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Executive summary 

This project aimed to deliver an integrated flow and flooding model for invertebrates (IFFIM) to inform 

the Adaptive Environmental Management Provisions (AEMP) focused on the Environmental Water 
Allocations (EWA) flow triggers and targets, particularly the overall intent, for EWA1 (translucency) 
and EWA2 (active). It built on the Integrated Flow and Flooding Modelling (IFFM) developed by 

UNSW.  

We processed and analysed an invertebrate data set collected over a six year period that includes low 
flows, high flows and EWAs, within the context of the decade-long drought 2001 to 2010. This 

included data from floodplain habitats and creeks. Floodplain data was modelled using the IFFM. We 
also ran Integrated Quality and Quantity Model (IQQM) scenario’s (current flow rules and two options 
to increase the EWA) with the invertebrate-hydrology model. Statistical analysis was undertaken 

separately of the invertebrate data found in creeks. This represents a significant first attempt to bring 
together modelling by the UNSW with ecological data and IQQM operational scenarios. 

A total of 520 microinvertebrate bilge samples were processed as part of this University of NSW 

(UNSW) and NSW Office of Water project and 100 benthic core samples. In addition, 80 sweep net 
samples were processed, building on a dataset comprising 639 macroinvertebrate samples collected 
with small benthic corers and sweep nets during our Environmental Trust project. Samples were 

collected from creeks (regulated and temporary) during a wet period in 2003 and from creeks and 
floodplain after the environmental allocations in 2005 and 2009. This produced a wet period data set 
that we contrast with the dry period data collected from creeks (regulated) in spring 2004 and 2006. 

Key invertebrate findings 
 Striking differences were detected in taxonomic richness, abundances, and community 

composition of macroinvertebrates among creek and floodplain habitats and between 
temporary versus regulated creeks during the wet period.  

 Both floodplain habitats and temporary creeks contained the highest numbers of taxa and 

individuals.  

 Macroinvertebrate abundances were similar between wet and dry periods in regulated 

creeks. 

 Numbers of taxa were unexpectedly high in regulated creeks during the dry period, 
suggesting these creeks are important refugia for some macroinvertebrates. Other floodplain 

macroinvertebrates colonised from unknown sources. Identifying refugia throughout the 
catchment and dispersal pathways connecting these is an important area of future research 
that is being progressed by the ARC Linkage involving NSW Office of Water and UNSW. An 

important aspect of this research is examining the role of regulated versus unregulated 
creeks as refugia. 
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Summary of macroinvertebrate findings 
1. Mean taxon richness and abundances were greatest in less regulated creeks with a 

flatter profile that supported regular connection to the floodplain (Bora and Gum Cowal 

Creek) and in floodplain habitats along these creeks during a relatively wet period. 

2. Taxa that characterised less regulated / temporary creeks and floodplain habitats were 

biting midge larvae (Ceratopogonidae Bezzia sp.), a diversity of ostracods (eg. 
Candonocypris novaezelandiae, Kennethia sp.), Chironomidae (eg. Tanytarsus sp.), 

waterboatmen (Corixidae, Agraptcorixa sp.) and mayfly larvae (Baetidae). Floodplains 
also supported a collection of scavenger beetles (Coleoptera, Spercheus sp. and 
Berosus sp.), segmented worms (Oligochaeta), aquatic caterpillars (Lepidoptera), 

damselfly larvae (Zygoptera) and caddisfly larvae (Trichoptera). 

3. Taxa in regulated creeks were chironomid midge larvae (Dicrotendipes sp. and 

Tanypodinae Larsia), waterboatmen (Corixiidae Micronecta sp.), an ostracod (Ilyocyprus 
australiensis), freshwater shrimp Paratya australiensis), cyclopoid copepods and 

cladocerans. 

4. Taxon richness was unexpectedly high in regulated creeks during the dry period. 

Community composition was distinct in the less regulated Bora Creek and shifted from 
early to mid spring. 

5. Microinvertebrates in regulated creeks showed highest densities in Bora Creek during the 

years with environmental allocations, but this trend was not evident in other regulated 
creeks. 

6. Taxon richness was higher in all creeks in years with environmental water allocations, 
particularly in 2005 when floodplain was inundated from August to November. Peaks in 

biodiversity were greater this year than in 2003 (four weeks) and 2009 (eight weeks) when 
shorter environmental flows were released. 

7. A key point that follows from these preliminary findings is the need to monitor the timing 
and duration of releases of environmental flows. 

Key modelling findings 
 Regulated and unregulated models of floodplain microinvertebrates within each of the 

management zones (north, south and east) indicated higher diversity and densities in the 
north Marsh and in all unregulated scenario’s. The higher densities in the unregulated 

scenarios are due to their higher frequency of inundation (Thomas et al 2011). Similarly the 
north marsh (Bora floodplain) contains larger areas with a higher frequency of flooding, 
supporting a more substantial egg bank. For example, it was not possible to find sites in the 

north Marsh that have been dry since the 1990 flood, but these were available in both the 
southern and eastern Marsh. Both the southern and eastern Marsh includes floodplain that 
now floods less frequently, particularly in the south where overbank flooding is now 

infrequent.  

 The management implications of this finding are the importance of maintaining core areas 

with frequent flooding (and short periods of drying, ie. <4 years) to sustain vibrant 
communities of microinvertebrates. This will also protect propagules of aquatic plants that 

show a similar relationship with flood frequency and inter-flood interval. In addition, future 
analysis should examine the pattern of flood loss in the south and east Marsh and determine 
whether there might be reasons (ie. connectivity, food supply for less mobile biota) to restore 

short periods of drying to floodplain within these zones.  
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 The EWA scenarios incorporating carryover trialled in this project represent an important step 

towards predicting the outcomes of restoration of the flood history, flood frequency and extent 
of flooding in the Macquarie Marshes. Although the long term medians were not significantly 

different to the regulated scenario, the carryover scenarios reveal the effect of one of the key 
implications of using a greater mix of translucent (EWA1) versus active (EWA2) 
environmental flows. The additional parcels of carryover water were important in expanding 

floods and area inundated during critical dry periods of low flow. They reduce the time 
between floods for an expanded area of floodplain habitat, thus improving biodiversity and 
productivity of microinvertebrates. 

Future monitoring design 
 This study reveals numerous important findings for invertebrates that relate to the 

management of environmental flows and the length of the dry period between floods. Aquatic 
invertebrates play a fundamental role in floodplain food webs as prey for fish and water birds. 

Monitoring of invertebrates is required to assess if their productivity and diversity is within the 
range expected within a reasonably naturally functioning ecosystem, and that numbers, 
diversity and functions are not degraded. Factors that led to declines in invertebrates were 

extended dry periods between flood events and constant low flows in creeks. Environmental 
flows appear to increase diversity and productivity in floodplain and creek habitats, 
particularly with floods that extend for at least four to six months. 

 The goal of an invertebrate monitoring program is too sample invertebrates at a temporal 

frequency and spatial scale that enables detection of responses (improvement, decline and 
no change) to extended drying, environmental flows and constant low flows. 

 Factors that were important at a broad sampling scale for floodplain were time since last 
inundation and duration of flooding. We expect vegetation type to also be important. Within 

creeks, temporary versus constant and topography with connectivity to the floodplain were 
important. Regulated versus unregulated was important in our models and is a key factor in 
other studies. 

 Based on the methods applied in this study for sampling microinvertebrates we recommend a 

focus on methods that sample microcrustaceans as these have proven to be responsive to 
water regime as well as being key prey items for larval fish, some small bodied fish and filter 
feeding water birds. We suggest sampling at each site with benthic cores and also taking a 

single tow net sample to assess biodiversity, including rotifers. With the benthic cores we 
suggest exploring composite samples (ie. five cores at each site composited into a single 
sample), so that sampling can focus at the broader scales of interest by increasing the 

number of creeks and floodplain patches sampled.  

 Macroinvertebrates could continue to be monitored using sweep net samples. However, we 

recommend further analysis, development of conceptual models including expected 
responses to flow management and discussion of goals to refine the rationale for this 

sampling.  

 Currently we have sampled six creeks in the Macquarie Marshes and four floodplain 

locations. However, through compositing and possibly applying a gradient approach to 
sampling it should be possible to increase power at the scales of interest; the creeks and 

floodplain. This would also allow expansion of sampling to include unregulated creeks such 
as the Marthaguy and Talbragar.  

 The timing of sampling for monitoring should focus on the spring period when fish and water 
bird recruitment is dependent on invertebrate prey. It would be of interest if resources 

permitted to explore responses at other times of the year, but we anticipate the pulse of 
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productivity and diversity to occur in spring. The frequency of sampling should occur at least 
once, preferably twice during dry years. During environmental flows sampling should occur at 
least three times (monthly to two monthly). Sampling before environmental flows to test 

differences in before-after communities can be confounded with seasonal changes. We 
suggest comparisons across years, with multiple years as replicates. 

 We suggest separating macroinvertebrates and organic matter collected in sweep samples in 
field with nested sieves to reduce preserved volume. 

 We strongly recommend monitoring of dry sediments to examine viability of invertebrate 

propagules as dry periods extend and also after environmental flows to estimate recovery. 
There are well developed methods for these studies (Jenkins and Boulton 2007) as well as 
recent honours research (Sives 2011) that used compositing methods to extend sampling 

effort at broader scales. Organic matter and organic carbon should also be assessed. 

 This UNSW study will help inform the ongoing development of NSW Office of Water’s 

ecological monitoring program especially the monitoring and analyses of invertebrates. 
Ongoing analysis of wetland aquatic plants, invertebrate and (Lachlan only) bird data 

collected during event-based monitoring as part of IMEF within the Macquarie Marshes and 
elsewhere (eg. Hardwick et al 2002, Chessman et al 2003, Driver and Knight 2007) continues 
to provide further insights into the functioning of wetland biota and best-practice 

environmental flow monitoring and management. This includes studies showing different 
drought resilience among wetland plant species (Driver et al 2011) and larger post-drought 
water bird events for a given size flow event (Driver et al 2010). These contributions might 

also include the analysis of currently available IMEF invertebrate data. 

Challenges of modelling carry over scenarios 
 Due to a mixture of constraints related to the annual basis of UNSW models and the rules 

associated with the active / fixed component within IQQM currently assuming all water is 

released in June. It was not possible to model the increased volumes of water now available 
in the Macquarie through buy-back in the carry over scenarios. This is an area for future work 
that is being addressed by both UNSW and NSW Office of Water. 

 The Macquarie environmental General Security Licence has translucent (two-thirds) and 

active management components (one-third). Active, is also called fixed by IQQM modellers; 
because it is modelled as a fixed pattern of release that is spent each water year during June. 
There is no allowance for carryover of active water in these runs, in accordance with the 

water sharing plan rules. In practice, the use of active / fixed water within a year is highly 
variable in time and space. The carry-over of the translucent component is properly modelled 
in IQQM; this is straightforward as it is subject to prescriptive rules. The recent introduction of 

purchased environmental water under water sharing plan rules which has a carryover 
component adds new complexity and will be incorporated into the IQQM in the future. Any 
new coding to this effect relies on defined rules for the active and purchased components 

which are managed differently from year to year by the EFRG. Water sharing plan rules 
associated with buy-back water are not yet defined and therefore for now the best way to 
estimate this use is to either:  

o add it to the translucent component (to emulate the carryover of purchase water), or  

o to add it to the active/fixed component (to emulate the active within-year use of purchase 

water, managed in unison with the active component).  

It is recommended that the NSW Office of Water continue to pursue modeling of different 

proportions of active versus translucent EWA flows; which is the key purpose of the adaptive 
environmental management provision within the water sharing plans. In addition, since the 
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adaptive environmental management provision (AEMP) was written there has been an 
increase in volumes of water available through buy-back in consultation. Hence, further 
consultation should be pursued with the EFRG to resolve operating rules that consider both 

the optimisation of EWA flows, but also now how the buy-back water changes how flows can 
be best managed. 

 The IQQM scenario’s trialled for this project yielded increases in the annual volume of small 
floods, but small to no changes to moderate to large floods. Although there was a thirty 

percent increase in the volume of small floods this equated to an area in the median increase 
from 100 to 130 ha. These changes will make little difference to the invertebrate diversity and 
abundance models because of the small additional area inundated. However, the 

improvements in area inundated by small floods should be targeted with future modeling 
scenarios, as this is a critical factor to protect the biodiversity and productivity of the 
Macquarie Marshes during dry periods. The duration of dry periods has extended (doubled) 

with regulation and extraction (CSIRO 2008) and is predicted to increase with climate 
change. 

Future direction of modelling 
 Both UNSW and NSW Office of Water are developing approaches to enable more detailed 

and realistic modeling of environmental flow volumes. As this capacity develops then models 
can better indicate how improvements can be made for invertebrate productivity and 
biodiversity within the current regulated scenario. Such information would aid the water 

sharing plans review and the EFRG on how operating rules could be modified to improve 
biodiversity and productivity within the Marshes management zones. 

 The capacity to model improvements to small floods via carry over will be important for the 
next generation of the water sharing plan, and evaluation of the current water plan’s 

performance. These small floods can shorten the time between floods for core areas of 
floodplain, a critical factor in protecting biodiversity and productivity during droughts. Planning 
for drought is a key aspect of the plans that needs to be reviewed, given the complexities of 

managing during the dry period from 2001 to 2010 when the water sharing plans in a number 
of valleys were suspended. 

 UNSW is assessing development of a monthly model to enable monthly scenarios to be 
tested. Constraints with a monthly model are the absence of monthly inundated area analysis 

and also the absence of ecological data for most taxa over this time frame. Monthly inundated 
area size models are important for monthly management under the water plan if there are 
enough daily inundated maps to develop a robust model. 

 Annual subset inundated area sizes and spatial models of water management areas (east, 

north and south) would enable predictions about the biodiversity and productivity within these 
zones in response to particular management actions. 

 The incremental modelling improvements shown in this study are typical of similar work in 
other wetlands and ecosystems. Such modelling is critical for ongoing adaptive management. 

Such modelling will continue to increase our ability to evaluate plan performance as spatial, 
temporal and volumetric patterns of water allocation and demand change. As models become 
more sophisticated the ability to realistically compare modelled and monitored flow scenarios 

will increase, and so therefore will their relevance to water managers. 

5 | NSW Office of Water, July 2012 



Invertebrate monitoring and modelling in the Macquarie Marshes 

Data needs to improve predictive capacity 
 Future collections of ecological data that will increase the predictive capacity of the models 

need to expand on the current spatial distribution and extent of sampling. For invertebrates 
we need information on their response to a range of flood sizes and also the temporal scale 
of their response to events. In order to achieve this, we need to find ways to composite 

across fine spatial scales so we can increase replication at broader landscape scales of 
interest. Targeting taxa that have proven to be good indicators in current studies such as 
microcrustaceans could enable the processing of more samples. Although there are fewer 

moderate and large flood events in the system we need to be organized with resources and 
collaborative arrangements to take advantage of these events when they occur. 

 Experimental designs need to increase the number of locations for floodplain experiments 
that examine the response of invertebrate propagules to extended drying and environmental 

flows. This should be done in consultation with the EFRG to ensure that particular sites of 
interest are also included. 

 Experimental designs for monitoring and research need to refine appropriate temporal scales 
for creek and floodplain monitoring. Initially our sampling was undertaken monthly during 

spring. This was truncated to once in spring due to the lack of funding for monitoring in the 
catchment. However, results indicate considerable variation within spring in both dry and wet 
years and without further monthly sampling it is not possible to know where we have sampled 

along the succession trajectory. 

Review of EWA flow triggers and targets 
 Regulated and unregulated models were produced for floodplain microinvertebrates, and 

analysis of the management zones (north, south and east) indicated a higher diversity and 
densities in the north Marsh and in all unregulated scenario’s. 

 Modeling of unregulated and regulated flow scenarios for the Macquarie Marshes indicates 
that invertebrates were more diverse and productive in the unregulated scenario. This is due 

to the relationship between invertebrates and time since last flood and flood frequency, 
highlighting the importance of active management. Both these factors have extended under 
the regulated scenario and are critical areas that need to be improved in the delivery of 

environmental flows and the review of rules in the water sharing plans. 
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Key findings to guide change of water sharing plans and EWA flow triggers 
and targets 

 A key goal of EWA releases must be to reduce the time between flood events, particularly 
during long dry periods. This will also increase flood frequency. This is important to sustain 

the dormant propagule bank for animals and seeds in the floodplain, which perish when dry 
periods extend from four years beyond 10 years. We recommend gaps between floods of 
one to four years. Capitalising on unregulated flows in the system may be one option to 

improve flood frequency and reduce the time between floods.  

 This is also important for carbon cycles in floodplain wetlands. Short to moderate intervals 

between floods are needed to maintain flood-dependent forest species such as river red 
gum and rich communities of microinvertebrates and macrophytes (Jenkins et al in prep.). 

As intervals extend to four years, the health of red gum forest begins to decline and leaf 
litter and woody debris accumulate. After six to 10 years without floodplain inundation 
ninety-five percent of trees will die or be in poor health and forest trees and the aquatic 

understorey are replaced by terrestrial and invasive species. These losses in addition to the 
oxidation of nutrients during extended dry periods lead to a reduction in organic carbon in 
floodplain sediments. 

 Short intervals between floods are also critical to water bird populations due to the link 

between flooding and recruitment. 

 The EWA scenarios incorporating larger volumes (including carryover) trialled in this project 

represent an important step towards improving the flood history, flood frequency and extent 
of flooding in the Macquarie Marshes. Although the long term medians were not significantly 

different to the regulated scenario, the carryover scenarios were important in expanding 
floods during critical dry periods of low flow. This is an issue that requires further emphasis 
before the plan is due for thorough re-evaluation, and then re-writing at the end of its 

gazetted period in 2014. 

 The next step with this analysis is to produce scenarios that expand on the capacity to 

model carry over of environmental water across the integrated UNSW and NSW Office of 
Water flood and invertebrate models. Monthly models may also help find ways to improve 

outcomes for biodiversity and productivity. For example, if invertebrates were most diverse 
and productive at a particular month in spring that tied in with fish and water bird 
recruitment, then environmental flows could target this response. Monthly response models 

will require ecological data at finer temporal scales, but some of this data exists for 
invertebrates, frogs, water birds and fish in the Macquarie Marshes. 
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1. Introduction  

Environmental water allocations (EWAs) to combat declining productivity and diversity in Australian 

floodplain wetlands are based on our understanding of ecosystem responses to water regime. A key 
delivery mechanism for these is the environmental flow rules currently operating within water sharing 
plans. Many water sharing plans are scheduled for review in 2014, including the Macquarie and 

Cudgegong water sharing plans (DIPNR 2004) and some have Adaptive Environmental Management 
Provisions (AEMPs) provisions that allow earlier modification of rules for EWAs. For the Macquarie 
and Cudgegong water sharing plan the AEMP was intended to occur at the five-year mark in 2009, but 

nevertheless the legislative and environmental obligations to assess the AEMP remain. The AEMP 
allows incorporation of critical ecosystem thresholds and could be informed from modelling scenarios 
describing critical aspects of flow variability, particularly those relating to floods (duration, timing and 

frequency) and dry periods. Such critical threshold information could also help revise the objectives 
within future iterations of the Macquarie and Cudgegong water sharing plans.  

This ecological information is needed for effective use of environmental flows because regulation 

(water control, extraction and delivery) redistributes water by reducing flooding to most floodplain 
habitats (due to reduction in the size of large flows and extraction) and conversely, permanently 
flooding in-stream channels and others (largely because of the delivery of consumptive water). These 

changes impact aquatic communities and processes (Boulton and Lloyd 1992, Kingsford and Thomas 
1995, Harris and Gehrke 1997, Ellis et al 1998, Baldwin and Mitchell 2000, Sheldon et al 2000, 
Sheldon et al 2002, Bacon 2004, Jenkins and Boulton 2007, Driver et al 2010). The effectiveness of 

current and future environmental flow rules depends on understanding these ecological impacts and 
incorporating critical ecological thresholds into the water sharing plans objectives. For future water 
sharing plans, implementation with revised ecological information requires, through modelling, 

exploring options for release with no or minimal impact on current flow shares. 

This project is focused on the Macquarie Marshes, an expansive floodplain wetland on the 
downstream end of the Macquarie River in central western New South Wales. The Macquarie 

Marshes is the most important colonial nesting waterbird breeding site in Australia (Kingsford and 
Thomas 1995, Kingsford and Johnson 1998, Kingsford and Auld 2005). It is listed in the Directory of 
Important Wetlands in Australia, with the Macquarie Marshes Nature Reserve and Wilgara Wetland 

listed under the international Ramsar Convention as wetlands of international importance. Since 
regulation of the Macquarie River, flood frequency and extent have reduced, seasonality has changed 
and some critical aspects of flow variability have diminished (Kingsford and Thomas 1995, Brereton et 

al 2000). Reduced flooding and altered flows are associated with declines in; colonial waterbird 
breeding, floodplain vegetation, invertebrates, fish communities, soil organic matter, carbon and 
associated metabolic cycles (Kingsford and Thomas 1995, Kingsford and Johnson 1998, Bacon 2004, 

Summerell 2004, Jenkins and Wolfenden 2006, Davies et al 2008, Rayner et al 2008).  

1.1 Objectives 

This project aimed to deliver an integrated flow and flooding model for invertebrates (IFFIM) to inform 
the AEMP focused on the EWA flow triggers and targets, particularly the overall intent, for EWA1 
(translucency) and EWA2 (active). It will build on the Integrated Flow and Flooding Modelling (IFFM) 

developed by UNSW. Invertebrates provide a critical food supply to fish and waterbirds during their 
maintenance and recruitment phases. As their density and diversity are very responsive to water 
regime, the supply of food to higher trophic animals is governed by EWA decisions and delivery rules 

for environmental flows. Declines in breeding by colonial nesting waterbirds (Kingsford and Thomas 
1995, Kingsford and Johnson 1998) and the poor health of fish communities (Jenkins and Wolfenden 
2006, Rayner et al 2008) reflect not only the lack of flooding, but also the low densities of 

microcrustaceans observed in regulated creeks of the Macquarie Marshes. 
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We processed and analysed an invertebrate data set comprising more than 2500 samples collected 
over a five year period that includes low flows, high flows and EWAs. The UNSW samples were 
collected as part of an ARC Linkage project (LP0453694) partnered by NSW Office of Water (then 

DWE), OEH (then DECCW), UNE and UNSW; an Environmental Trust grant (RD0069) and with 
funding from the Macquarie Marshes Management Committee. This data was then be modelled using 
the IFFM developed by UNSW. We ran IQQM (Simons et al 1996) scenario’s (current flow rules and 

other options) with the invertebrate-hydrology model. This will be done at the landscape scale of the 
entire Macquarie Marshes. The combination of monitoring data with modelling of the ecological 
responses of invertebrates to hydrology enables managers to detect improvements or declines in the 

health of wetland ecosystems and predict responses to EWAs. This project has the potential to add to 
existing extensive monitoring programs. It will quickly provide predictions of the effect on key wetland 
assets, of the NSW Government’s $105 million RiverBank initiative to purchase and release 

environmental water. Our experimental designs will generate critical data for the AEMP review, 
particularly flow related changes in invertebrate food availability for recruitment of waterbirds and fish. 

The specific aims of this project (as set out in the contract with slight modifications indicated in italics) 

are to: 

1. deliver an integrated flow and flooding model for invertebrates (IFFM-I). More specifically, 

to develop a model of invertebrate food supply available for recruiting waterbirds and fish 
using modelled (IFFM) natural and regulated flows and to examine flow outputs for a range 
of IQQM flow scenarios including EWAs that can be used by managers of water resources 

2. review EWA flow triggers and targets, particularly the overall intent of, EWA1 

(translucency) and EWA2 (active), and consistent with the intent of the Adaptive 
Environmental Management Provisions within the water sharing plan for the Macquarie 
and Cudgegong Regulated Rivers Water Resource (version 20 June 2006, see 

http://www.legislation.nsw.gov.au ), particularly: 

a. clause 15 (13) At the commencement of each water year the Minister may, under 

section 45 (1) (b) of the Act, alter the distribution specified in subclause (12) (c), 
providing that each sub-allowance receives at least two-fifths of the total allowance and 

the sum of the proportions remains one 

b. clause 67 (1) (b) The planned environmental water rules in this Plan can be amended in 

accordance with clause 15 (13) in respect to the distribution of water between sub-
allowance 1 and 2 of the environmental water allowance 

c. clause 67 (2) The Minister may also under section 45 (1) (b) of the Act and by Order 

published in the Gazette, amend clause 15 (13) prior to the commencement of the sixth 
year of this Plan and following completion of a review of the minimum sharing 
proportions for the two sub-allowances of the environmental water allowance, against 

the environmental objectives of this Plan and those identified in subclause (3) 

d. clause 67 (3) The review under subclause (2) should consider and make 

recommendations on changes to clause 15 (13), regarding: 

a. the different minimum proportion, between zero percent and one-hundred percent 
that each sub-allowance must receive, or 

b. a maximum proportion, between zero percent and one-hundred percent, that each 

sub-allowance must receive. 

3. build on the Integrated Flow and Flooding Modelling (IFFM) developed by the Consultant 

4. build on, and integrate the components of IFFM-I described above with ecosystem 

response – river flow modelling developed by the Principal including: 

o the use of outputs from the Integrated Quality and Quantity Model (IQQM) 
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o contributing these models towards the statewide Monitoring of Environmental Flow 

Program (IMEF), and with a long term view to integrate with models developed, and data 
collected as part of IMEF 

o by the provision of functioning numerical models to the Principal. 

The specific aims of this project require UNSW to: 

i. produce in collaboration with NSW Office of Water a scoping report to describe the 

invertebrate-flow conceptual model that will underpin the numerical model and to document 
the approach and outputs for the numerical modelling that will be undertaken 

ii. complete processing of an existing long term data set on microinvertebrates and 

macroinvertebrates that encompass low flows (2003, 2004, 2006 and 2008) and 
environmental allocations (2003 and 2005) 

iii. compile and analyse a database of all microinvertebrate and macroinvertebrate samples 
(more than 2,500 samples) collected by the UNSW team in the Macquarie Marshes from 

2003 to 2008. Following from this, file a report on invertebrate processing as described in (ii) 
and (iii) above and Schedule 3 

iv. develop and deliver an Integrated Flow and Flooding Invertebrate model (IFFM-I) for the 
Macquarie Marshes using UNSW modelled natural and regulated flows (IFFM) and examine 

relationships with modelled flow NSW Office of Water outputs from IQQM scenarios (natural 
and three regulated with various EWA scenario’s as per 2d above seeking optimal ratio 
between one and one-hundred percent of the translucency versus the active components). 

This work will use the Marebone gauge as the flow reference station. These use an 
integrated suite of numerical models, which relates river flows at reference river gauges 
versus floodplain predicted inundation patterns and extent (IFFM) and will be related to 

invertebrate productivity responses. This includes UNSW providing: 

a. models of invertebrate responses to different flow rules under IQQM regulated conditions, 

including but not limited to the effects of different quantities resulting from carry-over 
provisions, end of system rules, sustainable diversion limits and other flow rules. The 

model will be able to be re-run in its current form for invertebrate responses and will 
represent in simplified form the linking the IFFM and IQQM models 

b. models of invertebrate responses to different flow rules, and including but not limited to 
the following potential options for release of water to the Macquarie Marshes1: 

1. one-hundred percent translucent 

2. one-hundred percent ECA 

3. seventy-five percent translucent and 25 percent ECA 

4. current operating rules: 60 percent ECA and 40 percent translucent;  

c. predictions of the response of water birds and fish to the varying densities and diversity of 

invertebrates that occur in response to flow scenarios 

d. summary statistics, with appropriate documentation and numbering of modelled 

scenarios 

e. documented investigation into (more) detailed and robust linking of IFFM and IQQM to 
enable further testing of water sharing plan scenarios. 

                                                      
1 Runs 1-3 were not tested precisely as described (see Section on Error! Reference source not found. and also Error! 
Reference source not found.) 
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v. produce a reference collection database for microinvertebrates and macroinvertebrates in 

the Macquarie Marshes for use by Government agencies, researchers and community 
groups 

vi. produce a scoping report, presentations, models and a final report of findings and models 

(in collaboration with NSW Office of Water personnel), including recommendations to 
improve wetland health. This information is to be presented to DECCW, other agency staff 
and the Central West Catchment Management Authority. The purpose of the workshop is to 

discuss and receive comments on the on the data analysis and models. NSW Office of 
Water will organise the venue and attendance by internal and external scientists and staff. 
An electronic copy of the draft and final reports or presentation is to be provided to NSW 

Office of Water seven days prior to the workshop 

vii. deliver specific objectives (i)-(v) above for, but not restricted to Macquarie Marshes locations 

Bora, Bulgeraga, Macquarie, Monkeygar and Gum Cowal Creek and in relation to stream 
gauges at either Dubbo, Warren or Marebone. 

To support the objectives above, and subject to clause 6 in the consultancy agreement, NSW Office of 
Water will provide: 

a. schematics of gauging data and system within the Marshes 

b. historical observed daily flow for all gauges in the Marshes (five to 10 years of data) 

c. modelled daily and monthly IQQM output for all nodes within the Marshes 

d. IQQM output (daily and monthly data) for each node (Dubbo, Warren, Oxley) for ‘full-
development’ (water sharing plan rules) and ‘natural’ 

e. IQQM output (daily and monthly data for full period of record) for the four scenarios at 

Dubbo, Warren and Marebone. 

To support the objectives above, and subject to clause 6 of this Agreement, the Consultant will supply 

to the Principal on or before the expiration of this Agreement: 

 scoping, draft and final reports (in the format required for technical reports as set out at 

Annexure D) as detailed under ‘services required’ in the Consultant Brief (Annexure A). The 
Principal will provide a document template to the Consultant, which is to be used subject to 
minor variations to be agreed in writing by the Consultant and Principal, such as the use of 

the UNSW logo in addition to the NSW Office of Water (previously DWE) logo  

 any spatial data to be compatible with Geographic Information Systems in latitude / longitude 

decimal degrees or MGA Zone 56 coordinates using GDA1994 or WGS1984 datums or AGD 
66  

 metadata statements to be in accordance with Annexure C 

 draft and final models of invertebrate responses to flows / floods in the Macquarie Marshes as 

detailed under ‘services required’ in the Consultant Brief (Annexure A) and including: 

o metadata statements, explanatory notes detailing the development of, appropriate use 

and limitations of the model 

o documentation and model design that ensures: 

1. the model can be re-run in its current form for invertebrate responses 

2. a model representing, in simplified form, the integration of the IFFM and IQQM 
models 

3. documented investigation into (more) detailed and robust integration of IFFM and 

IQQM to enable further testing of Water Sharing Plan scenarios 
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4. simplified integration of the IFFM and IQQM, and a prototype IFFM-I which together 

enable further testing of water sharing plan scenarios by NSW Office of Water 
(previously DWE) and UNSW separately or collaboratively.  
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2. In-stream invertebrates and flow 

2.1. Introduction 

Invertebrate communities are sensitive to altered water regimes (Sheldon et al 2000, Sheldon et al 
2002, Jenkins 2006, Jenkins and Boulton 2007) and can be used as indicators of ecological decline or 

improvement. Their critical roles in food webs (Boon and Shiel 1990, Bunn and Davies 1999), 
particularly as food sources to fish and waterbirds, means they provide an early warning of responses 
to impacts and restoration (Figure 1). They are generally divided into microinvertebrates (35 to 250 

mm; includes crustaceans, rotifers) and macroinvertebrates (>250 mm; includes Coleoptera, Diptera 
and Odonata). Invertebrates comprise a significant proportion of the biomass in arid zone river 
systems (Shiel 1978, Crome and Carpenter 1988, Boulton and Lloyd 1992, Timms 1999). They are 

vital to the successful recruitment and maintenance of native fish that depend on them from their first 
feed after hatching (Geddes and Puckridge 1989) (Figure 1). Many waterbirds, such as pink-eared 
ducks feed exclusively on microinvertebrates (Kingsford 1991), while many ducks, egrets, ibis and 

spoonbills feed on macroinvertebrates (Figure 1).  

In turn, invertebrates break down organic matter, feeding on labile carbon compounds, algae, bacteria, 
fungi and protozoans (Boon and Shiel 1990, Bunn and Davies 1999). Invertebrates therefore indirectly 

affect nutrient cycles and the flux of energy that are mediated by bacteria (Boon and Shiel 1990, 
Baldwin and Mitchell 2000). In the Macquarie Marshes, microinvertebrate diversity was reduced by 
loss of flooding (Jenkins 2006). Also more permanently flowing creeks were not as productive as 

floodplain areas that had been flooded. Invertebrate communities were more productive and diverse 
after an environmental allocation inundated dry creeks and floodplain, than in regulated creeks 
(Jenkins et al 2008).  
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Figure 1. Floodplain wetland food web showing linkages between waterbirds, fish, macroinvertebrates, 
microinvertebrates, organic matter, nutrients, bacteria, fungi and algae  
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2.2 Methods 

2.2.1 Study area 

The Macquarie Marshes is a forested arid-zone wetland on the lower Macquarie River, New South 
Wales, in the highly regulated Murray-Darling Basin (Kingsford 2000, Figure 1). Flows in the 

Macquarie Marshes are influenced by a large catchment covering 75,000 km2 to the southeast of the 
Marshes and west of the Great Dividing Range (Johnson 2005). Since 1968 flows to the Macquarie 
Marshes have been regulated by Burrendong Dam (1,189,000 ML plus 489,000 ML in the flood 

mitigation zone), located on the headwaters near Wellington. The dam captures most of the water and 
then releases more than half the water for irrigation (365,341 ML/year, Kingsford and Johnson 1998, 
DIPNR 2004). The catchment also includes part of the Cudgegong River, an important tributary, 

extending from Windamere Dam (368,000 ML at full capacity) near Mudgee to where it joins the 
Macquarie River in the backwaters of Burrendong Dam (DIPNR 2004). Water is also released from 
Burrendong Dam for high security and town water supply (26,539 ML/year), stock and domestic 

supply to properties along the river (22,423 ML/yr) and replenishment flows to effluent creeks (DIPNR 
2004). Six of the effluent creeks receive water (22,500 ML/year) through tributary flows whereas Marra 
Creek and the Lower Bogan receive water (30,000 ML/year) via releases from Burrendong Dam or the 

tributaries (DIPNR 2004). Located at the lower end of the Macquarie River, some water (five percent 
range) flows through the Macquarie Marshes to the Barwon-Darling River System. 

Flows to the Macquarie Marshes now depend on an environmental flow allocation, local flooding, flows 

from unregulated tributaries and dam spills (Kingsford et al 2011). Regulation and water abstraction 
for irrigated agriculture has significantly impacted the flow regime; the median annual modelled flow is 
currently only 43 percent of the natural flow, and only 59 percent of the natural floodplain is inundated 

(Ren et al 2010). Sheldon et al (2000) report similar flow losses (36 percent) based on median flows. 
Based on their analysis of IQQM modelled flows, CSIRO (2008) estimated that by limiting long-term 
average annual extractions to an estimated 391,900 ML/y, the water sharing plan retains 73 percent of 

the long-term average annual flow in the water source (estimated to be 1,448,000 ML/y). However, 
current levels of extraction have reduced the average period between winter-spring floods from 2.2 to 
4.7 years and have more than doubled the maximum period between winter-spring floods from seven 

to 15 years (CSIRO 2008). The average winter-spring flood volume per year is reduced by 38 percent 
(CSIRO 2008). Floodplain inundated with high frequency (ie. annually) is now half pre-regulation 
levels (Thomas et al in press), reducing soil carbon levels, invertebrate biodiversity (Jenkins et al 

2009), waterbird communities (Kingsford and Thomas 1995) and vegetation communities (Thomas et 
al in press). Perhaps the most dramatic impacts of regulation were observed in the recent decade long 
drought, the first since the current levels of abstraction. Responding to the widespread degradation of 

wetlands last decade the State and Commonwealth Governments invested in water buy-back for 
wetlands in the Basin, increasing the environmental water allocation for the Marshes to about 300,000 
ML.  

In addition to impacts on floodplain inundation, regulation has increased constant low flows in channel 
habitats. These creeks naturally experienced pulses in water levels during low flows, but now flow for 
extended durations with little variability in flows. Now even during floods in the Macquarie River, the 

flood mitigation zone operations dampen pulses in flood flows (MMMC anecdotal records). Other 
channel habitats flow every one to two years, typically drying for a few months from winter to spring 
(MMMC anecdotal records). 
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Figure 2.  Location of the Macquarie Marshes in the Macquarie River catchment showing rivers, towns 
and dams. The Macquarie Marshes Nature Reserves are shaded green 
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Figure 3. The Macquarie River and creeks within the Macquarie Marshes 
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2.2.2 Invertebrate sampling 

In 2003 we began building a conceptual model of biotic (macroinvertebrates, microinvertebrates, fish) 
communities and processes (metabolism, bacterial activity, recruitment, nutrient cycling) in the 
Macquarie Marshes. This was not a simple task due to the influence of habitat and water regime on 

the structure and function of aquatic food webs and the complex mosaic comprising the Macquarie 
Marshes. For example, if you asked if there are sufficient cladocerans to support larval fish (>100/L, 
King 2004) in the Macquarie Marshes the answer may be ‘no’ in the creeks with reduced flow 

variability (Jenkins unpublished data and Macrae 2004), but a resounding ‘yes’ in the temporary 
creeks and floodplain inundated in 2005 (Morris unpublished data). Thus, allocating environmental 
water as an in-channel flow versus a pulse to inundate floodplain achieves very different outcomes. 

It is therefore important to understand patterns of macroinvertebrates in an array of habitats and water 
regimes comprising the complex Macquarie Marshes. The primary wetland habitats that we identified 
at a coarse scale (one to 10 km) were channels (regulated creeks and river, temporary creeks) and 

floodplain with the latter comprising a diversity of vegetation types (river red gum woodland, open 
water, couch, reed, coolibah and blackbox). At a finer spatial scale (10 to 1,000 m), common habitats 
included snags, macrophytes, open water, reeds / cumbungi and benthic substrate. In terms of water 

regime, we identified channels that were either wet most of the time with regulated flows (Bulgeraga, 
Macquarie, Monkeygar and Southern Bora) or were temporary, drying between inundation events 
every one to two years (Gum Cowal, Ginghet and Northern Bora). In 2004 we located floodplain sites 

that remained dry since the 1990 flood, the 2000 flood and also the 2003 flood. It would have been 
ideal to experience a large flood during this project that inundated floodplain with these different flood 
histories as well as a diversity of vegetation habitats. Nevertheless, in 2005 an environmental 

allocation inundated a small area of floodplain, primarily red gum woodland along the Gum Cowal and 
Bora Creeks. Similarly in 2009 an environmental water allocation inundated floodplain along 
Monkeygar and Bora Creeks.  

Coupled with the influence of habitat and water regime are the significant temporal effects of season 
on the structure and functional roles of macroinvertebrate communities. Macroinvertebrates typically 
have short life spans (from days to months) and this community structure can change rapidly both 

within and between seasons. However, rather than attempting to understand patterns of change 
throughout the whole year, we focused our sampling on the late winter-spring-early summer period 
that is critical to the recruitment of macroinvertebrate consumers (fish and waterbirds). This enabled 

us to gain more detailed knowledge during the period that is the focus of both management and 
ecological action in the Macquarie Marshes. It also reduced the risk that we would fail to detect 
relationships by spreading our sampling too thinly across too many questions and at inappropriate 

scales. 

In conjunction with our sampling of invertebrates we measured other variables as part of an ARC 
linkage project we undertook in partnership with the Department of Environment, Climate Change and 

Water (DECCW). These included: 

 nutrient concentrations (dissolved organic carbon, nitrogen and phosphorus) 

 microbial enzyme activity (type and rate of organic matter breakdown) 

 chlorophyll concentrations (indicative of photosynthetic activity) 

 suspended solids quantity and composition (measure of fine particulate organic matter and 

inorganic matter in the water column) 

 physical parameters (flow and depth) 

 water quality (conductivity, turbidity, temperature, pH and dissolved oxygen) 

 microinvertebrate productivity and diversity. 
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The objective of our research was to understand how invertebrate communities and their floodplain 
food webs are associated with water regime (regulated versus temporary), habitat (floodplain versus 
creek), and flow (floods via environmental allocations versus periods of low flows). 

Experimental design 

A total of 560 microinvertebrate bilge samples were processed as part of this UNSW and NSW Office 

of Water project and 100 benthic core samples. In addition, eighty sweep net samples were 
processed, building on a dataset comprising 639 macroinvertebrate samples collected with small 
benthic corers and sweep nets during our Environmental Trust project. Samples were collected from 

creeks (regulated and temporary) during a wet period in 2003 and from creeks and floodplain after the 
environmental allocations in 2005 and 2009. This produced a wet period data set that we contrast with 
the dry period data collected from creeks (regulated) in spring 2004 and 2006.  

Our broad sampling design was as follows: 

 2003, 2005 and 2009 wet periods: 

o Four to six creeks (Bora, Bulgeraga, Macquarie, Monkeygar, Gum Cowal and Ginghet). 

o Two sites*, five to six samples* (bilge samples, benthic cores and sweep net samples). 

o Two floodplains (Gum Cowal and Bora) in 2005 (27 sites). 

o Four floodplains (Monkeygar, Buckiinguy, Mole Marsh and Bora) in 2009. 

o Two sites*, five to six samples* (bilge samples, benthic cores and sweep net samples). 

 2003, 2006 dry periods: 

o Four to six creeks (Bora, Bulgeraga, Macquarie, Monkeygar, Gum Cowal and Ginghet). 

o Two sites*, five to six samples* (bilge samples, benthic cores and sweep net samples). 

Details of the samples collected and processed on each sampling trip are indicated in Table 1. 

Table 1. Samples processed for Task 4 

Sample 
trip 

Sample 
date 

Bilge sample  
micro and macro 

Cores 
micro and macro 

Sweep samples 
macroinvertebrates 

1 Aug 2003 Not included  5 samples 
1 site* 
4 creeks* 
 = 20 samples 

2 Nov 2003 5 samples 
2 sites* 
5 creeks*  
= 45 samples 

 5 samples 
1-3 sites* 
5 creeks* 
= 65 samples 

3 Sep 2004 5 samples 
2 sites* 
4 creeks* 
= 40 samples 

  

4 Oct 2004 5 samples 
2 sites* 
4 creeks* 
= 40 samples 

  

5 Nov 2004 5 samples 
2 sites* 
4 creeks* 
= 40 samples 

  

6 Aug 2005 Not included   
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Sample 
trip 

Sample 
date 

Bilge sample  
micro and macro 

Cores 
micro and macro 

Sweep samples 
macroinvertebrates 

7 Oct 2005 5 samples 
2 sites* 
5 creeks* 
 = 50 samples 

  

8 Nov 2005 5 samples 
2 sites* 
5 creeks* 
 = 50 samples 

  

9 Dec 2005 5 samples 
2 sites* 
5 creeks* 
 = 50 samples 

5 samples  
2 sites* 
5 creeks* 
= 50 samples 

1 sample  
2 sites* 
5 creeks* 
 = 10 samples  
+ 27 floodplain samples 

10 Jan 2006 5 samples 
1-2 sites* 
6 creeks* 
= 45 samples 

5 samples 
2 sites* 
5 creeks* 
= 50 samples 

1 sample 
2-3 sites*  
5 creeks* 
= 7 samples 

11 Sep 2006 5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5-9 samples 
2 sites* 
4 creeks*  
= 64 samples 

12 Oct 2006 5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5-9 samples 
2 sites* 
4 creeks*  
= 64 samples 

13 Nov 2006 5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5 samples  
2 sites* 
4 creeks* 
= 40 samples 

5-9 samples 
* 2 sites* 
* 4 creeks* 
= 62 samples 

14 Oct 2008 Not included 5 samples  
2 sites* 
4 creeks* 
= 40 samples 

Not included 

15 Oct 2009 40 creek samples 

40 floodplain samples 

Not included 6 samples 
2 sites*  
4 creeks* 
= 48 samples 

6 samples 
2 sites* 
4 floodplains* 
= 48 samples 

Total in dataset 520 creek samples  
40 floodplain samples 

260 samples 415 samples 

Micro processed  
this contract 

560 100  

Macro processed  
this contract 

560 100 96 

Total samples processed for task 4 = 756 samples 

 



Invertebrate monitoring and modelling in the Macquarie Marshes 

Field sampling 

Field work was conducted over one trip in November 2003, three trips in 2004 (September, October 

and November), four trips in 2005 and 2006 (October, November, December and January), three trips 
in 2006 (September, October and November) and one trip in 2009 (October). During the wet period, 
invertebrate samples were collected from creek and floodplain habitats (Figure 3). Sampled creeks 

included three with heavily regulated flow regimes (Bulgeraga Creek, Monkeygar Creek and 
Macquarie River), two temporary creeks (Gum Cowal Creek and Ginghet Creek) and Bora Creek (with 
a shorter history of regulation) (Figures 4 and 5). Two sites were sampled on each creek. Floodplain 

associated with Gum Cowal Creek and Bora Creek was sampled within 27 sites that encompassed 
shaded and open shallow water habitats as well as deep open water. During the dry period, 
invertebrate samples were collected from Bora Creek, Bulgeraga Creek, Macquarie River and 

Monkeygar Creek. 

Each creek site was 150 m in length. Samples were collected from the channels using three methods: 
a bilge pump to sample littoral pelagic habitats; a small corer (0.25 L in volume) to sample the benthic 

sediment, and a sweep net over a 1 x 2 m area to sample the benthic / pelagic habitat. However, in 
2005 in floodplain habitats a much smaller area was sampled due to the high density of aquatic plants 
that filled the sieve. In 2005 five corer samples were collected from five random locations in each site 

and one sweep net sample was collected in edge habitats. In 2006, up to three sweep net samples 
were collected from each microhabitat present at each site (eg. edge, snags, middle, macrophytes) 
producing a maximum of nine samples per site. 

The bilge net samples were collected in a jar attached to the end of a plankton net and each sample 
was preserved in 70 percent ethanol. The contents of each corer sample were placed into a plastic jar 
in the field and the contents of each jar were allowed to settle for at least two hours. The supernatant 

top layer in the jar was poured through a 35m sieve and the contents placed in a 70 ml jar, leaving 
the predominantly sediment layer settled in the 250 ml jar. Both containers were filled with 70 percent 
ethanol to preserve contents for later analysis. The contents of the sweep net were washed through a 

250 μm sieve, placed in a jar (250ml) and preserved in 70 percent ethanol. 

Figure 4. Two creeks sampled in the 2005 field work 

a. Monkeygar Creek b. Bora Creek 

  

Source: Megan Purvis. 
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Laboratory processing 

Microinvertebrates in bilge and core samples were stained using rose bengal to aid detection of 

animals from organic matter. Samples were rinsed through a 35 mm sieve and placed in a channel 
counting tray that was divided into 48 cells. Samples that contained either high numbers of individuals 
or dense organic matter were sub-sampled by randomly counting eight of the 48 cells. For all other 

samples and all benthic cores, the entire contents of the tray were enumerated. Microinvertebrates 
were counted and identified using microscopes (Leica M125, Leica MZ12.5 and Leica S8 APO- all to 
100 x magnification) 

Macroinvertebrate sweep net and benthic mud samples were washed through a nest of sieves (2 mm, 
1 mm, 425 μm and 250 μm). Each fraction was placed into a sorting tray, and sub-sampled if 
necessary. All macroinvertebrates from these size fractions were identified and picked. 

Macroinvertebrates were counted and identified using microscopes (Zeiss Stemi DV4 microscope x 32 
magnification; Kyowa Medilux-12 Microscope x 100 magnification). They were identified to the lowest 
taxonomic level possible using invertebrate keys (Gooderham and Tsyrlin 2002).  

2.2.3 Statistical analysis 

Counts for each macroinvertebrate sieve fraction were pooled. Means and standard errors are 
presented graphically to illustrate trends. A mixed model ANOVA was used to compare 
microinvertebrate and macroinvertebrate abundance and taxon richness across creeks, sites (creeks) 

and time (Table 2). It was not possible to include regulation as a factor as there were unbalanced 
replicates of each treatment and trip combination. However, post-hoc tests of the creek factor were 
used to examine differences between creeks with varying degrees of regulation and temporary creeks. 

Residuals were examined to check for heterogeneous variances and non-normality (Quinn and 
Keough 2002). Log 10 (X+ 1) transformations were applied when necessary to homogenize variances. 
Dependent variables included taxonomic richness and total abundance. All ANOVAs were carried out 

using Systat for Windows, version 9.0 (Systat Incorporated, Evanston, IL). Tukey’s tests were 
employed for multiple comparisons where significant differences among transformed means were 
detected. Equations for the explained variance of each term in the ANOVA model were determined 

from estimated mean squares (Table 2) (Quinn and Keough 2002). 

Community composition was also compared using non-metric multidimensional scaling (NMDS) 
computed with PRIMER (Clarke and Warwick 2001) on a Bray-Curtis similarity matrix of fourth-root 

transformed data. Differences among factors were examined using ANOSIM. The taxa that 
characterised each factor (ie. creek, trip, etc) were identified using SIMPER (Similarity Percentages, 
Clarke and Warwick 2001). 
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Table 2. ANOVA model with multipliers, estimated mean squares, degrees of freedom (d.f), denominators 
(Den.) and variance components 

Creek is random and contains 

 a = 4 levels.  

Site is random and contains  

 b = 2 levels.  

Trip is fixed and contains: 

 c = 12 levels for the microinvertebrate bilge data 

 c = 6 levels for the macroinvertebrate sweep net data 

 c = 5 levels for the sediment core data. 

 

Multipliers Term 

i j k n 

Estimated mean 
square 

d.f. Den. Variance component 

1 Creek i 1 b c n σ2
e + bcnσ2

i  + cnσ2
j(i) 3 2 = [MSCk – MSSi(Ck)] / bcn 

2 Site 
(creek) 

j(i) 1 1 c n σ2
e + cnσ2

j(i) 4 6 = [MSSi(Ck) – MSerror] / cn 

3 Trip k a b 0 n σ2
e + abnσ2

k + bnσ2
ik 

+ nσ2i(j)k 
4 4 = [MSTrp – MSCk*Trp] / abn 

4 Creek 
trip* 

ik 1 b 0 n σ2
e + bnσ2

ik + nσ2
i(j)k 12 5 = [MSCk*Trp – MSSi(Ck)*Trp]  

/ bn 

5 Site 
(creek) 
trip* 

i(j)k 1 1 0 n σ2
e + nσ2

i(j)k 16 6 =[MSSi(Ck)*Trp - MSerror] / n 

6 Error 
(replicate) 

r(ijkl) 1 1 1 1 σ2
e 160  =MSerror 

We undertook analysis of the relationship between microinvertebrates from the bilge samples and 
actual flows using: 

 TA = Total abundance.  

 TR = Total richness.  

There are some missing data and some observer differences (between reps 1 to 5). The creeks are:  
 BO = Bora Creek. 

 BU = Bulgeraga Creek. 

 MO = Monkeygar Creek. 

 MA = Macquarie River. 

 GC = Gum Cowal Creek. 

 GI = Ginket/Ginghet Creek. 

 FP = Floodplain (with these there are four different locations shown under sites 1 to4, each 
with two sites 1 to 2).  

The trip dates spanned the following periods: 
 Trip 2   5 to 14 November 2003 

 Trip 3   15 to 18 September 2004 

 Trip 4   30 September, 9 to 17 October 2004  

 Trip 5   25 to 28 November 2004  

 Trip 7   4 to 8 October 2005   

 Trip 8   30 October to 5 November 2005  

 Trip 9   30 November to 5 December 2005 

 Trip 10  10 to 12 January 2006  

 Trip 11  14 to 22 September 2006  

 Trip 12  11 to 16 October 2006  

 Trip 13  13 to 16 November 2006  

 Trip 14  October 2008 

 Trip 15  12 to 20 October 2009  
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Flow90 denotes for the flow of previous 30 days at Marebone Weir for each trip; flow88 is for the flow 
of previous 30 days at Marebone Break and flow22 is for the flow of previous 30 days at Oxley for 
each trip.  

In order to find the relationship between the total abundance or total richness and the monthly flow 
data at Marebone Weir (flow90), Marebone Break (flow88) and Oxley (flow22), the generalized 
additive mixed models were used in figures 21 to 25. The generalized additive mixed models are an 

additive extension of generalized linear mixed models in the spirit of Hastie and Tibshirani (1990). This 
new class of models uses additive nonparametric functions to model covariate effects while 
accounting for over dispersion and correlation by adding random effects to the additive predictor. 

2.3 Results 

2.3.1 Invertebrates versus river flows 

Flows in the Macquarie River at Oxley gauge during the sampling period are shown in Figure 5, 
indicating the higher flows during the environmental flow in 2005. A total of 520 bilge samples were 

processed, spanning 12 trips in 2003 through to 2006 and 2009 (Figures 6 to 8). In general there was 
little variation in density between sites within creeks and higher densities were associated with wet 
years (Figure 6 and Table 3). Numbers of invertebrates were significantly different between trips (16 

percent variation) and there was also a creek trip* interaction (30 percent variation) (Figure 6 and 
Table 3). Significant effects at the site scale accounted for less than 10 percent variation (Figure 6 and 
Table 3). Variation among samples accounted for 35 percent variation in the model (Term 6 and Table 

3), which is typical with this type of invertebrate analysis. Species richness showed trivial amounts of 
variation between sites and creeks, but richness differed significantly across trips (10 percent 
variation) (Table 4 and Figure 7). In particular there was a peak in numbers during the environmental 

allocation in 2005 (Figure 7). Densities were higher in floodplain than creek habitats during the 2009 
allocation, while species richness were similar between the habitats (Figures 6 to 8). 

A total of 100 core samples were processed, building on the 160 samples already processed from 

2005-2006. Total abundance was higher in Bora Creek than the other creeks, while species richness 
was higher in 2006 than in either 2005 or 2008 (Figure 9). 

A total of 96 sweep net samples were processed from creek and floodplain sites sampled during the 

environmental allocation in 2009. The abundance of macroinvertebrates was higher in Bora Creek and 
the floodplain habitats compared to the other creeks (Figure 10). Species richness was similar among 
creek and floodplain sites, although the highest numbers were recorded in floodplain sites (Figure 11). 

Figures 12 to 19 present macroinvertebrate sweep net and core data from samples collected and 
processed from creeks and floodplain under the current project (Table 1), merged with those 
processed under our earlier ARC Linkage project (LP0453694) partnered by NSW Office of Water 

(then DWE), OEH (then DECCW), UNE and UNSW; Environmental Trust (RD0069) grant and with 
funding from the Macquarie Marshes Management Committee (Jenkins et al 2008). 
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Figure 5. Flow (MLd-1) at Oxley gauge during the sampling period from 2003 to 2009 
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Figure 6.  Mean (± SE) number of microinvertebrates per L from five bilge samples taken from two sites in 
each creek 
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Figure 7.  Mean (± SE) species richness of microinvertebrates from five bilge samples taken from two 
sites in each creek 

 

27 | NSW Office of Water, July 2012 



Invertebrate monitoring and modelling in the Macquarie Marshes 

Table 3. ANOVA results for microinvertebrate densities in bilge samples taken from creeks in the 
 Macquarie Marshes from 2003 to 2009 

Term Degrees of 
freedom 

Mean square p-value % variance 

1 Creek 3 16.897 0.322 2.4 

2 Site (creek) 4 10.542 <0.001 7.3 

3 Trip 4 22.204 0.016 15.5 

4 Creek trip* 12 8.466 <0.001 29.8 

5 Site (creek) trip* 16 1.872 <0.001 9.9 

6 Error (replicate) 160 0.778  35.1 

Table 4. ANOVA results for microinvertebrate richness in bilge samples taken from creeks in the 
 Macquarie Marshes from 2003 to 2009 

Term Degrees of 
freedom 

Mean square p-value % variance 

1 Creek 3 0.771 0.265 1.6 

2 Site (creek) 4 0.398 0.025 2.3 

3 Trip 4 1.638 <0.001 18.9 

4 Creek trip* 12 0.197 0.142 3.0 

5 Site (creek) trip* 16 0.140 0.484 0.0 

6 Error (replicate) 160 0.141  74.2 

Figure 8.  Mean (± SE) number of microinvertebrates per L and mean (± SE) species richness from five 
 bilge samples taken from two sites in each floodplain habitat during the 2009 allocation. From 
 five bilge samples taken from two sites in each floodplain habitat during the 2009 allocation 
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Figure 9.  Mean (± SE) number of microinvertebrates per core and mean (± SE) species richness from five 
core samples taken from two sites in each creek. Each cluster of bars contains data from six 
trips 

 

 

29 | NSW Office of Water, July 2012 



Invertebrate monitoring and modelling in the Macquarie Marshes 

Figure 10. Mean (± SE) number of macroinvertebrates from six sweep net samples taken from two sites in 
each creek and floodplain habitat during the 2009 allocation 

 

Figure 11. Mean (± SE) macroinvertebrate taxon richness from six sweep net samples taken from two 
sites in each creek and floodplain habitat during the 2009 allocation 

 

During the study sweep nets collected a total of 112 taxa and 84,885 individuals. A total of 63 taxa 
were recorded in 44 sweep net samples taken during a wet versus and 79 taxa from 190 sweep nets 
during the dry period (Appendix 1). Mean taxon richness for sweep net samples was higher in Bora 

Creek and floodplain sites than in the regulated creeks during the environmental allocation in 
November 2005 (Figure 12). Numbers of taxa were lowest when water levels fell dramatically during 
hot weather in January 2006 (Figure 12). During the dry period (September to November 2006) there 

was no difference in the number of taxa between Bora Creek and the three heavily regulated creeks 
(Term 1, Table 5). For these dates most differences in taxon richness occurred in the interaction 
between site (creek) trip* (p = 0.042 and VC = 16%, Table 5) and primarily in the variation among 

samples (71 percent). 
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Table 5.  ANOVA results testing for differences in macroinvertebrate taxon richness from sweepnet 
samples among creeks, sites, and sample trips during the 2006 dry period 

Term Degrees of 
freedom 

Mean square p-value Variance 
component 

1 Creek 3 0.435 0.791 0.0 

2 Site (creek) 4 1.233 0.001 3.3 

3 Trip 4 0.191 0.818 0.0 

4 Creek trip* 12 0.918 0.240 10.3 

5 Site (creek) trip* 16 0.543 0.042 15.7 

6 Error (replicate) 160 0.257  70.7 

Invertebrate abundances ranged between 0 and 5,000 individuals per sample (Figure 13). 

Abundances were highly variable among replicate sites within creeks over time (Term 5, Table 6) and 
among replicate samples (Term 6, Table 6). Although the greatest number of invertebrates was 
observed in the less-regulated Bora Creek and floodplain sites (Figure 13), no significant differences 

were observed among creeks or sample trips (Figure 6, Table 6).  

During the wet period, abundance was higher in all sites in November (one to two months after the 
environmental allocation) than in January (Figure 13) when water levels had dropped and 

temperatures had risen significantly. Abundances were also higher in the Gum Cowal than the Bora 
floodplain, possibly due to the longer duration of flooding and associated macrophyte growth in the 
Gum Cowal. 

Table 6.  ANOVA results testing for differences in total macroinvertebrate abundance from sweep net 
samples among creeks, sites, and sample trips for three trips in 2006 (September, October and 
November) 

Term Degrees of 
freedom 

Mean square p-value Variance 
component 

1 Creek 3 7.441 0.618 0.0 

2 Site (creek) 4 11.258 0.001 8.9 

3 Trip 4 0.659 0.921 0.0 

4 Creek trip* 12 7.886 0.612 0.0 

5 Site (creek) trip* 16 10.201 <0.001 40.3 

6 Error (replicate) 160 2.058  50.9 
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Figure 12. Mean (± SE) macroinvertebrate taxon richness from sweep net samples  
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Figure 13. Mean (± SE) of total invertebrate abundance from sweep net samples 

 

Macroinvertebrate communities in regulated creeks were significantly different to those in floodplain 

and temporary creek sites (Figure 14, ANOSIM multiple pairwise tests; p<0.001). Community 
composition in Bora Creek was significantly different to all other creeks and floodplain sites (Figure 14, 
p’s < 0.001). Communities in the regulated creeks were similar to each other, except Bulgeraga which 

was significantly different to Monkeygar Creek (Figure 14, all p-values < 0.001). The three regulated 
creeks were dominated by chironomid midge larvae (Dicrotendipes sp, Tanypodinae Larsia), 
waterboatmen (Corixid Micronecta), an ostracod (Ilyocyprus australiensis), freshwater shrimp (Paratya 
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australiensis), cyclopoid copepods and cladocerans. Bora Creek contained all these taxa, except the 
shrimps, in low to moderate abundances (three to 10 percent contribution, ostracod 18 percent), but 
was dominated by biting midge larvae (Bezzia sp; 18 percent contribution), a diversity of ostracods 

(two to 10 percent) and another genus of waterboatmen (Corixiidae, Agraptocorixa sp.). In contrast, 
the Bora floodplain was dominated by chironomid midge larvae and scavenger beetles (Spercheus 
and Berosus sp.).  

Figure 14. Multidimensional scaling plot of macroinvertebrate communities in sweep net samples taken 
from creek and floodplain sites. Data are shown from regulated creeks (Bulgeraga Creek, 
Macquarie River and Monkeygar Creek, Bora Creek), the temporary Gum Cowal Creek and 
floodplain sites on Bora and Gum Cowal Creeks 
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Wet versus dry period communities in benthic habitats 

A total of 72 taxa and 3,548 individuals were collected by 405 benthic cores from creeks and 

floodplain sites across the wet and dry periods sampled in this study (Appendix 1). During the wet 
period 64 taxa were collected in 285 cores, while 37 taxa were collected with 120 cores during the dry 
period. Sediment cores detected lower numbers of taxa than sweep nets, but this would be expected 

given the small volume of water sampled by cores (0.25 L) compared to the semi-quantitative sweep 
nets. Mean taxon richness was greatest in creeks with a lesser extent of regulation (Bora and Gum 
Cowal Creeks) and in floodplain habitats along these creeks (Figures 15 to 16). Variability was also 

greater in these creeks and floodplain habitats (Figures 15 to 16). Similarly mean abundance also 
tended to be higher in these temporary habitats (Figures 15 to 16). Both taxon richness and 
abundance were higher in all sites in December (one to two months after the environmental allocation) 

than in January (Figures 15 to 16) when water levels dropped and temperatures rose significantly. 

On average, between one to ten taxa were found in samples from each site (Figure 15). Significantly 
more taxa were observed in sediment cores from the Bora Creek system than the three heavily 

regulated creeks (Figure 15, Term 1, Table 7, Tukey’s p; Bora > Bulgeraga = 0.021, Bora > 
Monkeygar = 0.041, Bora > Macquarie = 0.034). There were no significant differences in the number 
of taxa among the three heavily regulated creeks. There were significantly fewer taxa in samples from 

January 2006 than for any other trip (Term 3, Table 7, Tukey’s p = January 2006<; September 2005 = 
0.007, September 2006 = 0.001, October 2006 = 0.032, November 2006 <0.001). Gum Cowal and 
Bora Creeks recorded the highest numbers of taxa in two sites (~10/core), Bora in November 2006 

and Gum Cowal in November 2005 (Figure 15). In Bulgeraga, Macquarie and Bora Creeks there was 
a trend to increasing diversity in the year after the environmental allocation (Figure 15).  

Eight of the 27 floodplain sites contained 4 or fewer taxa/core, whereas ten sites contained more than 

six taxa / core (Figure 16). In contrast, in the three regulated creeks all records (33 site time* 
combinations) fell below six taxa / core apart from one Bulgeraga site in November 2006 when 6 
taxa/core were recorded (Figure 15). Similarly, six of the 13 records from Bora and Gum Cowal 

Creeks were above six taxa / core (Figure 15). 
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Figure 15. Mean ± SE (n=5) of invertebrate taxon richness from sediment core samples 
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Table 7.  ANOVA results testing for differences in invertebrate taxon richness from sediment cores 
among creeks, sites, and sample trips 

Term Degrees of 
freedom 

Mean square p-value Variance 
component 

1 Creek 3 6.060 0.020 16.0 

2 Site (creek) 4 0.530 0.041 33.8 

3 Trip 4 5.036 <0.001 16.7 

4 Creek trip* 12 0.419 0.062 3.4 

5 Site (creek) trip* 16 0.184 0.589 0.0 

6 Error (replicate) 160 0.208  30.1 

Figure 16. Mean (+SE, n=5) number of micro~ and macro~invertebrate taxa from sediment core samples 
from floodplain sites along Bora Creek and two reaches of the Gum Cowal Creek 

 

Invertebrates in sediment cores were significantly more abundant in the Bora Creek system than the 
three regulated creeks (Figure 17, Table 8, Term 1, Tukey’s p; Bora >Bulgeraga = 0.009, Bora 
>Monkeygar = 0.029, Bora >Macquarie = 0.020). There were no significant differences in invertebrate 

abundance among the three regulated creeks. In Bora Creek, invertebrate abundance was 
significantly higher in September 2006 than September 2005 (Term 3, Table 8, Tukey’s p = 0.002) and 
January 2006 (Tukey’s p=0.001). Although abundances in Bora Creek also appear marginally higher 

for September 2006 than October and November 2006 (Figure 17), the difference was not significant 
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(Tukey’s p = 0.087, 0.632 respectively). The highest invertebrate abundance was recorded at one of 
the sites in Gum Cowal Creek in November 2005 (Figure 17). 

Figure 17. Mean ± SE (n=5) of total invertebrate abundance from sediment core samples  
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Generally macroinvertebrates were more abundant in benthic habitats in floodplain sites than in 
heavily regulated creeks (Figure 18). However abundances in September 2006 were higher in the less 
regulated creeks than in floodplain habitats during the flood in 2005 (Figure 18). Extremely high 

abundances were also observed in one site along Gum Cowal Creek during the flood event in 
September 2005 (Figure 18). 

Table 8.  ANOVA results testing for differences in invertebrate abundance from sediment cores among 
 creeks, sites, and sample trips in the 2006 dry period 

 Term Degrees of 
freedom 

Mean square p-value Variance 
component 

1 Creek 3 22.954 0.009 18.1 

2 Site (creek) 4 1.334 0.061 37.4 

3 Trip 4 15.635 0.003 14.2 

4 Creek trip* 12 2.015 0.008 6.1 

5 Site (creek) trip* 16 0.547 0.522 0.0 

6 Error (replicate) 160 0.580  24.2 

Figure 18. Mean (+SE, n=5) abundance of micro~ and macro~invertebrate from sediment core samples 
 from floodplain sites along Bora Creek and two reaches of the Gum Cowal Creek 
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The benthic macroinvertebrate communities in regulated creeks were significantly different to those in 
floodplain sites (Figure 19, ANOSIM multiple pairwise tests; p <0.001). Community composition in 
Bora Creek was significantly different to all the heavily regulated creeks and floodplain sites (Figure 

19, ANOSIM multiple pairwise tests; p <0.001), but not to the Gum Cowal Creek sites (Figure 19, p’s 
<0.001). Communities in Gum Cowal Creek were only significantly different to those in Monkeygar 
Creek (Figure 19, p <0.001). Benthic communities in the regulated creeks were similar to each other, 

except Bulgeraga which was significantly different to Macquarie River (Figure 19, p <0.001).  

Bora Creek and the three regulated creeks were dominated by chironomid midge larvae 
(Dicrotendipes sp, Tanypodinae Larsia), biting midge larvae (Bezzia sp.), and segmented worms. Bora 

Creek also contained 14 percent of ostracod sp. 2, while Bulgeraga Creek and the Macquarie River 
contained waterboatmen (Micronecta). The community composition in Gum Cowal Creek was distinct 
and was dominated by segmented worms (30 percent), two ostracods (Candonocypris 

novaezelandiae (21 percent) and ostracod species 6 (16 percent)), chironomid midge larvae 
(Dicrotendipes sp. (12 percent) and Polypedilum sp), damselfly larvae, an ostracod (Ilyocyprus 
australiensis), freshwater shrimp (Paratya australiensis), cyclopoid copepods and cladocerans.  

The composition in the Bora floodplain was significantly different to the Gum Cowal floodplain (Figure 
19, p <0.001), with the community dominated by chironomid midge larvae (Dicrotendipes sp (85 
percent) and Chironomus sp (13 percent)). Although the Gum Cowal floodplain community was 

dominated by Dicrotendipes sp (44 percent, it also contained another chironomid Tanytarsus sp, 
segmented worms (13 percent), a collection of ostracods (Kennethia sp. (8 percent), sp. 6 and 2) as 
well as smaller numbers of mayfly larvae (Baetidae) and cladocerans. 

Pictures are shown of taxa observed in 2005 after the environmental allocation from the family 
Chironomidae (midges) (Figure 13a) and species from the Dytiscidae family (diving beetles) (Figure 
13b), Gomphidae (dragonflies) (Figure 13c) and numerous Atyidae (Paratya australiensis, freshwater 

shrimp) (Figure 13d). 
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Figure 19. Multidimensional scaling plot of macroinvertebrate communities in sediment core samples. 
Data are shown from heavily regulated creeks (Bulgeraga Creek, Macquarie River and 
Monkeygar Creek), the recently regulated Bora Creek, the temporary Gum Cowal Creek and 
floodplain sites on Bora and Gum Cowal Creeks 
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Figure 20. Predominant taxa from the wet period during 2005 

a. Chironomidae b. Dytiscidae 

c. Gomphidae d. Atyidae 

Source: Hawking and Smith, 1997. 

2.3.2 Relationships between microinvertebrates and monthly flow data 

The relationships between the total abundance and the monthly flow data at Marebone Weir (flow90), 
Marebone Break (flow88) and Oxley (flow22) are in figures 21 to 23. 

The relationships between the total richness and the monthly flow data at Marebone Break (flow88) 

and Oxley (flow22) are in figures 24 and 25.
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Figure 21. The relationship between total 
abundance and monthly flow at Oxley 

 

Figure 22. The relationship between total abundance 
and monthly flow at Marebone Break 

Figure 23. The relationship between total abundance 
and monthly flow at Marebone Weir 

 

 Figure 24. The relationship between total richness 
and monthly flow at Oxley  

Figure 25. The relationship between total richness 
 and monthly flow at Marebone Break  
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3 Modelling floodplain invertebrate responses to 
 environmental flows 

3.1 Introduction 

Environmental water allocations (EWAs) to combat declining productivity and diversity in Australian 
floodplain wetlands are based on our understanding of ecosystem responses to water regime. A key 
delivery mechanism for these are the environmental flow rules currently operating within water sharing 

plans which are scheduled for review under an Adaptive Environmental Management Plan provision 
(AEMP). There are 31 water sharing plans prepared under the NSW Water Management Act 2000 
that came into effect on 1 July 2004. The AEMP will allow updates of critical ecosystem thresholds for 

scenarios that span variable flows, floods (duration, timing and frequency) and dry periods. This 
information is needed for effective use of environmental flows because regulation (water control, 
extraction and delivery) redistributes water by reducing flooding to most floodplain habitats (due to 

reduction in the size of large flows and extraction) and conversely, permanently flooding in-stream 
channels and others (due to delivery). These changes impact aquatic communities and processes 
(Boulton and Lloyd 1992, Kingsford and Thomas 1995, Harris and Gehrke 1997, Ellis et al 1998, 

Baldwin and Mitchell 2000, Sheldon et al 2000, Sheldon et al2002, Bacon 2004, Driver et al, 2005, 
Jenkins and Boulton 2007, Driver et al, 2010). Effectiveness of current environmental flow rules will 
depend on understanding the options for release without altering current flow shares. 

The water sharing plans have statutory status, including performance indicators to determine the 
performance of each plan against its objectives, and require that monitoring, evaluation and reporting 
(MER) of these performance indicators be undertaken. Performance indicators are listed in 

appendices of the plans and include hydrological properties and a range of ecological, social and 
economic indicators. These plans all include a generic ecological performance indicator, expressed as 
follows: ‘change in ecological condition of this water source and dependent ecosystems.’ Accordingly, 

there is a legal requirement for ecological MER in each plan area. All the regulated river plans cite 
IMEF as the monitoring body responsible for assessing the effectiveness of environmental flow rules. 
The invertebrate data sets included in this project complement those collected as part of IMEF. Both 

IMEF and UNSW sample macroinvertebrates, including larger microcrustaceans, with sweep nets. In 
addition, UNSW has sampled macroinvertebrates and microinvertebrates using benthic cores and a 
bilge pump. The UNSW samples were collected as part of an ARC Linkage project (LP0453694) 

partnered by NSW Office of Water (then DWE), OEH (then DECCW), UNE and UNSW; an 
Environmental Trust grant (RD0069) and with funding from the Macquarie Marshes Management 
Committee. 

This project builds on the existing IMEF data sets, providing valuable scientific information needed to 
review and inform water sharing plans. The IMEF program also contributes to our broader knowledge 
and understanding of the biodiversity and ecological processes in all New South Wales rivers and 

wetlands. The objectives of the UNSW invertebrate sampling program within the Macquarie Marshes 
are closely aligned to those of the IMEF program as follows and are to: 

 investigate relationships between water regimes, biodiversity and ecosystem processes in 

the major regulated river systems, and the Barwon-Darling River 

 assess responses in hydrology, habitats, biota and ecological processes associated with 
specific flow events targeted by environmental flow rules 

 use the resulting knowledge to estimate likely long-term effects of environmental flow rules 

and provide information to assist in future adjustment of rules. 

Chessman and Jones (2001; also see Chessman et al 2003) developed a discussion paper outlining 

the proposed program for the Monitoring and Reporting of the ecological performance indicators for 
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regulated water sharing plans as part of the IMEF program. The IMEF program, is focused on flow 
response / intervention monitoring, initially to support the development of water sharing plans from 
1997 to 2005, and has since changed its focus to the review of currently gazetted regulated river water 

sharing plans (Driver et al 2007). The IMEF program includes the development of models on how 
environmental flows reach wetlands, including the effectiveness of these environmental flow rules 
within Water Sharing Plans, including for the Macquarie Marshes (Kidson et al 2000, Chessman et 

al2003, Driver and Knight 2007). IMEF work includes the development of invertebrate sampling 
methods (Chessman et al 2003; endorsed in a review for the MDBC by Baldwin et al 2005) and 
analyses of invertebrate responses to environmental flows (Hardwick et al 2002, Chessman et al 

2003). 

The current UNSW and NSW Office of Water invertebrate modelling project is focused on the 
Macquarie Marshes, an expansive floodplain wetland on the downstream end of the Macquarie River 

in central western NSW (Figures 1 and 2). The Macquarie Marshes is the most important colonial 
nesting waterbird breeding site in Australia (Kingsford and Thomas 1995, Kingsford and Johnson 
1998, Kingsford and Auld 2005). It is listed in the Directory of Important Wetlands in Australia, with the 

Macquarie Marshes Nature Reserve and Wilgara Wetland listed under the international Ramsar 
Convention as wetlands of international importance. Since regulation of the Macquarie River, flood 
frequency and extent have reduced, seasonality has changed and flow variability has diminished 

(Kingsford and Thomas 1995, Brereton et al 2000, Ren et al 2010). Reduced flooding and altered 
flows are associated with declines in; colonial waterbird breeding, floodplain vegetation, invertebrates, 
fish communities, soil organic matter, carbon and associated metabolic cycles (Kingsford and Thomas 

1995, Kingsford and Johnson 1998, Bacon 2004, Jenkins et al2004, Summerell 2004, Jenkins 2006, 
Jenkins and Wolfenden 2006, Davies et al 2008, Rayner et al 2008, Westhorpe et al 2008).  

3.2 Methods 

3.2.1 Study area 

See section 3 above. 

3.2.2 Invertebrate sampling 

Experimental design is presented elsewhere (Jenkins et al in prep). We used a hierarchical sampling 
design to investigate the effects of flood history (time since flooding) on the response of 

microinvertebrates to flooding. The flood history factor included three levels, with floodplain last 
flooded 14 years ago (in 1990), four years ago (in 2000 and 1990) and one year ago (in 2003, 2000 
and 1990). Flood history was based on Landsat image analysis and ground-truthing. Three floodplain 

patches (1,000 x 1,000 m) were nested within each level of flood history and sampled throughout the 
Marshes to maximize geographic spread. Three sites (20 x 20 m) were nested within each floodplain 
patch and one composite samples (16.5 x 16.5 cm = 272.5 cm2), comprising four subsamples (8.25 x 

8.25 cm), were placed in a microcosm at each site. For each subsample, sediment was collected from 
the upper 0-1 cm, taking care to preserve the soil profile. This sampling (four sub-samples for each 
composite) was repeated six times within each site to generate separate composite samples for each 

experimental flood day in the laboratory (sampled without replacement on days 1, 3, 7, 14, 28 and 56). 
Floodplain sediments collected in September and October 2004 were composited in the laboratory in 
January 2005.  

Samples were inundated in laboratory microcosms. After 1, 3, 7, 14, 28 and 56 days, the free water in 
each microcosm, including microinvertebrates that emerged from dormant propagules, organic matter, 
filamentous and attached algae, was poured through a nest of sieves with 2 mm, 250 and 35 m 

mesh. Sediment was thoroughly checked for large invertebrates (eg. snails and crustaceans). Coarse 
material captured in the top sieve was thoroughly rinsed with sample water to remove biota. A subset 
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of coarse samples was checked live for biota and then samples were preserved for later checking. 
The sample water was used to rinse the contents of the 250 and 35 m sieves into separate counting 
trays (Goathead Industries, South Australia). Invertebrates were counted live using a Wild MZ8 dark 

field microscope (10-50 x magnification). Abundances for all groups were estimated on an exponential 
scale (0, 1-2, 3-10, 11-20, 21-50, 51-100, 101-200, 201-500, 501-1000, 1001-2000, 2001-5000, 5001-
10000, 10001-20000, 20001-50000, 50001-100000). Invertebrates and algae were then rinsed into 

jars using the filtered sample water and preserved in lugol’s for later processing of algae. All 
equipment was washed with tap water and rinsed with reverse osmosis water between samples. 

3.2.3 Model development-IFFM-I 

Integrated flow and flood modelling (IFFM) includes temporal flow models, temporal inundated area 

size models and spatial-temporal flood models, to simulate annual flows and spatial flooding in the 
Macquarie River (Ren, Kingsford and Thomas 2010; Ren and Kingsford 2011). These relatively simple 
statistical models relied primarily on the statistical relationships among data for annual flow, rainfall 

and inundation patterns. We used the natural and regulated inundation maps (1879 to 2006) from 
IFFM (Figure 26). 
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Figure 26. Inundation model for modelled unregulated, modelled regulated and actual flows  

Unregulated Regulated Actual 

 
Inundation (1879 to 2006) 

Source: Ren Kingsford and Thomas 2010;  Ren and Kingsford 2011. 

In order to try to link the relationship between annual floodplain inundation history (area) and 

invertebrate diversity, productivity and community matrices (Figure 27), the LOESS local regression 
was used to build a function that described the relationships between actual inundation history and 
invertebrate variables, point by point, for each flow model (natural and regulated) (see Figure 27). This 

function will be used to populate an annual modelled natural and regulated river flow-floodplain 
inundation invertebrate model producing a modelled map of floodplain invertebrate diversity and 
productivity at different locations.  
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Figure 27. Approach to create an annual invertebrate model 

Invertebrate data and interpolation 
(1979-2006) 

Area 
(1979-2006) 

Invertebrate models 

‘Unregulated’ area 
(1879-2006) 

‘Regulated area’ 
(1879-1978) 

‘Unregulated’ invertebrate 
(1879-2006) 

                

‘Regulated’ invertebrate 
(1879-1978) 

Based on the relationship between the annual inundation area and spatial inundation frequencies, we 

derived the spatial invertebrate maps that linked inundated frequency data to the invertebrate data 
(number of taxa, density of rotifers, density of cladocerans and density of ostracods). 

3.2.4 IQQM scenario’s and inundated area models 

IQQM Scenarios are: w054: water sharing plan; w068: w054 with 100 GLs GS around Marebone 

turned off and 100 GLs added to Translucent Rule (196 GLs); W069: W054 with 100 GLs GS around 
Marebone turned off and 100 GLs added to Fixed Rule (164 GLs). WO68 and 69 model two different 
scenarios where GS/irrigation water becomes environmental water. W068 emulates a scenario where 

there is carryover, whereas w069 does not include carryover as the fixed volume is all used within the 
flow year. 

There are annual flow gauges at Warren, Marebone Weir, Marebone Break, Oxley and annual rainfall 

station at Quambone (1891 to 2008). And there are annual actual inundated area sizes between 1979 
and 2006 from DECCW. We also plotted the time series plots of annual flow scenarios at Warren, 
Marebone Weir, D/S Marebone, Marebone Break, Oxley gauges to examine the impact of the 

scenarios over time. 

Annual inundated area size model 

We developed a model that linked flow and local rainfall to inundated area in Figure 28. Actual annual 
inundated area data, IQQM water sharing plan flow data at Downstream of Marebone and Marebone 
Break, and rainfall data at Quambone were available from 1979 to 2006 to develop an inundated area 

model using LOESS and leave-one-out samples (Ren, Kingsford and Thomas, 2010). 
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Figure 28. Diagram of annual inundated area model 

Inundated area model 

Local  rainfall at Quambone
(1979-2006) 

Flow at D/S Marebone and 
Marebone Break 

(1979-2006) 

w69 flow 
(1891-2007)  

w54 flow 
(1891-2007) 

Inundation area for w54 
(1891-2007) 

Inundation area 
(1979-2006) 

w68 flow 
(1891-2007) 

Inundation area for w69 
(1891-2007) 

 

Inundation area for w68 
(1891-2007) 

And then we used this relationship to extend the inundated area within the Macquarie Mashes based 
on the corresponding w054, w068 and w069 IQQM flow models for the downstream of Marebone and 

Marebone Break gauges and rainfall data at Quambone to the full record (1891 to 2008) in the file 
‘areas4iqqm4pred.csv’. 

We developed annual invertebrate models that linked inundated area size to the invertebrate data 

(density of rotifers, density of cladocerans) to get annual unregulated and regulated invertebrate data 
from 1879 to 2006. And the inundated area size was based on the rainfall data at Warren and 
Quambone, unregulated and regulated flow data at Oxley. 

3.2.5 Water Management Areas comparison 

The Water Management Areas (DECCW 2010) were as follows: 

 East Marsh – north of the Bulgeraga / Gum Cowal Confluence 421146 to the Terrigal Ck/ 

Marthaguy Ck confluence 421153 (this gauge is on Terrigal Creek just south of this; and this 
area is not all of the east marsh in the plan, but covers where water mostly delivered to). 

 South Marsh – 421088 Marebone Weir to the Pillicawarrina Gauge 421147. This takes in 
Buckiinguy Swamp, Monkeygar Wetlands, Mole Marsh, Monkey Swamp, South Macquarie 

and Southern Nature Reserve. 

 North Marsh – Pillicawarrina Gauge 421147 to Bells Bridge 421012. This takes in Bora 

woodland, P block, Hunt’s, Bluelight, Ginghet and Zoo Paddock. 

The spatial invertebrate models that linked inundated frequency data to the invertebrate data (number 
of taxa, density of rotifers, density of cladocerans and density of ostracods) were built as described in 
section 4.2.2 to 4.2.4. In order to compare the three water management areas, we used the Box-and-

Whisker Plots of the spatial invertebrate data among three water management areas of unregulated 
and regulated spatial invertebrate data (number of taxa, density of rotifers, density of cladocerans and 
density of ostracods)and Dunn’s test to do multiple comparison. 
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3.3 Results 

3.3.1 Spatial unregulated and regulated invertebrate maps 

The invertebrate data used in the spatial model showed the following patterns as described in Jenkins 
(2006): 

 Significantly higher numbers of taxa in floodplain last flooded one and four years ago 
compared to floodplain dry for 14 years. 

 Differences in densities of cladocerans, ostracods and rotifers overall times were not 

significantly different among flood histories. 

 Delays in emergence of cladocerans, ostracods and rotifers from floodplain last flooded 14 

years ago compared to one and four years ago. 

 Higher numbers of taxa, rapid response to flooding and high densities of microinvertebrates 
are all considered indicators of wetland health. 

The time series of the regulated and unregulated flow models are shown in Figure 29. 

Figure 29. Scatter plot of annual unregulated and regulated flow at Oxley 

 

The spatial invertebrate maps that linked inundated frequency data to the invertebrate data (number of 
taxa, density of rotifers, density of cladocerans and density of ostracods) are shown in figures 30, 31, 

33 and 35. There were higher numbers of taxa in modelled unregulated floodplain of the Macquarie 
Marshes than in floodplain under modelled regulated or actual flows (Figure 30). 
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Figure 30. Modelled number of invertebrate taxa under unregulated, regulated and actual flows 

Legend 

 

High: 2000 
 

Low: 0  

Unregulated Regulated Actual 

 
Number of taxa 

Similarly modelled densities of rotifers were higher in unregulated floodplain than in regulated, while 

floodplain inundated under actual flows supported densities between these two extremes (Figure 31). 
The scatter plot of rotifer densities across time under regulated versus unregulated scenarios shows 
densities were higher in most flow scenarios under the unregulated flows (Figure 32). Patterns in 

densities of cladocerans and ostracods were less clear from a visual inspection of the plots (Figures 
33 and 35). However, the scatter plot of cladoceran densities across time under regulated versus 
unregulated scenarios shows densities were higher in most flow scenarios under the unregulated 

flows (Figure 34). 
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Figure 31. Modelled density of rotifers under unregulated, regulated and actual flows  

Legend 
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Low: 0  

Unregulated Regulated Actual 

 
Density of rotifers 

Figure 32. Scatter plot of annual unregulated and regulated density of rotifers 
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Figure 33. Modelled density of cladocerans under unregulated, regulated and actual flows 

Legend 
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Figure 34. Scatter plot of annual unregulated and regulated density of cladocerans 

 

Figure 35. Modelled density of ostracods under unregulated, regulated and actual flows 

Legend 
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Density of ostracods 
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Based on the three water management areas, the box-and-whisker plots of unregulated and regulated 
spatial invertebrate data (number of taxa, density of rotifers, density of cladocerans and density of 
ostracods) are in figures 36 to 43. Numbers of taxa and densities of all invertebrate were higher in the 

northern Marsh than the southern and eastern Marsh. Unregulated numbers of taxa were higher than 
regulated densities across all management areas (Figures 36 to 37). Densities of rotifers were 
between 500 and 1,000 in all unregulated management areas, but were less than 500 in all regulated 

management areas (Figures 38 and 39). Densities of cladocerans were between 15 and 25 in all 
unregulated management areas, but were less than 10 in all regulated management areas (Figures 40 
and 41). Densities of ostracods were between 5 and 20 in all unregulated management areas, but 

were less than 10 in all regulated management areas (Figures 42 and 43).

Figure 36. Box-and-Whisker plot of unregulated 
spatial number of taxa 

Figure 37. Box-and-Whisker plot of regulated 
spatial number of taxa 

 

Figure 38. Box-and-Whisker plot of unregulated 
spatial density of rotifers 

Figure 39. Box-and-Whisker plot of regulated 
spatial density of rotifers 
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Figure 40. Box-and-Whisker plot of unregulated 
spatial density of cladocerans 

 

Figure 41. Box-and-Whisker plot of regulated 
spatial density of cladocerans 

Figure 42. Box-and-Whisker plot of unregulated 
spatial density of ostracods 

 

Figure 43. Box-and-Whisker plot of regulated 
spatial density of ostracods  

Table 9. Multiple Comparison of spatial invertebrate data among three areas  

 Comp Diff SE Q p-value 

Unregulated Dclad east - north -750923.26 1,486.61 505.12 <0.0001 

  east - south -387926.24 1,409.32 275.26 <0.0001 

  north - south 362997.02 1,642.96 220.94 <0.0001 

Regulated Dclad east - north -687625.77 1,489.08 461.78 <0.0001 

  east - south -417979.65 1,411.67 296.09 <0.0001 

  north - south 269646.12 1,645.69 163.85 <0.0001 

Unregulated Dost east - north -749192.86 1,473.39 508.48 <0.0001 

  east - south -460239.16 1,396.79 329.5 <0.0001 

  north - south 288953.7 1,628.35 177.45 <0.0001 

Regulated Dost east - north -702184.2 1,458.71 481.37 <0.0001 

  east - south -531898.24 1,382.88 384.63 <0.0001 

  north - south 170285.96 1,612.13 105.63 <0.0001 

Unregulated Drot east - north -751441.54 1,486.61 505.47 <0.0001 

  east - south -394536.21 1,409.32 279.95 <0.0001 

  north - south 356905.33 1,642.96 217.23 <0.0001 

Regulated Drot east - north -688190.49 1,489.09 462.16 <0.0001 
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 Comp Diff SE Q p-value 

  east - south -425742.52 1,411.67 301.59 <0.0001 

  north - south 262447.97 1,645.69 159.48 <0.0001 

Unregulated Taxa east - north -748262.55 1486.5 503.37 <0.0001 

  east - south -449407.9 1,409.22 318.91 <0.0001 

  north - south 298854.64 1,642.84 181.91 <0.0001 

Regulated Taxa east - north -693081.92 1,488.98 465.48 <0.0001 

  east - south -479933.02 1,411.57 340 <0.0001 

  north - south 213148.89 1,645.57 129.53 <0.0001 

3.3.2 Comparison of IQQM flow scenarios 

The scatter plot of annual flow from 1890 to 2008 showed little difference between the three scenarios 

at Warren (Figure 44). However, at Marebone Weir (Figure 45), Downstream Marebone (Figure 46) 
and Oxley (Figure 48), the scenarios w068 and w069 boosted flows during low flow periods. This trend 
was less evident at Marebone Break (Figure 47). 

Figure 44. Time series plot of annual flow scenarios at Warren 

 

Figure 45. Time series plot of annual flow scenarios at Marebone Weir 

 



Invertebrate monitoring and modelling in the Macquarie Marshes  

 

Figure 46. Time series plot of annual flow scenarios at D/S Marebone 

 

Figure 47. Time series plot of annual flow scenarios at Marebone Break 

 

Figure 48. Time series plot of annual flow scenarios at Oxley 
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Figure 49. Time series plot of actual and fitted inundated area for w54 

 

Using the LOESS relationship the inundated area within the Macquarie Mashes was extended based 

on the corresponding w054, w068 and w069 IQQM flow models for the downstream of Marebone and 
Marebone Break gauges and rainfall data at Quambone to the full record (1891 to 2008) in the file 
‘areas4iqqm4pred.csv’ (Figure 50). As with the scatter plots of flow, this analysis shows that during 

low flows the area of inundated floodplain was increased during periods of low flow (Figure 50). These 
patterns are reflected in the analysis of medians and are explored further for dry periods (below). 

Figure 50. Time series plot of predicted inundated area sizes for IQQM flow scenarios  
(w054, w068 and w069) 

 

The medians of annual flow scenarios (w54, w68 and w69) and their predicted area size index 

(overall, low, medium and high) are in Table 10. The ‘low’ level of the predicted area for w54 is ‘less 
than the 33.3 percent quantile’ of the predicted area for w54; the ‘high’ level is ‘larger than the 66.7 
percent quantile’; and the ‘medium’ level is ‘between the 33.3 percent and 66.7 percent quantiles’. 

From the column ‘area’, the predicted area sizes in variance corresponding to the lower IQQM flow 
scenarios are larger than the medium and high flow scenarios. 
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Table 10. Comparison of annual flow scenarios (w54, w68 and w69) index. The medians of annual flow 
scenarios (w54, w68 and w69) and their predicted area size index (overall, low, medium, high) 

Index (%) Level Warren Us 
Marebone 

Ds 
Marebone 

Marebone 
break 

Oxley Area 

 98.56 101.87 106.44 95.22 107.99 112.48 

Low 105.17 110.33 119.78 101.84 114.91 139.35 

Medium 93.19 101.29 105.95 89.60 108.03 112.36 

w68 / w54 

High 98.64 99.98 100.70 98.31 100.49 98.82 

 100.46 105.90 108.40 100.28 108.74 110.32 

Low 99.77 108.32 113.72 97.10 115.83 131.07 

Medium 103.59 109.32 112.62 104.34 110.94 110.48 

w69 / w54 

High 100.21 104.50 104.79 101.48 104.50 102.17 

Based on the annual inundated area size model and the corresponding w054, w068 and w069 IQQM 
flow models for the downstream of Marebone and Marebone Break gauges and rainfall data at 
Quambone to the full record (1891 to 2007), we can get the predicted inundated area size for the 

scenarios w54, w68 and w69. The medians of annual predicted area sizes for the scenarios and their 
index (overall, low, medium and high) are in table 11, where the level (low, medium and high) is based 
on the predicted area for w54.  

From the columns ‘index’, the predicted area sizes in variance corresponding to the lower IQQM flow 
scenarios are larger than the medium and high flow scenarios (Table 11). But if the level was 
changed, these medians would be changed. 

Table 11. The medians of annual predicted area scenarios (w54, w68 and w69) index (overall, low, 
medium, high) 

 Median of area Index Index 

Level W54 W68 W69 (w68/w54) (w69/w54) 

Overall 32,879 37,814 36,070 112.48 110.32 

Low (<27697ha) 17,001 25,866 24,088 139.35 131.07 

Medium [27697,41192] 32,879 37,814 36,411 112.36 110.48 

High (>41192ha) 69,568 67,191 70,215 98.82 102.17 

In order to compare the predicted area sizes among the scenarios W54, W68 and W69, the Dunn’s 

test (nonparametric multiple comparison) was used in the following Table 12. There was not a 
significant difference in predicted area sizes between any pairs among these scenarios. Based on 
these results the model for invertebrates was not run as it would not have generated any differences in 

diversity or density of invertebrates between the W054 to w068 and w054 to w069 flow scenarios. 

Table 12. Multiple comparison of the predicted area among the scenarios (w54, w68 and w69) 

Comp Diff SE Lower Upper Q p-value 

w54 – w68 -27.14 13.32 -59.04 4.75 2.04 0.1248 

w54 – w69 -17.63 13.32 -49.52 14.27 1.32 0.5574 

w68 – w69 9.52 13.32 -22.38 41.41 0.71 >0.9999 

The scatter plots of flow during dry periods reinforces the findings from the above analysis, indicating 
the volume of flow increased by each of the scenarios (w068 and w069) above the regulated scenario 
(w054) (Figure 51). There was not a consistent difference in the carry-over scenario that yielded the 
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highest flows during dry periods, (Figure 51). In addition, these differences were fairly small (Figure 
51). Similarly the scatter plot of areas inundated during dry periods, shows that the carry-over 
scenarios improve on the regulated scenario, but the increase was not large (Figure 52). For example, 

it was between 0-10000 ha most years and only exceeded 10,000 ha on four occasions in the last 
decade for W068 scenario (Figure 52). The multiple comparison of predicted area sizes for the low 
flow (1902 to 1911,1937 to 1941and 2002 to 2008) did not show any significant difference between 

any pairs (w54, w68 and w69) (Table 13). Finally, the flow exceedance curves reflect these findings 
that the w068 and w069 scenarios increased flows during drier years by a small percentage (Figure 
53). 

Figure 51.  Scatter plot of flow scenarios (w054, w068,and w069) at DS Marebone Weir, Marebone Break 
and Oxley during three dry periods (1902 to 1911, 1937 to 1941 and 2002 to 2008) 
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Figure 52. Scatter plot of areas inundated for three scenarios (w054, w068 and w069) in the Macquarie 
Marshes during three dry periods (1902 to 1911, 1937 to 1941 and 2002 to 2008) and the 
difference in carry-over scenarios and the regulated flow (w054)  
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Table 13. Multiple comparison of predicted area sizes for the low flow (1902 to 1911, 1937 to 1941 and 
2002 to 2008) 

Comparison Diff SE Lower Upper Q p-value 

w54 - w68 -13.5 5.79 -27.36 0.36 2.33 0.059 

w54 - w69 -8.86 5.79 -22.72 4.99 1.53 0.377 

w68 - w69 4.64 5.79 -9.22 18.49 0.8    >0.9999 

Figure 53. Flow exceedance curves for three scenarios (w054, w068 and w069) in the Macquarie Marshes 
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4 Discussion 

4.1.1 Context for arid-zone floodplain wetlands 

The Macquarie Marshes is characterised by a boom and bust ecology (Walker et al 1995, Kingsford et 
al 1999) like other arid floodplain wetlands (Figures 54, 55).  Periods without water (Figure 54) are 

followed by floods, when habitats expand and a greater diversity of habitats is available (Figure 55). 
The Marshes naturally contained expansive floodplains with anastomosing channels and waterholes, 
like the Cooper Creek system, but with river red gum rather than coolibah (Figures 54 and 55). Winter 

flooding dominated (41 percent), with inundation extending into warmer seasons creating flooded 
habitats through spring (1 in 1.44 years), sometimes summer (1 in 1.88 years) and less often autumn 
(1 in 2.9 years) (Brereton et al 2000). In addition flooding also occurred in summer (21.5 percent) and 

autumn (25.9 percent, Brereton et al 2000). 

These warm floods, akin to those in the Cooper system, trigger a burst of nutrients as organic matter 
breaks down, enhanced by the action of microbes (bacteria and fungi). Algae proliferate, seeded from 

spores in the floodplain sediment and floodwaters. Oxygen levels in the floodwater are caught in an 
ecological tug of war, declining as decomposition processes consume oxygen and rising as algae and 
aquatic plants photosynthesise. The amount of organic matter accumulated on the floodplain 

influences whether it takes weeks to months before day time oxygen levels rise. Not daunted by initial 
low oxygen conditions, microinvertebrates emerge from resting eggs in the dry sediments, reaching 
some of the highest recorded densities for freshwater systems (Figure 55) (Jenkins and Boulton 2003, 

Morris 2008, Jenkins and Boulton 2007). These microscopic animals are the vital first feed of most 
native fish species, particularly cladocerans that are prolific in spring/summer (Figure 55, Jenkins and 
Boulton 2003). In the lower Macquarie system, spring floods expand slow moving/still floodplain 

habitats, but also create a multitude of warm slow and fast flowing channel habitats (Figure 55). In the 
Cooper Creek system, massive fish recruitment events occur under similar conditions (Puckridge 
1999), with fish feasting on the plentiful aquatic invertebrates (Balcombe et al 2005). During floods 

egrets, ibis and herons form massive breeding colonies in the red gum and coolibah woodlands and a 
diversity of waterbirds breed in the shallow lagoons and floodplain (Kingsford and Johnson 1998). 

As floodwaters spread across the floodplain, an array of dry habitats are inundated including lagoons, 

snags, red gum woodland, reed beds and couch grass meadows (Figure 55). Within a month of 
flooding, macrophytes germinate in the shallow, clear water and soon the floodplain is dense with 
emergent and submerged macrophytes (Figure 55). A dense “scum” of algae and microbes forms a 

patchy layer across the surface. The canopy of river red gums thickens forming a shaded and 
unshaded mosaic across the floodplain. Macroinvertebrates are everywhere, from small chironomid 
(midge) larvae in the epibenthic layer to emergent midges, mayflies and caddisflies, up to large (3 to 6 

cm) dragonflies. Many of the macroinvertebrates are predatory and like larval fish they eat smaller 
invertebrates. 

Inevitably the floodwaters recede and after many months the diverse habitats comprising the 

Macquarie Marshes contract and eventually dry. Mobile fauna such as fish, waterbirds and some 
macroinvertebrates can migrate to other inundated wetlands or in the past to the semi-permanent 
lagoons and waterholes within the Marshes. Spores, seeds and resting eggs of aquatic biota remain in 

the dry clay soils, along with a rich supply of organic matter, deposited as aquatic plants and animals 
senesce. Floodplain sediment is a vital biological storage reservoir during dry periods, and it is critical 
to protect this resource. Over time, organic matter decomposes and a succession of grasses, herbs 

and forbs spreads across the floodplain. Litterfall from red gums and material from other terrestrial 
plants add to the organic pool. Terrestrial invertebrates move through the soil, feeding on seeds and 
resting eggs. These terrestrial ecosystem processes are pivotal to the pulse of nutrients and biota 
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when flooding eventually occurs again, unless this interval is too short (probably less than four to six 
months) or longer than 10 years (Jenkins and Boulton 2007). 

Building in loss of floods 

As the time since flooding increases there is a net loss of organic matter and dormant biota from the 

floodplain sediment reservoir (Figure 54 and 55). Generally floodplain that floods often (one in one to 
one in three years), like the Macquarie Marshes has higher levels of organic matter and a more 
productive microinvertebrate egg bank than less frequently flooded floodplain (Boulton and Lloyd 

1992, Jenkins and Boulton 2007). Clearly, resting eggs can only be produced by adults during floods 
with the time since flooding representing a loss phase (Jenkins and Boulton 2007). After 14 years 
without a flood, the loss of organic matter results in reduced nutrient leachates and altered oxygen 

dynamics. Fewer microinvertebrate taxa emerge from dormant eggs and taxa are slower to emerge 
and then reproduce (Jenkins 2006, Jenkins and Boulton 2007). There is a loss of aquatic plants as 
flood frequency decreases (Capon and Brock 2006), waterbirds do not breed (Kingsford and Johnson 

1998) and fish communities contain fewer species and lower abundances (Humphries et al 1999, 
Jenkins et al 2004). It is likely that macroinvertebrate communities would also decline with loss of 
floods as their food supply dwindles and refugia dry out. 

An over-dominance of short inundation events can have negative effects, for example favouring short-
term responding plant species over those plants requiring longer floods and maintenance of wet soils 
(Driver and Knight 2007). Such short-term flows observed when floodplain along Gum Cowal Creek 

was inundated for less than four weeks in 2003 may also be problematic. Taxonomic richness of 
microinvertebrates was lower in these areas compared to floodplain inundated for more than six 
months in 2000 (Jenkins 2006). Organic matter, total carbon and dissolved organic carbon leachate 

was also lower from floodplain inundated in 2003 compared to 2000 (Jenkins 2006). Ongoing research 
should measure the positive and negative impacts of short (one to two months) versus longer duration 
(four to six months) floods. 

The frequency and duration of flooding in the Macquarie Marshes prior to regulation (Jenkins and 
Wolfenden 2006), coupled with the semi-arid climate, created a rich ecological character. The world 
renowned breeding events by colonial waterbirds and expansive red gum woodlands were 

underpinned by extreme productivity at all trophic levels from organic matter to microinvertebrates, 
macroinvertebrates and likely fish. To maintain the ecological character of the Macquarie Marshes it 
will be important to identify core areas where a high frequency of flooding (at least one in three years) 

and appropriate duration (at least six months) can be maintained. Prolonged drying events as seen in 
the last eight years due to dry conditions coupled with the extraction of water for irrigation (Jenkins 
2006) must be avoided.  

Building in reduced variability in flows 

Reduced variability in flows and loss of drying in regulated floodplain creeks due to delivery of water 

for town supply, stock and domestic use and irrigation leads to reduced production in ecological 
communities and modified ecosystem processes (Figures 54 and 55). When regulated creeks receive 
higher flows and floods, they do respond with pulses in nutrients, microinvertebrates, and 

macroinvertebrates as observed in temporary creeks and floodplain. Turbidity is increased due to high 
loads of suspended solids, macrophytes are lost and water never runs clear as it does in unregulated 
or temporary arid zone creeks (Roberts and Sainty 1996) (Jenkins unpublished data). These effects in 

regulated rivers are typically compounded by the deep bioturbating activities of carp (Cyprinus carpio), 
which tend to be common in regulated rivers (Driver et al 1997, 2005 and Driver 2008). Fish 
communities decline as habitats are smothered (Figures 54 and 55) and food resources decline. In the 

Macquarie Marshes there were many channels (Bulgeraga, Macquarie and Monkeygar) that naturally 
were mostly wet, however during dry periods they contracted back to a series of waterholes as found 

65 | NSW Office of Water, July 2012 



Invertebrate monitoring and modelling in the Macquarie Marshes  

 

in Cooper Creek (Arthington et al 2005). There needs to be further exploration, via hydrological 
modelling and gathering of oral history records of the natural water regime experienced by these 
creeks. Did they dry out, how often and for how long? How extensive was the area dried? Options to 

increase flow variability and dry out whole or parts of creeks for short periods (two to four months) 
should be explored. In addition, the refugia used by macroinvertebrates and fish during dry periods 
needs investigation so that these critical areas are protected. 

Building in livestock grazing 

The effects of livestock grazing on arid zone floodplain wetlands have received little attention in 

Australia. On floodplain of the Murrumbidgee River communities of riparian birds, frogs and plants 
(aquatic and terrestrial) declined as grazing pressure increased from low (<5 DSE / ha / annum; DSE 
= dry stock equivalents, e.g. 1 dry sheep = 1 DSE, 1 steer = 8 DSE’s) to high (>5DSE / ha / annum 

(Jansen and Robertson 2001, Jansen and Healey 2003, Jansen and Robertson 2005). Consumption 
or damage to vegetation, both in the water and riparian zones reduced habitat available to frogs and 
birds in heavily grazed areas (Jansen and Robertson 2001, Jansen and Healey 2003, Jansen and 

Robertson 2005). Rehabilitation strategies included reduced stocking rates, provision of off-river 
watering points for stock and rotational grazing practices. 

It is possible that livestock grazing may deplete the reservoir of dormant biota in floodplain sediments 

(Figures 54 and 55) through damage by hard hooves and removal of nutrients through consumption of 
vegetation. Preliminary (unreplicated) data from the Macquarie Marshes suggests the effects of 
livestock grazing on microinvertebrate emergence and organic matter levels are inconsistent among 

floodplain dry for one, four and 14 years (Jenkins and Wolfenden 2006). Negative effects appear to 
occur in floodplain flooded four years ago, but this result must be explored through replicated 
experiments that incorporate two to three levels of grazing intensity as well as different water regimes. 

If livestock grazing, at intensities practiced in the Macquarie Marshes effects aquatic communities and 
ecosystem processes then it is likely to be ameliorated through the practices recommended above. 
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Figure 54. Conceptual model of habitats available in the Macquarie Marshes in regulated (reduced 
variability with disconnected floodplain) and temporary creeks (with connected floodplain) 
during flood periods and factors that reduce the productivity and diversity of microinvertebrate 
and macroinvertebrate food webs  

 
Source: Jenkins and Wolfenden 2006. 
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Figure 55. Conceptual model of habitats available in the Macquarie Marshes in regulated (reduced 
variability with disconnected floodplain) and temporary creeks (with connected floodplain) 
during dry periods and factors that reduce the productivity and diversity of microinvertebrate 
and macroinvertebrate food webs 

 
 

Source: Jenkins and Wolfenden 2006. 

68 | NSW Office of Water, July 2012 



Invertebrate monitoring and modelling in the Macquarie Marshes  

 

4.1.2 Implications for management 

The Macquarie Marshes can be viewed in four management zones; refugia, core wetland, mid-flood 
wetland and big-flood wetland. The boundaries and terminology of these zones need to be resolved, 
but generally diversity, productivity and functions in arid wetlands operate across these scales. The 

Environmental Management Plan for the Macquarie Marshes identifies core areas. This report 
addresses refugia and core wetland areas. 

Refugia 

 Refugia are the habitats that biota retreat to during dry periods. In a regulated floodplain 

wetland it is critical that these habitats are protected during the dry periods. Refugia for 
macroinvertebrates include deep holes in regulated creeks, semi-permanent wetlands (ie. 
Buckiinguy Swamp), farm dams, main channel habitats upstream and downstream in the 

Macquarie catchment. For some mobile taxa, habitats in nearby catchments will also provide 
refugia (Hughes 2007).  

 Refugia for microinvertebrates, macroinvertebrates and fish within the Macquarie catchment 
should be identified as a matter of priority.  

 A protocol to monitor and protect key refugia needs to be established. Actions need to include 

establishing a dry period flow regime to maintain refugia, identifying and monitoring critical 
water depths and identifying stock protection areas. 

 A low flow regime to promote both maintenance conditions and recruitment in fish and 
invertebrates in refugia needs to be established. 

 Strategies to manage exotic species in refugia should be established. 

 A program is needed to monitor the abundance and diversity of aquatic communities in 

refugia and to set triggers for management action. 

Core wetland 

 Core wetland is the area that flooded frequently (every one to three years) before regulation. 

It supported some water bird breeding colonies and contains representative vegetation 
communities.  

 Core wetland must be flooded every one to three years to protect the reservoir of organic 
matter, dormant invertebrate eggs and plant seeds. Floods must be at least four to six 

months to allow plant and animal cycles to complete. 

 Core wetland vegetation communities include river red gum, water cooch, reed and open 

wetland. These areas can be identified from flood mapping work undertaken by DECC 
(Thomas et al in press) and modelling work by UNSW (Ren and Kingsford 2010). 

Mid-flood wetland 

 Mid-flood wetland is the area that flooded moderately (every four to 10 years) before 
regulation. It supported a large number of water bird colonies and contains representative 

vegetation communities (ie. red gum woodland, coolibah, open wetland, black box).  

 Mid-flood wetland must be flooded every four to 10 years to protect the reservoir of organic 

matter, dormant invertebrate eggs and plant seeds. Ideal durations would be six to 12 
months, starting in winter to allow birds and fish to put on condition ready for spring breeding. 

 Mid-flood wetland is severely threatened by loss of water due to irrigation extraction. Large 

areas of red gum are dying and colonial water birds have not bred successfully since 2000 
apart from a small egret colony in 2007. 
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Big-flood wetland 

 Big-flood wetland is the area that flooded once in 11 to 20 years before regulation.  

 This zone supports unique invertebrate and vegetation communities and makes an important 

contribution to the biodiversity of the Macquarie Marshes. 

 Big-flood wetland has also been threatened by changes to water regime due to irrigation 
extraction, but it is beyond the scope of this report to develop management recommendations 

for this zone. 
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5 Conclusions 

5.1 Key findings 
 Striking differences were detected in taxonomic richness, abundances, and community 

composition of macroinvertebrates among creek and floodplain habitats and between 
temporary versus regulated creeks during the wet period.  

 Both floodplain habitats and temporary creeks contained the highest numbers of taxa and 
individuals.  

 Macroinvertebrate abundances were similar between wet and dry periods in regulated 

creeks. 

 Numbers of taxa were unexpectedly high in regulated creeks during the dry period, 

suggesting these creeks are important refugia for some macroinvertebrates. Other floodplain 
macroinvertebrates colonised from unknown sources. Identifying refugia throughout the 

catchment and dispersal pathways connecting these is an important area of future research 
that is being progressed by the ARC Linkage involving NSW Office of Water and UNSW. An 
important aspect of this research is examining the role of regulated versus unregulated 

creeks as refugia. 

Summary of macroinvertebrate findings 

1. Mean taxon richness and abundances were greatest in less regulated creeks with a 

flatter profile that supported regular connection to the floodplain (Bora and Gum Cowal 
Creek) and in floodplain habitats along these creeks during a relatively wet period. 

2. Taxa that characterised less regulated/temporary creeks and floodplain habitats were 
biting midge larvae (Ceratopogonidae Isp.), a diversity of ostracods (e.g. Candonocypris 

novaezelandiae, Kennethia sp.), Chironomidae (eg. Tanytarsus sp.), waterboatmen 
(Corixidae, Agraptcorixa sp.) and mayfly larvae (Baetidae). Floodplains also supported a 
collection of scavenger beetles (Coleoptera, Spercheus sp. and Berosus sp.), 

segmented worms (Oligochaeta), aquatic caterpillars (Lepidoptera), damselfly larvae 
(Zygoptera) and caddisfly larvae (Trichoptera). 

3. Taxa in regulated creeks were chironomid midge larvae (Dicrotendipes sp. and 
Tanypodinae Larsia), waterboatmen (Corixiidae Micronecta sp.), an ostracod (Ilyocyprus 

australiensis), freshwater shrimp Paratya australiensis), cyclopoid copepods and 
cladocerans. 

4. Taxon richness was unexpectedly high in regulated creeks during the dry period. 
Community composition was distinct in the less regulated Bora Creek and shifted from 

early to mid spring. 

5. Microinvertebrates in regulated creeks showed highest densities in Bora Creek during 

the years with environmental allocations, but this trend was not evident in other 
regulated creeks. 

6. Taxon richness was higher in all creeks in years with environmental water allocations, 

particularly in 2005 when floodplain was inundated from August to November. Peaks in 
biodiversity were greater this year than in 2003 (four weeks) and 2009 (eight weeks) 
when shorter environmental flows were released. 

7. A key point that follows from these preliminary findings is the need to monitor the timing 

and duration of releases of environmental flows. 
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5.2 Key modelling findings 
 Regulated and unregulated models of floodplain microinvertebrates within each of the 

management zones (north, south and east) indicated higher diversity and densities in the 
north Marsh and in all unregulated scenario’s. The higher densities in the unregulated 
scenarios are due to their higher frequency of inundation (Thomas et al 2011). Similarly the 

north marsh (Bora floodplain) contains larger areas with a higher frequency of flooding, 
supporting a more substantial egg bank. For example, it was not possible to find sites in the 
north Marsh that have been dry since the 1990 flood, but these were available in both the 

southern and eastern Marsh. Both the southern and eastern Marsh includes floodplain that 
now floods less frequently, particularly in the south where overbank flooding is now 
infrequent.  

 The management implications of this finding are the importance of maintaining core areas 

with frequent flooding (and short periods of drying, ie. <4 years) to sustain vibrant 
communities of microinvertebrates. This will also protect propagules of aquatic plants that 
show a similar relationship with flood frequency and inter-flood interval. In addition, future 

analysis should examine the pattern of flood loss in the south and east Marsh and determine 
whether there might be reasons (i.e. connectivity, food supply for less mobile biota) to restore 
short periods of drying to floodplain within these zones.  

 The EWA scenarios incorporating carryover trialled in this project represent an important step 

towards predicting the outcomes of restoration of the flood history, flood frequency and extent 
of flooding in the Macquarie Marshes. Although the long term medians were not significantly 
different to the regulated scenario, the carryover scenarios reveal the effect of one of the key 

implications of using a greater mix of translucent (EWA1) versus active (EWA2) 
environmental flows. The additional parcels of carryover water were important in expanding 
floods and area inundated during critical dry periods of low flow. They reduce the time 

between floods for an expanded area of floodplain habitat, thus improving biodiversity and 
productivity of microinvertebrates. 

5.3 Future monitoring design 
 This study reveals numerous important findings for invertebrates that relate to the 

management of environmental flows and the length of the dry period between floods. Aquatic 
invertebrates play a fundamental role in floodplain food webs as prey for fish and water birds. 

Monitoring of invertebrates is required to assess if their productivity and diversity is within the 
range expected within a reasonably naturally functioning ecosystem, and that numbers, 
diversity and functions are not degraded. Factors that led to declines in invertebrates were 

extended dry periods between flood events and constant low flows in creeks. Environmental 
flows appear to increase diversity and productivity in floodplain and creek habitats, 
particularly with floods that extend for at least four to six months. 

 The goal of an invertebrate monitoring program is too sample invertebrates at a temporal 

frequency and spatial scale that enables detection of responses (improvement, decline and 
no change) to extended drying, environmental flows and constant low flows. 

 Factors that were important at a broad sampling scale for floodplain were time since last 
inundation and duration of flooding. We expect vegetation type to also be important. Within 

creeks, temporary versus constant and topography with connectivity to the floodplain were 
important. Regulated versus unregulated was important in our models and is a key factor in 
other studies. 
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 Based on the methods applied in this study for sampling microinvertebrates we recommend a 

focus on methods that sample microcrustaceans as these have proven to be responsive to 
water regime as well as being key prey items for larval fish, some small bodied fish and filter 

feeding water birds. We suggest sampling at each site with benthic cores and also taking a 
single tow net sample to assess biodiversity, including rotifers. With the benthic cores we 
suggest exploring composite samples (ie. five cores at each site composited into a single 

sample), so that sampling can focus at the broader scales of interest by increasing the 
number of creeks and floodplain patches sampled.  

 Macroinvertebrates could continue to be monitored using sweep net samples. However, we 
recommend further analysis, development of conceptual models including expected 

responses to flow management and discussion of goals to refine the rationale for this 
sampling.  

 Currently we have sampled six creeks in the Macquarie Marshes and four floodplain 
locations. However, through compositing and possibly applying a gradient approach to 

sampling it should be possible to increase power at the scales of interest; the creeks and 
floodplain. This would also allow expansion of sampling to include unregulated creeks such 
as the Marthaguy and Talbragar.  

 The timing of sampling for monitoring should focus on the spring period when fish and water 

bird recruitment is dependent on invertebrate prey. It would be of interest if resources 
permitted to explore responses at other times of the year, but we anticipate the pulse of 
productivity and diversity to occur in spring. The frequency of sampling should occur at least 

once, preferably twice during dry years. During environmental flows sampling should occur at 
least three times (monthly to two monthly). Sampling before environmental flows to test 
differences in before-after communities can be confounded with seasonal changes. We 

suggest comparisons across years, with multiple years as replicates. 

 We suggest separating macroinvertebrates and organic matter collected in sweep samples in 

field with nested sieves to reduce preserved volume. 

 We strongly recommend monitoring of dry sediments to examine viability of invertebrate 
propagules as dry periods extend and also after environmental flows to estimate recovery. 

There are well developed methods for these studies (Jenkins and Boulton 2007) as well as 
recent honours research (Sives 2011) that used compositing methods to extend sampling 
effort at broader scales. Organic matter and organic carbon should also be assessed. 

 This UNSW study informs the ongoing development of NSW Office of Water’s ecological 

monitoring program, especially the monitoring and analyses of invertebrates. Ongoing 
analysis of wetland aquatic plants, invertebrate and (Lachlan only) bird data collected during 
event-based monitoring as part of IMEF within the Macquarie Marshes and elsewhere (eg, 

Hardwick et al 2002, Chessman et al 2003, Driver and Knight 2007) continues to provide 
further insights into the functioning of wetland biota and best-practice environmental flow 
monitoring and management. This includes studies showing different drought resilience 

among wetland plant species (Driver et al 2011) and larger post-drought water bird events for 
a given size flow event (Driver et al 2010). These contributions might also include the 
analysis of currently available IMEF invertebrate data. 
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5.4 Challenges of modelling carry over scenario’s 
 There were a mixture of modelling constraints, related to the annual basis of UNSW models 

and the rules associated with the active / fixed component within IQQM currently assuming all 
water is released in June. Hence it t was not possible to model the scenarios that best related 
to the Water Sharing Plan Adaptive Environmental Management Provision that allows for the 

amendment of the proportion of translucent versus active EWA (NOW consultant brief 
[unpublished]; see 1.1 Objectives;). The effects of increased volumes of water now available 
in the Macquarie through buy-back in the carry over scenarios could also not be modelled; 

which would also have been of management interest. These are areas for future work that 
are being addressed by both UNSW and NSW Office of Water. The modelling runs did, 
however, address one of the key operational differences between translucent and active 

EWA; that translucent EWA is carried over to the next water year. 

 The Macquarie environmental General Security Licence has translucent (two-thirds) and 

active management components (one-third). Active, is also called fixed by IQQM modellers; 
because it is modelled as a fixed pattern of release that is spent each water year during June. 

There is no allowance for carryover of active water in these runs, in accordance with the 
water sharing plan rules. In practice, the use of active / fixed water within a year is highly 
variable in time and space. The carry-over of the translucent component is properly modelled 

in IQQM; this is straightforward as it is subject to prescriptive rules. The recent introduction of 
purchased environmental water under water sharing plan rules which has a carryover 
component adds new complexity and will be incorporated into the IQQM in the future. Any 

new coding to this effect relies on defined rules for the active and purchased components 
which are managed differently from year to year by the EFRG. Water sharing plan rules 
associated with buy-back water are not yet defined and therefore for now the best way to 

estimate this use is to either:  

o add it to the translucent component (to emulate the carryover of purchase water) or  

o to add it to the active/fixed component (to emulate the active within-year use of purchase 

water, managed in unison with the active component).  

 It is recommended that the NSW Office of Water continue to pursue modelling of different 
proportions of active versus translucent EWA flows; which is the key purpose of the adaptive 

environmental management provision within the water sharing plan. In addition, since the 
adaptive environmental management provision (AEMP) was written there has been an 
increase in volumes of water available through buy-back in consultation. Hence, further 

consultation should be pursued with the EFRG to resolve operating rules that consider both 
the optimisation of EWA flows, but also now how the buy-back water changes how flows can 
be best managed. 

 The IQQM scenario’s trialled for this project yielded increases in the annual volume of small 

floods, but small to no changes to moderate to large floods. Although there was a 30 percent 
increase in the volume of small floods this equated to an area in the median increase from 
100 to 130 ha. These changes will make little difference to the invertebrate diversity and 

abundance models because of the small additional area inundated. However, the 
improvements in area inundated by small floods should be targeted with future modeling 
scenarios, as this is a critical factor to protect the biodiversity and productivity of the 

Macquarie Marshes during dry periods. The duration of dry periods has extended (doubled) 
with regulation and extraction (CSIRO 2008) and is predicted to increase with climate 
change. 
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5.5 Future direction of modelling 
 Both UNSW and NSW Office of Water are developing approaches to enable more detailed 

and realistic modeling of environmental flow volumes. As this capacity develops then models 
can better indicate how improvements can be made for invertebrate productivity and 
biodiversity within the current regulated scenario. Such information would aid the water 

sharing plan review and the EFRG on how operating rules could be modified to improve 
biodiversity and productivity within the Marshes management zones. 

 The capacity to model improvements to small floods via carry over will be important for the 
next generation of the water sharing plan, and evaluation of the current water plan’s 

performance. These small floods can shorten the time between floods for core areas of 
floodplain, a critical factor in protecting biodiversity and productivity during droughts. Planning 
for drought is a key aspect of the plans that needs to be reviewed, given the complexities of 

managing during the dry period from 2001 to 2010 when the water sharing plans in a number 
of valleys were suspended. 

 UNSW is assessing development of a monthly model to enable monthly scenarios to be 
tested. Constraints with a monthly model are the absence of monthly inundated area analysis 

and also the absence of ecological data for most taxa over this time frame. Monthly inundated 
area size models are important for monthly management under the water plan if there are 
enough daily inundated maps to develop a robust model. 

 Annual subset inundated area sizes and spatial models of water management areas (east, 

north and south) would enable predictions about the biodiversity and productivity within these 
zones in response to particular management actions. 

 The incremental modeling improvements shown in this study are typical of similar work in 
other wetlands and ecosystems. Such modelling is critical for ongoing adaptive management. 

Such modelling will continue to increase our ability to evaluate plan performance as spatial, 
temporal and volumetric patterns of water allocation and demand change. As models become 
more sophisticated the ability to realistically compare modelled and monitored flow scenarios 

will increase, and so therefore will their relevance to water managers. 

5.6 Data needs to improve predictive capacity 
 Future collections of ecological data that will increase the predictive capacity of the models 

need to expand on the current spatial distribution and extent of sampling. For invertebrates 
we need information on their response to a range of flood sizes and also the temporal scale 
of their response to events. In order to achieve this, we need to find ways to composite 

across fine spatial scales so we can increase replication at broader landscape scales of 
interest. Targeting taxa that have proven to be good indicators in current studies such as 
microcrustaceans could enable the processing of more samples. Although there are fewer 

moderate and large flood events in the system we need to be organized with resources and 
collaborative arrangements to take advantage of these events when they occur. 

 Experimental designs need to increase the number of locations for floodplain experiments 
that examine the response of invertebrate propagules to extended drying and environmental 

flows. This should be done in consultation with the EFRG to ensure that particular sites of 
interest are also included. 

 Experimental designs for monitoring and research need to refine appropriate temporal scales 
for creek and floodplain monitoring. Initially our sampling was undertaken monthly during 

spring. This was truncated to once in spring due to the lack of funding for monitoring in the 
catchment. However, results indicate considerable variation within spring in both dry and wet 
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years and without further monthly sampling it is not possible to know where we have sampled 
along the succession trajectory.  
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5.7 Review of EWA flow triggers and targets 
 Regulated and unregulated models were produced for floodplain microinvertebrates, and 

analysis of the management zones (north, south and east) indicated a higher diversity and 
densities in the north Marsh and in all unregulated scenario’s. 

 Modeling of unregulated and regulated flow scenarios for the Macquarie Marshes indicates 
that invertebrates were more diverse and productive in the unregulated scenario. This is due 

to the relationship between invertebrates and time since last flood and flood frequency, 
highlighting the importance of active management. Both these factors have extended under 
the regulated scenario and are critical areas that need to be improved in the delivery of 

environmental flows and the review of rules in the water sharing plans. 

Key findings to guide change of water sharing plans and EWA flow triggers and targets 

 A key goal of EWA releases must be to reduce the time between flood events, particularly 

during long dry periods. This will also increase flood frequency. This is important to sustain 
the dormant propagule bank for animals and seeds in the floodplain, which perish when dry 
periods extend from four years beyond 10 years. We recommend gaps between floods of one 

to four years. Capitalising on unregulated flows in the system may be one option to improve 
flood frequency and reduce the time between floods.  

 This is also important for carbon cycles in floodplain wetlands. Short to moderate intervals 
between floods are needed to maintain flood-dependent forest species such as river red gum 

and rich communities of microinvertebrates and macrophytes (Jenkins et al in prep.). As 
intervals extend to four years, the health of red gum forest begins to decline and leaf litter and 
woody debris accumulate. After six to 10 years without floodplain inundation 95 percent of 

trees will die or be in poor health and forest trees and the aquatic understorey are replaced 
by terrestrial and invasive species. These losses in addition to the oxidation of nutrients 
during extended dry periods lead to a reduction in organic carbon in floodplain sediments. 

 Short intervals between floods are also critical to water bird populations due to the link 

between flooding and recruitment. 

 The EWA scenarios incorporating larger volumes (including carryover) trialled in this project 

represent an important step towards improving the flood history, flood frequency and extent of 
flooding in the Macquarie Marshes. Although the long term medians were not significantly 

different to the regulated scenario, the carryover scenarios were important in expanding 
floods during critical dry periods of low flow. This is an issue that requires further emphasis 
before the plan is due for thorough re-evaluation, and then re-writing at the end of its gazetted 

period in 2014. 

 The next step with this analysis is to produce scenarios that expand on the capacity to model 

carry over of environmental water across the integrated UNSW and NSW Office of Water 
flood and invertebrate models. Monthly models may also help find ways to improve outcomes 

for biodiversity and productivity. For example, if invertebrates were most diverse and 
productive at a particular month in spring that tied in with fish and water bird recruitment, then 
environmental flows could target this response. Monthly response models will require 

ecological data at finer temporal scales, but some of this data exists for invertebrates, frogs, 
water birds and fish in the Macquarie Marshes.  
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7 Appendix 1. Macroinvertebrate taxonomic list from this stuffy for the Macquarie Marshes 
BO = Bora Creek, BU = Bulgeraga Creek, MA = Macquarie River, MO = Monkeygar Creek, GC = Gum Cowal, BO Fdpln = Bora Creek Floodplain, GC Fdpln = Gum Cowal Floodplain 

W = wet-period sample trip, D= dry period (indicates if taxa was present during wet and dry sample periods) 

Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Cnidaria Hydrozoa Hydrozoa  Hydra     D W   D D D D    

Nematoda             W       

Annelida Oligochaeta  Tubificida Tubificidae   W,D W,D W,D W,D W W W W,D W,D D D  W W 

Mollusca Bivalvia  Sphaeriidae Pisidium casertanum        D  D     

Mollusca Gastropoda Basommatophora Ancylidae Ferrissia petterdi W    W   W,D D D D    

Mollusca Gastropoda Basommatophora Lymnaeidae Austropeplea tomentosa W,D    W   D  D     

Mollusca Gastropoda Basommatophora Planorbidae Helicorbis      W   D       

Mollusca Gastropoda Basommatophora Planorbidae Glyptophysa  W,D      W W,D D  D W   

 

Arthropoda Arachnida Acariformes Multiple (water 
mites) 

       W  W,D D W,D   W  

 

Arthropoda Crustacea     W,D D W W W  W W,D D D D   W 

Arthropoda SC-Branchiopoda SO- Cladocera Chydoridae           D  D    

Arthropoda SC-Branchiopoda SO- Cladocera Bosminidae   D       D D D D    

 

Arthropoda Collembola     D W, D D   W        

 

Arthropoda SC-Copepoda Copepoda Cyclopoida   W,D W,D W,D W,D W  W W,D D D D  W W 

 

Arthropoda SC-Branchiopoda SC- Ostracoda           W   W   W 

Arthropoda SC-Branchiopoda SC- Ostracoda Ilyocyprididae Ilyocypris australiensis W,D W,D W,D W,D W  W D D D D    

Arthropoda SC-Branchiopoda SC- Ostracoda    W,D  D  W  W D D D D    

Arthropoda SC-Branchiopoda SC- Ostracoda Cyprididae Candonocypris novaezelandiae W,D W W W W  W D D D D    

Arthropoda SC-Branchiopoda SC- Ostracoda Cyprididae Cypridopsis funebris W,D    W W W D D D D    
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Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Arthropoda SC-Branchiopoda SC- Ostracoda    W,D  W,D W W  W D D D     

Arthropoda SC-Branchiopoda SC- Ostracoda    W,D W W W W W W D D D D    

 

Arthropoda Crustacea Isopoda Corallanidae Tachaea cardiophaga        D W,D D D    

 

Arthropoda Crustacea Decapoda Atyidae Paratya australiensis   D     D W,D W,D W,D    

Arthropoda Crustacea Decapoda Palaemonidae Macrobrachium australiense        D       

Arthropoda Crustacea Decapoda Atyidae Caridina wilkinsi          W     

 

Arthropoda Insecta Lepidoptera Crambidae Nymphulinae sp 12        D D D D    

Arthropoda Insecta Lepidoptera Crambidae Nymphulinae sp 16        D D D     

Arthropoda Insecta Lepidoptera Crambidae Nymphulinae sp 20       W W       

Arthropoda Insecta Lepidoptera Crambidae Nymphulinae sp 42        W       

 

Arthropoda Insecta Neuroptera Sisyridae          W,D       

 

Arthropoda Insecta Coleoptera Dytiscidae Hydrovatus    D     D D D D    

Arthropoda Insecta Coleoptera Dytiscidae Hydrovatus        W D D D D    

Arthropoda Insecta Coleoptera Dytiscidae Antiporus      D   W  D  D    

Arthropoda Insecta Coleoptera Dytiscidae Allodessus     D   W D D D D    

Arthropoda Insecta Coleoptera Dytiscidae Lanophilus        W        

Arthropoda Insecta Coleoptera Dytiscidae Necterosoma       W         

Arthropoda Insecta Coleoptera Dytiscidae Hyphydrus            W  W W 

Arthropoda Insecta Coleoptera Dytiscidae Copelatus  D              

Arthropoda Insecta Coleoptera Dytiscidae Onychohydrus             W   

Arthropoda Insecta Coleoptera Dytiscidae Rhantus  suturalis (L)             W  

Arthropoda Insecta Coleoptera Dytiscidae Laccophilus  religatus (A)             W  
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Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Arthropoda Insecta Coleoptera Elmidae Austrolimnius    D            

Arthropoda Insecta Coleoptera Elmidae               W W 

Arthropoda Insecta Coleoptera Hydraenidae Ochthebius         D W,D      

Arthropoda Insecta Coleoptera Hydrophilidae Berosus sp 1 W,D     W W W,D    W W W 

Arthropoda Insecta Coleoptera Hydrophilidae Berosus sp 2        D       

Arthropoda Insecta Coleoptera Hydrophilidae Berosus sp 3 D     W  D  D     

Arthropoda Insecta Coleoptera Hydrophilidae Berosus sp 4        D D D D  W W 

Arthropoda Insecta Coleoptera Hydrophilidae Berosus larvae               

Arthropoda Insecta Coleoptera Hydrophilidae Berosus         D       

Arthropoda Insecta Coleoptera Hydrophilidae Paracymus           D     

Arthropoda Insecta Coleoptera Hydrochidae Hydrochus      W  W D D D D    

Arthropoda Insecta Coleoptera Hydraenidae Hydraena   W    W  W,D W,D D W    

 

Arthropoda Insecta Coleoptera Hydrophilidae sp 2              W W 

Arthropoda Insecta Coleoptera Hydrophilidae  Coelostoma australe               

Arthropoda Insecta Coleoptera Hydrophilidae Enochrus              W  

Arthropoda Insecta Coleoptera Hydrophilidae SP 3 (L)               W 

Arthropoda Insecta Coleoptera Hydrophilidae SP 4               W 

Arthropoda Insecta Coleoptera Spercheidae Spercheus  sp. (A)             W W 

Arthropoda Insecta Coleoptera Spercheidae Spercheus  sp. (L)             W W 

 

Arthropoda Insecta Diptera Empididae          W,D  D D W W W 

Arthropoda Insecta Diptera Chironomidae          W W W W W W W 

Arthropoda Insecta Diptera Chironomidae pupae              W W 

Arthropoda Insecta Diptera Ceratopogonidae Bezzia  W,D W,D W,D W,D   W W,D D W,D D W   

Arthropoda Insecta Diptera Chironomidae Chironomus  W     W W        

Arthropoda Insecta Diptera Chironomidae Tanytarsinus   W W,D   W W W        
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Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Arthropoda Insecta Diptera Chironomidae Polypedilum  D W,D W,D W,D W W W D D D D    

Arthropoda Insecta Diptera Chironomidae Dicrotendipes  W,D W,D W,D W,D W W W D D D D    

Arthropoda Insecta Diptera Chironomidae Parachironomus  W,D D W,D W,D  W W        

Arthropoda Insecta Diptera Chironomidae Microtendipes  D   D           

Arthropoda Insecta Diptera Chironomidae Stenochironomus         D D      

Arthropoda Insecta Diptera Chironomidae Paramerina  W,D W,D  D W  W D D D D    

Arthropoda Insecta Diptera Chironomidae Larsia  W,D W,D W,D W,D W W W D D D D    

Arthropoda Insecta Diptera Chironomidae Thienemannimyia         D D D D    

Arthropoda Insecta Diptera Chironomidae Cricotopus  W,D W,D W,D W,D W  W D D D D    

Arthropoda Insecta Diptera Chironomidae Bryophaenocladius        W        

Arthropoda Insecta Diptera Chironomidae Podonomus  W W     W D D D D    

Arthropoda Insecta Diptera Culicidae SF-Culicinae         W D D  W W W 

Arthropoda Insecta Diptera Dixidae          D   D    

Arthropoda Insecta Diptera Dolichopodidae Rhaphum  D  D            

Arthropoda Insecta Diptera Tabanidae             D    

Arthropoda Insecta Diptera Tipulidae   D  D D    D D D D    

Arthropoda Insecta Diptera Ephydridae          W,D   D    

Arthropoda Insecta Diptera Muscidae      D  W W D D D D    

Arthropoda Insecta Diptera Sciomyzidae Dichetophora          W    W   

Arthropoda Insecta Diptera Psychodidae Pericoma          D      

Arthropoda Insecta Diptera Stratiomyidae         W    W,D    

Arthropoda Insecta Diptera Stratiomyidae Odontomyia              W W 

Arthropoda Insecta Diptera Simuliidae         W  W,D D W,D    

Arthropoda Insecta Ephemeroptera Baetidae Cloeon   W W,D W,D W,D W  W W,D W,D W,D W,D W W W 

Arthropoda Insecta Ephemeroptera Caenidae            W     

Arthropoda Insecta Ephemeroptera Caenidae Genus C sp A W W      D D D D    

Arthropoda Insecta Ephemeroptera Caenidae Genus C sp B        D       



Invertebrate monitoring and modelling in the Macquarie Marshes  

 

87 | NSW Office of Water, July 2012 

Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Arthropoda Insecta Ephemeroptera Caenidae Tasmanocoenis sp B          D D    

Arthropoda Insecta Ephemeroptera Caenidae Tasmanocoenis sp Q          D     

Arthropoda Insecta Ephemeroptera Caenidae Tasmanocoenis  rieki        W W,D  W W   

Arthropoda Insecta Ephemeroptera Caenidae Wundacaenis  dostini        W       

Arthropoda Insecta Ephemeroptera Leptophlebiidae Atalophlebia AV 2        D D      

 

Arthropoda Insecta Hemiptera Corixidae  Agraptocorixa         W,D W,D D W,D  W W 

Arthropoda Insecta Hemiptera Corixidae  Micronecta  W,D W,D W,D W,D  W W W,D W,D W,D W,D W W W 

Arthropoda Insecta Hemiptera Corixidae  Sigara                

Arthropoda Insecta Hemiptera Naucoridae Naucoris congrex        W,D       

Arthropoda Insecta Hemiptera Nepidae Laccotrephes  tristis          W     

Arthropoda Insecta Hemiptera Notonectidae Anisops       W W W,D W,D W,D W,D  W W 

Arthropoda Insecta Hemiptera Notonectidae Enithares               W 

Arthropoda Insecta Hemiptera Notonectidae                 

Arthropoda Insecta Hemiptera Pleidae Neoplea         D D D  W  W 

Arthropoda Insecta Hemiptera Veliidae Microvelia   D             

Arthropoda Insecta Hemiptera Saldidae Saldula      W  W D D D D  W W 

 

Arthropoda Insecta Odonata Coenagrionidae Austrocnemis  splendida              W 

Arthropoda Insecta Odonata Coenagrionidae Xanthagrion  erythroneurum        D D D     

Arthropoda Insecta Odonata Zygoptera  v small W  D  W  W D D D D    

Arthropoda Insecta Odonata Lestidae Austrolestes  analis        D      W 

Arthropoda Insecta Odonata Aeshnidae Hemianax  papuensis         D D D    

Arthropoda Insecta Odonata Hemicorduliidae Hemicordulia tau       W        

Arthropoda Insecta Odonata Libellulidae Calidonicum         W,D D D D   W 

 

Arthropoda Insecta Trichoptera Ecnomidae Ecnomina         W,D D W,D D  W W 
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Phylum Class Order Family Genus Species Sediment cores Sweep nets 

Arthropoda Insecta Trichoptera Ecnomidae           D      

Arthropoda Insecta Trichoptera Leptoceridae Oecetis      W  W       W 

Arthropoda Insecta Trichoptera Leptoceridae Triplectides australis       W W,D  D D    

Arthropoda Insecta Trichoptera Leptoceridae Triplectides austraIicus        D       

Arthropoda Insecta Trichoptera Leptoceridae  SP1          W     
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8 Appendix 2. Macroinvertebrate taxonomic list from 
 other studies for the Macquarie Marshes 
P = Predator, S = Shredder, SC = Scraper, CG = Collector- gatherer, CF = Collector- filterer   
w = winter, s = spring, a = autumn, su = summer 
BO = Bora Creek, BU = Bulgeraga Creek, MA = Macquarie River, MO = Monkeygar Creek 

 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

PHYLUM PLATYHELMINTHES 

CLASS TEMNOCEPHALIDA 

Temnocephala sp. P x    

Temnocephalida sp. P x  BU  

CLASS TURBELLARIA 

FAMILY DUGESIIDAE 

Cura sp. P     

PHYLUM NEMERTEA 

CLASS NEMATODA 

Nematoda sp. P x  BU, MA  

PHYLUM MOLLUSCA 

CLASS BIVALVIA 

ORDER VENEROIDA 

Corbiculidae    BU ,MA  

Corbiculina australis CF x    

Sphaeriidae      

Pisidium (Pisidium) CF    MA1,2 

Sphaerium tasmanicum CF x    

Sphaeriidae sp. CF    ? 

CLASS GASTROPODA 

ORDER HYGROPHILA 

Gastropoda sp. SC x    

Lymnaeidae      

Austropeplea lessoni SC x    

Austropeplea tomentosa SC x    

Ancylidae      

Ferrissia petterdi SC x    

Ferrissia spp. SC   BU BO1,2, MA2 

Glyptophysa      

Glyptophysa sp. SC    BO1,2 

Gyraulus meridionalis SC x    

Helicorbis sp. SC    BO1 

Planorbidae      

Physastra sp. SC x    

Physa/ Isidorella sp. SC x    

Segnitila victoriae SC x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

PHYLUM ANNELIDA 

Annelida sp. CG x    

CLASS HIRUDINEA 

Hirudinea sp. P x    

CLASS OLIGOCHAETA 

Tubificida      

Branchiura sowerbyi CG x    

Capilloventer sp. CG    ? 

Dero sp. CG x    

Tubificidae sp. CG   BA,MA BO1,2MA1,2 

PHYLUM ARTHROPODA 

CLASS ARACHNIDA 

ORDER ACARINA 

Hydracarina spp. P x  BA,MA MA2 

Araneae sp. P x    

CLASS CRUSTACEA 

SUBCLASS BRANCHIOPODA 

ORDER DIPLOSTRACA 

Sub-order Conchostraca sp. CF x    

Sub-order Cladocera sp. CF x  BA, MA  

SUBCLASS OSTRACODA 

Ostracoda sp. CF x    

Ostracod 1 CF    BO1,2 

Ostracod 2 CF    BO1,2 

Ostracod 3 CF    BO2 

SUBCLASS COPEPODA 

Cyclopoid copepod P, CG x    

Calanoid copepod P, CG x  MA, BU  

SUBCLASS MALACOSTRACA 

ORDER ISOPODA 

Corallanidae      

Austroargathona picta P x    

ORDER DECAPODA 

Atyidae      

Paratya australiensis CF x  BA, MA MA1,2 

Palaemonidae      

Macrobrachium cf australiense CG x  BA, MA  

Parastacidae      

Cherax destructor CG x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

CLASS COLLEMBOLA 

Collembola sp. 1 CG x    

Collembola sp. 2 CG x    

Collembola sp. 3 CG x    

Collembola sp. CG x    

CLASS INSECTA 

ORDER EPHEMEROPTERA 

Ephemeropteran sp. CG x    

Leptophlebiidae    BA, MA  

Atalophlebia cf MMBW sp. 1 CG, SH x    

Immature Atalophlebia sp. CG, SH x    

Leptophlebiidae sp. CG x    

Caenidae     BO2 

Tasmanocoenis spp.  CG x  BA, MA BO2, MA1,2 

Immature Tasmanocoenis sp. CG x    

Immature Caenidae sp. CG x    

Baetidae    BA, MA  

Cloeon sp. CG x    

Baetidae spp. CG x    

ORDER ODONATA 

Coenagrionidae    BA, MA  

Ischnura aurora aurora P x    

Ischnura heterosticta P x    

Xanthagrion erythroneurum P     

Immature Ischnura sp. P x    

Immature Coenagrionidae sp. P x    

Lestidae      

Austolestes analis/ leda P x    

Protoneuridae      

Protoneuridae sp. P    MA1,2 

Immature Zygopteran  P x    

Aeshnidae      

Hemianax papuensis P x    

Aeshnidae sp. P x    

FAMILY HEMICORDULIIDAE    MA  

Hemicorduliatau sp. P    MA1,2 

Hemicordulia tau P x    

Corduliidae      

Immature Corduliidae sp. P x    

Libellulidae      

Agrionoptera insignis allogenes P    MA1,2 
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

ORDER HEMIPTERA      

Hydrometridae      

Hydrometra sp. P x    

Gerridae    BA, MA  

Gerridae sp. 1 P x    

Gerridae sp. 2 P x    

Veliidae      

Microvelia oceanica P x    

Microvelia spp.  P x    

Hebridae P     

Hebrus sp. 2  x    

Mesoveliidae      

Mesoveliidae spp. P x    

Corixidae    BA, MA  

Agraptocorixa sp. P, CG x    

Micronecta major P, CG x    

Micronecta sp. (A) P, CG     

Micronecta sp. (I) P, CG     

Sigara sp. P, CG x    

Sigara sp. (A) P, CG     

Sigara sp. (I) P, CG     

Corixidae sp. P, CG    BO2, MA2 

Naucoridae      

Naucoris congrex P x    

Naucoris sp. 2 P x    

Belostomatidae      

Belostomatidae sp. 1 P x    

Belostomatidae sp. 2 P x    

Notonectidae    MA  

Anisops sp. P x    

Pleidae      

Plea sp. P x    

Hemipteran sp.  x    

ORDER NEUROPTERA 

Neuroptera sp. P     

ORDER DIPTERA 

Immature Dipteran larvae  x    

Dipteran pupa  x    

Tipulidae      

Tipulidae sp. 1 CG, SH x    

Tipulidae sp. 2 CG, SH x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Tipulidae sp. 3 CG, SH x    

Simuliidae    BU  

Simulium ornatipes CF x    

Simuliidae sp. CF    MA1,2 

Immature Simuliidae sp. CF x    

Culicidae    MA  

Culicidae sp. CF, P x    

Psychodidae      

Psychodidae sp.  x    

Chironomidae    MA, BU  

Chironomid pupa CG,P x    

Subfamily Tanypodinae      

Ablabesmyia sp. P x    

Clinotanypus sp. P x    

Coelopynia pruinosa P x    

Larsia sp. P x    

Monopelopia sp. P x    

Paramerina sp. P x    

Procladius palidicola P    MA1,2 

Procladius sp. P x    

Tanypodinae sp. P x    

Subfamily Orthocladiinae       

Corynoneura  sp. CG x    

Cricotopus/ Paratrichocladius  
sp. 

CG x    

Nanocladius  sp. CG x    

Parakiefferiella  sp. CG x    

Paralimnophyes  sp. CG x    

Parametriconemus  sp. CG x    

Pseudosmittia  sp. CG    MA1,2 

Rheocricotopus  sp. CG x    

Thienemanniella  sp. CG x    

Immature Orthocladiinae sp. CG x    

Subfamily Chironominae      

Cladotanytarsus  sp. CG x    

Paratanytarsus  sp. CG x    

Rheotanytarsus  sp. CG x    

Rheotanytarsus juliae CG    MA1,2 

Tanytarsus  sp. CG x    

Tanytarsus 'K5' CG    MA1,2 

Tanytarsus 'K10' CG    MA1,2 
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Immature Tanytarsini sp. CG x    

Chironomus vitellinus CG    MA1,2 

Chironomus  sp. CG x   MA1,2 

Cladopelma curtivalva CG    MA1,2 

Cladotanytarsus 'K4' CG    MA1,2 

Cladopelma  sp. CG x    

Cryptochironomus grisiedorsum CG    MA1,2 

Cryptochironomus  sp. CG x    

Dicrotendipes  sp. CG x   MA1,2 

Harnischia  sp. CG x    

Harrisius  sp. CG    MA1,2 

Kiefferulus martini CG x    

Kiefferulus  sp. CG x    

Microchironomus  sp. CG x    

Microchironomus 'B1' CG    MA1,2 

Parachironomus  sp. CG x    

Paracladopelma 'M1' CG    MA1,2 

Paracladopelma 'M3' CG    MA1,2 

Paracladopelma  sp. CG x    

Polypedilum griseoguttatum CG    MA1,2 

Polypedilum nubifer CG x    

Polypedilum prasiogaster CG x    

Polypedilum  sp. CG x    

Stenochironomus  sp. CG    MA1,2 

Thienemanniella  sp. CG    MA1,2 

Chironominae sp. CG x    

Ceratopogonidae    MA, BU  

Subfamily Ceratopogonidae      

Ceratopogoninae sp. 1 P x    

Ceratopogoninae sp. 2 P x    

Ceratopogoninae sp. 3 P x    

Ceratopogoninae sp. 4 P x    

Ceratopogoninae genus 1 P    MA1,2 

Ceratopogoninae genus 2 P    MA1,2 

Ceratopogoninae genus 3 P    MA1,2 

Bezzia sp.      

Subfamily Forcipomyiinae      

Forcipomyiinae sp. 2 CG x    

Forcipomyiinae sp. 3 CG x    

Stratiomyidae      

Stratiomyidae sp. 1 SC, CG x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Stratiomyidae sp. 2 SC, CG x    

Stratiomyidae sp.  SC, CG    MA1,2 

Tabanidae      

Tabanidae sp. P x   MA1,2 

FAMILY EMPIDIDAE 

Empididae sp. P x    

Clinocerinae sp. P     

Sciomyzidae P     

Sciomyzidae sp. P x    

Ephydridae      

Ephydridae sp. CF x    

Ephydridae pupa CF x    

Muscidae      

Muscidae sp. 1 P x    

Muscidae sp. 2 P x    

Muscidae sp. 3 P x    

Muscidae pupa P x    

ORDER LEPIDOPTERA 

Crambidae      

MDFRC sp. 7 SC x    

sp. 2 SC x    

sp. 3 SC x    

sp. SC    MA1,2 

Nymphulinae sp.  SC    MA1,2 

ORDER TRICHOPTERA 

Hydroptilidae      

Hellyethira simplex SC x    

Orthotrichia sp. SC x    

Oxyethira columba SC     

Hydroptilidae pupa SC x    

Ecnomidae    MA, BU  

Ecnomus cygnitus P, CG, CF x    

Ecnomus pansus P, CG, CF x    

Ecnomus turgidus P, CG, CF x    

Immature Ecnomus sp. P, CG, CF x    

Ecnomus sp.  P, CG, CF    MA1,2 

Hydropsychidae      

Cheumatopsyche sp. 2 CF x    

Leptoceridae      

Oecetis sp. SH, P x   MA1,2 

Triaenodes sp. SH x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Triplectides australis SH x    

Triplectides sp. SH    MA1,2 

Immature Triplectides sp. SH x    

Immature Leptoceridae sp. CG x    

Immature Limnephilidae CG x    

Glossosomatidae      

Agapetus sp.    BU  

ORDER COLEOPTERA 

Coleopteran sp. (A)  x    

Coleopteran sp. (L)  x    

Carabidae      

Carabidae sp. 1 (A) P x    

Carabidae sp. 2 (A) P x    

Carabidae sp. 3 (A) P x    

Carabidae sp. 4 (A) P x    

Carabidae sp. (A) P x    

Carabidae sp. (L) P x    

Halipilidae      

Haliplus sp. P, CG x    

Dytiscidae      

Allodessus bistrigatus (A) P x    

Antiporus gilberti (A) P x    

Antiporus  sp. P    MA1,2 

Bidessodes  sp. P    MA1,2 

Cybister tripunctatus (L) P x    

Hydaticus pulcher (A) P x    

Hydrovatus armstrongi (A) P x    

Hydrovatus opacus (A) P x    

Laccophilus  sp. (A) P x    

Limbodessus compactus (A) P x   MA1,2 

Limbodessus  sp. 1 (A) P x    

Liodessus praelargus (A) P x    

Liodessus  sp. (L) P x    

Megaporus  sp. (L) P x    

Platynectes decempunctatus var 
polygrammus (A) 

P x    

Rhantus suturalis (A) P x    

Rhantus suturalis (L) P x    

Rhantus  sp.  P    MA1,2 

Sandracottus  sp. P    MA1,2 

Sternopriscus multimaculatus 
(A) 

P x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Dytiscidae  sp.(L) P x    

Hydraena  sp. 1 (A) SC x    

Hydraena  sp. 2 (A) SC x    

Ochthebius  sp. (A) SC x    

Hydraenidae  sp. (L) SC x    

Staphylinidae      

Staphylinidae sp. 1 (A) P x    

Staphylinidae sp. 2 (A) P x    

Staphylinidae sp. 3 (A) P x    

Staphylinidae sp. 4 (A) P x    

Staphylinidae sp. 5 (A) P x    

Staphylinidae sp. 6 (A) P x    

Staphylinidae sp. 7 (A) P x    

Staphylinidae sp. 8 (A) P x    

Staphylinidae sp. 9 (A) P x    

Staphylinidae sp. 10 (A) P x    

Staphylinidae sp. 11 (A) P x    

Staphylinidae sp. 12 (A) P x    

Staphylinidae sp. (A) P x    

Hydrophilidae      

Hydrophilidae sp. (L) P x    

Berosus approximans (A) P, CG x    

Berosus discolor (A) P, CG x    

Berosus majusculus (A) P, CG x    

Berosus sp. 4 (A) P, CG x    

Berosus sp. (L) P x    

Berosus sp. P, CG    MA1,2 

Enochrus sp. 1 (A) P, CG x    

Enochrus sp. 2 (A) P, CG x    

Helochares nr sp. (mareensis) 
(A) 

P, CG x   MA1,2 

Helochares tristis P, CG    MA1,2 

Hydrochus cf MDFRC sp. 2 (A) P, CG x    

Hydrophilus sp. (A) P, CG x    

Limnoxenus zealandicus (A) P, CG x    

Paracymus pygmaeus (A) P, CG x    

Spercheidae      

Spercheus sp. (A) P, CG x    

Nanophyidae      

Nanophyidae sp. 1 (A) P x    

Nanophyidae sp. (L) P x    
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 Functional 
Feeding 
Groups 

Bray 
(1994)  

1 

Jenkins et al. 
(2004) 

 2 

Macrae 

(2004) 3 

Fayed et al. 

(2005) 4 

Curculionidae      

Curculionidae sp. 1 (A) P x    

Curculionidae sp. 2 (A) P x    

Curculionidae sp. 3 (A) P x    

Curculionidae sp. 4 (A) P x    

Curculionidae sp. 5 (A) P x    

Curculionidae sp. 6 (A) P x    

Curculionidae sp. 7 (A) P x    

Curculionidae sp. 8 (A) P x    

Curculionidae sp. (L) P x    

Chrysomelidae    MA  

Chrysomelidae sp. 1 (A) P x    

Chrysomelidae sp. 2 (A) P x    

Chrysomelidae sp. 3 (A) P x    

Chrysomelidae sp. 4 (A) P x    

Chrysomelidae sp. 5 (A) P x    

Chrysomelidae sp. 6 (A) P x    

Chrysomelidae sp. (L) P x    

Scirtidae      

Scirtidae sp. 3 (A) CF x    

Scirtidae sp. 4 (A) CF x    

Scirtidae sp. (L) CF x    

Elmidae    MA, BU  

Elmidae sp. (L) SC x    
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