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Executive Summary 

As part of a wider project to examine environmental values, assess condition and derive 
environmental flows for rivers in the Macquarie River catchment, studies were conducted to 
examine vegetation communities within and alongside the river, determine whether there has been 
any substantial change in macroinvertebrate communities inhabiting broadwater habitats and 
examine water exchange between the river and local groundwater systems. This work was 
undertaken in the second half of 2008, with sampling focussing on the major broadwater areas at 
Morningside Bridge and ‘The Broadwater’ at Barton. A significant amount of data was collected from 
these two areas in the early 1990’s (Davies & Humphries, 1996) and serves as a benchmark 
against which the condition of the system can now be assessed. Furthermore, ‘broadwaters’ in the 
lower Macquarie and South Esk Rivers are recognised as unique in Tasmania and contain a 
number of ecological features of significant value within the Midlands region. A number of specific 
broadwaters are listed as wetlands of regional significance in the National Directory of Important 
Wetlands in Australia (DIWA). 

Results from this study confirm that while the condition of native riparian vegetation is impacted by 
current land-use and invasion by introduced exotic weeds, instream plant communities are relatively 
healthy and contain a diversity of plant and animal species. It is observed that the prevalence of 
exotic weeds in floodplain areas is also likely to be a result of the extended dry conditions that have 
occurred during the last decade. 

Sampling of aquatic macroinvertebrates shows that while biological diversity within the broadwaters 
has not changed significantly between the early 1990s and 2008, there has been an increased 
dominance of taxa within the community that are tolerant of degraded habitat quality, and a 
consequential decline in sensitive taxa. This is highlighted by the loss of Leptophlebiid mayflies in 
the lower river system. These mayflies were once abundant and formed the basis for spinner and 
dun ‘hatches’ in the river that were highly valued by dry-fly fishermen and supported a renowned 
recreational trout fishery in the Macquarie River. Not one mayfly from this family was found in any of 
the 39 samples collected from the Morningside and Barton broadwaters during this study. Declines 
in mayfly populations in the UK have been seen to reflect the impact of increased agricultural 
activity, deterioration of water quality and increased siltation of instream habitat (Frake & Hayes, 
2001). All of these are potential causes of the loss of Leptophlebiid mayflies in the lower Macquarie 
River, although the rupture of a major impoundment on the Blackman River in 2005 is likely to be 
the main reason for their demise. Further work on this issue is required to identify precise 
environmental factors that have caused the local demise of this mayfly family. 

Water exchange between the river and local groundwater aquifers was examined using seepage 
meters deployed around ‘The Broadwater’ at Barton. While the rate of exchange between the 
hyporheos and the river is minimal in comparison to evaporative losses during summer months, it 
does confirm assumptions made in the conceptual model for the broadwaters. It supports 
conclusions that groundwater may at times play a significant role in maintaining fringing wetlands 
along the length of the river and should therefore be managed in conjunction with surface water 
resources. 

This work provides important insights into both the character and condition of the aquatic and 
riparian environment of the lower Macquarie River and has been collected to assist with decision-
making during the development of a water management plan for the catchment. The findings of this 
study confirm the conceptual model developed for the river and raises concerns about the current 
‘health’ of macroinvertebrate and riparian plant communities in the lower Macquarie River. It also 
highlights the need to consider fundamental ecosystem needs and processes when managing water 
in the catchment. 
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Glossary and abbreviations 

AUSRIVAS: Standing for Australian River Assessment System, this is a rapid biological sampling 
system focussed on using macroinvertebrates to assess ‘river health’. 

CFEV: Standing for Conservation of Freshwater Ecosystem Values, this has been an initiative of the 
Tasmanian State Government to integrate and document information relating to freshwater-
dependent ecosystem values across the State. 

CFEV database: A spatial information tool (database) that includes freshwater-dependent 
ecosystems values within a strategic framework for the management of Tasmania’s freshwater 
resources. 

DPIPWE: Department of Primary Industries, Parks, Water and Environment. 

Hyporheos: “Hypo” – below; “Rheos” – flow. The saturated zone beneath a river or stream where 
there is active water exchange between the river and groundwater system. 

Littoral habitat: Area around the shore of a lake or river. 

Macroinvertebrate: Invertebrate (without a backbone) animals which can be seen with the naked 
eye. In rivers, common macroinvertebrates are insects, crustaceans, worms and snails. 

Macrophyte: Vascular plant that is visible with the naked eye. Is this report, this terms refers to 
aquatic plants that grow in freshwater environments. 

Riparian zone: The strip of vegetation growing along the banks of rivers which is reliant on periodic 
inundation by floods. The species comprising this plant community are usually quite distinct from 
plants growing on the floodplain and further away from the river. 

Taxa: A generic term used to denote a taxonomic category or unit, as in a species or family. 

TEFlows: A research project currently being conducted by DPIW to better understand links 
between flow variation and biological processes within river systems. This project also aims to 
develop new methods for assessing the environmental water requirements for rivers. 
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1. Introduction 

During background information gathering conducted prior to assessing aquatic environmental issues 
in the Macquarie River catchment, a review was made of an early project to derive minimum 
environmental flow levels for the South Esk, Meander and Macquarie rivers (Davies & Humphries, 
1996). That study, which utilised a habitat-based instream flow methodology, was the first of its kind 
to be conducted in Tasmania. As part of that study a considerable amount of habitat and biological 
data was collected from the middle and lower reaches of the Macquarie River; specifically from river 
reaches at Morningside bridge and ‘The Broadwater’ at Barton. The biological work included, 
amongst other things, an assessment of fish communities inhabiting the river at that time, an 
examination of habitat use and life-history characteristics of selected native fish species 
(Humphries, 1995), and quantitative sampling of aquatic macroinvertebrate assemblages to 
determine micro- and macro-habitat preferences (Humphries, 1996). As well as contributing to the 
development of scientifically based recommendations for minimum environmental flows for the 
Macquarie River (the first such recommendations for any river in Tasmania), this work provides a 
valuable benchmark against which we can assess the current state of the riverine ecosystem, given 
that the intervening years have been characterised by severe and prolonged drought. 

In addition to the information that is available from that early work, an interrogation of the 
Conservation of Freshwater Ecosystem Values (CFEV) database (CFEV, 2005) has also been 
undertaken to identify freshwater-dependent values in the Macquarie River catchment (DPIW, 
2008a). This indicates that there are a number of environmental values and issues worth 
investigating. One of these is the biological diversity of aquatic plant communities in the river and 
the diversity of aquatic fauna this assemblage helps to maintain. Like the lower South Esk River, the 
middle and lower reaches of the Macquarie River are characterised by large riverine pools known as 
‘broadwaters’ which are riverine features unique to the northern Midlands area that contain a 
diversity of plant and animal species. Some of these broadwaters have been listed as wetlands of 
regional significance in the Directory of Important Wetlands in Australia (DIWA) on the basis of their 
biodiversity, unique geomorphic character and as aggregation sites for avifauna 
(http://www.anra.gov.au/index.html).   The extensive fringing areas of aquatic macrophytes are also 
thought to provide some capacity to process and recycle nutrients and therefore provide a measure 
of protection against water quality deterioration. 

These broadwaters have also been used as water extraction points for agriculture, as they function 
as stable water storage points throughout the length of the river, and in more recent decades have 
been important areas for recreation trout fishing, based on hatches of mayfly and caddis fly in these 
habitats. During the very dry conditions that have prevailed throughout the past ten years or so, 
these habitats have experienced significant climatic, water use and land use pressures. As a 
consequence it was hypothesised that the condition and ecological function of the river may be in 
decline. It was therefore decided that since the Water Assessment Branch of DPIW was required to 
conduct an environmental flow assessment of the river for the proposed Water Management Plan 
for the river, some additional work to examine the riverine ecosystem of the Macquarie River (and in 
particular that of broadwater areas) was warranted. 

On this basis, a number of investigations were conducted in 2008-09 to examine ecosystem ‘assets’ 
and ‘functions’ pertaining to the broadwaters and local floodplain areas of the Macquarie River. This 
included instream and riparian vegetation assessments at both the Morningside and Barton 
broadwater reaches in the lower river system, as well as at an additional reach in the upper river 
system at Mount Morriston (see Figure 1.1 for locations of study reaches and Figures 1.2 to 1.4 for 
pictures of the river sections studied). 

At the two lower broadwater sites, quantitative macroinvertebrate sampling was conducted using the 
same methodology as the study of 1991-92 so that observations could be made about possible 
changes in the aquatic community that may have occurred in the intervening years. These data 
were also collected to provide an indication of the aquatic biodiversity of the system at the present 
time. 

http://www.anra.gov.au/index.html
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Finally, an additional component of this study was to conduct a preliminary investigation of the 
interdependency of surface water and local groundwater, primarily to better inform the conceptual 
model for the river system. While this work was only minor in comparison to the other activities, it 
was considered worth undertaking, as there is very little knowledge of groundwater-surface water 
interactions in river systems in Tasmania. 

 

 

Figure 1.1 Map of Macquarie River catchment showing the five water management regions under the 

proposed Water Management Plan for the catchment. Red triangles indicate the location of study reaches 

discussed in this report. 
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Figure 1.2 The upper Macquarie 

River at Mount Morriston. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3 Large broadwater in the 

Macquarie River at Morningside 

Bridge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4 ‘The Broadwater’ in the 

Macquarie River at Barton. 
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In summary, the main aims of the study were: 

1. To replicate the quantitative macroinvertebrate sampling at broadwater habitats that was 
done in the early 1990’s so as to characterise any changes that might have occurred in the 
diversity and condition of the aquatic invertebrate community over the intervening period. 

2. To undertake instream and riparian vegetation assessments at selected sites along the main 
stem of the Macquarie River to better understand the composition and condition of vegetation 
communities that currently exist and better inform decisions regarding flood-water allocations 
under the proposed Water Management Plan for the catchment.  

3. Conduct simple water flux measurements to provide indications on the degree of 
connectedness of surface water and local groundwater systems in the lower Macquarie 
catchment. 

The results of each of these three activities will ultimately contribute towards an improved 
understanding of the important values and processes that operate within the river and floodplain 
areas and improve the conceptual models for the river. One objective of these models is to lift 
environmental awareness of riverine values and processes, so as to better inform water 
management decisions in the future. 
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2. Broadwater vegetation assessment 

2.1 Data gathering and analysis 

As stated in the previous section, assessments of aquatic and riparian vegetation communities were 
made at three locations along the length of the Macquarie River; at Mount Morriston in the upper 
catchment, and at Morningside and Barton in the lower river system. At all three locations, surveys 
were conducted to identify and characterise the various vegetation communities that were present 
within the zone of influence of flow in the river.  

Surveys of the vegetation at Barton and Morningside were carried out early in December 2008 by a 
external botanical consultant. The surveys were undertaken by walking the banks and recording 
communities and plant species present. All native and exotic vascular plant species encountered 
were recorded. Where possible the aquatic communities were described according to accepted 
floristic communities (DPIW, 2007; Harris & Kitchener, 2005; Kirkpatrick & Harwood, 1983). 
Botanical nomenclature follows the Census of Tasmanian Plants (Buchanan, 2007). 

At Barton further information was collected as follows: Three transects were chosen from the 
fourteen transects established as part of work to construct a detailed hydraulic model for this section 
of the Macquarie River.  Along each of the three transects, information on the zonal distribution of 
plant species was collected using 1 x 1 metre quadrats distributed across the river channel and 
floodplain.  Due to the limitation imposed by water depth, data from deeper sections of the river 
channel was not collected. Data recorded for each quadrat included:  1) Substrate and plant life 
forms (following the approach used by the TEFlows Project in other sections of the Macquarie River, 
and 2) percentage cover of all species recorded within the quadrat. 

The aim in collecting this additional data at the Barton broadwater was to provide a semi-
quantitative baseline against which future potential monitoring data might be compared. 

The surveys at the Mount Morriston study location were undertaken by North Barker & Associates in 
November, 2008 as part of a consultancy for the Irrigation Development Board. While the aims of 
those surveys were different to those of this study, some of the information from that consultancy 
was able to be used for this assessment. 

 

Limitations 

The flora surveys at Barton and Morningside were undertaken at the end of spring and early in 
summer.  This time of year was chosen to maximise the potential for plant species to be present 
and visible in each of the study locations.  However, the presence of aquatic plant species can vary 
over time and space due to season, time of year, and local hydrological conditions.   Therefore, it 
should be noted that a single survey of the sites does not guarantee that all potential plant species 
were recorded. 

 

2.2 Results 

2.2.1 Vegetation communities 

At the three survey locations, five broad categories of vegetation community were identified. These 
are detailed briefly below. 
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1) Aquatic vegetation communities 

The main aquatic vegetation communities found at the three study locations on the Macquarie River 
can be allocated into two broad TASVEG wetland vegetation codes; Freshwater Aquatic Herbland 
(AHF) and Freshwater Aquatic Sedgeland and Rushland (ASF).    

 

 Freshwater Aquatic Herbland (AHF) 

This community is generally characterised by aquatic and/or emergent herbaceous vegetation that 
requires the presence of standing permanent or semi-permanent freshwater.    This community can 
occur in water from a few centimetres to several metres in depth.  However, they are 
characteristically more species-rich and diverse in shallow water. This was most evident in the 
lateral fringes of the broadwaters at all three locations on the Maquarie River. In the deeper water of 
the river channel, mono-specific communities of submerged aquatic algae and Charophyte species 
dominated, while more diverse emergent species dominated the shallower river edges and flood 
plain pools. Aquatic herbland communities were recorded in river sections with both rapid and slow 
water flows. This plant community often contains Potamogeton pectinatus, Vallisneria Americana 
var. Americana and Persicaria decipiens, all of which are listed species under the Tasmanian 
Threatened Species Protection Act 1995. 

In general, this community was well-represented and in healthy condition at all three study locations. 
However, where these occur in floodplain pools and scour-holes they tend to be impacted by stock. 

 

 

Figure 2.1 Deep water Villarsia reniformis dominated, freshwater aquatic 

herbland (AHF) with Carex gaudichaudia dominated freshwater aquatic sedgeland 

(ASF) at the riverbank edge. 

 

 Freshwater Aquatic Sedgeland and Rushland  (ASF) 

This community is characterised by the dominance of sedges and rushes such as Eleocharis 
sphacelata and Baumea spp.    These sedge and rush species can range in cover from very dense 
to sparse but always provide the tallest layer in the community (i.e. generally greater than 50 cm in 
height).  A variety of smaller sedges and herbs commonly form a sparse to dense layer between 
and below the dominant species.   The dominant sedge and rush species varied across the study 
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river reaches and floodplain areas.   In most rivers this community is generally found in shallow 
water with slow or no water flow. 

This community is also well-represented at the three study locations, however, access by cattle can 
have localised to extensive impacts on the health and condition of this community (due to trampling 
and actual grazing). 

 

 

Figure 2.2 Freshwater aquatic sedgeland and rushland (ASF) dominated by 

Eleocharis sphacelata with sub-dominant Myriophyllum simulans/variifolium (purple 

plant in foreground), and Carex gaudichaudiana on riverbank edge. 

 

 

2) Marginal herbland communities (AHL) 

The marginal herbland communities recorded on the floodplain and scour holes of the three study 
locations varied in their species mix and dominance. These communities can generally be described 
by the TASVEG vegetation code Lacustrine herbland (AHL).   Marginal herblands are found in areas 
subjected to short periods of inundation and are characterised by plants adapted to periodic flooding 
such as species of Juncus and Schoenus, as well as species inhabiting more permanently flooded 
areas (Villarsia spp, Isolepis spp, Myriophyllum spp and Eleocharis spp).    Some communities of 
marginal herblands can be very species-rich. 

This community is generally impacted most by land-use and management practices, and stock 
actively graze in the area where this plant community occurs. Marginal herbland communities are 
also seriously threatened by invasion of introduced agricultural plants and exotic weed species, 
which are favoured by a reduction in the frequency of flood inundation. 
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Figure 2.3 Examples of marginal herbland communities (AHL) in scour holes on the 

floodplain at the Barton survey location.   Herbland communities present in the holes 

varied depending on their proximity to the water’s edge.  Introduced terrestrial species 

dominated and native herbland species decreased with distance from the river channel. 
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3) Floodplain native grassland complex (GCL), and Poa labillardierei grassland (GPL).  

On the floodplain, native plant communities include the lowland native grassland complex (GCL) 
and marshland/grassland communities dominated by Poa labillardierei (GPL). Where the latter 
community occurs in areas more prone to saturation, it may contain Carex longebrachiata, which is 
listed as RARE under the Tasmanian Threatened Species Protection Act 1995. In the drier areas 
further away from the wetted river channel, this community is invariably infiltrated by introduced and 
exotic plant species. 

 

 

Figure 2.4 Example of Poa labillardierei native grassland community (GPL) at the 

Barton study location. As mentioned in the text, floodplain areas where this 

community occurs are often dominated by introduced agricultural grasses and weed 

species. 

 

4) Dry Eucalyptus ovata forest (DOV) 

This vegetation community is very much modified in the floodplain areas at the Barton and 
Morningside study locations. However, approximately 6.8 ha of dry Eucalyptus ovata forest were 
recorded along the riparian fringe at the Mount Morriston study reach. Along with Eucalyptus ovata 
(swamp gum), this community is characterised by Acacia melanoxylon (blackwood), Leptospermum 
lanigerum (wooly teatree) Pomaderris apetala (dogwood) and Lepidosperma spp. (sedges). 

 

5) Riparian scrub (SRI) 

Riparian scrub refers to any vegetation found along streams, rivers and surrounding wetlands. The 
vegetation is predominantly scrub, but may include wet forest, dry forest and grassland. The 
mapping unit encompasses a huge range of floristic and structural variation, but is normally 
dominated by Acacia spp. (wattle) and Leptospermum spp. (teatree), as well as Pomaderris apetala 
(dogwood) and smaller shrubs, sedges and sags. This community was found in the floodplain area 
of the Mount Morriston study reach. 
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6) Agricultural land (FAG) and Weed Infested Areas (FAU):   

Much of the flood plain is dominated by agricultural grasses and herbs together with a high 
percentage cover of woody weed species such as Crataegus momgyna (hawthorn), Rosa 
rubiginosa (briar rose) and Ulex europaeus (gorse).  However, pockets of remnant native grassland 
and marginal herbland communities (as outlined above) persist in all three study reaches. 

 

A complete list of all the plant species recorded during these surveys is contained in Appendix 1, 
along with indications of its status under Commonwealth and State conservation and threatened 
species acts. In addition, a map of the broad distribution of major vegetation communities inhabiting 
the Mt Morriston sites is included courtesy of the Irrigation Development Board. 

 

2.2.2 Conservation status 

Threatened Communities 

The wetland communities; Freshwater Aquatic Herbland (AHF), Freshwater Aquatic Sedgeland and 
Rushland (ASF) and Lacustrine Herbland (AHL) are all listed as VULNERABLE vegetation 
communities under Schedule 3A of the Nature Conservation Act 2002. 
 
Dry Eucalyptus ovata forest is listed as an ENDANGERED vegetation community under Schedule 
3A of the Nature Conservation Act 2002. 
 

Threatened Species 

Eight threatened species were recorded during the surveys: 
 

1) Austrostipa scabra subsp. falcata: listed as RARE under the Tasmanian Threatened 
Species Protection Act 1995; 

2) Carex longebrachiata: listed as RARE under the Tasmanian Threatened Species 
Protection Act 1995; 

3) Leucochrysum albicans subsp. albicans var tricolor: listed as listed as ENDANGERED 
under the Tasmanian Threatened Species Protection Act 1995 and endangered under the 
Environmental Protection and Biodiversity Conservation Act 1999; 

4) Persicaria decipiens: listed as VULNERABLE under the Tasmanian Threatened Species 
Protection Act 1995; 

5) Potamogeton pectinatus: listed as RARE under the Tasmanian Threatened Species 
Protection Act 1995; 

6) Teucrium corymbosum: listed as RARE under the Tasmanian Threatened Species 
Protection Act 1995; 

7) Vallisneria americana var. americana:  listed as RARE under the Tasmanian Threatened 
Species Protection Act 1995; 

8) Vittadinia cuneata: listed as RARE under the Tasmanian Threatened Species Protection 
Act 1995 

 

For an indication of where each of these was found, see Appendix 1. 
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2.2.3 Hydrological requirements of the aquatic vegetation of the Macquarie River 

The main aims in assessing the vegetation of the Macquarie River and its floodplain were to 
document the composition and condition of the plant communities that presently occur and to outline 
the probable water requirements of these communities to better inform environmental water 
provisions under the proposed water management plan for the Macquarie catchment. Comments 
concerning current water supply to these communities are provided below, along with additional 
ecological information relating to water requirements based on professional knowledge and 
observations. 

 

 River Channel Vegetation Communities 

The aquatic plant communities recorded in the three study locations appear to have adequate water 
supply to maintain them over time.  These communities were represented as localised patches and 
extensive narrow fringing sections along the water’s edge.   The location of individual communities 
varied depending on water depth, with charophyte species (Chara spp and Nitella spp) dominating 
areas of deeper water and aquatic sedgeland and herbland communities dominating shallower 
water habitats.     

These communities are important for the health of the river, not only as habitat for important fauna 
species, but in terms of maintaining good water quality. In the lower river system, the abundance of 
charophyte species can be seen as indicating good water quality, and provide an important habitat 
and food resource for aquatic fauna. 

Aquatic plants within the river channel are also an important source of seed propagules for 
replenishment of aquatic communities on the floodplain and elsewhere in the river system.   Floods 
and high flow events are important mechanisms for the dispersal of seeds and rhizomes across the 
floodplain, ensuring that plant communities in scour pools and billabongs are maintained over time. 

 

 Floodplain Vegetation Communities 

Much of the floodplain at the Barton study site was dry.  Within the sour pools that dotted the 
floodplain, there was a gradient of plant species depending on their proximity to the river’s edge.  
Further away from the river, introduced terrestrial species dominated the community and reflect the 
dry conditions that have prevailed during recent years.  However, nearer the river channel, in 
moister areas, aquatic species were more prevalent, but still frequently dominated by introduced 
plant species. This conclusion is supported by the quantitative data collected at Barton, and also 
appears to be the case (from visual assessment) at the Morningside and Mount Morriston locations. 

Variations in hydrological conditions create a natural disturbance in most aquatic communities and 
promote diversity (Brock et al., 2000). All the aquatic plant species recorded in the surveys along 
the Macquarie River have adaptations to survive natural fluctuations in water supply and can persist 
over the short to medium term in the absence of flooding. In fact some species require a dry period 
for regeneration and a dry phase can be a natural event to maintain diversity in aquatic 
communities. Adaptations to survive include: seed banks, rhizomes, and buried stems which in dry 
phases are buried under the soil surface. Regeneration occurs during flood inundation.  When 
larger floods occur, it is important that inundation periods are long enough for plants to flower and 
set seed and/or to replenish their roots and rhizomes. 

However, although aquatic species are adapted to natural variations in hydrological conditions, 
changes in the timing and frequency of watering, the duration of flooding and the depth of 
floodwater over a floodplain can influence wetland type and species richness in wetland 
communities (Casanova & Brock, 2000; Warwick & Brock, 2003).  Periodic high flow events are 
required in all sections of the Macquarie River to maintain aquatic communities and habitats within 
the river channel and across the floodplain. 
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3. Macroinvertebrate community assessment 

3.1 Sampling approach 

As stated in section 1.1, the main aim of sampling macroinvertebrates in broadwaters of the 
Macquarie River was to replicate the quantitative macroinvertebrate sampling at the broadwater 
study reaches that was done in the 1991-92 so as to characterise any changes that might have 
occurred in the diversity and condition of the aquatic invertebrate community over the intervening 
period. Many of the original datasheets from that sampling are held by Water Assessment Branch, 
and the report from that work contains sufficient detail about how the sampling was conducted to 
enable sampling to be repeated almost identically. 

During the original minimum environmental flows study of the Macquarie River, samples were 
collected from three meso-habitats within the river at Morningside Bridge and ‘The Broadwater’ at 
Barton. Samples from shallower riffle habitats were collected using a standard Surber sampler (300 
mm × 300 mm with 250 µm mesh net), while in run and pool habitats a sampling technique based 
on a modified Boulton suction sampler (Growns, 1990) was employed. The latter technique involved 
the use of a bilge pump to evacuate water and animals from an area of habitat defined by a PVC 
pipe of 240 mm diameter (area 0.045 m2) and passing this through a 250 µm mesh net until the 
water was reasonably clear. Figure 3.1 shows both sampling techniques being employed to collect 
macorinvertebrate samples during 2008. 

For the original environmental flows study, sampling at both locations was carried out in December 
1991 and in February and April of 1992, however, only data from the December and April sampling 
trips could be located. Because of the short time-frame that was available to conduct the current 
study, sampling was conducted on fewer occasions than in the 1990’s study, and fewer samples 
were collected. However, sampling was conducted at the same reaches and instream habitats as 
was carried out in the 1990’s. 

 

  

Figure 3.1 Two approaches to sampling macroinvertebrates in the broadwater study reaches at 

Morningside and Barton on the Macquarie River. The first (shown in the photo on the left) involved the use 

of a bilge pump to evacuate water from an area defined by a 300 mm PVC pipe. The second approach, used 

to sample shallower riffle habitats, utilised a benthic Surber sampler (right-hand photo) of dimensions  

300 mm × 300 mm. 

 

To test the sampling method, samples were first collected from the Macquarie River at Morningside 
on April 30, 2008. On this occasion, fifteen samples were collected from a range of fast-flowing 
(riffles), slow-flowing (run) and slack-water (pool/edgewater) habitats. In December 2008, both study 
locations were sampled, with another 14 samples being collected from Morningside and 10 samples 
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being collected from Barton. Once again, these samples were collected across the range of riffle, 
run and pool/edgewater habitats. The fewer number of samples collected at both locations in 
December was based on species accumulation curve analysis of the April sample data from 
Morningside, which showed that about 5-6 samples from each of riffle and edgewater habitats was 
sufficient to capture 85-90% of taxa within that habitat.  This confirmed conclusions by Davies & 
Humphries (1996) that 6 samples was adequate to collect 90% of macroinvertebrate taxa and still 
provides an acceptable standard deviation about the mean. 

It is also worth noting that although Davies & Humphries (1996) based their sampling on the 
premise that there were three distinct meso-habitat types at each location (riffles, runs and pools), 
the analysis in their report (and re-examined again during this study) showed that samples from riffle 
habitats were quite distinct from those from runs and pools, which tended to group more closely 
(Figure 3.2). On this basis, the samples collected in 2008 were classified as originating from either 
‘riffles’ or ‘edgewater’ habitats, which is in line with the instream habitat classification scheme used 
for AUSRIVAS sampling (Krasnicki et al., 2001). At both Morningside and Barton, edgewater 
habitats included areas where water velocity was either low or zero (i.e. equivalent to run or pool 
flow conditions). 

 

 

Figure 3.2 MDS plots using Bray-Curtis similarity coefficients generated from 

macroinvertebrate samples collected from Morningside and Barton on the 

Macquarie River in December 1991 and April 1992. Data from Davies and 

Humphries (1996). 

 

Under another component of the Macquarie River study, AUSRIVAS samples were collected to 
assess river health at sites throughout the catchment (DPIW, 2008b). For this assessment, a total of 
55 riffle and edgewater samples were collected in the autumn and spring of 2008. It was considered 
worthwhile comparing the composition of these samples with those taken from the broadwater 
areas, to examine any similarities between communities inhabiting broadwaters and those in 
tributary streams. To do this, the AUSRIVAS samples (which are normally only identified to Family) 
were re-analysed, taking the identifications to a taxonomic level equivalent to that utilised for the 
2008 broadwater samples (i.e. Genus or Species level). 

It should be noted that in making the comparison between broadwater samples and AUSRIVAS 
samples, it was recognised that there are some serious limitations, the most significant being the 
difference in sampling methodologies. AUSRIVAS samples are semi-quantitative and are collected 
under a ‘rapid bio-assessment’ protocol which necessitates samples being partially processed in the 
field (Krasnicki et al., 2001). In contrast, samples from broadwaters were quantitative, with samples 
being rigorously sub-sampled and sorted in a laboratory environment. These differences in sample 
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collection and processing prevent any rigorous comparative analysis in terms of quantitative 
community diversity measures, however, as long as these limitations are recognised and taken into 
consideration, it was felt that comparative analyses could still be undertaken. 

 

3.2 Taxonomic issues 

Upon first examination, it was clear that issues existed with directly comparing the data collected in 
1991-92 with that collected in 2008, as the taxonomic identification skills and supporting texts 
available during the earlier study were much less-developed than those available to staff within the 
Water Assessment Branch at the present time. For most macroinvertebrate classes, identification of 
individuals to lower than Family-level was restricted to a ‘Species 1, Species 2, etc’ approach during 
the 1990’s study. In contrast, individuals in the 2008 samples were generally able to be identified to 
Genus or Species level (with the usual exceptions of Oligochaetes, Turbellaria, Nematoda, 
Hirudinea and Hydracarina). 

Because of this difference in taxonomic identification capabilities, inter-study comparisons had to be 
restricted to using Family-level data only, which meant some subsequent loss of information. In their 
report, Davies and Humphries (1996) state that although they did perform some analyses on data at 
Genus and Species level, the results were broadly similar to those derived using Family level data. 
They also quote Warwick (1993), who showed that “in marine benthic communities, real patterns in 
biological communities are often obscured by ‘noise’ emanating from small changes in species 
composition, whereas analysis of patterns at higher levels of taxonomic discrimination allows clearer 
definition of these patterns.” This further justifies macroinvertebrate community analyses at the 
Family-level. 

For the comparison between 2008 broadwater communities and AUSRIVAS samples, the latter 
were simply identified down to the same taxonomic level (Genus-Species). To do this, various 
standard taxonomic references, detailed fully in the ‘Key to Keys’ (Hawking, 2000), were used. 

 

3.3 Data analysis ` 

A variety of analytical techniques were used to examine the properties of samples both within and 
between studies. In the first instance t-tests and one-way Analysis of Variance (ANOVA) were used 
to compare means of samples between habitats, reaches and seasons. In each case, the samples 
taken on each field visit were assumed to be ‘independent’, as the collection of a sample did not 
impact appreciably on the ‘population’ or community within the river, thus not affecting any 
subsequent samples taken either at the same time or on later occasions. 

Similarities between samples within and across studies were calculated using the Bray-Curtis 
coefficient (Bray & Curtis, 1957). The taxon abundance data (individuals per square metre) were 
used, having first transformed these data by taking the square root of every entry in the matrix. The 
results were then used to generate cluster dendrograms and non-metric multi-dimensional scaling 
(MDS) plots. This was performed using the PRIMER v5 computer software package. Where 
comparisons were made between the quantitative data from the broadwater studies, and the 
‘relative abundance’ data from the AUSRIVAS river health samples, the Bray-Curtis coefficients 
were calculated after transforming the data to presence – absence (PA) values with the aim of 
reducing the impact of differences in sampling approaches. 

For taxonomic reasons outlined above, to make comparisons between the 1990’s and 2008 
broadwater datasets, some families had to be lumped prior to running analyses (e.g. families within 
the Order Amphipoda). As ostracods were not enumerated during processing of the 2008 samples, 
abundance values from the 1990’s samples were excluded. 
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For more visual comparisons of aquatic macroinvertebrate communities present in the broadwater 
study reaches, pie-charts were generated to examine changes in the relative proportions of major 
invertebrate groups between reaches and between studies. To further examine changes in the 
character of aquatic communities, the following community metrics were also calculated. These are 
commonly used indices that are meaningful when used to examine biological communities. 

 Berger-Parker Dominance (D):  Nmax /N   

[Nmax = the most numerically dominant taxa & N = the total number of individuals in the sample]. 

 Simpsons Diversity (I):   I = 1/ pi
2 

[When the community is very big, and the probability of drawing species i twice is pi
2 (and the 

consequences of drawing i the first time has no influence on drawing it the second time), then the 
index is simply the sum of all these squared values]. 

 Simpsons Equitability (evenness):  ESimpson = I  / Nspp 

 [Nspp = Number of taxa in the sample, and in this instance is used to represent species richness S].     

 

3.4 Results 

3.4.1 Comparison of Historical vs Present broadwater community 

Analysis of the data that was available from the study conducted in the early 1990’s reveals some 
broad differences, both between study reaches and between habitats. The following results have 
been obtained using data from 28 samples collected from the Morningside reach and 46 samples 
from the Barton reach (Table 3.1). Although more samples than these were collected during the 
course of that work, only the datasheets from this subset of samples could be found. As discussed 
above, these samples were classified as originating from ‘riffle’, ‘run’ and ‘pool’ habitats, and for 
consistency, these groupings have been retained. 

The data shows that the mean abundance of macroinvertebrates in samples ranged from about 
2,600 animals per m2 in pool and run habitats at both reaches, to over 30,000 per m2 in samples 
from riffle habitat at Barton (Table 3.1). While there were a greater number of taxa at the Barton 
reach (117) than was found at Morningside (77), this may be a function of the greater number of 
samples we have from the former reach. Eighty-three percent of taxa recorded at Morningside also 
occurred at Barton, suggesting that there is a high degree of similarity between the two aquatic 
communities. 

Using the data from all samples collected at each study reach, comparisons between the reaches 
shows that the mean abundance of macronvertebrates was significantly higher at Barton (Figure 
3.4), and this appeared to be driven by amphipods and molluscs, which are the most numerically 
dominant groups in this reach (see also pie charts in Figure 3.6). Although the mean number of taxa 
in samples was also slightly higher at Barton, this was not significant. Other notable differences 
between the reaches were the significantly higher abundance of mayflies (Ephemeroptera) at 
Barton, and the slightly higher abundance of midges (Chironomidae) at Morningside (Figure 3.4). 
Most of these features of the data were also pointed out in the report by Davies and Humphries 
(1996), whose analyses included data from an additional seasons sampling. 

In contrast to the data from the 1990’s, the total number of taxa identified at Morningside in 2008 
was 85 (58 in April, and 59 in December), while at Barton the number identified was 58 (December 
only). The fewer number of taxa identified at Barton in 2008 is very likely to be a function of the 
lower sampling effort (only 10 samples collected) (Table 3.2), and an examination of taxa 
accumulation curves for this reach indicates that with similar sampling effort to that which occurred 
at Morningside, at least 22 additional taxa are predicted to occur. During the December 2008 
sampling round, two thirds of the taxa were found at both of the study reaches, which is lower than 
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was found in the 1990’s study and suggests that there are now greater differences between the two 
aquatic communities than occurred previously. 

Despite the discrepancy in the number of samples collected at the two reaches, boxplot analyses 
show that some of the same patterns revealed by the 1990’s data also appear in the more recent 
dataset. Once again the Barton reach appears to have greater mean macroinvertebrate abundance, 
and this is driven by the numbers of amphipods and molluscs, both of which are significantly higher 
at Barton than Morningside (Figure 3.4). As the data in table 3.2 shows, the mean abundance of 
macroinvertebrates at both reaches appear to be much higher now than in the 1990’s. The reasons 
for this are not clear, as the sampling methodology is virtually identical. Two possible reasons for 
this are that; a) nutrient enrichment of the lower river system has occurred and this has boosted 
instream productivity, or b) laboratory processing of the 1990s samples was less rigorous than 
currently occurs due to improvements in equipment and laboratory procedures. The case for 
nutrient enrichment cannot be tested, as there is insufficient water quality data available for the 
lower Macquarie River system, however there has been a substantial increase in the level of 
irrigated agriculture throughout the northern Midlands and a recent review of DPIW water quality 
data (Koehnken, 2009) indicated that there has been an increase in turbidity, total nitrogen, 
ammonia and total phosphorus in the upper Macquarie River. While nutrient enrichment may have 
occurred, the difference in sample processing practices cannot be discounted as a factor influencing 
the markedly higher levels of macroinvertebrate abundance in 2008. In the early 1990’s, samples 
were processed whole using large illuminated magnifying apparatus (Maggi Lamps) which have 
relatively low magnification. Laboratory procedures for the processing of such samples now utilise 
sub-sampling techniques and compound microscopes, which provide much better tools for 
enumeration and identification of invertebrates and are likely to give more accurate and precise 
estimates of abundance. The difference in the mean macroinvertbrate abundance figures must 
therefore be viewed with this in mind. 

When the datasets from the two studies are grouped up to Order level, temporal changes in the 
communities at the two reaches can more confidently be compared. The pie charts in figure 3.5 
show the proportional contribution that each of the main groups make to the aquatic 
macroinvertbrate community at each reach. These charts were constructed after first pooling all 
samples from each reach, and they serve to illustrate the main changes in the macroinvertebrate 
community that have occurred at each study reach in a more graphical manner.  

The two charts for the Morningside reach clearly show that while the proportions of Diptera 
(primarily chironomids), Amphipoda, Ephemeroptera and Odonata have remained largely the same, 
there have been substantial changes in the proportions of Coleoptera (decreased), Trichoptera 
(decreased), Mollusca (decreased) and Oligochaeta (massively increased). 

At the Barton reach, while the proportion of amphipods in the community has remained the same, 
there have been substantial changes in most of the other groups, most notably a large increase in 
Diptera (primarily chironomids) and Oligochaeta, a 50% decline in the proportion of Trichoptera, and 
a 63% decline in the proportion of Mollusca. Together, amphipods, dipterans and oligochaetes now 
contribute more than 75% of the benthic macroinvertbrate abundance at both the Barton and 
Morningside study reaches. 

In addition to these changes, Ephemeroptera (mayflies) are now virtually absent from the 
community at Barton, and closer inspection of the data reveals that whereas the earlier study found 
about equal proportions of Caenid and Leptophlebiid (namely Atalophlebia australia) mayflies within 
the aquatic community, now only Caenid mayflies persist. No Leptophlebiid mayflies were found in 
the samples from Barton or Morningside, and Baetid mayflies were only present in very low 
numbers at Morningside. The disappearance of this family of mayflies from the middle and lower 
reaches of the Macquarie River is further confirmed by the AUSRIVAS sampling that was conducted 
throughout the catchment in 2008 (DPIW, 2008b), which showed that mayflies were absent from 6 
of the 9 sites on the main stem of the river, most of which are located downstream of the Blackman 
River junction. This change in the mayfly community is of some concern, and the possible reasons 
for this change are discussed in more detail in section 3.5.  
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Table 3.1 Summary of data from macroinvertebrate samples collected from two broadwaters on the lower Macquarie River by Davies and Humphries, 

(1996). 

Reach Morningside Morningside Morningside Morningside Barton Barton Barton Barton Barton Barton 

Habitat Run Riffle Run Pool Riffle Run Pool Riffle Run Pool 

Month Dec ‘91 Apr ‘92 Apr ‘92 Apr ‘92 Dec ‘91 Dec ‘91 Dec ‘91 Apr ‘92 Apr ‘92 Apr ‘92 

No samples  10 6 6 6 10 10 9 6 5 6 

Total number taxa  40 43 45 33 45 49 40 45 52 39 

Mean total 
abundance 5,318 5,065 2,600 2,756 14,960 7,856 5,170 30,489 7,578 2,696 

Median total 
abundance 5,400 3,033 2,422 2,889 14,283 6,411 4,600 21,117 5,956 2,667 

Standard error +   (% 
of mean) 700 (13) 1,719 (34) 440 (17) 165 (6) 1,812 (12) 1,817 (23) 908 (17) 10,705 (35) 1,714 (23) 108 (4) 

Table 3.2 Summary of data from macroinvertebrate samples collected two broadwaters on the lower Macquarie River in 2008. 

Reach Morningside Morningside Morningside Morningside Barton Barton 

Habitat Edgewater Riffle Edgewater Riffle Edgewater Riffle 

Month April April Dec Dec Dec Dec 

No samples  10 5 9 4 7 3 

Total number taxa  50 40 49 37 48 26 

Mean total 
abundance 23,560 37,806 48,109 25,977 51,532 29,278 

Median total 
abundance 24,452 24,770 49,045 27,139 54,423 24,389 

Standard error + (% 
of mean) 2,894 (12) 12,755 (33) 10,617 (22) 7,344 (29) 8,631 (17) 9,804 (33) 
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Figure 3.3 Boxplots (showing median, 5th and 95th percentiles) of total invertebrate abundance, taxon 

richness, and abundance of amphipods, snails (molluscs), mayflies (ephemeropterans) and midge 

(chironomids) along with results of t-tests between the Barton and Morningside study reaches on the lower 

Macquarie River, 1991-92. T-tests were calculated using the mean of samples from each reach (46 at Barton, 

28 at Morningside) and the degrees of freedom in all cases was 72. Data taken from Davies and Humphries, 

(1996). 
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Figure 3.4 Boxplots (showing median, 5th and 95th percentiles) of total invertebrate abundance, taxon 

richness, and abundance of amphipods, snails (molluscs), mayflies (ephemeropterans) and midges 

(chironomids) along with results of t-tests between the Barton and Morningside study reaches on the lower 

Macquarie River, 2008. T-tests were calculated using the mean of samples from each reach (10 at Barton, 28 

at Morningside) and the degrees of freedom in all cases was 36. 
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Figure 3.5 Pie-charts constructed showing the percentage contribution of each of the major taxonomic groups to the aquatic macroinvertebrate 

community at Morningside and Barton on the Macquarie River, using pooled data from each of the study reaches in each of the study periods (1991-92 and 

2008).  Historical data taken from Davies and Humphries, (1996).   
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Multi-dimensional scaling (MDS) plots, constructed using the Bray-Curtis similarity coefficients of all 
samples across all habitats, reaches and seasons reveal groupings of samples within 2-dimensional 
space. This was done for each of the two datasets using Family-level data, and for ease of 
discussion equivalent plots for both the 1990’s and the 2008 data are presented alongside each 
other (Figure 3.6). The stress levels in both cases (0.16 – 0.17) are at the high end of what is 
acceptable for interpretation of MDS ordination polts. 

The first notable feature of the 1990’s data is that riffle samples from both Morningside and Barton 
form a distinct group with run and pool samples then forming a larger ‘super-cluster’ (as pointed out 
earlier in section 3.1). One-way ANOVAs shows that this is expressed most significantly in terms of 
total invertebrate abundance (F value=5.7, P=0.034) and in the abundance of caddisflies 
(Trichoptera) (F value=11.54, P=0.006). This pattern was also noted in the report by Davies and 
Humphries (1996). While this pattern is also repeated in the MDS plot for 2008 (A2), the degree of 
separation between riffle and edgewater samples (which can be considered to be equivalent to ‘run’ 
and ‘pool’ samples) is less. One interpretation of this might be that, given the persistent drought in 
the catchment over the last decade, and the reduction in flow conditions (both in terms of water 
velocity and flow variability) that has occurred, the macroinvertebrate community inhabiting riffles is 
becoming more similar to that of the lower-velocity edgewater habitats (run and pool habitats). 

The next feature highlighted in the MDS plots is grouping on the basis of season (B1 and B2), 
particularly within the 2008 data, where samples collected from Morningside in April are clearly 
distinct from those collected from both reaches in December. This distinction is less pronounced in 
the MDS plot for the 1990’s dataset, where samples collected in April do not group together as 
closely, but are more clearly separated on the basis of reach (C1). 

The two main conclusions to emerge from these MDS plots is that in the 2008 dataset the distinction 
between reaches that was found for the 1991-92 dataset is no longer apparent (this is clearly 
illustrated by the pie charts in Figure3.5), and that riffle communities appear to now be more similar 
to that of edgewater communities (run and pool communities) than before. The possible reasons for 
this will be discussed in section 3.5, but the extended period of drought and subsequent low-flow 
conditions that have persisted during the intervening period are very likely to have influenced this 
result. 

Finally some assessment was made as to whether there has been any substantial change in 
biological diversity within the macroinvertebrate communities at the Morningside and Barton 
reaches between 1992 and 2008. This was done using standard measures of dominance, diversity 
and evenness, the results of which are presented in Table 3.3 below. In calculating these indices 
and making comparisons between studies, we have assumed that sampling effort, and the spatial 
distribution of samples, was relatively consistent between the studies. To enable comparisons 
between studies, it has also been necessary to aggregate taxa up to the taxonomic level of Family 
or Order (for Amphipoda, Trichoptera and Plecoptera). 

The results for the Morningside reach suggest that there has been a definite increase in the number 
of taxa within the river, and this has resulted in an increase in the diversity of the macroinvertebrate 
community, with the Simpsons diversity values increasing from 5.70 to 6.91. At the Barton reach, 
while the number of taxa recorded in 2008 was slightly lower, the lower dominance and higher 
evenness scores suggest that the abundance of taxa within the community is more evenly 
distributed, and this has resulted in a slightly higher diversity value for the community in this reach. 
This is despite the loss of ephemeropteran taxa discussed previously. 
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     C1       C2 

 

Figure 3.6 MDS plots constructed using Bray-Curtis similarity values calculated from Family-level 

macroinvertebrate data from 1991-92 and 2008. Plots on the left-hand side have been constructed from the 

1991-92 dataset and equivalent plots on the right-hand side have been constructed using the 2008 dataset. 
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Table 3.3 Indices of biological attributes for Morningside and Barton study reaches between 1991-92 and 

2008. The various indices have been calculated after first pooling all samples from the reach for the year in 

question, then lumping taxa up to Family-level or higher so that the results from the two studies could be 

compared. 

 

Morningside 
1990’s 

Morningside 
2008 

Barton         
1990s 

Barton           
2008 

Number of samples 28 28 46 10 

Total number of  Taxa 32 43 37 34 

Berger-Parker Dominance 0.337 0.262 0.350 0.285 

Simpsons Equitability 
(evenness) 0.178 0.161 0.118 0.161 

Simpsons Diversity 5.70 6.91 4.38 5.48 

 

 

3.4.2 Comparison of 2008 broadwater samples with those from AUSRIVAS assessment 

In addition to examining changes in the macroinvertebrate communities inhabiting the two 
broadwater reaches of the Macquarie River, some basic analyses were carried out to assess the 
similarity of the communities in this part of the river system with those present elsewhere in the 
catchment. This was done by comparing the samples collected from the broadwaters at Barton and 
Morningside, with the AUSRIVAS samples taken from sites throughout the rest of the catchment 
(the map of AUSRIVAS sampling locations is presented in (DPIW, 2008b). 

In total, 97 taxa were identified from the 38 quantitative samples collected during the 2008 
broadwater assessment, and 177 taxa were identified from the 55 AUSRIVAS samples collected 
from sites within both the main river and tributaries of the Macquarie catchment. Sixty-nine taxa 
were shared between the two datasets. On closer inspection, the groups that showed least overlap 
between the two datasets were those which in broad terms show the greatest dependence on flow 
(Ephemeroptera, Plectoptera and Trichoptera) and are sensitive to environmental degradation, 
while the groups that showed greatest overlap were those that are least dependent on flow and 
most tolerant of stagnant-water environments (Diptera, Mollusca and Odonata). AUSRIVAS 
samples taken from sites within the Macquarie River below the Blackman River junction confirm 
conclusions made in the last section about the loss of mayflies from the middle and lower reaches of 
the river system. The data shows that with the exception of a site between Ross and Hoggs Ford, 
none of the sites sampled in spring or autumn in the lower river system contained any Leptophlebiid 
mayflies (the family containing species of Atalophlebia and Nousia which were previously recorded 
in abundance). 

Similarities between broadwater and AUSRIVAS samples were calculated using the Bray-Curtis 
similarity coefficient, having first transformed the data in each case to ‘presence’ / ‘absence’ data 
(PRIMER Method Manual). The resulting similarity matrix has been used to construct 2-dimensional 
MDS ordination plots (Figures 3.7 and 3.8). Although the plots have high stress levels (which 
indicate that outputs should be viewed with some caution) the ordination in figure 3.7 suggests that 
although the two sets of samples do not form widely separate groupings in MDS space, there is not 
a great deal of overlap between the broadwater and AUSRIVAS samples. This implies that there is 
not a high degree of similarity between communities across sites at the catchment scale. At the top 
of the AUSRIVAS scatter some of the samples also form a small outlying group, and these are 
created by spring riffle samples from more elevated sites such as Prideaux Creek, Blackman River 
at Old Tier Road, and the upper Macquarie River at Longmarsh Road and Honeysuckle Road. All of 
these sites have experienced intermittent or zero flow in recent times, were not flowing during the 
autumn sampling round and had only recommenced flow late in the winter period. Examination of 
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the taxa list for these samples show that they are fairly depauperate (few species) and tend to 
contain taxa that can either withstand dessication (e.g.Hydrobiid snails and worms) or are quick to 
colonise newly wetted habitat (e.g. chironomids). 

When the same data is shown with differentiation on the basis of habitat type (Figure 3.8) the 
ordination shows that although riffle and edgewater samples tend to cluster in opposing areas of 
MDS space, there is slightly more overlap. This suggests that locations labelled as ‘riffle habitat’ 
contain macroinverteberate fauna that are more similar to those inhabiting edgewater habitats. 
Closer inspection of the data from samples within the area of overlap shows that these are either 
broadwater samples from Morningside ‘riffle habitats’ (where water velocities may have been quite 
low and hence encouraged use by edgewater fauna), or AUSRIVAS samples collected from 
locations in the lower Macquarie River where flow velocities are similarly low. 

 

 

Figure 3.7 MDS plot constructed using Bray-Curtis similarity values calculated on the basis of 

‘presence’/’absence’ from AUSRIVAS and broadwater macroinvertebrate samples identified to the lowest 

taxonomic level possible (generally genus level). Symbols discriminate samples on the basis of sampling 

approach (BW are samples from broadwater locations: M – Morningside, B –Barton; AUS are samples taken 

under AUSRIVAS sampling program). 

 

Figure 3.8 MDS plot constructed using Bray-Curtis similarity values calculated on the basis of 

‘presence’/’absence’ from AUSRIVAS and broadwater macroinvertebrate samples identified to the lowest 

taxonomic level possible (generally to genus level). Symbols discriminate samples on the basis of habitat type 

(Edge – samples taken from edgewater habitats; Riffle – samples taken from areas with rapid flow). 

Data from 2008: P/A

BW_M

BW_B

AUS

Stress: 0.23

Data from 2008: P/A

BW_M

BW_B

AUS

Stress: 0.23

Data from 2008: P/A

Edge

Riffle

Stress: 0.23
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3.5 Discussion 

During the design phase of the Macquarie Environmental Assessment Project, having access to 
reasonably quantitative data on the macroinvertebrate community of broadwaters of the lower 
Macquarie River from the early 1990’s (Davies & Humphries, 1996) was seen as invaluable, and 
that replicating this work might provide some useful insights about how the aquatic community may 
have changed in the intervening years. During this time there has been one of the worst droughts in 
the Midlands in recent history. It was hoped that by repeating the quantitative sampling approach 
that was employed during that earlier work, some conclusions could be made as to whether 
macroinvertebrate diversity and abundance may have been affected by the prolonged low-flows and 
increased agricultural water use that has taken place. In practice, this has been more difficult than 
first envisaged, and this is mainly due to the difference between the level of taxonomic knowledge 
and expertise that is available now compared to that which was available to researchers during the 
study of 1991-92. In addition, techniques and protocols for sample processing and sorting have 
improved markedly in the intervening period, and both of these factors influence the confidence that 
can be placed on conclusions made from any comparisons between the two sets of data. In an 
attempt to reduce the impact of these issues, comparisons between the two datasets has generally 
been restricted to observations made at the Family-level or higher (see also section 3.2). 

Bearing these issues in mind, the analysis has nevertheless revealed a number of interesting 
features. The first is that while there have been some substantial changes in the proportions of 
some of the major groups within the macroinvertbrate community at the reach level, there has been 
no corresponding alteration in the overall biological diversity of the system. At the Barton study 
reach, despite a large increase in the dominance of Diptera (primarily chironomids) within the 
community and a slight drop in the total number of families recorded, aquatic biodiversity (as 
indicated by the Simpsons Diversity Index) has increased slightly, as there is a more even 
contribution by each of the families present in the community. At Morningside, chironomids were 
once again found to be the most abundant group, contributing around 35% of the community, but 
there have been substantial reductions in the abundance of coleopterans (beetles), trichopterans 
(caddisflies) and molluscs (mostly snails), and a subsequent massive increase in the abundance of 
oligochaetes (worms). Together, amphipods, dipterans and oligochaetes now contribute more than 
75% of the benthic macroinvertbrate community at both reaches. This suggests that there may have 
been a deterioration in the environmental condition of the lower river system, as amphipods, 
dipterans and oligochaetes broadly represent taxa that tend to be tolerant of degradation 
(Chessman, 2003), whereas taxa within the Coleoptera and Trichoptera are broadly sensitive to 
environmental deterioration. Increased siltation of the river may be the main cause of this change, 
and this is further discussed below. 

Looking more closely at the Family-level data provides further indication that there has been a 
decline in the condition of the riverine environment. This is best illustrated by the decline or loss of 
various families of mayflies (Ephemeroptera) that has occurred within sections of the lower river 
system. Comparisons between the two broadwater studies show that Baetid mayflies have 
substantially declined in abundance and Leptophlebiid mayflies have disappeared completely from 
both reaches (in particular species of the genera Atalophlebia that were previously found in 
abundance at both locations). This decline has been independently confirmed by records kept by a 
keen mayfly enthusiast (and practicing marine ecologist) Dr. Ronald Thresher, who noted a marked 
reduction in the presence of Atalophlebia and Nousia in the Macquarie River at Ross and 
Morningside in spring 2006 (R. Thresher pers comm.). Leptophlebiid mayflies were once largely 
responsible for the renown spinner hatches in the middle and lower Macquarie River, which created 
conditions for a highly valued dry-fly trout fishery (Scholes, 2003). The trout fishery of the middle 
and lower Macquarie River (upstream of the Lake River) has been in decline for a considerable 
time, and comments from local fishermen have suggested that the prolific mayfly hatches which 
once drew avid dry-fly fisherman to the river has undergone a decline as well. 
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This apparent decline in the Leptophlebiid mayfly population has occurred at a time of severe and 
prolonged drought, as well as an intensification of agricultural activities in the catchment which is 
likely to have impacted on water quality. Recent analysis of water quality data from sites within the 
catchment under the Baseline Water Quality Monitoring Program indicates that water quality in the 
upper Macquarie River has deteriorated substantially with sustained increases in turbidity, total 
nitrogen, ammonia and total phosphorus concentrations (Koehnken, 2009). As part of this 
monitoring program DPIW also samples for pesticides and herbicides at 3 sites along the main river 
channel, however, this only occurs four times per year. Despite the low frequency of sampling for 
pesticides, testing has found Simazine and MCPA at various times and in various locations 
(http://www.dpiw.tas.gov.au/inter.nsf/WebPages/CART-69STWK?open#MonitoringResults) 
suggesting that agro-chemicals are finding their way into waterways, where they may have 
deleterious impacts on aquatic biota. Both of the chemicals mentioned above are known to be 
slightly toxic to fish (Kamrin, 1997). 

In addition to the potential ecological threat posed by water quality deterioration, the Blackman Dam 
failure in October of 2005 deposited large volumes of sediment into the river system, which 
impacted the river as far downstream as Longford, where the public water supply had to be shut 
down. This sediment load is likely to have had a severe impact on Leptophlebiid mayflies due to 
their body shape and design. Unlike Caenid mayflies, which are comparatively smaller and happily 
inhabit silt-rich habitats, Leptophlebiids are long and slender, with very exposed, feathery gills that 
are much less capable of coping with excessive siltation. A massive siltation event, such as 
occurred during the Blackman Dam failure, would have had a disproportionate effect on this family 
of mayflies, and is very likely to have been the main reason for the virtual disappearance of 
Leptophlebiid mayflies from the river the following year. The fact that no individuals of this family 
were found in the benthic samples taken from Morningside or Barton during this study suggests that 
the population has still not recovered from this catastrophic event. 

Mayfly population declines have been observed in rivers elsewhere in the world, where land-use 
practices and water quality deterioration have been seen as major causal factors. In 2001, a report 
by the Environment Agency in the UK (Frake & Hayes, 2001) documented a substantial decline in 
the frequency and size of mayfly ‘hatches’ in chalk streams of southern England between 1979 and 
1999, based on empirical observation made by 365 fly fisherman having a long history of fishing in 
those streams. Alongside other large-scale surveys that have recorded declines in butterfly and bird 
populations in the area, that report concluded that there was considerable evidence “linking the 
declines in the populations of these fauna with agricultural intensification and changes in practice, 
as well as with urbanisation and loss of habitat, especially wetland habitat” (Frake & Hayes, 2001). 
Persistent low flow conditions were also recognised as another significant environmental factor in 
this decline. Many of these issues are present in the Macquarie catchment, and are likely to have 
placed significant stresses on the system during the last decade, and this is manifest to some 
degree in the data collected during the 2008 broadwater assessment. 

The comparison between samples taken from the two major broadwaters and those collected 
throughout the rest of the catchment during the AUSRIVAS river health assessment (DPIW, 2008b) 
suggests that the community of aquatic invertebrates inhabiting the broadwaters of the middle and 
lower reaches of the Macquarie River are reasonably distinct and do not function as important 
‘refugia’ for invertebrates during times of drought. The similarity analysis suggests that although 
many locations elsewhere in the river system contain taxa that are also found in the broadwaters, in 
general, as you move further up the main river channel, or into tributaries, the composition of the 
macroinvertebrate community naturally diverges from that inhabiting broadwaters. The fact that 
Leptophlebiid mayflies were locally extirpated from the middle and lower Macquarie River sometime 
in 2006 and have since not recolonised from the Elizabeth River or Brumby Creek (where they have 
been observed) suggests that aerial dispersal is not a significant mechanism linking invertebrate 
communities in the short term. This reinforces the need to manage aquatic habitat at multiple levels 
if we are to preserve aquatic biodiversity at the landscape-scale. 

http://www.dpiw.tas.gov.au/inter.nsf/WebPages/CART-69STWK?open#MonitoringResults
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4. Sub-surface water exchange 

4.1 Introduction 

In the last couple of decades, freshwater science has come to recognise the fundamental processes 
and pathways that link surface water and groundwater (Sophocleous, 2002; Winter et al., 1998; 
Younger, 2007). However, despite this, there is a history of the sciences of surface water hydrology 
and ecology operating somewhat independently of hydrogeology, and this has manifest itself in the 
tendency for surface water and groundwater to be managed as separate resources. 

In more recent times there has been a concerted effort to combine knowledge within these two 
spheres into a more cohesive and integrated understanding, with the aim of guiding freshwater 
resource management towards a more holistic approach. Within ecology, this is reflected in newer 
terms such as ‘freshwater-dependent ecosystems’ and ‘groundwater-dependent ecosystems 
(GDE’s)’, and there are an increasing number of scientific publications examining water exchange 
between the river channel and local groundwater through the hyporheos (e.g. (Arntzen et al., 2006; 
Fernald et al., 2006)), and the influence of this exchange on ecological processes (DiStefano et al., 
2009; Malcolm et al., 2004). 

Medium sized and large flood events recharge local river bank and floodplain groundwater systems, 
which store water that returns to the river at a later date (Younger, 2007). This ‘storage effect’ is 
likely to be more pronounced during large events that inundate the floodplain for longer periods of 
time (Figure 4.1). This enables far more surface water to percolate downwards and be stored in the 
underlying aquifer. As well as being a mechanism mitigating flood magnitude (i.e. reducing flood 
peaks), this process also delays the re-entry of water to the river channel, prolonging flood 
recessions and elevating baseflows in the following weeks to months. This has obvious ecological 
benefits, such as prolonging inundation of fringing areas which provide habitat and spawning areas 
for native fish species (Humphries, 1995; Tonkin et al., 2008) and helping to maintain plant health 
and diversity through the promotion of flowering and recruitment of aquatic and riparian plant 
species (Boulton & Brock, 1999; Brock et al., 2000; Hughes et al., 2001). 

During extended dry periods and droughts prior to the construction of Lake Leake and Tooms Lake, 
the lower Macquarie River was likely to have been reduced to a series of barely connected pools. 
During such times, riverine ecosystems would have become heavily reliant on broadwater areas as 
refuges for mobile biota and are likely to have been areas of localised productivity within the river 
system (e.g. production of food sources for fish). Whilst this situation is now prevented to some 
degree through the augmentation of summer flow via irrigation releases from Tooms Lake and Lake 
Leake, it is postulated that subsurface inputs into the river from local groundwater sources continue 
to make some contribution to the water budget of the river, particularly in maintaining stable water 
levels in the broadwaters downstream of Ross. This forms part of the conceptual model illustrating 
our present understanding of important processes operating in broadwaters of the Macquarie River 
(Figure 5.1 – conceptual model). There is some evidence of this from visual observations at both 
Morningside and Barton broadwaters, where seepage faces occur above the water level of the 
broadwaters, suggesting that in some places groundwater drainage is towards the river. 

 

4.2 Water exchange measurement 

To examine the hypothesis that surface water and groundwater are linked and subsurface inputs to 
the river contribute to the water budget of the river, five river channel seepage meters were installed 
around ‘The Broadwater’ at Barton to measure water exchange between the hyporheic zone and 
the river. The meters were constructed based on information that is available from the Connected 
Water website (http://www.connectedwater.gov.au/index.html) (BRS, 2006), where a number of 
seepage meter designs are available. The diagram in figure 4.2 shows the basic concept for the 

http://www.connectedwater.gov.au/index.html
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meters. Seepage meters are the most commonly used devices for the direct measurement of water 
exchange and were initially developed to measure seepage losses from irrigation channels 
(Israelson & Reeve, 1944) but have since been adopted for use in areas as diverse as rivers, 
wetlands, lakes, marine zones and coral reefs (BRS, 2006). 

The aim of the seepage meter is to isolate part of the sediment-water interface using a chamber 
which is open at the base, and measure the exchange of water across the interface by collecting the 
water in a bag (or bladder) attached to the chamber (Figure 4.2) over a measured interval of time. 
The exchange commences when the valve attached to the tube connecting the bladder to the 
chamber is opened, and is terminated some time later by closing the valve. 

 

 

 

Figure 4.1 Diagram illustrating recharge of local groundwater during floodplain inundation [taken from 

Younger 2007 (adapted from Winter et al. (1998)]. 
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Figure 4.2 Basic design of a seepage meter with inverted open chamber (1) with flanges to assist in 

installation and recovery (2). The chamber has a sloping top with a gas venting tube (3) attached at the most 

elevated side. A 4L wine bladder acts as a seepage collection bag (4) which is housed in an open protective 

housing (5). The connecting hose (6) has fittings (7) to enable quick release and a valve (8) near the bag 

which is opened at the start of flux measurement and closed to terminate measurement (Brodie et al., 2009). 

 

 

Figure 4.3 Photos of two of the seepage meters installed around the fringe of ‘The Broadwater’ at Barton, 

on the Macquarie River, December 2008. 

 

The time when the valve is opened and subsequently closed is recorded, as well as the change in 
the volume of water in the bladder. The seepage flux (Q) is then calculated as: 

 

Q=(Vf-V0)/tA 

 

where Vo is the initial volume of water in the bladder, Vf is the final volume of water in the bladder, t 
is the time elapsed between when the valve was opened and shut, and A is the surface area of the 
interface covered by the chamber. Additional water in the bladder represents upwards (gaining) 
seepage and water loss from the bladder represents downward (losing) seepage. At the time of 
deployment, the bladder of each seepage meter contained 1 litre of water. 
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The five seepage meters were installed around the lower section of ‘The Broadwater’ at Barton on 
December 3, 2008. Following an initial 7-day deployment to assess the operation of the meters and 
make minor adjustments, the meters were re-deployed on the December 10 and retrieved 28 days 
later on January 7, 2009. During this period a small freshet occurred which increased flow in the 
river from about 7 ML d-1 to 21 ML d-1 and is likely to have raised the water level of the broadwater 
by about 20-40 mm, however at the time of retrieval the water level was 20 mm lower than at 
commencement. 

The results of this monitoring suggest that inputs to the river during the period of the deployment 
were relatively small. Across the five seepage meters, the average volume of water exchanged was 
+1029 mL (range +480 to +1920 mL), which equates to +37 mL per day of deployment. Adjusting 
this for the surface area of the interface enclosed by the chamber, this converts to a rate of inflow to 
the river of 327 mL m-2 d-1. This is about 6% of the volume of water lost through evaporation from 
the broadwater during normal summer conditions, which is estimated as 5,000 mL m-2 d-1 based on 
a daily evaporation rate of 5 mm d-1 (BOM  http://www.bom.gov.au/climate/averages/). 

This crude estimation suggests that for the Macquarie River at Barton, the contribution of water to 
the broadwater through subsurface pathways may be relatively small in comparison to the volume of 
water lost through evaporation in summer, although the impact of the fresh that passed through the 
system during the measurement period may have influenced this result. The other factor that was 
not taken into consideration when making the calculation was the probable additional inflows to the 
broadwater from the hyporheos below the 1 m littoral fringe, where we could not install meters to 
measure water exchange. It is very likely that additional water is entering through this deeper region 
of the broadwater, but this could not reasonably be estimated. Younger (2007) states that while the 
process of water storage in the hyoprheic zone may be negligible at the catchment scale “the 
dynamics of the hyporheic zone are of great importance to the ecological quality of many streams 
which gain water from adjoining aquifers”. 

In conclusion, the results do at least show that groundwater is contributing water to the river, and 
may at times play a significant role in maintaining fringing wetlands along the length of the river. As 
mentioned above, these littoral plant communities contain a diversity of plant and aquatic 
invertebrate species as well as providing a structurally complex habitat that is important for native 
fish. Fringing macrophytes also trap nutrients and sediments from runoff and, in a similar manner to 
that of vegetation in the riparian zone (Hill, 1996), are likely to provide some protection against 
water quality deterioration in the lower reaches of the Macquarie River. Sediment beneath even 
small patches of wetland plant communities has the capacity to rapidly remove nitrates from input 
water (Whitmire & Hamilton, 2005) and strongly influence local water quality. These processes form 
part of our conceptual understanding of the river system (see section 5) and knowledge about the 
passage of water through this part of the ecosystem is integral to a better awareness of how these 
processes might be affected by water management practices. 

 

 

  

http://www.bom.gov.au/climate/averages/
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5. Review and conclusions 

During the last decade there has been a persistent drought throughout the Macquarie River 
catchment, and the data presented in this report suggests that the aquatic macroinvertebrate 
community in the lower river system during this period has undergone some change in response to 
the conditions resulting from this event.  While broad measures of diversity have shown a slight 
increase in biodiversity within the macroinvertebrate community inhabiting the broadwaters at Barton 
and Morningside since the last detailed assessment in early 1990’s (Davies & Humphries, 1996), this 
appears to have generally resulted from a more even proportional representation of the main 
taxonomic groups rather than an increase in the number of taxa inhabiting these areas. In general, 
samples collected in 2008 show that taxa which are more tolerant of environmental degradation (e.g. 
chironomids, amphipods and oligochaetes) tend to dominate the ecosystem, while those that are 
more sensitive to water quality or habitat degradation (e.g. coleopterans, ephemeropterans and 
trichopterans) have declined within the community. In conjunction with this, the total abundance of 
benthic macroinvertebrates appears to have increased, and while this may be influenced by changes 
in sample processing methods in the last decade, it may also reflect the impact of increased 
eutrophication of the river. There is evidence that water quality in the upper river system has 
deteriorated (Koehnken, 2009) and this is likely to have also impacted the lower river system. In 
addition, the rupture of a large instream dam on the Blackman River in 2005 dumped large volumes 
of sediment into the Blackman and Macquarie Rivers, and this sediment (along with the nutrients it 
contained) is very likely to have affected ecosystems some distance downstream. Studies have 
shown that increases in nutrient concentrations and turbidity can lead to a corresponding increase in 
the density of benthic macroinvertebrates and a decline in sensitive aquatic taxa (Harding, 1999; 
Niyogi et al., 2007). In the lower Macquarie River, this is best illustrated by the loss of mayfly species 
which were previously found in abundance. The lack of Leptophlebiid mayflies in the quantitative 
samples taken from the Barton and Morningside broadwaters, along with visual observations from 
recreational trout fishermen and a scientifically-trained mayfly enthusiast, confirm that the 
environment of the lower Macquarie River has suffered a decline since it was last studied. Whether 
this is due mostly to impacts arising from the dam breach, or due to a more gradual environmental 
decline caused by the drought and agricultural intensification (along with associated increases in the 
use of fertilisers and agricultural chemicals) cannot be ascertained from the data collected during this 
study. But the environmental consequences of land and water management during the last decade 
are clear, both in the loss of instream fauna and in the poor condition of riparian plant communities in 
the lower river system as recorded during the broadwater vegetation assessment. 

The similarity analysis conducted during this study has shown that the macroinvertebrate community 
inhabiting riffles in the Macquarie River are distinct from those inhabiting pools and runs, which tend 
to be very similar and have a greater number of taxa than is found in riffles. This pattern has been 
consistent through time, and supports conclusions that the fringing macrophyte communities of the 
Macquarie River are characterised by higher plant and animal diversity, and are therefore a 
significant natural asset within the catchment. This was one of the hypotheses developed as part of 
the conceptual model for the lower river system (Figure 5.1), along with the potential role of 
groundwater contributions in supporting the water budget of the broadwater systems. While the data 
collected during this study did not show a substantial contribution from groundwater at the time (in 
comparison to surface water inflows and evaporative losses), it did show that surface water and 
groundwater are linked and it is likely that the importance of the groundwater contribution to the river 
varies through time. 

This work has provided important insights into both the character and condition of the aquatic and 
riparian environment of the lower Macquarie River and has been collected to assist with decision-
making during the development of a water management plan for the catchment, and complements an 
environmental flow assessment for various parts of the river system (DPIW, 2009). The result of this 
study raises concerns about the current ‘health’ of macroinvertebrate communities in the lower 
Macquarie River, and highlights the need to consider fundamental ecosystem processes when 
managing water in the catchment. Of greatest concern is the loss of Leptophlebiid mayflies from the 
lower river system. This family of mayflies are sensitive to environmental degradation and their 
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absence is clear evidence that there have been grave stresses placed on the ecosystem. This issue 
should be further investigated, as it may reflect environmental pressures arising both from land-use 
practices and water scarcity. 

 

 

Figure 5.1 Conceptual model of important ecosystem features and processes within littoral habitats of 

lowland reaches in the Macquarie River catchment. Seven important features or processes are highlighted:  

1 = habitat provided by, and biodiversity contained within, the littoral macrophyte beds, 2 = heavy 

dependence of endemic freshwater mussels on life cycle linkages with fish, 3 = groundwater input into the 

water budget of the river during low flows, 4 = delivery of sediment and nutrients to river channels in runoff 

and the collection of sediments by littoral aquatic vegetation, 5 = potentially large role adult freshwater 

mussels play in filtering water and regulating primary productivity, 6 = influence of water level fluctuations on 

littoral vegetation communities, and 7 = processing of lateral nutrient inputs to the river by littoral 

macrophytes. 
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9. Appendices 

A1: Species list from vegetation assessments 
 

Status codes:     

i - introduced       

C - critically endangered (EPBC Act 1999)      

E - endangered (EPBC Act 1999)      

V - vulnerable (EPBC Act 1999)      

e - endangered (TSP Act 1995)     

v - vulnerable (TSP Act 1995)     

r - rare (TSP Act 1995)      

     

   Barton Morningside Mt Morriston 

ADIANTACEAE      

 Adiantum aethiopicum  Common maidenhair   Y 

 Cheilanthes austrotenuifolia  Rock fern   Y 

AMARANTHACEAE      

 Ptilotus spathulatus Pussytails   Y 

APIACEAE      

 Daucus glochidiatus  Australian carrot   Y 

 Eryngium vesiculosum Prickfoot Y Y Y 

 Hydrocotyle hirta Water pennywort Y Y  

 Hydrocotyle pterocarpa  Y Y  

 Lilaeopsis brownii Swampstalk Y   

ASPIDIACEAE      

 Polystichum proliferum  Mother shield-fern   Y 

ASPLENIACEAE      

 Asplenium flabellifolium  Necklace fern   Y 

 Pleurosorus rutifolius  Blanket fern   Y 

ASTERACEAE      

 Arctotheca calendula Capeweed, i Y  Y 
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 Bedfordia salicina tasmanian   Blanket leaf   Y 

 Cassinia aculeata  Dolly bush   Y 

 Carduus pycnocephalus Slender thistle   Y 

 Cirsium arvense Perrenial thistle, i Y   

 Cirsium vulgare Spear thistle, i Y   

 Chrysocephalum apiculatum Common everlasting   Y 

 Chrysocephalum semipapposum Clustered everlasting   Y 

 Craspedia glauca Common billybuttons   Y 

 Euchiton colllinum  Y   

 Leontodon taraxacoides Lesser hawksbit, i Y Y  

 Leptorynchus squamatus Scaly buttons   Y 

 Hypochoeris radicata  Cat's ear, i Y  Y 

 Olearia phlogopappa  Dusty daisy bush   Y 

 Solenogyne dominii  Flat-herb, flatweed   Y 

 Solenogyne gunnii  Gunn's flat-herb   Y 

 Cotula repens Creeping cotula Y Y  

 Pseudognaphalium luteo-album  Y   

 Sonchus sp P. Sowthistle, i  Y  

 Taraxacum officinale Dandelion, i Y Y Y 

 Vittadinia burbidgeae Smooth New Holland daisy   Y 

 Vittadinia cuneata Fuzzy New Holland daisy, r   Y 

 Leucochrysum albicans subsp. albicans Grassland paperdaisy, E, e   Y 

 Logfia gallica Narrow cudweed   Y 

AZOLLACEAE      

 Azolla filiculoides Pacific azolla  Y  

BORAGINACEAE      

 Myosotis discolor Forget-me-not, i Y Y  

 Cynoglossum suaveolens Sweet houndstongue   Y 

BRASSICACEAE      

 Lepidium campestre Field papercress, i   Y 
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CALLITRICHACEAE      

 Callitriche sp.  Y   

CAMPANULACEAE      

 Wahlenbergia sp.  Bluebell   Y 

CARYOPHYLLACEAE      

 Moenchia erecta Erect chickenweed, i Y   

 Polycarpon tetraphyllum Fourleaved allseed, i Y   

 Petrorhagia nanteuilii Proliferous pink, i   Y 

 Scleranthus biflorus Twinflower   Y 

CASUARINACEAE      

 Allocasuarina littoralis  Black sheoak, bulloak   Y 

CHARACEAE      

 Chara spp. Stonewort Y Y  

 Nitella spp. Stonewort Y Y  

CLUSIACEAE      

 Hypericum japonicum   Y  

 Hypericum gramineum  Small st. johns wort   Y 

CONVULVULACEAE      

 Dichondra repens Kidney grass Y  Y 

CRASSULACEAE      

 Crassula sieberiana australian  Stone-crop  Y  

 Crassula peduncularis  Y   

 Crassula sibthorpiodes  Y   

CYPERACEAE      

 Baumea arthrophylla Fine twigsedge  Y  

 Baumea juncea Bare twigsedge  Y  

 Carex appressa   Y  

 Carex breviculmnis  Y   

 Carex gaudichaudiana Fen sedge Y Y  

 Carex longebrachiata Drooping sedge, r  Y Y 
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 Carex flagellifera i Y   

 Carex iynx Tussock sedge   Y 

 Cyperus gunnii Flatsedge Y Y  

 Cyperus tenellus  Y   

 Gahnia grandis  Cutting grass   Y 

 Eleocharis acuta Common spikesedge Y Y  

 Eleocharis sphacelata Tall spikesedge Y Y  

 Isolepis cernua  Y   

 Isolepis fluitans Floating clubsedge Y   

 Isolepis nodosa   Y  

 Isolepis marginata  Y   

 Isolepis platycarpa  Y   

 Isolepis spp. Club sedge Y Y  

 Lepidosperma  Curtisiae sedge   Y 

 Lepidosperma elatius  Tall sword-sedge   Y 

 Lepidosperma inops  Fan sedge   Y 

 Lepidosperma longitudinale Spreading swordsedge Y Y Y 

 Schoenoplectus pungens  Y Y  

 Schoenus nitens   Y  

 Schoenus sp.  Bog sedge Y  Y 

DILLENIACEAE      

 Hibbertia procumbens  Spreading guinea-flower   Y 

 Hibbertia riparia  Erect guinea-flower   Y 

EPACRIDACEAE      

 Astroloma humifusum Native cranberry   Y 

 Leptecophylla divaricata   Divaricate cheeseberry   Y 

 Leucopogon collinus White beard-heath   Y 

 Lissanthe strigosa Peach berry   Y 

EUPHORBIACEAE      

 Beyeria viscosa pinkwood,  Sticky wallaby-bush   Y 
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FABACEAE      

 Hovea tasmanica  Hill hovea   Y 

 Ulex europaeus European gorse, i Y Y Y 

 Lotus corniculatus Birds trefoil, i Y Y  

 Trifolium spp.  Clover, i Y  Y 

 Trifolium dubium Clover, i Y   

 Trifolium subterraneum Clover, i Y   

GERANIACEAE      

 Pelargonium australe  Wild geranium, austral storks-bill Y Y 

 Geranium dissectum  Y   

GOODENIACEAE      

 Selliera radicans   Y  

HALORAGACEAE      

 Myriophyllum spp. Water milfoil Y  Y 

 Myriophyllum simulans/variifolium   Y  

 Myriophyllym salsuginium   Y  

HYDROCHARITACEAE      

 Elodea canadensis Canadian pondweed  Y  

 Vallisneria gigantea (Americana var 
americana) 

Ribbonweed, eel grass, r  Y  

 Villarsia reniformis Running marshflower Y Y  

HYPOXIDACEAE      

 Hypoxis sp. Star grass  Y  

 Hypoxis glabella var. glabella Tiny yellowstar   Y 

JUNCACEAE      

 Juncus bufonius  Y Y  

 Juncus spp. Rush Y  Y 

 Juncus articulatus i Y Y  

 Luzula densiflora  Dense luzula   Y 

JUNCAGINACEAE      

 Triglochin procerum Ribbonweed Y Y Y 
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LAMIACEAE      

 Teucrium corymbosum  Forest germander, r   Y 

 Mentha pulegium Pennyroyal, i Y Y  

LILIACEAE      

 Arthropodium minus  Small vanilla-lily   Y 

 Bulbine glauca bluish  Bulbine-lily   Y 

LINACEAE      

 Linum marginale  Wild or native flax   Y 

LOBELIACEAE      

 Pratia peduncularia Tailing, matted pratia Y Y  

LYTHRACEAE      

 Lythrum hyssopifolia Hyssop loosestrife Y   

MALACEAE      

 Crataegus momgyna Hawthorn, i Y Y  

MARSILEACEAE      

 Marsilea mutica Nardoo, i Y   

MIMOSACEAE      

 Acacia mucronata mucronata  Variable sallow wattle   Y 

 Acacia melanoxylon  Blackwood Y  Y 

MYRSINACEAE      

 Lysimachia nummularia Loosetrife, i Y Y  

MYRTACEAE      

 Callistemon viridiflorus  Prickly bottlebrush   Y 

 Eucalyptus ovata  Swamp gum Y Y  

 Euryomyrtus ramosissima baeckea,  Rosy heath-myrtle   Y 

 Leptospermum lanigerum  Woolly tea-tree Y Y Y 

 Melaleuca gibbosa  Paperbark Y   

OLEACEAE      

 Notelaea ligustrina  Native olive   Y 

ONAGRACEAE      



Macquarie River broadwater ecosystems assessment 

 

 Epilobium spp. Willowherb, i Y   

OXALIDACEAE      

 Oxalis perennans  Native wood-sorrel Y  Y 

PITTOSPORACEAE      

 Bursaria spinosa Prickly box   Y 

PLANTAGINACEAE      

 Plantago coronopus  Buck's horn plantain, i Y Y Y 

 Plantago varia  Variable plantain   Y 

POACEAE      

 Aira caryophyllea Silvery hairgrass, i Y  Y 

 Austrodanthonia caespitosa Common wallaby-grass   Y 

 Austrodanthonia carphoides var. angustior Short  wallaby-grass   Y 

 Austrodanthonia pilosa  Y Y  

 Austrodanthonia racemosa  Y Y  

 Austrodanthonia tenuior  Fine wallaby-grass   Y 

 Austrostipa scabra subsp. falcata Spiky speargrass, r   Y 

 Austrostipa stuposa Corkscrew speargrass   Y 

 Ehrharta stipoides  Weeping grass   Y 

 Themeda triandra  Kangaroo grass  Y Y 

 Briza minor Quaking grass, i Y  Y 

 Cynosurus echinatus Rough dogs tail, i Y   

 Lolium perenne Perrenial ryegrass, i Y Y Y 

 Amphibromus sp.  Y Y  

 Agrostis avenacea  Y Y  

 Bromus hordeaceus Soft brome, i Y Y Y 

 Poa annua i Y   

 Poa labillardierei Silver tussockgrass Y Y Y 

 Poa rodwayi Velvet tussockgrass   Y 

 Poa sieberiana Grey tussockgrass   Y 

 Poa spp.  Y   
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 Elymus scaber Rough wheatgrass Y  Y 

 Phragmites australis Common reed  Y Y 

 Notodanthonia semiannularis  Y   

 Holcus lanatus Yorkshire fog, i Y Y  

 Hordeum murinum Northern barley grass, i Y Y Y 

 Parapholis incurva Coast barb grass, i Y   

 Vulpia bromoides Fescue, i Y   

 Vulpia myuros Fescue, i Y   

POLYGONACEAE      

 Persicaria decipiens v Y Y  

 Persicaria prostrata  Y   

 Acetosella vulgaris Sheep sorrel, i Y  Y 

 Rumex spp. Dock, i Y  Y 

PORTULACACEAE      

 Neopaxia australasica White purslane  Y  

POTAMOGETONACEAE      

 Potamogeton pectinatus Pondweed, r Y   

 Potamogeton ochreatus Pondweed  Y  

 Potamogeton tricarinatus Pondweed  Y  

PROTEACEAE      

 Hakea macrocarpa Hakea Y Y  

RHAMNACEAE      

 Pomaderris apetala  Dogwood, native hazel   Y 

 Spyridium ulicinum  Pauciflorate spyridium   Y 

ROSACEAE      

 Acaena novo-zelandea Common buzzy Y   

 Acaena echinata I Y  Y 

 Crataegus monogyna Hawthorn, i Y  Y 

 Sanguisorba minor Salad Burnet, sheeps Burnet, i Y   

 Aphanes arvensis Parsely piert, i Y   
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 Rosa rubiginosa Briar rose, i Y Y Y 

RUBIACEAE      

 Asperula conferta  Common woodruff   Y 

 Galium australe  Tangled bedstraw   Y 

RANUNCULACEAE      

 Batrachium trichophyllum i Y   

RUTACEAE      

 Boronia pilosa  Hairy boronia   Y 

 Nematolepis squamea retusa  Satinwood   Y 

SALICACEAE      

 Salix alba  Golden or white willow, i  Y  

 Salix fragilis Crack willow, i Y Y Y 

SCROPHULARIACEAE      

 Limosella lineata  Y   

 Digitalis sanguinalis Foxglove, i Y   

 Verbascum thapsus  Great mullein, i   Y 

 Veronica gracilis  Slender speedwell   Y 

THTMELAECEAE      

 Pimelea humilis Dwarf riceflower   Y 

TYPHACEAE      

 Typha latifolia i Y Y  

XANTHORRHOEACEAE      

 Lomandra longifolia Sagg  Y Y 

ALGAE Filamentous algae  Y Y Y 

LYCOPODIACEAE Moss  Y   
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A2: Map showing the distribution of major plant communities at Mount Morriston, upper Macquarie River. 

 


