland vegetation in arid and semi-arid regions such as Hattah Lakes is highly dynamic 

and tends to respond rapidly to watering and drying events across different temporal and spatial scales 

(Capon 2003). This often results in rapid shifts in species composition (richness and abundance) and 

structure. Thus, vegetation monitoring and evaluation of ecological objectives requires consideration 

across multiple spatial and temporal scales.     

Static indices based on thresholds of species richness and abundance do not necessarily provide an 

accurate indication of wetland health, as vegetation needs to be evaluated in relation to short-term 

events and conditions (e.g. water presence, soil moisture). For example, lower species richness of 

species requiring damp or saturated conditions to recruit, coupled with increased abundance (but low 

species richness) of terrestrial drought-tolerant plants does not necessarily indicate poor condition but 

could be a temporary response to current conditions.    

In addition, individual wetlands within a particular area such as Hattah display a high level of spatial 

variability, consisting of flood-dependant vegetation that changes with the topography of the landscape. 

This spatial heterogeneity can contribute significantly to distinct differences in species composition 

between individual wetland sites, as well as between water regime classes.  

Soil seed banks are a key component of plant community diversity in floodplain wetlands, allowing many 

species to persist through unpredictable periods of flood and drought. Seed banks also often differ in 

species composition from their associated extant plant communities and can reflect natural processes 

that drive plant species composition across time and space.   

To better understand and determine the trajectories of wetland vegetation and support complex 

adaptive management decisions, we recommend taking into consideration the spatial and temporal 

complexity inherent in floodplain wetlands when developing ecological objectives for wetlands, rather 

than relying on static indices of species richness and abundance. We also recommend incorporating 

investigations of wetland soil seed banks to gain greater insight into the processes driving wetland 

vegetation change and allow greater understanding plant community diversity.    
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6 Floodplain Vegetation Communities 

6.1 Introduction 

Floodplains are dynamic features of the riverine landscape. Floodplains include both aquatic and 

terrestrial habitats, making them highly productive and diverse ecosystems, often supporting large and 

diverse populations of plants and animals. In temperate and tropical regions, flow has been found to be 

the primary determinant of floodplain plant community composition and structure, and crucial to the 

maintenance of the floodplain ecosystem (Capon 2004). Frequency and duration of flooding across a 

floodplain affects the distribution of vegetation communities and their composition – which changes 

both temporally and spatially. Anthropogenic changes to the frequency of flooding can result in 

significant changes to plant community and composition, including loss of native species and increased 

invasion of exotic species (Capon 2004). For example, many plant species are adapted to regular 

disturbance by floods and will be replaced by more drought tolerant (including invasive) species if 

flooding frequencies are reduced. Changes to floodplain hydrology can also lead to a decline in the 

condition of the dominant riparian tree species (Holland et al. 2013). 

The Hattah Lakes floodplain’s hydrology has changed substantially as a result of the regulation and 

diversion of River Murray flows, resulting in a reduction in the frequency and duration of flooding, which 

has caused a decline in the condition of floodplain vegetation communities (MDBA 2012a). With the 

delivery of environmental water to the Hattah Lakes Icon Site it is hoped that the condition of floodplain 

vegetation will improve. Monitoring at six locations within the Hattah Icon Site has been established in 

order to investigate the overall condition of the floodplain vegetation community at the Icon Site. The 

monitoring program has also provided the opportunity to examine the efficacy of the watering program. 

 

The objective developed and refined in the CMP for understory vegetation at the Hattah Lakes Icon Site 

is: 

Objective HL3 Species richness and abundance aquatic vegetation 

Improve species richness and abundance of native water-dependent floodplain and wetland aquatic 

vegetation at Hattah Lakes Icon Site by 2030. 

 

The specific targets relating to floodplain vegetation communities under objective HL3 are as follows: 

Reference target for floodplain water responsive vegetation species richness maintained or improved at 

three flood return frequencies for the Hattah Lakes Icon Site by 2030 (lower, mid and upper floodplain). 

• Lower floodplain water responsive species richness 80th percentile is ≥6.15 

• Mid floodplain water responsive species richness 80th percentile is ≥5.95 

• High floodplain water responsive species richness 80th percentile is ≥1.6 

 

Reference target for floodplain water responsive species abundance maintained or improved at three 

flood return frequencies (lower, mid and upper floodplain (Brown et al. 2016). 
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• Lower floodplain water responsive species abundance 80th percentile is ≥37.35 

• Mid floodplain water responsive species abundance 80th percentile is ≥22.9 

• High floodplain water responsive species abundance 80th percentile is ≥7.15 

 

The following section presents the findings of the 2020–2021 monitoring program. It: 

• assesses native water-responsive species richness and abundance on Hattah Lakes floodplains 

against a point of reference; 

• assesses the condition of the whole Icon Site using native water-responsive species richness and 

abundance scores; and 

• analyses change in vegetation community composition over time. 
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6.2 Methods 

There are six locations (H1–H6) for monitoring floodplain vegetation communities within the Hattah 

Lakes Icon Site. As specified by Wood et al. (2018), these locations were established to each represent 

three different flood return frequencies, often, sometimes and rarely, which relate to floodplain 

elevations as outlined in Table 1. A total of 18 sites have been established within these 6 locations 

(Table 15). 

Since the establishment of sites in 2007–08, surveys have been undertaken annually with the exception 

of 2014–15. In 2010–11, only 14 sites were surveyed as flooding prevented access to some sites (Brown 

et al. 2018). Data collection for this round of monitoring was undertaken in April 2021 and all sites were 

surveyed.  

An overview of methods followed for data collection and statistical analysis are provided below; for 

further details on the project methodology see MCMA (2021b). 

Table 15 Flood return frequencies (FRFs), floodplain elevation, commence-to-flow (CTF) level 

and associated floodplain site names for TLM Program at the LMW Icon Site. The 

FRFs were determined using commence-to-flow data (source: Wood et al. 2018) 

Flood return 

frequency  

Floodplain 

elevation  
Commence to flow  Site names 

Often Lower floodplain 35 000–60 000 ML.day-1 H1A; H2A; H3A; H4A; H5A; H6A 

Sometimes Mid floodplain 60 000–100 000 ML.day-1 H1B; H2B; H3B; H4B; H5B; H6B 

Rarely Higher floodplain > 100 000 ML.day-1 H1C; H2C; H3C; H4C; H5C; H6C 

6.2.1 Data collection 

Each of the 18 sites contains four permanently established quadrats, spaced 50 m apart and each 

consisting of 15 x 1 m x 1 m cells (Figure 24). Floodplain vegetation surveys follow the methods 

described in Section 5.2.1. The methods to identify plant species and the use of plant functional group 

are described in Section 5.2.2. 
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Figure 24 Schematic of the survey design used to assess floodplain understorey vegetation 

communities under The Living Murray program at the Hattah Lakes Icon Site (Huntley 

et al. 2016). 

 

6.2.2 Data analysis 

Point of reference assessment 

There are three flood return frequency (FRF) classifications for the Hattah Lakes Icon Site: lower, mid 

and higher floodplain (Huntley et al. 2016). For each FRF, a point of reference index was developed by 

Brown et al. (2016) for species richness and species abundance using TLM condition monitoring data for 

floodplain understorey communities (Table 16). The point of reference includes plant species that are 

considered water responsive and excludes drought-tolerant species. 

As detailed in Wood et al. (2018), floodplain vegetation is deemed to be in good condition when:  

• Native water-responsive species richness in a FRF is at or above the 80th percentile (adapted 

from Huntley et al. 2016) 

• Native water-responsive species abundance in a FRF is at or above the 80th percentile 

(adapted from Huntley et al. 2016). 
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Table 16 Ecological targets for floodplain understorey vegetation at the Hattah Lakes Icon Site 

(MCMA 2021b). 

Flood return 

frequency 

Floodplain 

elevation 

Index 1: water responsive 

species richness (80th 

percentile) 

Index 2: water responsive 

species abundance (80th 

percentile) 

Often Lower floodplain 6.15 37.35 

Sometimes Mid floodplain 5.95 22.9 

Rarely Higher floodplain 1.6 7.15 

 

As outlined by MCMA (2021b), to calculate if water responsive species richness was in good condition 

(targets have been met) for floodplains  

• all years of data were used, including only native water-responsive plant species (e.g. species 

associated with the following functional groups; S, F, Arf, Arp, Atl, Ate, Atw, A and Tda) and 

excluding any records classified only to genus level.  

• the total number of species were averaged across all quadrats for each transect in each year  

• transects with water responsive species richness at or above the 80th percentile (Index 1 in Table 

4.2) score = 1 (i.e. compliant) and transects with water responsive species below the point of 

reference score = 0 (i.e. non-compliant)  

• the proportion of compliant transects across all wetlands was plotted over time.  

The same steps (above) were applied to determine if water-responsive species abundance was in good 

condition using the sum of abundance. Abundance measures for each species in each quadrat (i.e. 

maximum of 15 per species) were summed and then a transect abundance measure was estimated by 

averaging the quadrat abundance measures within each transect. 

Whole of Icon Site floodplain scores were calculated by weighting the strata scores for both the richness 

and abundance of native water-responsive species, considering the total area of each FRF in the Hattah 

Lakes Icon Site, and the number of sites sampled within each FRF. Scores were weighted using the 

example shown in Brown et al. (2014), informed by methods to estimate an overall mean from a 

stratified sample (Sutherland 2006). To determine 95% confidence intervals, t-values were calculated in 

RStudio (R Core Team 2018) for P = 0.05 (two-sided) using the degrees of freedom method shown in 

Sutherland (2006). These whole-of-Icon Site scores were calculated for each survey year since 2007–08 

(excluding 2014–15). Scores were plotted as a time series to examine the effect watering events have 

had on the richness and abundance of water responsive species at an Icon Site scale. The source and 

categories of watering events at Hattah Lakes were taken from MDBA (2018). 

Plant functional groups 

As outlined by MCMA (2021b), the use of plant functional groups is a widely accepted method of 

interpreting disturbance related changes in plant communities, while minimising the effects of changes 

in species composition or inconsistencies in taxonomic classification (Brock and Casanova 1997; 

Campbell et al. 2014). Functional groups assist in demonstrating the influence of flood inundation on 
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community composition (Wood et al. 2018). Consistent with the previous approach (Wood et al. 2018), 

charts were produced to display the proportion of functional group abundance data for each survey 

year, in each FRF. For display purposes, functional groups A, Arf, Arp, Ate, Atl were combined into one 

amphibious functional group ‘A’. Functional group ‘T’ was excluded from these charts because it was not 

possible to determine if these species were drought tolerant (Tdr) or terrestrial damp species (Tda) 

(Wood et al. 2018). Both indigenous and introduced species were included in the analysis because both 

groups are expected to respond to changes in hydrology across the wetlands. 

Species composition on the floodplains 

The average abundance of each species at each site was calculated by finding the average across all four 

transects within each FRF. Species composition (species richness and abundance) was then analysed 

through an ordination using non-metric multidimensional scaling (NMDS). Vectors were fitted for the 

abundance of each functional group at each site. Floodplain sites were grouped based on the FRF in 

which they occurred. The model was estimated in R (R Core Team, 2019) using the package Vegan 

(Oksanen, 2019). Species richness and abundance were also presented in bar chart form for each 

floodplain site at Hattah Lakes.  
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6.3 Results 

6.3.1 Data summary 

A total of 77 vascular plant species was recorded from the six Hattah Lakes floodplain sites during the 

2020–21 monitoring season. Of these, 70 (92.1%) were indigenous and 6 (7.9%) were exotic. This 

represents an increase in the percentage of indigenous species recorded from 2019-20 (84.6% 

indigenous, 15.4% exotic). Eleven Victorian rare or threatened (VROT) plant species (as classified by DEPI 

2014) were recorded across the study sites. Of these, one was classified as endangered, two as 

vulnerable, three rare and five as poorly known. One of these species, Woolly Scurf-pea Cullen pallidum, 

was also listed under the Victorian Flora and Fauna Guarantee Act 1988. For further details on plant 

species recorded please refer to the 2020-2021 Part B report. 

6.3.2 Point of reference assessment 

Water-responsive species richness 

The mean richness of native water-responsive species on floodplains was calculated for each of the 18 

sites in the Hattah Lakes study area. Of the sites that are often-flooded FRF and sometimes-flooded FRF, 

none were compliant with the floodplain species richness index. Two sites in the rarely-flooded FRF 

were compliant (strata score of 0.333) (Table 17). 

Table 17 Number of sites compliant with ecological targets relating to the species richness and 

abundance of native water-responsive species, in each flood return frequency 

category (FRF) at the Hattah Lakes Icon Site, as surveyed in the 2020 – 21 season. For 

each FRF, the stratum scores, a weighted Icon Site floodplain score (with 95% 

confidence intervals for two sampled comparisons with normally distributed error 

variance) and the surveyed and total areas are shown. 

FRF 
FRF area 

(ha) 

Surveyed 
area of 
FRF (ha) 

Species richness Species abundance 

No. 
compliant 

sites 

Strata 
score 

Icon Site 
score 

No. 
compliant 

sites 

Strata 
score 

Icon Site 
score 

Lower floodplain (often) 1229.04 0.036 0 of 6 0 
0.261 

(±0.425) 

0 of 6 0 
0.131 

(±0.336) 
Mid floodplain (sometimes) 3969.81 0.036 0 of 6 0 0 of 6 0 

Higher floodplain (rarely) 18870.03 0.036 2 of 6 0.333 1 of 6 0.17 

 

The current season’s results show a decrease in species richness strata scores for each FRF from 2019-

20, which had compliant sites for each FRF strata (Figure 25). However, the current season’s results for 

the rarely-flooded FRF were more consistent with the proportion of rarely-flooded compliant sites 

recorded since 2009-10.  
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Figure 25 Proportion of compliant sites within each FRF at the Hattah Lakes Icon Site with native 

water-responsive species richness at or above the 80th percentile, across years. No 

data was collected in 2014-15. 

 

Water-responsive species abundance 

Only one site in the rarely-flooded FRF was compliant with the index assessing native water-responsive 

species abundance in 2020-21. No sites in the often or sometimes-flooded FRF were compliant (Figure 

26). This year’s low level of compliant sites is consistent with the past three survey periods which have 

all been significantly lower than recorded in 2017-18. 
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Figure 26 Proportion of compliant sites within each FRF at the Hattah Lakes Icon Site with native 

water-responsive species abundance at or above the 80th percentile, across years. No 

data was collected in 2014-15. 
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Whole-of-Icon Site score 

Of the 18 floodplain sites surveyed across Hattah Lakes, two were compliant in terms of native water-

responsive species richness, both of which were in the higher floodplain (Table 17). The Icon Site score 

for native species richness on floodplains decreased significantly from 2019-20, however was similar to 

that recorded in 2018-19 (Figure 27).  

 

Figure 27 Icon Site scores for the Hattah Lakes Icon Site floodplains based on native water-

responsive species richness indices and weighted across each FRF (± 95% confidence 

intervals for two sampled comparisons with normally distributed error variance) 

across survey years. No data were collected in 2014–15. Water events are shaded 

(green: natural flooding; purple: e-water; teal: natural flooding and e-water). NB: 

While e-watering occurred at Hattah lakes in 2014–15, this would not have reached 

the floodplain. 
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The Icon Site score recorded from the current survey period is more reflective of non-flooded years than 

the 2019-20 score, where typically the species richness of native water-responsive species on Hattah 

Lakes floodplains is higher in seasons receiving environmental water, compared to seasons without 

flooding (Figure 28). 

 

 

Figure 28 Mean Icon Site floodplain scores based upon native water-responsive species richness 

indices, for the Hattah Lakes Icon Site (± standard error), for each water event type. 

Non-flooded years n = 7, natural flooding n = 2, e-water n = 4, natural flooding and e-

water n = 1. 
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Compliant levels of native water-responsive species abundance were recorded at only one of the 18 

Hattah Lakes floodplain sites in 2020-21 (Table 17). Native water-responsive species abundance across 

Hattah Lakes floodplains, as assessed using the Icon Site score, was slightly lower than 2019-20 and 

similar to that recorded in 2018-19 (Figure 29). 

 

Figure 29 Icon Site scores for the Hattah Lakes Icon Site floodplains based on native water-

responsive species abundance indices and weighted across each FRF (± 95% confidence 

intervals for two sampled comparisons with normally distributed error variance) 

across survey years. No data were collected in 2014–15. Water events are shaded 

(green: natural flooding; purple: e-water; teal: natural flooding and e-water). While e-

watering occurred at Hattah lakes in 2014–15, this would not have reached the 

floodplain. 
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Icon Site floodplain scores for native water-responsive species abundance are significantly lower in non-

flooded seasons, compared to seasons with natural flooding, largely due to consistent scores recorded 

in 2010–2012 during natural flooding events. Abundance scores in seasons where Hattah Lakes 

floodplains receive environmental water do not appear significantly different from natural flooding 

seasons but are substantially higher than non-flooded seasons (Figure 30). 

 

Figure 30 Mean Icon Site floodplain scores based upon native water-responsive species 

abundance indices, for the Hattah Lakes Icon Site (± standard error), for each water 

event type. Non-flooded years n = 7, natural flooding n = 2, e-water n = 4, natural 

flooding and e-water n = 1. 

 

Plant functional groups 

The proportion of drought-tolerant species (Tdr) recorded on Hattah floodplains increased as the 

frequency of flooding declined, from 31% at often-flooded sites, to 48% at sometimes-flooded sites and 

86% at rarely-flooded sites (Figure 31, Figure 32, and Figure 33). Terrestrial damp species (Tda) made up 

39% of species at often-flooded sites and declined to 7% of records at rarely-flooded sites. Amphibious 

species (A) represented 9% of records at often-flooded sites, but comprised of only 0.03% of records at 

the rarely flooded sites. The remainder of plants recorded in the current season were woody species 

tolerant of flooding (Atw), with higher proportions at sites with increased flooding frequencies. 

The proportion of different functional groups at sites in the often-flooded FRF differed from those 

recorded in the previous season (Figure 31). There was an increase in woody amphibious fluctuation 

tolerators (Atw), from 6.9% in 2019-20 to 21.2% in 2020-21 with a corresponding decrease in 

amphibious species (A). A similar pattern was evident for sometimes-flooded sites, although there was a 

greater increase in Atw species, associated with a greater decrease in A species (Figure 32).  
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Figure 31 Proportion of the sum of abundance for each plant functional group in each survey 

period across all often-flooded FRF floodplain sites surveyed at the Hattah Lakes Icon 

Site. No data was collected in 2014-15. 

 

Figure 32 Proportion of the sum of abundance for each plant functional group in each survey 

period across all sometimes-flooded FRF floodplain sites surveyed at the Hattah Lakes 

Icon Site. No data was collected in 2014-15. 
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Figure 33 Proportion of the sum of abundance for each plant functional group in each survey 

period across all rarely-flooded FRF floodplain sites surveyed at the Hattah Lakes Icon 

Site. No data was collected in 2014-15. 
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6.3.3 Species composition on floodplains 

NMDS ordination showed that species composition at rarely-flooded sites was distinct from the 

sometimes- and often-flooded sites, which were much more similar in composition (Figure 34). This was 

primarily driven by a high abundance of species from the Chenopodiaceae family at rarely-flooded sites, 

including Grey Copperburr Sclerolaena diacantha, Kidney Saltbush Atriplex stipitata subsp. stipitata and 

Ruby Saltbush Enchylaena tomentosa var. tomentosa. There was some similarity in species composition 

between different FRFs within sites. For example, the sometimes and often-flooded FRFs of Hattah 

Floodplain 2 (HFP2) are closely associated, suggesting a spatial influence on species composition. 

 

Figure 34 NMDS ordination of species composition across floodplain sites in Hattah Lakes for the 

2020-21 season. Lines show statistically significant (P = 0.01) vectors indicating 

strength of association with each floodplain. Sites are categorised by the FRF in which 

they occur and are labelled with the overall floodplain site which they belong to. 
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Species richness was highly variable between sites and FRFs at Hattah Lakes (Figure 35). The sometimes-

flooded HFP1 site recorded the highest mean species richness at 9.8, while the HFP6 sites recorded the 

lowest species richness of all sites in each FRF (often=1.5, sometimes=2.25, rarely=4). The FRF with the 

highest mean species richness for each site varied between the sometimes and rarely-flooded 

elevations. 

 

 

Figure 35 Mean transect species richness (± standard error) at each FRF across all floodplain sites 

in Hattah Lakes for the 2020-21 season. The rarely-flooded HFP4 site was excluded as 

it is situated on a sand dune and is therefore no longer being monitored. 
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Mean species abundance was greatest at the rarely-flooded HFP5 site (Figure 36). Furthermore, at each 

site, the rarely-flooded FRF recorded the highest mean species abundance of the three FRFs. This was 

followed by the sometimes-flooded, and finally the often-flooded with the lowest mean species 

abundance at each site. HFP6 recorded the lowest mean species abundance of all sites across each FRF. 

 

 

Figure 36 Mean transect species abundance (± standard error) at each FRF across all floodplain 

sites in Hattah Lakes for the 2020-21 season. The rarely-flooded HFP4 site was 

excluded as it is situated on a sand dune and is therefore no longer being monitored. 
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6.4 Discussion 

6.4.1 Whole-of-icon-site score 

Whole-of-icon-site-scores showed a significant decrease from last year’s spike in species richness. The 

2019-20 survey period saw the highest species richness icon score since the inception of monitoring in 

2007-08. High species richness indices are usually correlated with inundation events (Figure 27). 

However, this was not the case in 2019-20, suggesting a possible influence of other factors such as 

inundation drawdown or rainfall timing and volume. In contrast, the Icon Site abundance score showed 

only a marginal decrease on last year’s value. This suggests that the high diversity of species recorded in 

last year’s survey, which were absent from this year’s survey, were likely of low abundance. From Figure 

35, it can be seen that the majority of the increase in species richness in the 2019-20 survey period 

occurred at the sometimes and rarely-flooded sites, with a small increase at the often-flooded sites. 

The proportion of terrestrial dry species at the often and sometimes-flooded sites saw a small decrease 

in the 2020-21 survey period (Figure 31; Figure 32). In contrast, woody amphibious fluctuation tolerators 

and terrestrial damp species increased in their proportional abundance. However, it is unclear which 

species from these functional groups are contributing most to these changes. It is also unclear whether 

the true abundance of drought-tolerant species decreased, or whether only their proportional 

abundance saw a decrease due to an increase in the actual abundance of other functional groups. 

Further analyses and amendments to the presentation of current analyses are recommended to address 

these gaps in the current method. 

6.4.2 Often-flooded 

Floodplain inundation from natural flooding in 2016 and large-scale environmental watering in 2017–18 

resulted in a steady increase in aquatic species between 2016-17 and the 2018–19 survey period. 

However, aquatic species have since declined in abundance, most likely as a result of increased time 

since inundation. The 2020-21 survey period saw a decline in the proportion of drought-tolerant species 

and an increase in the proportion of terrestrial species requiring extended periods of damp soil. This 

represents a reversal of the trend seen from last year’s surveys and suggests partial inundation may 

have occurred at some sites.  

No often-flooded sites achieved compliance with the ecological targets for native water-responsive 

species richness and abundance. This represents a decline compared with last year’s results, where one 

often-flooded site was compliant in terms of species richness (Figure 25; Figure 26). The often-flooded 

FRFs also recorded the lowest species richness and abundance of all FRFs at each floodplain site (Figure 

35; Figure 36).  

6.4.3 Sometimes-flooded 

The sometimes-flooded sites saw a decrease in the proportional abundance of drought-tolerant species 

and an increase in the abundance of woody, water-responsive species. In particular, higher abundances 

of Tangled Lignum were recorded at the sometimes-flooded HFP4, HFP5 and HFP6 sites which also 

showed a strong association with other woody amphibious fluctuation tolerators (Figure 34). The 

increase in woody, water-responsive species is most likely due to an increase in annual rainfall in 2020-

21 compared to 2019-20.    
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The sometimes-flooded sites saw a significant decrease in the number of sites which were compliant 

with the ecological targets for native water-responsive species richness and abundance. In 2019-20 four 

sites were compliant in terms of species richness and two were compliant for species abundance (Figure 

25; Figure 26). In contrast, in 2020-21 no sites were compliant either in terms of species richness or 

abundance.  

6.4.4 Rarely-flooded 

Due to being situated at higher elevations than the other two FRF categories, rarely-flooded sites have 

been dominated by drought tolerant species for the duration of the monitoring program. While the 

occurrence of terrestrial damp species, and to a lesser degree amphibious species, can be seen to 

increase in response to inundation events, these fluctuations reduce over the proceeding years. The 

NMDS ordination visualizing species composition between sites (Figure 34) further describe the unique 

species composition of the rarely-flooded sites in relation to the sometimes- and often-flooded sites. 

The rarely-flooded sites showed a strong association with the terrestrial dry functional group and 

related species therein such as Grey Copperburr, Kidney Saltbush and Ruby Saltbush. 

Functional group composition was little changed at the rarely-flooded sites for the 2020-21 survey 

period compared to the previous two years. This was with the exception of a small increase in the 

abundance of woody amphibious fluctuation tolerators and a decrease in other amphibious functional 

group species (Figure 33). The number of rarely-flooded sites which were compliant with the ecological 

targets for species richness decreased in the 2020-21 survey period. In 2019-20 five sites were compliant 

for species richness and one was compliant in terms of species abundance, compared with only two and 

one respectively for 2020-21. In 2020-21 the rarely-flooded sites were the only FRF to record any 

compliant sites in terms of native water-responsive species richness. Compliance for species richness 

and abundance in 2020-21 appears to be driven mostly by the occurrence of Enchylaena tomentosa var. 

tomentosa, which was the only species present across all rarely-flooded floodplain sites and was 

recorded in high numbers. In addition, multiple species from the Chenopodiaceae family (including 

Atriplex lindleyi subsp. inflata, Atriplex stipitata subsp. stipitata, Sclerochlamys brachyptera and 

Sclerolaena diacantha) were recorded in high abundance across rarely-flooded sites. They also recorded 

the highest mean species abundance of all FRFs at all sites, with approximately twice as high species 

abundance as was present at the often-flooded sites (Figure 36). 

  



The Living Murray Condition Monitoring: Hattah Lakes 2020-21, Part A  

 

Final 2   77 

6.5 Objective and target attainment 

The Icon Site score for native species richness at Hattah floodplains during the current survey was 

substantially lower than the score recorded in the previous survey period, while the Icon Site score for 

native species abundance for the current survey was slightly lower than 2019-20. Past results suggest 

environmental water delivery in previous years has aided in facilitating shifts from floodplain vegetation 

communities dominated by terrestrial dry species to communities containing a wider variety of species 

functional groups and higher levels of species richness. While results from the current survey represent 

a potential decline in both species richness and abundance at a whole-of-site scale, it does not 

necessarily indicate the adopted ecological objective for floodplain vegetation at Hattah lakes to 

“restore diversity, extent and abundance of wetland and floodplain vegetation” is not being met. 

A summary of target attainment relating to the objectives is provided below in Table 18. 
 

Table 18 Summary of floodplain community target attainment in 2020-21. 

Objective HL3 

Improve species richness and abundance of native water-dependent floodplain and wetland aquatic vegetation 
at Hattah Lakes Icon Site by 2030. 

Targets Attained 
Partial 
attainment 

Not 
attained 

Species richness 

• Lower floodplain water responsive species richness 80th 

percentile is ≥6.15 

   

• Mid floodplain water responsive species richness 80th 

percentile is ≥5.95 

   

• High floodplain water responsive species richness 80th 

percentile is ≥1.6 

   

Species abundance 

• Lower floodplain water responsive species abundance 80th 

percentile is ≥37.35 

   

• Mid floodplain water responsive species abundance 80th 

percentile is ≥22.9 

   

• High floodplain water responsive species abundance 80th 

percentile is ≥7.15 
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6.6 Recommendations 

The structure, composition and dynamics of arid and semi-arid floodplain vegetation is primarily driven 

by hydrological regimes. Furthermore, hydrological regimes of many arid floodplains tends to be highly 

unpredictable, characterised by extended periods of drought followed by periods of flooding. 

Vegetation in these environments tends to respond rapidly to watering and drying events across 

different temporal and spatial scales, often resulting in rapid shifts in species composition (richness and 

abundance) and structure. Thus, floodplain vegetation monitoring and evaluation of ecological 

objectives requires consideration across multiple spatial and temporal scales.     

Static indices based on thresholds of species richness and abundance do not necessarily provide an 

accurate indication of floodplain health, as vegetation needs to be evaluated in relation to short-term 

events and conditions (e.g. water presence, soil moisture). For example, lower species richness of 

species requiring damp or saturated conditions, coupled with increased abundance of terrestrial 

drought-tolerant plants does not necessarily indicate poor condition but could be a temporary response 

to current conditions.    

At larger spatial scales, considerable spatial heterogeneity can be found, consisting of flood-dependant 

vegetation that changes with the topography of the landscape. In addition, variability in flooding and 

drying regimes in the short- and long-term can create mosaics of differing habitats consisting of distinct 

plant communities. This spatial heterogeneity can contribute significantly to distinct differences in 

species composition between individual floodplain sites, as well as between flood return frequencies.  

Soil seed banks are a key component of plant community diversity in floodplains, allowing many species 

to persist through unpredictable periods of flood and drought. Seed banks also often differ in species 

composition from their associated extant plant communities and can reflect natural processes that drive 

plant species composition across time and space.   

To better understand and determine the trajectories of floodplain vegetation and support complex 

adaptive management decisions, we recommend taking into consideration the spatial and temporal 

complexity inherent in floodplain vegetation across the landscape when developing ecological objectives 

for floodplains, rather than relying on static indices of species richness and abundance. We also 

recommend incorporating investigations of wetland soil seed banks to gain greater insight into the 

processes driving floodplain vegetation change and allow greater understanding plant community 

diversity.    
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7 Lignum 

7.1 Introduction  

Tangled Lignum Duma florulenta is a native branching shrub growing to around 2 m high and 2 m wide 

(VicFlora 2021). Tangled Lignum forms dominant ‘Lignum’ vegetation communities (such as Lignum 

Shrubland and Lignum Swamp), which require periodic inundation (MDBA 2012a). The hydrology of 

Hattah Lakes has changed due to the impacts of diverting and extracting water from the Murray River 

for agricultural and domestic use (MDBA 2012a). This change has seen a decline in Lignum communities, 

and therefore habitat for flora and fauna, which rely on the periodic flooding of the natural lake system 

within the Icon Site (MDBA 2012a). 

Monitoring of Lignum at Hattah Lakes as part of the TLM program has been undertaken since 2007, 

although a new methodology—applying to survey design, data collection and analyses—was 

implemented in 2016–17. Adoption of the new methodology followed recommendations put forward in 

Brown et al. (2016), Huntley et al. (2016) and Robinson (2014). As a result of widespread flooding during 

the 2016–17 survey period, most sites were unable to be assessed (Brown et al. 2017), therefore 

analyses in this report will be limited to the comparison of data collected in 2017–18, 2018–19, 2019–20 

and 2020-21. 

Ecological objectives for the Hattah Lakes Icon Site are set out in the CMP (MCMA 2021b) and represent 

the most current objective for Lignum at Hattah Lakes.  

 

Objective HL4 Condition and extent of floodplain vegetation 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (Eucalyptus 

camaldulensis), Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and 

processes typical of such communities at Hattah Lakes Icon Site by 2030. 

 

The target developed for Lignum condition at Hattah Lakes under objective HL4 is, by 2030: 

• Condition in standardised transects that span the floodplain elevation gradient and existing 

spatial distribution, ≥70% of lignum plants in good condition with a Lignum Condition Score (LCI) 

≥4 (MCMA 2021b). 

This report section will: 

• assess Lignum condition against an established target at site and Icon Site levels. 
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7.2 Methods  

Condition monitoring of Lignum comprised assessment of 16 quadrats, with each quadrat measuring 20 

x 20 m. Data collected for each quadrat included: 

• condition of every mature Lignum plant within the quadrat, using the Lignum Condition Index 

(LCI; Table 19). 

• gender of each mature Lignum plant that is flowering, by examining the flowers and estimating 

the amount of flowering (e.g. absent; scarce; common; abundant); 

• total number of emergent Lignum plants (e.g. seedlings or clones) that are present within the 

quadrat; and 

• total percentage cover of Lignum over the whole quadrat. 

Data collection for 2020–21 was undertaken from November – December 2020. 

The allocation of sites per stratum is as follows: 

• Lignum Shrubland: H4, H12, H13, H14, H15 

• Lignum Swamp: H17, H18, H19, H20, H21 

• Lignum Woodland: H1, H3, H7, H9, H11, H16 

Table 19 The Lignum Condition Index (LCI) used to assess Lignum plant condition (adapted 

from Huntley et al. 2016). 

% Viable Score  Colour Score 

> 95 6  All green 5 

75 ≤ 95 5  Mainly green 4 

50 ≤ 75 4  Half green, half yellow/brown 3 

25 ≤ 50 3  Mainly yellow/brown 2 

5 ≤ 25 2  All yellow/brown 1 

0 ≤ 5 1  No viable stems 0 

0 0    

7.2.1 Indices and points of reference  

As per MCMA (2021b), the percentage of Lignum plants with an LCI ≥4 was calculated for each site. The 

mean proportion of plants within each site with an LCI ≥4 was then compared across survey periods to 

assess the average condition of Lignum within sites, over time.  

To report on Lignum condition at an Icon Site level, each site was assessed as being either compliant or 

non-compliant. Compliant sites, i.e. those where more than 70% of plants had LCI scores ≥4, were 

considered to be in good condition and to have attained the site-specific target.  
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The proportion of compliant sites was then used as an Icon Site index to document variation in Lignum 

condition over time, whereby a change of 0.3 between years will indicate significant changes (Robinson 

2014). 

 

  



The Living Murray Condition Monitoring: Hattah Lakes 2020-21, Part A  

 

Final 2   82 

7.3 Results  

The 2020-21 monitoring results indicate a decrease in lignum condition since 2019-20, with 6% fewer 

plants obtaining an LCI score ≥4, on average across all sites (75% compared to 81% respectively; Figure 

37). A similar decline occurred between the 2017-18 and 2018-19 survey periods.  

 

Figure 37 Mean percentage of lignum plants (± SE) that have a Lignum Condition Index (LCI) 

score ≥4 across the whole Hattah Lakes Icon Site. The Icon Site target of 70% is shown 

for comparison. 

 

The results for Lignum Shrubland and Lignum Swamp Water Regime Classes (WRCs) have remained 

relatively unchanged since 2019-20, however there was a decrease in lignum woodland LCI scores ≥4 

(Figure 38, Figure 39, Figure 40). 
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Figure 38 Mean percentage of lignum plants (± SE) within Lignum Shrubland at Hattah Lakes 

with a LCI score ≥4. The Icon Site target of 70% is shown for comparison. 

 

Figure 39 Mean percentage of lignum plants (± SE) within Lignum Swamp at Hattah Lakes with a 

LCI score ≥4. The Icon Site target of 70% is shown for comparison. 

 

Figure 40 Mean percentage of lignum plants (± SE) within Lignum Woodland at Hattah Lakes 

with a LCI score ≥4. The Icon Site target of 70% is shown for comparison. 

 

At the Icon Site scale, the Icon Site index (the proportion of sites that exceed the target of 70%) has 

remained stable at 0.75 from 2019-20 to 2020-21. This follows an increase in compliance from 2018-19 

(0.56). The cover of lignum across all Hattah lakes sites has increased substantially from 15% in 2019-20 

to 24% in 2020-21 (Figure 41). 
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Figure 41 Mean percentage cover of lignum plants across all sites at Hattah Lakes. Recording of 

lignum cover began in the 2019-20 season. 
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7.4 Discussion  

7.5 Objective and target attainment 

The site level target for Lignum condition states that more than 70% of Lignum plants at Hattah Lakes 

have a LCI score of ≥4; this target was met for the Lignum Swamp and Woodlands as well as across the 

whole site. At an Icon Site level, the Icon Site Condition Index remained stable at 0.75. Based on these 

results, the ecological objective is partially met with two of three Lignum strata considered to be healthy 

and meeting the target condition (Table 20). A summary of target attainment relating to the objectives 

is provided below in Table 20. 

Table 20 Summary of Lignum target attainment in 2020–21 

Objective HL4 

Improve condition and maintain extent from baseline (2006) levels of River Red Gum (Eucalyptus 
camaldulensis), Black Box (E. largiflorens) and Lignum (Duma florulenta) to sustain communities and processes 
typical of such communities at Hattah Lakes Icon Site by 2030. 

Targets Attained 
Partial 
attainment 

Not 
attained 

Condition in standardised transects that span the floodplain elevation gradient and existing spatial 
distribution, ≥70% of lignum plants in good condition with a Lignum Condition Score (LCI) ≥4: 

Whole of Icon Site    

• Lignum Shrubland    

• Lignum Swamp    

• Lignum Woodland    
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7.6 Recommendations 

The use of a compliance score and Icon Site index for determining Lignum “health” may not always be 

accurate. Given the natural response of Lignum to wetting and drying cycles, year-to-year fluctuations in 

the LCI score are to be expected. For example, Lignum produces leaves, flowers and shoots rapidly in 

response to rainfall and flooding. However green stems dry out over time following rainfall or 

inundation (Capon et al. 2009). In addition, frequently flooded areas tend to be dominated by large 

(>3m tall), dense clumps of lignum whilst considerably smaller (<1m tall), stunted individuals are 

scattered sparsely in much drier conditions. Thus, a site containing a high percentage of Lignum below 

the stated target of ≥4 ma not necessarily be in poor condition. Rather the plant is responding 

differently to a drier period of a variable climate that cycles through wet and dry phases. Current water 

availability and flooding history across all lignum sites therefore needs to be taken into account when 

assessing compliance of a site based on a particular percent of plants with a LCI ≥4.   

Reproductive effort (i.e. abundance of flowers) should be considered when assessing condition of 

Lignum sites. In addition, the abundance of leaves is also an appropriate indicator of Lignum condition. 

While this data is already a component of the data collection protocols for Lignum assessment, we 

recommend including the data collected for both the number of flowers and leaves produced each year 

in assessments of Lignum Condition in the Hattah Lakes Condition Monitoring Plan (MCMA 2021b). 

Furthermore, as with tree condition, we recommend the provision of flood history mapping to aid in 

accurate assessments of Lignum condition in relation to delivery of water to sites. 



The Living Murray Condition Monitoring: Hattah Lakes 2020-21, Part A  

 

Final 2   87 

8 Waterbirds 

8.1 Introduction 

The Hattah Lakes Icon Site contains 18 wetlands (12 Ramsar listed) ranging from semi-permanent to 

ephemeral wetlands that provide valuable waterbird habitat when containing water. In previous years a 

wide range of large waterbirds, including pelicans, spoonbills and egrets, as well as smaller waterbirds 

and shorebirds, including ducks, cormorants and plovers has been recorded at various Hattah wetlands. 

Waterbird monitoring at the Hattah Lakes Icon Site continues on a biannual basis in spring and autumn 

to assess the effects of flooding events on waterbird habitat and activity in selected wetlands. These 

surveys are part of The Living Murray condition monitoring program. This report presents the findings of 

the spring 2020 and autumn 2021 waterbird surveys. 

8.2 Ecological objective 

As stated in the Hattah Lakes Condition Monitoring Plan (MCMA 2021b), there are two objectives 

relating to waterbirds are: 

Objective HL7 Create vital habitat – feeding habitat for waterbirds 

By 2030, maintain or improve biodiversity at Hattah Lakes by ensuring that feeding habitat for the 

dominant guilds of waterbirds, most notably waterfowl, herbivores and piscivores, are supported. 

Objective HL8 Waterbird breeding 

By 2030, protect and restore ecosystem functions of water-dependent ecosystems that support 

successful colonial nesting waterbird species at Hattah Lakes by providing conditions for breeding and 

fledging at least three 3 times every 10 years.  

Specific targets relating to waterbirds under HL8: 

Increased frequency in successful breeding (success as young fledging) of one or more of the listed 

colonial nesting species 3 years in 10, when conditions are favourable: 

• Australian White Ibis (Threskiornis molucca), Glossy Ibis (Plegadis falcinellus), Great Egret (Ardea 

modesta), Intermediate Egret (Ardea intermedia), Australian Darter (Anhinga novaehollandiae), 

Great Cormorant (Phalacrocorax carbo), Little Black Cormorant (Phalacrocorax sulcirostris) Little 

Pied Cormorant (Microcarbo melanoleucos), White-necked Heron (Ardea pacifica), Yellow 

Spoonbill Platalea flavipes), and Royal Spoonbill (Platalea regia). 

8.3 Indices and points of reference 

Specific targets relating to waterbirds under HL7 are: 

Feeding habitat defined as a mixture of deep feeding areas (water >1m) and shallow feeding areas 

(<0.5m depth and or drying mud) with intermittent inundation of densely vegetated shrublands 

(flooding of lignum habitat for 5-6 months every 2 years). 

Support feeding habitat for waterfowl, herbivores and piscivores of waterbirds, 8 years in 10, with the 

following common species recorded annually:  
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Australian Pelican (Pelecanus conspicillatus), Australian Wood Duck (Chenonetta jubata), Black-winged 

Stilt (Himantopus himantopus), Australian Darter (Anhinga novaehollandiae), Great Cormorant 

(Phalacrocorax carbo), Great Crested Grebe (Podiceps cristatus), Little Black Cormorant (Phalacrocorax 

sulcirostris), Masked lapwing (Vanellus miles), Pacific Black Duck (Anas superciliosa), White-faced Heron 

(Egretta novaehollandiae), and Yellow-billed Spoonbill (Platalea flavipes).  
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8.4 Methods 

The method used for the waterbird surveys was consistent with that used for surveys during previous 

years (Ecology Australia, 2019; 2020) and follows the Birdlife Australia suggested method (Birdlife 

Australia 2016). All waterbirds visible from a fixed point on the edge of each wetland (or two separate 

fixed points for large wetlands) were identified to species level and the number of individuals per 

species was recorded. Counts were conducted for 20 minutes (longer if large numbers of birds were 

present) by two experienced observers using a spotting scope and binoculars. Twenty-minute surveys 

were also conducted at dry wetlands unlikely to support waterbirds, to record any incidental waterbirds, 

as well as any other bird species present at these sites (see non-waterbird chapter below). Evidence of 

current or recent breeding, such as nests and flightless juveniles was recorded where observed and for 

wetlands containing any water, water levels (percentage surface water area compared to full) were 

estimated using satellite images obtained from the USGS 

(https://landlook.usgs.gov/sentinel2/viewer.html) taken in the months surveys were conducted. 

Estimates were based on the surface areas of polygons drawn around the water extent in QGIS 

(QGIS.org, 2021).  

The following 15 wetlands were surveyed both in spring 2020 and in autumn 2021: 

• Lake Arawak     •       Lake Kramen (two survey points)   

• Lake Bitterang (two survey points)   •       Lake Little Hattah 

• Lake Brockie     •       Lake Mournpall (two survey points) 

• Lake Bulla     •       Lake Nip Nip (two survey points) 

• Lake Cantala     •       Lake Woterap 

• Lake Hattah     •       Lake Yelwell (two survey points) 

• Lake Konardin     •       Lake Yerang 

• Lake Lockie (two survey points) 

  

https://landlook.usgs.gov/sentinel2/viewer.html
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8.5 Results 

The 15 wetlands surveyed at the Hattah Lakes Icon Site were visited between 19 and 20 October 2020 

(spring) and between 19 and 22 April 2021 (autumn). Only one wetland, Lake Kramen, held water during 

both surveys and was estimated to be 60% full in spring and 40% full in autumn (Table 21, Table 14 of 

the Part B report). 

Table 21 Extent of water surface of Lake Kramen, the only lake to hold water during the 2020-

2021 spring and autumn waterbird surveys, and associated observed waterbird 

densities 

Wetland  Lake Kramen 

  Spring Autumn 

Total area (ha) 190 

% Full 60 40 

Surface water area (ha) 114 76 

Waterbird density (birds / ha water surface) 14.7 12.9 

 

All waterbirds for both surveys were recorded at Lake Kramen, the only wetland containing water, with 

the exception of one Masked Lapwing (Vanellus miles) at Lake Brockie and one White-faced Heron 

(Egretta novaehollandiae) at Lake Cantala, both observed during the spring survey. A detailed list of 

waterbird species recorded in spring and autumn, including individual counts per species, species 

richness and waterbird density, can be found in Table 14 of the 2020-2021 Part B report. 

8.5.1 Waterbird numbers and diversity 

In total 2658 waterbirds, comprising 28 species, were recorded overall (Table 22). As during the 2019-

2020 surveys, the number and diversity of birds was higher in spring (1680 individuals of 25 species) 

than in autumn (978 individuals of 21 species), although the difference was much less stark. In total 28 

species were recorded, all at Lake Kramen (Table 22), including one migratory species, the Eastern Great 

Egret (Ardea alba modesta). The guild with the highest number of individuals recorded in spring (571, 

34% of waterbirds recorded in spring, Table 22) were the dabbling ducks, with Grey Teal (Anas gracilis) 

being the most common species (495 individuals, Table 14 Part B report). The least common was the 

shorebird guild, with only one Masked Lapwing and one Black-fronted Dotterel (Elseyornis melanops) 

recorded (0.1% of waterbirds). In autumn, the grebes were the best represented guild, with 460 

individuals (46.9%), similar to the 438 recorded in spring. No grazing ducks and only two filter-feeding 

ducks (Pink-eared Duck (Malacorhynchus membranace)) were observed in autumn (Table 14 Part B 

report), making these the least recorded guilds (0% and 0.2%, respectively, Table 22). Waterbird 

densities did not differ greatly between spring and autumn, with 1.8 birds per hectare more in spring 

than in autumn (14.7 and 12.9 birds/ha, respectively, Table 21). 
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Table 22 Total counts of waterbirds by species, guild, and wetland. Only wetlands at which 

waterbirds were observed are included in the table. 

Wetland 

B
ro

ck
ie

 

C
an

ta
la

 

K
ra

m
e

n
 

Total 

Coots & rails       327 327 

Eurasian Coot Fulica atra     327 327 

Dabbling ducks       679 679 

Chestnut Teal Anas castanea     38 38 

Grey Teal Anas gracilis     569 569 

Pacific Black Duck Anas superciliosa     72 72 

Diving ducks       82 82 

Blue-billed Duck Oxyura australis     5 5 

Hardhead Aythya australis     55 55 

Musk Duck Biziura lobata     22 22 

Filter-feeding ducks       30 30 

Australasian Shoveler Spatula rhynchotis     4 4 

Pink-Eared Duck Malacorhynchus membranaceus     26 26 

Fish-eaters       359 359 

Australasian Darter Anhinga novaehollandiae     6 6 

Australian Pelican Pelecanus conspicillatus     20 20 

Great Cormorant Phalacrocorax carbo     73 73 

Little Black Cormorant Phalacrocorax sulcirostris     229 229 

Little Pied Cormorant Microcarbo melanoleucos     21 21 

Pied Cormorant Phalacrocorax varius     10 10 

Grazing ducks       46 46 

Australian Wood Duck Chenonetta jubata     46 46 

Grebes Podicipedidae spp.     898 898 

Australasian Grebe Tachybaptus novaehollandiae     241 241 

Great Crested Grebe Podiceps cristatus     142 142 

Hoary-Headed Grebe Poliocephalus poliocephalus     515 515 

Large wading birds     1 65 66 

Australian White Ibis Threskiornis molucca     15 15 

Eastern Great Egret Ardea alba     6 6 

Royal Spoonbill Platalea regia     4 4 

White-Faced Heron Egretta novaehollandiae   1 20 21 

Yellow-Billed Spoonbill Platalea flavipes     20 20 

Shorebirds   1   85 86 

Black-Fronted Dotterel Elseyornis melanops     34 34 

Masked Lapwing Vanellus miles 1   36 37 
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Wetland 

B
ro

ck
ie

 

C
an

ta
la

 

K
ra

m
e

n
 

Total 

Pied Stilt Himantopus leucocephalus     15 15 

Swans       85 85 

Black Swan Cygnus atratus     85 85 

Total number of waterbirds 1 1 2656 2658 

Species richness 1 1 28 28 

 

While guild representation was skewed towards dabbling ducks and grebes in spring, together making 

up 60.1% of all birds observed, in autumn numbers were spread among guilds more evenly. Even though 

grebes were clearly in the majority (46.9%), the next most abundant guilds were all represented 

between 7.6 - 11% (Table 23), together making up another 47.8%. These were the dabbling ducks (11%), 

fish-eaters (10.4%), coots and rails (10.2%), shorebirds (8.6%) and swans (7.6%). 

Table 23 Number of waterbirds observed during spring 2020 and autumn 2021 surveys by 

guild and guild representations as proportion of all waterbirds seen 

        % of all waterbirds 
Waterbird feeding 
guild 

Spring Autumn Total Spring Autumn 

Coots & rails 227 100 327 13.5 10.2 

Dabbling ducks 571 108 679 34.0 11.0 

Diving ducks 72 10 82 4.3 1.0 

Filter-feeding ducks 28 2 30 1.7 0.2 

Fish-eaters 257 102 359 15.3 10.4 

Grazing ducks 46 0 46 2.7 0.0 

Grebes 438 460 898 26.1 46.9 

Large wading birds 26 40 66 1.5 4.1 

Shorebirds 2 84 86 0.1 8.6 

Swans 11 74 85 0.7 7.6 

Total abundance 1678 980 2658 100 100 

Species richness 25 21 28     

 

The fish-eaters and large wading birds scored highest with regard to diversity, with six and five species 

observed, respectively. These guilds were followed by the dabbling ducks, diving ducks, grebes, and 

shorebirds, with three species seen for each guild. Two species of filter-feeding ducks were recorded 

and finally only one species each was observed for the coot and rail, grazing duck and swan guilds (Table 

22). Diversity for each guild was similar in spring and autumn, with dabbling ducks, diving ducks, filter-

feeding ducks, fish-eaters, and grebes recording one more species in spring than in autumn and large 

wading birds and shorebirds recording one more species in autumn than in spring. Grazing ducks, 

represented by only one species, the Australian Wood Duck (Chenonetta jubata), were only seen in 

spring and not in autumn (Table 14 Part B report). 
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Species only seen in spring included Australasian Shoveler (Spatula rhynchotis), Australian Wood Duck, 

Blue-billed Duck (Oxyura australis), Great Crested Grebe (Podiceps cristatus, large flock of 142), Little 

Black Cormorant (Phalacrocorax sulcirostris, large count of 229), Little Pied Cormorant (Microcarbo 

melanoleucos), and Pacific Black Duck (Anas superciliosa). Species only recorded during the autumn 

survey were Pied Cormorant (Phalacrocorax varius), Pied Stilt (Himantopus leucochephalus) and Yellow-

billed Spoonbill (Platalea flavipes) (Table 14 Part B report). 

8.5.2 Waterbird breeding 

There was evidence of waterbird breeding at Lake Kramen during both the spring and autumn surveys. 

During the spring surveys, five Black Swan (Cygnus atratus) cygnets were recorded, and in autumn five 

active Black Swan nests were seen. No other signs of active waterbird breeding were observed in either 

survey at the Hattah Lakes Icon Site. 
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8.6 Discussion 

As expected, the vast majority of waterbirds were associated with wetlands containing water, consistent 

with waterbird monitoring surveys in previous years (Bloink et al. 2019, 2020). Only in spring individuals 

of two species were observed at dry wetlands: a single Masked Lapwing at Lake Brockie and a single 

White-faced Heron at Lake Cantala. Both these species are known to also forage in grasslands away 

from standing water.  

No environmental water was delivered to any of the Hattah Lakes Icon wetlands over the 2020-2021 

survey period, and as a result only one wetland, Lake Kramen (filled Spring 2019), still contained water, 

the volume of which decreased between the spring and autumn surveys. 

8.6.1 Wetland status, bird abundance and species richness 

Species richness was a little lower (28 species) than observed during the 2019-2020 surveys (32 species), 

however, this difference can largely be attributed to differences in standing water between years. In 

spring 2019 seven of the monitored wetlands in the Hattah Lakes Icon Site contained water, while from 

autumn 2020 to autumn 2021 only Lake Kramen contained water. This reduction in water-holding 

wetlands had a significant impact on species richness in the 2019-2020 period, where the number of 

species recorded fell from 32 in spring to only nine in autumn. This number seemed to have largely 

recovered during the current survey period, with 25 species recorded in spring and 21 in autumn. This 

may have been the result of birds returning from ephemeral inland water bodies in the Lake Eyre basin 

after these dried out again (Ecology Australia, 2020). In addition, Lake Kramen was the only wetland at 

the Hattah Lakes site holding water and therefore likely a local refuge for waterbirds in an otherwise dry 

system.  

Lake Kramen was still estimated to be 60% full in spring and had dropped to 40% full in autumn. This 

drop in water level and surface area could also explain the slightly lower species richness in autumn. 

Guilds with fewer species recorded in autumn than in spring were mostly those favouring deeper water 

for diving and swimming, such as the diving ducks, fish-eaters, grebes, and dabbling and filter-feeding 

ducks. Two guilds that increased in species richness with decreased water levels in autumn were the 

large wading birds and shorebirds, both favouring shallow water and mudflats. 

Like diversity, waterbird abundance also reduced from spring 2020 to autumn 2021. Again, this was akin 

to the pattern observed in the 2019-2020 period, although with less steep a drop this time from 1678 in 

spring to 980 in autumn. This was mostly due to strong reductions in the numbers of coots, dabbling 

ducks, and fish-eaters, likely also due to the reduction in water depth at Lake Kramen. Large wading 

birds, shorebirds and swans increased in number between spring and autumn and swans were observed 

building nests in Lake Kramen. This also reflects the lake’s lowering water table. The stronger reduction 

in birds favouring deeper water compared to the increase of those with a preference for shallow water 

also caused a slight reduction in waterbird density from spring (14.7 birds/ha) to autumn (12.9 

birds/ha). 

Several waterbird species considered endangered or vulnerable in Victoria were recorded during the 

2020-2021 surveys, including the Blue-billed Duck, Musk Duck (Biziura lobata), and Eastern Great Egret 

(Table 14 Part B report).  
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8.6.2 Progress toward ecological objectives 

Ecological objective HL7 aims to by 2030 create feeding habitat for waterbirds at least 8 out of every 10 

years. Feeding habitat is defined as a mixture of deep feeding areas (water >1m) and shallow feeding 

areas (<0.5m depth and or drying mud) with intermittent inundation of densely vegetated shrublands 

(flooding of lignum habitat for 5-6 months every 2 years). Lake Kramen was the only wetland providing 

feeding habitat for waterbirds as defined in objective HL7 over the 2020-21 season. No lignum habitat 

was flooded over this period. 

An additional aim of this objective is to record the presence of 11 common waterbird species on an 

annual basis. Over the 2020-21 season, all 11 selected species were recorded at the Hattah Lakes Icon 

Site, nine during the spring surveys and seven during the autumn surveys (Table 24). 

Table 24 Waterbird species to be recorded annually at Hattah Lakes to attain objective HL7, 

and whether these species have been recorded during the spring 2020 and/or 

autumn 2021 surveys. 

Target species 
2020-21 

Spring Autumn 

Australasian Darter ● ● 

Australian Pelican ● ● 

Australian Wood Duck ●  

Black-winged Stilt  ● 

Great Cormorant ● ● 

Great Crested Grebe ●  

Little Black Cormorant ●  

Masked Lapwing ● ● 

Pacific Black Duck ●  

White-faced Heron ● ● 

Yellow-billed Spoonbill  ● 

 

At this stage of the 2020-30 ten-year period, objective HL7 is still on track to be met at the Hattah Lakes 

Icon Site (Table 25). 

Ecological objective HL8 aims to by 2030 restore and protect habitat suitable for successful colonial 

waterbird nesting at least 3 out of every 10 years. This objective specifically aims to increase the 

frequency of successful breeding by a number of waterbird species (see section 8.2 for a full list of 

species). No evidence of current or recent nesting by colonial waterbirds was recorded during the 2020-

21 surveys. However, given the objective does not aim for successful breeding each year, it is still on 

track to be reached successfully by 2030 (Table 25). 

Past surveys have only opportunistically recorded evidence of waterbird breeding when recently built 

nests or fledglings were observed during waterbird point surveys. To better monitor successful 

waterbird breeding, a more targeted approach is preferable to determine which sites successfully fledge 

offspring. This may involve more frequent surveying or monitoring throughout the spring and early 

summer periods. 
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Table 25 Summary of waterbird target attainment in 2020–21 

Objective Attained 
Partially 
attained 

Not attained 

HL7: Create vital habitat – feeding habitat for waterbirds  

Support feeding habitat for waterfowl, herbivores and piscivores 
of waterbirds, 8 years in 10, with the following common species 
recorded annually:  

• Australian pelican (Pelecanus conspicillatus), Australian 
wood duck (Chenonetta jubata), Black-winged stilt 
(Himantopus himantopus), Australian darter (Anhinga 
novaehollandiae), great cormorant (Phalacrocorax carbo), 
great crested grebe (Podiceps cristatus), little black 
cormorant (Phalacrocorax sulcirostris), masked lapwing 
(Vanellus miles), Pacific black duck (Anas superciliosa), 
white-faced heron (Egretta novaehollandiae), and yellow-
billed spoonbill (Platalea flavipes). 

   

HL8: Waterbird breeding  

Increased frequency in successful breeding (success as young 
fledging) of one or more of the listed colonial nesting species 3 
years in 10, when conditions are favourable: 

• Australian white ibis (Threskiornis molucca), glossy ibis 
(Plegadis falcinellus), great egret (Ardea modesta), 
intermediate egret (Ardea intermedia), Australian darter 
(Anhinga novaehollandiae), great cormorant 
(Phalacrocorax carbo), little black cormorant 
(Phalacrocorax sulcirostris), little pied cormorant 
(Microcarbo melanoleucos), white-necked heron (Ardea 
pacifica), yellow spoonbill (Platalea flavipes), and royal 
spoonbill (Platalea regia). 

   

 

8.6.3 Implications for management 

Patterns of waterbird distribution and abundance are dynamic, fluctuating with continental rainfall 

patterns and the availability of water in the landscape (see Frith 1982, Chambers and Loyn 2006). The 

results from the current and previous seasons of waterbird monitoring, demonstrate these patterns of 

response, with changes in waterbird abundance and density related to flooding and drying of wetlands 

at both a local and landscape scale. 
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9 Non-waterbirds 

9.1 Introduction 

In addition to waterbird counts, the 2020-2021 surveys also included 20-minute counts of any non-

waterbird species present at each of the wetlands surveyed. These non-waterbird surveys were first 

conducted during the 2019-2020 season to gain an understanding of how birds that are not necessarily 

strongly associated with the presence of open water bodies use the wetlands during their different 

stages of inundation. This can provide valuable knowledge of the resources the wetlands provide to 

other birdlife when containing very little to no water. 

9.2 Methods 

Non-waterbird species were recorded where present on the lakebed (dry lakes and shorelines), or in the 

riparian vegetation directly bordering each surveyed wetland. As for the waterbirds, a 20-minute timed 

count was conducted within which each non-waterbird species identified by sight or sound was 

recorded. Evidence of breeding and recruitment (i.e. nests and juveniles) were recorded incidentally. 

9.3 Results 

Fifteen wetlands in the Hattah Lakes Icon Site were surveyed for non-waterbird species between 19 and 

20 October 2020 (spring) and between 19 and 22 April 2021 (autumn). The list of surveyed wetlands can 

be found in the Waterbirds chapter of this report. In total 2383 non-waterbirds comprising 42 species 

were observed; 1218 (39 species) in spring, and 1165 (28 species) in autumn (Table 15 Part B report). 

9.3.1 Number and species richness of non-waterbirds 

The highest number of non-waterbirds (856) was observed at Lake Kramen, mostly due to a very high 

autumn count of 671 individuals, while Lake Lockie, as in the previous season, contained the highest 

species diversity (25) and the highest spring abundance (197) of non-waterbirds. The lowest number of 

non-waterbirds was observed at Lake Nip Nip (44) and the lowest species diversity at Lake Bulla (11). 

Little Corellas (Cacatua sanguinea) were the most abundant species (578), largely due to one large flock 

at the edge of Lake Kramen. The next most commonly encountered non-waterbird species were all 

nearly equally abundant: 200 Welcome Swallows (Hirundo neoxena), 193 Regent Parrots (Polytelis 

anthopeplus), 191 Noisy Miners (Manorina melanocephala), 179 Galahs (Eolophus roseicapilla), and 159 

Emus (Dromaius novaehollandiae). The least encountered species (only one individual) were Brown 

Thornbill (Acanthiza pusilla), Chestnut-rumped Thornbill (Acanthiza uropygialis), Golden Whistler 

(Pachycephala pectoralis), Sacred Kingfisher (Todiramphus sanctus), Spotted Pardalote (Pardalotus 

punctatus), and Yellow Thornbill (Acanthiza nana). 

Some vulnerable and near-threatened species were also recorded. Small to medium-sized flocks of 

Regent Parrots, nationally listed as vulnerable were observed at all but one of the wetlands in spring and 

autumn. Emu were observed at many lakes, and in spring 2020 a Brown Treecreeper (Climacteris 

picumnus) was seen at Lake Cantala and at Lake Mournpall. Both the latter species are listed as near-

threatened in Victoria. 

Table 15 in the 2020-2021 Part B report lists all non-waterbird species by guild and number of 

individuals observed at each surveyed wetland. 
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9.3.2 Non-waterbird breeding 

Evidence of breeding in non-waterbirds was observed at several wetlands during the spring 2020 

surveys. Regent Parrots were observed utilising tree hollows near Lake Cantala, an active Whistling Kite 

(Haliastur sphenurus) nest was found at Lake Woterap and juvenile Australian Magpies (Gymnorhina 

tibicen) were observed at several wetlands. 

9.3.3 Lakebed use by non-waterbirds 

Non-waterbirds were observed using the lakebed at all surveyed wetlands. Of all 2383 non-waterbirds 

observed during the 2020-2021 season, 855 (35.9%) individuals, comprising 29 species (67.4% of species 

recorded) were observed using lakebeds.  

At wetlands not containing any water, some non-waterbird species were observed foraging anywhere 

on the dry lakebed, or perched in single trees growing out of the lakebed. At Lake Kramen, the only 

surveyed wetland holding water during the spring and autumn surveys, most non-waterbird lakebed use 

was restricted to the water’s edge, with the exception of some aerial hunters such as Welcome 

Swallows and Whistling Kites, which were observed flying over the water. 

Species exclusively observed on lakebeds included Emu and Welcome Swallow. Non-waterbirds for 

which more than half the sightings were associated with lakebed use included Australian Magpie, Blue 

Bonnet (Northiella haematogaster), Common Bronzewing (Phaps chalcoptera), and Tree Martin 

(Petrochelidon nigricans). Species only observed in vegetation surrounding lakebeds, but never on 

lakebeds themselves included Laughing Kookaburra (Dacelo novaeguineae), Little Raven (Corvus 

mellori), and Variegated Fairy-wren (Malurus lamberti). 
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9.4 Discussion 

As expected, non-waterbirds were encountered at every surveyed wetland, regardless of inundation 

status. Unlike waterbirds, these species are not dependent on open expanses of water for foraging and 

breeding and hence can take up residence at ephemeral wetlands year-round, even over dry periods. 

Dry lakebeds can be valuable food sources for non-waterbirds, especially after recently holding water 

when many plants revived by the water grow, flower, attract insects and produce seeds. 

9.4.1 Wetland status, non-waterbird abundance and diversity 

Wetland inundation affected the number of non-waterbirds observed, with the only wetland holding 

water, Lake Kramen, recording over three times as many non-waterbirds than the wetland with the next 

highest non-waterbird count, Lake Lockie. This observation has to be treated with caution, however, 

given that only one wetland contained water and other factors like surrounding landscape and multiple 

survey points for large wetlands could also have played a role in non-waterbird abundance.  

Species richness was not clearly affected by wetland size or inundation status. At dry wetlands the 

number of species observed ranged from 11 to 25 (mean 14.9), while at lake Kramen 22 species were 

recorded.  

These numbers indicate that purely the presence of water in a wetland may be able to attract and 

support more individuals but does not necessarily increase species diversity. The latter is also influenced 

by vegetation type and cover surrounding wetlands, as these are important determinants of food 

availability, shelter, and nesting opportunities for many non-waterbird species. Presence of water may 

therefore be less important than water management (McGinness et al. 2010). The frequency and 

duration of flooding events in wetlands affect vegetation type and quality, which in turn affects the 

diversity and number of non-waterbirds able to use the vegetation for survival and reproduction. 

9.4.2 Species in the landscape 

Species observed mostly on lakebeds, such as Australian Magpie, Emu, Tree Martin and Welcome 

Swallow were those typically using open landscapes to forage. Laughing Kookaburras only observed in 

trees around lakebeds, prefer to perch in trees and spend little time on the ground, while Variegated 

Fairy-wrens need dense vegetation for shelter from predators and rarely stray far from such cover when 

foraging. Guilds like pigeons and parrots will spend time resting and preening in trees as well as foraging 

on lakebeds. All these species were observed at most wetlands, highlighting the importance of lakebed 

and fringing vegetation quality. 

Nationally vulnerable Regent Parrots were also observed at all but one of the wetlands, with one large 

flock at lake Kramen (>50, opportunistic observation) and some indications of breeding by this species at 

Lake Cantala where individuals were seen utilising tree hollows. Breeding activity has also been 

recorded at Lakes Lockie and Nip Nip during the 2019-2020 surveys (Bloink et al. 2020). The Hattah 

Lakes is known to be one of the last refuges for Regent Parrots, however the wetlands themselves may 

not be essential to their presence, as breeding activity was observed near a dry wetland and no Regent 

Parrots were recorded using dry lakebeds. The presence of old, hollow-bearing trees allowing colonial 

breeding may be of more importance to sustain a population in the area. 
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9.4.3 Implications for management 

Non-waterbirds rely on vegetation that provides them with food, shelter and breeding opportunities 

and the current surveys show that the Hattah Lakes wetlands currently provide habitat to a substantial 

number of species, including some of national and state significance. Vegetation quality and therefore 

bird diversity depends on water management across the wetlands. 
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10 Fish Communities 

10.1 Introduction 

The TLM fish condition monitoring program undertakes annual sampling of large-bodied and small-

bodied fish species at each Icon Site to assess the condition of the fish community against relevant 

points of reference, indices and targets that are deemed to be representative of ‘good’ condition 

appropriate for that Icon Site (Robinson 2015). 

Fish sampling for the TLM condition monitoring program at Hattah Lakes commenced in January 2006 

and has been undertaken annually with the exception of 2009 and 2015 when no sampling occured. The 

background and methods used is described in the most recent program design report (Mallee CMA 

2021b). 

A number of refinements have been made over the duration of the monitoring program. The fish related 

refinements include: 

• Switching the timing of sampling from spring (2005–2008) to autumn (2010 onwards) 

• The inclusion of seine netting and bait trapping (2010 onwards) 

• Improved objectives, indicators, indices and reference points (Robinson 2015) 

• The use of a one ‘netter’ on the front of the electrofishing boat (2019 onwards) compared to 

two netters previously 

• The removal of bait traps as a sampling technique (2021 onwards) 

• The requirement to PIT tag native large-bodied fish (2021 onwards). 

10.2 Ecological objectives 

As outlined in the Environmental Water Management Plan (EWMP) (Mallee CMA 2021b), the 

environmental watering objective for fish is to: 

• Maintain recruitment of populations of small bodied native fish and presence of large bodied 

native fish at Hattah Lakes by 2030. 

More specific ecological objectives and targets have been developed for the EWMP (Mallee CMA 
2021b), are summarised in the program design methods document (Mallee CMA 2021a) and reproduced 
below (Table 26).  
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Table 26 A summary of ecological objectives and targets of relevance to TLM fish condition 

monitoring for Hattah Lakes 

Objective Targets 

Objective HL 9 Native fish 
recruitment 

Maintain recruitment of 
populations of small-bodied 
native fish and presence of 
large native bodied fish at 
Hattah Lakes by 2030. 

Evidence of recruitment of small-bodied native fish species on an annual 
basis, including:  

• Australian Smelt (Retropinna semoni) 

• Carp Gudgeon (Hypseleotris spp.) 

• Unspecked Hardyhead (Craterocephalus fulvus) 

Mean proportion of recruits using P-recruits index is ≥0.5 in 80% of sampling 
events (see Brown et al. 2016). 

Mean proportion of natives using P-native index is ≥0.5 in 80% of sampling 
events (see Brown et al. 2016). 
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10.3 Methods 

10.3.1 Sampling design 

As outlined in the program design (Mallee CMA 2021b), the monitoring program includes a total of 27 

sites located within and adjacent to the Hattah-Kulkyne National Park, including seven wetlands (3 sites 

per wetland), Chalka Creek (3 sites) and the Murray River (3 sites) (Table 27). 

The sites are established within a nested sampling design, consisting of multiple sites within location 

reaches that have been assigned to three different flow categories referred to as ‘macrohabitats’, 

including: 

• ‘Riverine’ — Murray River: 3 sites 

• ‘Anabranch’ also known as ‘Ephemeral channel’ — no/slow flow (Chalka Creek): 3 sites 

• ‘Wetland’ also known as ‘Floodplain wetland’: 21 sites 

In 2020–21 sampling was only undertaken at the riverine sites because Chalka Creek and the seven 

wetlands were dry (Table 27). The location of sites was consistent with previous years. 

Table 27 TLM Condition Monitoring fish sites for Hattah Lakes sampled in 2021. 

Location Reach Macrohabitat Sites sampled (2021) Site dry (2021) 

Hattah Lakes 

Lake Arawak Wetland  Ara1, Ara2, Ara3 

Lake Bulla Wetland  Bul1, Bul2, Bul3 

Chalka Creek Anabranch   Cha1, Cha2, Cha3 

Lake Hattah Wetland  Ha1, Ha2, Ha3 

Lake Little Hattah Wetland  LH1, LH2, LH3 

Lake Lockie Wetland  Loc1, Loc2, Loc3 

Lake Mournpall Wetland  Mour1, Mour2, Mour3 

Lake Yerang Wetland  Yer1, Yer2, Yer3 

Murray River Hattah Riverine Mur1, Mur2, Mur3  

 

Not all sites have been sampled on an annual basis. As outlined in Wood et al. (2018), the number of 
waterbodies and sites sampled between years has differed due largely to water availability (Table 2, 
Table 28). Additionally, not all gear types or sampling effort has been used each year. In the early years 
of the monitoring program, sampling was conducted in spring and not autumn and backpack 
electrofishing was not introduced until 2010 (Table 28). From 2010 onwards the differences in sampling 
effort (as with the number of waterbodies sampled) have largely been determined by water availability.  
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Table 28 Summary of sampling data continuity over time. * = years where sampling occurred 

in spring instead of autumn. See key below for colour interpretation. 

Macrohabitat (bold) & 
site 

Year (2006-2021) 

06* 07* 08* 10 11 12 13 14 16 17 18 19 20 21 

Anabranch 

Chalka Creek_1                             

Chalka Creek_2                             

Chalka Creek_3                             

Riverine 

Murray River_1                             

Murray River_2                             

Murray River_3                             

Wetland 

Arawak_1                             

Arawak_2                             

Arawak_3                             

Bulla_1                             

Bulla_2                             

Bulla_3                             

Hattah_1                             

Hattah_2                             

Hattah_3                             

Little Hattah_1                             

Little Hattah_2                             

Little Hattah_3                             

Lockie_1                             

Lockie_2                             

Lockie_3                             

Mournpall_1                             

Mournpall_2                             

Mournpall_3                             

Yerang_1                             

Yerang_2                             

Yerang_3                             

Key: 

Boat electrofishing & netting used Only netting used (no electrofishing) 

Backpack electrofishing & netting used Not sampled (e.g. dry) 

10.3.2 Sampling method 

Fish sampling was undertaken 28 February, 13 April and 1 May 2021. As all wetland and anabranch sites 

were dry in 2021 only boat electrofishing, fyke netting and seine netting was undertaken at the three 

Riverine sites in 2021. The location of these sites was consistent with previous years. The coordinates of 

the upstream and downstream ends of the electrofishing sampling reach were recorded, and GPS 
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coordinates during active electrofishing (i.e. ‘power-on’ time) were logged at one second intervals, 

resulting in a sampling ‘track’ for future reference. 

Fish sampling was undertaken in accordance with the methods detailed in Mallee CMA (2021b). At all 

sites sampled in 2021, the following methods and effort were deployed: 

• Boat electrofishing using Sustainable Rivers Audit protocols (e.g. 12 x 90 second shots) (MDBC 

2007b). All boat electrofishing was undertaken using a medium sized (4.1 m long) Smith Root 

Apex boat electrofisher owned and operated by Ecology Australia. 

• Seine netting consisted of a single haul at each site comprising a 180 degree arc from the 

shore with a 5 m long seine net (drop of 1.75 m and a stretched mesh size of 2 mm). 

• Overnight deployment of a pair of small-meshed (2 mm stretched mesh) ‘larval’ fyke nets. 

These nets have previously been referred to as ‘small fyke nets’ (Mallee CMA 2021b) and 

have dual 2.5 m long wings (drop of 1.2 m), with a skirt and hoop entrance. The first internal 

throat is fitted with a rigid plastic 50x50 mm plastic meshed exclusion grid to stop entrapment 

of non-target fauna (e.g. turtles) and larger bodied fish. 

10.3.3 Fish processing 

A subsample of 50 individuals of each species for each gear type were measured to the nearest 

millimetre, with measurements collected from fish sub-sampled as evenly as possible across replicates 

and care taken to reduce avoid/minimise bias during sub-sampling of fish. The length measurements 

used were Total Length (TL) for round-tailed species and fork length (FL) for fork-tailed species. 

The subsample of fish were also weighed, except for small fish less than 1 gram, due to the high error 

rates associated with field-based weight measurements (e.g. in windy conditions). The scales used to 

weigh fish were of a suitable resolution for the individual being measured (i.e. nearest 0.1 g for fish less 

than 100 g, and nearest 1.0 gram for fish over 100 g). 

All fish were identified using expert knowledge or standard field guides if required. Carp gudgeon 

Hypseleotris spp.in south-eastern Australia are a species-complex of up to five species and three clades 

(Thacker et al. 2007) and thus were not identified beyond genus. 

10.3.4 Fish tagging 

Native fish greater than 300 mm TL (depending on species) were internally tagged with a 23 mm half 

duplex (HDX) 134.2 kHz Passive Integrated Transponder (PIT) and externally tagged with an 87 mm or 

125 mm (for large Murray cod) orange ‘EA Fish’ PDL dart tag printed with unique identifying number and 

a reporting phone number. Smaller native fish (120–350 mm TL depending on species) were tagged with 

a 12 mm full duplex (FDX-B) 134.2 kHz PIT but external tag. The unique identifying numbers of both tags 

were recorded and carefully checked to ensure accurate transcription. Tagging only occurred if scanning 

did not reveal an existing PIT. The overall condition of each fish was assessed prior to tagging, and any 

deemed to be in poor condition (e.g. more than minor fin rot, significant lesions or external parasites) 

were not tagged due to the risk the additional stress that may compromise that individuals survival. 

Fish tagging was undertaken to contribute to automated monitoring of fish movement through various 

fishways with installed readers in the Murray River system. It also provides some insight into fish 

movement and growth rates within the Icon Site (i.e. based on biometric data obtained from any 

recaptures between years). The dart tag also facilitates reporting of capture information from 
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recreational fishermen, including information on whether the captured individual was released or was 

retained, and hence whether the internal PIT tag is no longer in active use in the system. In 2019–2020, 

tagging was only undertaken where time permitted. The removal of bait traps in 2021 resulted in a large 

increase in the amount of tagging that was able to be accommodated within a reasonable sampling day. 

10.3.5 Data analyses 

Fish community data for the following analysis have grouped species into four categories to show 

temporal trends more easily. These included native small-bodied fish, native large-bodied fish, 

introduced small-bodied fish and introduced large-bodied fish species. Sampling was conducted using 

multiple methods across the entire TLM period however the following decisions were made to improve 

uniformity of treatment of fish community data across sites: 

• Use small-bodied fish catches (both Introduced and Native species) from small fykes and seine 

net operations. 

• Use small-bodied fish catches from electrofishing (boat and backpack). 

• Use large-bodied fish catches from electrofishing (boat and backpack) and coarse-meshed 

fykes. 

This effectively meant that any large-bodied fish captured from small fykes (e.g. juveniles) and any 

small-bodied fish captured from coarse-meshed fykes were excluded from analyses due to obvious 

size/species selectivity relating to net mesh size and exclusion grid mesh size respectively. Collectively, 

these methods were represented as “Electro-fishing” (including both boat and backpack data) and “Net 

Methods” (including coarse and small/larval fyke nets) for further analysis. 

Fish community data from Hattah Icon Site sampling locations, were only considered after 2009 due to 

differences in sampling period between years, with all sampling post 2009 being collected during 

autumn versus all pre 2009 electrofishing data being collected in spring. Sampling did not occur in 2009 

and 2015, so 11 sampling events were analysed in this report. Due to variable formats being used for 

some aspects of the effort data, total catch of all gear replicates were summed to a site total for 

comparison between sites within reaches or macrohabitats (i.e. rather than calculate Catch Per Unit 

Effort (CPUE)). The reaches are assigned to flow-based macrohabitats of interest within the TLM 

program (i.e. Anabranch, Riverine and Wetland).  

Exploratory data analysis 

To explore the variability of individual species through sampling years, the annual abundance 

trajectories of individual species were plotted as mean site totals (i.e. mean of all site totals for a 

macrohabitat and/or gear type) presented with standard errors. To explore variation in the fish 

community across years and macrohabitats, a community analysis using Non-metric Multi-dimensional 

Scaling (NMDS) and Permutational Analysis of Variance (PERMANOVA) were conducted.  

PERMANOVA was run for both the non-transformed abundance data of species in the community and 

the presence absence data. PERMANOVA was run on site totals across 2009–2021 and across all 

macrohabitat types to test for significant differences among years and macrohabitats. These factors 

were structured to include the main effects for both year and macrohabitat and their interaction in a 

fully factorial model. Additionally, to partition variance within macrohabitat, reach was included as a 

random block effect within these models. Bray-Curtis distance measure were used for the analysis of 



The Living Murray Condition Monitoring: Hattah Lakes 2020-21, Part A  

 

Final 2   107 

abundance data while Jaccard distances were used for the analysis of presence/absence data. 

Subsequently SIMPER analysis was completed to show the species responsible for at minimum 70% of 

pairwise differences between macrohabitats, years and levels of their interaction.  

Indices calculations 

The following three indices were calculated: 

• Recruitment Index (P recruits): 

• The proportion of indigenous native fish in each site that are recruits (regardless of 

species). This follows the method of Wood et al. (2018). Recruits are determined using 

the length at Young of Year (YOY)  

• Biomass Index (P native): 

• The proportion of native fish biomass within each site. This index was previously 

referred to as P ‘nativeness’ and is calculated at site level using length weight 

relationships to calculate the biomass for each fish species (Robinson 2012). 

• Diversity Index (P expected):  

• The number of native indigenous species collected in each site is compared to the 

number expected, given the sampling protocols used as described in Robinson (2014). 

The score is the number of species collected divided by number expected per site. If 

more species than expected occur, the site score is 1, if none occur the site scores 0. 

All indices are calculated for each site independently. Each site is given equal weighting in calculating a 

macrohabitat mean for each index (the recommended scale for reporting). An annual Icon Site score for 

each index is generated as a guide only, using least squares means after fitting a linear mixed model. 

This Icon Site score is only a guide because it gives each macrohabitat equal weight in the calculation. 

This is not particularly valid in instances when some habitats are not sampled in some years (e.g. 

wetlands), and therefore have unequal numbers of sites. Additionally, different macrohabitats represent 

varying spatial areas within the Icon Site. 
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Gear sensitivity add-on 

As part of this year’s reporting, a separate gear sensitivity analyses (Robinson 2021) was conducted to 

determine the relative efficacy of the gear types used in the monitoring program. The data set was 

divided into five separate data sets based on gear types and six different indices were analysed across 

three themes using each of the five gear datasets to compare differences in the outputs. The 

assessment analyses assessed each macrohabitat in each year with each gear type removed from the 

data set to determine whether the overall assessment was any different without any of the gear types. 

An analysis was also undertaken to compare the proportion of sites each species was collected in by 

each gear type to the proportion of sites it was collected in by a standard set of gear types for that 

habitat (Robinson 2021).  
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10.4 Results 

10.4.1 Raw abundance summary  

The 2021 survey recorded 718 fish from 12 species across all gear types and sites sampled (Table 29). 

Sampling effort varied considerably between years, so that meaningful comparison to other years using 

raw data alone is unreliable. Further treatment and comparison of this data is provided in detail in 

section 10.4.3, however simple comparisons of raw totals are provided here for illustrative purposes 

only. 

Murray cod Maccullochella peelii were recorded in higher numbers in 2021 at Riverine sites than in any 

other year of the monitoring program, exceeding the previous record set in 2016. Golden perch 

Macquaria ambigua were recorded at Riverine sites in comparable numbers to previous years, following 

relatively low numbers recorded in 2020.  

Silver perch Bidyanus bidyanus continue to be detected in low abundance at Riverine sites, with the 

highest abundance ever recorded being just 11 in 2010. Bony herring was detected in relatively high 

abundance. 

The common small-bodied native fish species, unspecked hardyhead Craterocephalus fulvus, carp 

gudgeon complex Hypseleotris sp, Murray-Darling rainbowfish Melanotaenia fluviatilis, flat-headed 

gudgeon Philypnodon grandiceps and Australian smelt Retropinna semoni were all abundant and have 

been recorded during every survey event since 2010.  

Carp Cyprinus carpio and goldfish Carassius auratus numbers at Riverine sites in 2021 we similar to that 

recorded in 2020. In comparison, there was a considerable decrease in eastern gambusia Gambusia 

holbrooki numbers in 2021 compared with 2020.  

Two species have been infrequently detected: oriental weatherloach Misgurnus anguillicaudatus (2011–

12, 2014, 2016, 2018) and spangled perch Leiopotherapon unicolor (2011–12 only). 

The change in abundance is assessed in more detail in section 10.4.3. 
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Table 29 Total number of fish captured in all sampling gears across all sites in each year of the Summary of the 2010–2021 Hattah fish monitoring 

program. Species grouped according to flow guild designations of Baumgartner et al. 2014. Large-bodied fish = noted in bold. Note that the 

number of sites sampled per year varies substantially depending upon how many wetlands were dry (number of sites sampled in top row). 

Common name Scientific name 

Year 

2010 2011 2012 2013 2014 2016 2017 2018 2019 2020 2021 

# of sites sampled 

21 21 27 9 27 21 27 27 15 3 3 

Long-lived apex predators 

Murray Cod Maccullochella peelii 5  1 7 30 52  8 38 49 62 

Flow dependent specialists 

Silver Perch Bidyanus bidyanus 11 1 1 1 3 2  5 1 4 1 

Golden Perch Macquaria ambigua 32 78 41 12 35 31 41 34 44 21 40 

Foraging generalists 

Bony Herring Nematalosa erebi 672 126 337 270 1190 494 449 513 418 252 177 

Unspecked Hardyhead Craterocephalus fulvus  214 1263 97 19 81 198 25 9 28 187 114 

Carp Gudgeon complex Hypseleotris sp 213 46029 14700 323 641 11026 34765 24393 8628 64 68 

Murray-Darling Rainbowfish Melanotaenia fluviatilis 23 39 10 11 32 98 77 4 31 84 74 

Flat-headed Gudgeon Philypnodon grandiceps 8 191 170 1 1 666 1404 1312 451 17 8 

Dwarf flat-headed Gudgeon Philypnodon macrostomus  1    12 41 35 12   

Australian Smelt Retropinna semoni 401 203 37 27 133 1969 4838 7276 262 124 100 

Unassigned native fish 

Spangled Perch Leiopotherapon unicolor   1 1                 

Unassigned introduced fish 

Carp Cyprinus carpio 39 1126 604 81 6950 46 988 104 144 41 45 

Goldfish Carassius auratus 32 36 151 1 56 8 5 19  1 6 

Eastern Gambusia Gambusia holbrooki 170 4960 1283 444 2346 12437 6823 25375 404 148 23 

Oriental Weatherloach Misgurnus anguillicaudatus  49 8  54 8  5    

Total 1820 54103 17441 1197 11552 27047 49456 59092 10461 992 718 

Average number of fish per site  87 2576 646 133 428 1288 1832 2189 697 330 239 
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10.4.2 Species detection over time 

Native species 

Golden perch are the only large-bodied native fish to be detected in every year when sampling has 

occurred (Figure 42). Murray cod and bony herring Nematalosa erebi have been the second most 

frequently detected species of large-bodied fish. Within the Riverine macrohabitat all species of large-

bodied fish have been captured most years, with silver perch and Murray cod not being detected in 

2011 and 2017 and bony herring undetected in 2008. For the Anabranch and Wetland macrohabitats 

there is no consistent pattern in large-bodied native fish through time, with bony herring and golden 

perch being the more frequently sampled large-bodied native fish in these macrohabitats.  

 

Figure 42 Detection of large-bodied native fish species over the monitoring period for each 

macrohabitat. Black bars indicate no sampling occurred (See table 28). Note that 

electrofishing was not used in the anabranch and wetland habitats prior to 2010, and 

that sampling in 2006–2008 occurred in spring. 
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Through time, the most commonly detected native small-bodied fish have remained the unspecked 

hardyhead, carp gudgeon complex, Murray-Darling rainbowfish, flat-headed gudgeon and Australian 

smelt. However, there have been years and/or macrohabitats where each of these commonly detected 

species have been absent (Figure 43). The Riverine macrohabitat has been the most stable habitat for 

the presence of small-bodied native fish and large-bodied fish, although Wetlands/Anabranch sites have 

periodically dried and not been sampled in a given year. Dwarf flat-headed gudgeon have only been 

detected at Riverine sites once, never at Anabranch sites, and only in Wetlands since 2015. 

 

Figure 43 Detection of small-bodied native fish species over the monitoring period for each 

macrohabitat. Black bars indicate no sampling occurred (See table 28). Note that electrofishing was 

not used in the anabranch and wetland habitats prior to 2010, and that sampling in 2006–2008 

occurred in spring. 
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Introduced species 

Carp are the only introduced species to have been detected in every sampling event since 2006 (Figure 

44). Carp, eastern gambusia and goldfish have regularly been captured in all three macrohabitats, 

whereas oriental weatherloach have been rarely captured at Riverine sites and are more frequently 

captured at Wetland and Anabranch sites. 

 

 

Figure 44 Detection of introduced fish species over the monitoring period for each 

macrohabitat. Black bars indicate no sampling occurred (See table 28). Note that 

electrofishing was not used in the anabranch and wetland habitats prior to 2010, and 

that sampling in 2006–2008 occurred in spring. 
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10.4.3 Annual abundance (macrohabitat scale) 

Large-bodied native fish 

All four species of large-bodied native have been predominantly captured at Riverine sites, with only 

very low abundances captured at Anabranches and Wetland sites (Figure 45). The abundance of bony 

herring was highly variable among sites in 2012 and 2016 (indicated by large SE bars) with other years 

very consistent. Abundance of bony herring at Riverine sites decreased marginally in 2021 from 2020 

levels.  

The abundance of golden perch was also highly variable within Riverine sites across years, with the 

highest abundance captured in 2021. 

The abundance of Murray cod has been highly variable within Riverine sites across years, with the 

highest abundance captured in 2021. Murray cod abundance has increased over two distinct periods 

(2012–2016 and 2018–21) following dramatic declines that coincided with flooding/blackwater events in 

2011 and 2016. The abundance of this species has been very low and sporadic within the Anabranch and 

Wetland habitat through time, except for YOY detected at Lake Mournpall in 2019. 

Silver perch have only been captured in very low abundances throughout the sampling program. Since 

2010, silver perch have been recorded most years (except 2017) but in low and variable abundance. 
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Figure 45 Native Large-bodied species annual mean total site abundance. Note that only boat 

electrofishing data was used to allow for equal comparison across all years and 

macrohabitat types. 
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Small-bodied native fish 

Australian smelt and carp gudgeon have both been very abundant and widespread throughout the 

monitoring program (Figure 46). Both species have been recorded in high but highly variable (between 

sites) abundances among all three macrohabitat types, particularly carp gudgeon at Anabranch and 

Wetland sites in the years preceding the present dry period (2019–2021) for these macrohabitats. 

Both dwarf flat-headed gudgeon Philypnodon macrostomus and flat-headed gudgeon have been present 

sporadically and in low abundance throughout the monitoring program. However, both species were 

more abundant at Wetland sites in the years preceding the present dry period.  

Murray-Darling rainbowfish, and to a lesser extent unspecked hardyhead, have been more abundant in 

at the Riverine sites when compared to the other macrohabitats. The abundance of these species has 

fluctuated considerably over time and have generally been highly variable between sites. 

 

 

Figure 46 Native small-bodied species annual mean total site abundance, separated for nets 

(fyke and seine) and electrofishing (boat for Riverine and backpack for Wetland and 

Anabranch). 
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Introduced fish 

Carp abundance has fluctuated throughout the monitoring program, with a period of relative stability 

over the last four years in the Riverine macrohabitat, compared with a large peak in 2017 and smaller 

peaks in 2012 and 2014 detected in all sampling gear/macrohabitats, and a slight decline during the 

Wetland drawdown period of 2018–2019 (Figure 47).  

Conversely, while eastern gambusia catch was highly variable among sites, the mean abundance was 

relatively stable across years at the Riverine sites, and increased at both Anabranch and Wetland sites 

until the drawdown was well underway in 2019.  

Goldfish and oriental weatherloach have been recorded sporadically in variable low numbers 

throughout all macrohabitats across all years.  

 

Figure 47 Introduced species annual mean total site abundance, separated for nets (fyke and 

seine) and boat electrofishing. Note that only boat electrofishing data was used for 

large-bodied species (carp and goldfish). 
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10.4.4 Community structure (macrohabitat scale) 

The fish community structure differs significantly between years and among macrohabitats as indicated 

by the PERMANOVA results (P < 0.05 for all factors; Table 30 and Table 31). This can also be seen in the 

nMDS plots, where clear gradients and some clusters occurred, irrespective of whether abundance or 

presence data is analysed (Figure 48 and Figure 49). Similar years for fish community structure included 

2010/11, 2016–2018, 2012–2014 and 2020/21. 

The fish community structure differed significantly between macrohabitats (PERMANOVA P < 0.05 for all 

factors; Table 30 and Table 31), however there was no clear separation among the three groups in the 

nMDS but overlapping macrohabitat areas and separations did occur. (Figure 48C and Figure 49C). 

Except for 2012 (a post flooding/blackwater event year) the fish community for the Riverine 

macrohabitat grouped relatively closely together and was reasonably well separated from Wetland and 

Anabranch habitats. Wetland fish community structure were similar (grouped closely together) over the 

2016–18 and the 2012–13 periods but were otherwise highly variable between years. 

The fish community structure showed a significant interaction between macrohabitat and year when 

using either abundance or presence data for analysis (P = 0.001; Table 30 and Table 31) indicating that 

the fish community changed among years inconsistently across the macrohabitats. When the interaction 

effect for macrohabitat and years is examined on the basis of using reach as a strata of macrohabitat, 

there is no change in the effect on the model (P = 0.001; Table 30 and Table 31). 

When the electrofishing and netting data are separated it is clear that the majority of the dispersion in 

the site data points (using either abundance or presence data) is in the electrofishing data (see Figure 

48D and Figure 49D), indicating higher levels of detection and abundance variability in the electrofishing 

data compared with the netting data. 

Based on the SIMPER results, the species that are most influential for the differences between years and 

macrohabitats differ considerably depending on whether abundance or presence data is used for 

analyses (See Table 18-21 of Part B Report, Palmer et al. 2021). 

When exploring the differences between macrohabitats, carp gudgeon is both the most abundant 

species (see Figure 46) and the most influential fish species driving the abundance differences in 

community structure (i.e. this species is the highest contributor to all pairwise comparisons; See Table 

18 and 19 of Part B report, Palmer et al. 2021). Other abundant species such as bony herring and 

eastern gambusia are also influential. When considering only the presence data, most species exert an 

influence on the macrohabitat differences (See Table 20 and 21 of Part B report, Palmer et al. 2021). 

When exploring the community structure differences between years using abundance data, bony 

herring, carp gudgeon and eastern gambusia explain the majority of the differences between years (See 

Table 18 and 19 of Part B Report, Palmer et al. 2021). When looking only the presence data, most 

species exert an influence on differences between years. Of note is that the presence of eastern 

gambusia is only influencing the differences when comparing between 2010 (i.e. the only year the 

species wasn’t recorded — see Figure 44) and all other years (and has the highest influence in all but 

three of the 2010 x year comparisons). 

  



The Living Murray Condition Monitoring: Hattah Lakes 2020-21, Part A 
 

 

Final 2   119 

Table 30 PERMANOVA results for fish assemblage abundance data between macrohabitats 

and years (using Bray-Curtis distances), including a test for the effect of ‘reach’ strata. 

Significant p-values highlighted. 

 

Table 31 PERMANOVA results for fish assemblage presence data between macrohabitats and 

years (using Jaccard distances), including a test for the effect of ‘reach’ strata. 

Significant p-values highlighted. 

  Df SumsOfSqs MeanSqs F.Model R2 Pr(>F) 

Presence  

Macrohabitat 2 2.082 1.04101 32.342 0.12063 0.001 

Year 10 7.2075 0.72075 22.392 0.41758 0.001 

Macrohabitat:year 14 2.6595 0.18996 5.902 0.15408 0.001 

Residuals 165 5.311 0.03219   0.30771   

Total 191 17.26     1   

Presence with reach strata  

Macrohabitat 2 2.082 1.04101 32.342 0.12063 0.001 

Year 10 7.2075 0.72075 22.392 0.41758 0.001 

Macrohabitat:year 14 2.6595 0.18996 5.902 0.15408 0.001 

Residuals 165 5.311 0.03219   0.30771   

Total 191 17.26     1   

 

 

  Df SumsOfSqs MeanSqs F.Model R2 Pr(>F) 

Abundance 

Macrohabitat 2 6.427 3.2135 22.2408 0.11007 0.001 

Year 10 19.905 1.9905 13.7764 0.34091 0.001 

Macrohabitat:year 14 8.216 0.5868 4.0615 0.14071 0.001 

Residuals 165 23.84 0.1445   0.40831   

Total 191 58.388     1   

Abundance with reach strata 

Macrohabitat 2 6.427 3.2135 22.2408 0.11007 0.001 

Year 10 19.905 1.9905 13.7764 0.34091 0.001 

Macrohabitat:year 14 8.216 0.5868 4.0615 0.14071 0.001 

Residuals 165 23.84 0.1445   0.40831   

Total 191 58.388     1   
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a) 

 
c) 

 
e) 

 
b) 

 
d) 

Figure 48 nMDS plots of community composition for annual site abundance by a) macrohabitat and year (centroids only), b) reach and year (centroids only), c) year only (centroids in bold), d) macrohabitat only (centroids in 

bold) and e) macrohabitat and year separated by gear type (top – boat electrofishing and bottom – small fyke nets/seine hauls). Note high stress levels in nMDS plots (i.e. Stress = >0.20) means these plots should be 

used only as a guide. 
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a) 

 
c) 

 
e) 

 
b) 

 
d) 

Figure 49 nMDS plots of community composition for annual site presence by a) macrohabitat and year (centroids only), b) reach and year (centroids only), c) year only (centroids in bold), d) macrohabitat only (centroids in bold) 

and e) macrohabitat and year separated by gear type (top – boat electrofishing and bottom – small fyke nets/seine hauls). Note relatively high stress levels in nMDS plots (i.e. Stress = 0.20) means these plots should be 

treated with caution/used as a guide. 
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10.4.5 Iconic species 

Murray cod 

The 2021 survey recorded the highest abundance of Murray cod over the duration of the monitoring 

program, marginally higher than the 2016 previous highest (Figure 45). Murray cod have exhibited 

two periods of population recovery, once post-Millennium Drought and the 2011 blackwater event 

(2012–2016) and again post the 2016 blackwater event (2018–present).   

In the present post-blackwater event cycle there have been very few adult Murray cod captured 

compared with the previous post-Millennium Drought cycle (Figure 50). As a result, young-of-year, 

juvenile and sub-adult fish have dominated the catch since 2018. Young-of-year comprised a smaller 

proportion of the fish captured than in the previous three years.  

Murray cod length-frequency histograms over the duration of the monitoring program are presented 

in the Part B Report (Palmer et al. 2021). 

 

Figure 50 Murray cod size class summaries for whole of Icon Site. Horizontal red arrows 

depict the Millennium Drought. Vertical red arrows depict blackwater events. Note 

that sampling in 2006–2008 was conducted in spring, rather than autumn (as it was 

in 2010–2014, 2016–2021, no sampling occurred in 2015). Also note that one 

Murray cod was recorded in 2012 but not measured. 
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Golden perch 

The 2021 survey recorded an average number of golden perch. Golden perch have been far more 

abundant in the Riverine macrohabitat, however, smaller numbers have been detected in the 

Anabranch and Wetland macrohabitats through time.  

Juvenile and sub-adults dominated the catch of golden perch in 2006 and 2011 and comprised a 

relatively high proportion of the catch in 2007, 2010, 2012 and 2014 (Figure 51). In more recent years 

(2018–present) the catch has been dominated by adult fish with very few young of year or 

juvenile/sub-adults. A young-of-year golden perch was captured in 2021 for the first time since 2014 

during TLM monitoring. 

 

Figure 51 Golden perch size class summaries for whole of Icon Site over the 2006–2021 

monitoring period. Horizontal red arrow depicts the Millennium Drought. Vertical 

red arrows depict flood/blackwater events 
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10.4.6 Indices results  

Diversity Index: P expected 

The 2021 P expected index scores (i.e. the number of native indigenous species collected in each site 

compared to the number expected) are identical for the Riverine macrohabitat to those recorded 

over most of the monitoring program (with the exception of 2012). No other macrohabitats were 

sampled in 2021 (or 2020) and therefore the Icon Site scale scores should be interpreted with 

caution and the high error at the Icon Site scale should also be noted for the past two years (Figure 

52). 

 

 

Figure 52 Diversity Index (P expected) scores at the macrohabitat scale (top) and Icon Site 

scale (bottom).  
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Biomass Index: P native 

The 2021 P native scores (previously known as P nativeness; i.e. the proportion of fish biomass within 

each site that is from native fish species) shows an increasing trend over the last few years both for 

the Riverine macrohabitat and Icon Site result over the past three years. The Riverine result is among 

the highest Riverine P native scores along with 2014 and 2016. No other macrohabitats were 

sampled in 2021 (or 2020) and therefore the Icon Site scale scores should be interpreted with 

caution and the high error should also be noted for the past two years (Figure 53). 

 

  

 

Figure 53 Biomass Index (P native) scores at the macrohabitat scale (top) and Icon Site scale 

(bottom). Red line indicates compliance target for objective (refer to section 

10.4.7). 
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Recruitment Index: P recruits 

The 2021 Recruitment Index (P recruits) scores (i.e. the proportion of indigenous native fish in each 

site that are recruits) recorded a slight decline for both the Riverine and Icon Site scales compares 

with the 2020 result. No other macrohabitats were sampled in 2021 (or 2020) and therefore the Icon 

Site scale scores should be interpreted with caution (Figure 54). 

 

 

Figure 54 Recruitment Index (P recruits) scores at the macrohabitat scale (top) and Icon Site 

scale (bottom). Red line indicates compliance target for objective (refer to section 

10.4.7). 
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10.4.7 Objective and target attainment 

A summary of the relevant targets is provided below in Table 32. As can be seen in Figure 53 and 

Figure 54 (section 10.4.6, in 2021 the Riverine P native score met the objective, and the Riverine P 

recruits score did not. However, as two of the three macrohabitats (Wetland and Anabranch) could 

not be sampled in 2021 (i.e. were dry), the assessment of target attainment is not applicable on this 

occasion. 

Table 32 Summary of target attainment in 2021. Traffic light colours included to assist 

interpretation. Note that Wetland and Anabranch macrohabitats were unable to 

be sampled in 2021, so only River macrohabitat target attainment could be 

assessed. 

Objective HL9 Native fish recruitment 

Maintain recruitment of populations of small bodied native fish and presence of large bodied native fish at 
Hattah Lakes by 2030 

Targets 
Attained 
in 2021 

Progress 
towards 
long term 
target 

Negligible 
progress 
towards 
long term 
target 

By 2030, evidence of recruitment of small bodied native fish species at enough sites for P recruits (a recruitment 
- index see section 10.3.5) and P native (a biomass index – see section 10.3.5) to attain targets below in 80% of 
years between 2020–2030. Species include: Australian Smelt (Retropinna semoni), Carp Gudgeon (Hypseleotris 
spp.), Flyspecked Hardyhead (Craterocephalus fulvus). 

Mean proportion of recruits using P-recruits index is ≥0.5 for each of 
the three macrohabitats 

Not applicable (Wetland and 
Anabranch sites dry) 

Mean proportion of natives using P-native index is ≥0.5 for each of the 
three macrohabitats 

Not applicable (Wetland and 
Anabranch sites dry) 
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10.4.8 Tagging 

A substantial increase in tagging effort occurred during 2021 TLM fish sampling due to more time 

availability as a result of bait traps being removed from the monitoring program. A total of 73 fish 

were tagged at the three Murray River sites sampled (Figure 55). The fish tagged comprised of 

Murray cod (60 %) and Golden perch (40 %). Recapture data will be presented in future years. 

 

Figure 55 Number of fish tagged during the 2021 TLM fish sampling. 

 

10.4.9 Gear sensitivity add-on 

Robinson (2021) found that: 

• Bait trap data did not affect any of the indices and they never returned a species that 

wasn’t already collected in that site by another method. Their removal from the program 

is therefore justified 

• The biomass index was most affected by whether the electrofishing boat was or wasn’t 

used 

• In some years and some macrohabitats native fish richness, abundance and recruitment 

indices were affected by removal of one particular gear type, typically electrofishing or 

seine netting 

• The native species expectedness index became more variable with fewer gear types used 

and is a good example of why a range of gear types should be used 

• Species assessments show: 

• that most species are well sampled by boat electrofishing at flowing macrohabitats 

(Riverine and Anabranch) 

• that most species that are normally collected in wetlands are well sampled by small 

fykes (larval fykes) at the Wetland macrohabitat sites 

• that in each macrohabitat there were certain species better sampled by certain gear 

types and thus the integrated sampling approach must be kept. 
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10.5 Discussion 

The only Hattah Lakes TLM fish monitoring sites sampled in 2020 and 2021 were those on the Murray 

River because the lakes were dry following three years of wetland drawdown. Except for Lake 

Kramen, which is not an established fish sampling site, the last environmental water delivery to the 

Hattah Lakes was in 2017. The subsequent drawdown was intended to achieve vegetation benefits 

(i.e. a drying phase) and include removal of carp. In early May 2021 the Hattah Lakes were again 

filled, however this occurred after the 2021 monitoring had already occurred. 

The three-year drawdown has meant that the fish community of the Hattah Lakes has effectively 

been ‘reset’, with the new fish community having to be established by species or their eggs or larvae 

that survive being pumped in with environmental water delivery from the Murray River. The fish 

community has been re-established this way previously in spring/summer 2013–14, with a large 

watering event that also occurred when the Lakes had been almost completely dry (Brown et al. 

2015). Immigration and emigration of fish between the Murray River and Hattah Lakes populations 

also occurs via lateral movements such as those that occurred in 2011 and 2016 (flood connection). A 

major difference between the 2021 watering event and that of 2013–14 is that the autumn timing 

should reduce the number of eggs and larvae that will be pumped into the wetlands and therefore 

the initial fish community is expected to be of low diversity and abundance. While filling the 

wetlands by pumping in winter has been recommended as one way of avoiding entrainment of carp 

and eastern gambusia, spring/summer filling has also been recommended to ensure a rich 

assemblage of egg, larval and small fish are entrained and transferred to the Hattah Lakes (Brown et 

al. 2015). 

The abundance of Murray cod at the TLM Murray River monitoring sites (Mur1–3) has fluctuated 

considerably over time, with the species being virtually absent (or in low enough abundance not to 

be detected) during the peak of the Millennium Drought and following hypoxic blackwater events in 

2011 and 2016. In all other years since 2013, strong Murray cod recruitment has been detected and 

their abundance has peaked to a new record in 2021, eclipsing the previous record set in 2016. The 

population is now dominated by juvenile and sub-adult fish with very few large adult fish and none 

captured that were within the ‘legal size’ slot limit. A decline in the proportion of adult and large 

adult fish is evident between the 2013–2016 and 2018–2021 periods of the dataset (i.e. post 2016 

blackwater event), reflecting likely mortality or emigration, or both, as was observed in other areas 

at that time (e.g. Tonkin et al. 2020). Although record numbers of Murray cod were captured in 2021, 

the proportion of young-of-year cod was notably lower in 2021 than in other years.  

Golden perch recruitment continues to be very low and the population remains dominated by adult 

fish, although in 2021 the first young-of-year (albeit a single fish) was detected since 2014. The last 

substantial golden perch recruitment event (aside from that detected during the Lake Mournpall 

drawdown; Bloink et al. 2020) appeared to be in 2011, when young-of-year were recorded in Lakes 

Lockie and Yerang in March 2011, following sustained elevated river flows from late winter 2010 

through to a flood peak in February 2011.  

The gear sensitivity analyses undertaken as part of this project (Robinson 2021) confirmed that bait 

trap data was of little value and that their removal from the program was warranted. It also 

highlighted the importance of retaining the other gear types due to differences in gear selectivity 

between species. This is not a particularly surprising outcome given the relatively well-known species 
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and size range selectivity of various gear types. Although size selectivity of various gear types was not 

directly part of the gear sensitivity review (Robinson 2021), it undoubtedly would have had a 

considerable influence on some of the indices. The obvious example is the biomass index, particularly 

in terms of the effectiveness with which each gear type can capture large carp (a species that 

typically dominates the biomass), noting that a proportion of larger size classes of large-bodied fish 

are also excluded from the small fykes by an exclusion grid.  

10.5.1 Potential directions for future analysis: linking management change to long term monitoring data 

Future analyses: There are few long-term fish population datasets in the MDB that enable analysis 

and exploration of population changes through time, such as this dataset. More structured and 

targeted analysis can evaluate population status and changes through time, particularly related to 

changes that could be attributed to flow management changes (e.g. installation of regulator, IVT 

transfers, implementation of Basin Plan), environmental disturbance (e.g. blackwater, post fire runoff 

impacts), altered land use or access to habitat features. Appropriate analysis of these time series 

data (such as at the Icon Site scale, or integration of data across multiple Icon Sites) enables 

monitoring data to be assessed and learnings to be incorporated into future adaptive management 

at the Icon Site scale or broader. They also allow for more confident attribution of management 

changes to fish outcomes, e.g. years with spring-summer watering events linked to greater 

probability of fish recruitment pulses. 

The time series data for this Icon Site, given their mid-long durations of collection, is now collating 

into a potentially powerful dataset, that could be analysed in many ways to elucidate these patterns 

and responses. The integration of other similar data sets across multiple Icon Sites would provide 

potentially a highly powerful analytical approach enabling multiple lines of evidence to be considered 

and greater inference to made. 

Long-term trends and patterns in community structure of fish species can be completed across 

various time scales (e.g. seasonal, annual or event based) depending on the life history stage (e.g. 

young-of-year vs. adult) of interest. Some analytical approaches that could be investigated include:  

1.  Multi-variate abundance modelling of communities with effort standardised data. This could 

be using a similar approach as in this report (PERMANOVA and SIMPER analysis) to 

determine community variance or extend to a linear model based community analysis to 

investigate also the co-occurrence of species and similarity of species responses (see, 

mvabund (Wang et al. 2012) or BORAL (Hui, 2016)). 

2.  Generalised additive models (GAMs) and/or generalised additive mixed-effect models 

(GAMMs) to identify short or long-term temporal trends in selected response parameters.  

3.  Change point analysis will be used to identify time-points (change-points) in the data series 

where a step change or change in trend of parameters has occurred.  

These types of analysis would improve our understanding and mechanistic effects of temporal 

patterns in fish populations to environmental changes. 

Data quality checks: The current analysis has allowed us to investigate the presence and the 

abundance of fish species captured at the Icon Site across the duration of the monitoring program. 

While this provides an indication of the status of fish populations in the area, standardisation for 
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sampling effort across years is essential for accurate analysis of population changes. For example, 

when separating the annual community catches by method (EF vs Net’s nMDS plots) there is 

indication of unintended selectivity of species by gear that should be considered in future analysis as 

part of the data treatment. While in this report we have presented fish populations by gear type 

specific to adult body size (large or small) consistent rules for assessing standardised catch per unit 

effort data should be addressed in the future. This may include assigning large-bodied species from 

Electrofishing efforts and small bodies species from “net operation” efforts (King, McPhan, Bond, & 

Thurgate, 2020), for example. 

The data used in the current analysis and presentation shown here, has received little data cleaning 

and checking for reliability. Reviewing data for reliability and appropriately assessing the validity of 

outlying points and potential errors should be conducted prior to more complex analysis of 

community abundance and diversity responses to changes in environmental contexts. Additionally, 

further exploration and alignment of other environmental correlates would also be advisable to 

enable more complex models with respect to changes in system management, hydrology or other 

environmental impacts for example. 
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