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Executive summary 

Four key environmental watering actions were monitored in the Murrumbidgee River 

system in 2013-14 which involved a combination of Commonwealth and NSW 

environmental water (> 100,000 ML). These environmental watering actions included: 

 Nimmie-Caira zone watering of lignum and black box wetlands  

 South Redbank system (Yanga National Park) watering of river red gum-spike 

rush wetlands 

 North Redbank system watering of river red gum-spike rush wetlands  

 Western Lakes system watering of creeks and lakes.  

 

The environmental watering actions aimed to support the ongoing recovery of these 

areas by contributing to maintaining and improving wetland and riparian 

vegetation diversity and condition; supporting the habitat requirements of native 

fish, waterbirds, and other vertebrates (especially frogs); the provision of 

reproduction and recruitment opportunities for riparian, floodplain and wetland 

native flora and fauna; supporting ecosystem functions such as dispersal of biota 

and transfer of nutrients and energy that relate to lateral connectivity to maintain 

populations; and improving ecosystem population resilience through ecological 

recovery and maintaining aquatic habitats. 

Monitoring activities implemented to evaluate the outcomes of Commonwealth 

environmental watering actions in the Lowbidgee wetlands (Nimmie-Caira and 

Redbank) and Western Lakes were undertaken on four occasions between 

October 2013 and April 2014. We monitored changes in key biotic parameters 

(water quality, carbon and nutrients, primary productivity, microinvertebrates, fish, 

frogs and tadpoles, turtles and waterbirds) before, during and after Commonwealth 

environmental watering actions in 2013-14 to evaluate the watering objectives 

related to wetland fauna.  

Additional monitoring of water quality, carbon and nutrient levels was undertaken in 

the Lowbidgee from December 2013 to February 2014 to inform adaptive 

management of a small return flow between the north Redbank wetland system 

and the Murrumbidgee River. The aim of this return flow was to “support ecosystem 

functions, such as dispersal of biota and transfer of nutrients and energy that relate 

to lateral connectivity” (i.e. connectivity between the river channel, wetland and 

floodplain).  
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No watering actions were – specifically targeted for the Murrumbidgee River 

Channel in 2013-14; however as the delivery of Commonwealth environmental 

water to the Lowbidgee wetlands and Western Lakes can have additional benefits 

to in-channel communities during water delivery, additional monitoring of fish 

communities and larval fish alongside monitoring of primary and secondary 

productivity was undertaken in the Murrumbidgee River between September 2013 

and January 2014. 

Commonwealth environmental watering actions in the Murrumbidgee Catchment 

were expected to contribute to “maintain and improve current extent of riparian, 

floodplain and wetland native vegetation. The majority of wetlands in the mid-

Murrumbidgee system were dry by the end of February 2012, and as no 

Commonwealth environmental watering was undertaken in 2012-13 and 2013-14, 

monitoring activities in 2013-14 focused on vegetation community composition. This 

contributed to a longer term monitoring program. No monitoring of wetland 

vegetation diversity or condition was undertaken in the Lowbidgee or Western Lakes 

in 2013-14.  

Commonwealth and NSW environmental water delivered between August 2013 and 

January 2014 inundated more than 22,500 hectares of wetland habitat in the 

Murrumbidgee River system. The Nimmie-Caira zone received inflows over winter-

spring 2013 while the South and North Redbank systems and Western Lakes were 

inundated in spring-summer 2013-14.  

In response to the delivery of environmental water, the densities of benthic 

microinvertebrates in wetlands surveyed across the Lowbidgee floodplain increased 

from October 2013 to April 2014, peaking in April 2014. Microinvertebrates are a 

critical food source for a number of taxa including larval fish and filter-feeding duck 

species. The total densities of microinvertebrate were significantly higher in the 

lignum black-box and river red gum-spike rush wetlands through the Lowbidgee 

floodplain than in either the Murrumbidgee River or the Western Lakes.  

Similar patterns in response to Commonwealth environmental water were also 

observed for native wetland fish communities throughout wetlands in the Lowbidgee 

floodplain, with the abundance of carp gudgeon increasing between October 2013 

and April 2014, and recruitment of this species observed in wetlands surveyed in the 

Nimmie-Caira, South Redbank and Western Lakes. In contrast, although there was a 
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high initial abundance of small (<30 mm) common carp individuals in monitored 

wetlands in October 2013, numbers of carp declined rapidly over the water year 

with very few individuals recorded during surveys in April 2014, indicating limited 

recruitment into the adult population.  

Riverine fish communities were surveyed once in February-March 2014 to identify 

long-term changes in fish community composition between water years. Overall 

there was an increased abundance of native species, including bony herring, carp 

gudgeon and Murray cod, and an increase in Murray cod and bony herring biomass 

compared to 2012-2013.  A number of small (<100 mm) Murray cod were captured, 

although we were unable to distinguish the origin of these fish (stocked or wild). Our 

monitoring activities in the Murrumbidgee River focused on evaluating whether 

conditions in the river had been suitable to support larval fish survival and 

recruitment of native fish species. While the Murrumbidgee River was not directly 

targeted with environmental water in 2013-14, the delivery of Commonwealth 

environmental water to floodplain habitats has the capacity to contribute to larval 

fish survival by stimulating primary and secondary productivity. 

Reproduction by cod species was strongly influenced by water temperature, and 

cod larvae (Maccullochella spp.) dominated catches during November at all in-

channel sites. Reproduction of small-bodied native species, Australian smelt, carp 

gudgeon, and flat-headed gudgeon, also occurred in both wetland and riverine 

habitats in 2013-14. Importantly, the peak abundance of drifting cod larvae 

occurred in November 2013 and coincided with peaks in key microinvertebrate prey 

resources which are needed to increase survival and maximise growth rates of larval 

fish. Modelling undertaken  reinforced that concurrent peaks in the abundance of 

larval fish and microinvertebrates densities had occurred in the Murrumbidgee River 

in 2013-14.   

Environmental water is critical to the persistence of the vulnerable southern bell frog 

populations (Commonwealth Environment Protection and Biodiversity Conservation 

(EPBC) Act 1999) across the wetlands in Nimmie-Caira and Redbank systems. 

Commonwealth environmental water was expected to support habitat requirements 

of vertebrates, as well as provide reproduction and recruitment opportunities. 

Following the delivery of Commonwealth environmental water in winter-spring 2013, 

southern bell frog calling was recorded at key sites in the Nimmie-Caira, indicating 
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the environmental watering action created breeding opportunities for this, and 

other floodplain frog species. High abundances of calling males and tadpoles of 

other floodplain frog species, including the barking marsh frog, spotted marsh frog 

and Peron’s tree frogs demonstrated that targeting Commonwealth environmental 

water to meet the requirements of southern bell frogs also provide suitable breeding 

conditions for other resident frog species.  

Three freshwater turtle species (Macquarie River, eastern long-necked and broad-

shelled turtle) were captured across the 15 survey wetlands in the lower 

Murrumbidgee wetlands and Western Lakes during sampling from October 2013 – 

April 2014 indicating that Commonwealth environmental water provided suitable 

habitat for all three species. Additionally, the presence of one Macquarie River turtle 

hatchling (Paul Coates Swamp; Redbank) and multiple eastern long-necked turtle 

hatchlings (Mercedes, Two Bridges and Riverleigh swamps; Redbank) indicate that 

low levels of breeding was occurring. 

Wetlands in the Murrumbidgee Catchment are widely recognised for their 

importance for waterbirds, providing breeding habitat for colonially-nesting 

waterbirds and habitat for waterbird species listed as threatened under the 

Commonwealth EPBC Act 1999 or under international migratory bird agreements.  

Commonwealth environmental water was expected to contribute to the survival 

and condition of waterbirds, chicks and fledglings. A total of 52 species were 

observed across 49 survey sites, including two threatened waterbird species (NSW 

Threatened Species Conservation (TSC) Act 1995) and six species listed on one or 

more international bilateral migratory bird agreements (JAMBA, CAMBA and 

ROKAMBA) recorded in wetlands that received Commonwealth environmental 

water in 2013. While waterbird diversity was high, waterbird breeding was limited, 

with only five species recorded nesting and/or with broods of young.  Analysis of the 

drivers of waterbird abundances showed that the area of wetland inundated 

positively influenced the abundance of fish-eating waterbirds, indicating that the 

volume of Commonwealth environmental water was the dominant factor 

contributing to the abundance of fish-eating waterbirds.  

Monitoring the recovery of aquatic vegetation communities in the mid-

Murrumbidgee has been undertaken since 2010. In 2011-12 Commonwealth 

environmental water was successfully utilised to improve the percent covered by 
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aquatic plants, however, follow-up watering was not undertaken in either 2012-13 or 

2013-14 due to capacity constraints in the Murrumbidgee River. In the absence of 

environmental water, there has been a significant decline in the percent cover of 

aquatic functional groups between years and an increase in the percentage cover 

of terrestrial species in the mid-Murrumbidgee wetlands.  

Implications for future environmental watering in the Murrumbidgee river system  

Environmental watering is essential for maintaining endangered wetland species 

and there are often significant flow on benefits for other wetland taxa, however, 

successful management of environmental flows depends on greater understanding 

of inundation requirements and interactions among taxa. In wetlands the availability 

of environmental water is the primary driver of all responses that occur on the 

floodplain. In the absence of environmental water there would be no aquatic 

habitat or responses from floodplain species. Importantly, however, the quality, 

outcomes and size of the ecological responses are influenced by the management 

of environmental water including identification of suitable target areas for watering 

actions, the timing of watering actions and the area of inundation (related to the 

volumes of water used).  

Key findings from our 2013-14 monitoring which will support the future management 

of environmental water in the Murrumbidgee River system were:  

 The relatively small volume and short period of return flows means the timing of 

return flow deliveries is crucial: 

o Undertaking return flows during colder months could be used to flush 

carbon and nutrients from floodplains at a time when ecosystem 

responses are minimal and reducing the risk of poor water quality in 

the main river channel during warmer months. 

o For return flows that aim to increase productivity in the Murrumbidgee 

River and increase resource availability for larval fish, future releases 

should proceed prior to the period when larval fish in the river are 

leaving nesting sites or likely to be in the ‘critical period’ of resource 

acquisition (e.g. late November). The lag time required between 

increased availability of nutrients in the river, transfer to 

microinvertebrates and uptake by larvae may be two to three months.  
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 Return flows in the Lowbidgee should include a contingency of environmental 

water to deliver a dilution fresh from an upstream weir if required and should 

only proceed if sufficient dilution volumes are available. 

 Importantly riverine monitoring in the 2013-14 water year demonstrated the 

delivery of environmental water to meet targets in the Lowbidgee floodplain 

can also contribute to positive outcomes in the Murrumbidgee River itself.  While 

it is well established that Murray cod do not require periods of high flow to trigger 

breeding, flow peaks prior to breeding, particularly those that reconnect 

adjacent wetlands, may be important in simulating riverine productivity and 

food availability. 

 Future watering of mid-Murrumbidgee wetlands can provide key nursery 

habitats for small-bodied native fish species, however, to benefit native fish 

populations this requires connectivity between the wetlands back into the river 

channel before the wetlands dry out. 

 Outcomes from the 2013-14 environmental watering actions through the 

Nimmie-Caria zone demonstrated the value of spring and summer watering for 

the southern bell frog and other more generalist frog species across the 

floodplain.  Poorer outcomes were observed in the Redbank zone where bell 

frog populations have declined since monitoring was initiated in 2007. The 

causes for this decline are not understood. Ensuring key bell frog sites receive 

inflows over spring-summer and water levels are maintained over summer 

months is crucial for maintaining viable populations in the Lowbidgee system.  

 Based on current understanding, environmental watering actions are most likely 

to benefit turtles when they are used to maintain refuge habitats and sustain key 

nursery habitats. Reconnection flows may also be important to allow movement 

of Macquarie River turtle hatchlings. 

 The timing of inundation is also a key trigger for waterbird breeding activity. 

Although there have been small numbers of nesting colonial waterbirds (10-80 

nests) in the mid and lower Murrumbidgee over 2011-12 and 2012-13, there has 

not been a significant waterbird breeding event since 2010-11. Environmental 

flows that are being delivered to provide waterbird breeding and feeding 

habitat in the Murrumbidgee catchment should be timed where possible in late 
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winter – early spring to match the timing of natural flood events. This timing is 

likely to be beneficial for colonial breeding species and increase the likelihood 

of a successful nesting event by minimising the risk of rapid draw down of water 

levels that can occur during extremely hot summer temperatures. 

 Vegetation communities throughout the mid-Murrumbidgee wetlands have 

been substantially altered as a result of prolonged drying and this alteration has 

affected the rate of change in overall percent cover as well as the change in 

community composition since 2011. It is important to set environmental watering 

objectives that specifically target the recovery of historically dominant species 

such as tall and short spike rush. To be effective, environmental watering actions 

that restore some components of the natural hydrograph to pre-2000 conditions 

should be a priority for this zone. This would include the provision of annual 

reconnections to the mid-Murrumbidgee wetlands as a priority action in all but 

the driest years. 
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1 Introduction 

This report outlines the outcomes of Commonwealth environmental watering actions 

in the Murrumbidgee system from June 2013 to April 2014. The 2013-14 intervention 

monitoring project builds on work previously undertaken in the Murrumbidgee e.g. 

(Wassens, Watts et al. 2012, Wassens, Jenkins et al. 2013). The report details analysis 

of the outcomes of the 2013-14 monitoring project in the context of previous years of 

environmental watering where data is available.  

2 Commonwealth environmental watering actions 

Environmental Watering actions 2013-14 

Four key environmental watering actions were undertaken in 2013-14, involving a mix 

of Commonwealth and NSW environmental water. These were:  watering of river red 

gum-spike rush wetlands through the south Redbank system in Yanga National Park 

and of the private properties on the north Redbank system, watering of lignum and 

lignum black box wetlands through the Nimmie-Caira system and watering through 

lakes and creeks in the Western Lakes system. Monitoring of these wetland systems 

focused on the response of fish, frogs, turtles, waterbirds, vegetation as well as a 

suite of primary and secondary productivity covariates. No watering actions were 

undertaken in the Murrumbidgee River, but the delivery of environmental water to 

the wetlands in the Lowbidgee wetlands and Western Lakes can influence 

discharge and water levels within the Murrumbidgee River. As a consequence, 

monitoring of fish communities and larval fish along with critical covariates including 

primary and secondary productivity were undertaken to identify potential for in-

channel benefits of Commonwealth environmental water during its delivery to 

targeted wetlands.  

The principle objective of watering wetlands in the Nimmie-Caira and (north and 

south) Redbank (Option 6 - Lowbidgee wetlands) was to “inundate wetlands to 

maintain and improve wetland vegetation diversity and condition, and provide 

habitat to support and maintain the condition of native fish, waterbirds, and frogs”. 

For the Western Lakes watering action (Option 7 - wetlands west of the North 

Redbank channel) the principle objective was to “contribute to inundation of 

wetlands and lakes to promote continued recovery of riparian and wetland 
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vegetation, and to provide habitat for waterbirds and native aquatic fauna”. Water 

delivery volumes monitored were a combination of entitlements: Commonwealth 

Environmental Water Holder (CEWH) General Security (GS) (92,059ML), CEWH 

Supplementary (SUPP) (6,967 ML), and planned NSW Environmental Water Allocation 

(EWA) (Table 1). Further Commonwealth environmental water was delivered in 

autumn-winter, however these flows were not monitored, 

 
Table 1 Lowbidgee floodplain 2013-2014 environmental water use by entitlement (updated 

to 27/06/14*) and total cumulative area of wetland inundated during each watering period. 

From Thomas and Heath (2014). 

Wetland 

Zone 

Event Name Start – 

End Date 

Water Use Volume (ML) Wetland 

site 

Inundated 

Area (ha) 

   NSW 

EWA 

CEWH 

GS 

CEWH 

SUPP 

Total    

Nimmie-

Caira 

Loorica Lake via 

Avalon  

26/08/13-

06/10/13 

- 1,217 4,000 5,217 Avalon 

Swamp 

34 

Loorica 

Lake 

154 

        

Eulimbah 

Swamp 

26/08/13-

06/10/13 

- 842 2,967 3,809 Eulimbah 475 

Nap Nap 

Swamp 

01/11/13-

14/11/13 

146 2,000  2,146 Nap Nap 

Swamp 

178 

         

Western 

Lakes 

Narwie-Penarie 

Creek 

11/10/13-

05/12/13 

4,850 3,000 - 7,850 Narwie 

West 

159 

Yarrowal 

Creek 

43 

Paika 

Creek 

50 

Paika Lake 475 

Cherax 

Swamp 

81 

Hobblers 

Lake 

36 

Penarie 

Creek 

96 

         

Redbank North Redbank 14/10/13-

30/01/14 

9,010 50,000 - 59,010 North 

Redbank 

multiple 

wetlands 

9,185 

South Redbank 20/11/13-

09/01/14 

25,935 5,000 - 30,935 Northern 

Yanga NP 

multiple 

wetlands 

6,089 

  1/11/13- 

18/1/14 

34,440 30,000  64,440 Southern 

Yanga NP 

multiple 

wetlands 

5,850 
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Nimmie-Caira 

Environmental water targeting Loorica Lake, Avalon Swamp and Eulimbah Swamp 

commenced on the 26 August 2013 and was delivered for eleven days (Figure 1 and 

Table 1). Total Commonwealth environmental water usage to Loorica Lake and 

Avalon Swamp was 5,217 ML inundating 154 ha and 34 ha of each wetland, 

respectively (Figure 2a). Over the same time period a total of 3,809 ML of 

Commonwealth environmental water  was delivered to Eulimbah Swamp inundating 

475 ha (Figure 2b). Environmental water was delivered to Nap Nap Swamp during 

the first two weeks of November 2013 totaling 2,416 ML (2,000 ML CEWH GS) 

inundating 178 ha of wetland habitat. There were further environmental water 

deliveries into the Nimmie-Caira wetlands over April-June 2014 but these were not 

monitored. 
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Figure 1 (a) Mean daily discharge in the Murrumbidgee River at Narrandera and Darlington 

Point between 1 July 2010 to 30 April 2014 with base flows (dash-dot line) and upper and 

lower commence to fill (CTF) levels. Horizontal bars show Commonwealth and NSW water 

actions in 2011-12, 2012-13 and 2013-14. (b) Mean daily discharge in the Murrumbidgee River 

at Carrathool and Redbank Weir and on the North Redbank Channel at Glendee in relation 

to the timing of environmental water delivery to wetland zones Nimmie-Caira (NC), Western 

Lakes (WL) and Redbank (RB) from 1 July 2013 to 30 April 2014. From Thomas and Heath 

(2014).  

b. 
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Figure 2 Inundated areas of Nimmie-Caira wetlands: (a) Loorica Lake and Avalon Swamp 

mapped from Landsat satellite imagery (22/09/13) and; (b) Eulimbah (mapped 22/09/13) 

and Nap Nap Swamp (mapped 17/11/13). From Thomas and Heath (2014). 

a. 

b. 
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Western Lakes 

Between 11th October and 5th December 2013 the Western Lakes received 7,850 

ML of environmental water, 3,000 ML from CEWH and 4,850 ML from the NSW EWA 

(see Table 1). This flow inundated wetlands of Narwie West, Yarrowal Creek and 

Paika Creek in late October 2013 with areas inundated up to mid-November 2013 

(Figure 3). Inflows also maintained water levels in Paika Lake (475 ha) which retained 

water from the previous year’s filling. Cherax Swamp (81 ha), Hobblers Lake (36 ha), 

and Penarie Creek (96 ha) also expanded from their winter inundation extents 

during November and December 2013.  There were further environmental water 

deliveries into the Western Lakes over March-May 2014 but these were not 

monitored (Figure 3).  

 

Figure 3 Inundated areas of wetlands west of the North Redbank channel: 1-Narwie West 

and 2- Yarrowal Creek; and the Western Lakes: 3 - Paika Creek, 4 - Paika Lake, 5 - Cherax 

Swamp, 6 - Hobblers Lake and 7 - Penarie Creek mapped from Landsat satellite imagery 

between 01/11/13 and 27/12/13. From Thomas and Heath (2014). 
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Redbank (North and South) 

Environmental water deliveries into the Redbank zone commenced in mid-October 

2013 with a total of 59,010 ML (55,000 ML of CEWH GS allocation) delivered over a 

three and a half month period (see Table 1 and Figure 1). This action inundated a 

cumulative total area of 15,274 ha of the river red gum-spike rush wetlands between 

1st November 2013 and 28th January 2014 (Figure 4). There were two distinct watering 

events, one in the north Redbank system (October 2013 – January 2014) and the 

second in the south Redbank system (November 2013 – January 2014). 

Inundation first occurred in the southern section of north Redbank in November 2013 

through targeted delivery via the north Redbank channel whereas inundation in the 

northern section of the north Redbank occurred after the inflow pulses during 

December 2013 and January 2014 (Figure 4). In south Redbank, the watering action 

targeting north Yanga involved the delivery of 5,000 ML of CEWH GS and 25,935 ML 

of NSW EWA which commenced in late November 2013 and inundated a 

cumulative total area of 6,089 ha by the end of January 2014. North Yanga was first 

inundated on 25th November 2013 and (Figure 1) by the end of December 2013 

there was significant inundation which was retained and further expanded upon 

throughout January 2014. Significant environmental water volumes (CEWH – 30,000 

ML and NSW EWA- 34,440 ML) inundated the wetlands of south Yanga during the 

November 2013 - January 2014 period (Figure 4, Table 1), however, the on-ground 

ecological response of this watering action was not monitored. 



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

8 
 

 

Figure 4 Cumulative progression of inundated areas for North Redbank and South Redbank 

(North Yanga, hatched) over the three months of November 2013 (mapped 01/11/13, 

17/11/13, 25 11/13), December 2013 (mapped 27/12/2013) and January 2014 (mapped 

12/01/14, 20/01/14, 28/01/14). From Thomas and Heath (2014). 
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3 Ecosystem responses to Commonwealth environmental 

water 

3.1 Monitoring overview 

Monitoring activities were established across the Murrumbidgee River system and 

connected wetlands (wetlands) (see Appendix 7.1) (Figure 5) and focus on three 

key regions (Figure 6): 

 Assessment of ecological responses in the Murrumbidgee River during the 

delivery of environmental water to wetlands through the Lowbidgee and 

Western Lakes, with a focus on changes in nutrient and carbon levels, primary 

productivity, microinvertebrates, larval fish and adult fish communities. 

Monitoring activities are focused on the areas between Wagga Wagga and 

sites downstream of Balranald, including frequently connected wetlands in 

the mid-Murrumbidgee zone between August 2013 and January 2014. 

 Assessment of the ecological response of wetland communities, with a focus 

on changes in nutrient and carbon levels, primary productivity, 

microinvertebrate, fish, tadpole, frog, turtle and waterbird communities 

following environmental watering actions through the Lowbidgee wetlands 

(Nimmie-Caira and Redbank systems) between Maude and Balranald, and 

the Western Lakes located north west of Balranald (Figure 6). Additional 

monitoring of water quality, carbon and nutrient levels was also undertaken 

to inform adaptive management of a small return flow between the north 

Redbank wetland system and the Murrumbidgee River. 

 Assessment of long-term changes to vegetation communities through the 

mid-Murrumbidgee wetlands between Narrandera and Carrathool. 
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Figure 5 Conceptual representation of monitoring activities across river and wetland survey 

sites. * Selected mid-Murrumbidgee wetlands only. YOY = young of the year.  
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Figure 6 General distribution of monitoring sites   
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Water quality 

   

Measuring water quality at Loorica Lake, Nimmie-Caira system. 

 
Water quality parameters: temperature (°C), electrical conductivity (EC, μS/cm), turbidity 

(NTU), pH and dissolved oxygen (mg/L) were routinely measured in association with larval fish 

monitoring (fortnightly sampling between August 2013 and January 2014) and wetland 

monitoring (sampling every two months between October 2013 and April 2014). This section 

provides a general overview of water quality in the Murrumbidgee River, Lowbidgee 

wetlands and Western Lakes as a critical covariate contributing to ecological outcomes for a 

range of other measured ecological responses. These data are discussed further with respect 

to flow and other related parameters.  
  

Key findings 

 All river sites exhibited similar trends with respect to temperature, conductivity, 

turbidity and dissolved oxygen as expected for lowland rivers.  

 Water quality was highly variable in wetland sites and ranged between good and 

poor depending on the degree of drying and the type of wetland. 

 Many sites exhibited low dissolved oxygen consistent with naturally occurring 

blackwater conditions, though the severity of hypoxia may have been exacerbated 

by past flow regimes and land use activities on the floodplain. 
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3.2 Water quality 

Introduction 

The physiochemical (also abiotic) properties of water are naturally variable over 

time, reflecting changes in air temperature, discharge, patterns of wetting and 

drying, aquatic photosynthesis and salinisation. Aquatic organisms present within a 

wetland are adapted to tolerate a degree of variability in physicochemical 

conditions (Poff, Allan et al. 1997), however exceeding tolerance limits can cause 

sub-lethal impacts (i.e. impaired growth or reproduction) or mortality (Heugens, 

Hendriks et al. 2001, Bunn and Arthington 2002). In this manner, water quality is an 

important covariate influencing the suitability of habitats for native wetland fauna. In 

this section we provide a general summary of the key physicochemical 

measurements, related to water pH, conductivity, turbidity, temperature and 

dissolved oxygen in river and wetland sites surveyed in 2013-14.  

Methods 

Water quality parameters, temperature (°C), electrical conductivity (EC, μS/cm), 

turbidity (NTU), pH and dissolved oxygen (mg/L), were routinely measured in 

association with both larval fish monitoring (fortnightly between August 2013 and 

January 2014) and wetland monitoring (October and December 2013, and February 

and April 2014). Methods used to measure water quality are described in (Wassens, 

Jenkins et al. 2013). Dissolved oxygen is particularly variable in wetlands, peaking 

between midday and late afternoon and dropping to a minimum at night. To 

capture this range of variability, dissolved oxygen was also measured at ten minute 

intervals at each wetland for twelve hours. Data were collected using an EXO 2 

water quality sonde (YSI; October, December 2013 and February 2014) and a D-

Opto dissolved oxygen logger (Zebra Tech; April 2014). 

Results and discussion 

Mid-Murrumbidgee River  

All sites exhibited similar trends with respect to temperature, conductivity, turbidity 

and dissolved oxygen. The most upstream site at Berry Jerry had consistently higher 

rates of discharge (based on Wagga Wagga gauge), lower water temperatures 

and lower turbidity than the four downstream sites (Figure 7). Daily river temperature 
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increased steadily between August 2013 and January 2014, and was above the 

threshold for cod spawning (>16 oC) by mid-September 2014, a month later than 

during 2012-13 (Wassens, Jenkins et al. 2013). Temperatures at Berry Jerry were 

consistently colder than other sites downstream (Figure 7). 

Conductivity was within the expected range of values for inland waters (0.125 – 

2.200 mS/cm; ANZECC 2000). Values were highest initially, declining until late 

October 2013 and staying low for the remainder of the study. Dissolved oxygen was 

more variable than other water quality parameters and generally declined across 

time. As for other parameters, dissolved oxygen was often lower at Berry Jerry than 

other river sites downstream, but peaked in late September 2013. There were two 

additional peaks in dissolved oxygen at the two middle sites (Gooragool (RivGOO) 

and Sunshower (RivSUN), Figure 7). 
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Figure 7 Time series plots of measured water quality parameters and river discharge (mean 

daily flows) at larval fish monitoring sites (fortnightly measurements between 26 August 2013 

and 16 January 1014). Units on the y-axis are temperature = oC, conductivity = mS/cm, 

turbidity = NTU, dissolved oxygen = mg/L, discharge = ML/d. Discharge measurements are for 

the Narrandera (NARRD) and Carrathool (CARRT) gauges.  

 

Wetlands 

As expected, water temperatures were similar in wetlands across the five 

management zones (Redbank (north and south), Nimmie-Caira, the Western Lakes 

and Murrumbidgee River) (Figure 8; Pseudo-F = 0.52194, P(perm) = 0.672). 

Conductivity was significantly higher in the Western Lakes than other zones (Pseudo-

F = 3.8045, P-perm = 0.001), though values for Cherax Swamp were lower than other 



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

16 
 

lakes in this system. Conductivity also increased through time as sites dried between 

December 2013 and April 2014, particularly for Loorica Lake (Figure 8). Top-up flows 

to Avalon Swamp, Eulimbah Swamp and Paika Lake, after February 2014 reduced 

conductivity measured at these sites during subsequent sampling in April 2014.  

Overall, turbidity was significantly higher in the Nimmie-Caira relative to other 

wetland zones (Pseudo-F = 3.8045, P(perm) = 0.001), with peak values observed at 

Avalon Swamp during February 2014 (up to 1,400 NTU). Peak dissolved oxygen did 

not differ significantly among zones (Pseudo-F = 1.187, P-perm) = 0.345). The highest 

values were observed during February and April 2014. Minimum dissolved oxygen 

was significantly lower in Redbank (Pseudo-F = 6.1985, P(perm) = 0.001) than in the 

Nimmie-Caria and Western Lakes. The relatively high minimum dissolved oxygen 

observed during October 2013 was due to a small number of Redbank sites having 

been watered at that time (Table 1). Although oxygen data presented here 

exceeds both the upper and lower ANZECC water quality guidelines for inland 

waters (~8.2–9.5 mg/L or 85–120 % saturation)(ANZECC water quality guidelines 

2000), extremes in dissolved oxygen levels are not unusual for highly productive 

inland wetlands. 
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Figure 8 Boxplots (showing the full range of variation from minimum to maximum and the 

typical value (mean)) of water quality parameters in wetlands of the Lowbidgee and 

Western Lakes between August 2013 and April 2014. Units on the y-axis are temperature = oC, 

conductivity =mS/cm, turbidity = NTU, dissolved oxygen [DOmin/DOmax] = mg/L.  
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Nutrients, carbon and productivity 

   

Photosynthetic algae Volvox sp. is a source of Chlorophyll a 

Nutrients, carbon and chlorophyll-a are key covariates that account for variability in  

primary producers (e.g. photosynthetic algae and plants) and dependent higher-trophic 

indicator organisms such as invertebrates and fish (Wassens, Jenkins et al. 2013). Monitoring 

concentrations of nutrients and dissolved organic matter (DOM) provides information on 

fundamental ecological patterns and processes enabling the evaluation of outcomes of 

Commonwealth environmental watering on the key objective of supporting “ecosystem 

functions, such as dispersal of biota and transfer of nutrients and energy that relate to 

lateral connectivity (i.e. connectivity between the river channel, wetlands and floodplain) 

to maintain populations”. Concentrations of nutrients, dissolved organic carbon and 

Chlorophyll-a were sampled routinely during larval fish (fortnightly samples from five sites 

between August 2013 and January 2014) and wetland monitoring (sampling every 2 

months at fifteen sites between October 2013 and April 2014). 

 

Key findings 

 There were two key peaks in nutrient levels which coincided with increasing water 

levels in the Murrumbidgee River. This was explained by increasing water levels 

during environmental flow delivery which resulted in the inundation of dry sediments 

and the release of nutrients.   

 Higher concentrations of highly available inorganic nitrogen in wetland compared 

with river habitats demonstrated enhanced biogeochemical processing; a key 

ecosystem function of wetlands. 

 The use of Commonwealth environmental water in the Lowbidgee wetlands 

enabled the development of productive wetland ecosystems capable of 

supporting diverse food webs, including algae and microinvertebrates that support 

biota at higher trophic levels such as fish and waterbirds. 

 Chlorophyll-a was much higher at wetlands than at river sites, demonstrating the 

value of wetlands as productive habitats for ecosystem growth and recruitment. 
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3.3 Nutrients, carbon and primary productivity 

Introduction 

Nutrients and carbon (and their chemical forms) are a key factor driving primary 

productivity, for example the growth of photosynthetic algae and plants (Kobayashi 

(Kobayashi, Ryder et al. 2009, Kobayashi, Ralph et al. 2013). This, in turn, feeds the 

complex food-web of algae and microinvertebrates that support biota at higher 

trophic levels such as fish and waterbirds. Communities of phytoplankton (diatoms 

and algae in the water column) can expand rapidly when temperatures and 

nutrients increase, driving changes in food resource availability. As producers of 

oxygen, changes in phytoplankton abundance and activity can also affect water 

quality. 

Chlorophyll-a is the dominant photosynthetic pigment in plants and algae. 

Monitoring water-column Chlorophyll-a (i.e. phytoplankton) at river and wetland 

sites provides an indication of the level of primary production and algal biomass 

over time (Wetzel and Likens 2000). During this study, Chlorophyll-α was measured in 

conjunction with water quality, nutrients, microinvertebrates, larval fish, adult fish and 

other vertebrates. The complex interaction between these components of the food-

web and the relative contribution that primary productivity makes in supporting 

larval fish is considered in Section 4. 

Environmental flows can cause chemical and physicochemical changes in rivers 

and wetlands that trigger changes in the availability of nutrients and carbon, as well 

as the biomass and community composition of phytoplankton (and other algae). In 

some instances, where floodplains have been dry for extended periods before re-

wetting, large amounts of organic carbon can accumulate in floodplain wetlands 

being released as dissolved organic carbon (Robertson, Bunn et al. 1999). Under 

certain conditions, these very high organic matter inputs coupled with high water 

temperatures can lead to a rapid increase in microbial metabolism that decreases 

the concentration of dissolved oxygen (often referred to as hypoxic blackwater 

events) (Howitt, Baldwin et al. 2007, Hladyz, Watkins et al. 2011). While excessive 

inputs of nutrients and carbon can sometimes contribute to a temporal decline in 

water quality, the ecological benefits of environmental waters to hydrologically 
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stressed floodplain wetlands would certainly outweigh such potential extreme 

responses (Wassens, Jenkins et al. 2013). 

Methods 

Nutrients, dissolved organic carbon and Chlorophyll-a were sampled routinely in the 

Murrumbidgee River during larval fish river (fortnightly samples from five sites 

between August 2013 and January 2014) and wetland monitoring (sampling every 

two months at fifteen sites between October 2013 and April 2014). Methods for 

nutrient, carbon and chlorophyll-a sampling are described in (Wassens, Jenkins et al. 

2013). 

Results 

River larval fish sampling – nutrients, carbon and Chlorophyll-a  

Broadly the change in concentrations of nutrients and carbon at the five river sites 

fell into two groups; sites upstream of Darlington point (Berry Jerry, Goorogool and 

Sunshower) and sites downstream of Darlington point (Yarrada and Mckennas). 

There was a two-fold increase in nutrient concentrations in late September 2013 

across all the three most upstream sites (Berry Jerry, Gooragool and Sunshower) and 

another smaller peak in total dissolved nitrogen and oxidised nitrogen (NOx = 

Nitrate+Nitlite) during late October 2013 (Figure 9), while concentrations at the 

downstream sites were lower and more stable over time. Chlorophyll-a 

concentrations were lowest at the most upstream site Berry Jerry, but all five sites 

followed a broadly similar trend, with small peaks occurring in mid-September 2013 

and again in January 2014.  

 

Wetland sampling - nutrients, carbon and Chlorophyll-a 

There was considerable variation in nutrient and carbon concentrations among 

wetland zones and over time. In general, concentrations of oxidised nitrogen (NOx), 

total dissolved nitrogen (TDN), dissolved organic carbon (DOC) and Chlorophyll-a 

increased over time and become more variable between wetlands within zones, as 

indicated by the increasing size of the boxes shown in Figure 10. Nutrient levels were 

typically very low at the river sites aligned with wetland sample points in the 

Lowbidgee, except for oxidised nitrogen in February and April 2014.  
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Figure 9 Line plots Nitrate+Nitrite (NOx), total dissolved phosphorus, total dissolved nitrogen 

and dissolved organic carbon and Chlorophyll-a at larval fish monitoring sites (river at: rivBEJ 

= Berryjerry, rivGOO = Gooragool, rivSUN = Sunshower, rivYAR = Yarrada, rivMCK = 

McKenna’s) in the Mid-Murrumbidgee River. Discharge data (bottom panel) is mean hourly 

discharge for the WAGGA = Wagga Wagga, DARLP = Darlington Point and CARRT = 

Carrathool gauges. Sampling was carried out fortnightly between 26/8/13 and 16/1/14. 

Except for river discharge (ML/day), all values are in μg/L. 
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Figure 10 Box plots (showing the full range of variation from minimum to maximum and the 

typical value (mean)) of oxidised nitrogen (NOx), total dissolved phosphorus (TDP), total 

dissolved nitrogen (TDN), dissolved organic carbon (DOC) and water column chlorophyll-a in 

Lowbidgee wetland sites between October 2013 and April 2014. All values on the y-axis are in 

μg/L. 

 

Discussion 

Mid-Murrumbidgee River 

The decline in nutrient concentrations from August to November 2013 was similar to 

that seen during 2012-13 see (Wassens, Jenkins et al. 2013) although the rate of 

decline was faster. The mid-Murrumbidgee contains many fringing wetlands, riparian 

zones and flood-runners that may have been connected to the river by these 

natural events, triggering aquatic processes at the water-sediment interface and 

within the water-column (Baldwin and Mitchell 1999, Knowles, Iles et al. 2012) and 

transporting nutrients into the river channel with water returning to the river.  
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There were two pulses in chlorophyll-a, although the relative magnitude of these 

peaks was minor. There was some evidence increases in flow height changes lead 

to decreased chlorophyll-a, consistent with a dilution effect.  Despite this variation 

across time, chlorophyll-a generally varied in the same direction across all sites, 

suggesting controls on chlorophyll-a were operating at broad spatial scales (i.e. 

changes in flow, climate, or water quality (discussed in section 3.2).  

Wetlands 

As expected, total nutrient and carbon concentrations were higher in wetlands than 

river sites, while oxidised nitrogen concentrations were higher in the river reflecting 

trends observed in 2012-13. The increasing concentrations of nutrients over time can 

occur as a result of evaporation concentrating material in the water column as the 

wetlands dry. Like nutrients and carbon, chlorophyll-a concentrations were also 

significantly higher in wetland than river sites, supporting the prediction that 

wetlands provide more productive habitat for recruiting species. Environmental 

watering of the Lowbidgee system in 2013-14 facilitated ecosystem functioning, 

enhancing habitat suitability for high ecological value species that rely on wetland 

food-webs.  
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Return flows 

   

Water flowing from the Baupie Escape during a trial release in 2013-14 

 

Following the watering of the north Redbank system with Commonwealth environmental 

water in 2013-14 (section 3.3) return flows were planned to be released from a regulator at 

the south-western end of the north Redbank system (the Baupie Escape). This proposed use 

of environmental water aimed to support ecosystem functions, such as dispersal of biota 

and transfer of nutrients and energy, that relate to lateral connectivity (i.e. connectivity 

between the river channel, wetlands and floodplain) to maintain populations of riverine 

native fish. Due to potential water quality risks, the action was suspended. In this section, 

we describe the water quality observed in the north Redbank system leading up to the 

planned return flows as well as the research program designed to monitor the above 

expected outcome.  

  

Key  findings 

 Monitoring results support the decision to withhold return flows in 2013-14 based on 

the likelihood of adverse water quality conditions in the Murrumbidgee River and 

the limited likelihood of ecological benefits if a return flow was undertaken. 

 Future return flows could be used to achieve different ecological outcomes by 

manipulating the timing of releases and mimicking the role of multiple natural 

reconnection events in a given water year. 
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3.4 Return flows 

Introduction 

Returns flows are a means of replicating the two-way transfer of water, nutrients 

energy and biota that historically occurred during periods of moderate to high flows 

along the Murrumbidgee River (Page, Read et al. 2005, Frazier and Page 2006). The 

ecological benefits of river-floodplain connections stem from complementary 

processes that operate in both rivers and wetlands. Rivers provide the necessary 

flows and seeding of water-dependent species (e.g. fish) that reproduce in 

wetlands. These fish are then transferred along with nutrients and carbon in energy 

to augment populations and processes in the river (Ward, Tockner et al. 2001, 

Sheldon, Boulton et al. 2002, Lyon, Stuart et al. 2010). 

The outcomes of return flows are influenced by three key factors: the condition of 

the floodplain, timing of initial inundation and subsequent releases, and the volumes 

of water leaving the wetlands relative to the discharge rates in the river.  The 

condition of the floodplain is particularly important and is influenced by the flooding 

history, land-use and the degree of leaf litter accumulation. This in turn influences the 

amount of carbon and nutrients released during inundation and the quality of 

vegetation communities including the presence of rhizomes and seedbanks which 

can conversely determine the rate of nutrient uptake and storage. These aspects 

determine the suitability of habitat for floodplain fauna, as well as egg banks which 

influence the density and composition of microinvertebrates across the floodplain. 

As noted in Section 3.3 excessive leaf litter accumulation can result in higher 

concentrations of nutrients and carbon into floodplain water than would be 

experienced naturally (Howitt, Baldwin et al. 2007).  

Managing environmental water in a manner that restores connectivity between 

wetlands and the river also enables nutrient and carbon-rich water released from 

accumulated leaf litter and woody debris to move from the floodplain into the river 

(i.e. “return flows”), recreating some aspects of lost river-floodplain connectivity on a 

small scale. Timing also influences the outcomes of return flows, as during colder 

months, microbial activity related to the rapid consumption of carbon and 

subsequent depletion of dissolved oxygen is limited meaning that return flows can 

potentially be used to flush carbon from floodplains without risking adverse water 
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quality conditions developing in the receiving river (Wassens, Watts et al. 2012). 

When released during warmer months, particularly during periods that are significant 

to the lifecycles of aquatic species, return flows have the potential to support 

production and growth of native species. In some circumstances, the benefits to in-

channel biota are carefully balanced against the risks of blackwater events during 

warmer seasons.  

This section describes the outcomes of a small return flow planned from the north 

Redbank system in 2013-14 to support ecosystem functions, such as dispersal of biota 

and transfer of nutrients and energy that relate to lateral connectivity (i.e. 

connectivity between the river channel, wetland and floodplain). We discuss the 

potential management implications of the planned event, based on nutrient 

concentrations measured in the wetlands and river where the connection was 

planned which was via the Baupie escape, in the south-western end of the north 

Redbank system. 

Methods 

Routine monitoring was conducted at three wetland locations in the north Redbank 

system Paul Coates Swamp (top of system), Steam Engine Swamp (middle) and 

Riverleigh Swamp (end of system). Flows through the north Redbank system 

terminated at the Baupie Escape Regulator, located 7.5 river kilometres upstream of 

Balranald, and approximately 500 m from the wetland monitoring site at Riverleigh. 

In anticipation of return flows, D-Opto dissolved oxygen loggers (Zebra Tech) were 

placed at Steam Engine Swamp and at the Baupie Escape to continuously record 

dissolved oxygen and water temperature. Loggers were also deployed in the 

adjacent river sites. 

On 12 December 2013, a small (50 ML/d) 12-hour trial return flow was made to test 

potential dissolved oxygen impacts in the river. Additional spot measurements of 

dissolved oxygen were taken at this time as part of the blackwater risk assessment. 

Both operational (to protect water management infrastructure) and planned return 

flows were expected on multiple occasions between late November 2013 and early 

February 2014. Due to high day-time temperatures and uncertainty about rates of 

overland movement of water, operational releases were not required and no return 

flows were attempted in 2013-14. 
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Results 

Nutrient and carbon concentrations 

Concentration of total phosphorus, total nitrogen, and dissolved organic carbon 

(DOC) were higher in the middle of the system at Steam Engine Swamp e.g DOC of 

110 mg/L compared to 27 mg/L at Riverleigh Swamp at the end of the system, while 

DOC concentration in the river were consistently low and only 3.85 mg/L (Figure 11).  

Using the above concentrations, an expected daily return flow volume of 150 ML/d 

and actual discharge figures at Balranald Weir (from NSW Water Info), potential 

carbon concentrations in river water as a result of return flows were calculated 

based on simple dilution. Results show that DOC concentrations in the river could 

have increased from a nominal baseline of 3 mg/L per day to an average of 7.6 

mg/L had the release occurred in December, 9.9 mg/L in January 2014, and 7.8 

mg/L in February 2014. All of these levels are low and would not have posed a risk to 

biota in the river. 
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Figure 11  Total phosphorus (ug/L), total nitrogen (ug/L) and dissolved organic carbon (mg/L), 

at wetland sites and the adjacent river along the north Redbank system during 2013-14. PCS   

Paul Coates Swamp (top of system),  STE Steam Engine Swamp ( middle) and RIV Riverleigh 

Swamp (end of system),  and RivUBE0 river site was immediately upstream of the Baupie 

Escape. 

 

Continuous water quality monitoring 

Dissolved oxygen (DO) concentrations are influenced by primary productivity (e.g 

photosynthesis) during the day and respiration which, in the absence of daytime 

primary production, dominates during the night.  Night time DO concentrations were 

far lower in both north and south Redbank than for other wetland zones (routine 

monitoring data, Section 3.2) suggesting high rates of respiration and indicating the 

potential for negative impacts on aquatic fauna.  Continuous logging of dissolved 

oxygen concentration (DO) at Baupie Escape when flows reached the escape in 
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mid-November 2013 shows that both day and night DO concentrations were initially 

very low, while day time DO levels increased steadily across time DO concentrations 

at night remained low (hypoxic) throughout the survey period (typically <2 mg/L) 

(Figure 12). In contrast, DO was comparatively stable in the river, with less diurnal 

variation. DO levels declined between November 2013 and February 2014 as river 

levels fell and water temperature increased dropping to below 5 mg/L in early 

February 2014 (this was also observed at the Balranald gauging station; 

www.waterinfo.nsw.gov.au). 

 

 

 

Figure 12 Time series plots of dissolved oxygen (mg/L), and temperature (degrees Celsius) at 

Riverleigh swamp (green) and the adjacent Murrumbidgee River (brown) between early 

November 2013 and February 2014.  The bottom panel shows mean daily discharge for the 

Murrumbidgee River at Balranald. The vertical line shows the approximate time for the trial 

release. 
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Trial release 

During the trial release, dissolved oxygen concentrations measured by handheld 

meters showed values of 5.60 mg/L in water escaping from the wetland, 7.00 mg/L in 

escaping water at the bottom of the escape cascade, and 8.50 mg/L in the river, 

indicating that aeration by the escape increased DO concentrations by 1.4 mg/L. 

No change in dissolved oxygen or DOC concentrations were detected 500 m and 1 

km downstream as a result of the release (data not shown). 

Blackwater risk assessment 

Data for carbon concentration (river and wetland), dissolved oxygen (river and 

wetland), temperature (river and wetland) regulator height (~3m above river level), 

river discharge and temperature was used as inputs into the blackwater risk 

assessment tool (sensu (Whitworth, Baldwin et al. 2013). Calculations verify the 

observed increase in oxygen below Baupie Escape during the trial release could be 

caused by reaeration (i.e. the transfer of atmospheric oxygen during high energy 

flow). At the time of the planned release in early December 2013, calculations 

predicted a release volume of 150 ML/d could cause a decrease in river dissolved 

oxygen from 6 to 5.93 mg/L. 

Dissolved oxygen is generally thought to impact large aquatic fauna below 4 mg/L 

and be lethal below 2 mg/L (Gehrke 1988). In late December 2013 river discharge 

fell, reaching a low ~264 ML/d on 30/1/14, while night time dissolved oxygen 

readings in the river declined to ~5 mg/L. If the 150 ML/d volume had been 

discharged at this time, dissolved oxygen in the river may have fallen to 3.55 

mg/L/day. However, such an event would have been limited in both time and 

space.  

 

Table 2 Parameters used for estimating hypoxic blackwater risk using the blackwater risk 

assessment tool (Howitt et al. 2007). 

Parameter River Wetland 

Dissolved organic carbon (mg/L) 5 30 

Dissolved oxygen (mg/L) 6 1-4 

Temperature (oC) 25 30 

Discharge (ML/d) 800  
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Species dispersal 

During routine monitoring in December 2013 (Section 3.8), 28 carp gudgeon 

(Hypseleotris spp.) were the only native fish species caught at Riverleigh Swamp 

compared with 2,309 small common carp (Cyprinus carpio) (see Section 3.8). 

Benthic microinvertebrates were relatively abundant, reaching densities of 1,442 

individuals per litre at Riverleigh Swamp during December 2013 relative to 24 

individuals per litre in the adjacent river (see Section 3.5). 

Discussion 

The additional monitoring undertaken in 2013-14 was used to inform active adaptive 

management and decision making around a return flow. Based on this monitoring 

information on conditions on the floodplain and in the river was provided to 

environmental water managers. It was determined that the planned return flow was 

unlikely to meet its ecological objects and hence a decision was made to leave the 

water on the floodplain to dry down naturally. However, the lessons learnt during the 

planning and monitoring of the 2013-14 return flow have greatly improved the 

capacity to undertake successful return flows in future years. One of the key lessons 

was that the health of the source wetlands is critical in determining the success of 

return flow.  

Boosting river productivity and augmenting populations using return flows relies on 

discharging water from a healthy wetland. Three key aspects of wetland health 

were considered: the water quality (for example, dissolved oxygen); DOC and 

nutrients; and the abundance and diversity of microinvertebrates and native fish.  

Dissolved oxygen levels across the middle and lower end of the north Redbank 

systems exhibited extreme diurnal variation, to the point where lethal and sub-lethal 

impacts on aquatic fauna were likely. It is important to note however given the 

extent of re-aerating and dilution that can occur during return flows, low dissolved 

oxygen levels on the floodplain alone do not necessarily negate the beneficial 

effects of increasing DOC and nutrients within the river. Overall, the concentration of 

DOC and other nutrients in the river channel was low relative to wetland sites 

meaning increasing connectivity would have benefited the in channel environment  

(see Section 3.3). Even with a relatively modest return flow of 150 Ml/day, DOC 

concentrations in the river channel would have doubled immediately downstream 
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of the escape regulator had the flows been released (up to ~10mg/L) which is still 

well below the range of values expected for potential hypoxic blackwater events. 

However, with small release volumes relative to river flows and the expected uptake 

of nutrients and carbon by aquatic organisms, increased nutrient concentrations in 

the river channel resulting from the delivery of return flows would have been unlikely 

to last beyond the period of return flow delivery.  

Routine monitoring of fish communities during the period proposed for a return flow 

(December 2013 – February 2014) indicated that native fish communities were 

depauperate in the north Redbank system relative to other wetland zones. Hence 

the capacity to use the return flow to disperse native biota from the wetland was 

limited by a low diversity of native species. Low dissolved oxygen levels in wetlands 

may have contributed to the low diversity of fish communities, highlighting the 

importance of considering wetland condition when targeting areas with a view of 

undertaking return flows. Return flows could potentially be used to improve wetland 

water quality by transferring nutrients and carbon off the floodplain, however, 

reaeration cannot actively improve water quality in the wetland itself during 

releases. Under particular circumstances, delivery infrastructure that cascades water 

onto a hard surface may impact species moving into or out of wetlands and care 

should be taken when planning releases where native species might be affected. It 

was also noted that while microinvertebrate communities were abundant in the 

wetland, release times would not have coincided with critical larval fish drift period 

(September-November). 

Hypoxic blackwater risk 

Based on the observed conditions of the north Redbank system and the adjacent 

Murrumbidgee River, the proposed return flows would have only slightly reduced 

river dissolved oxygen concentrations making it unlikely to trigger a hypoxic 

blackwater event. 

Water quality and nutrient sampling in 2013-14 showed the Redbank system is prone 

to high DOC concentrations and, consequently, low dissolved oxygen conditions, 

particularly when temperatures are high (Baldwin, Rees et al. 2013, Jenkins, Iles et al. 

2013). Our findings show that the risk of blackwater and hypoxic conditions are not 

uniformly spread across the floodplain, with higher concentrations reported for 

wetlands higher in the system (i.e. Steam Engine Swamp to the north-west). 
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Returning water from the Baupie Escape and flushing carbon through from further 

up in the system may have increased DOC concentrations in release water and led 

to worsening water quality in the river. 

Blackwater risk modelling showed that carbon transported by return flows would be 

sufficiently diluted by low-carbon river water to prevent hypoxic conditions in the 

river (DO concentration <4 mg/L) due to the return flow. Predicted DOC 

concentrations (<10 mg/L) are below that observed during severe hypoxic 

blackwater events during 2012 (16-24 mg/L; Baldwin et al. 2013). 

Lessons learnt and implications for adaptive management 

The relatively small volume and short period of return flows means the timing of 

return flows deliveries is crucial. There are two overarching outcomes of river-

floodplain connectivity that can be achieved by return flows: returning wetland 

fauna to the river and returning nutrients and resources to the river to increase 

production. Under a natural flow regime, these outcomes would been met by 

repeated reconnections from multiple points across the floodplain within a year, 

rather than a one off return from a single point on the floodplain. With respect to 

single releases the timing of returns can result in markedly different outcomes: 

 Undertaking return flows during colder months could be used to flush carbon 

and nutrients from floodplains at a time when ecosystem responses are 

minimal and reducing the risk of poor water quality during warmer months. 

 For return flows that aim to increase productivity in the Murrumbidgee River 

and increase resource availability for larval fish, future releases should 

proceed prior to the period when larval fish in the river are leaving nesting 

sites or likely to be in the ‘critical period’ of resource acquisition (e.g. late 

November). The lag time required between increased availability of nutrients 

in the river, transfer to microinvertebrates and uptake by larvae may be two 

to three months.  

 Blackwater and hypoxic conditions are an integral part of biogeochemical 

cycles and the physicochemical environment of wetland ecosystems 

(Baldwin and Mitchell 1998, Boon 2006). Wetland species are often adapted 
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to tolerate extreme water quality, but care should be taken if actions are 

likely to impact on water quality in river habitats. 

 For return flows that aim to return wetland biota to the river, flows should be 

released opportunistically once suitable communities have developed in 

wetland habitats. This should occur before drying down creates adverse 

water quality conditions. Watering should therefore target wetlands where 

native communities are more likely to dominate.  

 The management of return flows could be improved in some instances by 

targeting smaller wetlands or wetland complexes that enable the precise 

timing required to achieve ecological outcomes and to reduce the potential 

for hypoxic blackwater.   

 Future releases should be paired with wetland deliveries that target smaller, 

discrete areas of wetland to enable more accurate management flow 

timing, volume and water quality.  

 Wetland condition influences water quality, and the diversity and abundance 

of floodplain flora and fauna communities. Future return flows should aim to 

target wetlands that are in good condition and that are likely to support the 

development of productive native fish and invertebrate populations. 

 Return flows in the Lowbidgee should include a contingency of environmental 

water to deliver a dilution fresh from an upstream weir if required and should 

only proceed if sufficient dilution volumes are available. 
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Microinvertebrates 

  

  

Microinvertebrates play a key role in floodplain river food webs, and respond strongly to 

watering regimes, particularly antecedent conditions and seasonal timing of inundation 

(Jenkins and Boulton 2003, Jenkins and Boulton 2007). Microinvertebrate communities were 

monitored concurrently with larval fish in the Murrumbidgee River from August 2013 to 

January 2014, and in wetlands and the river from the Lowbidgee (Nimmie Caria, Redbank, 

Western Lakes and four river sites) coinciding with wetland fish and tadpole monitoring from 

October 2013 to April 2014. The key objectives of the Commonwealth environmental 

watering actions in 2013-14 that relate to microinvertebrates were to demonstrate 

“connectivity” between the river and wetlands, and to “support the habitat requirements of 

native fish and other vertebrates”.  

 

Key findings 

 Microinvertebrate densities in benthic habitats at riverine sites were significantly 

higher than densities in pelagic habitats, peaking above the critical threshold of 

100/L to support larval fish feeding in November and December 2013.  

 The November peak at riverine sites was dominated by key larval fish prey items 

including cladocerans, particularly Macrothrix spinosa and Neothrix sp., while the 

December peak was dominated by cyclopoid copepods and nauplii. 

 Densities of benthic microinvertebrates in wetlands from the Lowbidgee increased 

from October to April 2014, peaking in April, whereas the Western lakes and 

Murrumbidgee River showed consistent and lower densities across time. 

 Future watering at riverine sites should focus on maximising inundation of in-channel 

benches and backwaters to ensure an adequate supply of prey items are available 

to larval fish during the critical period of first feeding. 
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3.5 Microinvertebrates 

Introduction 

Microinvertebrate communities are made up of a very diverse array of taxa and life 

histories. Within the microinvertebrates, microcrustacea are often numerically 

dominant and are thought to be principle source of food for native larval fish in the 

Murrumbidgee. The density of the major microcrustacean groups,  such as 

copepods, cladocerans and ostracods can differ significantly between wetlands 

and the river channel (Jenkins, Iles et al. 2013), between the benthic (bottom) and 

pelagic (open water) zones within these habitats ((King 2004), and over time. The 

speed at which microinvertebrate communities change in response to a flow pulse  

is influenced by  the length of the dry period between inundation events in wetlands 

(Jenkins and Boulton 2003, Jenkins and Boulton 2007) and characteristics of the flow 

regime that influence the frequency of submersion and drying of in-channel 

benches and channels in regulated rivers (Sheldon, Boulton et al. 2002, Sheldon, 

Bunn et al. 2010).  

Assessing if microinvertebrate community density and composition differed markedly 

between river and wetland habitats can be a useful indicator of the health of the 

system and whether there is an adequate supply of prey to support river and 

wetland food-webs. By monitoring microinvertebrate communities in river sites 

nearby to wetlands, we can assess whether re-connection events lead to mixing of 

riverine and wetland communities which may boost riverine productivity. We expect 

that environmental flows in late winter, spring and summer will inundate previously 

dry habitats in wetlands and also in rivers (i.e. backwaters, in-channel benches), 

releasing and transporting nutrients that stimulates productivity and diversity of 

microinvertebrate communities.  With this in mind we aimed to detect whether 

peaks in the density of microinvertebrates are matched to the timing of peak 

numbers of fish larvae.  

Methods 

Microinvertebrate samples were collected from 15 wetlands in the lower 

Murrumbidgee and Western Lakes over four surveys from October 2013 to April 2014 

in association with fish and tadpole monitoring, and from the fish larval sampling sites 

along the Murrumbidgee River between September 2013 and January 2014 in 
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association with larval fish monitoring and at each wetland. Four additional river sites 

were sampled to coincide with the wetland sampling.  

Benthic and pelagic samples were collected following the methods reported in 

2012-13 (Wassens, Jenkins et al. 2014). In the laboratory, benthic and pelagic 

microinvertebrate samples were poured into a bogorov tray and enumerated with 

the aid of a dissecting microscope (Leica M125) at a magnification of 32x to 80x. 

Due to high densities in many wetland samples we sub-sampled all samples 

(wetland and riverine, benthic and pelagic) by dividing bogorov trays into 44 cells 

(1.5 x 1.3 cm) and counting and measuring individuals in every second cell. Rose 

Bengal stain was used in the field (wetland/river sites) and the laboratory (larval fish 

sites) to highlight individuals in samples with excessive sediment present. Specimens 

were identified with relevant guides to species where possible (Williams 1980, 

Smirnov and Timms 1983, Shiel and Dickson 1995, Shiel 1995). A maximum of 30 

individuals per sample were measured for length and width. 

Results 

Both river and wetland sites were dominated by three key groups of 

microinvertebrates, all microcrustacea: the copepods, cladocerans and ostracods. 

Microinvertebrate densities were higher in wetlands compared to river sites while 

species richness (number of taxa) was similar. In the Murrumbidgee River, a total of 

5,741 microinvertebrates from 25 taxa were recorded from benthic habitats whereas 

just 188 microinvertebrates from 27 taxa were recorded from pelagic habitats. In the 

wetland study, a total of 20,731 microinvertebrates from 25 taxa were recorded from 

benthic habitats.  

Microinvertebrates at larval fish monitoring sites 

Total microinvertebrate density was significantly higher in benthic than pelagic 

microhabitats (Term 1, Table 3). Densities of benthic microinvertebrates changed 

significantly across time (Term 2, Table 3), with peaks in November and January 

(Tukey’s p<0.05 to 0.001) (Figure 13). Overall, changes in benthic microinvertebrate 

densities followed broadly similar patterns. However two sites, Yarrada downstream 

of Darlington point (YRR) and Berry Jerry downstream of Wagga Wagga (BER) also 

showed peaks above 200 L1 during late spring and early summer but the increase in 

densities was lower overall (see Figure 13) and was delayed at Berry Jerry (the most 
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upstream site). Densities of pelagic microinvertebrates were consistently low at all 

larval fish monitoring sites in the Murrumbidgee River (see Figure 13).  

In terms of the responses of key taxa, the pattern in copepod density followed total 

microinvertebrates due to the dominance of copepods in samples (Figure 14, Terms 

1 and 2, Table 3, Tukey’s p<0.05-0.001). However the first peak in total 

microinvertebrates was dominated by cladocerans, whereas the second peak was 

dominated by copepods (Figure 14). Despite the dramatic increase in benthic 

cladoceran densities in November 2013, time was not a significant factor in the 

Analysis of Variance (ANOVA) test (Term 2, Table 3), most likely due to the large 

number of samples with low densities dominating the data. As with total 

microinvertebrates, the peak in cladocerans at the Berry Jerry river site was delayed 

behind the other sites. 
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Figure 13 Total benthic (upper graph) and pelagic (middle graph) microinvertebrate 

densities (L-1) for 5 sites on the Murrumbidgee River sampled fortnightly from August 2013 to 

January 2014.  Data are plotted as scatter plots with individual data points for each site 

comprising a single composite sample. Discharge (lower graph) is shown for Wagga Wagga 

(black line) and Carrathool (blue line) gauge.  
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Figure 14 Total benthic copepod (upper graph) and cladoceran (middle graph) densities (L-

1) for 5 sites on the Murrumbidgee River sampled fortnightly from August 2013 to January 

2014.  Data are plotted as scatter plots with data points for each site comprising a single 

composite sample. Discharge (lower graph) is shown for Wagga Wagga (black line) and 

Carrathool (blue line) gauge.  

 

Table 3 ANOVA results for densities of microinvertebrates, cladocerans, copepods and 

ostracods in each microhabitat (benthic vs pelagic) and survey period.  

Term Microinvertebrat

e density 

Cladocera 

density 

Copepod 

density 

Ostracod  

density 

 F p F p F p F p 

1. Microhabitat 64.90 <0.001 41.06 <0.001 36.97 <0.001 23.84 <0.001 

2. Time 2.20 <0.05   1.62 0.124 3.72 <0.001 0.923 0.51 

3. Microhabitat x Time 2.25 <0.05   2.24 0.03 2.80 <0.01 0.529 0.85 
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Cyclopoid copepods ranged in length between 400 to 1,200 microns during the 

larval fish study, with larger benthic individuals more consistently recorded from late 

October to late December (Figure 15). Benthic cyclopoid copepods tended to be 

longer than cyclopoid copepods collected in pelagic samples (Figure 15). Lengths 

of pelagic cyclopoid copepods were greater earlier in the season, consistently 

falling at all sites in late November 2013 before steadily increasing and peaking in 

late January 2014 (Figure 4). There was little variability in lengths of the cladoceran 

Macrothrix spinosa across time (Figure 4). We also examined widths of cyclopoid 

copepods and cladocerans and found no trends in the data across time. 

 

 

 

Figure 15 Benthic (left graphs) and pelagic (right graphs) lengths for a cladoceran Macrothrix 

spinosa (upper graphs) and cyclopoid copepods (lower graphs) for five sites on the 

Murrumbidgee River sampled from August 2013 to January 2014. 
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Microinvertebrates at wetland sites 

Densities of microinvertebrates followed similar patterns over time in wetlands 

sampled in the Nimmie Caria, south Redbank and Western Lakes systems with initially 

low densities in October 2013 increasing from February to April 2014 as wetlands 

were drying down (Figure 16). In north Redbank however, densities peaked in 

December 2013 before falling in February and April 2014 (Figure 16). Densities in the 

Murrumbidgee River site through the Lowbidgee were consistently low with the 

highest density around 250 L-1 in February 2014.  

Due to the dominance of copepods in wetland samples their densities reflected 

those of total microinvertebrates across time (see Figure 16). Densities of 

cladocerans were consistently less than 200 L-1 with patterns across time varying 

among zones. The highest density of cladocerans was found in February 2014 in the 

river sites. Ostracod densities were very low at all samples times apart from February 

2014 in the Western Lakes (Figure 5).  

Similarity Percentage (SIMPER) analysis supported findings from the density plots, with 

cyclopoid copepods dominating samples from all zones (51-77%) along with nauplii 

(15-27%)(Figure 17). In the Nimmie-Caira, calanoid copepods (9%) and ostracods 

(6%) were also common. Macrothrix spinosa contributed 7.5% to the community 

similarity in South Redbank wetlands, while Bosmina meriodonalis (16%) and Alonella 

sp. (4%) contributed to similarity in river samples. 

Across time, cyclopoid copepods dominated wetland samples (43-79%), particularly 

in December 2013 (see Figure 17). However, in October 2013 there was an array of 

cladocerans (Ceriodaphnia sp. (3.72%), Macrothrix spinosa (2.37%) and Pleuroxus sp. 

(6.9%)) as well as calanoid copepods (19%) and ostracods (10%) contributing to the 

community similarity. In February 2014, two cladocerans (Moina micrura (3%) and 

Ilyocryptus sp. (3%)) contributed to community similarity with harpacticoid copepods 

(11%) and nauplii (22%) increasing. 
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Figure 16 Boxplots of microinvertebrate (first row), copepod (second row), cladocera (third 

row), and ostracod (fourth row) benthic densities across time in each zone.  Data are means 

and standard errors of the four wetland sites (sometimes fewer sites depending on when 

wetlands flooded and dried) sampled in each of the five zone (Nimmie Caria, north 

Redbank, south Redbank, Western lakes and the Murrumbidgee River sites) on each 

sampling date. 
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Figure 17 Simper contributions to overall community composition between zone (upper) and 

across time (lower) for microinvertebrates captured at Lowbidgee wetland and river sites. 
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Discussion 

In 2013-14 there were no specific environmental flows targeting the instream 

environment of the Murrumbidgee River, rather river discharge fluctuated from base-

flow through to in-channel freshes and bank-full levels under river operations carried 

out to deliver environmental flows and irrigation flows to the floodplain. Benthic 

microinvertebrates showed a strong increase in density during November and 

December 2013. This increase in density was coupled with a shift in community 

composition from cladoceran dominated in November 2013 to copepod 

dominated in December 2013. The peaks in microinvertebrates were likely driven by 

the rising water temperatures, and these peaks also coincided with maximum 

densities of drifting larval cod captured from the same river sites. Temperature 

effects may also have contributed to the delayed peak in cladocerans in the Berry 

Jerry river site, where temperature increases lagged behind downstream sites (see 

Section 3.1).  

Microinvertebrate densities were higher in the Nimmie Caira, north and south 

Redbank and Western Lakes following delivery of Commonwealth environmental 

water in 2013-14 than observed in 2012-13 (Wassens, Jenkins et al. 2013). River red 

gum-spike rush wetlands in the Redbank systems were particularly productive, 

reaching densities around 1000 individuals per litre compared with densities around 

450L-1 in August 2012 that fell to less than 100L-1 from December 2012 to April 2013 

(Wassens, Jenkins et al. 2013). It is not clear why microinvertebrates appeared to 

concentrate with drying, increasing over time in the Nimmie Caira, south Redbank 

and Western Lakes in 2013-14 compared to 2012-13 as cyclopoid copepods and 

nauplii dominated the assemblages in both years. In 2013-14 a decline was 

observed in densities as wetlands dried in the north Redbank wetlands, similar to that 

observed in all regions including south Redbank in 2012-13 (Wassens, Jenkins et al. 

2013). This was likely due to unfavorable conditions reducing densities of 

microinvertebrates in both years. However it is not clear why other wetlands did not 

respond in this way as conductivity and other water quality parameters increased as 

wetlands dried. 
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Lessons learnt and implications for adaptive management 

 Water temperature was likely to be a key factor influencing higher densities of 

benthic microinvertebrates in the Murrumbidgee River at larval fish sites in 

November and December 2013 coinciding with the peak in drifting larval cod 

(see Section 3.6). 

 It could be valuable to explore timing of wetland inundation via 

environmental flows to understand whether late winter versus spring deliveries 

enhance productivity and diversity of microinvertebrates.  
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Fish reproduction 

   

A 21 day old Murray cod (Maccullochella peelii).  

 

Flow plays a critical role in the early life-cycle of native fish, and aspects including the 

duration, magnitude and timing of flows strongly influence adult reproduction and 

subsequent survival and growth of larvae (Humphries et al. 1999; King et al. 2003). Larval fish 

sampling occurred fortnightly at five in-channel sites and one wetland site (Berry Jerry) on 

the Murrumbidgee River from August 2013 to January 2014. The key objectives of the 

Commonwealth environmental watering actions in 2013-14 that relate to native fish 

spawning were to provide reproduction and recruitment opportunities for riparian, 

floodplain and wetland native flora and fauna and support the habitat requirements of 

native fish. 

 

Key findings 

 Larval fish abundance was dominated by the capture of cod larvae (Maccullochella 

spp.) at all in-channel sites. 

 The peak abundance of drifting cod larvae occurred in November 2013 and 

coincided with peaks in key microinvertebrate prey resources which are needed for 

higher survival and greater growth rates.  

 Reproduction of small bodied native species Australian smelt (Retropinna semoni), 

carp gudgeon and flat-headed gudgeon (Philypnodon grandiceps) occurred in 

both wetland and riverine habitats. 

 Few introduced common carp larvae were captured in wetland habitats indicating 

that a large breeding event did not occur. 

 Future watering of mid-Murrumbidgee wetlands can provide key nursery habitats for 

small-bodied native fish species, however, to benefit native fish populations it will be 

necessary to transfer water and biota from wetlands back into the river channel 

before the wetlands dry out. 
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3.6 Fish reproduction and larval fish 

Introduction 

The larvae stage is the most critical and vulnerable part of a fish’s life history. Larval 

fish survival is highly dependent on hydrology which influences habitat availability 

(Copp (Copp 1992), water temperature (Rolls, Growns et al. 2013), dispersal (Gilligan 

and Schiller 2003), microinvertebrate abundance at first feed (King 2004) and nest 

site inundation (Baumgartner, Conallin et al. 2013). Using Commonwealth 

environmental water allocations to positively influence these factors will lead to 

increased reproductive opportunities for fish, greater larval survival, and hence, 

recruitment to the wider population. Understanding the critical links between flow 

and larval fish survival can assist the management of environmental flows to support 

and enhance native fish populations.  

Delivery of environmental water represents a major opportunity to facilitate recovery 

of native fish throughout the Murrumbidgee Catchment. Use of a specifically-

designed hydrograph targeting groups of fish species based on similar reproductive 

strategies could benefit different species in a given water year (Baumgartner, 

Conallin et al. 2013, Cameron, Baumgartner et al. 2013). For example, increased 

flows may inundate river or wetland habitat needed by small-bodied generalist 

species or large-bodied nesting species for reproduction, while also releasing 

nutrients and increasing productivity of microinvertebrates, a key prey item for the 

first feed of all species of native fish (Devries, Stein et al. 1998). Alternatively flow 

peaks may be used to trigger reproduction directly in flow-dependant species such 

as golden (Macquaria ambigua) and silver (Bidyanus bidyanus) perch (King, Tonkin 

et al. 2009). This study aimed to determine the seasonal timing of reproduction of 

native fish species within the Murrumbidgee Catchment, and the biotic and abiotic 

factors associated with early survival of fish larvae. 

Methods 

Larval fish were collected using methods described by Wassens et al. (2014). Drift 

nets were reduced from 12 to eight at each site following detection probability 

analysis. Larval fish sampling was undertaken at five riverine and five wetland sites 

using a paired riverine-wetland design (Figure 6). Eight larval drift nets and eight light 

traps were set overnight at each riverine site and sampling was undertaken 
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fortnightly from August 2013 until January 2014 comprising 11 sampling events. 

Sampling was undertaken in wetland habitats using light traps only. Berry Jerry 

wetland was sampled 11 times due to permanent water throughout the 2013/14 

watering season, although Gooragool and Yarrada wetlands were only sampled 

three times at the beginning of sampling (August and September 2013) prior to the 

water drying. Sunshower and McKennas wetlands were both dry and so not 

sampled during the 2013-14 monitoring.  

Larval fish were picked, preserved and later identified to species according to keys 

provided in Serafini and Humphries (2004), with larval cod (Maccullochella spp.) 

samples pooled due to difficulties identifying trout cod (M. macquariensis) from 

Murray cod (M. peelii). Data were standardised to a single value per site per 

sampling event (i.e. total catch from a site was pooled by sampling method) and 

are represented as Catch Per Unit Effort (CPUE) values (number of larvae per light 

trap hour per site or the number of larvae per megalitre of water filtered per site). 

Detailed analysis was undertaken on CPUE of cod larvae as they were represented 

by the highest catch and provide a comparison with the watering actions 

undertaken in the 2012-13 water year. Larval developmental stages were assigned 

to all cod larvae where possible using the descriptions provided in Serafini and 

Humphries (2004). 

A Bayesian change point model using a Poisson distribution was used to test for 

significant differences in the timing and magnitude of cod CPUE at each site, and 

the timing of larval cod capture among sites.  

Results 

Abundance of larvae 

A combined total of 2,638 eggs, larvae and juveniles were collected during the 

2013-14 sampling comprising at least four native species (Australian smelt Retropinna 

semoni, carp gudgeon Hypseleotris spp., flat-headed gudgeon Philypnodon 

grandiceps and larval cod) and two alien species (common carp Cyprunis carpio 

and redfin perch Perca fluviatilis) (Appendix 7.2). Carp gudgeon dominated the 

catch at the wetland sites, with small numbers of flat-headed gudgeon, common 

carp and Australian smelt larvae also recorded. Berry Jerry wetland was the only site 

that contained water throughout the 2013-14 monitoring period and contained the 
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most species (four). A small number of juvenile and adult carp gudgeon were 

captured in Gooragool and Yarrada wetlands, and one larval Australian smelt was 

captured in the Gooragool wetland (Appendix 7.2). 

Timing of reproduction and larval drift 

Of the species recorded, Australian smelt larvae CPUE was highest at the most 

downstream river site (McKennas) in the 1st week of November 2013 (sampling week 

6) (Figure 18). Larval carp gudgeon were captured in substantial numbers at both 

the Berry Jerry wetland (BEJ) and river sites, and CPUE was comparable between 

both habitats although two distinct peaks were evident in late November-early 

December 2013 (weeks 7 and 8) and again in early January 2014 (week 10) at the 

wetland site (BEJ), suggesting at least two separate reproduction events took place 

(Figure 18). 

Larval cod were first captured during the 2nd week of October 2013 (week 4) at the 

Gooragool, McKennas and Sunshower sites in the river, and the following fortnight 

(week 5) at the Yarrada river  site (Figure 19). The change point model indicated 

that significant changes in larval cod CPUE occurred in week 6 and again in week 8 

at all river sites except Berry Jerry, with no significant change in CPUE occurring at 

this site (Figure 19). Larval cod CPUE peaked concurrently at all river sites except 

Berry Jerry during the 3rd week of November (week 7), with larval cod continuing to 

be captured until early January (week 10) at the McKennas river site (Figure 20).  

There was a lag in the timing of the peak of larval cod capture at the most upstream 

site (Berry Jerry), with larval cod  first captured in the 3rd week of November 2013 

(week 7) at this site using light traps, and subsequent capture during the following 

three fortnightly sampling trips (weeks 8, 9 and 10) in drift nets. Overall, substantial 

differences in CPUE of larval cod occurred among sites, with CPUE higher at the 

downstream river sites McKennas and Yarrada, and lowest at Berry Jerry  river site 

(Figure 20).  
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Figure 18 Catch per unit effort (CPUE) of Australian smelt (top) and carp gudgeon (middle) 

larvae using light traps at five sites in the Murrumbidgee River and one wetland site (Berry 

Jerry) in 2013-14 and associated river discharge (bottom) from Carrathool and Wagga 

Wagga gauges. Note the log y-axis for CPUE. 
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Figure 19 Catch per unit effort (CPUE) of larval cod (Maccullochella spp.) captured using 

light traps (top) and larval drift nets (middle) at five sites in the Murrumbidgee River in 2013-14 

and associated river discharge (bottom) from Carrathool and Wagga Wagga gauges. Note 

the log y-axis for CPUE. 
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Figure 20 Larval cod (Maccullochella spp.) catch per unit effort (CPUE) from larval drift nets 

at each river sampling site and the associated change point (red line) indicating a significant 

shift in catch. 

 

 

The developmental stages of cod larvae were dominated by metalarva at all sites 

(96% of the total proportion), followed by post-flexion (3%), flexion (0.5%) and 

juveniles (0.5%). Metalarva were captured in all weeks in which cod were present, 

and post-flexion larvae were collected in all but week 5 (Figure 21). Cod larvae in 

the flexion stage were only captured in weeks 7 and 8, and juveniles were captured 

in week 7 only (Figure 21). 
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Figure 21 Relative proportions of larval cod (Macullochella spp.) at each developmental 

stage captured at five sites sampled in the Murrumbidgee River in 2013-14. Data is pooled 

from light trap and drift net methods. Numbers at the top indicate fortnightly sampling 

events, beginning the last week of August 2013 (week 1) and ending the 3rd week of 

January 2014 (week 11). 

 

Discussion 

Off-channel wetland habitats in the mid-Murrumbidgee provided key spawning 

areas for a number of small-bodied native species. While two wetlands received no 

water (Sunshower and McKennas) and dried early in the study (Gooragool and 

Yarrada), Berry Jerry wetland remained full and supported breeding of two native 

species; carp gudgeon and flat-headed gudgeon. This suggests that at least some 

small bodied species breed successfully in wetlands during reconnections flows. 

Wetlands in this area historically supported an abundant and diverse array of off-

channel specialist native fish species (Anderson 1915). A reduced frequency of 

inundation of these key wetland habitats resulting from flow regulation has resulted 

in a loss of these species from the Murrumbidgee Catchment, as in-channel habitats 

do not support the habitat requirements of these off-channel specialists (Gilligan 

2005). It is important to recognise that when water is not permanent in these 

wetlands (i.e. drying occurs within a watering year), reconnection of these habitats 

with the main river channel is necessary to maintain aquatic habitats and transfer of 

nutrients and biota occurs into the main river channel to benefit the riverine 

ecosystem.  
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In-channel conditions within the Murrumbidgee River provided suitable cues and 

habitat to support the breeding of both native and alien fish species. Cod species, 

Australian smelt and carp gudgeon larvae were captured indicating that riverine 

reproduction occurred. Alien species were not frequently captured, although 

juvenile redfin perch were collected in light traps at Gooragool and Sunshower river 

sites.  

There were differences in reproduction and larval abundance between monitoring 

sites, with larval carp gudgeon most commonly collected from the river at Berry Jerry 

(most upstream site), whereas the abundance of larval cod and Australian smelt 

was highest at McKennas river site (most downstream). However it should be noted 

that the collection of larvae at a particular location is not necessarily indicative of 

localised reproduction, because larval drift from upstream reaches is common. In 

addition, adult Murray cod can exhibit extensive pre-spawning movements, 

presumably to find mates and select nest sites, and these movements can occur in 

either an upstream or downstream direction (Wassens, Jenkins et al. 2013). 

Subsequently, the timing of the collection of larval fish provides a more useful 

measure of the response of a species to environmental conditions relative to 

reproduction, rather than the abundance of larvae in isolation from other 

contributing factors. Interestingly in this study, the appearance of larval Murray cod 

was synchronous at the majority of sites, synchronisation is an indication of consistent 

responses to a broad stimulus such as temperature or flow and in agreement of their 

classification as an equilibrium species (King, Humphries et al. 2013). In comparison, 

larval Australian smelt exhibited numerous peaks within and among sites, and in the 

absence of daily age data this presumably indicates a response to localised 

(microhabitat) conditions. 

Drifting cod larvae seasonally peaked consistently at four of the five sampling sites, a 

result supporting previous findings (Wassens, Jenkins et al. 2013). This timing also 

coincided with a peak in the density of key benthic microinvertebrate food 

resources (see Section 3.5). The majority of larval cod captured were at the 

metalarva developmental stage (typically 16 days post-hatching (Serafini and 

Humphries 2004), and exogenous feeding in the closely related species, eastern 

freshwater cod (Maccullochella ikei) begins at 12 days post-hatching following yolk-

sac absorption (Rowland 1983). Further, the densities of microinvertebrates were 
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above the threshold to enhance the survival of larval cod (Rowland 1996). The 

conditions were subsequently well suited to a Murray cod larval growth, although 

further work is required to determine fish survival. 

Lessons learnt and implications for adaptive management 

Multiple short-term studies have now demonstrated that reproduction events occur 

for a number of species within the Murrumbidgee River and associated wetlands. 

Reproduction, however, is not necessarily an excellent indicator of long-term 

recruitment. It is likely that conditions conducive to recruitment may not persist in all 

years. For example, Murray cod appear to have evolved a life history strategy 

whereby reproduction occurs during a predictable time each year. Recruitment is 

therefore stronger in some years than others, as year-class strength can still be 

variable. The relationship between in channel flows and native fish reproduction is 

complex, and many species including Murray cod, do not require an increase in 

water levels to trigger reproduction. However rising water levels particularly those 

that reconnect wetlands have a number of other benefits to ecological function 

within rivers, potentially increasing food availability and recruitment outcomes for 

larval fish. 

  

 

  



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

57 
 

Fish communities 

 

Fyke nets deployed for wetland fish sampling in Avalon Swamp. 
 

Native fish communities in the Murrumbidgee River and associated wetlands have 

undergone severe declines as a result of the alteration of natural flow regimes. Environmental 

water can benefit native fish by providing access to suitable habitats, stimulate reproduction 

and enhance food resources and water quality conducive to survival and growth. Fish 

communities were sampled in the riverine and wetland habitats in the middle and lower 

Murrumbidgee between October 2013 and April 2014. The key objectives of the 

Commonwealth environmental watering actions in 2013-14 that relate to native fish  

communities were “to provide reproduction and recruitment opportunities for riparian, 

floodplain and wetland native flora and fauna, support the habitat requirements of native 

fish, support ecosystem functions, such as dispersal of biota and transfer of nutrients and 

energy, that relate to lateral connectivity (i.e. connectivity between the river channel, 

wetland and floodplain) to maintain populations and improve ecosystem and population 

resilience through supporting ecological recovery and maintaining aquatic habitat”. 

 

Key findings  

 The composition of the riverine fish community differed from autumn 2013, with an 

increase in the total abundance of native species bony herring (Nematalosa erebi), 

carp gudgeon and Murray cod and an increase in Murray cod and bony herring 

biomass in autumn 2014.  

 A number of small (<100 mm) Murray cod were captured during the river sampling. 

However, we were unable to distinguish the origin of these fish (stocked or wild) and 

this represents an important knowledge gap for future studies. 

 The abundance of native carp gudgeon increased in wetlands between October 

2013 and April 2014, and there was evidence of recruitment in wetlands sampled in 

the Nimmie-Caira, Western Lakes and south Redbank regions.  

 Although common carp reproduced in all wetland zones (with a high abundance of 

small (<30 mm) individuals), there were rapid declines in their abundance over the 

water year indicating poor survival and limited recruitment into the adult population.   
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3.8 Fish communities 

Introduction 

Fish communities in the Murrumbidgee Catchment are severely degraded (Gilligan 

2005). Exotic species (specifically common carp) occupy up to 80% of the total 

biomass in some areas. In addition, small-bodied floodplain species such as the 

Murray hardyhead (Craterocephalus fluviatilis), southern pygmy perch (Nannoperca 

australis), southern purple-spotted gudgeon (Mogurnda adspersa) and olive 

perchlet (Ambassis agassizii) were historically abundant from Murrumbidgee River 

wetland habitats (Anderson 1915), but are now considered locally extinct (Gilligan 

2005).  

The alteration of natural flow regimes has significantly contributed to fish declines in 

the Murrumbidgee Catchment. The use of Commonwealth environmental water to 

restore more natural flow characteristics can benefit native fish by providing cues 

that stimulate reproductive behaviour or by providing access to suitable breeding 

habitat. Fish recruitment is influenced indirectly by increasing riverine productivity 

and stimulating food (microinvertebrate) production,  increasing available habitat 

such as backwaters and nest sites (for nesting species), promoting suitable water 

quality, and facilitating longitudinal and lateral connectivity and dispersal. 

Commonwealth environmental water delivery can influence fish communities, for 

example, changes to community composition, biomass and reproduction all 

occurred in the Murrumbidgee fish community before and after a large in-channel 

release in 2012-13 (Wassens, (Wassens, Jenkins et al. 2013). These observations 

demonstrate that positive changes to the fish community can occur if 

Commonwealth environmental water is delivered in a way to promote reproduction 

and recruitment opportunities for fish.  

Many fish species are highly mobile, and changes to the fish community can often 

occur as a result of the redistribution of individuals due to localised changes in 

hydraulic and structural habitat availability and food resources (Wassens, Jenkins et 

al. 2014). Reach and valley-scale responses are also likely to occur in response to 

environmental water delivery. For example, over longer time scales (>10 years) 

landscape fish diversity is influenced by available habitat, connectivity and 

disturbance, which in turn are influenced by the interactions between flow and 



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

59 
 

geomorphology (Jackson, Peres-Neto et al. 2001). Providing greater access to 

habitat through enhancing connectivity between riverine and wetland habitats is 

achievable using Commonwealth environmental water and will lead to a 

detectable change over the medium to long term as more juvenile fish recruit into 

adult populations. Over shorter time scales, Commonwealth environmental water 

can influence fish condition, biotic dispersal, reproduction and also sustain 

populations which are currently under threat. 

Commonwealth environmental water was delivered during 2013-14 to the 

Murrumbidgee Catchment to provide the following ecological outcomes relevant 

to native fish:  

 Provide reproduction and recruitment opportunities for riparian, floodplain 

and wetland native flora and fauna 

 Support the habitat requirements of native fish 

 Support ecosystem functions, such as dispersal of biota and transfer of 

nutrients and energy, that relate to lateral connectivity (i.e. connectivity 

between the river channel, wetland and floodplain) to maintain populations) 

 Improve ecosystem and population resilience through supporting ecological 

recovery and maintaining aquatic habitat. 

A monitoring program was established to document changes in fish community 

composition (biomass and abundance) in response to Commonwealth 

environmental water delivery. Outcomes of the 2013-14 environmental water 

delivery for fish are presented and discussed in an adaptive management sense.  

Methods 

Riverine fish 

Fish community sampling was undertaken in February and March 2014 at 23 riverine 

sites, comprising 21 Murrumbidgee River sites and two reference sites located on Old 

Man Creek (see Figure 6). Sampling sites and methods followed those described in 

(Wassens, Jenkins et al. 2013), with the exception of the two upstream sites of 

Gundagai and Wantabadgery that were not included in the 2014 sampling and the 

inclusion of additional sites in the middle zone which were added to align with larval 

fish sampling locations in the Darlington Point-Carrathool area. Two separate 
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analyses were conducted to examine the differences in both the abundance and 

biomass of the fish community assemblage between years (2013 and 2014) and 

among four broad geographic zones (Old Man Creek; Upper zone: upstream of 

Gogeldrie weir; middle zone: Gogeldrie to Hay weirs; lower zone: downstream of 

Hay weir).  

Wetland fish 

Wetland fish communities were surveyed in the Nimmie-Caira (four sites), north 

Redbank (three sites), south Redbank (four sites) and Western Lakes (four sites). These 

regions received Commonwealth environmental water in 2013-14 commencing in 

September and October 2013. Sites were surveyed using a combination of fyke nets 

and bait traps (for full details see (Wassens, Jenkins et al. 2013)).  

Data analysis 

Fish community data were pooled to determine species richness in each region. 

Relative abundance from small and large fyke nets was standardised to catch per 

unit effort (number of fish per fyke night) for analyses. Data were analysed using a 

two-way fixed factor Permutational Multivariate Analysis of Variance (PERMANOVA; 

Anderson et al., 2008). Raw data were initially fourth root transformed and the results 

used to produce a similarity matrix using the Bray-Curtis resemblance measure. All 

tests were considered significant at P < 0.05. Where significant differences were 

identified, pair-wise post-hoc contrasts were used to determine which groups 

differed within factors (Year or Zone). Similarity percentage (SIMPER) tests were used 

to identify individual species contributions to average dissimilarities between factors.   

Results 

Riverine fish community 

A total of 2,105 fish comprising nine native and three exotic species were captured 

across the 23 river sampling sites. This included three species listed as threatened 

nationally (Commonwealth EPBC Act 1999): the Murray cod, trout cod 

(Maccullochella macquariensis) and silver perch (Appendix 7.3). Bony herring, 

Australian smelt and common carp were the three most abundant species in the 

river sites (Figure 22). Less commonly recorded species with less than six individuals 

recorded during surveys included gambusia (Gambusia holbrooki), trout cod, river 

blackfish (Gadopsis marmoratus) and silver perch. Trout cod were captured from 
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three sites in the upper zone (Mucklebar, Berry Jerry and Narrandera) and river 

blackfish were captured from two sites in the upper zone (Mucklebar and Berry 

Jerry). 

Foraging generalists were the most abundant group at sites (mean ± SE of 60 ± 6% 

site contribution), followed by exotic species (27 ± 4% site contribution), long-lived 

apex predators (8 ± 2% site contribution) and flow dependent specialists (5 ± 1% site 

contribution) (see flow guilds in Appendix 7.3). Community assemblages differed 

significantly between the autumn 2013 and autumn 2014 sampling periods (Pseudo-

F1,32 = 5.025, P <0.001) (see Figure 22). These differences were primarily driven by 

changes in the abundance of bony herring, Australian smelt, carp gudgeon 

(Hypseleotris spp.), and Murray cod (Table 4).  Site abundance also differed 

significantly between river zones (Pseudo-F3,32 = 4.982, P <0.001), although there was 

no interaction between year and zone (Pseudo-F3,32 = 1.283, P = 0.218) indicating 

that the differences in fish community assemblages between zones were consistent 

between the two monitoring years.  

Differences among zones were primarily influenced by a higher abundance of bony 

herring at sites in the lower and middle zones (in order), a higher abundance of carp 

gudgeon at sites in the lower and Old Man Creek zones, a higher abundance of 

Australia smelt at sites in the upper and lower zones, a higher abundance of Murray 

cod at sites in the Old Man Creek and the middle zones, a higher abundance of 

Murray-Darling rainbowfish (Melanotaenia fluviatilis) at sites in the lower zone, a 

higher abundance of golden perch at sites in the middle and upper zones, and a 

higher abundance of trout cod at sites in the upper zone compared with sites in the 

middle and Old Man Creek zones.  

 

Table 4 Summary of changes in fish species abundance between the autumn 2013 and 

autumn 2014 surveys as determined through SIMPER analysis. Note only species contributing 

≥10% to changes in community composition are included. 

Species Contribution to change (%) 2014 response 

bony herring 18 Increase 

Australian smelt 13 Decrease 

carp gudgeon 12 Increase 

Murray cod 11 Increase 

  



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

62 
 

 

 

Figure 22 Average catch per site of each fish species within three zones of the Murrumbidgee 

River and Old Man Creek (OMC) sampled in autumn 2013 and autumn 2014. 

 

Biomass 

Common carp, Murray cod and golden perch contributed the greatest overall 

biomass in 2014, with an average biomass per site of 25,282 g, 3,784 g and 2,157 g, 

respectively. Exotic species (primarily common carp) contributed the greatest 

overall biomass across all sites (mean ± SE of 76 ± 5% site contribution), followed by 

long-lived apex predators (14 ± 4% site contribution), flow dependent specialists (7 ± 

1% site contribution) and foraging generalists (2 ± 1% site contribution) (Figure 23). 

Biomass of the community assemblage was significantly different between 2013 and 

2014 (Pseudo-F1,32 = 3.746, P = 0.007) with the observed differences between years 

primarily driven by increases in the biomass of Murray cod and bony herring and 

decreases in golden perch and common carp biomass (Table 5). Significant 

differences in biomass also occurred between zones (Pseudo-F3,32 = 5.751, P <0.001), 

although there was no interaction between year and zone (Pseudo-F3,32 = 1.453, P = 

0.154) indicating that the differences in the biomass between zones were consistent 

between years.  
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Table 5 Summary of changes in fish species biomass between the autumn 2013 and autumn 

2014 monitoring periods as determined through SIMPER analysis. Note only species 

contributing ≥10% to changes in community composition are included. 

Species Contribution to change (%) 2014 response 

Murray cod  21 Increase 

golden perch 17 Decrease 

common carp 15 Decrease 

bony herring 12 Increase 

 

 

 

Figure 23. Total biomass of each fish flow guild in the 23 sites sampled across the 

Murrumbidgee Catchment in February-March 2014.  

 

Wetland fish community  

A total of 90,075 fish were collected during surveys of wetlands in the Lowbidgee 

and Western Lakes in 2013-14. Most individuals were caught in the Western Lakes 

(47,736), compared to wetlands in the Redbank zone (36,466), and the Nimmie-

Caira zone (5,873). Overall, there were six native species (Australian smelt, bony 

herring, flat-headed gudgeon, golden perch, Murray-Darling rainbowfish, un-

specked hardyhead (Craterocephalus stercusmuscarum fulvus), one native species 

complex (carp gudgeon species complex; Hypseleotris spp.) and four exotic species 

(goldfish Carassius auratus, common carp, Gambusia and weatherloach (Misgurnus 

anguillicaudatus) (Appendix 7.3).  
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The composition of fish communities varied between wetland zones (Pseudo-F3,32 = 

5.23, P<0.001) and over the four sampling occasions, with the greatest change in 

community composition occurring after December 2013 (Pseudo-F3,32=3.19, 

P<0.001) (Figure 24). Differences were largely driven by changes in the abundance 

of carp gudgeon and Australian smelt in the Nimmie-Caria system, and changes in 

exotic species, particularly the relative contribution of carp and gambusia. 

Within the 2013-14 water year, native fish communities were dominated by carp 

gudgeon and to a lesser extent Australian smelt and bony herring (Figure 24). 

Abundance of other native species was comparably low. Common carp 

dominated the exotic fish community in spring while gambusia was numerous later in 

the season particularly in the Western Lakes and north Redbank. There were high 

abundances of common carp in the Western Lakes in December 2013 (average 

CPUE = 1,366 per site), however, by February and April 2014 the relative abundance 

of common carp had decreased substantially (average CPUE = 6 and 1 per site, 

respectively). 

 

Figure 24 Proportion of total CPUE (catch per unit effort) for each fish species recorded in the 

four wetland zones during the 2013-14 water year. 
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Fish recruitment 

Comparison of proportional length-frequency distributions between years indicated 

two potential recruitment events had taken place in the Murrumbidgee River (Figure 

25). There was a sharp increase in the catch of juvenile Murray cod (50–100 mm) in 

2014 where these fish comprised almost 20% of the total catch. Similarly there was an 

increase in the number of juvenile common carp (50–100 mm), and although the 

response represented less than 10% of total catch this size class were not 

represented in the 2013 sampling. 

 

Figure 25 Proportional length-frequency distributions of Murray cod and common carp in the 

Murrumbidgee River in autumn 2013 and autumn 2014 sampling.  

 

In wetlands, carp gudgeon recruits (individuals less than 15 mm) were present on all 

survey occasions, although there were differences among the wetland zones (Figure 

26). Distinct cohorts indicated by the lower median size were present in the Nimmie-

Caira and Western Lakes in December, but were not apparent in either north or 

south Redbank wetlands. Carp gudgeon recruitment may have been continuous in 

n=83

n=45 n=528

n=439
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south Redbank wetlands as the median size of individuals was similarly low among 

surveys.  

Common carp and goldfish were combined for examination of length-frequency 

due to difficulty in differentiating individuals less than 25 mm in the field. A new 

cohort is evident in each zone after the wetlands were inundated as the median size 

of the sampled population is low in October and December 2013, indicating 

reproduction had occurred in preceding months (October or December 2013, see 

Figure 26).  

Australian smelt were present in all wetland areas except north Redbank, although 

were generally in low abundance. Examination of length data suggested that 

possible reproduction prior to the surveys in October 2013 in the Nimmie-Caira 

wetlands, with growth of this cohort evident through time (Figure 26). 

 

 

Figure 26 Length of native carp gudgeon and Australian smelt, and exotic common carp in 

each zone during 2013-14 surveys (first 50 individuals of each net measured). The boxes 

indicate the maximum length (top of the box), median length (middle line) and minimum 

length (bottom of the box). Sizes below the dashed line indicate very recent recruits (varies 

between species). 
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Discussion  

Riverine fish 

The differences in the abundance of riverine fish communities between 2013 and 

2014 were zone-specific and primarily driven by changes in the abundance of 

foraging generalist species including bony herring, carp gudgeon, Australian smelt 

and Murray-Darling rainbowfish. These are short-lived (<5 years) species with 

generally flexible life-history strategies that enable them to opportunistically exploit a 

range of habitats (Baumgartner, Conallin et al. 2013). For example, carp gudgeon 

thrive under extreme low flow conditions as they are able to reproduce multiple 

times within a season and deposit their eggs on the abundant macrophytes that 

grow as a result of stable water levels (Bice, Gehrig et al. 2014). This species will also 

rapidly colonise off-channel habitats, frequently dominating the abundance of 

native fish in wetlands (Lyon, Stuart et al. 2010). Subsequently, both low stable water 

levels and inundation of off channel habitats can be equally beneficial to these 

generalist species. 

A higher abundance and biomass of Murray cod was observed in the 2013-14 

compared with the 2012-13 surveys. This increase in biomass can be attributed to the 

capture of a greater number of large Murray cod and is likely a result of the 

redistribution of older individuals as has been observed in response to previous 

watering actions (Wassens, Jenkins et al. 2013). A greater number of small (<100 mm) 

Murray cod were also captured in 2014. It is important to recognise that length is not 

an appropriate indicator of age or spawning date, and juvenile Murray cod were 

not retained for the determination of daily or annual age based on counts of growth 

rings on otoliths. Thus inference as to the contribution of the Commonwealth 

environmental watering actions in 2012-13 to Murray cod populations cannot be 

made. Further, stocking of Murray cod into the Murrumbidgee River does occur 

within the study area, and although a requirement of stocking permits in this location 

is for the chemical marking of hatchery-reared fish to enable differentiation among 

stocked and wild populations, this method requires destructive sampling which was 

not undertaken. Whilst it is likely that Murray cod reproduce each year at a 

predictable time, previous studies indicate that high flow years can result in 

enhanced recruitment (King, Tonkin et al. 2009) and subsequently stronger year 

classes (Rowland 1983). Common carp typically dominated the biomass at all sites 
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by an order of magnitude compared with other species, and this result is consistent 

with previous sampling within the Murrumbidgee Catchment (Wassens, Jenkins et al. 

2013). Based on abundance and size data, a significant carp breeding and 

recruitment event was not detected within the Murrumbidgee River in 2013-14, 

although a greater proportion of smaller individuals (<100 mm; possible recruits) were 

captured in the February-March 2014 sampling suggesting a possible recruitment 

event within the previous 12 months. Although it is worthwhile noting that the number 

of individuals captured was low (n = 22 <100 mm) and that two sites in the lower 

zone (Nap Nap and Baupie Escape) accounted for the majority (n = 13 combined) 

of individuals in this size range.  

Wetland fish 

Three key patterns were evident in the wetland fish communities: species richness 

was similar to previous years (Spencer and Wassens 2009, Spencer and Wassens 

2010, Spencer, Thomas et al. 2011), however a small number of wetlands in each 

zone contributed a disproportionate amount to diversity in some zones. North 

Redbank wetlands had lower species richness than in previous years potentially due 

to poor water quality (see Sections 3.2 – 3.4).  

Carp gudgeon dominated the small-bodied native fish community in all wetlands 

and their relative abundance increased throughout the duration of watering in the 

Western Lakes and Nimmie-Caira, likely due to recruitment of newly spawned 

individuals into the population. The relative abundance of the other six native fish 

species was lower than in previous years (Spencer and Wassens 2009, Spencer and 

Wassens 2010, Spencer, Thomas et al. 2011).  

The drivers of native fish populations and communities are complex and include 

factors associated with connectivity between permanent refuges (including the 

Murrumbidgee River) and the target wetlands, water quality, and wetting and 

drying patterns. While wetland drying can be important in increasing productivity 

and food availability, loss of connectivity between wetlands and the river can 

contribute to high mortality through the stranding of native fish species on the 

floodplain. 

As in previous years (see Spencer, Wassens (Spencer and Wassens 2009, Spencer 

and Wassens 2010) common carp recruited strongly following wetland inundation, 
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although responses were location specific. For example, despite the presence of 

carp screens, large numbers of common carp less than 100 mm in length were 

recorded at Cherax Lake in December 2013, while nearby Paika Lake, Hobblers 

Lake and Penarie Creek all had small numbers of common carp. Our sampling 

identified a substantial decrease in the relative abundance of common carp in 

February and April 2014. One possible explanation is that top-down regulatory 

effects including predation by fish-eating waterbirds may have acted to limit 

recruitment of young carp into the adult population.  

Lessons learnt and implications for adaptive management 

 Since regulation and hydrological modification of aquatic systems in the 

Murrumbidgee a number of wetland-dependent fish species, notably the 

Murray hardyhead have been lost, with wetland communities now 

dominated by generalist species. While restoration of pre-regulation native 

fish communities may not be possible, native species abundance throughout 

the Lowbidgee floodplain could be increased by identifying wetlands that 

historically acted as permanent refuge habitats. To ensure the persistence of 

key wetlands, focusing on those located near to the river may act as nurseries 

for native fish breeding. Fish abundance may also be increased by managing 

connecting flows to return native fish recruits to the main river channel, rather 

than fish being stranded on the higher floodplain as wetlands dry out. 

 Poor water quality, particularly low dissolved oxygen may have a significant 

impact on native fish species presence in end-of-system wetlands in the north 

Redbank zone (i.e. Steam Engine and Riverleigh swamps). It is difficult to 

apply a single and overarching management strategy across all wetlands 

given the unique physical (e.g. size, shape), hydrological (e.g. antecedent 

conditions) and biological (e.g. aquatic flora and fauna) attributes of each 

wetland.  

 Reproduction and recruitment of common carp occurred despite the 

presence of carp screens in the Western Lakes. However, carp numbers were 

low in the April 2014 surveys, indicating that while initial numbers of juveniles 

were high, recruitment of young carp into the adult population was very low. 

Predation by fish-eating waterbirds, intraspecific competition and declining 
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food availability as the juveniles increased in size may have limited 

recruitment of common carp into the adult population.   
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Frogs 

   

 

The vulnerable southern bell frog (Litoria raniformis) from Avalon Swamp in the Lowbidgee floodplain.  

 

 

Frogs and their tadpoles are important components of wetland ecosystems and many 

species are sensitive to the timing and duration of the inundation, as well as wetland 

characteristics such as aquatic vegetation cover and flooding frequency. The Lowbidgee 

floodplain supports NSWs most significant population of the vulnerable southern bell frog 

LItoria raniformis (EPBC Act 1999) and environmental watering actions are critical to the 

long-term persistence of this species. The Commonwealth environmental watering 

objectives for the Murrumbidgee River system in 2013-14 related to frogs were to “Provide 

reproduction and recruitment opportunities for riparian, floodplain and wetland native flora 

and fauna” and “Support habitat requirements of other vertebrates, especially frogs”. 

Adult frogs and their tadpoles were monitored at 15 key wetlands receiving 

Commonwealth environmental water through the Lowbidgee floodplain and Western 

Lakes. Surveys were carried out on four occasions between October 2013 and April 2014. 

Key findings 

 Calling by southern bell frogs was recorded at key sites in the Nimmie-Caria, 

indicating the spring-summer Commonwealth environmental watering action had 

created breeding opportunities for this threatened species, and other floodplain 

frog species. 

 Large numbers of calling male barking marsh frogs Limnodynastes fletcheri and 

spotted marsh frogs Limnodynastes tasmaniensis and their tadpoles were recorded 

at all sites in the Nimmie-Caira and Redbank zones following the delivery of 

environmental water. The highest numbers of adult barking marsh frogs, spotted 

marsh frogs and Peron’s tree frogs were recorded at wetlands in the Redbank 

system.  
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3.9 Frogs 

Introduction 

Frogs are important components of floodplain wetlands. Both adults and tadpoles 

can comprise a significant proportion of aquatic biomass and therefore provide key 

energy resources for wetland predators including waterbirds, aquatic invertebrates 

and snakes (Gibbons, Winne et al. 2006, Chan and Zamudio 2009, Connelly, Pringle 

et al. 2011). The response of frog communities to environmental watering can be 

influenced by the timing and duration of the inundation, and wetland 

characteristics such as aquatic vegetation cover and flooding frequency (Wassens 

2010a, Wassens 2010b, Wassens and Maher 2011).  

Inflows must coincide with breeding activity periods of targeted species to trigger a 

response. While the breeding ‘window’ of some wetland species is wide, leading to 

a strong response indicated by increased calling and presence of tadpoles, at most 

times of the year, for others the window is narrower. This means rising water levels 

need to coincide with the particular seasonality of species to maximise recruitment 

success (Wassens 2010b). Successful frog recruitment also depends on the length of 

wetland inundation as this needs to be long enough to ensure tadpoles have 

adequate time to finish development, and metamorphs and juveniles can build 

body condition before the onset of colder months. 

The Commonwealth watering objectives for the Murrumbidgee River system in 2013-

14 relating to frogs were to “Provide reproduction and recruitment opportunities for 

riparian, floodplain and wetland native flora and fauna” and “Support habitat 

requirements of other vertebrates, especially frogs”. Specifically, we predicted that: 

 environmental watering will support species richness in each zone,  

 environmental watering will promote calling behaviour indicative of breeding 

activity followed by high tadpole abundance, and  

 environmental water coinciding with the breeding window of southern bell 

frogs will trigger breeding activity, e.g. the presence of calling males and 

tadpoles. 
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Methods 

Adult frogs were surveyed for presence and calling behaviour during timed 

nocturnal searches at 23 wetland sites (Nimmie-Caira, n = 5, north Redbank, n = 5, 

south Redbank, n = 9, Western Lakes, n = 4; for full details see (Wassens, Jenkins et al. 

2013) on four occasions between October 2013 – April 2014. Some sites in north and 

south Redbank did not receive Commonwealth environmental water until 

November 2013. Consequently these wetlands were only surveyed in December 

2012, February and April 2014. Tadpoles were monitored in 15 wetlands across all 

four zones alongside the wetland fish surveys (see Section 3.8) using a combination 

of fyke nets and bait traps set overnight (for full details see (Wassens, Jenkins et al. 

2013). 

Results 

Overall, 4,832 adult frogs (seen and heard) and 3,141 tadpoles of six species were 

recorded between October 2013 and April 2014. Barking marsh frogs (Limnodynastes 

fletcheri), spotted marsh frogs (Limnodynastes tasmaniensis), plains froglets (Crinia 

parinsignifera), Peron’s tree frogs (Litoria peronii) and inland banjo frogs 

(Limnodynastes interioris) were widespread across all zones (Figure 27), while the 

threatened southern bell frog (Litoria raniformis) occurred at a small number of sites. 

The southern bell frog was absent from the Western Lakes and recorded at one site 

on the north Redbank (Paul Coates Swamp).  Overall, the barking marsh frog and 

spotted marsh frogs, Peron’s tree frogs and plains froglet were most abundant in 

2013-14 at wetlands receiving Commonwealth environmental water.  

Calling patterns of dominant species broadly reflected their known breeding 

windows, with calling spotted and barking marsh frogs occurring during October 

and December 2013 following inundation with Commonwealth environmental 

water, followed by high numbers of tadpoles across the zones in December 2013 

(Figure 28 and Figure 29). Wetlands surveyed in north and south Redbank had the 

highest numbers of barking and spotted marsh frog tadpoles and adults observed in 

2013-14 (see Figure 28). The summer-breeding Peron’s tree frogs commenced calling 

activity in December 2013 with high numbers of adults and recently 

metamorphosed juveniles also recorded in February and April 2014 (see Figure 29).  
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Figure 27 Proportion of each frog species recorded during (a) the tadpole surveys (average 

abundance of tadpoles per fyke net (four species and one species complex as barking 

marsh and spotted marsh frog tadpoles are indistinguishable and are combined)) and (b) 

the transect surveys (average abundance of adult frogs (observed and calling) per transect 

(six species)) for each zone during each survey month in 2013-14.  

  

 
a. 

 

 

 

 

 

 

b. 
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Figure 28 Total number of calling and observed barking marsh frog (top), spotted marsh frogs 

(middle) and the number of barking marsh and spotted marsh frog tadpoles (bottom) 

(combined as the species are indistinguishable when tadpoles) for each survey month in 

each wetland zone over three water years (2010-14). Note the log scale. Due to large-scale 

natural flooding in December 2010, no surveys were done.  
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Figure 29 Number of Peron’s tree frogs observed (calling males, tadpoles and adults) for 

each survey month during three water years 2010-11, 2012-13 and 2013-14. Note the log 

scale. Due to large-scale natural flooding in December 2010, no surveys were done. 

 

Southern bell frog 

Since monitoring commenced in 2008 small numbers of the vulnerable southern bell 

frog (EPBC 1999) have been routinely recorded through the suitable wetlands in the 

Redbank and Nimmie-Caria zones, with the most significant population occurring 

throughout the Nimmie-Caria system. Breeding activity by southern bell frogs has 

been sporadic over the last decade, with the most significant period of calling 

occurring during natural flooding of the Lowbidgee floodplain in 2010-11 (Spencer, 

Thomas et al. 2011). No monitoring was undertaken in 2011-12 and in 2012-13 

monitoring was restricted to Redbank and the Western Lakes (Figure 30). Southern 

bell frog breeding is triggered by rising water levels in late spring and summer. In 

2013-14 southern bell frogs were observed at four sites, two in the Nimmie-Caira zone 

(Avalon and Eulimbah swamps) and at two sites in the Redbank zone (Mercedes 

and Paul Coates swamps). Calling activity in the Nimmie-Caria was recorded during 
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each survey and small numbers of tadpoles were also recorded in October 2013.  

One male was recorded calling at Mercedes Swamp in December 2013.  

 

 

Figure 30 Total number of southern bell frogs observed (calling males, tadpoles and adults) 

for each survey month during surveyed watering events since 2010-11. Note the log scale. 

Due to flooded conditions in December 2010, no surveys were done.  

 

Discussion 

Overall frog species richness in all zones was similar to previously monitored watering 

events. The detection of southern bell frog at Paul Coates Swamp (north Redbank) is 

expected given that there had been a number of incidental recordings of this 

species at this site since 2008. The barking marsh frog and spotted marsh frog are the 

dominant frog species across the floodplain, being flow-generalists these two 

species recruited strongly to winter watering actions wetlands through the Redbank 

system in August 2012-13 (Wassens, Jenkins et al. 2013) and spring-summer watering 
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actions in 2013-14. In contrast, Peron’s tree frog is temperature sensitive and their 

tadpoles were rare following winter watering actions in 2012-13, compared to spring 

and summer watering actions in 2013-14. Like the Peron’s tree frog, occupancy of 

wetlands and breeding responses by the southern bell frog is closely linked to water 

temperature (Wassens, Hall et al. 2010) and rising water levels (Pyke 2002). The 

delivery of environmental flows in 2013-14 were successful in creating suitable 

conditions to support the southern bell frog breeding in the Nimmie-Caria wetlands, 

but outcomes in the Redbank wetlands were still poor, suggesting that other 

environmental factors may be impacting southern bell frog population through this 

system.  

Lessons learnt and implications for adaptive management 

 Outcomes from the 2013-14 environmental watering actions through the 

Nimmie-Caria zone demonstrated the value of spring and summer watering 

for the southern bell frog and other more generalist frog species across the 

floodplain.  

 Environmental watering actions targeting known southern bell frog habitats in 

the Lowbidgee are critical to its long-term persistence. As the populations are 

currently small and its habitat tolerances narrow, there is little room for error 

with respect to water management at southern bell frog sites. Populations in 

the Redbank systems have declined since monitoring began into 2007; with 

the causes of the declines through the Redbank systems are poorly 

understood. Further work is required to identify critical habitat and 

hydrological characteristics required to re-establish viable populations in this 

system.   
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Turtles 

   

Adult freshwater turtle awaiting release. 

We assessed the distribution, abundance and age structure of freshwater turtles in the Lower 

Murrumbidgee wetlands and Western Lakes using large fyke nets set during October and 

December 2013, and February and April 2014. We used information collected during these 

surveys to assess the responses of freshwater turtles to environmental watering and natural 

flooding since October 2008 and to identify important breeding and refuge habitats in the 

Lower Murrumbidgee wetlands. The Commonwealth environmental watering objectives 

related to turtles were “Provide reproduction and recruitment opportunities for riparian, 

floodplain and wetland native flora and fauna” and “Support habitat requirements of other 

vertebrates”. 

 

Key findings  

 We recorded three freshwater turtle species across the 15 survey wetlands in the 

Lower Murrumbidgee wetlands and Western Lakes: the Macquarie River turtle 

Emydura macquarii, broad-shelled turtle Chelodina expansa and eastern long-

necked turtle Chelodina longicollis. 

 Breeding activity was limited across the surveyed wetlands. A hatchling of the 

Macquarie River turtle was detected in one of the 15 wetlands sampled in the Lower 

Murrumbidgee and Western Lakes (Paul Coates Swamp, Redbank), and individual 

hatchling eastern long-necked turtles were detected in three wetlands (Mercedes, 

Two Bridges and Riverleigh swamps, Redbank). 
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3.10   Turtles 

Introduction 

Freshwater turtles are long-lived animals with delayed sexual maturity and generally 

low reproductive success (Rizkalla and Swihart 2006). Reduced flooding frequency 

and flooding extent as a result of river regulation is thought to negatively impact the 

survival of adult turtles and their young (Chessman 2011) while aquatic barriers such 

as weirs can limit movement and dispersal (Bower, Hutchinson et al. 2012).  

Three turtle species occur in the Murrumbidgee Catchment: the broad-shelled turtle 

(Chelodina expansa) which is listed as threatened in Victoria and considered to be 

near threatened in NSW, the eastern long-necked turtle (Chelodina longicollis) and 

the Macquarie River turtle (Emydura macquarii). All three species require 

permanently wet refugia to persist in the landscape, but can move from refuges into 

temporarily flooded wetlands during high flows in order to access feeding and 

nursery habitats (Chessman 1984, Chessman 1988, Chessman 2011). However, only 

the eastern long-necked turtle is capable of significant overland movement.  

Methods 

Turtle populations were surveyed using a combination of small and large fyke nets as 

per (Wassens, Jenkins et al. 2013) alongside the wetland fish surveys (see Section 

3.8). All individuals collected were identified to species as per (Chessman 1988) and 

the carapace (top side of the shell) and plastron (bottom side) length and width of 

was measured to the nearest mm, before release back into the wetland.  

Results 

In total, we caught 61 turtles (49 eastern long-necked turtles, ten broad-shelled 

turtles and two Macquarie River turtles) over ten sites between December 2013 and 

April 2014 surveys (Plate 1). Five eastern long-necked turtles were caught at two sites 

in the Western Lakes indicating that individuals may have colonised these lakes from 

surrounding areas. 

Combining survey data in the Lowbidgee since 2008-09 indicates the general 

distribution of all turtle species in the Lowbidgee floodplain is closely linked to 

temporary wetlands located adjacent to the Murrumbidgee River (i.e. IAS channel, 

Maude Lagoon) or lagoons which are mostly permanent (i.e. Wagourah Lagoon) 
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(Figure 31). While the Macquarie River turtle and the broad-shelled turtle appear 

restricted to wetlands close to the river channel, the eastern long-necked turtle 

distribution includes sites further from the river channel or wetlands that are 

intermittent.  

Based on size data from surveys between 2008-09 and 2013-14, four potential nursery 

habitats were identified. All four have been used by the eastern long-necked turtle 

and three used by the Macquarie River turtle (Paul Coates Swamp, north Redbank; 

and Two Bridges Swamp and Mercedes Swamp, south Redbank). 

 

 

Macquarie River turtle (adult) 

 

Macquarie River turtle (juvenile) 

 

Broad-shelled turtle (adult) 

 

Eastern long-necked turtle (juvenile) 

Plate 1 Freshwater turtles recorded during surveys of the Lower Murrumbidgee floodplain 

wetlands and Western Lakes in 2013-14. 
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Figure 31 Areas and sites on the  Lowbidgee floodplain where (a) long-necked turtles, (b) 

Macquarie River turtles and (c) broad-shelled turtles have been caught during wetland fish 

surveys between 2008-09 and 2013-14, with nursery sites emphasised (numbered circles). 

Open circles show survey locations where turtles have not been caught to date.  
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Discussion 

The delivery of Commonwealth environmental water to key wetlands in the 

Lowbidgee floodplain has created suitable nursery habitat for turtles. These nursery 

wetlands share similar characteristics: they are a short distance from the main river 

channel, have been regularly inundated for at least six months since 2008-09 and 

generally have high coverage and diversity of aquatic vegetation. While the 

Macquarie River turtle and the broad-shelled turtle are restricted to wetlands near 

the main river channel, the eastern long-necked turtle has a wider distribution 

probably due to its ability to travel long distances overland or aestivate to await re-

flooding (Kennett, Roe et al. 2009)  

Wetlands receiving Commonwealth environmental water continue to provide 

suitable refugia and recruitment habitat for freshwater turtles in the Lower 

Murrumbidgee floodplain, however, total numbers of recruits were low during the 

2013-14 surveys and during the previous survey years. In addition to declines in 

available wetland habitat across the floodplain turtles may have also been 

impacted by fox and pig predation at their nest sites (Chessman 2011). Targeted 

feral animal control has been initiated in Yanga National Park since it was gazetted, 

however, as turtles are long-lived species the impact of this control measure and 

increased delivery of environmental flows cannot be detected in the short-to 

medium term, rather turtle populations in this region may take many decades to 

recover. 

Lessons learnt and implications for adaptive management 

 Persistent waterbodies are key to the distribution of freshwater turtles in the 

Lower Murrumbidgee. 

 Compared to other floodplain-dependant species, our knowledge of the 

habitat requirements of turtles is poor, particular with respect to the 

characteristics of breeding habitats and the location of nesting areas across 

the Murrumbidgee.  

 Turtles face a number of threats including drowning and impact injuries at 

overspill weirs such as 1AS in south Redbank. Predation of nests by foxes and 

pigs, and stranding of hatchling turtles when nursery habitats dry out rapidly 
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can also be major threats, particularly for species like the Macquarie River 

turtle that has very limited capacity to disperse overland. 

 The broad shell turtle in particular appears to be in decline through regulated 

river systems and a lack of hatchlings suggests that this species may be at risk 

of future declines. 

 Based on current understanding, environmental watering actions are most 

likely to benefit turtles when they are used to maintain refuge habitats and 

sustain key nursery habitats. Reconnection flows may also be important to 

allow movement of Macquarie River turtle hatchlings.  

 



Wassens, Jenkins, Spencer et al. (2014) Monitoring the ecological response of Commonwealth 

environmental water delivered in 2013-14 to the Murrumbidgee River system. Draft final report. 

September 2014.  

 

85 
 

Waterbirds 

   

Black swans on Hobblers Lake (Western Lakes). 

Wetlands in the Murrumbidgee Catchment are widely recognised for their importance for 

waterbirds, providing breeding habitat for colonially-nesting waterbirds and habitat for 

waterbird species listed as threatened under the Commonwealth EPBC Act 1999 or under 

migratory bird agreements Australia has with Japan (JAMBA), China (CAMBA) and the 

Republic of Korea (ROKAMBA). In 2013-14 the key objective of the Commonwealth 

environmental watering actions in the Murrumbidgee Catchment in relation to waterbirds 

was to “support the habitat requirements for waterbirds” and “provide reproduction and 

recruitment opportunities for riparian, floodplain and wetland native flora and fauna” We 

undertook ground surveys for waterbirds in the mid-Murrumbidgee wetlands, Lowbidgee 

floodplain and Western Lakes in 2013-14 to assess waterbird species diversity, abundance 

and breeding activity, and their responses to the delivery of Commonwealth 

environmental water. These surveys followed on from quarterly monitoring of waterbirds 

across the Murrumbidgee Catchment which commenced in 2008. We expected local 

increases in the abundance and diversity of waterbird species, including species of 

conservation significance (i.e. threatened species, and JAMBA, CAMBA and ROKAMBA 

species), in response to Commonwealth environmental watering in 2013-14.  

 

Key findings 

 52 species were observed across 49 survey sites in the Murrumbidgee Catchment, 

This compares with at least 58 waterbird species recorded over the preceding 2008-

13 monitoring period. 

 Two threatened species (NSW TSC Act 1995) and six species listed on one or more 

international bilateral migratory bird agreements (JAMBA, CAMBA and ROKAMBA) 

were recorded  in wetlands that received Commonwealth environmental water in 

2013.  

 Waterbird breeding was limited across the Murrumbidgee Catchment in 2013-14, 

with only five species seen nesting and/or with broods of young. Compared with 

historical records of at least 41 waterbird species breeding in the Lowbidgee 

floodplain and 22 species recorded in the mid-Murrumbidgee wetlands. 

 Over the coming water years where practical environmental water should be 

delivered to known colonial-waterbird breeding sites over winter-spring with further 

inflows over summer months to maintain water levels where nesting occurs. 
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3.11  Waterbirds 

Introduction 

Waterbirds are an important part of aquatic ecosystems and their diversity and 

abundance can be linked to multiple wetland components including aquatic 

vegetation cover, and microinvertebrate and fish abundance. The mid-

Murrumbidgee and Lowbidgee wetlands are recognised as nationally significant 

habitat for waterbirds, supporting nationally threatened species and species listed 

under international migratory bird agreements. During large floods the Lowbidgee 

wetlands can also support some of the largest colonies of nesting waterbirds in the 

Murray-Darling Basin.  

Waterbird populations have been monitored in the Murrumbidgee wetlands as part 

of ground surveys the project team has undertaken since 2008 (Spencer and 

Wassens 2009, Spencer and Wassens 2010, Spencer, Thomas et al. 2011, Wassens 

and Spencer 2012, Wassens, Watts et al. 2012, Wassens, Jenkins et al. 2013) and 

through long-term annual aerial surveys since 1983 as part of the Eastern Australian 

Annual Wetland Bird Aerial Survey which are now coordinated by the University of 

New South Wales (Kingsford, Bino et al. 2013).  

Methods 

Ground surveys to assess waterbird species diversity, maximum abundance and 

breeding activity were conducted at 49 wetlands through the mid-Murrumbidgee 

wetlands (n=11), Lowbidgee floodplain in Redbank (n=19), Nimmie-Caria (n=4) and 

Western Lakes (n=15) in 2013-14. Methods followed those employed previously to 

survey waterbirds in the Murrumbidgee Catchment e.g. (Spencer and Wassens 2009, 

Spencer and Wassens 2010, Spencer, Thomas et al. 2011, Wassens and Spencer 

2012, Wassens, Watts et al. 2012, Wassens, Jenkins et al. 2013). 

Waterbird species were separated into seven functional groups as per (Roshier, 

Robertson et al. 2002) (see Appendix 7.4) to investigate differences in waterbird 

assemblages among the survey wetlands. Multivariate analyses (PRIMER 2002) was 

used to investigate differences in waterbird species assemblages within wetland sites 

before and after Commonwealth environmental watering, and among wetland 

zones that received and did not receive environmental water. One-way Analysis of 

Similarity tests (ANOSIM) were used to investigate differences in waterbird 
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assemblages among survey periods, zones and water years. For significant 

relationships, the contribution made by particular species to differences at the sites 

was determined by analysis of Similarity Percentages (SIMPER) (Clarke and Warwick 

2001).  

Results 

Waterbird diversity  

In total 63,552 waterbirds, representing 52 species were counted during the quarterly 

ground surveys of the Murrumbidgee Catchment in 2013-14 (Appendix 7.4). Overall 

waterbird communities were dominated by a few highly abundant and widespread 

species. The five most abundant species being grey teal Anas gracilis, Eurasian coot 

Fulica atra, pink-eared duck Malacorhynchus membranaceus, hoary-headed grebe 

Podicephalus poliocephalus and Australian pelican Pelecanus conspicillatus. 

Dabbling ducks (grey teal and Pacific black duck Anas superciliosa, predominately) 

comprised the majority of waterbird abundance (55%) across all the surveys in 2013-

14 compared to fish-eating species (24%), deep-water foragers (13%) and the 

remaining four waterbird feeding guilds (8%).  

Six of the species detected during the 2013-14 surveys are listed under one or more 

international migratory bird agreements that Australia has signed with Japan 

(JAMBA), China (CAMBA) and the Republic of Korea (ROKAMBA). This includes 

sharp-tailed sandpipers Calidris acuminate and red-necked stints Calidris ruficollis 

which are migratory shorebird species that travel from the Arctic tundra each spring 

to spend their non-breeding season in Australia. Two species listed as threatened in 

NSW were recorded: blue-billed Oxyura australis and freckled ducks Stictonetta 

naevosa (NSW TSC Act 1995).  

Overall waterbird diversity per site was highest in the wetlands surveyed in the 

Nimmie-Caira zone (18.5 species +/- 3.5 S.E; range 10-26 species) which received 

environmental water in late winter – early spring 2013 compared to sites in the 

Redbank (14.2 species +/- 2.2; range 0-35 species) and Western Lakes (15.2 species 

+/- 2.3 S.E; range 2-31 species) zones which received environmental water over 

spring-summer 2013-14. Following the delivery of additional environmental water in 

late October and November 2013, total waterbird diversity increased in sites in the 

Western Lakes and Redbank zones over summer 2013-14 (Figure 32).  
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Figure 32 Mean number of waterbird species recorded in each survey month in the four 

wetland zones in the Murrumbidgee Catchment.  Note that the mid-Murrumbidgee did not 

receive environmental water in 2013-14 and surveys were only completed in this zone in 

October and December 2013 alongside wetland vegetation surveys.   

 

Overall total waterbird abundance was higher in the Nimmie-Caira zone compared 

to the Redbank and Western Lakes in response to the environmental watering in 

winter-spring 2013. Total waterbird numbers peaked after the delivery of 

environmental water in spring-summer 2013-14 into the Western Lakes and Redbank 

zones, with large increases in dabbling ducks and deep-water foragers over summer 

months. The Redbank zone also supported high numbers of fish-eating waterbirds in 

the February and April 2014 surveys (Figure 33) after a peak in total wetland area 

over January-February 2014. Australian pelicans and cormorants in particular, were 

observed in large numbers (>1000 birds) in Yanga Lake in Yanga National Park 

during the February and April surveys.  
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Figure 33 Mean total number of waterbirds in each functional group recorded in each survey 

month in four wetland zones.  Note that the mid-Murrumbidgee did not receive 

environmental water in 2013-14 and surveys were only completed in this zone in October and 

December 2013.   

 

When compared to previous ground survey data from 2008 onwards waterbird 

communities in 2013-14 resembled those from other years when there was significant 

inundation across the floodplain (e.g 2010-11 and 2012-13) than the surveys 

undertaken during the millennium drought  in 2008-09 and 2009-10 (ANOSIM pair 

wise tests 2008-09 R = 0.1, p < 0.03; 2009-10 R = 0.2, p < 0.02). Across the 2008-14 

monitoring period dabbling ducks and fish-eating birds typically dominated 

waterbird communities in the Murrumbidgee Catchment, in every survey month. 

However, when large floods occurred over spring and summer, as seen in 2010-11 

large wading birds such as ibis and spoonbills made up a larger part of the waterbird 

community in the Redbank and Nimmie-Caira zones (Figure 34).  
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Figure 34 Proportion of each of the seven functional groups recorded in the four wetland 

zones during waterbird ground surveys undertaken from 2008-14. Note that where no data is 

presented no surveys were undertaken.    

 

Waterbird breeding  

Historically there are 41 species of waterbirds have been recorded breeding 

managed and natural flows across the lower Murrumbidgee (Kingsford and Thomas 

2004). Waterbird breeding was limited across the Murrumbidgee Catchment in 2013-

14, with only five species seen nesting and/or with broods of young during the 

ground surveys. This included several broods of dabbling ducks (Pacific black duck 

and grey teal) and there were single nests of colonial-waterbird species (royal 

spoonbill Platalea regia, yellow-billed spoonbill Platalea flavipes and white-faced 

heron Egretta novaehollandiae) at Waugorah Lagoon and Waugorah Lake in south 

Redbank. This was broadly what was expected given the comparvitlvey small area 

of inundation and the environmental flows commencing after the usual preferred 

nesting period.  Although no nesting activity was recorded during the field surveys 

across the Nimmie-Caira zone a small colony of spoonbills and straw-necked ibis 

Threskiornis spinicollis (approximately 50-100 nests) established in the centre of 
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Eulimbah Swamp in late summer 2014 (M. Jess, pers obs February 2014). Eulimbah 

Swamp received additional Commonwealth environmental water over March 2014 

which would have maintained water levels in the nesting area.  

Discussion 

In 2013-14 Commonwealth environmental water created wetland habitat in the 

Lowbidgee floodplain for at least 52 waterbird species, including threatened species 

and waterbirds listed on international migratory bird agreements. The extended 

watering over August 2013 to March 2014 provided at its peak over 20,000 hectares 

of floodplain wetland habitat.  

Lessons learnt and implications for adaptive management 

Overall waterbird breeding activity was limited in 2013-14 most likely due to the 

timing of flows into the Redbank system in late spring with total wetland area in the 

lower Murrumbidgee floodplain only reaching its maximum over January-February 

2014. Many waterbirds either commence breeding in spring or require a lag period 

of flooding over spring to prepare for breeding over late spring-summer months 

(Scott 1997, Kingsford and Norman 2002). Environmental flows that are being 

delivered to provide waterbird breeding and feeding habitat in the Murrumbidgee 

catchment should be timed where possible in late winter – early spring to match the 

timing of natural flood events. This timing is likely to be beneficial for colonial 

breeding species and increase the likelihood of a successful nesting event by 

minimising the risk of rapid draw down of water levels that can occur during 

extremely hot summer temperatures.  

Although there have been small numbers of nesting colonial waterbirds (10-80 nests)  

in the mid and lower Murrumbidgee over 2011-12 and 2012-13, there has not been a 

significant waterbird breeding event since 2010-11. Monitoring of the Lowbidgee 

wetlands has identified that colonial waterbird species, particularly egrets and 

cormorants, can breed in known rookery sites in the absence of natural flooding the 

Redbank zone if water levels are maintained over spring and summer months 

(Childs, Webster et al. 2010). Small ibis colonies have also established in the Nimmie-

Caira zone in recent years and been maintained by environmental and agricultural 

water. There is a potential to trigger a waterbird breeding event with appropriate 

use of Commonwealth environmental water in future years if sufficient water is 
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available to support the event. We recommend targeted inundation of known 

colony sites in the Redbank and Nimmie-Caira zones, commencing in spring (late 

August-September) with inundation maintained in the rookery sites and surrounding 

foraging habitats until early March and potentially April.  
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Vegetation 

 

Declines in aquatic vegetation and terrestrialisation of habitats were observed in the mid-Murrumbidgee wetlands 

in 2013-14.  

 

Prior to regulation low-lying wetlands of the mid-Murrumbidgee were seasonally inundated. 

The onset of the millennium drought and changing riparian land use led to these wetlands 

being dry for periods between five and 12 years. As a consequence vegetation 

communities were slow to recover following re-wetting in 2010 and during subsequent 

environmental watering events.  In all years the key objectives of the Commonwealth 

environmental watering actions in the Murrumbidgee Catchment with respect to 

vegetation was to “maintain and improve current extent of riparian, floodplain and wetland 

native vegetation communities”. Monitoring the recovery of aquatic vegetation 

communities in 11 wetlands (8 treatment plus 3 control sites) in the mid-Murrumbidgee 

since they refilled naturally in 2010 and this monitoring showed an improvement in cover of 

aquatic species following environmental watering in 2011-12, however recommended 

follow-up watering could not be undertaken in either 2012-13 or 2013-14 due to river 

capacity constraints. This section describes the change in vegetation communities over a 

four year period from summer 2010 when the wetlands first reconnected with the 

Murrumbidgee River during natural periods of high flows, followed by Commonwealth 

environmental watering in 2011-12 and then two years without watering actions in 2012-13 

and 2013-14. 

 

Key findings 

Since 2010, the percent cover of native vegetation has under gone two major changes; (1) 

an increase following Commonwealth environmental watering action in 2011-12 with 

positive responses reflected across most functional groups (amphibious fluctuation 

responder, plastic; amphibious fluctuation tolerator, emergent; amphibious fluctuation 

tolerator, low-growing; terrestrial damp), and (2) a decline in the percent cover of aquatic 

functional groups between 2012-13 and 2013-14 reflecting wetland drying.  
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3.12   Aquatic and semi-aquatic vegetation of the mid-

Murrumbidgee Wetlands 

 

Introduction 

Aquatic and semi-aquatic vegetation is important to wetland and river health, and 

can support wetland nutrient cycling, food webs and zooplankton communities 

(Warfe and Barmuta 2006) and help to predict the response of aquatic fauna such 

as frogs following inundation (Wassens, Hall et al. 2010). When a wetland is 

inundated the change in vegetation communities can be driven by three key 

mechanisms: 1) growth and flowering of existing vegetation present in the wetland, 

2) sprouting from underground rhizomes and 3) germination from seed. As wetlands 

dry out the newly exposed sediments can be colonised by terrestrial species, and 

extended inter-flood (dry) periods can lead to encroachment of terrestrial 

vegetation including the development of dense stands of river red gum saplings 

(Bren 1992). Extended drying can also reduce the seedbank, hindering the ability of 

aquatic vegetation to respond following environmental watering (Brock, Nielsen et 

al. 2003, Reid and Capon 2011). Long-term environmental watering strategies 

typically seek to maintain the viability of aquatic vegetation communities by 

ensuring that viable rhizomes and healthy seed banks are maintained, which is 

usually achieved through regular watering.  

Prior to 2010 the majority of wetlands in the mid-Murrumbidgee had been dry for 

between five and twelve years. Environmental releases targeting wetlands in the 

mid-Murrumbidgee zone in 2011 were successful in promoting some recovery of 

aquatic and semi-aquatic vegetation (Wassens, Watts et al. 2012). However, since 

this time the majority of wetlands have dried out, with most being dry since the 

summer of 2012. Planned releases into the mid-Murrumbidgee wetlands were not 

undertaken in 2013-14 due to capacity constraints through the Murrumbidgee River 

and off-take channels. This section examines the consequences of prolonged drying 

from 2012 to 2014 on the recovery of wetland vegetation communities through the 

mid-Murrumbidgee wetland system.   
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Methods 

Monitoring of vegetation follows the methods used previously in the mid- 

Murrumbidgee (Wassens, Watts et al. 2012, Wassens, Jenkins et al. 2013). Vegetation 

species and their percent cover were assessed at 10 (seven treatment plus three 

control) wetlands, every two months between October 2013 and April 2014. 

Vegetation species were allocated to a functional group based on their response to 

water regimes after (Brock and Casanova 1997). 

Sites and water years were compared using a two-way fixed factor PERMANOVA 

using between two and five sample trips to each wetland per year as replicates. 

Untransformed data were used to generate a resemblance matrix using a Bray-

Curtis distance measure. All tests were considered significant at P<0.05. Significant 

main effects were further analysed with pairwise tests. Where applicable, SIMPER 

analysis was used to identify the species driving multivariate patterns. 

Results 

Floodplain surveys of the mid-Murrumbidgee wetlands recorded 132 vegetation 

species (86 native and 46 introduced). Bare ground and open water dominated 

percent cover during all water years, with open water declining as wetlands dried 

(Figure 35). Total vegetation percent cover increased significantly across all 

wetlands between 2010-11 and 2011-12 (Pseudo-F = 25.854, P(perm) = 0.001).  

Vegetation percent cover was dominated by native species (Pseudo-F = 5.2838, 

P(perm) = 0.001; Figure 36). Introduced plants were limited to the following functional 

groups; terrestrial dry (39 species), terrestrial damp (6 species) and one species of 

the amphibious fluctuation tolerator (emergent) (Cyperus eragrostis). 

Since 2010, the percent cover of native vegetation has under gone two major 

changes. In 2011-12 following Commonwealth environmental watering actions there 

was an increase in native vegetation cover (Pseudo-F = 11.345, P(perm) = 0.001), 

with positive responses reflected across most functional groups. From 2012-13 

onwards there has been a decline in the percent cover of aquatic functional 

groups, in particular native amphibious fluctuation responders (four species) which 

increased significantly following environmental watering in 2011-12 declined to pre-

flooding values in subsequent years (Pseudo F = 5.1183, p(perm)= 0.004).   
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Figure 35 Stacked bar plot showing mean percent cover of vegetation functional groups for 

each surveyed water year from 2010-14. Functional groups include: ARf – amphibious 

fluctuation responder, floating; ARp – amphibious fluctuation responder, plastic; Ate – 

amphibious fluctuation tolerator, emergent; ATl – amphibious fluctuation tolerator, low 

growing;  Sub – submerged; Tda – terrestrial damp; Tdr – terrestrial dry ; bare ground and 

open water. 

 

The change in vegetation communities and percent cover over time varied among 

wetlands (Figure 37). Vegetation communities and percent cover changed the least 

at Berry Jerry lagoon which contained water continuously between 2010 and 2014 

and Euroley lagoon which did not receive environmental water in 2011-12 and 

remained largely dry through 2012-13 and 2013-14. Gooragool and Sunshower 

lagoons which had vegetation communities that responded strongly to 

Commonwealth environmental watering in 2011-12 showed the most substantial 

decline in percent cover of key native species as the wetlands dried out. This was 

largely driven by significant declines in short spike rush (Eleocharis acuta) (Pseudo-F 

= 9.7774, P(perm) <0.001)and lesser joyweed (A. denticulata) between 2012 and 

2014. Short spike rush was largely absent from sites that had been dry for long 

periods prior to refilling in 2010-11. For example, at Narrandera State Forest and 
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Mckennas lagoons the declining cover of lesser joyweed was compensated for by 

increasing percent cover of river red gum saplings (Eucalyptus camaldulensis) 

(Pseudo-F = 2.419 P(perm) = 0.002), Warrego summer grass (Paspalidium jubiflorum) 

(Pseudo-F = 10.104, P(perm) <0.001) and common sneezeweed (Gukonderuk) 

(Centipeda cunninghamii)  (F = 46.364, P(perm) <0.001) which also increased 

significantly following environmental watering at these sites and has since remained 

relatively stable. 

 

 

Figure 36 Stacked bar plot showing mean percent cover functional groups of introduced 

and native vegetation for each surveyed water year from 2010-14. Functional groups 

include: ARf – amphibious fluctuation responder, floating; ARp – amphibious fluctuation 

responder, plastic; Ate – amphibious fluctuation tolerator, emergent; ATl – amphibious 

fluctuation tolerator, low growing;  Sub – submerged; Tda – terrestrial damp; and Tdr – 

terrestrial dry. 
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Figure 37 Stacked bar plot showing mean percent cover of five vegetation species most 

responsible for differences among sites and water years. Sites are arranged from most 

frequently to least frequently watered:  BEJ = Berry Jerry, EUR = Euroley, GOO = Gooragool, 

MCK = McKenna’s, NSF = Narrandera State Forest, SUN = Sunshower and YAR = Yarrada. 
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Discussion 

The mid-Murrumbidgee wetlands included in this monitoring program have 

comparatively low commence to fill levels, and historically underwent strong 

seasonal changes in water depth but rarely dried out for extended periods. Under 

natural watering regimes the vegetation communities were dominated by aquatic 

species, particularly short spike rush, tall spike rush (Eleocharis sphacelata), sneeze 

weed and water couch (Paspalum distichum) e.g (Jansen and Healey 2003, 

Chessman and Hardwick 2014). The recovery of these formerly dominant species 

following natural and environmental watering between 2010 and 2012 was 

influenced by the length of time they were dry prior to refilling, with spike rush 

species largely absent from wetlands that had been dry for six years or more 

(Wassens, Jenkins et al. 2013). Differences in the types of species that responded to 

the initial watering actions has influenced the subsequent change in community 

composition and percent cover as the wetlands dried down. Overall, the wetlands 

that had been dry for longest had fewer aquatic species after initial watering and a 

higher proportion of species that were adapted to colonise bare soil, such as river 

red gum saplings and Warrego summer grass. 

Dense stands of river red gum saplings currently dominate vegetation communities 

at McKenna’s Lagoon and to a lesser extent Narrandera State Forest (now part of 

the Murrumbidgee Valley Regional Park). While some regeneration of this species is 

desirable, river red gum encroachment into wetlands can have negative impacts 

on other native vegetation and flow paths. Restoring natural water regimes to 

encourage natural thinning of encroaching river red gums is the most effective way 

to manage this problem.  

Lessons learnt and implications for adaptive management 

 Vegetation communities throughout the mid-Murrumbidgee wetlands have 

been substantially altered as a result of prolonged drying and this alteration 

has affected the rate of change in overall percent cover as well as the 

change in community composition since 2011. To avoid the risk of 

“normalising“ the trend towards terrestrial species, it is important to set 

environmental watering objectives that specifically target the recovery of 

historically dominant species such as tall and short spike rush.  
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 The vegetation communities of the mid-Murrumbidgee evolved under 

regular, seasonal inundation. While one-off reconnection flows can have 

short term benefits, this effect is likely to diminish overtime as seedbanks are 

exhausted. To be effective, environmental watering actions that restore some 

components of the natural hydrograph to pre-2000 conditions should be a 

priority for this zone. This would include the provision of annual reconnections 

to the mid-Murrumbidgee wetlands as a priority action in all but the driest 

years. 
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4 Synthesis ecological responses to Commonwealth 

environmental water in rivers and wetlands 

 

Introduction 

Evaluating the relative contribution of Commonwealth environmental water to 

ecological responses requires an understanding of the complex interactions 

between hydrological, biological and geochemical processes. In management 

terms, it is vital to gain an understanding of how ecosystem components interact to 

facilitate the magnitude and direction of a desired ecological response.  

The monitoring framework established in the Murrumbidgee River system will assess 

multiple hydrological, biophysical and geochemical parameters over similar periods 

and sites facilitating the development of ecosystem-based models. In this section, 

we draw together information collected on individual ecological responses in rivers 

and wetlands (Section 3) to quantify the contribution of Commonwealth 

environmental watering actions in achieving ecosystem-level watering objectives 

(Section 2). 

Conceptual models for river and wetland ecosystems summarise, to our best 

understanding, how the various ecological components and processes assessed 

within this monitoring program influence and interact with each other (Figure 38). 

The basic model represents two components; the first relates to the hydrological 

characteristics of the flow (i.e., timing, duration, extent of inundation) and the 

second component is habitat type. These models describe biological responses and 

the interactions with flow, habitat type and with each other across the trophic levels.  
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Figure 38: Conceptual representation of the regulating functions (e.g., hydrology and 

temperature) and the dependant biological components linked across trophic levels in a 

resource-pulse system such as the Murrumbidgee River system. 

 

Statistical approach 

We employed a Partial Least Squares Path Modelling (PLS-PM) approach to test and 

quantify the strengths of hypothesized links in our conceptual models using the PLS-

PM package (Gaston 2013) within the R statistical framework (R Development Core 

Team 2014). PLS-PM is a statistical method for studying complex multivariate 

relationships among observed (the monitoring variables) and latent (not directly 

measured, but inferred from the statistical model) variables (i.e., cause and effect). 

PLS-PM are useful when studying a set of “blocks” of observed variables in which 

each block can be summarized by a latent variable and where linear relationships 

exist between latent variables. In PLS-PM, all structural relationships are linear 

relationships, expressed in mathematical notation as: 

                          (1) 

The subscript i of LVi refers to all the latent variables that predict LVj. The coefficients 

βji are the path coefficients between the response LVj and the predictors LVi, β0 is the 

intercept term, and the errorj term accounts for the residuals. In PLS-PM, the 

relationship between a latent variable and its block of manifest variables can be 

expressed as: 

                     (2) 

Hydrology (e-water)

primary productivity

Microinvertebrate

Fish and tadpoles

Temperature (thresholds)

Fish-eating waterbirds

Wetland ( habitat type, flooding history)

Regulating functions
(one-way)

Biotic 
interactions 
( 2-way)

Time
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The coefficients λjk are referred to as loadings; λ0 is the intercept term, and the error 

terms account for the residuals.  

The magnitude of responses of ecological indicators and processes often vary 

considerably between sites across the Murrumbidgee River system. This might 

represent area effects as well as other confounding properties unique to the sites 

monitored. As we wanted to combine responses from multiple sites into a single 

framework, we standardized the values for the ecological indicators monitored.  

Wetland models 

Two separate PLS-PMs for wetland ecosystems were tested. The first culminated with 

fish-eating waterbirds, where we examined relationships between inundation area, 

productivity components (total dissolved phosphate (TDP), dissolved organic carbon 

(DOC) and chlorophyll a (Chl a), secondary productivity (microinvertebrates 

densities) through to estimates of wetland fish and fish-eating waterbirds abundance 

(Figure 39). The second wetland ecosystem model culminated with exclusive filter-

feeding ducks (SPs) (Figure 40). These models directly linked targeted waterbird 

species with vegetation cover as well as microinvertebrate densities but excluded 

wetland fish abundance (CPUE). Preliminary analysis indicated that 

microinvertebrates and wetland fish also had a lagged response to inundation area 

estimates (Figure 41). Consequently, we also included a two month lagged area of 

inundation in our models.  
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Figure 39  Conceptual model depicting the links between key hydrological and biological 

responses cumulating in fish-eating waterbirds within wetland systems represented in the PLS-

PM analysis.  
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Figure 40 Conceptual model depicting the links between key hydrological and biological 

responses cumulating in filter-feeding ducks within wetland systems represented in the PLS-

PM analysis.  
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Figure 41: Standardized average densities of microinvertebrates (S.avg.Sum_Micro), total 

wetland fish CPUE (S.avg.Sum_.Fish), fish eating waterbirds(S.avg.Max.Fe) aligned with area 

of inundation (S.avg.Inundation) and average water temperature(S.avg.wTemp)  in the four 

managements units during the four sampling periods. 

 

Based on the PLS-PM approach, positive links were associated among the majority 

of wetland ecosystem components. As expected, strong links were apparent 

between three month total flows and area of inundation (β = 0.74) (Table 6).  
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Fish-eating waterbirds and wetland fish 

Importantly, there was a strong link observed between the current and lagged area 

of inundation (the previous two months) and the number of fish-eating waterbirds (β 

= 0.24 and β = 0.20, respectively) (Table 6).  Similar positive relationships between the 

area inundated and the abundance of fish-eating waterbirds have been observed 

elsewhere in the Murray-Darling Basin (Roshier, Robertson et al. 2002), highlighting 

the importance of managing  Commonwealth environmental water to create large 

areas of continuous wetland habitat in order to attract and support waterbirds. We 

had expected that the abundance of fish-eating waterbirds at a given wetland 

would be positively related to abundance of fish, however this was not the case and 

there was a weak relationship between total fish-eating waterbirds and wetland fish 

abundance (β = -0.03). 

 

Table 6: Path coefficients of the wetland model for  fish-eating waterbirds. 

Link Coefficients ± SD 

3-month total flows @gauge -> Area of inundation 0.735±0.131 

Flow at nearest gauge -> -> Water Temperature 0.127±0.173 

Area of inundation -> Microinvertebrate density 0.093±0.287 

Lagged Area of inundation -> CPUE fish 0.074±0.187 

Lagged Area of inundation -> Fish-eating waterbird abundance 0.198±0.17 

Area of inundation -> nutrients and carbon -0.322±0.222 

Area of inundation -> CPUE fish 0.048±0.197 

Area of inundation -> Fish-eating waterbird abundance 0.24±0.204 

Water Temperature -> nutrients and carbon 0.54±0.181 

Water Temperature -> Microinvertebrate density 0.088±0.207 

Water Temperature -> CPUE fish 0.315±0.185 

Nutrients and carbon -> Microinvertebrate density 0.34±0.236 

Microinvertebrate density -> CPUE fish -0.059±0.211 

CPUE fish -> Fish-eating waterbird abundance -0.03±0.187 

 

Separate models were developed to examine any apparent variation in interactions 

when considering the different dominant fish species; carp/goldfish, gambusia and 

carp gudgeon. As expected, increasing area of inundation influenced pooled 

exotic fish species (β = 0.29) and carp/goldfish separately (β = 0.36), (Table 7). A two-

month lagged area of inundation had a positive effect on pooled native species (β 

= 0.12), as well as carp gudgeon (β = 0.17) and gambusia separately (β = 0.41), 

(Table 7). This delayed response to inundation by carp gudgeon may have also 
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been influenced by water temperature, as the effects of increasing temperature 

and inundation time are difficult to separate. The strongest relationship was 

observed in the native fish species carp gudgeon (β = 0.39), indicating that this 

native species may more sensitive to temperature triggers (and hence the timing of 

inundation) than the exotic species. A subtle positive relationship was observed 

between wetland fish CPUE and fish-eating waterbirds for total exotic species (β = 

0.07), and also when carp and goldfish were modelled separately (β = 0.11). This 

suggests that inundation area influenced fish-eating waterbirds directly by 

determining habitat availability, and also indirectly by influencing food availability.  
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Table 7: Path coefficients of the wetland model (exclusive fish-eating waterbirds (see Figure 39)) separated for pooled CPUE of all exotic and 

native fish, as well as individual fish species including common carp/goldfish, gambusia and carp gudgeon. 

 Coefficients ± SD 

 Link Exotic fish Native fish carp/goldfish gambusia carp gudgeon 

      

3-month total flows @gauge -> Area of inundation 0.735±0.116 0.735±0.122 0.735±0.136 0.735±0.128 0.735±0.123 

3-month total flows @gauge -> Water Temperature 0.127±0.154 0.127±0.154 0.127±0.156 0.127±0.16 0.127±0.162 

Lagged Area of inundation -> Microinvertebrate density 0.106±0.287 0.063±0.29 0.064±0.288 0.119±0.305 0.072±0.303 

Lagged Area of inundation -> CPUE fish -0.027±0.169 0.125±0.192 -0.09±0.192 0.406±0.202 0.175±0.196 

Lagged Area of inundation -> Fish-eating waterbird abundance 0.187±0.157 0.216±0.145 0.197±0.141 0.281±0.175 0.226±0.158 

Area of inundation -> nutrients and carbon -0.324±0.243 -0.318±0.224 -0.318±0.207 -0.33±0.197 -0.319±0.218 

Area of inundation -> CPUE fish 0.286±0.186 -0.214±0.186 0.355±0.154 -0.013±0.215 -0.165±0.18 

Area of inundation -> Fish-eating waterbird abundance 0.208±0.179 0.235±0.169 0.189±0.179 0.239±0.161 0.24±0.165 

Water Temperature -> Nutrients and carbon 0.541±0.186 0.538±0.166 0.538±0.177 0.544±0.151 0.538±0.165 

Water Temperature -> Microinvertebrate density 0.096±0.211 0.076±0.189 0.075±0.183 0.128±0.19 0.079±0.201 

Water Temperature -> CPUE fish 0.128±0.228 0.389±0.161 0.114±0.197 0.078±0.257 0.39±0.161 

Nutrients and carbon -> Microinvertebrate density 0.329±0.248 0.364±0.256 0.364±0.244 0.312±0.231 0.357±0.244 

Microinvertebrate density -> CPUE fish 0.116±0.191 -0.242±0.208 -0.063±0.176 0.227±0.262 -0.216±0.197 

CPUE fish -> Fish-eating waterbird abundance 0.071±0.14 -0.1±0.159 0.106±0.124 -0.175±0.18 -0.113±0.177 
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Filter-feeding ducks 

As with fish-eating waterbirds, inundation area (current and a two month lag) 

played a role in influencing the abundance of filter-feeding ducks (β = 0.1 and β = 

0.17, respectively) (Table 8).  

Microinvertebrates are an important food source for filter-feeding duck species 

(Nudds and Bowlby 1984) and we expected that the abundance of filter-feeding 

ducks would be highest at wetlands with high abundances of microinvertebrates. 

Focusing on filter-feeding duck abundance resulted in stronger relationships with 

microinvertebrate densities (β = 0.53) than dabbling ducks alone (Table 8). However, 

the relationship between the area of inundation and lagged inundation was far 

weaker for exclusive filter-feeding ducks than for dabbling ducks , or fish-eating 

waterbirds (see Appendix 7.4 for waterbird functional grouping). This result indicates 

that for filter-feeding ducks, the volume of Commonwealth environmental water 

used is less important than the quality and availability of food produced as a 

consequence of these flows. The response of all dabbling ducks in individual 

wetlands was also influenced by vegetation cover, with a negative association 

observed between vegetation cover and the abundance of dabbling ducks (β = -

0.25), however, this relationship was not evident for exclusive filter-feeding duck 

species (β = -0.07) (Table 8). 

 

Table 8: Path coefficients of the wetland model considering all dabbling ducks and a 

subgroup of this functional group - exclusive filter-feeding ducks (see Figure 40). 

 Coefficients ± SD 

Link Dabbling ducks Exclusive filter feeding 

ducks 

3-month total flows @gauge -> Area of inundation 0.744±0.139 0.744±0.121 

Lagged Area of inundation -> Microinvertebrate density 0.111±0.266 0.094±0.263 

Lagged Area of inundation -> Vegetation percent cover -0.016±0.193 -0.016±0.197 

Lagged Area of inundation -> Waterbird 0.159±0.157 0.165±0.143 

Area of inundation -> Water Temperature 0.446±0.137 0.446±0.142 

Area of inundation -> Total Dissolved Phosphorus 0.21±0.143 0.21±0.132 

Area of inundation -> Vegetation percent cover -0.023±0.186 -0.023±0.197 

Area of inundation -> Waterbird 0.095±0.165 0.112±0.167 

Water Temperature -> Microinvertebrate density 0.015±0.183 0.07±0.154 

Total Dissolved Phosphorus -> Microinvertebrate density 0.376±0.218 0.344±0.223 

Microinvertebrate density -> Waterbird 0.403±0.318 0.526±0.317 

Vegetation percent cover -> Waterbird -0.255±0.14 -0.069±0.136 
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River models 

A single PLS-PM for the riverine ecosystem was tested. We initially developed a full 

PLS-PM that linked total 30-day flows, water temperature and productivity (TDP, TDN, 

DOC, avg Chla), benthic and pelagic microinvertebrate responses (length, width, 

density and areal density), and larval cod CPUE (Figure 42). However, our preliminary 

analysis indicated a strong threshold response of larval cod (Maccullochella spp) to 

water temperature increase, and this was expressed by a sharp increase in the 

cumulative CPUE of larval cod above 21°C (Figure 43).  

In contrast, rather than a threshold response, cumulative benthic microinvertebrate 

densities increased linearly in response to increasing water temperatures (Figure 43).  

This indicated that a strong link existed between water temperature and larval cod 

CPUE (β = 0.45). A similar association was observed between benthic 

miroinvertebrate areal density (length*width*density) and larval cod CPUE (β = 0.46). 

Pelagic miroinvertebrate areal density was negatively associated with larval cod 

CPUE (β = -0.15). Water temperature had a positive effect on benthic 

microinvertebrate aerial density (β = 0.69), although water temperature was not 

associated with pelagic microinvertebrate density (β = -0.18) (Figure 42 and Table 9). 

A strong negative association was apparent between water temperature and 

productivity (β = -0.52), which in turn was negatively associated with both larval cod 

CPUE (β = -0.27) and benthic and pelagic microinvertebrate aerial densities (β = -

0.24 and β = -0.02, respectively). While flow volumes had a strong and negative 

association with both larval cod CPUE (β = -0.69) and pelagic microinvertebrate 

areal densities (β = -0.62) a positive association was observed with benthic 

microinvertebrate areal densities (β = 0.41).  
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Figure 42  Conceptual model depicting the links between key hydrological and biological 

responses within river systems represented in the PLS-PM analysis.  
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Figure 43: Cumulative larval cod (top) and benthic microinvertebrate (bottom) densities at 

the five Murrumbidgee River monitoring sites in response to increasing water temperatures.  
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Table 9: Path coefficients of the river model with grey shading referring to links to larval cod 

CPUE.  Productivity represents (TDP, TDN, DOC, avg ChlA) 

Link Coefficients ± SD 

Cumulative 30-day discharge  -> Benthic microinvertebrate areal density  0.41±0.284 

Cumulative 30-day discharge  -> Pelagic microinvertebrate areal density -0.617±0.252 

Cumulative 30-day discharge  -> Larval cod CPUE -0.686±0.205 

Water temperature -> Productivity -0.517±0.085 

Water temperature -> Benthic microinvertebrate areal density -0.176±0.26 

Water temperature -> Pelagic microinvertebrate areal density 0.692±0.306 

Water temperature -> Larval cod CPUE 0.447±0.213 

Productivity -> Benthic microinvertebrate areal density -0.24±0.104 

Productivity -> Pelagic microinvertebrate areal density -0.017±0.131 

Productivity -> Larval cod CPUE -0.265±0.105 

Benthic microinvertebrate areal density -> Larval cod CPUE 0.457±0.168 

Pelagic microinvertebrate areal density -> Larval cod CPUE -0.146±0.171 

 

Summary 

Modelling responses of multiple components within an ecosystem along with their 

interactions represented considerable challenges with respect to capturing the full 

complexities of the Murrumbidgee River system. One example of the complexities 

are represented as differential (e.g., lagged) timing of responses to triggers and 

condition, such as lagged responses to inundation. Another example is represented 

by non-linear (i.e., threshold) responses to prevailing conditions, such as water 

temperature threshold that trigger cod spawning. Additional complexities manifest 

with waterbirds, representing the highest trophic levels, due to their high mobility. 

Although at a site-level, waterbird abundances may be limited by site-specific 

characteristics such as vegetation cover and inundation extent, the main driver of 

waterbird responses are influenced by landscape-scale processes. Positive 

relationships and reinforcing feedback loops are also expected in this system, as 

observed by the general positive links between the various key ecological 

components of the system, especially among trophic levels.  

Nested processes common to aquatic systems are dynamic and vary spatially and 

temporally depending on the scale examined. Observed positive relationships 

among ecological components may occur when two groups initially exhibit a similar 

response to environmental watering actions, for example two groups both colonise 

a wetland following inundation. However, in the longer term their relationship may 

involve a negative interaction due to predation or competition as populations 
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establish. An example is the predator-prey interactions between fish-eating 

waterbirds and wetland fish, where the abundance of prey items may attract 

predators at the start of the waterbird breeding cycle but then as the cycle 

progresses, waterbird abundances will ultimately have a negative effect on fish 

abundances via predation. 

Key knowledge requirements that still remain are identifying and quantifying critical 

constraints that may prevent the Murrumbidgee system responding fully to 

Commonwealth environmental watering actions. Ongoing and continuous 

monitoring of the system has considerably increased our understanding of the 

pathways and interactions occurring between the various ecological components. 

Undoubtedly, continued monitoring of the Murrumbidgee River system in the coming 

years will enable developing a better understating of the interactions between the 

various ecosystem components. Importantly, monitoring of ecosystem responses 

under a range of different water availability conditions will provide a natural 

experimentation framework to better understand the complexities of interactions.  

Implications for Commonwealth environmental watering actions 

In wetlands the availability of environmental water is the primary driver of all 

responses that occur on the floodplain. In the absence of environmental water there 

would be no aquatic habitat or responses from floodplain species. Importantly, 

however, the quality, outcomes and size of the ecological responses are influenced 

by the management of environmental water including identification of suitable 

target areas for watering actions, the timing of watering actions and the area of 

inundation (related to the volumes of water used).  

With respect to the volumes of environmental water used, one clear pattern that 

emerged in 2013-14 is that area of inundation is critical for waterbirds and those 

strong positive relationships were observed for two of the major functional groups 

considered (i.e. fish-eating waterbirds and dabbling ducks). However, while 

waterbird abundance exhibited a positive linear relationship with the area of 

inundation, waterbird breeding typically occurs as a threshold response (Bino, 

Jenkins et al. 2013). Limited breeding across the Lowbidgee floodplain in 2013-14 

suggests that the watering requirements for colonial-nesting species were not met. 

Fish abundance also exhibited a strong linear response to the area of inundation 
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and this relationship also contributed to the clumped abundance of fish-eating 

waterbirds at particular monitoring sites.  

At lower taxonomic levels, wetland area becomes less important because the 

responses tend to be more localised and variable over space and time. For 

example, the area inundated did not strongly or directly influence microinvertebrate 

abundance, and the abundance of filter-feeding duck species was more strongly 

linked to microinvertebrate availability than wetland area at a site level. 

With respect to the timing of inundation, water temperature is a key trigger for frog 

and fish breeding. Both the river and wetland path analyses showed a clear positive 

relationship between water temperature and dominant native fish species in 

wetlands and a strong threshold response to water temperature in the 

Murrumbidgee River. Conversely the exotic carp was relatively insensitive to water 

temperatures with the highest abundance of juvenile fish occurring early in the 

water year. Targeting watering actions through spring and summer also led to better 

outcomes for the vulnerable southern bell frog and other wetland frog species than 

were observed in previous years when wetlands were allowed to dry in early 

summer. 

The selection of wetlands for environmental watering actions can influence the 

quality of ecological outcomes. In the case of the planned return flows, through the 

north Redbank system, high levels of accumulated woody debris in some sections of 

the floodplain may have contributed to declining water quality and comparatively 

high levels of dissolved organic carbon. While it is often desirable to mobilise carbon 

from the floodplain into the river, in 2013-14 high levels of accumulated carbon on 

the section of the floodplain targeted for return flows meant that timing was critical 

to avoid a blackwater event in the river. This risk would be lower when managing 

returns from wetlands with lower levels of accumulated carbon such as Paul Coates 

swamp in north Redbank and Mercedes and Piggery Swamps in south Redbank.   

In the Murrumbidgee River, increases in river heights and discharge were associated 

with the delivery of environmental water to wetlands through the Lowbidgee and 

Western Lakes as well as irrigation and natural peaks occurring during rainfall events. 

Importantly monitoring in the 2013-14 years demonstrated the delivery of 

environmental water to meet targets in the Lowbidgee floodplain can also 

contribute to positive outcomes in the Murrumbidgee River.  While it is well 
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established that Murray cod do not require periods of high flow to trigger breeding, 

flow peaks prior to breeding, particularly those that reconnect adjacent wetlands, 

may be important in simulating riverine productivity and food availability. For 

successful recruitment of larval cod to occur the timing of peaks in productivity of 

microinvertebrates is likely to be critical although more work is required to better 

understand these links.  In 2013-14 we observed lagged responses between peaks in 

nutrient concentrations, microinvertebrates density and larval cod CPUE.  This may 

be a result of the inundation of sediments during flow peaks leading the release of 

nutrients and subsequent increases in primary productivity (Chlorophyll-a), followed 

by increasing microinvertebrates. Quantification of these temporal sequences will 

be vital through the development of longer-term datasets. 

Planning of environmental watering actions and evaluating ecological outcomes in 

highly managed and modified systems such as the Murrumbidgee River system 

presents a range of challenges. Chief among these is the need to identify and 

prioritise competing watering objectives that cater for the water needs of multiple 

aquatic habitats and multiple wetland species, as well as identifying watering 

objectives that can support the long-term persistence of key wetland communities 

and ecological processes. The 2013-14 watering actions in the Nimmie-Caira 

highlighted the value of tailoring watering actions to meet the needs of specialist 

species. In the Lowbidgee floodplain the southern bell frog is a key resident species 

with highly specialised water requirements. Importantly the requirements of the 

southern bell frog are broadly similar to many species, including colonially-nesting 

waterbirds, and wetland-specialist fish species such as the Murray hardyhead. These 

water requirements include spring inundation of floodplain habitats linked to 

permanent refuges to maintain population during dry periods. All these taxa benefit 

from occasional large-scale inundation to facilitate dispersal across the floodplain 

and reconnections with the main river channel. While short-term responses from 

generalist species are frequently observed, watering actions that focus solely on 

inundating near-channel wetlands in the absence of reconnection flows or suitable 

long-term refuges for aquatic species, are unlikely to contribute to increased 

population persistence and resilience of vulnerable wetland specialists in the long-

term.   

Identification of species that have similar water requirements and habitat 

associations  across the floodplain, with a focus on meeting the needs of the most 
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specialised species called “umbrella species” within each group may assist in 

generating more targeted watering objectives  and provide a clearer framework to 

support on ground water delivery. 
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7 Appendices 

7.1 Monitoring locations in 2013/14 
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 Baupie Escape 143.608 -34.638    X     

 Bernofy Old Man 

Creek 

146.988 -35.025    X     

 Berry Jerry  (river) 147.023 -35.017  X  X     

 Birdcage Reserve 145.700 -34.520    X     

 Carrathool Bridge 145.417 -34.450    X     

 Cookoothama 145.935 -34.559    X     

 Downstream 

Balranald Bridge 

143.564 -34.647    X     

 Downstream 

Redbank Weir 

143.777 -34.383    X     

 Euroley Bridge 146.370 -34.637    X     

 Glen Avon (river) 143.644 -34.579    X     

 Gooragool (river) 146.106 -34.631  X  X     

 Gum Creek Station 146.779 -34.885    X     

 Hay 144.834 -34.516    X     

 McKennas (river) 145.514 -34.437  X  X     

 Mucklebar 147.446 -35.109    X     

 Narrandera 146.574 -34.770    X     

 Redbank Weir 143.784 -34.382    X     

 Steam Engine (river) 143.682 -34.486    X     

 Sunshower (river) 146.050 -34.587  X  X     

 Upstream Baupie 

Escape, 

immediately 

upstream 

142.609 -34.638    X     

 Willow Isles 143.384 -34.717    X     

 Yarrada (river) 145.822 -34.559  X  X     
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 Berry Jerry Lagoon 147.065 -35.017  X     X 

 Euroley Lagoon 146.366 -34.640       X 

 Gooragool 146.107 -34.585  X     X 

 McKennas Lagoon 145.511 -34.422       X 

 Narrandera State 

Forest 

146.521 -34.738       X 

 Turkey Flat 146.381 -34.613       X 

 Yarrada Lagoon 145.814 -34.569  X     X 

 Yanco Agricultural 

Wetlands 

146.396 -34.628       X 
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NC Avalon Swamp 143.917 -34.581      X   

NC Eulimbah Swamp 144.186 -34.560      X   

NC Loorica Lake 143.892 -34.617      X   

RB Mercedes Swamp 143.788 -34.379      X   

NC Nap Nap Swamp 144.102 -34.437      X   

RB Paul Coates Swamp 143.793 -34.374      X   

RB Piggery Lake 143.762 -34.426      X   

RB Riverleigh Swamp 143.611 -34.634      X   

RB Steam Engine 

Swamp 

143.677 -34.483      X   

RB Two Bridges Swamp 143.792 -34.405      X   

RB Waugorah Lagoon 143.879 -34.389      X   
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 Cherax Lake 143.568 -34.455      X   

 Hobblers Lake 143.576 -34.451      X   

 Paika Lake 143.592 -34.479      X   

 Penarie Creek 143.571 -34.448      X   

 

^ NC = Nimmie-Caira, RB = Redbank wetlands   
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7.2 Summary of unstandardised total catch from larval sampling 

sites in the Murrumbidgee River in 2013-14 

 

Summary of unstandardised total catch from larval sampling sites in the 

Murrumbidgee River in 2013-14, where LD refers to data collected using a larval drift 

net and LT refers to use of a light trap.  

 
Species Stage River sites Wetland sites 
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  LD LT LD LT LD LT LD LT LD LT LT LT LT 

Australian smelt 

(Retropinna 

semoni) 

larvae  1 1 29  20  15  145 1 1  

juv/adult  16 3 77 1 9  11  1    

carp gudgeon 

(Hypseleotris 

spp.) 

larvae  99 3        289   

juv/adult 1 3 2 16 1 6 1 4 2 1 462 14 6 

Flat-headed 

gudgeon 

(Philypnodon 

grandiceps) 

larvae           15   

Murray cod 

(Maccullochella 

peelii) 

juveniles 1       1      

cod species 

(Maccullochella 

spp.) 

larvae 5 1 67  77  189 11 791 12    

juveniles         7     

common carp 

(Cyprinus 

carpio) 

larvae   1        4   

juveniles 1  1  1  3  6     

redfin perch 

(Perca fluviatilis) 

larvae      1        

juveniles  1 5 72 1 69        

unidentified 

species 

egg 1  2 1   16  7     

larvae  1 1 1 2   2 2  18   

 
*Note three sampling events were undertaken at these sites where total catch from all other 

sites is pooled from 11 sampling events. 
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7.3 Fish species recorded during surveys of the Murrumbidgee in 

2013-14 

Common Name^ Scientific Name Flow Guild* Detection 

Australian smelt 

Bony herring 

Carp gudgeon 

Common carp 

Eastern mosquitofish 

Flat-headed gudgeon 

Golden perch 

Goldfish 

Murray cod V 

Murray-Darling rainbowfish 

Redfin 

River blackfish 

Silver perch CE, v 

Trout cod E, e 

Un-specked hardyhead 

Weatherloach 
  

Retropinna semoni 

Nematalosa erebi 

Hypseleotris spp 

Cyprinus carpio 

Gambusia holbrooki 

Phylipnodon grandiceps 

Macquaria ambigua 

Carassius auratus 

Maccullochella peelii 

Melanotaenia fluviatilis 

Perca fluviatilis 

Gadopsis marmoratus 

Bidyanus bidyanus 

Maccullochella macquariensis 

Craterocephalus stercusmuscarum 

Misgurnus anguillicaudatus 
 

Foraging generalist 

Foraging generalist 

Foraging generalist 

Alien species 

Alien species 

Foraging generalist 

Flow-dependant specialist 

Alien species 

Long-lived apex predator 

Foraging generalist 

Alien species 

Foraging generalist 

Flow-dependant specialist 

Long-lived apex predator 

Foraging generalist 

Alien species 
 

L, R, W 

R, W 

L, R, W 

L, R, W 

R, W 

L, W 

R, W 

R, W 

L, R  

R, W 

L 

R  

R 

L, R 

W 

W 
 

 

^Status: CE = Critically endangered, E = Endangered, V = Vulnerable under the Commonwealth EBPC 

Act 1999, e = listed as endangered, v = listed as vulnerable under the NSW Fisheries Management Act 

(FMA) 1994. 

*Flow guilds as per Baumgartner et al. (2013). Species detection: L = larval sampling, R = riverine annual 

survey, W = wetland surveys.  
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7.4 Waterbird species recorded during surveys of the 

Murrumbidgee in 2013-14 

Family Common Name^ Scientific Name Functional Group 

Anatidae Australasian shoveler Anas rhynchotis Dabbling duck 

Anatidae Australian shelduck Tadorna tadornoides Grazing waterfowl 

Anatidae Australian wood duck Chenonetta jubata Grazing waterfowl 

Anatidae Black swan Cygnus atratus Deep-water forager 

Anatidae Blue-billed duck V Oxyura australis  Deep-water forager 

Anatidae Chestnut teal Anas castanea Dabbling duck 

Anatidae Freckled duck V Stictonetta naevosa  Dabbling duck 

Anatidae Grey teal* Anas gracilis Dabbling duck 

Anatidae Hardhead Aythya australis Deep-water forager 

Anatidae Musk duck Biziura lobata Deep-water forager 

Anatidae Pacific black duck* Anas superciliosa Dabbling duck 

Anatidae Pink-eared duck Malacorhynchus membranaceus Dabbling duck 

Anatidae Plumed whistling-duck Dendrocygna eytoni Grazing waterfowl 

Anhingidae Australasian darter Anhinga novaehollandiae Fish-eater 

Ardeidae Cattle egret JC Ardea ibis Fish-eater 

Ardeidae Eastern great egret JC Ardea modesta  Fish-eater 

Ardeidae Intermediate egret Ardea intermedia Fish-eater 

Ardeidae Little egret Egretta garzetta Fish-eater 

Ardeidae Nankeen night-heron Nycticorax caledonicus  Fish-eater 

Ardeidae White-faced heron* Egretta novaehollandiae Fish-eater 

Ardeidae White-necked heron Ardea pacifica Fish-eater 

Charadriidae Banded lapwing Vanellus tricolor Shoreline forager 

Charadriidae Black-fronted dotterel Elseyornis melanops Small wader 

Charadriidae Masked lapwing Vanellus miles Shoreline forager 

Charadriidae Red-capped plover Charadrius ruficapillus Small wader 

Charadriidae Red-kneed dotterel Erythrogonys cinctus Small wader 

Glareolidae Australian pratincole Stiltia isabella Small wader 

Laridae Caspian tern JC Hydroprogne caspia  Fish-eater 

Laridae Silver gull Chroicocephalus novaehollandiae Fish-eater 

Laridae Whiskered tern Chlidonias hybrida Fish-eater 

Pelecanidae Australian pelican Pelecanus conspicillatus Fish-eater 

Phalacrocoracidae Great cormorant Phalacrocorax carbo Fish-eater 

Phalacrocoracidae Little black cormorant Phalacrocorax sulcirostris Fish-eater 

Phalacrocoracidae Little pied cormorant Microcarbo melanoleucos Fish-eater 

Phalacrocoracidae Pied cormorant Phalacrocorax varius Fish-eater 

Podicipedidae Australasian grebe  Tachbaptus novaehollandiae Fish-eater 

Podicipedidae Great crested grebe Podiceps cristatus Fish-eater 

Podicipedidae Hoary-headed grebe Podicephalus poliocephalus Fish-eater 

Rallidae Black-tailed native-hen Gallinula ventralis Shoreline forager 

Rallidae Dusky moorhen Gallinula tenebrosa Deep-water forager 

Rallidae Eurasian coot Fulica atra Deep-water forager 

Rallidae Purple swamphen Porphyrio porphyrio Shoreline forager 
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Rallidae Spotless crake Porzana tabuensis Shoreline forager 

Recurvirostridae Black-winged stilt Himantopus himantopus Small wader 

Recurvirostridae Red-necked avocet Recurvirostra novaehollandiae Small wader 

Scolopacidae Red-necked stint JCR Calidris ruficollis  Small wader 

Scolopacidae Sharp-tailed sandpiper JCR Calidris acuminata  Small wader 

Threskiornithidae Australian white ibis Threskiornis molucca Large wader 

Threskiornithidae Glossy ibis C Plegadis falcinellus  Large wader 

Threskiornithidae Royal spoonbill* Platalea regia Large wader 

Threskiornithidae Straw-necked ibis Threskiornis spinicollis Large wader 

Threskiornithidae Yellow-billed spoonbill* Platalea flavipes Large wader 

  

^ Status: J = JAMBA, C = CAMBA, R = ROKAMBA (International migratory bird agreements Australia has 

with Japan, China, and Republic of Korea, respectively). V = listed as vulnerable under the NSW 

Threatened Species Conservation (TSC) Act 1995. *Breeding activity: species recorded nesting and/or 

with young. Status Nomenclature taken from (Christidis and Boles 2008). Functional groups follow 

Roshier et al. (2002).  

 


