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List of Abbreviations
ASS – Artificial substrate samplers
SN – Sweep net
TC – Temporary code

Glossary
Ephemeral – temporary
Macroinvertebrate – an invertebrate that is visible to the naked eye (>1.0mm)
Macrophyte – large aquatic plant
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Executive Summary
The macroinvertebrate community at three ephemeral wetlands and three permanent wetlands associated
with the Gunbower Island ICON site were investigated. A significant difference between ephemeral sites and
permanent sites was observed and a clear pattern of community succession through time was displayed at
ephemeral sites. Taxa richness was higher at permanent wetland sites, while density of macroinvertebrates
was found to be higher at ephemeral sites. Nitrogen, phosphorus, carbon and tannins were found to be
significantly higher at ephemeral sites, suggesting greater capacity for productivity than permanent sites.
Animals that contributed most to dissimilarity between permanent and ephemeral sites were made up
predominantly of the family Chironomidae. The macroinvertebrate population at ephemeral sites was
dominated by the species Chironomus tepperi Skuse, a species well documented as being an important food
source for water birds. Chironomus tepperi was not present in as high numbers at permanent sites where the
dominant taxa were Oligochaeta. Of the 45 taxa that were found to be endemic to ephemeral sites, 22 were
made up of animals of the Order Coleoptera, an Order well known for its adaptation to early colonisation.
Results from this study have important implications for the use of recovered water for the environment.
Ephemeral floodplain wetlands that are filled and allowed to dry out naturally have distinct macroinvertebrate
communities and are therefore important for invertebrate biodiversity. They also support much higher
densities of aquatic invertebrates that have known food web links to vertebrate species than associated
permanent wetlands.
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1. Introduction

The aquatic ecosystem of the lower Murray River catchment has been greatly modified since European
settlement by activities such as river regulation, agricultural practices and the introduction of non-native
species (Walker 1985). This degradation of aquatic ecological community in the natural drainage system of
the lower Murray River catchment prompted its listing as an endangered ecological community in NSW (DPI
2005). The community includes over 400 recorded native invertebrate species, many of which the taxonomy
and ecology are little understood and whose importance and contribution to the larger ecosystem are
unknown (Bennison et al. 1989). Consequently many aquatic habitats are now degraded and many native
species have experienced decline in their numbers and distribution, some to the point where they are now
listed as threatened or extinct (Hawking 1999; Walker and Thoms 1993).

In recent years, inflows to the Murray-Darling Basin have been at an unprecedented low levels, putting
further stress on an ecological system already under considerable duress. This has forced the Federal
Government to implement an initiative to ‘buy back’ water for the environment and to undertake water saving
measures, which have provided an opportunity to deliver more water to targeted reaches of the River
Murray. The task of achieving a healthy working River Murray system by returning water to the River’s
environment has been conducted through the Murray-Darling Basin Authority’s (MDBA) “The Living Murray”
(TLM) program.

The Living Murray program was established in 2002 in response to evidence showing the declining health of
the River Murray system and is a partnership of the Australian, NSW, Victorian, South Australian and ACT
governments. The program’s first step was implemented from 2004–09 and focused on recovering 500
gigalitres of water for the River Murray specifically for the benefit of plants, animals and the millions of
Australians it supports, along with improving the environment at six Icon sites.

The Living Murray Icon Sites were chosen for their high ecological value – most are listed as internationally
significant wetlands under the Ramsar convention – and also their cultural significance to Indigenous people
and the broader community (TLM 2007). They are:


Barmah–Millewa Forest



Gunbower–Koondrook–Perricoota Forest



Hattah Lakes



Chowilla Floodplain and Lindsay–Wallpolla Islands



Lower Lakes, Coorong and Murray Mouth



River Murray Channel

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Regulation of lowland rivers in south-east Australia has changed the cycle of flooding so that high flows in
winter and spring have been replaced by flows to provide irrigation in summer (Maheshwari et al. 1995).
The regulation of the river for irrigation has particularly affected ephemeral or temporary wetlands that are
part of the River Murray floodplain (Sheldon et al. 2002; Walker and Hillman 1977). Temporary wetlands are
bodies of water that experience a recurrent dry phase of varying length that is sometimes predictable in its
time of onset and duration (Williams 1997). The timing and volume of flooding events has been drastically
altered with river regulation. It is important that environmental flows aimed at simulating natural events are
carefully monitored so that their management may be better understood.

Macroinvertebrates and macrophytes are recommended as the primary biological indicators to the value of
environmental flows in the Murray-Darling Basin wetlands (Reid and Brooks 2000). Macroinvertebrates have
been shown to be effective indicators of ecosystem health in stream environments, and their use as
indicators in wetlands has been well advocated (Boon et al. 1990). They are important primary and
secondary consumers within wetland ecosystems, occupying a range of niches, including those of grazers
(of both macrophytes and biofilms growing on macrophytes and other substrata), detritivores, filter feeders
and predators (Boulton and Brock 1999). They also provide the principal food source for many vertebrates,
such as fish, birds and amphibians (Boulton and Brock 1999).

Macroinvertebrate assemblages have been used widely as biological indicators of ecological condition in
streams (Marchant et al. 1985; Bennison et al. 1989) and wetlands (Quinn et al. 2000; Boulton and Lloyd
1991). Macroinvertebrates are an important trophic link between microorganisms and larger animals such as
birds and fish. They also provide researchers with a window to view overall ecosystem health and offers an
accurate means to measure change within freshwater systems. Measurement of the success of
environmental water used to flood temporary wetlands in the Murray-Darling Basin (MDB) has in recent
years consisted of the monitoring of birds, fish and vegetation. There are problems with using the former two
for monitoring overall ecosystem health due to population migration and their position at the top of the food
chain (Hodkinson and Jackson 2005). The latter is difficult because the monitoring of the health of large
flowering plants gives little indication of the health of the associated aquatic ecosystem processes
(Hodkinson and Jackson 2005). This led to the recognition of the need for investigation into food resources
for vertebrate species and resulted in the conception of a pilot study to assess macroinvertebrate
communities in artificially flooded wetlands.

This pilot study aimed to investigate the macroinvertebrate communities in ephemeral wetlands on
Gunbower Island, a designated Icon, site, during an environmental flow release. An ecological survey was
conducted to provide information about the effectiveness of artificial flooding to macroinvertebrate
communities and subsequently the larger vertebrate species during a flooding event. Monitoring
macroinvertebrates at Icon Sites along the River Murray in coordination with The Living Murray’s water
recovery program will provide valuable information for future management of Icon Sites and for water
management across the MDB. This study will investigate the effect of flooding three ephemeral wetlands in
McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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May 2008 on Gunbower Island by measuring the change in macroinvertebrate community assemblage
during the subsequent drying phase.

2. Statement on Project Objectives

The objectives of this project were to:

-

To provide an assessment of the macroinvertebrate communities of the Gunbower–
Koondrook–Perricoota Forest Icon site ephemeral wetlands, and in particular, compare them
to associated wetlands that are kept permanently full, to assess the value of environmental
flows to the forest.

-

An investigation of food web dynamics, and in particular, the relationship between
invertebrate and vertebrate communities during flood events.

-

To provide information on macroinvertebrate community succession in ephemeral wetlands
through a wetting drying phase.

-

To provide an ecological measure of the benefit of recovered water to the environment.

-

To provide valuable macroinvertebrate data to support The Living Murray and Water for a
Healthy Country programs.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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3.

Methods

3.1 Study area and sites

The study area was Gunbower Island wetlands, in and near the Gunbower Island State Forest, between
Koondrook and Cohuna, northern Victoria. Three permanent and three ephemeral wetlands were used. The
ephemeral wetlands are shallow depressions on the Murray River floodplain hemmed between the Murray
on one side and Gunbower Creek on the other. Under natural conditions, these wetlands intermittently
receive water from the Murray River during floods. River regulation has restricted these natural flooding
events and they now usually only receive water through environmental water allocations, where water is put
through structures from Gunbower Creek. The permanent wetlands are ox bow wetlands that are associated
with Gunbower Creek which is heavily regulated for irrigated agriculture. Permanent wetlands retain water
year round for stock and domestic use and are filled in August as part of the Torrumbarry Irrigation System.

Figure 1: Map of Sample Sites.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Ephemeral wetlands

Site 600:

Little Reedy Lagoon (S 35046.248’ E 144016.071’). Large shallow depression with lignum
(Muehlenbeckia florulenta), reeds (Schoenoplectus validus) and immature Red Gums
(Eucalyptus camaldulensis) (Figure 2).

Site 601:

Little Gunbower Creek Complex (S 35041.951’

E 144011.692’). Series of shallow

depressions with lignum (M. florulenta), reeds (S. validus) and immature Red Gums (E.
camaldulensis) (Figure 3).

Site 602:

Black Swamp (S 35043.105’ E 144011.291’). Large shallow ox bow depression with lignum
(M. florulenta), reeds (S. validus) and immature Red Gums (E. camaldulensis) (Figure 4).

Permanent wetlands

Site 603:

Safes Lagoon (S 35041.530’ E 144008.962’). Ox bow wetland associated with Gunbower
Creek dominated by Cumbungi (Typha orientalis) on the margins and Common Water Milfoil
(Myriophyllum papillosum) (Figure 5).

Site 604:

Taylors Lagoon (S 35050.957’ E 144018.876’). Ox bow wetland associated with Gunbower
Creek dominated by Cumbungi (T. orientalis) on the margins, Azolla sp. and Common Water
Milfoil (M. papillosum) (Figure 6).

Site 605:

Cockatoo Lagoon (S 35055.639’ E 144021.510’). Ox bow wetland associated with
Gunbower Creek dominated by the introduced Yellow Water Lily (Nymphaea mexicana)
Azolla sp. and Common Water Milfoil (M. papillosum) (Figure 7).

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Figure 2: Little Reedy Lagoon.

Figure 3: Little Gunbower Creek Complex.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Figure 4: Black Swamp.

Figure 5: Safes Lagoon.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Figure 6: Taylors Lagoon.

Figure 7: Cockatoo Lagoon.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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3.2 Faunal collection
To provide quantitative data, we used the artificial substrate sampler (ASS) method used by Bennison et al.
(1989) to provide abundance data on species which were colonising the wetlands. The MDBC Monitoring
handbook (Baldwin et al. 2005) recommended using sweep netting as suitable qualitative method, which we
used as a backup method to provide information on the non colonising animals.

ASSs are an established method of semi quantitative macroinvertebrate sampling which provides abundance
information on animal which colonise (Bennison et al. 1989; Hellawell 1978), while the sweep collection is a
qualitative measure of the pelagic animals which occupy the water column. The Victorian AUSRIVAS (EPA
Victoria 2003) collection and process methods were employed for the sweep sample which was taken at
each site upon retrieval of ASS.

Seven ASSs were placed at six sites at six different wetlands, three of which are ephemeral and artificially
flooded (Little Gunbower Creek Complex, Little Reedy Lagoon and Black Swamp) and three of which are
kept permanently full by Gunbower Creek (Cockatoo Lagoon, Safes Lagoon and Taylors Lagoon). The three
latter sites operated as reference sites for the flooded sites. From the seven ASSs at each site, five were
processed along with one sweep net.

Each ASS consists of a cylinder of black plastic “Gutterguard” (mesh size 10mm square), 180mm high and
180mm in diameter containing 1 ½ onion bags (whole size 760 x 760mm) as substratum. Bennison et al.
(1989) suggested that half a house brick was to be used for ballast; however, in this project, a river stone of
similar size was used. The bottom of the basket is secured to the cylinder using a nylon cord which is also
used to seal the top of the ASS when it is pinched closed.

ASSs were placed on the wetland bed at depths less than 1.5 m to enable periphyton growth on the sampler
in accordance with recommendations in the literature (Weber 1973; Shaw and Minshall 1980; Lake et al.
1985) and field trials (Bennison et al. 1989). Substrates were deployed for six weeks to achieve maximum
taxa richness and abundance (Bennison et al. 1989) and were evenly distributed among all habitat types
present at each site.

Upon retrieval, substrates were collected using a 250 µm net, scooping below the ASS and collecting all the
contents. The ASSs were comprehensively rinsed in situ and the contents preserved in 69% ethanol for
laboratory processing.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Figure 8: An Artificial Substrate Sampler (ASS).

Sweep nets were collected in accordance with Victorian AUSRIVAS rapid bioassessment protocols (EPA
Victoria, 2003). A total of 10 m of the edge habitat was sampled so that each of the major littoral habitats;
bare edge, macrophytes and snags, were sampled proportionally to their representation within the reach. A
250 µm hand net was used to sweep through the water column in a manner that disturbed the substrate,
dislodging the macroinvertebrates which were then collected in the net. Habitats sampled and sample depths
were recorded using the AUSRIVAS datasheets.

Net contents were then emptied into a white sorting tray and animals hand picked for 30 minutes using
forceps and pipettes. If any new taxa were recorded during the 30 minute period, picking continued for a
further 10 minutes. If new taxa were found in this period, picking continued in additional 10 minute blocks up
to a maximum of 60 minutes. If less than 100 animals were collected in the initial 30 minutes, picking
continued for an extra 10 minutes. If new taxa were found, picking continued as previously described. A
maximum of 30 individuals of any single taxa were collected, with a minimum of 20-30 chironomids collected
to represent the sub-families. Collected animals were preserved in 69% ethanol for laboratory processing.

3.3 Laboratory processing
The ASS samples were placed into a Marchant box sampler (Marchant 1989) and a 25% sub-sample taken
and sorted initially. If less than 300 macroinvertebrates were recorded, a further 25% were sorted and so on
until the required 300 animal minimum was achieved. Animals were sorted into their respective groups
(Odonata, Ephemeroptera, Trichoptera, Coleoptera, Hemiptera, Oligochaeta, Chironomids, non-chironomid
Diptera, Mollusca and other taxa) and placed into vials to await identification.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Macroinvertebrates were identified to species level where possible and relative abundances recorded. All
macroinvertebrates were identified using the taxonomic keys listed on the bug guide (Hawking et al.2006
onwards) Identification and Ecology of Australian Freshwater Invertebrates (www.mdfrc.org.au/bugguide)
and species keys listed in the MDFRC Laboratory Handbook, as referenced in Hawking (2000). A voucher
sheet was established for all taxa and is located on the MDFRC project drive at M: MDBC/MDBC
Monitoring/Murray Monitoring/Project manual. When a taxon could not be identified, a Temporary Code (TC)
number was given and recorded as morphospecies, until the specimen identification could be confirmed.

Ten percent of biological samples were randomly chosen and re-identified by a senior taxonomist with no
prior knowledge of previous identifications. Taxonomic errors were determined based on the comparison
between identification by the original taxonomist and the QC taxonomist. Acceptable taxonomic error
excepted was below 10% for species level identifications.

3.4 Physico-chemical Parameter Collection
In situ physico-chemical parameters (DO, pH, EC, turbidity and water temperature) were recorded at
deployment and retrieval of ASSs at each site. Digital images were also taken from a point marked by a
wooden stake at each site on deployment to maintain a photographic record of key physical features of each
monitoring site.

3.5 Water Chemistry
All analyses were carried out in the MDFRC NATA accredited analytical laboratory. The following methods
were used:
Ammonia nitrogen present in the sample reacts with alkaline phenol and hypochlorite to produce indophenol
blue. The blue colour is intensified with sodium nitroprusside, and its absorbance measured colorimetrically
at a wavelength 630nm.
Nitrate is reduced to nitrite by passing a buffered sample through a column of copper-coated cadmium. Total
nitrite is then converted to the diazonium salt by reacting with sulfanilamide. The 4-sulfanilamide
benzenediazonium chloride then couples with N-(1-naphthyl) ethylenediamine dihydrochloride to form a pink
dye. Its absorbance is then measured colorimetrically at a wavelength of 520nm.
Orthophoshate present in the sample reacts with ammonium molybdate and potassium antimony tartrate in
an acidic medium to form molybdophosphoric acid. This is reduced by ascorbic acid to give a
molybdophosphoric blue complex, the absorbance of which is measured spectrophotometrically at 880nm.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).
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Organic forms of nitrogen and ammonia present in the sample are digested in an alkaline solution of NaOHK2S2O8 and oxidised to form nitrate. Nitrate in the digestion sample is then reduced to nitrite by passing a
buffered sample through a column of copper-coated cadmium. Total nitrite is then converted to the
diazonium salt by reacting with sulfanilamide. The 4-sulfanilamide benzenediazonium chloride then couples
with N-(1-naphthyl) ethylenediamine dihydrochloride to form a pink dye. Its absorbance is then measured
colorimetrically at a wavelength of 520nm.
Organic forms of phosphorus present in the sample are digested in an alkaline solution of NaOH-K2S2O8 and
oxidised to form orthophosphate. Orthophoshate present in the sample then reacts with ammonium
molybdate and potassium antimony tartrate in an acidic medium to form molybdophosphoric acid. This is
reduced by ascorbic acid to give a molybdophosphoric blue complex, the absorbance of which is measured
spectrophotometrically at 880nm.

3.6 Statistical Analysis
Physico-chemical, nutrient and macroinvertebrate data was analysed using SYSTAT. A nonparametric
Kruskal-Wallis test was used to test significant differences (p<0.05) between sites and wetland types. A
nonparametric Kruskal-Wallis test was used to test significant differences (p<0.05) between ephemeral and
permanent sites using the top 10 taxa contributing to dissimilarity among wetland type as identified by
SIMPER analysis of density and diversity. Parametric tests were not used, as in the majority of cases the
data was not normally distributed even following transformation of the data.

Multivariate analysis of macroinvertebrate community structure was performed using NMDS, ANOSIM and
SIMPER using the Primer Version 6 (Clarke and Warwick 2001) to enable an assessment of the changes in
the macroinvertebrate community:


among sites



at a single site over time



to assess if some sites undergo a greater degree of change with respect to other sites.
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4.

Findings

4.1 Physico-chemical and Nutrient
There was a significant difference between wetland types for 9 of the 15 physico-chemical and nutrient
parameters (Table 3, Appendix 2). Significant differences were found for turbidity, dissolved oxygen, total
Phosphorous, total dissolved Phosphorous, filterable reactive Phosphorous, ammonia Nitrogen, total
Nitrogen, tannins/lignins, and dissolved organic carbon (Table 3, Appendix 2). A table of raw physicochemical and nutrient data is included in Appendix 3.
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Figure 9: Dissolved Oxygen and Conductivity.
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Figure 10: Temperature, pH and Turbidity.
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Turbidity, pH and temperature followed similar patterns at both permanent and ephemeral wetlands, while
conductivity and dissolved oxygen were dissimilar between the two wetland types (Figures 9 and 10).
Temperature at all wetlands increased from 7 - 12°C in July (winter) to 17 - 22°C in November (Figure 10).

At the commencement of the survey, the conductivity readings at all wetlands were between 0.09 – 0.11
mS/cm. However, there was a steady increase in the permanent wetlands by September, only to decline to
below original levels by the November sampling. In contrast, the conductivity at the ephemeral wetlands
slightly decreased until September, when the level rapidly increased to 1.2 – 1.55 mS/cm. The conductivity
underwent significant change (p < 0.05) in the ephemeral wetlands during the survey period (Table 4,
Appendix 2).

The Dissolved Oxygen levels ranged from 1.3 – 2.7 mg/L in July, with a gentle rise to 1.7 – 3.4 mg/L range
by September. However, the October readings differed considerably, with the levels at the ephemeral slightly
falling, whereas at the permanent wetlands, the levels increased substantially to between 6.0 – 9.1 mg/L
(Figure 9). No measure for Dissolved Oxygen could be taken in November due to equipment failure.

Total Dissolved Nitrogen, Total Nitrogen and Ammonia Nitrogen followed similar trends, with the ephemeral
wetlands generally double or more the levels of the permanent wetlands over the sampling period. Likewise
the phosphorous levels (filterable reactive phosphorous, total phosphorous and dissolved phosphorous)
followed similar trends to the Nitrogen, and were considerably higher in ephemeral wetlands compared to the
permanent wetlands (Figure 12).

The Tannin levels at the permanent sites were generally low and consistent, being less than 1.5 mg/L on all
sampling occasions. However, the levels at the ephemeral wetland sites were greater than 1.8 mg/L and
exceeding 3.5 mg/L at Little Gunbower Creek Complex (October) and Little Reedy Lagoon and Black Swamp
(November). The Dissolved Organic Carbon levels followed closely the tannin levels at all sites, except at
Little Reedy Lagoon on the final sampling trip where it fell sharply (Figure 13).

The Dissolved Organic Carbon (DOC) was significantly different (p<0.05) in the ephemeral wetlands during
the survey period (Table 4, Appendix 2). Ephemeral wetlands underwent significant change in the
concentration of DOC and conductivity over time but there was no significant difference for all other
parameters. There was no significant change for any parameter in the permanent wetlands (Table 4,
Appendix 2).
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Figure 11: Nitrogen.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).

24

Macroinvertebrates in Ephemeral Floodplain Wetlands on Gunbower Island, during environmental watering.

Filterable Reactive Phosphorous
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Figure 12: Phosphorous.
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Figure 13: Dissolved Organic Carbon, Chlorophyll a and Tannins.
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4.2 Macroinvertebrates

A total of 136 different taxa were recorded during this project. Of the 78 different taxa found at ephemeral
wetlands and 96 different taxa recorded at permanent wetlands, 41 (53% and 43% respectively) were found
to be common to both wetland types. A total of 23,025 animals were collected, comprising 13,354 animals in
ephemeral wetlands and 9671 in permanent wetlands. Seventy three percent (9795) of the animals collected
at ephemeral sites were made up of the species Chironomus tepperi.

The abundance of macroinvertebrates collected on the first survey after flooding was low at ephemeral
wetlands with an average abundance of 400 animals (September 2008). Average abundance at ephemeral
wetlands increased to 1990 individuals in the next sample (October 2008), and then reduced to 1782
animals in the final sampling (November 2008) (Figure 14). The abundance in the permanent wetlands was
double the abundance of ephemeral sites in the initial September sampling, although it dropped to
approximately half the abundance recorded for the ephemeral wetlands in the latter two surveys.

A total of 102 taxa were recorded from the artificial substrate samplers. Supplementation of the Victorian
AUSRIVAS sweep net technique provided an additional 34 taxa, or approximately 25% of the total. Fifty
three taxa were unique to the ASS samples and 34 were unique to the sweep technique (Figure 15). A
complete species list is included in Appendix 3.
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Figure 14: Average macroinvertebrate abundance.
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Figure 15: Average diversity (where ASS = artificial substrate sampler and SN = Sweep net).

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).

28

Macroinvertebrates in Ephemeral Floodplain Wetlands on Gunbower Island, during environmental watering.

A one way analysis of similarities in the macroinvertebrate data at generic level based on wetland type
showed that there was a significant difference (R = 0.745) between ephemeral and permanent wetlands
sites. This can be seen in the NMDS where there is almost no overlap of sites, indicating that ephemeral and
permanent sites are quite distinct (Figure 16). A pattern of temporal succession in the macroinvertebrate
community structure was observed in ephemeral wetlands, as each month has little or no overlap (Figure
16). In contrast, only a slight shift in community structure over time can be observed at permanent sites since
there is a high degree of overlap among months, indicating only a weak seasonal trajectory (Figure 16). At
ephemeral sites, the September samples are grouped together in a string, all October samples are grouped
tightly together slightly above and to the right and all November samples are grouped together further to the
right again. Over time the ephemeral sites are moving in an upwards and to the right trajectory, while the
permanent sites are spread more evenly across the NMDS (Figure 16).
2D Stress: 0.16

Wetland Type - Date
ESeptember
EOctober
ENovember
PSeptember
POctober
PNovember

Figure 16: NMDS plot of macroinvertebrate community structure based on ASS abundance data
highlighting dissimilarity between ephemeral (E open symbols) and permanent (P filled symbols)
sites, Temporal succession of ephemeral wetland samples and chaotic distribution of permanent
wetland samples.

A one way analysis of similarities of macroinvertebrate abundance at generic level using the factors
wetland type and date showed significant dissimilarity between ephemeral and permanent wetlands (Global
R = 0.624). Pairwise tests indicate that the greatest difference between permanent and ephemeral
wetlands was in November (R = 0.906) (Table 1). Ephemeral sites underwent greater change over time (R
= 0.463- 0.573) than permanent sites (R = 0.138 - 0.297) (Table 1), suggesting a temporal shift in
macroinvertebrate community structure and supporting the visual results displayed in the NMDS plot in
Figure 16.
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Table 1: Anosim pairwise tests for differences between wetland types on a given month and for
differences between month within a given wetland type, indicating R statistic and significance level
for each comparison (where E = ephemeral and P = permanent).

Groups

R Statistic

ENovember

PNovember

0.906

ESeptember

PSeptember

0.854

EOctober

POctober

0.809

ESeptember

EOctober

0.573

ESeptember

ENovember

0.494

EOctober

ENovember

0.463

POctober

PNovember

0.297

PSeptember

PNovember

0.187

PSeptember

POctober

0.138

SIMPER analysis showed that two taxa, Chironomous tepperi and Oligochaeta spp., were each contributing
more than 10% to the dissimilarity between ephemeral and permanent wetlands (Table 2). Of the 12 taxa
contributing more than 2% to the dissimilarity between ephemeral and permanent wetlands, seven of them
were chironomid taxa (Table 2).

Table 2: SIMPER results showing taxa characterizing ephemeral and permanent wetlands (taxa
contributing >2% to average dissimilarity between wetland types).
Ephemeral

Permanent

Av. Abund

Av. Abund

13.40

1.39

Oligochaeta spp.

4.22

Paratanytarsus spp.

Taxa

Av.
Diss

Diss/SD

Contrib%

Cum.%

22.10

1.62

26.47

26.47

7.99

10.84

1.30

12.99

39.45

0.00

2.59

3.93

1.24

4.71

44.16

Hydra spp.

1.34

1.60

3.44

0.64

4.12

48.28

Cladotanytarsus spp.

0.00

1.71

2.64

0.94

3.16

51.45

Ischnura aurora

0.03

1.39

2.34

1.09

2.81

54.26

Tanytarsus spp.

0.00

1.66

2.30

0.78

2.76

57.01

Nematoda spp.

0.26

1.20

2.05

0.56

2.46

59.47

Polypedilum spp.

0.11

1.49

2.00

0.82

2.40

61.87

Physa acuta

0.22

1.03

1.97

0.72

2.36

64.23

Monopelopia spp.

0.00

1.38

1.89

0.87

2.26

66.49

Kiefferulus spp.

0.26

1.02

1.77

0.80

2.12

68.61

Chironomus tepperi
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Of animals contributing >2% to dissimilarity between wetland types, Chironomus tepperi was by far the
most abundant taxa in ephemeral wetlands, while the abundance at permanent wetlands was dominated by
Oligochaeta spp. (Figure 17). While all of the taxa contributing >2% to dissimilarity between wetland types
are abundant at permanent wetland sites only Chironomus tepperi, Oligochaeta spp. and Hydra spp. are
abundant at ephemeral sites (Figure 17). The abundance of Chironomus tepperi was very high at
ephemeral wetlands throughout the sample period, while Oligochaeta spp. were dominant on each
sampling occasion at permanent wetlands (Figure 18).
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Figure 17: Abundance of taxa contributing >2% to average dissimilarity between wetland types.
Oligochaeta spp. contributed less to dissimilarity between ephemeral and permanent wetlands over time
while Chironomus tepperi contributed heavily to dissimilarity between ephemeral and permanent wetlands on
all three sample occasions (Appendix 2, Table 11).

The abundance of Chironomus tepperi and Oligochaeta spp. contributed strongly to dissimilarity between
ephemeral sites through time (Appendix 2, Table 12). The abundance of Oligochaeta spp. was the primary
driver of dissimilarity between permanent sites through time (Appendix 2, Table 13).

Taxa richness, overall abundance and the abundance of Chironomus tepperi, Cladotanytarsus spp.,
Ischnura aurora, Oligochaeta spp., Paratanytarsus spp., Polypedilum spp. and Tanytarsus spp. were found
to be significantly different between ephemeral and permanent sites (Appendix 2, Table 7).
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Figure 18: Abundance of taxa contributing >2% to average dissimilarity between wetland types for
each month.

The abundance of Ischnura aurora was significantly different between ephemeral and permanent wetlands
during all three sample occasions while the abundance of Chironomus tepperi was significantly different in
October and November only (Appendix 2, Table 8). Taxa richness was significantly different between
ephemeral and permanent wetlands in September but was not significantly different (p>0.05) in October and
November. The abundance of Oligochaeta spp., Paratanytarsus spp., Polypedilum spp., Tanytarsus spp.
and Cladotanytarsus spp. were all found to be significantly different across all months between ephemeral
and permanent wetlands (Appendix 2, Table 8).
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The diversity, overall macroinvertebrate abundance and the abundance of Chironomus tepperi, Nematoda
spp., Oligochaeta spp. and Polypedilum spp. were significantly different within the ephemeral wetlands
across the sample period (Appendix 2, Table 9). The abundance of Chironomus tepperi, Cladotanytarsus
spp., Hydra spp., Paratanytarsus spp. and Tanytarsus spp. were significantly different within the permanent
wetlands between months (Appendix 2, Table 9).

The ephemeral wetlands (Sites 600-602) were heavily dominated by the Order Diptera (66.45%, 85.11% and
81.98% respectively), made up of mostly of the early colonisers Chironomidae. In contrast, the permanent
sites (603-605) were dominated by Oligochaeta (49.22%, 33.18% and 45.01% respectively) and Odonata
(1.9%, 3.45% and 2.62% respectively) (Figure 19).
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Figure 19: Order level % composition across all sites and dates.

The Diptera dominated the macroinvertebrate assemblage at the ephemeral wetlands, although they tended
to decrease in percentage composition over the sampling period. In contrast, the permanent wetlands were
dominated by the Oligochaeta on all sampling occasions, with the highest percentage composition recorded
in October. The percentage composition at Order level was very different immediately after flooding the
ephemeral wetlands, where both the ephemeral and permanent sites became more similar by November
(Figure 20).
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Figure 20: Succession of Order level % composition.
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Thirty seven taxa were found to be endemic to ephemeral sites, of which 16 were made up by members of
the order Coleoptera (Table 3 in red). In contrast, of the 55 taxa found to be endemic to permanent sites,
only two were of the Order Coleoptera. Similarly, four of the top ten taxa most frequently encountered in
ephemeral samples (measured by the number of samples in which they occurred) were Coleopterans (Table
4), while in overall abundance they were poorly represented. Seven of the top ten taxa most frequently
encountered in permanent samples were chironomids (Table 4). Forty one taxa were found to be common to
both wetland types.

Table 3: List of taxa recorded at only one wetland type (taxa in red all belong to the Order
Coleoptera).

Taxa endemic to permanent wetlands

Taxa endemic to ephemeral wetlands

Anisocentropus sp

Limnochares TC - 895

Antiporus spp.

Hemianax papuensis

Arrenurus sp

Macrobrachium australiense

Arhynchobdellia TC 733

Hyderodes spp.

Aspectrotanypus TC 915

Mesovelia spp.

Austrolestes analis

Hydracarina spp

Atalophlebia albiterminata

Monopelopia TC 921

Austronanodes spp.

Hydraena spp.

Austropeplea tomentosa

Muscidae spp.

Axonospella sp TC - 905

Hyphydrus spp.

Caridina spp.

Naucoris congrex

Berosus discolor

Lancetes spp.

Chaoborinae spp.

Neoniphargidae spp.

Berosus duplopunctatus

Limnoxenus zelandicus

Cherax destructor

Notonectid spp.

Bidessini spp.

Lynceus spp.

Chironominae TC 927

Oecetis spp.

Coaustraliobates spp.

Megaporus howitti

Chostonectes spp.

Oribatida TC 731

Copelatus ferrugineus

Odontomyia spp.

Cladopelma TC 918

Paramerina TC 916

Cordylophora spp.

Oecetis spp.

Cladotanytarsus TC 924

Paraplea halei

Dichetophora spp

Onychohydrus scutellaris

Cloeon sp.

Paratanytarsus TC 920

Diplodontus spp.

Rhantus suturalis

Coelopynia TC 949

Paratanytarsus TC 922

Drepanovelia spp.

Rheocricotopus spp.

Corynoneura TC 930

Procorticacarus sp.

Ecnomus cygnitus

Scirtidae spp.

Cricotopus TC 925

Riethia TC 942

Ephydridae spp.

Staphylinidae spp.

Cricotopus TC 926

Sigthoria spp.

Erythraeidae spp.

Tachaea coridophaga

Dasyheleinae sp.

Tachaea coridophaga

Halipus australis

Trombidoidea TC 689

Diplacodes bipunctata

Tanytarsus TC 923

Diplonychus spp.

Tasmanocoencis

Dugesiidae spp.

tillyardi/rieki

Ecnomus pansus

Tasmanocoenis arcuata

Elmidae spp.

Temnocephala spp

Gerridae spp.

Thienemannimyia TC 929

Glossiphonia spp.

Trhypochthoniellus

Hellyethira eskensis

longisetosus

Ischnura heterosticta

Triplectides volda

Lepidoptera spp.

Velesunio ambiguus
Xanthagrion erythroneurum

Trombidoides TC - 904
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Table 4: Ten most frequently encountered (measured by the number of samples in which they
occurred) taxa (taken at genus level) collected at each wetland type.

Permanent

Ephemeral

Chironomus spp.

Chironomus spp.

Oligochaeta spp.

Oligochaeta spp.

Cricotopus spp.

Berosus spp.

Ischnura spp.

Enochrus spp.

Kiefferulus spp.

Gyraulus spp.

Cladotanytarsus spp.

Hydra spp.

Paratanytarsus spp.

Hydryphantidae spp.

Physa spp.

Limnoxenus spp.

Polypedilum spp.

Allodessus spp.

Tanytarsus spp.

Triplectides spp.
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5. Conclusions

Investigation of methods
Two sampling methods used for surveying the macroinvertebrate population of ephemeral floodplain
wetlands were investigated in this study. A total of 102 taxa were recorded from the artificial substrates
sampler (ASS) technique, and 67 taxa from the AUSRIVAS sweep net technique. The ASS method provided
the bulk of the taxa richness with the AUSRIVAS methods adding a further 34 taxa to the total, an increase
of approximately 25% of the total.
While data gathered using the AUSRIVAS technique could not be used for any quantitative analysis (e.g.
PRIMER or SYSTAT), it proved a useful method for assessing biodiversity. It is well recognised that
AUSRIVAS was designed primarily for use in upland streams (Simpson and Norris 2000) but results from
this study suggest that it is a useful tool in wetlands as an accompaniment to ASS methods when assessing
taxa richness. Although the full AUSRIVAS methods could not be properly applied due to habitat restrictions
and timing of the project (AUSRIVAS requires a spring and autumn survey) and consequently data could not
be applied to AUSRIVAS models, the live pick provided a quick and easy qualitative measure of the sites.
While 53 taxa were found to be unique to the ASS samples from this study, 34 were unique to the sweep
technique. Typically, animals that spend most of their time moving about in the water column (Hemiptera and
adult Coleoptera) made up the bulk of the animals recorded in sweep net samples while the ASS samples
picked up animals more sessile in nature. The two methods used in conjunction provide a more robust
understanding of the ecological assemblage and its structure.
Use of ASS for sampling macroinvertebrates in lotic conditions is well documented (Bennison et al. 1989;
Hellawell 1978) but its usefulness as a method for surveying macroinvertebrate communities in temporary
wetlands is less well known. In this study, it proved to be the better of the two methods used for two reasons:
i)

data from ASS is at least semi quantitative and useful in statistical analysis and

ii)

ASS provided 80% of the total taxa recorded during the survey.
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Physico-chemical differences between ephemeral and permanent wetlands
Conductivity at ephemeral wetlands remained relatively stable until the beginning of spring when it increased
sharply at all ephemeral sites. It is likely that this was a result of increased evaporation with the onset of
spring, with salt concentrations increasing as the water volume decreased. During the course of this study it
is unlikely that concentrations increased enough to severely affect macroinvertebrate communities although
it is possible that by the end of the draw down stage (mid summer and outside the sampling period of this
study) these wetlands may have become too saline for many species. Many of the surrounding wetlands in
the Kerang Irrigation region are well known (R. O’Brien pers. comm. 2007) for becoming hypersaline at the
end of the draw down period after being filled with freshwater. This is caused by high soil salinity, saline
groundwater systems and the salt load carried in with the water (i.e. although they are flooded with ‘fresh’
water there are still some very diluted salts present; as the water evaporates this salt remains).
In contrast, the conductivity at permanent sites peaked in September and then dramatically decreased with
the onset of spring. This unusual occurrence can be explained by the regulation of Gunbower Creek. All
permanent sites are allowed to draw down over winter, and are then topped up again in spring for the onset
of the irrigation season. The draw down minimises evaporation while the water is not required and helps to
control exotic macrophytes by exposing the summer littoral zone to frost. The freshwater from Gunbower
Creek (originally from Torrumbarry Weir on the Murray River) effectively dilutes the more saline water that
has been left sitting stagnant all winter, resulting in lower conductivity in November at all permanent sites.
This ‘topping up’ of permanent wetlands also helps to explain the increase in dissolved oxygen observed
only at permanent sites during the final survey. All permanent sites were abundant with well established
aquatic macrophytes, which with the combination of warmer weather and the top up of water, considerably
extended their range. Aquatic macrophytes are well documented as having strong effects on dissolved
oxygen levels in lentic systems and are generally thought of as adding oxygen through photosynthesis,
although the impact of vascular aquatic plants on oxygen varies greatly with plant morphology (Caraco et al.
2006).
Phosphorous (total Phosphorous, total dissolved Phosphorous, filterable reactive Phosphorous), Nitrogen
(ammonia Nitrogen, total Nitrogen) and Carbon (DOC) levels were found to be significantly higher in
ephemeral wetlands than they were at permanent sites. These data are supported by Baldwin and Mitchell
(2000) who found that re-wetting of desiccated soils and sediments on lowland Australian floodplains
resulted in an initial flush of available N and P (which can be incorporated into bacterial or macrophyte
biomass), coupled with an increase in bacterial activity. Baldwin and Mitchell (2000) also suggest that
inundation of floodplain soils will result in the liberation of C, N and P from the leaf litter and the soil which in
turn will result in an increase in productivity. Results from this study support these findings, where a much
higher abundance of macroinvertebrates was recorded at ephemeral floodplain wetlands than at sites that
permanently held water.
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Tannin levels were considerably higher at ephemeral sites than at permanent sites due to the large amount
of leaf litter and woody debris on the floodplain. The effects of a high concentration of tannins on
macroinvertebrates is not well understood, but a study by Cameron and La Point (1978) found that while
tannins were not directly toxic to invertebrates, they increased mortality through inhibition of feeding in some
species.

Differences between ephemeral and permanent wetland macroinvertebrate communities
The cyclical nature of the temporary wetland environment creates a habitat that is quite distinct from that
found in permanent wetlands (Williams 1997). Significant difference in macroinvertebrate communities was
recorded between permanent and ephemeral wetlands on the Gunbower floodplain. The ephemeral
wetlands, Sites 600-602, were characterised by a high abundance of taxa belonging to the family
Chironomidae (non biting midges). This is supported in the literature by Wiggins et al. (1980) who suggests
that in temporary aquatic systems such as floodplains, larvae of the Dipteran family Chironomidae can be the
most abundant invertebrate.
Taxa richness was found to be slightly higher at permanent wetlands while in contrast overall abundance
was more than 50% higher in ephemeral wetlands. Higher productivity in ephemeral wetlands is supported
by the nutrient data, with higher Nitrogen and Phosphorus levels also being found at ephemeral wetlands.
The higher taxa richness at permanent wetlands is to be expected, since animals in these systems have had
an extended period of time to colonise and establish stable communities (Hillman and Quinn 2002).
Quinn et al. (2000) found that macroinvertebrate assemblages in wetlands on the Ovens River were
numerically dominated both in temporary and in permanent wetlands by Chironomids, Oligochaetes and
Nematodes. Results from this study support these findings. More than 75% of animals recorded at
ephemeral wetlands were made up of chironomids, primarily of the species Chironomus tepperi, while a
large proportion of the permanent systems were comprised of Oligochaeta spp.
Of animals contributing >2% to dissimilarity between wetland types, more than half were found to be
Chironomid taxa. Hillman and Quinn (2002) found that members of the genus Chironomus persistently
typified wetlands flooded for more than six weeks in temporary floodplain wetlands on the Murray. Benigno
and Sommer (2008) investigating floodplain dynamics in the Sacromento River found that invertebrate drift
during winter floodplain inundation was dominated by a single species of chironomid. Benigno and Sommer
(2008) concluded that the initial pulse of invertebrate abundance was dominated by chironomid emergence
from sediments in multiple regions of the floodplain. These findings are supported by this study, with
ephemeral wetlands numerically dominated by Chironomus tepperi over the entire 24 week sample period.
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Species of Chironomus are well adapted to dealing with disturbance and exhibit traits that maximise their
success in temporary systems (Benigno and Sommer 2008). The life cycle of Chironomus is comprised of
several aquatic stages (egg, larval instars and a pupae) and an aerial adult stage. The larvae, which are
typically collector-gatherers, feed on sediment-deposited detritus (Péry et al. 2004). The importance and
huge abundance of chironomids in freshwater systems is well documented. Berg and Hellenthal (1992)
reported an annual chironomid secondary production in an American stream that accounted for 80% of the
total insect secondary production. They are known to form a substantial part of the diets for many aquatic
and terrestrial species (Péry et al. 2004).
Chironomus tepperi is well known as a rapid coloniser species of temporary pools and wetlands and has
been studied extensively in rice paddies within the Murray-Darling Basin where it has been shown to cause
damage to crops (Martin 1974; Stevens 1994; Stevens et al. 2003; Stevens et al. 2006; Martin and Porter
1977). Unlike many Chironomidae spp. which require the formation of large swarms as a prerequisite for
mating, Chironomus tepperi is able to mate without prior swarming, possibly to further facilitate dispersion
and early colonization (Martin 1974; Martin and Porter 1977). Laboratory studies have shown that a pair of
flies will mate on contact and that females can lay up to six egg masses, the first of up to 340 eggs, getting
progressively smaller with each mass. It is thought that individual males may be capable of fertilizing up to
4000 eggs (Martin and Porter 1977).
Experiments conducted on rice paddies by Stevens et al. (2006) suggested that while Chironomus tepperi
colonised fields extremely rapidly, larvae were found no later than 20 days after flooding. Other studies have
shown that Chironomus tepperi has a single generation, colonising crops in the first few days after flooding.
Adults emerge 15-20 days later and the females do not lay into the water from which they emerged due to
chemical cues released into the water column by conspecific and other chironomid larvae (Stevens 1994;
Stevens et al. 2003).
In contrast to these findings, Chironomus tepperi was recorded in high abundance at all ephemeral sites for
the entire 24 week period during this study. The reason for this discrepancy is unknown, although perhaps
the very different conditions of a floodplain wetland to a rice plot or laboratory may account for the changes
in behaviour of Chironomus tepperi in this study. One would expect the water quality of a shallow rice field to
be very different to that of a red gum ephemeral wetland, and that perhaps this could be driving the very
short life cycle shown in the agriculturally orientated research to date. Another possibility is the lack of other
species of chironomids at ephemeral sites that may ordinarily release chemical cues to restrict ovipositing of
Chironomus tepperi. More research is needed to investigate the specific life history of this species in a more
natural environment to one in which past research has focussed.
Other taxa that contributed significantly to dissimilarity between permanent and ephemeral wetlands was the
Odonate Ischnura aurora, which was recorded 167 times in the former and only twice in the latter. This is a
species that is known to inhabit both ephemeral and permanent still waters and its absence from ephemeral
sites may be explained primarily by habitat and timing. The ephemeral wetlands were flooded in
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autumn/winter, a period when many macroinvertebrate adults aren’t flying (J. Hawking pers. com. 2009) and
when macrophyte growth is slow.
Ischnura aurora is a species that typically lays its eggs into submerged macrophytes often quickly after
emergence, and usually within close proximity to where it emerged. The permanent wetlands in this study
had a high density of exotic macrophytes all year round, while the ephemeral wetlands where only beginning
to exhibit considerable macrophyte growth towards the end of the study.
The timing of this flooding event may have also restricted a number of other aerial colonisers from
establishing at the ephemeral sites until much later. Taxa that do not fly during winter will have missed the
initial colonisation period and will have to compete with already established early colonisers. As such it is
probable that the timing of flooding may have consequences for taxa richness in ephemeral wetlands.
Therefore it is important to undertake further study to investigate the timing of flows into temporary wetlands
to maximise the ecological response.
Results displayed in Table 3 illustrate the dramatic difference in taxa composition between animals observed
only in permanent wetlands and animals only observed in ephemeral wetlands. Of particular note is the high
number of Colepteran taxa that were endemic to the temporary wetlands. In contrast,only two Coleopteran
taxa were found to be endemic to permanent wetland sites. Coleoptera are well documented in the literature
as being adept early colonisers (Hillman and Quinn 2002 and have many specialist adaptations for doing so
(high powers of dispersal, rapid growth, and opportunistic/generalistic feeding). In this study, the hydrophilids
Berosus and Limnoxenus along with the dyticid Anitporus were recorded in ephemeral wetlands from the
beginning. Larvae of the genus Berosus have been recorded from rehydrated samples of mud collected in
wetlands (Lake et al, 1989), suggesting a desiccation resistant immature stage in the larvae and possibly
explaining the occurrence of well developed larvae early on in this study.

Adaptations of invertebrates for life in temporary habitats
Colonization by invertebrates of wetlands that are re-wetted from direct rainfall, from flow through connecting
channels or from overbank floods is usually rapid (Lake et al., 1989). Hillman and Quinn (2002) note that
adaptations to life in temporary wetlands include desiccation resistant immature stages (eggs, larvae),
desiccation-resistant adults, and ‘cyclic colonization’ by adults often involving flight polymorphism. Wiggins et
al. (1980) lists methods of floodwater colonization by invertebrates to include aerial colonization by adults
originating from nearby aquatic habitat, passive drift with inflowing floodwaters, dispersal from newly
connected wetlands, and emergence from drought resistant life stages.
High invertebrate densities in temporary waters may be more dependent upon life history traits of resident
fauna than upon habitat features such as food availability or predation pressure (Neckles et al. 1990).
Species living in temporary wetlands demonstrate a number of evolved strategies that permit their survival.
These adaptations are commonly divided into three types: physiological tolerance, life history modification
and migration (Williams 1997).
McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).

41

Macroinvertebrates in Ephemeral Floodplain Wetlands on Gunbower Island, during environmental watering.

Physiological tolerance most often involves a form of diapause during the stage in the life cycle which
coincides with the dry period. Arrested or retarded growth can result as a direct consequence of water loss
from the organism's tissues. The animal then becomes dormant when dehydrated but continues growth
when water is restored (Williams 1997).
Life history modification is controlled both by internal factors including physiology, behaviour and morphology
and also factors in the environment such as water loss, temperature, food, photoperiod and other biota. For
the most part, the invertebrates of ephemeral wetlands exhibit traits of r-selected species and in particular
high powers of dispersal, rapid growth, short life-span, small size and opportunistic/generalistic feeding
(Williams 1997).
The third adaption type that Williams (1997) notes is migration, which he divides into active and passive.
Animals such as Coleoptera and Hemiptera which have considerable powers of flight along with methods for
assessing and locating new bodies of water are known to actively migrate. Typically adults overwintering in
permanent wetlands move out in spring in search of new water bodies where they quickly lay eggs and
provide their young with the advantage of plentiful food and reduced competition.
In contrast, passive migration is most often employed by smaller species that have no capacity to migrate
unassisted, relying on chance to convey them to new wetlands. They are able to increase the chances of
successful migration by producing large numbers of drought resistant eggs that may be carried by surface
water or wind and by synchronizing their life cycle actively migrating vector species to carry them elsewhere
(e.g. in the digestive tracts and on the feathers and feet of waterfowl).
A number of studies have found chironomid larvae to be well suited to early colonisation. Maher (1984),
studying recently flooded wetlands adjacent to the Lachlan River in central NSW, observed Chironomid egg
masses at the edge of the advancing water margin. They were attached directly to soil peds, terrestrial
vegetation or pieces of wood. Larvae appeared in the water column within a week and were found on mud
and stick substrata within two weeks. Peak densities were reached approximately six to eight weeks after
flooding, when measured over each wetland as a whole. Maher (1984) found that there was a regular pattern
of colonization events with continual emergence by adult chironomids and relaying of eggs at the water
margin. This resulted in a continuous belt of chironomids accumulating in high densities, which persisted until
four weeks after high water mark.
Williams (1997) suggests that it is likely that temporary wetlands contribute to maximizing the gene pool of
species that occur in both temporary and permanent waters and that this increased diversity may be crucial
to the survival of species facing possible future changes to global environments. Results from this study
support this concept, with 37 of the 136 taxa recorded in this study being recorded only at ephemeral
wetlands. Results from this study highlight the importance of succession in invertebrate communities of
temporary wetlands and are stages to maximising floodplain diversity.

Abundance, Food Web Implications and Productivity
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Neckles et al. (1990) hypothesised that regular flooding and drying is essential to maintaining high densities
of invertebrates in seasonal wetlands. Results from this study suggest that flooding wetlands on Gunbower
Island with recovered water, produces much higher densities of macroinvertebrates than in similar wetlands
that are kept permanently full. In particular, the high abundance of Chironomid larvae in flooded temporary
wetlands is likely to provide many vertebrate species with a source of food and may be directly correlated
with the success of waterfowl breeding events (Frith et al 1969; Maher and Carpenter 1984; Ashley et al.,
2000; Sánchez and Green 2005).
Abundance of macroinvertebrates was significantly higher at ephemeral wetlands and was dominated by
Chironomus tepperi. These results suggest that artificial flooding and drying of floodplain wetlands on
Gunbower Island plays an important role in the productivity of the ecosystem. In lentic systems, chironomid
larvae form important links between primary producers such as phytoplankton and benthic algae and the
tertiary consumers such as fish and birds (Armitage et al. 1995). Chironomid larvae are especially important
as a significant food source in winter food webs because of the scarcity of other food sources during this time
(Euliss and Grodhaus 1987). While chironomids were certainly present in permanent wetlands, they did not
approach the high numbers recorded at the ephemeral sites.
A number of Australian fish species are reliant on chironomid larvae for food (Balcombe and Humphries
2006; Ingram and De Silva 2007; Péry et al. 2004). Ingram and De Silva (2007) investigating diet
composition of juvenile Murray Cod, Trout Cod and Macquarie Perch found that numerically, chironomids
were the most frequently consumed prey. Chironomids were in the highest proportions in the diets of Murray
cod and Trout cod and as dry weight biomass, chironomids occurred in higher proportions than any other
prey for all three fish species.
Chironmid abundance can be directly linked to the successful breeding events of some duck species (Maher
and Carpenter 1984). Adult and/or larval chironomids have been reported in the diets of Pacific black duck,
Anas superciliosa, grey teal, A. gibberifrons, chestnut teal, A. castanea, pink-eared duck, Malacorhynchus
membranaceus, freckled duck, Stictonetta naevosa, hardhead duck, Aythya australis, Australian shelduck,
Tadorna tadornoides, blue-billed duck, Oxyura australis and musk duck, Biziura lobata from a variety of
habitats (Frith et al. 1969).
Chironomid larvae make up a considerable portion of the diet of many shorebirds (Sánchez and Green 2005)
and to have them present in such high abundance is of considerable importance to bird numbers. Ashley et
al. (2000) found that the abundance of three aquatic bird species was significantly correlated with chironomid
and total dipteran densities (a group to which chironomids belong). Maher and Carpenter (1984) reported
that adult and juvenile Pacific black duck, grey teal, pink-eared duck, coot, Fulica atra, adult Australasian
shoveler, Anas rhynchotis, hardhead duck as well as other taxa of waterbird such as the grebes
Tachybaptus novaehollandiae and Podiceps ruficollis fed actively on adults of Chironomus tepperi during a
flood event at Murrumbidgil Swamp and Lake Merrimajeel in central NSW.
Maher and Carpenter (1984) add that adult and juvenile specimens of pink-eared duck collected from a
flooded billabong north of the study site in November 1978 contained 100% Chironomus tepperi larvae in
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oesophagi. Pacific black duck, grey teal and pink-eared duck females may require Chironomus tepperi
larvae in the diet to build up nutrient reserves before egg laying can commence, or they may time hatching of
juveniles to coincide with peak abundance of Chironomus tepperi adults. Maher and Carpenter (1984)
suggest that these provide an easily accessible food source due to their lack of swarming and consequent
availability to ducklings (flight is usually within 15 cm of the water surface) during most of the day.
The high abundance of Chironomids in the ephemeral wetlands on Gunbower Island in comparison to the
associated permanent wetlands perhaps goes some way to explaining why the temporary wetlands are well
documented for supporting waterfowl breeding events. Furthermore, given the extended period of drought
that has been prevalent in south eastern Australia in recent years, it is reasonable to consider that artificially
flooded wetlands, such as those examined in this study, will become significant as drought refuge for a
number of waterfowl species.

Succession
Results from this study suggest that the macroinvertebrate community composition at ephemeral wetlands
underwent greater change than the permanent wetland community. This concept is certainly supported by
the MDS in Figure 16 that shows ephemeral wetland samples spatially moving in the same direction from
month to month. Ephemeral wetlands also remained significantly different from permanent sites on each
sampling occasion. In contrast, the permanent wetlands are less tightly grouped and don’t follow a clear
trajectory. It should be noted that while there was a change in macroinvertebrate community structure at
ephemeral wetlands, the greatest difference between ephemeral and permanent wetlands was recorded in
November, suggesting that the ephemeral wetlands were not becoming more like permanent wetlands with
time. These results are supported by Hillman and Quinn (2002) who found that the invertebrate communities
of permanent and temporary wetlands on the Ovens River floodplain remained distinct over a period of 25
weeks.
Ephemeral Site 600 displayed a rapid increase in gastropods in November that can perhaps be explained by
rapid growth of the native macrophyte Ottelia ovalifolia through spring at this site. Suren and Lake (1989),
conducted a feeding trial investigating the palatability of Ottelia ovalifolia to a number of grazers including
gastropods which found feeding rates highest on decomposing tissues. The abundance of Glyptophysa spp.
and Gyraulus spp., the two gastropod taxa found in higher numbers later in the sample period at Site 600,
may have been reliant on the macrophytic growth induced by the warmer weather or may have simply built
up a higher density population with time.
The overall macroinvertebrate abundance and the abundance of Chironomus tepperi and Oligochaeta spp.
were identified as having a significant effect on temporal change in ephemeral wetlands. The total
abundance in ephemeral wetlands increased significantly from 1205 in September to 5971 and 5348
respectively for October and November (taken from ASS only), while the abundance at permanent wetlands
remained relatively steady with 3496, 2608 and 2948 respectively for September, October and November.
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The rapid increase in abundance at ephemeral wetlands was driven largely by Chironomus tepperi, an
animal that feeds mainly on detritus and biofilm (Pery et al. 2004). Nitrogen levels in ephemeral wetlands
also increased dramatically over the same period and coupled with the onset of spring (consequently higher
temperatures) more sunlight and a resulting increase in primary production (Hillman and Quinn 2002) it is not
surprising that abundance increased so dramatically. There was no such spike in Nitrogen levels recorded
at permanent wetlands over the same period, perhaps explaining the more stable abundance recorded.

Objectives
The five objectives for this study were described in Section 2.0. The first objective was to provide an
assessment of the macroinvertebrate communities of the Gunbower–Koondrook–Perricoota Forest Icon site
ephemeral wetlands, and in particular, compare them to associated wetlands that are kept permanently full
to assess the value of environmental flows to the forest. Results from this study suggest that the
macroinvertebrate community in the ephemeral floodplain wetlands were highly abundant and contained
many species that were not recorded in associated permanent systems. Intermittent watering of these
wetlands is important to maintaining a healthy macroinvertebrate biodiversity.
The second objective was to investigate the relationship between invertebrate and vertebrate communities
during flood events. Higher nutrient levels recorded at the ephemeral sites suggest a capacity for greater
productivity than at the permanent sites (Baldwin and Mitchell 2000). Our findings support this concept, with
high macroinvertebrate abundance recorded at all of the ephemeral sites. In particular there was a high
abundance of taxa that are well documented (Maher and Carpenter 1984; Frith et al. 1969) as being an
important food source for many species of waterbirds. These taxa were only recorded in high numbers at
ephemeral sites, suggesting that the recently flooded ephemeral floodplain wetlands were more important to
waterbirds than wetlands that are kept permanently full. Our findings are supported by the large colonies of
waterbirds that regularly breed within Gunbower Forest (M.Tranter pers. comm. 2008).
The third objective was to provide information on macroinvertebrate community succession in ephemeral
wetlands through a wetting/drying phase. Data from this study suggests that there was a stronger succession
trend in temporary wetlands than in permanent wetlands. Results also indicated that the ephemeral wetlands
were not becoming more like the permanent sites over time, with the greatest dissimilarity recorded in
November. While results showed that the macroinvertebrate community at ephemeral sites underwent
significant change through time, the community remained distinct from that of the permanent sites.
The fourth objective was to provide an ecological measure of the benefit of recovered water to the
environment. In this study we found 37 taxa that were endemic to ephemeral sites, suggesting that flooding
ephemeral wetlands is extremely important to maintaining biodiversity. Baldwin and Mitchell (2000) suggest
that intermittent flooding and drying of wetlands is important to maximise the nutrient resources and
productivity and results from this study support these findings with a large abundance recorded at ephemeral
sites.
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The final objective was to provide valuable macroinvertebrate data to support The Living Murray and Water
for a Healthy Country initiatives. All of the data from this project is held on the MDFRC database, any new
species added to the voucher collection at MDFRC and all results provided to the MDBA in the final report.

McInerney, P.J., Cook, R.A and Hawking, J.H. (2009).

46

Macroinvertebrates in Ephemeral Floodplain Wetlands on Gunbower Island, during environmental watering.

6. Recommendations


The results from this project indicate that the flooding of ephemeral floodplain wetlands should be
continued as:
(a) the watering is highly beneficial for the floodplain environment and the management
of this water has implications for broader ecosystem health and food web dynamics.
(b) the productivity is much higher than associated permanent wetlands, providing
additional food resources for vertebrate species (birds and fish) through the extremely
high abundance of Chironomus tepperi.
(c) it is extremely important for maintaining macroinvertebrate biodiversity by providing
habitat for temporary water communities, especially with the ongoing drought and
reduced over bank flows.



Macroinvertebrates should continue to be used for assessment of ephemeral floodplain wetlands;
they are a useful tool for the monitoring of temporary floodplain wetlands and can be used to gauge
the success of environmental watering events.



A combination of ASS and hand net sampling methods are much more useful than either method on
its own when assessing wetland diversity.



Further investigation is needed to establish the most beneficial timing of environmental flows to
maximise the use of environmental water.
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Appendix 1 – Nutrient Methods
Total Nitrogen / Total Phosphorus (TN/TP)
Collect 200 ml grab sample in new PET Jar.
Keep cool in transit and freeze to store with headspace – sample to Chem Lab for processing

Filtering for dissolved nutrients and carbon (FRP, NOx, NH4 ), Filtered Total N and DOC
(10 ml polypropylene (FRP, NOx, NH4 ) and 30 ml polycarbonate tubes (DOC))
Collect a 400 ml grab sample and filter in the field
1. Pre Rinse: Triple rinse a 20 ml syringe with fresh MQ water (10 ml and expel three times)
2. Blanks: Fill syringe with fresh MQ water attach 0.45 µm syringe filter and expel syringe full to rinse
filter.
3. Carefully remove filter, refill syringe, replace rinsed filter then fill controls (10 ml tube for nutrients
and 20 ml in the 30 ml tube for DOC, refilling syringe as necessary).
4. Sample: Carefully remove rinsed filter and retain for use with sample.
5. Fill syringe with river sample water and expel to rinse syringe.
6. Refill syringe with sample, replace filter and fill firstly the 10 ml tube (dissolved nutrients) and then
the 30 ml tubes (DOC 1 then DOC 2), 40 ml in the specimen (wee) jars, refilling syringe as
necessary, by disconnecting filter).
a. If the filter becomes blocked (normal for Broken sites ds Mokoan), use a new filter ensuring
that you have rinsed it with equivalent volumes of MQ water and river water prior to
collecting the sample.
b. If you have inserted a used syringe into the jar of MQ it is Ok for continuing to collect the
samples from that site, but it must not be used for samples from another site.
7. Preservation: Keep samples on ice and freeze in lab, sample to Chem Lab for processing.
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Tannins
Collect 200 ml grab sample in new PET Jar.
Keep cool in transit and freeze to store with headspace – sample to MDFRC Analytical Chemistry Laboratory
for processing.
Chlorophyll-a
Collect 3 x 400 ml grab samples and filter in the field
Keep cool on ice and dark in transit
Filtering
1. Set up vacuum pump and 250 ml filter flask.
2. Place GFC filter carefully onto filter plate flat forceps.
3. Screw filter funnel carefully into place.
4. Mix sample well.
5. Filter known volume (at least 250 ml) onto GFC filter and record volume on data sheet or on tube
with pencil.
6. Fold filter paper in half twice lengthways and place 10 ml centrifuge tube.
Freeze filter papers to store.
Rinse sample bottle with tap water for re-use
Analysis in the lab
Extract Chl-a following boiling ethanol method (26/2/2004) - cool, centrifuge and analyse on
spectrophotometer in Laboratory Instrument Room within two days.
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General
Labels and pens
Data sheets
Esky and ice (break open bag)
Zip lock bags for samples
Bucket (x 2)
Hydrolab Quanta and spare batteries

Chlorophyll Filtering Kit:
Hand pump and filtering apparatus
GFC
Flat forceps
Measuring cylinder (250 ml)
10 ml centrifuge tubes
Wash bottle
Alfoil

TN TP
New 200 ml PET Jars

Dissolved nutrient filtering kit
Fresh MQ Water

Tannins/Lignins
New 200 ml PET Jars

20 ml syringes
10 ml tubes
30 ml tubes
100 ml specimen (wee) jars
0.45 µm syringe filters
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Appendix 2 – Analyses Tables
Note: * = p< 0.05, ** = p<0.01, *** = p<0.001 and NS = not significant.

Table 5: Nonparametric Kruskal-Wallis test for significant differences between wetland type for
physico-chemical and nutrient parameters.

Variable

Mann-Whitney

p-value

U Test Statistic

Chi-square
Approximation

Temperature

44.000

NS

0.096

Conductivity

53.500

NS

1.320

Dissolved Oxygen

8.000

**

8.244

pH

25.000

NS

1.875

Turbidity

18.000

*

3.947

Ammonia Nitrogen

70.000

**

6.807

Oxides of Nitrogen

59.500

NS

3.001

Total Nitrogen

78.000

**

10.965

Total Dissolved Nitrogen

60.000

NS

3.027

Filterable Reactive

79.000

**

11.593

Total Phosphorous

81.000

***

12.789

Total Dissolved

81.000

***

12.816

72.000

**

7.753

Chlorophyll a

31.000

NS

0.704

Tannins/Lignins

81.000

***

12.829

Phosphorous

Phosphorous
Dissolved Organic
Carbon
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Table 6: Nonparametric Kruskal-Wallis test for significant difference over time in each wetland for
physico-chemical and nutrient parameters (assuming Chi-square Distribution with 2 df).

Variable

Ephemeral
Kruskal-

Permanent

p-value

Kruskal-

Wallis Test

Wallis Test

Statistic

Statistic

p-value

Temperature

5.956

NS

5.422

NS

Conductivity

6.489

*

6.006

NS

Dissolved Oxygen

1.422

NS

5.804

NS

pH

3.922

NS

2.756

NS

3.289

NS

1.867

NS

Ammonia Nitrogen

5.422

NS

1.165

NS

Oxides of Nitrogen

3.034

NS

0.318

NS

Total Nitrogen

3.822

NS

1.067

NS

5.793

NS

2.510

NS

2.756

NS

5.561

NS

Total Phosphorous

4.356

NS

1.156

NS

Total Dissolved

2.779

NS

2.443

NS

Dissolved Organic Carbon

6.056

*

0.356

NS

Chlorophyll a

2.489

NS

2.222

NS

Tannins/Lignins

1.650

NS

1.076

NS

Turbidity

Total Dissolved
Nitrogen
Filterable Reactive
Phosphorous

Phosphorous
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Table 7: Nonparametric Kruskal-Wallis test for differences between wetland type for taxa richness,
abundance and top 10 taxa contributing to differences in wetland type from SIMPER analysis.

Variable

Mann-Whitney

p-value

U Test Statistic

Chi-square
Approximation

Taxa Richness

380.500

***

26.009

Abundance

1269.000

*

4.285

Chironomus tepperi

1864.000

***

49.043

Cladotanytarsus spp.

405.000

***

36.587

Hydra spp.

1093.500

NS

0.686

Ischnura aurora

287.500

***

45.208

Nematoda spp.

877.500

NS

2.088

Oligochaeta spp.

544.000

***

14.335

Paratanytarsus spp.

427.500

***

34.804

Polypedilum spp.

531.500

***

22.953

Tanytarsus spp.

427.500

***

34.852
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Table 8: Nonparametric Kruskal-Wallis test for significant differences in diversity, abundance and
abundance of the 10 taxa which contributed most to the difference between wetland type (identified
by SIMPER analysis) in wetland type for each month.

Variable

Date

Mann-

p-value

Whitney U

Chi-square
Approximation

Test Statistic
Taxa Richness

Abundance

Chironomus tepperi

Cladotanytarsus spp.

Hydra spp.

Ischnura aurora

Nematoda spp.

Oligochaeta spp.

Paratanytarsus spp.

Polypedilum spp.

Tanytarsus spp.

September

9.5

***

18.354

October

114.500

NS

0.007

November

4.500

NS

20.202

September

54.500

*

5.790

October

183.000

**

8.553

November

173.000

*

6.297

September

154.000

NS

3.118

October

225.000

***

22.074

November

225.000

***

23.254

September

30.000

***

15.693

October

67.500

**

7.147

November

37.500

***

13.753

September

77.500

NS

2.994

October

120.000

NS

0.176

November

172.500

**

10.235

September

35.000

***

13.252

October

37.500

***

13.766

November

22.500

***

17.831

September

82.500

*

4.433

October

132.500

NS

0.984

November

79.000

NS

3.187

September

4.500

***

21.105

October

41.000

**

8.831

November

164.000

*

4.566

September

60.000

**

8.630

October

60.000

**

8.630

November

22.500

***

17.765

September

52.500

**

10.228

October

67.500

**

7.141

November

56.000

*

6.725

September

22.500

***

17.775

October

67.500

**

7.200

November

52.500

**

10.224
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Table 9: Nonparametric Kruskal-Wallis test for significant differences in diversity, abundance and
abundance of the 10 taxa which contributed most to the difference between wetland types (identified
by SIMPER analysis) between months in each wetland type (assuming Chi-square Distribution with 2
df).

Variable

Ephemeral
Kruskal-

Permanent

p-value

Kruskal-

Wallis Test

Wallis Test

Statistic

Statistic

p-value

Taxa Richness

7.001

*

5.804

NS

Abundance

25.085

***

2.677

NS

Chironomus tepperi

33.842

***

6.607

*

Cladotanytarsus spp.

0.000

NS

8.543

*

Hydra spp.

3.056

NS

9.733

**

Ischnura aurora

2.000

NS

0.462

NS

Nematoda spp.

9.516

**

1.695

NS

Oligochaeta spp.

31.751

***

1.106

NS

Paratanytarsus spp.

0.000

NS

6.817

*

Polypedilum spp.

6.279

*

3.847

NS

Tanytarsus spp.

0.000

NS

8.055

*
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Table 10: Similarity percentages – top 19 species contributing to the dissimilarity between
ephemeral and permanent wetlands indentified by SIMPER analysis.

Ephemeral and Permanent Wetlands
Average dissimilarity = 85.70
Species

Contrib. %

Cum. %

Chironomus tepperi

22.43

22.43

Oligochaeta spp.

12.05

34.47

Hydra spp.

3.96

38.44

Paratanytarsus spp.

3.16

41.60

Cladotanytarsus spp.

2.93

47.61

Ischnura aurora

2.63

50.24

Tanytarsus spp.

2.57

52.81

Nematoda spp.

2.29

55.10

Polypedilum spp.

2.22

57.31

Physa acuta

2.19

59.50

Monopelopia spp.

2.11

61.61

Tanypodinae spp.

1.87

63.48

Procladius spp.

1.64

65.12

Hydrozetes lemnae

1.64

66.75

Dicrotendipes spp.

1.58

68.34

Glyptophysa spp.

1.50

69.84

Gyraulus spp.

1.22

71.06

Kiefferulus spp.

1.19

72.24

Paratanytarsus spp.

1.16

73.41
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Table 11: Similarity percentages – top five taxa contributing to dissimilarity between ephemeral and
permanent wetlands for each month.
September
Average dissimilarity = 90.71
Species

Contrib. %

Cum. %

Oligochaeta spp.

14.49

14.49

Chironomus tepperi

8.50

22.99

Hydra spp.

6.06

35.52

Cladotanytarsus spp.4

5.16

40.67

Contrib. %

Cum. %

Chironomus tepperi

41.06

41.06

Oligochaeta spp.

12.21

53.27

Hydra spp.

4.59

57.86

Ischnura aurora

2.39

60.25

Hydryphantidae spp.

2.29

62.54

Contrib. %

Cum. %

Chironomus tepperi

21.52

21.52

Oligochaeta spp.

7.86

29.37

Paratanytarsus spp.

4.91

34.29

Tanypodinae spp.

4.04

38.33

Glyptophysa spp.

3.79

42.12

October
Average dissimilarity = 85.72
Species

November
Average dissimilarity = 82.49
Species
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Table 12: Similarity percentages – top five taxa contributing to dissimilarity between ephemeral
wetlands for each month.

September and October
Average dissimilarity = 77.36
Species

Contrib. %

Cum. %

Chironomus tepperi

41.82

41.82

Oligochaeta spp.

7.44

57.25

Hydra spp.

5.90

63.14

Hydryphantidae spp.

2.87

66.01

Contrib. %

Cum. %

Chironomus tepperi

26.94

26.94

Oligochaeta spp.

23.61

50.55

Glyptophysa spp.

5.68

64.49

Hydra spp.

4.46

68.95

Contrib. %

Cum %

Chironomus tepperi

20.06

20.06

Oligochaeta spp.

19.20

39.26

Hydra spp.

7.55

46.81

Glyptophysa spp.

7.14

53.95

Gyraulus spp.

3.28

57.23

September and November
Average dissimilarity = 77.48
Species

October and November
Average dissimilarity = 49.60
Species
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Table 13: Similarity percentages – top five taxa contributing to dissimilarity between permanent
wetlands for each month.

September and October
Average dissimilarity = 72.07
Species

Contrib. %

Cum. %

Oligochaeta spp.

14.34

14.34

Hydra spp.

6.66

20.99

Cladotanytarsus spp.

5.37

26.36

Chironomus tepperi

5.20

31.56

Tanytarsus spp.

4.52

36.07

September and November
Average dissimilarity = 71.25
Species

Contrib. %

Cum. %

Oligochaeta spp.

8.22

8.22

Hydra spp.

4.88

13.10

Paratanytarsus spp.

4.58

17.68

Tanytarsus spp.

4.37

22.05

Nematoda spp.

4.22

26.27

September and November
Average dissimilarity = 71.25
Species

Contrib. %

Cum. %

Oligochaeta spp.

11.89

11.89

Paratanytarsus spp.

6.01

17.89

Tanypodinae spp.

5.06

22.95

Nematoda spp.

4.42

27.37

Polypedilum spp.

4.33

31.70
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Appendix 3 – Species List
Ablabesmyia TC 945
Agraptocorixa females
Agraptocorixa indeterminate
Allodessus bistrigatus (A)
Anisocentropus sp
Anisops gratus
Anisops spp
Antiporus adult
Antiporus Larvae
Arhynchobdellia TC 733
Arrenurus spp
Aspectrotanypus TC 915
Atalophlebia albiterminata
Atalophlebia indeterminate
Atyidae indeterminate
Austrolestes analis
Austronanodes sp
Austropeplea tomentosa
Axonopsella sp TC - 905
Baetidae indeterminate
Bayardella cosmeta
Berosus discolor
Berosus duplopunctatus TC - 882
Berosus sp. (L)
Bezzia sp.
Bidessini unidentified
Caridina mccullochi/indistincta
Ceratopogonidae indeterminate
Chaoborinae sp.
Cherax destructor
Chironomidae indeterminate
Chironominae TC 927
Chironomus TC 910
Chironomus TC 911
Chostonectes sp (L)
Cladopelma TC 918
Cladotanytarsus TC 924
Cloeon sp.
Coaustraliobates sp.
Coelopynia TC 949
Coenagrionidae indeterminate
Coleoptera TC 743
Coleoptera TC 887 Terrestrial?
Copelatus ferrugineus (A) TC 896
Copelatus sp (L)
Cordylophora sp.
Corixidae indeterminate
Corynoneura TC 930
Cricotopus TC 925
Cricotopus TC 926
Culicidae indeterminate
Culicidae s.f. Anophelinae
Dasyheleinae sp.
Dichetophora sp
Dicrotendipes TC 943
Dicrotendipes TC912
Diplacodes bipunctata
Diplodontus sp TC - 908
Diplonychus indeterminate

Diptera TC 746
Drepanovelia sp
Dugesiidae indeterminate
Dytiscidae indeterminate
Ecnomus cygnitus
Ecnomus indeterminate
Ecnomus pansus
Elmidae indeterminate
Enochrus elongatulus (A)
Enochrus sp (L)
Ephydridae indeterminate
Erythraeidae TC 696
Ferrissia pettordi
Forcipomyia sp.
Gastropoda indeterminate
Gerridae indeterminate
Glossiphonia indeterminate
Glyptophysa indeterminate
Gyraulus indeterminate
Halipus australis
Hellyethira eskensis
Hemianax papuensis
Hemicordulia tau
Hemiptera indeterminate
Hyderodes sp (L) TC 890
Hydra sp.
Hydracarina indeterminate
Hydraena indeterminate.
Hydrophilidae indeterminate.
Hydrophilidae sp.(L)
Hydrozetes lemnae
Hydryphantidae TC - 892
Hygrobatidae unidentified
Hyphydrus sp (L)
Hypogastruridae
Ischnura aurora
Ischnura heterosticta
Isotomidae
Kiefferulus martini
Kiefferulus TC 914
Lancetes sp. (L)
Lepidoptera indeterminate
Leptophlebiidae indeterminate
Limnesia
Limnesiidae TC 891
Limnochares sp TC - 895
Limnoxenus zelandicus (A) TC 886
Limnoxenus zelandicus (L) TC 884
Liodessus shuckhardi
Lynceus sp
Macrobrachium australiense
Megaporus howitti (A)
Megaporus indeterminate. (L)
Merragata hackeri
Mesovelia sp.
Micronecta annae
Micronecta indeterminate
Microvelia indeterminate
Monopelopia TC 921
Muscidae indeterminate
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Naucoris congrex
Nematoda
Neoniphargidae sp.
Neumania sp
Notonectid immature
Neumania sp.
Odontomyia sp.
Oecetis spp.
Oligochaeta spp
Onychohydrus scutellaris (L)
Oribatida TC 731
Orthocladiine Immature
Paralimnophyes TC 931
Paramerina TC 916
Paraplea halei
Paratanytarsus TC 920
Paratanytarsus TC 922
Paratya australiensis
Physa acuta
Planorbidae indeterminate
Polypedilum TC 917
Procladius TC 919
Procorticacarus sp.
Prostoma spp.
Psychodidae Unidentified
Rhantus sp. (L)
Rhantus suturalis (A)
Rhantus suturalis (L)
Rheocricotopus sp.
Riethia TC 942
Scirtidae immature
Scirtidae Unidentified
Sigara females
Sigara indeterminate
Sigara truncatipala
Sigthoria nilotica
Sminthuridae
Staphylinidae TC 885
Tabanidae indeterminate
Tachaea coridophaga
Tanypodae immature
Tanypodinae (P)
Tanytarsus TC 923
Tasmanocaenis immature
Tasmanocoencis tillyardi/rieki
Tasmanocoenis arcuata
Tasmanocoenis Damaged
Temnocephala indeterminate
Thienemannimyia TC 929
Trhypochthoniellus longisetosus
Triplectides australis
Triplectides volda
Trombidioidea unidentified
Trombidoidea TC 689
Trombidoides sp TC - 904
Velesunio ambiguus
Veliidae Immature
Xanthagrion erythroneurum
Zygoptera immature
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Appendix 4 – Raw Physico-chemical and Nutrient Data

Date

Site

Type

Temp

Cond

DO

C

µS.cm-1

mg/L

14.98
13.61
12.78
14.33
12
11.68
15.58
20.55
19.71
17.11
19.69
20.83
21.1
18.94
21.94
21.87
17.08
20.64

0.094
0.087
0.095
0.115
0.115
0.126
0.121
0.096
0.108
0.092
0.113
0.087
0.154
0.119
0.13
0.097
0.078
0.079

2.06
1.79
1.36
2.13
2.64
2.58
2.72
1.74
2.14
2.13
3.41
3.39
1.61
1.95
2.53
6.03
9.08
8.68

o

September
September
September
September
September
September
October
October
October
October
October
October
November
November
November
November
November
November

600
601
602
603
604
605
600
601
602
603
604
605
600
601
602
603
604
605

E
E
E
P
P
P
E
E
E
P
P
P
E
E
E
P
P
P

pH

Turb
(NTU)

6.75
6.54
6.25
7.23
7.05
7.1
6.25
6.17
6.37
6.72
6.46
6.24
6.59
6.42
6.62
7.4
6.12
6.55

9.3
6.8
11.1
23.9
10.4
37.1
20.6
14.1
13.6
44
73
31.2
74
26.4
8.3
16.8
175
18.8

Ammonia
Nitrogen
(µgN/L)
7
30
70
2
2
35
395
360
84
6
45
4
8
42
53
7
19
8

Oxides
of
Nitrogen
(µgN/L)
3
5
5
2
5
4
4
6
5
4
6
3
19
6
5
4
5
4

TN

TDN

FRP

TP

TDP

DOC

Chlorophyll
a

(µgN/L)
1750
1070
1550
665
1520
925
2730
2970
1980
860
1020
1200
4600
1700
1560
500
1220
640

(µgN/L)
490
490
490
595
490
490
2670
2430
1690
570
1180
780
3150
1190
1450
480
860
515

(µgP/L)
33
45
83
8
10
14
120
76
63
10
14
9
75
13
40
5
6
5

(µgP/L)
180
110
230
35
105
66
400
465
265
63
87
61
830
210
320
32
93
28

(µgP/L)
99
99
190
24
30
37
355
375
215
32
45
38
380
96
245
24
39
22

(mgC/L)
25
23
25
8.2
8.6
8.8
37
42
31
6.9
12
7.2
4.2
23
25
12
5
15

48
1.3
1.4
5.5
115
60
14.8
3.8
3.5
11.5
22
14.9
15
72.5
6
3.3
31.2
2.4

Tannins
/Lignins
(mg/L)
2.3
2.6
2.8
0.64
0.87
0.83
1.8
4.2
3.4
0.84
1.1
0.84
4.2
2.6
3.6
0.56
1.4
0.67

