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Table S1. The conservation status of the eight threatened species of flow-dependent fauna in the Murray–Darling Basin according to Commonwealth, 

State and Territory biodiversity conservation legislation 

Data are from Department of Agriculture, Water and Environment (2021). N/A, not applicable, i.e. species does not occur in that State or Territory 

Species New South WalesA VictoriaB South AustraliaC QueenslandD Australian Capital TerritoryE CommonwealthF National recovery plan? 

Sloane’s froglet Vulnerable Not listed Not listed N/A Not listed Endangered No 
Southern bell frog Endangered Threatened [Endangered] Vulnerable N/A Vulnerable Vulnerable Yes (2012) 

Australasian bittern Endangered Threatened [Endangered] Endangered Endangered Endangered Endangered Draft 

Australian painted snipe Endangered Threatened [Critically endangered] Endangered Endangered Endangered Endangered Draft 
Trout cod Endangered Critically endangered Endangered [Extinct] N/A Endangered Endangered Yes (1994) 

Murray hardyhead Critically endangered Endangered [Critically endangered] Not listed [Critically endangered] N/A N/A Endangered Yes (2008) 

Silver perch Vulnerable Threatened [Vulnerable] Vulnerable [Endangered] Not listed Endangered Critically endangered No 
Flathead galaxias Critically endangered Not listed [Vulnerable] Not listed [Extinct] N/A N/A Critically endangered No 

AStatus according to the Biodiversity Conservation Act 2016 (NSW) and the Fisheries Management Act 1994 (NSW). 

BStatus according to the Flora and Fauna Guarantee Act 1988 (Vic.). Non-statutory listings in brackets are according to Department of Environment, Land, Water and Planning 

(2013).  

CStatus according to the Fisheries Act 1982 (SA) and the National Parks and Wildlife Act 1972 (SA). Non-statutory listings in brackets are according to Native Fish (SA) Inc. 

(2009). 

DStatus according to the Nature Conservation Act 1992 (Qld). 

EStatus according to the Nature Conservation Act 2014 (ACT). 

FStatus according to the Environment Protection and Biodiversity Conservation Act 1999 (Cth). 
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Table S2. Breeding sites of threatened species (based on Fig. 1) for determination of whether environmental flow events met the water requirements of 

species for breeding 

NK, not known; F, freshes (including bankfull); O, overbank; W, wetland 

Species and catchment Known breeding sites Freshwater habitat Flow type Duration Frequency Season 

Sloane’s froglet  Shallow temporary wetlands with emergent vegetation O, W 3–4 months 1–2 years Autumn–spring 

 Central Murray Albury to Corowa  
    

 Central Murray Barmah–Millewa Forest  
    

 Goulburn-Broken Moodies Swamp  
    

Southern bell frog 
 

Permanent, still waterbodies with emergent vegetation O, W 3 months 1–2 years Spring–summer 
 Mid-Murrumbidgee Yanco Creek wetlands  

    

 Lower Murrumbidgee Yanga and Nimmie–Caira  
    

 Lower Murray Murray Mallee Lakes near Mildura  
    

 Lower Murray Chowilla Lindsay–Wallpolla  
    

 Lower Murray Lakes Alexandrina and Albert  
    

Australasian bittern 
 

Shallow wetlands with tall, dense emergent vegetation O, W >3 months NK Summer 
 Macquarie Macquarie Marshes  F, O, W 

   

 Mid-Murrumbidgee Fivebough and Tuckerbil swamps  
    

 Mid-Murrumbidgee Yanco Creek wetlands  
    

 Lower Murrumbidgee Nimmie–Caira  
    

 Lower Murray Chowilla–Lindsay–Walpolla      

 Lower Murray Lakes Alexandrina and Albert      
Australian painted snipe 

 
Shallow temporary wetlands w. low vegetation, mudflats O, W ∼2 months 2 years Spring–summer 

 Gwydir Gwydir and Mallowa wetlands  
    

 Mid-Murrumbidgee Fivebough and Tuckerbil swamps  
    

  Yanco Creek wetlands  
    

Trout cod 
 

Deep, flowing river channels with large woody debris F, O ∼2 months 1–2 years Spring–summer 

 Central Murray Yarrawonga to Euston  
    

 Goulburn–Broken Goulburn and Broken channels  
    

 Ovens Ovens channel and floodplain  
    

Murray hardyhead 
 

Fresh/saline floodplain lakes with submerged vegetation O, W 2 months 1 year Spring–summer 
 Central Murray Murray Mallee Lakes near Mildura  

    

 Lower Murray Riverland (Disher Ck, Berri Evap. Basin)  
    

 Lower Murray Murray Bridge to Lower Lakes  
    

Silver perch 
 

Perennially flowing river channels, open water F, O ∼1 month 1 year Spring–summer 

 Lower Murrumbidgee Yanga and Nimmie–Caira  
    

 Edward–Wakool Edward, Wakool, Niemur rivers  
    

 Goulburn–Broken Goulburn and Broken channels  
    

Flathead galaxias 
 

Floodplain wetlands, lagoons & slow-flowing creeks O, W ∼1 month 1 year Spring 

 Campaspe Floodplain wetlands  
    

 Goulburn–Broken Broken floodplain and wetlands  
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Table S3. Occurrence of eight threatened species in the Murray–Darling Basin by catchment (river valley), on the basis of records of occurrence pre-1990 

and those post-1990 in the Atlas of Living Australia (see Fig. 2) 

Green cells indicate where the species was recorded post-1990 but not before and yellow cells where the species was recorded pre-1990 but not after. 1, recorded; 0, not recorded 

Catchment Sloane’s froglet Southern  

bell frog 

Australasian  

bittern 

Australian  

painted snipe 

Trout cod Murray hardyhead Silver perch Flathead galaxias 

 <1990 >1990 <1990 >1990 <1990 >1990 <1990 >1990 <1990 >1990 <1990 >1990 <1990 >1990 <1990 >1990 

Paroo 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 

Warrego 0 0 0 0 0 1 1 1 0 0 0 0 1 1 0 0 

Condamine–Balonne 0 1 0 0 1 1 1 0 0 0 0 0 1 1 0 0 

Moonie 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 

Border Rivers 0 1 0 0 1 1 1 1 0 0 0 0 1 1 0 0 

Gwydir 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 

Namoi 0 1 0 0 1 1 1 1 0 0 0 0 1 1 0 0 

Macquarie 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 0 

Barwon–Darling 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 

Lower Darling 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 

Lachlan 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 0 

Murrumbidgee 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 

Central MurrayA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Ovens 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 

Goulburn–Broken 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 

Campaspe 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 

Loddon 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

Wimmera–Avoca 0 0 1 1 1 1 1 1 1 0 1 0 1 1 1 1 

Lower Murray 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 0 

AIncludes Edward–Wakool and upper Murray. 
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Table S4. Water requirements of eight flow-dependent threatened species in the Murray–Darling Basin for breeding, habitat connectivity and 

maintenance 

Species require flooding, except trout cod and silver perch, which require mid-to-high freshing flows. CEWO, Commonwealth Environmental Water Office; DEE, Department of Environment and Energy; DELWP, 

Department of Environment, Land, Water and Planning; MDBA, Murray–Darling Basin Authority; TSSC, Threatened Species Scientific Committee; TCRT, Trout Cod Recovery Team 

Species Breeding Habitat connectivity and maintenance References 

 Magnitude of flow Duration Frequency Season Magnitude of flow Duration Frequency Season  

Sloane’s froglet Sufficient to flood habitat 

to <0.3-m depth 

3–4 months Every 1–2 

years 

Mar.–Sep. Sufficient to inundate 

and connect wetlands 

2–3 months Annual Mar.–Sep. Knight 2013, 2014; Anstis 2017; 

J. Deretic, pers. comm., Oct. 2020 

Southern bell frog Sufficient to flood 

temporary wetlands 

3 months Every 1–2 

years 

Oct.–Feb. Sufficient to flood 

temporary wetlands 

2–3 months Annual Sep.–Feb. Pyke 2002; Wassens et al. 2007; 

Mann et al. 2010; Clemann and 
Gillespie 2012 

Australasian bittern Flood of ≥0.3-m depth At least 3 
months 

Not known Dec.–Feb. Small flood Not known Regular Sep.–Feb. TSSC 2019; Herring et al. 2019; 
CEWO 2019 

Australian painted snipe Shallow flood ∼2 months Every 2 years Aug.–Feb. Maintain permanent 
wetlands 

Not known Regular Year-round TSSC 2013a; DEE 2019 

Trout cod High flows ∼2 months Every 1–2 

years 

Oct.–Dec. In-channel flow variation Not known Regular Year-round TCRT 2008; MDBA 2014; CEWO 

2019, 2020; Koehn et al. 2020 

Murray hardyhead Enough to raise lake 

levels and lower 
salinity 

 

2 months Annual Sep.–Mar. High lake level in 

spring–summer, 
drawdown in autumn–

winter 

Not known Annual Sep.–Feb. Backhouse et al. 2008; Ellis et al. 

2013; DELWP 2017; Stoessel et al. 
2020; Koehn et al. 2020 

Silver perch High flows ∼1 month, after 

limited 
flooding 

Annual Oct.–Feb. In-channel flow variation Not known Regular Year-round MDBA 2014; TSSC 2013b; CEWO 

2020; Koehn et al. 2020 

Flathead galaxias Small flood ∼1 month Annual Aug.–Sep. Small flood Not known Annual Year-round MDBA 2014; TSSC 2016 
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Table S5. Priorities and sites for environmental flows to increase the distribution (range expansion) of the four threatened species of native fishes listed in 

the 2019 Murray–Darling Basin Authority Basin-wide Environmental Watering Strategy 
Catchment Trout cod Murray hardyhead Silver perch Flathead galaxias 
Paroo 

  
Expand range 

 

Warrego 
  

Expand range 
 

Condamine–Balonne 
  

Expand range 
 

Namoi 
  

Expand range 
 

Macquarie Establish additional population(s) within the 

catchment 

 
Expand range Candidate catchment for re-introduction 

Barwon–Darling 
  

Expand range 
 

Lower Darling 
  

Expand range and establish additional 
population in lower Darling 

 

Lachlan Establish additional population(s) downstream 

of Wyangala Dam 

  
Candidate catchment for re-introduction 

Murrumbidgee Downstream expansion of the connected 

population of the Murrumbidgee–Murray–

Edward 

 
Establish additional population(s) in ACT 

reaches of the Murrumbidgee 
Establish additional populations 

Central and upper Murray 
(including Edward–Wakool) 

Expand range upstream of Lake Mulwala and 
into the Kiewa River 

Expand range. Establish additional 
populations in central Murray, including at 

Kerang Lakes 

Establish additional population(s) at Gunbower 
Creek and Billabong Creek-Yanco Creek 

system 

Expand range. Establish additional populations 
in Kiewa and Mitta Mitta Rivers and their 

wetlands 
Ovens 

  
Expand upstream of Lake Mulwala and into the 

Ovens River 

 

Goulburn–Broken Establish additional population(s) in the mid-

Goulburn River 

 
Increase range up the lower Goulburn River. 

Establish additional population in Broken 

Creek 

Establish additional populations 

Campaspe 
  

Establish additional population in Campaspe 

River 

 

Loddon 
  

Establish additional population in lower Loddon 
 

Lower Murray 
 

Expand range. Establish additional 
populations 

 
Expand range 
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Table S6. Reporting on benefits of environmental flows to threatened species by State agencies and others 

O, occurrence record; PS, population supported; B, breeding record; PM, population monitoring. Note: there was minimal reporting on environmental outcomes by NSW in 2017–18 and 2018–19. There was no monitoring or 

reporting at all on flathead galaxias 

Species and catchment 2014–15 2015–16 2016–17 2017–18 2018–19 Details References 

Sloane’s froglet 
       

 Goulburn–Broken 
  

O 
  

2016–17: first record, Doctors Swamp VEWH 2017, p. 64 

Southern bell frog 
       

 Lachlan O PS 
   

2014–15: first record, Lower Lachlan since 1980s. 2015–16: habitat maintained Noonamah–

L. Bullogal 

OEH 2015, p. 12, 2017a, p. 17 

 Central Murray O 
    

2014–15: first record, central Murray since 1990s OEH 2015, p. 26 

 Murrumbidgee 
  

PM 
  

2016–17: widespread in Nimmie–Caira, >100 individuals at Nap Nap Swamp OEH 2017b, p. 19 

 Edward–Wakool O O O 
  

2014–15: at Jimaringle, Cockran and Gwynnes creeks 2015–16: records from Cliffhouse 

Wetland, Andruco Lagoon, Brechin Swamp. 2016–17: recorded at multiple locations 

OEH 2015, p. 26, 2017a, p. 28, 2017b, p. 23 

 Ovens 
 

O 
   

2015–16: abundant in lower Ovens and wetlands and in the King River upstream of 

Cheshunt 

VEWH 2016, p. 88 

 Loddon 
   

O PS 2017–18: first record at Wirra-Lo Wetlands since 2008. Support breeding, Wirra-Lo, Sep.–
Dec. 2018 

VEWH 2019, p. 46, 2020, p. 57 

 Lower Murray O 
 

O 
 

O 2014–15, 2016–17: Chowilla, L. Alexandrina. 2015–15: 4 sites in the Lower Lakes – 

Wellington East, Dunns Lagoon, Murrundi Wetland and Clayton Bay. 2018–19: Overland 
Corner, Chowilla, Templeton 

DEWNR 2016, p. 20; Durbridge 2016; DEW 

2018, p. 34, 2020, pp. 24, 26, 34 

Australasian bittern 
       

 Macquarie 
 

O 
   

Macquarie Marshes, June 2016 OEH 2016, p. 13 

 Central Murray O B PM PM 
 

Recorded Barmah Forest after natural floods, July 2014. Breeding, Johnson Swamp, 2015. 

Several sighted, Central Murray Wetlands, Autumn 2017 and Barmah Forest. 2015–16: 73 
males recorded, Millewa Forest. 2017–18: 50 males recorded, Millewa Forest 

VEWH 2015, p. 55, 2016, p. 74, 2017, p. 67; 

OEH 2017a, p. 29; Borrell et al. 2017; Borrell 
2018, p. 12 

 Goulburn O O 
   

First record from Moodies swamp, Sep. 2014. Second record, May 2015 VEWH 2015, p. 41, 2016, p. 70 

 Loddon 
   

PM 
 

Records, Hird Swamp and Lake Cullen, Feb.–June 2018 VEWH 2019, p. 47 
 Lower Murray 

   
O 

 
2017–18: recorded Tolderol Wetland. 2018–19 recorded Milang Snipe Sanctuary, Lower 

Lakes 

DEW 2018, p. 31, 2020, p. 36 

Australian painted snipe 
       

 Macquarie 
 

O 
   

Macquarie Marshes, June 2016 OEH 2017a, p. 13 

 Lower Murray    O  In flooded black box woodland, Hattah Lakes, spring 2017 Wood et al. 2018, p. 62 

Trout cod 
       

 Ovens 
 

O 
   

Recorded in King River as far up as Whitfield VEWH 2017a, p. 88 

Murray hardyhead 
       

 Central Murray 
 

O, PM PS PM 
 

Recorded, Round Lake; re-introduction, L. Elizabeth 2016. Habitat maintained, Round L. 
and L. Elizabeth, 2016–17. Survey, L. Elizabeth, Apr. 2018. Habitat maintained Round L. 

and L. Elizabeth, 2018 

VEWH 2016, p. 93, 2017, p. 67, 2018, p. 44, 
2019, pp. 21, 56 

 Lower Murray PS PM PM PM PM Translocation 2500 individual, Brickworks Billabong, 2014. 500 individual records, 
Brickworks Billabong 2015–16. Large numbers recorded at Disher Creek and Berri 

Evaporation Basin, 2014–15, also monitored 2017–18, 2018–19. 2016–17: recorded Lakes 

Alexandrina and Albert. 2018–19: Lyrup Lagoon 

VEWH 2015, p. 49, 2016, p. 76; DEWNR 
2017a, p. 82, 2017b, 2018, p. 36 

Silver perch 
       

 Central Murray 
 

B B 
  

Spawning, Millewa Forest, 2015; Barmah Forest, 2016 VEWH 2017, p. 79; OEH 2016, p. 29 

 Lower Murray PS, PM O, PM O, PM PM PS, PM Watering provided connectivity, Hattah Lakes, 2014. Population monitoring, Hattah Lakes 
(2007–8 to 2017–18). Recorded Lindsay-Walpolla, 2015. Re-stock, Horseshoe Lagoon, 

Walpolla Island, 2018–19 

VEWH 2015, p. 52, 2016, 2019b, p. 62; Wood 
et al. 2018, p. 54; DEWNR 2016, p. 13  

 Goulburn–Broken O 
 

B 
  

Lower Broken Creek, 2014. Spawning, Lower Goulburn, following natural high flows, Nov. 
2016 

VEWH 2015, p. 45, 2017, p. 61 

 Loddon 
  

PM 
  

Good numbers at Kerang Weir and Kow Swamp VEWH 2017, p. 71 

 Campaspe 
  

PM O 
 

2016–17: large numbers in Campaspe for first time in 10 years. 2017–18: migrating from 
Murray 

VEWH 2017, pp. 59, 65, 2019a, p. 4 
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Table S7. Annual count of individuals and total number of records of eight endangered species in the Murray–Darling Basin, 2012–2019 analysis due to 

being an incomplete year 

Figures in parentheses are corrected for sampling effort bias (see Materials and methods). Data from Atlas of Living Australia (2020), Department of Environment, Land, Water and Planning (2020) 

and Office of Environment and Heritage (2020) (references cited in main text) 

Species 2012 2013 2014 2015 2016 2017 2018 2019 

Annual count 

Sloane’s froglet 280 262 0 1 1 0 2 9 

Southern bell frog 6 21 244 203 (177) 193 1039 745 (662) 906 (656) 

Australasian bittern 42 20 134 312 154 245 278 29 

Australian painted snipe 150 78 23 21 0 88 1 0 

Trout cod 0 23 3 32 12 136 88 88 

Murray hardyhead 2 1 0 476 (473) 8336 (5046) 270 10 1 

Silver perch 15 9 14 8 6 45 21 37 

Flathead galaxias 0 2 0 16 1 0 0 0 

Number of records 

Sloane’s froglet 35 32 0 1 1 0 2 9 

Southern bell frog 5 7 45 52 (26) 35 90 203 (120) 353 (103) 

Australasian bittern 26 18 70 60 89 115 113 23 

Australian painted snipe 42 57 19 9 0 60 1 0 

Trout cod 0 19 3 17 6 32 21 18 

Murray hardyhead 2 1 0 74 (27) 52 (13) 10 1 1 

Silver perch 12 9 12 8 6 31 16 24 

Flathead galaxias 0 2 0 3 1 0 0 0 
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Monitoring reports used to compile Table S4 and Table S6 

Atlas of Living Australia (2020). Occurrence records download on 2020-10-14. Available at 

https://doi.ala.org.au/doi/d887aee6-0d64-4b0d-9652-c04f2e9807c1 [Verified 14 October 2020]. 

Anstis, M. (2017). ‘Tadpoles and Frogs of Australia’, 2nd edn. (New Holland Publishers: Sydney, NSW, Australia.) 

Backhouse, G., Lyon, J., and Cant, B. (2008). National recovery plan for the Murray hardyhead Craterocephalus fluviatilis. 

Department of Sustainability and Environment, Melbourne, Vic., Australia. 

Borrell, A., Liefting, A. and Webster, R. (2017). Monitoring Waterbird Activity in Millewa Forest 2016–2017. NSW National 

Parks and Wildlife Service, Moama, NSW, Australia. 

Borrell, A. (2018). Monitoring Waterbird Activity in Millewa Forest 2017–18. NSW National Parks and Wildlife Service, 

Moama, NSW, Australia. 

CEWO (2019). Commonwealth Environmental Water Portfolio Management Plan: mid-Murray Region 2019–20. 

Commonwealth Environmental Water Office, Canberra, ACT, Australia. 

CEWO (2020). Water Management Plan 2020–21. Commonwealth Environmental Water Office, Canberra, ACT, Australia. 

Clemann, N., and Gillespie, G. R. (2012). National recovery plan for the southern bell frog Litoria raniformis. Department of 

Sustainability and Environment, Melbourne, Vic., Australia. 

DEE (2019). Draft National Recovery Plan for the Australian Painted Snipe Rostratula australis. Department of Environment 

and Energy, Canberra, ACT, Australia. 

DELWP (2017). Draft National Recovery Plan for the Murray hardyhead Craterocephalus fluviatilis. Department of 

Environment, Land, Water and Planning, Melbourne, Vic., Australia. 

Department of Environment, Land, Water and Planning (2020). Victorian Biodiversity Atlas. Available at 

https://www.environment.vic.gov.au/biodiversity/victorian-biodiversity-atlas [Verified 13 October 2020]. 

DEW (2018). South Australia’s River Murray Water for the Environment Report 2017–18. Department for Environment and 

Water, Adelaide, SA, Australia. 

DEW (2020). South Australia’s River Murray Water for the Environment Report 2018–19. Department for Environment and 

Water, Adelaide, SA, Australia. 

DEWNR (2016). South Australia’s River Murray Environmental Watering Report 2014–15. Department of Environment, 

Water and Natural Resources, Adelaide, SA, Australia. 

DEWNR (2017a). South Australia’s River Murray Environmental Watering Report 2015–16. Department of Environment, 

Water and Natural Resources, Adelaide, SA, Australia. 

DEWNR (2017b). South Australia’s River Murray Environmental Watering Report 2016–17. Department of Environment, 

Water and Natural Resources, Adelaide, SA, Australia. 

https://doi.ala.org.au/doi/d887aee6-0d64-4b0d-9652-c04f2e9807c1
https://www.environment.vic.gov.au/biodiversity/victorian-biodiversity-atlas
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Durbridge, R. (2016). Community Frog Monitoring in the Coorong, Lower Lakes & Murray Mouth (CLLMM) region, 

September 2015–January 2016. Goolwa to Wellington Local Action Planning Association, Strathalbyn, SA, Australia. 

Ellis, I. M., Stoessel, D., Hammer, M. P., Wedderburn, S. D., Suitor, L., and Hall, A. (2013). Conservation of an inauspicious 

endangered freshwater fish, Murray hardyhead (Craterocephalus fluviatilis), during drought and competing water demands 

in the Murray–Darling Basin, Australia. Marine and Freshwater Research 64, 792–806. doi:10.1071/MF12252 

Herring, M. W., Robinson, W., Zander, K. K., and Garnett, S. T. (2019). Rice fields support the global stronghold for an 

endangered waterbird. Agriculture, Ecosystems & Environment 284, 106599. doi:10.1016/j.agee.2019.106599 

Knight, A. (2013). The distribution of Sloane’s froglet, Crinia sloanei, in southern NSW and northern Victoria: a review of 

historical distribution records and results from surveys undertaken from 2010 to 2013. Report number 70, Institute of Land, 

Water and Society, Charles Sturt University, Albury, NSW, Australia. 

Knight, A. (2014). Sloane’s froglet interim habitat guide and management recommendations. Office of Environment and 

Heritage, Sydney, NSW, Australia. 

Koehn, J., Raymond, S., Stuart, I. G., Todd, C., Balcombe, S., Zampatti, B. P., Bamford, H., Ingram, B., Bice, C., Burndred, 

K., Butler, G. L., Baumgartner, L. J., Clunie, P., Ellis, I., Forbes, J., Hutchison, M., Koster, W., Lintermans, M., Lyon, J., 

Mallen-Cooper, M., McLellan, M., Pearce, L., Ryall, J. G., Sharpe, C., Stoessel, D., Thiem, J., Tonkin, Z., Townsend, A., 

and Ye, Q. (2020). A compendium of ecological knowledge for restoration of freshwater fishes in Australia’s Murray–

Darling Basin. Marine and Freshwater Research 71, 1391–1463. doi:10.1071/MF20127 

Mann, R. M., Hyne, R. V., Selvakumaraswamy, P., and Barbosa, S. S. (2010). Longevity and larval development among 

southern bell frogs (Litoria raniformis) in the Coleambally irrigation area – implications for conservation of an 

endangered frog. Wildlife Research 37, 447–455. doi:10.1071/WR10061  

Murray–Darling Basin Authority (2014). Basin-wide environmental watering strategy. MDBA, Canberra, ACT, Australia. 

OEH (2015) Environmental water use in New South Wales: outcomes 2014–15. NSW Office of Environment and Heritage, 

Sydney, NSW, Australia. 

OEH (2017a) Environmental water use in New South Wales: outcomes 2015–16. NSW Office of Environment and Heritage, 

Sydney, NSW, Australia. 

OEH (2017b). Environmental water use in New South Wales: outcomes 2016–17. NSW Office of Environment and Heritage, 

Sydney, NSW, Australia. 

Pyke, G. (2002). A review of the biology of the Southern Bell Frog Litoria raniformis (Anura: Hylidae). Australian Zoologist 

32, 32–48. doi:10.7882/AZ.2002.003 

Stoessel, D. J., Fairbrother, P. S., Fanson, B. G., Raymond, S. M. C., Raadick, T. A., Nicol, M. D., and Johnson, L. A. (2020). 

Salinity tolerance during early development of threatened Murray hardyhead (Craterocephalus fluviatilis) to guide 

environmental watering. Aquatic Conservation 30, 173–182. doi:10.1002/aqc.3233 

https://doi.org/10.1071/MF12252
https://doi.org/10.1016/j.agee.2019.106599
https://doi.org/10.1071/MF20127
https://doi.org/10.1071/WR10061
https://doi.org/10.7882/AZ.2002.003
https://doi.org/10.1002/aqc.3233
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Threatened Species Scientific Committee (2013a). Approved conservation advice for Rostratula australis (Australian painted 

snipe). Available at http://www.environment.gov.au/biodiversity/threatened/species/pubs/77037-conservation-advice.pdf 

[Verified 9 August 2020]. 

Threatened Species Scientific Committee (2013b). Conservation advice Bidyanus bidyanus (silver perch). Available at 

http://www.environment.gov.au/biodiversity/threatened/species/pubs/76155-conservation-advice.pdf [Verified 9 August 

2020]. 

Threatened Species Scientific Committee (2016). Conservation advice Galaxias rostratus flathead galaxias. Available at 

http://www.environment.gov.au/biodiversity/threatened/species/pubs/84745-conservation-advice-05052016.pdf [Verified 

10 August 2020]. 

Threatened Species Scientific Committee (2019). Conservation advice Botaurus poiciloptilus Australasian Bittern. Available 

at http://www.environment.gov.au/biodiversity/threatened/species/pubs/1001-conservation-advice-18012019.pdf [Verified 

9 August 2020]. 

Trout Cod Recovery Team (2008). National Recovery Plan for the trout cod Maccullochella macquariensis. Department of 

Sustainability and Environment, Melbourne. Vic., Australia. 

VEWH (2015). Reflections – environmental watering in Victoria 2014–15. Victorian Environmental Water Holder, Melbourne, 

Vic., Australia. 

VEWH (2016). Reflections – environmental watering in Victoria 2015–16. Victorian Environmental Water Holder, Melbourne, 

Vic., Australia. 

VEWH (2017). Reflections – water for the environment in Victoria 2016–17. Victorian Environmental Water Holder, 

Melbourne, Vic., Australia. 

VEWH (2019a). Reflections – water for the environment in Victoria 2017–18. Victorian Environmental Water Holder, 

Melbourne, Vic., Australia. 

VEWH (2019b). Reflections – water for the environment in Victoria 2018–19. Victorian Environmental Water Holder, 

Melbourne, Vic., Australia. 

Wassens, S., Roshier, D. A., Watts, R. J., and Robertson, A. I. (2007). Spatial patterns of a Southern Bell Frog Litoria raniformis 

population in an agricultural landscape. Pacific Conservation Biology 13(2), 104–110 doi:10.1071/PC070104. 

Wood, D., Romanin, L., Brown, P., Loyn, R., McKillop, T., and Cheers, G. (2018). The living Murray: annual condition 

monitoring at Hattah Lakes Icon Site 2017–18. Part A. La Trobe University, Mildura, Vic., Australia. 

http://www.environment.gov.au/biodiversity/threatened/species/pubs/77037-conservation-advice.pdf
http://www.environment.gov.au/biodiversity/threatened/species/pubs/76155-conservation-advice.pdf
http://www.environment.gov.au/biodiversity/threatened/species/pubs/84745-conservation-advice-05052016.pdf
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https://doi.org/10.1071/PC070104


Page 12 of 14 

Monitoring reports cited by Hale et al. (2020)1 in the 2018–19 Basin-scale evaluation of Commonwealth 

environmental water – synthesis report, which were considered potentially of relevance to the 

compilation of Table S7, indicating those that are not publicly available (with asterisk) 

*Belcher, C., Borrell, A., Davidson, I., and Webster, R. (2019). Australasian bittern surveys in the Murray Valley and Barmah 

National Parks 2018. NSW National Parks and Wildlife Service, Moama, NSW, Australia. 

Bloink, C., and Robinson, W. (2018). Gunbower forest TLM fish monitoring 2018. Ecology Australia, Melbourne, Vic., 

Australia. 

*Bloink, C., Brown, P., Robinson, W., and Stevenson, K. (2018). Gunbower TLM fish monitoring 2018. Ecology Australia, 

Melbourne, Vic., Australia. 

Bloink, C., Kershaw, J., Brook, L., Schmidt, B., Crowfoot, L., and Robinson, W. (2019). The living Murray condition 

monitoring, Hattah Lakes 2018–19, Part A. Ecology Australia, Melbourne, Vic., Australia. 

*Borrell, A. (2019). Waterbird condition monitoring within Barmah–Millewa Forest 2018–19. Ecosystems Consulting, 

Moama, NSW, Australia. 

*Borrell, A., and Webster, R. (2019). Millewa intervention monitoring; colonial waterbird nesting 2018–19. NSW National 

Parks and Wildlife Service, Deniliquin. 

Ellis, I., and Petrie, R. (2015). Zooplankton in Lake Elizabeth, winter 2015: identifying food resource availability for future 

translocated Murray hardyhead. Murray–Darling Freshwater Research Centre, Mildura, Vic., Australia. 

*Enviro, C. P. S. (2016). Gunbower Island annual TLM condition monitoring surveys: fish 2017. CPS Enviro, Irymple, Vic., 

Australia. 

*Fullagar, A., and McCutcheon, C. (2017). Monitoring waterbirds in response to environmental watering at the Hattah Lakes 

Icon Site: 2017. Biosis Pty. Ltd., Melbourne, Vic., Australia. 

*Ocock, J., Spencer, J., Humphries, P., Preston, D., and Albertson, D. (2017). Monitoring frog activity in the Gwydir wetland, 

NSW OEH frog surveys spring–summer 2015–2017. NSW Office of Environment and Heritage, Sydney, NSW, Australia. 

*Petrie, R. (2016). Zooplankton in Lake Elizabeth, Round Lake and Woorinen North Lake, winter 2016: identifying food 

resource availability for Murray hardyhead. Murray–Darling Freshwater Research Centre, Mildura, Vic., Australia. 

Raymond, S., Tonkin, Z., Duncan, M., and Robinson, W. (2019). Barmah–Millewa fish condition monitoring: 2019. Arthur 

Rylah Institute for Environmental Research, Melbourne, Vic., Australia. 

*Sharpe, C., Campbell-Brown, S., and Vilizzi, L. (2014). Gunbower Island annual fish surveys: 2014. CPS Environmental, 

Irymple, Vic., Australia. 

 
1 Hale, J., Bond, N., Brooks, S., Capon, S., Grace, M., Guarino, F., James, C., King, A., McPhan, L., Mynott, J., Stewardson, 

M., and Thurgate, N. (2020). 2018–19 Basin-scale evaluation of Commonwealth environmental water – synthesis report. La 

Trobe University, Wodonga, Vic., Australia. 
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*Spencer, J., and Ocock, J. (2018). Results of waterbird surveys in the Macquarie Marshes (2017–18). NSW Office of 

Environment and Heritage, Sydney, NSW, Australia. 

*Spencer, J., Ocock, J. F., Amos, C., Borrell, A., Suter, S., Preston, D., Hosking, T., Humphries, J., Hutton, K., Berney, P., 

Lenon, E., Brookhouse, N., Keyte, P., Dyer, J., and Lenehan, J. (2018). Monitoring waterbird outcomes in NSW: summary 

report 2016–17. Office of Environment and Heritage, Sydney, NSW, Australia. 

Stocks, J., Scott, K., Rodgers, M., Walsh, C., van der Meulen, D., and Gilligan, D. (2015). Short-term intervention monitoring 

of a fish community response to an environmental flow in the mid and lower Macquarie River: 2014/2015 watering year. 

Commonwealth of Australia, Canberra, ACT, Australia. 

*Thomas, R. F., Spencer, J., Heath, J., Walcott, A., Amos, C., Honeysett, J., Mason, T., Kuo, W., and Henderson, M. (2020). 

Monitoring outcomes of environmental water in NSW: summary report for 2018–2019. NSW Department of Planning, 

Industry and Environment, Sydney, NSW, Australia. 

*Tourenq, C. (2016). Banrock Station 2015–2016 e-watering brief report. Banrock Station Wine and Wetland Centre, Kingston 

on Murray, SA, Australia. 

*Whiterod, N., and Gannon, R. (2019). The implications of the rediscovery of Murray Hardyhead in the Gurra Wetland 

complex for SARFIIP operation, a report to South Australian Department for Environment and Water, Aquasave–Nature 

Glenelg Trust, Goolwa Beach, SA, Australia. 

*Wood, D., Brown, P., and Ellis, I. (2015) Movement of large‐bodied fish in response to management of water at the Hattah 

Lakes. MDFRC Publication 58/2015. Murray–Darling Freshwater Research Centre, Mildura, Vic., Australia. 

*Wood, D., Romanin, L., Brown, P., Loyn, R., McKillop, T., and Cheers, G. (2018) The living Murray: annual condition 

monitoring at Hattah Lakes Icon Site 2017–18. La Trobe University, Mildura, Vic., Australia. 
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Fig. S1. Relationship between number of threatened species that are targets for environmental flows in CEWO environmental 

watering plans and portfolio management plans and the volume of Commonwealth environmental water delivered to the 

catchment from 2013–14 and 2018–19, and also between this latter variable and mean annual discharge (as end-of-system 

flow) for each catchment. 


