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Executive summary  
The Macquarie perch (Macquaria australasica Cuvier 1830) is a nationally endangered, medium-sized 
fish that was once widespread throughout the southern Murray–Darling Basin. There is currently only 
one remaining population of the species in the NSW Murray management unit, within Mannus Creek 
in the Upper Murray region. The recent 2019/20 bushfires burnt the entire 9km stretch of Mannus 
Creek that contains the threatened population of Macquarie perch. The impacts of these fires on the 
Mannus Creek Macquarie perch population have not been formally investigated thus far. 

The project objectives were: 

1. Mapping the habitat of the Mannus Creek to allow for comparisons with the previous 2017/18 
(i.e. pre-fire) habitat mapping. 

2. Surveying the creek for numbers of Macquarie perch and other fish both native and non-
native, to allow for comparisons with the previous pre-fire surveys in 2017/18. 

3. Capturing and removing non-native fish from the Macquarie perch reach of Mannus creek 
through netting and electrofishing. 

4. Producing a site management plan for the Mannus Creek Macquarie perch population post-
bushfires. 

Objective 1: Habitat mapping 
Detailed spatial mapping of habitat features was undertaken along the entire 66km reach of the 
Mannus Creek (Rosewood – Tooma), in November 2020. The middle and lower reaches of Mannus 
Creek experienced significant burning during the 2019/2020 bushfires. In general, the habitat features 
identified in the 2020 sampling event remained the same as those observed during the previous 
habitat sampling (2017/18). There were notable changes post-2019/20 bushfires; 

1. A thick ash layer / sediment / sand layer was present in many areas in the upper section of 
the Lower Mannus reach  

2. Burnt, woody debris had piled up, generally around willows. 
3. Pest fish, including gambusia, small redfin and carp were observed  
4. In the most intensely burnt habitats, macroinvertebrates were absent.  

Objective 2: Fish surveys 
Ten species were observed in 2018 whereas only eight species were observed in 2021, when all 
three sampling methods (electrofishing, bait traps and fyke nets) were pooled. In 2021, of the eight 
species, four were native and four were non-native. No Macquarie perch were caught in the February 
2021 fish survey at any sites, compared to 29 caught in 2018.  

Fish communities sampled in 2021 varied amongst reaches; Reach 1 (Site’s 1 – 5) was characterised 
by river blackfish, galaxias, gambusia and redfin perch, Reach 2 (Site’s 6 – 10) was characterised by 
Murray cod, redfin perch, goldfish and gambusia, and Reach 3 (Site’s 11 – 15) was characterised by 
Murray cod, smelt, carp, gambusia and redfin perch.  

Gambusia and redfin perch were present throughout the entire Mannus Creek system. Carp were 
only present in Mannus Creek below the Mannus Falls (Reach 3). Many fish species, including carp, 
river blackfish and Murray cod showed signs of parasitic infections, specifically anchor worm across 
Mannus Creek.  

Objective 3: Non-native fish removal  
A total of 277 non-native fish were removed from Mannus Creek, consisting of goldfish (n=3), carp 
(n=18), gambusia (n=188) and redfin (n=68). After fires, often non-native species can quickly re-
colonise disturbed habitats and can dominate the aquatic fauna. Indeed this was evident at Sites 8 – 
11 and 15, where the entire fish community sampled during the February surveys consisted of 80 – 
100% non-native species.  
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Additional outcomes  
National Parks contractors willow removal in March 2021 reported a sighting of a Macquarie perch in 
the Bogandyera Nature Reserve. Luke Pearce subsequently set fyke nets at Site 12 (11 April 2021) 
and caught a single Macquarie perch. On the 17th May 2021, CSU staff caught two Macquarie perch 
(348mm and 199mm.  

On the 6th February 2021, CSU staff, Murray LLS and NSW DPI (Fisheries) attended a community 
engagement event at Tooma as part of the Snowy Valleys Arbour Festival. The event consisted of a 
number of events centred on Mannus Creek bushfire recovery including education displays and the 
release of 2500 Macquarie perch fingerlings in Mannus Creek.   

Objective 4: Site management plan 
With the combination of bushfire impacts, reduced Macquarie perch populations and timing of the 
previous recommendations, the present project recommends the following actions be undertaken 
within the next two years.  

Priority 1: The viability of the remnant population of Macquarie perch in the Site 11–13 section should 
be maintained by: 

i. preserving flowing habitat (runs/riffles) and rocky substrates (e.g. boulders) in the Site 11–13 
section through responsible flow management  

ii. protecting the middle reach and the Site 11–13 section by reducing erosion to minimise 
sediment and ash inputs to these sections of the creek (and downstream) 

iii. managing the alien fish numbers (especially carp and redfin) in the middle and lower reaches 
of the creek through ongoing control efforts involving electrofishing and netting 

iv. undertaking a genetic assessment of the current population to determine the genetic fitness of 
the population 

v. undertaking genetic rescue if required 
vi. Undertake further population assessments and continued monitoring, including eggs and 

larvae as well as juvenile and adult fish.  
 

Priority 2: The distribution of the Macquarie perch population should be expanded further downstream 
in the lower reach (i.e. downstream of Site 13) by: 

i. increasing flowing habitat availability to a level equivalent to that for the Site 11–13 section, 
through flow management and/or channel constriction activities such as revegetation and bed 
stabilisation in highly eroded, widened reaches  

ii. adding more boulders, to replicate the same density per kilometre as for the Site 11–13 
section 

iii. minimising sediment inputs from the area of catchment adjoining the middle reach and the 
Site 11–13 section (as per Priority 1), as well as the area of catchment adjoining the section 
from Site 13 to the confluence with Tumbarumba Creek 

iv. reducing alien fish numbers (especially carp, redfin and gambusia) in the entire lower and 
middle reaches and preventing new incursions through ongoing electrofishing and netting (as 
per the Priority 1 actions) 

v. replacing willows and other alien riparian vegetation species with native riparian species, so 
as to minimise erosion impacts and minimise weed dominance post-bushfires 

vi. excluding stock from accessing the creek 
vii. reintroducing woody habitats in key areas, to create scour and increase available habitat 
viii. Ensure that refuge habitats are available downstream of Site 13 to support existing Macquarie 

perch populations should an environmental emergency occur.  
 

Priority 3: Macquarie perch should be reintroduced into the middle reach by: 

i. restoring flowing habitat (through flow management and/or channel constriction activities) and 
boulders at all sites in the middle reach (especially at Site 6 if it is feasible), to levels similar to 
those for the Site 11–13 section 
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ii. minimising sediment inputs by protecting the catchment area surrounding the middle reach, 
as per the Priority 1 actions (sediment inputs from the upper reach are likely to be somewhat 
reduced by Mannus Dam, and thus less of a concern for the middle reach) 

iii. reducing alien fish numbers (especially redfin and gambusia) throughout the entire lower and 
middle reaches through ongoing electrofishing and netting (as per the Priority 1 actions) 

iv. replacing willows and other alien riparian vegetation species with native riparian species, so 
as to minimise erosion impacts (as per the Priority 2 actions) and minimise weed dominance 
post-bushfires 

v. restocking the reach with Macquarie perch using individuals from either the current Mannus 
Creek population (without placing this donor population at risk of extinction), or another 
genetically appropriate population (e.g. from Cataract Dam or Dartmouth Dam) to increase 
the genetic diversity and fitness of the Macquarie perch in Mannus Creek 

vi. conducting tag/recapture surveys to evaluate the survival rates of fingerlings released as part 
of the restocking program 

vii. excluding stock from accessing the creek (as per the Priority 2 actions). 
 

Additional priorities based on the current project’s outcomes; 

i. Monitor sediment and ash loads post bushfires 
ii. Ensure rescue protocols are in place for fisheries agencies (e.g. NSW DPI Fisheries) with 

assistance from CSU or other research institutes to safely and rapidly rescue Macquarie 
perch 

iii. Identify temporary housing facilities, such as the fisheries facilities at CSU and Narrandera 
Fisheries Centre to hold rescued fish 

iv. Identify alternative catchments that are similar to Mannus Creek for translocation and 
insurance populations post-emergencies   

v. Develop protocols for after the threatening process has been removed or reduced  
vi. Ensure erosion control options (e.g. coir logs, sand bags, hay bales) and / or aeration devices 

are available to support existing Macquarie perch populations during emergencies and to 
prevent sediment and ash loads entering the creek 

vii. Maintain collaborative partnerships and communication between Murray LLS, NSW DPI 
(Fisheries), CSU, National Parks and landholders 

viii. Develop a reporting database for Macquarie perch sightings in Mannus Creek.  

Criteria for assessing the success of the management plan for Mannus Creek 
The Macquarie perch management plan for the Mannus Creek system could be considered to be 
performing successfully if: 

 Numbers and genetic diversity of Macquarie perch increase at historical sites as well as 
bushfire-impacted sites in the creek 

 The species distribution expands throughout the creek, including post environmental 
emergencies  

 There is an enhancement in the understanding of the impacts and recovery of Macquarie 
perch populations post-bushfires 

 Threat mitigation measures are adopted to conserve the Mannus Creek Macquarie perch 
population. 

Conclusion and recommendations 
The small, self-sustaining population of Macquarie perch that was recorded in the 2017 - 2018 
surveys (pre-bushfires) is now at serious risk following the 2019/2020 bushfires.  

Since the 2019/2020 bushfires, a number of on-ground management interventions have proven 
critical in the current understanding and maintenance of the Mannus Creek Macquarie perch 
population; 

 January 2020: Ten Macquarie perch were rescued by NSW DPI (Fisheries) immediately prior 
to the heavy, post-bushfire rainfall that caused significant water quality issues. 
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 February 2021: 2500 Macquarie perch fingerlings were released as part of a community 
bushfire recovery and education event. 

 March 2021: One Macquarie perch was sighted during weed management in the Bogandyera 
Nature Reserve and reported to NSW DPI (Fisheries). 

 April 2021: One Macquarie perch was caught by NSW DPI (Fisheries) following up on the 
reported sighting in April. 

 May 2021: Two Macquarie perch were caught during non-native fish removal activities. 

The management of the Mannus Creek Macquarie perch population hinges on the critical 
partnerships already established between catchment management agencies, fisheries agencies, 
research institutions and National Parks and other local landholders. Emergency procedures for fish 
rescues and water quality improvements following environmental emergencies such as algal blooms, 
drought and bushfires should be developed immediately. Aquatic habitat values within the section 
currently supporting the Macquarie perch population, as well as those habitats directly upstream and 
downstream should be immediately conserved and restored to facilitate the expansion of the 
population and create refuge habitats should an environmental emergency occur.  
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Introduction 

Between 2017 and 2018, a small, self-sustaining Macquarie perch (Macquaria australasica 

Cuvier 1830) population was identified to be persisting in Mannus Creek (New South Wales, 

NSW), inhabiting a 9-km section immediately downstream of Mannus Falls and within 

Bogandyera Nature Reserve (Silva et al. 2018). Mannus Creek contains one of only four 

remaining populations of Macquarie perch in NSW, and the only population in the NSW 

Murray management unit — thus placing the species at high risk of localised extinction 

(Gilligan et al. 2010b). The species is now listed as nationally endangered. 

The Mannus Creek Macquarie perch population is highly significant from a genetics 

perspective and is therefore the focus of much ongoing research and management to secure 

the population. There is also strong community and local support to see the habitat 

conditions and the species recovered within Mannus Creek. A number of long-term 

recommendations were formulated by Silva et al. (2018) to directly support the Macquarie 

perch population in Mannus Creek (Table 1).  

In the summer of 2019/20, the Macquarie perch population of Mannus Creek became 

severely threatened by the Dunns Road and Green Valley/Talmalmo Fire Event. The Dunns 

Road fire was believed to have been started by a lightning strike on 28 December in a 

private pine plantation near Adelong (Martinich 2019; Quinn 2020). By 11 January 2020, 

three fires had merged — the Dunns Road fire, the East Ournie Creek, and the Riverina's 

Green Valley fire — and had created a 600,000-hectare (1,482,632-acre) ‘mega-fire’, 

burning south of the Snowy Mountains (Gorrey et al. 2020)(Figure 2). The entire 9km stretch 

of Mannus Creek that contains the threatened population of Macquarie perch was impacted 

by bushfires (Figure 2). 
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Table 1: List of recommendations summarised in Silva et al. (2018) for a Long Term 
Management Plan for the Mannus Creek Macquarie Perch Population.   

Proposed Long Term Management Plan for the Mannus Creek Macquarie Perch Population 
Strategy 1: Maintain a viable Macquarie perch population in the Mannus Creek system 

i. Protect the Macquarie perch population from the impacts of competition with and/or predation by alien species (especially 
trout, carp, Eastern gambusia and redfin perch).  

ii. Protect the Macquarie perch population from outbreaks of disease and parasites (e.g. from the Epizootic Haematopoietic 
Necrosis Virus (EHNV), which is transmitted by redfin perch and rainbow trout). 

iii. Undertake a genetic assessment of the remnant population and carry out a genetic rescue if necessary using individuals 
from another genetically appropriate population (e.g. from Cataract Dam or Dartmouth Dam). 

iv. Ensure that the effects of recreational fishing are minimised. 

Strategy 2: Protect and restore Macquarie perch habitat within the system 
i. Prioritise existing core Macquarie perch habitat within Mannus Creek for conservation (i.e. runs/riffles with small complex 

rock piles). 
ii. Protect the upper and middle Mannus Creek catchment regions and address erosion issues to reduce sediment input into 

the system which smothers critical habitat such as rock structures and infills deep refuge pools. 
iii. Undertake habitat rehabilitation and enhancement work (e.g. reintroduce rock piles and small complex snags at sites 

where they are lacking). 
iv. Restore fish passage where Macquarie perch require access to critical spawning habitat (this should include investigating 

the possibility for a fish passage on Mannus Dam). 
v. Maintain suitable flow regimes and water quality conditions to support the Macquarie perch population (e.g. flow 

allocations could also be released in a targeted manner prior to and during the spawning season for Macquarie perch if 
necessary, to facilitate recruitment by cuing spawning and further increasing the area of run and/or riffle mesohabitats). 

Strategy 3: Increase the current distribution and abundance of Macquarie perch within Mannus Creek 
i. Explore the potential to increase the distributional range of Macquarie perch by restocking above Mannus Falls where 

sites are more likely to maintain habitat characteristics similar to those influencing the presence of Macquarie perch in the 
creek. 

ii. Reintroduce rock, snags and/or large woody debris at sites where they have been removed and are now in low 
concentrations or absent. 

iii. Given that the middle reach sites in Mannus Creek had substrates consisting of bedrock and boulders, and a reasonable 
proportion of rocky cover and run habitats (i.e. similarly to the lower reach sites where the Macquarie perch were found), 
they may have once also previously supported Macquarie perch and/or may be suitable for consideration as restocking 
sites.  

Strategy 4: Investigate and monitor threats to the Mannus Creek Macquarie perch population and habitat 
i. Commit to monitoring changes in the fish populations and the creek’s habitat conditions (fish monitoring should continue 

annually, for at least a decade, at the sites sampled within Mannus Creek in the present study; while habitat conditions 
should be monitored at least every 5 years using rapid GIS-based habitat assessment methods). 

Strategy 5: Establish additional Macquarie perch populations in surrounding creeks with suitable habitat 
i. Establish captive breeding techniques for Macquarie perch (to establish additional populations of Macquarie perch to 

extend the species’ range, alleviate the threat of extinction from stochastic disturbance events, and support the survival of 
the species). 

ii. Conduct a restocking program for Macquarie perch (potential restocking sites should at a minimum offer a secure, 
drought-proof source of water; have no or very low abundances of introduced fishes and be protected from future 
incursions of such species; and have a sufficient area of runs/riffles and/or cover of small complex rock piles to offer 
suitable habitat for Macquarie perch). Such a program should be monitored for success. 

iii. Prior to undertaking any translocation or restocking program (a) identify candidate translocation/reintroduction sites that 
address the site criteria outlined above; (b) refine translocation/reintroduction strategies and scenarios based on 
population data to maintain the viability of both the donor and new population(s); and (c) monitor the donor and new 
population(s) to allow for the translocation/reintroduction strategy to be adaptively managed as required. 

iv. If there are no appropriate sites for the potential translocation/reintroduction of Macquarie perch, it may be worth 
considering the option of conducting on-ground works to improve the suitability of other sites to the extent that they 
adhere to the translocation/reintroduction site criteria. 

v. Establish an insurance population to guard against unforeseen stochastic events within the Mannus Creek system. 

Strategy 6: Improve understanding of the ecology of the species and its distribution and abundance — both within Mannus Creek 
and at a national scale 

i. Improve understanding of Macquarie perch habitat requirements (a habitat association model should be developed that 
can be applied to the entire system; ideally such a model would be cross-validated with other extant populations in the 
Murray–Darling Basin). 

ii. Obtain and apply empirical data to determine suitable historical locations for interventions and ascertain current suitability 
for reintroduction. 

iii. Investigate the fate of released fingerlings (undertake tag/recapture surveys to assess the survival rates of fingerlings 
released as part of restocking programs). 

iv. Enhance knowledge about Macquarie perch life-history within the creek especially in regards to movements and location 
of spawning and feeding habitats. 

Strategy 7: Raise public awareness on Macquarie perch and conservation efforts 
i. Communicate these findings to the broader public and recreational fisher groups. 
ii. Identify mechanisms to engage community groups in Macquarie perch conservation efforts. 
iii. Explore the potential to initiate crowd funding programs to co-invest in Macquarie perch rehabilitation efforts. 
iv. Promote outcomes of this project within government. 
v. Involve the local community, fishing clubs, and Landcare groups in on-ground rehabilitation works programs. 
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Figure 2: The 2019/20 bushfire layer (red shading) mapped for Mannus Creek. Previously 
identified Macquarie perch habitat (Silva et al. 2018) is represented by a black box below 
Mannus Falls.  
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The 2019/20 fires were followed by heavy rainfall which created adverse conditions in the 

creek, including increased ash, sediment and debris, and reduced oxygen, which led to 

significant fish kills (Baumgartner et al. 2020). In January 2020, NSW DPI (Fisheries) staff 

rapidly rescued 10 Macquarie perch as an insurance population, but the status of the 

population remaining at Mannus Creek following the devastating bushfires remains 

unknown.  

 

 

Figure 3: Top photograph taken before the 2019/20 bushfire event, and bottom photograph 
taken post bushfire and heavy rainfall event. Photo credit: Luke Pearce.  

Now, the fragile Macquarie perch population in Mannus Creek faces extreme threats that 

could result in dire outcomes for the population. In addition to the bushfire impacts and poor 

water quality conditions, introduced fish species (which have been previously recorded in 

high numbers in Mannus Creek; Silva et al. 2018) could recolonise and potentially dominate 

those areas where Macquarie perch were once common. Such introduced species can 

impact on Macquarie perch in a number of ways including predation, competition for habitat 

and food resources, habitat degradation and the spread of diseases and parasites 

(Commonwealth of Australia 2017). Management interventions are critical to protect 

Macquarie perch in Mannus Creek. 
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Project objectives 

The small population of Macquarie perch in Mannus Creek is now under serious threat (see 

Figure 3 for the location of the bushfires and Macquarie perch population). This project 

returned to Mannus Creek post 2019/20 fires to undertake a series of activities to monitor 

the Macquarie perch population in Mannus Creek by addressing four objectives:   

1) Habitat mapping: Mapping the habitat of the Mannus Creek from below the dam 

down to the Conara/Clifton property bridge (to allow for comparisons with the 

previous 2017/18 habitat mapping). 

2) Fish surveys: Surveying the creek for numbers of Macquarie perch and other fish 

both native and introduced (to allow for comparisons with the previous surveys in 

2017/18 and 2019). 

3) Non-native fish removal: Capturing and removing non-native fish from the Macquarie 

perch reach of Mannus creek through netting and electrofishing. 

4) Site management plan: Producing a site management plan for the Mannus Creek 

Macquarie perch population post-bushfires. 

Outcomes of the Services: 

 Document the changes in the Macquarie perch population and habitat along Mannus 

Creek with a focus on understanding the impact of the 2019/20 bushfires on the 

creek and its suitability for re-introduction and survival of Macquarie perch. 

 Reduce the numbers of pest fish in the Macquarie perch sections of Mannus creek. 

 Develop a site management plan for the Mannus Creek Macquarie perch population 

for the recovery of the system. 

In addition, the outcomes of the service are project goals from the Regional Land 

Partnerships (RLP), including: 

 By 2023, the trajectory of species targeted under the Threatened Species Strategy, 

and other EPBC Act priority species, is stabilised or improved. 
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Methods 
Site description 
The Mannus Creek catchment is located in southern NSW, west of Tumbarumba, and 

covers an area of 515 km2 (Figure 4). The creek originates near the township of Rosewood 

at an elevation of 639 m and flows southeast for 66 km, before discharging into 

Tumbarumba Creek (at an elevation of 259 m) near the village of Tooma )(NSW Public 

Works 2012).  

 

Figure 4: Mannus Creek with the location of the 15 sites allocated for fish sampling in 
February 2021 and the three reaches (Upper, Middle and Lower Mannus) based on barriers 
(natural or man-made) to upstream movements of fish. Upper Mannus stretches from the 
headwaters down to the Mannus Dam; the Middle Mannus covers the section from the 
Mannus Dam to Mannus Falls (which is also known as Bottom Falls); and Lower Mannus 
stretches from the Mannus Falls to the confluence with Tumbarumba Creek. Sites 11 – 13 
are those where Macquarie perch were found in 2017/18. 

Upper Mannus 

Middle Mannus 

Lower Mannus 

Tooma 

Rosewood 
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Objective 1: Habitat mapping 
Detailed spatial mapping of aquatic and riparian habitat features was undertaken along the 

entire 66km reach of the Mannus Creek system, from Rosewood – Tooma, in November 

2020. The habitat features assessed were mesohabitat, macrophyte beds, physical cover, 

snags, substrate, eroded and undercut banks, willows, and depth (Table 2). Habitat features 

were mapped continuously over the entire creek using ArcGIS Collector installed on mobile 

devices (Panasonic Toughbook Model 64 and mobile phones).   

The mapping was conducted by two people, with one on each bank of the creek, recording 

habitat features as they moved downstream from an initial point. Using a dropdown menu 

within ArcGIS Collector, each mapper selected the habitat feature observed along the 

distance covered on each survey. 

 
Figure 5: Cameron McGregor (left) and Kyle Weatherman (right) prepare their Toughbooks 
for mapping Mannus Creek.  

Habitat features were categorised on position-dependent (mesohabitat changes, substrate 

changes and depth) and position-independent (macrophyte beds, physical cover and snags, 

willows and undercut banks) features (Figure 6; Table 2). For position-dependent features, 

the mapper entered the point standing on the exact location where that particular component 

was observed. Position-independent features were entered considering the background 

image of the creek in the mobile device. 
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Figure 6: An example of the types of habitat features encountered when mapping Mannus 
Creek. 

Table 2. Description of habitat features that were mapped for Mannus Creek, November 
2020. 

Habitat feature Description 

Mesohabitat Mesohabitat was categorised as either pool (very slow flowing or still water), riffle (flowing water with a 
turbulent surface), rapid (highly turbulent), or run (flowing water with little or no surface turbulence). 

Each mesohabitat type identified in the river channel was marked as a georeferenced point overlayed 
in the digitised map of Mannus Creek loaded in Arc GIS Collector. New points were added only at 
every mesohabitat transition to indicate where and which transition was observed. 

Substrate Substrate was mapped on the bank where the survey started and then subsequently everywhere the 
substrate transitioned from one type to another, at the point considered to be the base flow waterline. 
The categories of substrate included detritus (organic material), clay (<62 μm; held its shape when 
moulded), mud (<62 μm; similar texture to clay but did not hold its shape when moulded), sand 
(62 μm–2 mm), gravel (2–64 mm), cobble (64–512 mm), boulders (>512 mm), or bedrock. 

Depth Depth was measured for each pool identified in the creek and only by a single mapper. Depth was 
also measured at the thalweg for every kilometre mapped. The maximum depth of each pool was 
assessed using a Bluetooth depth sounder (Deeper Pro+, Deeper Smart Sonar).  

Macrophyte beds Macrophyte beds were mapped by developing a polygon of start and finish extent along the creek 
channel. For each polygon, the macrophyte species was recorded and later categorised as either 
complex, simple or a combination of complex and simple. Complex macrophyte beds comprised of 
either Potamogeton, Chara, Vallisneria, waterwort, milfoil, or water ribbon; simple macrophyte beds 
comprised of either Validus, Eleocharis, Phragmites, cambungi, tassel, eelgrass, sedge, or rush; 
complex/complex macrophyte beds comprised of a combination of at least two complex macrophyte 
species; simple/simple macrophyte beds consisted of two or more simple macrophyte species; and 
simple/complex macrophyte beds consisted of a mixture of simple and complex species. 

Physical cover 
(rocky habitats) 
and snags 

Rocky habitat was considered to be boulder(s) (>512 mm) whether big or small that existed within an 
area of another substrate type (e.g. sand).  

Snags were categorised as either large (> 2 m maximum length) or small (< 2 m maximum length), as 
well as either complex (having either complex branches, a trunk with branches, or a trunk with a 
hollow or root mass) or simple (having one simple branch or trunk). 

Willows Presence of willows was recorded based on the location of each individual trunk, directly on the 
background image of the creek in the mobile device. 

Undercut banks Undercut banks were defined as banks overhanging the water by at least 30 cm at a place where the 
water was 30 cm or more deep. These banks were mapped at their start and end points. 
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Objective 2: Fish surveys 
Fish were sampled at each site in February 2021, using unbaited bait traps, backpack 

electrofishing and fyke nets (although the latter was not used at Doughtys Creek due to its’ 

restrictive size). Sampling protocols and effort used for both bait traps and backpack 

electrofishing followed those described by Davies et al. (2012), consisting of 10 bait traps 

and eight backpack electrofishing shots of 150 seconds each (Figure 7a, b). A total of five 

single wing, ‘D’ front, fyke nets of 19 mm mesh size were at dusk and retrieved the next day 

at dawn (Figure 7c). Captured fish were identified, counted, measured and observed for 

external lesions or visible parasites before being released or removed if they were carp, 

gambusia or redfin.  

   
Figure 7: Sampling methods used for fish sampling at sites in the Mannus Creek; a) unbaited 
bait traps; b) backpack electrofishing; and c) single wing, ‘D’ front, fyke nets. Source: Silva et 
al. (2018). 

Data analysis 

With the exception of initial general descriptive analyses done on all data pooled (i.e. the 

electrofishing, fyke and bait trap data), all analyses were undertaken separately for the 

electrofishing and fyke datasets. 

For each sampling method, two-way PERMANOVA (PERMANOVA in Permanova+ for 

Primer V6 (Anderson et al. 2008)) was undertaken on community composition (i.e. the 

presence or absence of species in the community), with year and reach as explanatory 

variables. Wherever significant (P < 0.05) main effects were observed, they were examined 

in more detail by undertaking pairwise comparisons, and/or the Similarity Percentages 

Procedure (SIMPER in Permanova) was used to determine which species contributed to the 

differences (SIMPER in Primer V6 (Clarke and Warwick 2001)). Species were considered 

most important in discerning between treatments in SIMPER analyses, if they were amongst 

those that cumulatively contributed to at least 90% of total dissimilarity and their standard 

deviation ratio (Dissimilarity/Std.dev) was ≥ 1. The multivariate PERMANOVA analyses were 

done on presence-absence transformed data in conjunction with Bray-Curtis resemblance 

a
) 

b
) 

c 
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matrices. All multivariate analyses were performed using Permanova+ for Primer V6 

(Anderson et al. 2008).  

The same two-way PERMANOVA model was also applied in a univariate context to examine 

the effects of year and reach on abundance (catch per unit effort) and richness (species per 

sample). Abundance values were initially loge(x+1) transformed to reduce the influence of 

outliers (although species richness values did not need to be transformed), and all univariate 

analyses were done using Euclidean similarity matrices (Anderson et al. 2008). The 

univariate analyses were also performed using Permanova+ for Primer V6 (Anderson et al. 

2008). 

Objective 3: Non-native fish removal 

All non-native fish that were collected during the February 2021 fish surveys were removed 

from Mannus Creek, and the total numbers of trout, redfin, carp, gambusia and goldfish were 

recorded. Once sites were identified as those with non-native fish that could potentially 

impact Macquarie perch populations (i.e. those below Mannus Falls), targeted non-native 

fish removal was undertaken in May 2021. This consisted of both the standard sampling 

protocol for bait traps, electrofishing and fyke netting (SRA), with the addition of seine 

netting, extra backpack electrofishing seconds and dip-netting.  

Objective 4: Site management plan 

The site management plan for the present project was developed by building on the existing 

plan from Silva et al. (2018)(Table 1) and adjusting the strategies for bushfire-related (and 

other emergency) responses. The site management plan for the present project also aligns 

with the Commonwealth of Australia’s (2017) recommendations for Macquarie perch 

recovery.   
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Results/Discussion 
Objective 1: Habitat mapping 

Habitat mapping: Upper Mannus (Rosewood to Mannus Dam) 

Bushfire impact: Unburnt  

Habitat characteristics  

The Upper Mannus reach habitat is characterised by agricultural land uses (cattle and sheep 

grazing), cleared land and willows dominating where water is backed up towards Mannus 

Dam (Figure 8a - e). This reach of Mannus Creek (approximately half of the length of the 

entire creek) was unburnt during the 2019/20 bushfires.  

In general, the habitat features identified in the 2020 sampling event remained the same as 

the previous habitat sampling (2017-2018), with shallow, slow-flowing open areas (Figure 

8a) with a dominance of aquatic macrophytes (Figure 8b) and occasional rocky habitats 

(Figure 8c).  

Given that the Upper Mannus is the top of the catchment, the management actions 

previously identified in Silva et al. (2018) should persist into the future, including 

1. Protecting the upper Mannus Creek catchment regions and addressing erosion issues to 

reduce sediment input into the system which smothers critical habitat such as rock 

structures and infills deep refuge pools. 

2. Promoting and encouraging improved land management particularly in the upper and 

middle reaches to reduce the amount of erosion and sedimentation affecting the upper 

reach/lake section, and the middle/lower reach section, respectively. 

The Upper Mannus habitat is unlikely to currently support Macquarie perch populations due 

to the lack of runs/riffle habitats, heavy erosion (Figure 8d,e), shallow creek depth and lack 

of suitable rocky/boulder habitats (Silva et al. 2018). Therefore, this section has been 

classified as a low priority for directly supporting Macquarie perch conservation post 2019/20 

bushfires.  
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Habitat Characteristics of Upper Mannus Reach 

  
  

 

Management factors 

  
Figure 8: Habitat characteristics of Upper Mannus Creek a) shallow, slow-flowing sections; 
b) aquatic macrophytes including Potamogeton and Eleocharis; c) run, riffle and pool 
habitats. Management issues include grazing impacts, bank scour and erosion, as shown in 
photos d) and e).  

a
) 

b
) 

c) 

d
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Habitat mapping: Middle Mannus (Mannus Dam to Mannus Falls) 

Bushfire impact: Unburnt (upper) and burnt (lower) sections (see Figure 2). 

Habitat characteristics  

The Middle Mannus reach habitat is characterised by a mixture of agricultural land use 

(cattle, sheep and goat grazing, Figure 9d), plantation pines (Figure 9c) and Bogandyera 

Nature Reserve (though not directly adjacent to Mannus Creek)(Figure 9a – e). This reach of 

Mannus Creek experienced intense burning, mostly in the pine plantations and reserve 

habitats during the 2019 – 2020 bushfires. Much of the farm country closer towards Mannus 

Dam remained unburnt.  

In general, the habitat features identified in the 2020 sampling event remained the same as 

the previous habitat sampling (2017/18). However there were some notable changes post-

bushfires: 

1. Small willows were recorded in the habitat mapping that were not previously 

recorded in 2018 mapping.  

2. Native Callistemon spp. appeared to be returning post-bushfires, particularly in rocky 

and braided river sections  

3. A sediment/sand layer was present in areas that were previously reported as ‘gravel’ 

habitat. 

4. Blackberries had re-colonised and were thick around the pine plantation areas. 

5. Burnt, woody debris had piled up, generally around willows. 

6. Non-native fish, including gambusia, small redfin and carp were observed while 

habitat mapping. Therefore, these areas should be targeted during the February 

2021 fish sampling.   

7. In the most intensely burnt habitats, macroinvertebrates (e.g. observations of 

mayflies and caddis hatching throughout the day) appeared to be absent.  

Management priorities 

Much of the habitat in the Middle Mannus reach was impacted by the recent bushfires. The 

management actions previously identified in Silva et al. (2018) should persist into the future:  

1. Mannus Falls remains a barrier to fish movements, but maintain flowing sections and 

rocky habitats (Gilligan et al 2010a).  

2. An ongoing management plan should be put in place to eradicate pest plant species 

(e.g. blackberries, willows) that may compete with and/or shade native species, 

especially in the middle reaches of Mannus creek. 



Bushfire Recovery: Macquarie Perch in Mannus Creek 

Charles Sturt University   26 
 
 

3. Livestock should be excluded from the riparian zone of Mannus Creek, mainly within 

the middle reach, particularly during times when their impacts upon the creek’s 

aquatic macrophyte communities are likely to be worsened (e.g. during periods of 

drought). 

4. Explore the potential to increase the distributional range of Macquarie perch by 

restocking above Mannus Falls where sites are more likely to maintain habitat 

characteristics similar to those influencing the presence of Macquarie perch in the 

creek. 

5. Reintroduce rock, snags and/or LWD at sites where they have been removed and 

are now in low concentrations or absent (Commonwealth of Australia 2017). 

6. Given that the middle reach sites in Mannus Creek had substrates consisting of 

bedrock and boulders, and a reasonable proportion of rocky cover and run habitats 

(i.e. similarly to the lower reach sites where the Macquarie perch were found), they 

may have once also previously supported Macquarie perch and/or may be suitable 

for consideration as restocking sites. Nevertheless, any potential adverse effects 

from the Mannus Dam would need to be considered, since they would be presumably 

be more significant in this reach (Cardno Ecology Lab 2012). Also, there was a 

marked increase in the abundance of redfin perch in the middle reach sites observed 

during the summer trip in the present study, so conservation managers would need 

to be particularly diligent with respect to non-native species control prior to attempting 

Macquarie perch reintroductions at these sites. 
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Habitat Characteristics of Middle Mannus 

  

 

  
Figure 9: Habitat characteristics of Middle Mannus Creek: a) rocky habitat at the Upper Falls 
with bushfire impacts present in the surrounding vegetation; b) habitat mapping Middle 
Mannus Creek; c) pine plantations that burnt and blackberries dominating the riparian zone; 
d) agricultural cleared land and; e) large woody debris and rocky habitat.  
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Habitat mapping: Lower Mannus (Mannus Falls to Tooma) 

Bushfire impact: Unburnt (upper) and burnt (lower) sections (see Figure 2). 

Habitat characteristics  

The Lower Mannus reach habitat is characterised by Bogandyera Nature Reserve in the 

upper section and agricultural land use (cattle grazing, dairy; Figure 10a, c, d, and e) in the 

lower section towards Tooma. The upper section of this reach, below Mannus Falls and 

where Macquarie perch were previously found experienced intense burning, mostly in the 

nature reserve habitats during the 2019/20 bushfires (see following section on bushfire 

impacts). Much of the farm country closer towards Tooma remained unburnt.  

In general, the habitat features identified in the 2020 sampling event remained the same as 

those observed during the previous habitat sampling (2017/18). However, there were some 

notable changes after the 2019/20 bushfires; 

5. A thick ash layer (10–20 cm in some areas) sediment / sand layer was present in 

many areas in the upper section of the Lower Mannus reach.  

6. Burnt, woody debris had piled up, generally around willows. 

7. Pest fish, including gambusia, small redfin and carp were observed while habitat 

mapping. Therefore these areas should be targeted during the February 2021 fish 

sampling.   

8. In the most intensely burnt habitats, macroinvertebrates (e.g. observations of 

mayflies and caddis hatching throughout the day) appeared to be absent. However, 

in the ‘unburnt’ sections of the creek where riparian vegetation remained, mayflies 

were commonly observed (Figure 9b), suggesting that these could re-colonise further 

upstream post-fire recovery.  

Management priorities 

Much of the habitat in the Lower Mannus reach was impacted by the recent bushfires (see 

following section describing bushfire impacts). The management actions previously identified 

in Silva et al. (2018) should persist into the future;  

 Priority 1: The viability of the remnant population of Macquarie perch in the Site 11–

13 section should be maintained by: 

o preserving flowing habitat (runs/riffles) and rocky substrates (e.g. boulders) in 

the Site 11–13 section through responsible flow management,  
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o protecting the Middle Mannus reach and the Site 11–13 section of Lower 

Mannus by reducing erosion to minimise sediment inputs to these sections of 

the creek (and downstream), and 

o managing the non-native fish numbers (especially carp and redfin perch) in 

the middle and lower reaches of the creek through ongoing management 

efforts involving electrofishing and netting.  

In addition to these management priorities, an additional action should be to assess 

macroinvertebrate populations in the Middle and Lower Mannus reaches prior to any 

establishment of Macquarie perch populations to ensure there is sufficient biodiversity and 

food availability.  
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Characteristics of Lower Mannus 

  

 
Management factors 

  
Figure 10. Habitat characteristics of Lower Mannus Creek including; a) braided sections with 
willows dominating; b) hatching mayfly; and c) a braided, rocky section of stream. 
Management issues include heavy grazing, willows and bank scour, as seen in photos d) 
and e). 

a
) 

b
) 

c) 

d
) 

e
) 
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Bushfire Impacts; Middle and Lower Mannus Reaches 

Burnt debris 

Throughout the Middle and Lower burnt reaches of Mannus Creek, we regularly observed 

burnt debris. Following heavy rainfall post-bushfires, much of the debris has been washed 

into the creek and occasionally caught on willows, causing new debris stockpiles and 

slowing the river flow upstream (Figure 11a, b). This ultimately could result in further erosion 

and deposition of fine sediment in the areas where debris accumulates.  

 

 
Figure 11: a) Burnt logs were present throughout the Middle and Lower reaches of Mannus 
Creek. b) A pile of burnt snags accumulated in front of a willow.  

a
) 

b
) 
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Sedimentation and ash deposition  

Sedimentation and ash deposition were present in the lower sections of Middle Mannus, and 

was mostly observed in the Lower sections (after Mannus Falls) where the flow is slower 

(Figure 12, 13). Many of the pool habitats recorded previously (2018 habitat mapping) were 

shallower due to the deposition of sand and ash (Figure 12).  

 
Figure 12: Ash layer present in the Lower Mannus reach. 

  

Figure 13: LHS: Fine sediment present in the water in the Lower Mannus reach. Note also 
the burnt woody debris within the river channel. RHS (foreground): New deposits of sand.  
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Within the 9km section of Mannus Creek where Macquarie perch were identified in the 

2017/18 study (Silva et al. 2018), there were a number of concerning bushfire impacts:  

1) Fine silt between gravel that could be used as spawning sites. If Macquarie perch are 

present and spawn at the sites, there is a risk that eggs could be coated in fine 

sediment and become unviable (Figure 14).  

 
Figure 14: Possible Macquarie perch spawning site (Lower Mannus) with fine sediment 
deposited between the gravel.  

 

2) Deep pool habitats where Macquarie perch were found previously had infilled with 

ash, sediment and sand. This could change the macroinvertebrate community (and 

thus the quantity or quality of potential food for Macquarie perch) and/or provide 

habitat conditions less suitable for Macquarie perch (e.g. slower flowing, warmer 

water) (Figure 15).  

 
Figure 15: An ash layer has deposited in a Macquarie perch site and the aquatic plant 
Phragmites has colonised the ash layer (white box).  
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Bushfire recovery 

There were varying degrees of vegetation recovery observed in the bushfire-affected areas 

(Middle and Lower Mannus; Figure 16 a–c).  

 

 

 
Figure 16: a) Above Mannus Falls (Middle Mannus) showing vegetation regrowth; b) Mannus 
Falls (between Middle and Lower Mannus) showing a mixture of some vegetation regrowth 
and some trees that have not recovered; and c) the Bogandyera Nature Reserve showing an 
area where the vegetation has not yet recovered (photo credit: Cameron McGregor).  

a
) 

b
) 

c) 
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Objective 2: Fish surveys 

Overall results (all sampling methods pooled — electrofishing, bait and fyke) 

Ten species were observed in 2018 whereas only eight species were observed in 2021, 

when all three sampling methods (electrofishing, bait traps and fyke nets) were pooled. In 

2021, of the eight species, four were native and four were non-native (Table’s 3 and 4). 

Eastern gambusia numerically dominated the Mannus Creek community in both years, 

followed by redfin perch and then river blackfish. In 2018, Site 15 was the most species rich 

site, followed by site’s 10 and 11. In comparison, in 2021, site’s 2, 3, 7 and 15 were all 

equally the most species rich sites (Table’s 3 and 4).  

Fish communities sampled in 2021 varied considerably amongst reaches; 

 Reach 1 (Site’s 1 – 5) was characterised by river blackfish, galaxias, gambusia and 

redfin perch (Figure 17), 

 Reach 2 (Site’s 6 – 10)  was characterised by Murray cod, redfin perch, goldfish and 

gambusia (Figure 18), and 

 Reach 3 (Site’s 11 – 15) was characterised by Murray cod, smelt, carp, gambusia 

and redfin perch (Figure 19).  

Gambusia and redfin perch were present throughout the entire Mannus Creek system. Carp 

were only present in Mannus Creek below the Mannus Falls (Reach 3). Many fish species, 

including carp, river blackfish and Murray cod showed signs of parasitic infections, 

specifically anchor worm across Mannus Creek (Figure 20).  

A total of 29 Macquarie perch were found at Sites 11 – 13 during the 2018 fish survey (Silva 

et al. 2018), however no Macquarie perch were found during the February 2021 fish survey 

at any sites (Table’s 3 and 4).  

Sites that were most impacted by the bushfires (Site’s 9 – 13 where the fire intensity was the 

highest) had obvious signs of low fish abundance (Table 4, grey shading). However, there 

were notably high abundances at these sites of species that could crawl out of the water, 

namely platypus, shrimp, yabbies and freshwater turtles (Figure 18 and 19). As these 

species were not recorded in the 2018 fish surveys, a direct comparison could not be made. 

However, Cameron McGregor (CSU) conducted both the 2018 and 2021 surveys and noted 

the substantially higher presence of these species during the 2021 surveys.  
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Reach 1: Characteristic aquatic community 

 

 

 

 

Figure 17: Characteristic species of Reach 1 including (top to bottom): a river blackfish 
caught in a fyke net at Site 4; juvenile redfin perch caught in a fyke net at Site 5, mountain 
galaxias caught in a fyke net at Site 4 and yabbies (Cherax destructor) caught in fyke nets at 
Site 3.  
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Reach 2: Characteristic aquatic community 

 

 

 

 
Figure 18: Characteristic species of Reach 2 including (top to bottom): Murray cod caught in 
a fyke net at Site 7, goldfish caught electrofishing at Site 9, juvenile redfin caught 
electrofishing at Site 9 and platypus (Ornithorhynchus anatinus) caught in a fyke net at Site 
10. 
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Reach 3: Characteristic aquatic community 

 

 

 

 
Figure 19: Characteristic species of Reach 3 including (top to bottom): Young-of-the-year 
Murray cod caught electrofishing at Site 13, Murray cod caught electrofishing at Site 15, carp 
caught electrofishing at Site 15, juvenile redfin caught electrofishing at Site 11.  
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Figure 20: Anchor worm (Lernaea cyprinacea) infections on fish (white circles) caught in 
Mannus Creek, including top: River blackfish and Murray cod (middle and bottom figures).    
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Table 3. Site-related differences in the total abundance (captured and observed individuals) and richness of fish species recorded in Mannus 
Creek during the summer 2018 trip (based on pooling the catch from the electrofishing, fyke and bait trap methods). River blackfish (Gadopsis 
marmoratus), mountain galaxias (Galaxias olidus), Murray cod (Maccullochella peelii), Macquarie perch (Macquaria australasica), Australian 
smelt (Retropinna semoni), goldfish (Carassius auratus), carp (Cyprinus carpio), Eastern gambusia (Gambusia holbrooki), rainbow trout 
(Oncorhynchus mykiss), redfin perch (Perca fluviatilis). 

2018 Upper Mannus sites (Reach 1) Middle Mannus sites (Reach 2) Lower Mannus sites (Reach 3)  

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total (N) 

Native (Richness) 1 2 2 1 0 0 0 0 0 1 1 1 1 0 2 - 

River blackfish 10 29 34 4 0 0 0 0 0 0 0 0 0 0 0 77 

Mountain galaxias 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 4 

Murray cod 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 

Macquarie perch 0 0 0 0 0 0 0 0 0 0 6 13 10 0 0 29 

Australian smelt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Exotic (Richness) 1 1 1 2 3 2 2 3 2 3 3 2 2 3 3 - 

Goldfish 0 0 0 0 0 0 0 1 0 6 0 0 0 0 0 7 

Carp 0 0 0 0 0 0 0 0 0 0 6 5 0 2 9 22 

Eastern gambusia 102 45 48 545 6 75 161 76 10 106 5 0 1 4 13 1197 

Rainbow trout 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 

Redfin perch 0 0 0 13 24 34 18 48 25 20 20 18 4 5 1 230 

Total abundance 112 77 83 562 31 109 179 125 35 133 37 36 15 11 25 1570 

Total richness 2 3 3 3 3 2 2 3 2 4 4 3 3 3 5 - 
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Table 4. Site-related differences in the total abundance (captured and observed individuals) and richness of fish species recorded in Mannus 
Creek during the summer 2021 trip (based on pooling the catch from the electrofishing, fyke and bait trap methods).River blackfish (Gadopsis 
marmoratus), mountain galaxias (Galaxias olidus), Murray cod (Maccullochella peelii), Macquarie perch (Macquaria australasica), Australian 
smelt (Retropinna semoni), goldfish (Carassius auratus), carp (Cyprinus carpio), Eastern gambusia (Gambusia holbrooki), rainbow trout 
(Oncorhynchus mykiss), redfin perch (Perca fluviatilis). Grey shading indicates sites in the bushfire burnt zone.   

2021 Upper Mannus sites (Reach 1) Middle Mannus sites (Reach 2) Lower Mannus sites (Reach 3) Total (N) 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 - 

Native (Richness) 1 2 2 1 0 0 1 0 0 0 0 1 1 1 2 - 

River blackfish 0 7 16 1 0 0 0 0 0 0 0 0 0 0 0 24 

Mountain galaxias 4 5 7 0 0 0 0 0 0 0 0 0 0 0 0 16 

Murray cod 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1 3 

Macquarie perch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Australian smelt 0 0 0 0 0 0 0 0 0 0 0 0 0 1 11 12 

Exotic (Richness) 1 2 2 2 2 2 3 2 3 1 1 0 1 1 2 - 

Goldfish 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 3 

Carp 0 0 0 0 0 0 0 0 0 0 1 0 1 1 6 9 

Eastern gambusia 55 115 110 157 3 0 418 145 146 0 0 0 0 0 72 1221 

Rainbow trout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Redfin perch 0 1 4 2 10 16 11 3 7 4 2 0 0 0 0 58 

Total abundance 59 128 137 160 13 17 431 148 154 4 3 1 2 2 90 1349 

Total richness 2 4 4 3 2 2 4 2 3 1 1 1 2 2 4 - 
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Separate electrofishing (EF) and fyke results 

All subsequent analyses focused on the electrofishing and fyke results (an excluded bait trap 

results) since they captured the majority of species. 

Electrofishing results 

There was a significant difference in community composition between years (2018 vs 2021) 

and among reaches (all reach pairs P < 0.01), although the inter-year difference in 

community composition was greatest in Reach 3 (Table’s 5 and 6; Figure 21). In Reach 3, 

there was a greater occurrence of redfin, gambusia and Macquarie perch in 2018 than in 

2021 (Figure 21; Table 5, 6, 7).

 

Figure 21: An NMDS plot (based on distance among centroids for the electrofishing data) 
showing differences in fish community composition (presence-absence of species) among 
year-reach combinations (stress = 0; dummy variable of 0.001 applied to deal with absences 
from multiple samples). Species vectors have been overlaid to show which year-regions they 
were most strongly correlated with in terms of occurrence in samples. 

 

 

 

 

 

 

Year-Reach
2018-1
2018-2
2018-3
2021-1
2021-2
2021-3

Gal oli
Gad mar

Mac ausMac pee

Ret sem

Gam hol

Onc myk

Per flu

Car aur

Cyp car
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Table 5. Pseudo-F ratios and significance from PERMANOVA’s investigating the influence of 
year and reach on community composition (species presence/absence), and abundance and 
richness. Results were based on electrofishing samples. *P < 0.05; ** P < 0.01. 
Source Year Reach Year x Reach 
Community composition 3.561** 8.359** 1.246 
Total abundance 0.775 8.225** 0.004 
Native abundance 0.704 5.502** 1.211 
Exotic abundance 0.560 8.198** 0.041 
Total richness 4.761* 0.338 1.465 
Native richness 0.235 4.294* 0.059 
Exotic richness 6.205* 1.897 2.205 

 
Table 6. Average dissimilarities (from SIMPER) between year-reach pairs for community 
composition (species presence/absence). Results were based on the electrofishing samples. 

 2018-1 2018-2 2018-3 2021-1 2021-2 2021-3 
2018-1  48.2 66.9 34.5 67.9 93.6 
2018-2   42.3 44.7 44.6 91.3 
2018-3    65 66.5 75 
2021-1     65.7 93.5 
2021-2      95.8 
2021-3       

 

Table 7. Average sample occurrence (Av.Abund) and dissimilarity contribution (Contrib%) of 
species contributing to the inter-year difference (Figure 21) in community composition within 
Reach 3. Only species contributing to greater than 90% dissimilarity and with 
dissimilarity/standard deviation ratios of more than 1 are presented. Results were based on 
electrofishing samples. 

 2018 2021          
Species          Av.Abund          

Av.Abund 
Contrib% 

Per flu  0.8 0.0 24.5 
Gam hol  0.8 0.2 21.0 
Mac aus  0.6 0.0 18.0 

 

Total abundances in Reach 1 and Reach 2 were both significantly greater than that in Reach 

3 (both P < 0.001) (Table 5; Figure 22). Further examination showed that exotic abundances 

in Reach 1 and Reach 2 were both significantly greater than that in Reach 3 (both P < 

0.001). In comparison, native abundances in Reach 1 and Reach 3 were both significantly 

greater than that in Reach 2 (both P < 0.05) (Table 5; Figure 22).  

Total richness was significantly greater in 2018 than in 2021 (Table 5; Figure 22). 

Specifically, exotic richness in 2018 was significantly greater than that in 2021. Native 

richness in Reach 1 and Reach 3 were both significantly greater than that in Reach 2 (both P 

< 0.05) (Table 5; Figure 22). 
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Electrofishing samples 

 

Figure 22: Mean (+1 SE) total, native, and exotic abundance (a-c) and richness (d-f) 
observed at each reach in Summer 2018 and Summer 2021 (sampled by electrofishing). 
CPUE and species richness respectively refer to the average abundance and number of 
species of fish per electrofishing shot per site per. Reaches with different capital letters differ 
significantly (main effect P < 0.05). 
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Fyke results 

As for the electrofishing results, community composition varied significantly between years 

and among reaches, but there was a significant interaction between the influences of year 

and reach (Table 8; Figure 23). 

 

Figure 23: An NMDS plot (based on distance among centroids for the fyke net data) showing 
differences in fish community composition (presence-absence of species) among year-reach 
combinations (stress = 0; dummy variable of 0.001 applied to deal with absences from 
multiple samples). Species vectors have been overlaid to show which year-regions they 
were most strongly correlated with in terms of occurrence in samples. 

Specifically, community composition varied significantly between years in Reach 3 (P < 

0.05), but not between years in the other two reaches (Table’s 8 and 9; Figure 23). In Reach 

3, there was a greater occurrence of redfin and Macquarie perch in 2018 than in 2021 (Table 

10; Figure 23). 

Table 8. Pseudo-F ratios and significance levels from PERMANOVA’s investigating the 
influence of year and reach on community composition (presence/absence of species), and 
abundance and richness. Results were based on the fyke net samples. *P < 0.05; ** P < 
0.01. 
Source Year Reach Year x Reach 
Community composition 17.311** 24.446** 18.783** 
Total abundance 15.798** 11.114** 4.866* 
Native abundance 13.196** 17.300** 2.962 
Exotic abundance 3.286 2.966 3.854* 
Total richness 2.320 6.929** 6.503** 
Native richness 0.811 12.375** 3.941* 
Exotic richness 1.659 1.1184 1.9455 

Year-Reach
2018-1
2018-2
2018-3
2021-1
2021-2
2021-3

Gal oli
Gad mar

Gam hol

Onc myk

Per flu

Car aur

Mac aus

Cyp car

Mac pee

Ret sem
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Table 9. Average dissimilarities (from SIMPER) between year-reach pairs for community 
composition (presence/absence of species). Results were based on the fyke net samples. 

 2018-1 2018-2 2018-3 2021-1 2021-2 2021-3 
2018-1  29.3 38.3 28.5 29.3 100 
2018-2   30.7 39.2 12.7 100 
2018-3    45.5 30.7 100 
2021-1     39.2 100 
2021-2      100 
2021-3       

 

Table 10. The average sample occurrence (Av.Abund) and dissimilarity contribution 
(Contrib%) of species contributing to the inter-year difference (Figure 23) in community 
composition within Reach 3. Only the species contributing to greater than 90% species of 
the dissimilarity and with dissimilarity/standard deviation ratios of more than 1 have been 
presented. Results were based on the fyke net samples. 

 2018 2021          
Species          Av.Abund          

Av.Abund 
Contrib% 

Per flu  1.0 0.0 60.0 
Mac aus  0.6 0.0 30.0 

 

In Reach 3, total abundance was markedly greater in 2018 than in 2021 (Figure 24). Closer 

inspection revealed that in Reach 3, exotic abundance in 2018 was greater than that in 2021 

(Figure 24). Native abundance was significantly greater in 2018 than in 2021; and native 

abundances in Reach 1 and Reach 2 were both significantly greater than those in Reach 3 

(Table 8; Figure 24). 

As for total abundance, in Reach 3, total richness was markedly greater in 2018 than in 2021 

(Figure 24). Further examination indicated that, in Reach 3, native richness was greater in 

2018 than in 2021 (Figure 24). There were no significant patterns for exotic richness (Table 

6; Figure 24).  

Electrofishing versus fyke results 

Overall, the electrofishing method generally caught a slightly greater richness of species 

than the fyke method, due to the former capturing more exotic species (Figure 22 and 24). 

Indeed, average abundance and richness of exotics were both greater than those of natives 

in the electrofishing samples, but lower than those of natives in the fyke samples (Figure 22 

and 24). 
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Fyke net samples 

 

Figure 24: Mean (+1 SE) total, native, and exotic abundance (a-c) and richness (d-f) 
observed at each reach in Summer 2018 and Summer 2021 (sampled by fyke netting). 
CPUE and species richness respectively refer to the average abundance and number of 
species of fish per site from 10 pooled fyke net samples. Reaches with different capital 
letters differ significantly (main effect P < 0.05). 
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Objective 3: Non-native fish removal 

Based on a review of the current scientific literature (see Commonwealth of Australia 2017), 

the non-native species recorded in Mannus Creek including rainbow trout (2018 survey 

only), redfin, gambusia, carp and goldfish; Table’s 3 and 4) have all been attributed to some 

form of negative impact to Macquarie perch populations (Table 11).  

Table 11. Summary of potential impacts to Macquarie perch of non-native species including 
trout, redfin, gambusia, carp and goldfish. All references are cited in Commonwealth of 
Australia (2017).  

Species Potential impact on Macquarie perch References 
Brown and 
rainbow 
trout  

Dietary overlap of food resources  
 
 
 
Predation on small Macquarie perch  
 
 
Brown trout considered by New South 
Wales Fisheries Scientific Committee as 
a contributing factor in decline of 
Macquarie perch  
 
Rainbow trout are carriers (vectors) for 
Epizootic Haematopoietic Necrosis Virus 

McKeown 1934; Butcher 1945; 1967; Cadwallader 
1978;1979; Jackson 1981; Battaglene 1988; Koehn & 
O’Connor 1990b; Lintermans 2006a. 
 
Butcher 1945; 1967; Gilligan 2005; Ebner et al. 2007; 
Tonkin et al., 2009. 
 
NSW FSC 2008 
 
 
 
 
Whittington et al., 1999; 2007 

Redfin Often attributed with predation on 
Macquarie perch and the decline of their 
populations where redfin have been 
introduced.  
 
Potential carriers (vectors) for Epizootic 
Haematopoietic Necrosis Virus. EHNV 
may have been a cause for some 
population declines of Macquarie perch 
as they were extremely susceptible to the 
disease with 100 per cent mortality in 
laboratory trials. 

Cadwallader & Rogan 1977; Kearns et al., 2012a, cited 
in ARI pers. comm., 2017; Pearce 2013; ACT Gov. pers. 
comm., 2017; NSW DPI pers. comm., 2017; ARI pers. 
comm., 2017 
 
Langdon 1989a; 1989b. Lintermans 1991b; Whittington 
et al., 2007 

Carp Carp dominate freshwater systems 
across the Murray-Darling Basin, and is 
the most abundant large freshwater fish 
in southeastern Australia  
 
Disturb native fish habitats by raising 
turbidity and destroying submergent 
macrophytes  
 
It is possible that European carp feed on 
similar prey items to Macquarie perch   
 
Most common host of Lernaea 
cyprinacea (anchor worm). Lernaea has 
been observed on Macquarie perch and it 
is presumed to impact recruitment 
success and swimming capability. 

Koehn 2005; Davies et al., 2012 
 
 
 
 
Roberts et al., 1995; Roberts & Sainty 1996; Villizi et al., 
2014 
 
 
Tonkin et al., 2006; 2009 
 
 
Lintermans unpub. data, 2017, cited in Lintermans pers. 
comm., 2017; NSW DPI pers. comm., 2017 

Eastern 
gambusia 

Although there are no direct studies on 
the impacts of Eastern gambusia on 
Macquarie perch, they are known to 
harass and impact other species through 
fin-nipping and eat fish eggs and 
juveniles and may similarly impact 
juvenile Macquarie perch. 

Koehn & O’Connor 1990a;b; Bayley & Li 1992; 
Arthington & McKenzie 1997; Tonkin et al., 2011 

Goldfish Common host of Lernaea cyprinacea 
(anchor worm). 

Kabata 1979 
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A total of 277 non-native fish were removed from Mannus Creek, consisting of goldfish 

(n=3), carp (n=18, of which several contained the parasite anchor worm; Figure 25), 

gambusia (n=188) and redfin (n=68)(Table 12). Although Macquarie perch have been found 

in the presence of non-native species (e.g. Koehn et al. 1995; Pitman et al. 2007; Silva et al. 

2018), the influence of non-native species may become significant when a species is already 

under stress from other factors, such as bushfires and low population levels. After fires, often 

non-native species can quickly re-colonise disturbed habitats and can dominate the aquatic 

fauna. Indeed this was evident at Sites 8 – 11 and 15, where the entire fish community 

sampled during the February surveys consisted of 80 – 100% non-native species (Table 13).  

Table 12. Non-native fish species removed from a) all sites on Mannus Creek (Sites 1 – 15) 
and b) those sites where Macquarie perch have been previously reported and downstream 
of those sites (Sites 11 – 15).  

 Sites 1 - 15 Sites 11 - 15 

Species  Total removed  February May 

Goldfish 3 0 0 

Carp 18 9 9 

Eastern gambusia  188 24 1 

Rainbow trout 0 0 0 

Redfin perch  68 2 10 

 

Table 13. Proportion of non-native fish species caught during the February 2021 fish 
sampling (electrofishing and fyke nets pooled data) at bushfire-impacted sites (Sites 8 – 15).  

Site Proportion of non-native species (%) 

8 100 

9 100 

10 100 

11 100 

12 0 

13 50 

14 50 

15 80 



Bushfire Recovery: Macquarie Perch in Mannus Creek 

Charles Sturt University   50 
 
 

 

Figure 25: European / common carp (Cyprinus carpio) caught electrofishing upstream of Site 
15 that were removed from Mannus Creek. White circle on bottom figure shows an anchor 
worm infection.  
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Additional outcomes 

Habitat mapping, weed management and Macquarie perch 

The habitat mapping data produced as part of the current work will not only be provided to 

Murray LLS and NSW DPI (Fisheries), but also to NSW National Parks and Wildlife Service 

to target and support willow management activities (Figure 26).  

 

  

  
Figure 26: a) Habitat mapping results for willows located in the Middle and Lower Mannus 
reaches which includes a section that runs through Bogandyera Nature Reserve (black box), 
managed by NSW NPWS; b) A section of Middle Mannus showing small willows returning 
post-bushfires (W = willow, C = Callistemon spp.); and c) characteristic habitat of the Middle 
and the upper section of Lower Mannus showing rocky habitats and few areas for willows to 
grow. These areas typically have small callistemons growing between rocky outcrops. 

a
) 

b
) 

c) 
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Following on from the habitat mapping activity in November 2020, National Parks contractors 

were undertaking willow removal activities in March 2021 and a contractor reported a 

sighting of a Macquarie perch in the Bogandyera Nature Reserve. The contractor notified 

Luke Pearce at NSW DPI (Fisheries). Following on from this notification, Luke Pearce 

subsequently set fyke nets at Site 12 (11 April 2021) and caught a single Macquarie perch 

(Figure 27), along with a redfin perch and a platypus.  

 

Figure 27: A single Macquarie perch caught in a fyke net set by Luke Pearce 11 April 2021. 
Photo credit: Luke Pearce.   

CSU staff subsequently returned to Site’s 11 – 13 to search for any additional Macquarie 

perch, in conjunction with pest fish removal activities. On the 17th May 2021, CSU staff 

caught two Macquarie perch (348mm and 199mm; Figure 28) in close proximity to each 

other (within a 100 metre stretch of stream) with the backpack electrofisher at Site 11 (Figure 

29). Fyke nets were also set during May but they were not effective, most likely due to the 

cooler water temperatures reducing the movement of fish overnight.  

In total, between March – May 2021, three Macquarie perch were caught, with an additional 

sighting of a fourth, all from different locations within Reach 3 of Mannus Creek.  
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Figure 28: Macquarie perch caught in Mannus Creek, May 2021 (post-bushfires). The top 
two photographs are of the same fish (384mm).  

 

Figure 29: Location of where the Macquarie perch were found during the May 2021 fish 
sampling. Note the bushfire scaring in the background.   
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Community engagement and fish stocking 

Arbour Festival – Snowy Valleys, 28 December 2020 – 15 February 2021 

The Arbour Festival was a community bushfire recovery event that lasted for 50 days across 

the Snowy Valleys, which included the Mannus Creek community;  

On 28 December 2020, exactly 1 year after the Dunns Road Fire wrought havoc for 

50 days, Arbour Festival began its own 50 day journey, growing new possibilities as 

the community commences a new year beyond the fire that changed everything. For 

50 days the community of the Snowy Valleys came together, with great crowds 

attending the many exhibitions, workshops and experiences led by local makers, 

creatives and knowledge-holders across the Snowy Valley, NSW. This a one-off 

festival marked the anniversary of the fires, and celebrated the local creatively and 

ingenuity that is going to shape our future.  

https://www.arbourfestival.com/ 

On the 6th February 2021, CSU staff, in partnership with Murray LLS and NSW DPI 

(Fisheries) attended a community engagement event at Tooma as part of the Snowy Valleys 

Arbour Festival. The event consisted of a number of events centred on Mannus Creek 

bushfire recovery including; 

 Education display about electrofishing, fyke netting, bait trapping and fish population 

surveys in Mannus Creek (CSU, NSW Fisheries) and about fisheries regulations 

(Murray LLS) (Figures 30 and 31), 

 The release of 2500 Macquarie perch fingerlings, provided by Snobs Creek 

Hatchery, in partnership with Victoria Fisheries Authority, CSU and NSW DPI 

Fisheries. Fingerlings were stocked by landholders and community members at 

Site’s 12 and 13 (Figures 32 - 36).  

 Education on erosion control to improve water quality and the provision of coir logs to 

the local community (Murray LLS), and 

 A joint MLLS / NSW DPI Fisheries / CSU media release and video on the events of 

the day and Macquarie perch bushfire recovery activities.  

 

https://www.arbourfestival.com/
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Figure 30: Charles Sturt University, Murray LLS and the local landowners of Kooyong (Site 
13) on a field day at Tooma as part of the Arbour Festival. 

 
Figure 31: Cameron McGregor (Charles Sturt University) with local children at the field day 
‘catching’ Murray cod and learning about pest fish species (carp and redfin), introduced 
species (rainbow and brown trout) and native species such as Murray cod and golden perch.  
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Figure 32: Some of the 2500 Macquarie perch stocked in Mannus Creek, February 2021.  

 

Figure 33: Fish transporter from NSW DPI (Fisheries) carrying 2500 Macquarie perch 
fingerlings for stocking into the lower reaches of Mannus Creek (Site 12 and 13).   



Bushfire Recovery: Macquarie Perch in Mannus Creek 

Charles Sturt University   57 
 
 

 

Figure 34: Luke Pearce (NSW DPI Fisheries) with local children in the Mannus Creek 
Catchment stocking Macquarie perch.  

 

Figure 35: Local children in the Mannus Creek Catchment stocking Macquarie perch.  
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Figure 36: Cameron McGregor (CSU) releasing Macquarie perch fingerlings at Bogandyera 
Nature Reserve, Mannus Creek. 
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Objective 4: Site management plan for Mannus Creek 

The site management plan for the present project builds on the existing site management 

plan that was tailored for Mannus Creek (see Silva et al. 2018 for further details including 

GIS mapping; Table 1) and aligns with the Commonwealth of Australia’s (2017) 

recommendations for Macquarie perch recovery. Those sections in bold are additional 

recommendations based on the outcomes of the present project.  

Proposed Long Term Management Plan for the Mannus Creek Macquarie Perch Population 

(adapted from Silva et al. 2018) 

Strategy 1: Maintain a viable Macquarie perch population in the Mannus Creek system 

i. Protect the Macquarie perch population from the impacts of competition with and/or 

predation by alien species (especially trout, carp, Eastern gambusia and redfin 

perch).  

ii. Protect the Macquarie perch population from outbreaks of disease and parasites 

(e.g. from the Epizootic Haematopoietic Necrosis Virus (EHNV), which is transmitted 

by redfin perch and rainbow trout). 

iii. Undertake a genetic assessment of the remnant population and carry out a genetic 

rescue if necessary using individuals from another genetically appropriate population 

(e.g. from Cataract Dam or Dartmouth Dam). 

iv. Ensure that the effects of recreational fishing are minimised. 

Strategy 2: Protect and restore Macquarie perch habitat within the system 

i. Prioritise existing core Macquarie perch habitat within Mannus Creek for 

conservation (i.e. runs/riffles with small complex rock piles). 

ii. Protect the upper and middle Mannus Creek catchment regions and address erosion 

issues to reduce sediment input into the system which smothers critical habitat such 

as rock structures and infills deep refuge pools. 

iii. Undertake habitat rehabilitation and enhancement work (e.g. reintroduce rock piles 

and small complex snags at sites where they are lacking). 

iv. Restore fish passage where Macquarie perch require access to critical spawning 

habitat (this should include investigating the possibility for a fish passage on Mannus 

Dam). 

v. Maintain suitable flow regimes and water quality conditions to support the Macquarie 

perch population (e.g. flow allocations could also be released in a targeted manner 

prior to and during the spawning season for Macquarie perch if necessary, to 
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facilitate recruitment by cuing spawning and further increasing the area of run and/or 

riffle mesohabitats). 

vi. Monitor ash and sediment loads at bushfire-impacted sections of Mannus 
Creek (downstream of Site 8; Figure 2) 

vii. replacing willows and other alien riparian vegetation species with native 
riparian species, so as to minimise erosion impacts and minimise weed 
dominance post-bushfires 

Strategy 3: Increase the current distribution and abundance of Macquarie perch within 

Mannus Creek 

i. Explore the potential to increase the distributional range of Macquarie perch by 

restocking above Mannus Falls where sites are more likely to maintain habitat 

characteristics similar to those influencing the presence of Macquarie perch in the 

creek. 

ii. Reintroduce rock, snags and/or large woody debris at sites where they have been 

removed and are now in low concentrations or absent. 

iii. Given that the middle reach sites in Mannus Creek had substrates consisting of 

bedrock and boulders, and a reasonable proportion of rocky cover and run habitats 

(i.e. similarly to the lower reach sites where the Macquarie perch were found), they 

may have once also previously supported Macquarie perch and/or may be suitable 

for consideration as restocking sites.  

iv. Improve the habitat conditions downstream of Sites 11 – 13 to create refuge 
habitats following drought, bushfires and other environmental disturbances.  

Strategy 4: Investigate and monitor threats to the Mannus Creek Macquarie perch population 

and habitat 

i. Commit to monitoring changes in the fish populations and the creek’s habitat 

conditions (fish monitoring should continue annually, for at least a decade, at the 

sites sampled within Mannus Creek in the present study; while habitat conditions 

should be monitored at least every 5 years using rapid GIS-based habitat 

assessment methods). 

ii. Monitor the viability of the remaining Macquarie perch population in Mannus 
Creek through spawning site identification, egg and larvae monitoring, 
recruitment and broodstock monitoring to determine if the population is self-
recruiting over time.  
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Strategy 5: Establish additional Macquarie perch populations in surrounding creeks with 

suitable habitat 

i. Establish captive breeding techniques for Macquarie perch (to establish additional 

populations of Macquarie perch to extend the species’ range, alleviate the threat of 

extinction from stochastic disturbance events, and support the survival of the 

species). 

ii. Conduct a restocking program for Macquarie perch (potential restocking sites should 

at a minimum offer a secure, drought-proof source of water; have no or very low 

abundances of introduced fishes and be protected from future incursions of such 

species; and have a sufficient area of runs/riffles and/or cover of small complex rock 

piles to offer suitable habitat for Macquarie perch). Such a program should be 

monitored for success. 

iii. Prior to undertaking any translocation or restocking program (a) identify candidate 

translocation/reintroduction sites that address the site criteria outlined above; (b) 

refine translocation/reintroduction strategies and scenarios based on population data 

to maintain the viability of both the donor and new population(s); and (c) monitor the 

donor and new population(s) to allow for the translocation/reintroduction strategy to 

be adaptively managed as required. 

iv. If there are no appropriate sites for the potential translocation/reintroduction of 

Macquarie perch, it may be worth considering the option of conducting on-ground 

works to improve the suitability of other sites to the extent that they adhere to the 

translocation/reintroduction site criteria. 

v. Establish an insurance population to guard against unforeseen stochastic events 

within the Mannus Creek system. 

Strategy 6: Improve understanding of the ecology of the species and its distribution and 

abundance — both within Mannus Creek and at a national scale 

i. Improve understanding of Macquarie perch habitat requirements (a habitat 

association model should be developed that can be applied to the entire system; 

ideally such a model would be cross-validated with other extant populations in the 

Murray–Darling Basin). 

ii. Obtain and apply empirical data to determine suitable historical locations for 

interventions and ascertain current suitability for reintroduction. 

iii. Investigate the fate of released fingerlings (undertake tag/recapture surveys to 

assess the survival rates of fingerlings released as part of restocking programs). 

iv. Enhance knowledge about Macquarie perch life-history within the creek especially in 

regards to movements and location of spawning and feeding habitats. 
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v. Improve understanding of Macquarie perch populations in response to 
environmental disturbances such as drought, algal blooms and bushfires.  

Strategy 7: Raise public awareness on Macquarie perch and conservation efforts 

i. Communicate these findings to the broader public and recreational fisher groups. 

ii. Identify mechanisms to engage community groups in Macquarie perch conservation 

efforts. 

iii. Explore the potential to initiate crowd funding programs to co-invest in Macquarie 

perch rehabilitation efforts. 

iv. Promote outcomes of this project within government. 

v. Involve the local community, fishing clubs, and Landcare groups in on-ground 

rehabilitation works programs. 

vi. Maintain collaborative partnerships between Murray LLS, NSW DPI Fisheries, 
National Parks and research institutions such as CSU (monitoring and 
implementation of strategies) 

Strategy 8: Implement emergency rescue procedures in response to bushfires, 

drought, algal blooms or other threatening processes 

i. Ensure rescue protocols are in place for fisheries agencies (e.g. NSW DPI 
Fisheries) with assistance from CSU or other research institutes to safely and 
rapidly rescue Macquarie perch 

ii. Identify temporary housing facilities, such as the fisheries facilities at CSU and 
Narrandera Fisheries Centre to hold rescued fish 

iii. Identify alternative catchments that are similar to Mannus Creek for 
translocation and insurance populations post-emergencies   

iv. Develop protocols for after the threatening process has been removed or 
reduced  

v. Ensure erosion control options (e.g. coir logs, sand bags, hay bales) and / or 
aeration devices are available to support existing Macquarie perch populations 
during emergencies.  

Short term priority management actions for Mannus Creek 

Given the substantially reduced population size of Macquarie perch in Mannus Creek 

following the 2019 – 2020 bushfires, the short-term priority management actions identified in 

Silva et al. (2018) are essential for maintaining the remaining population, and priority 

management interventions should now target immediately above and below Sites 11 – 13. 

Therefore, based on the current outcomes post-bushfire, Priorities 1 – 3 should be actioned 
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immediately (with Priority 4 removed for the short term) to ensure that the Mannus Creek 

Macquarie perch population is not lost over the coming few years. As with the long term 

priorities, those sections in bold are additions based on the outcomes of the present project.   

Silva et al. (2018) recommends the following actions be undertaken within five years of their 

report being produced. With the combination of bushfire impacts, reduced Macquarie perch 

populations and timing of the previous recommendations, the present project recommends 

the following actions be undertaken within the next two years.  

Priority 1: The viability of the remnant population of Macquarie perch in the Site 11–13 

section should be maintained by: 

i. preserving flowing habitat (runs/riffles) and rocky substrates (e.g. boulders) in the 

Site 11–13 section through responsible flow management  

ii. protecting the middle reach and the Site 11–13 section by reducing erosion to 

minimise sediment and ash inputs to these sections of the creek (and downstream) 

iii. managing the alien fish numbers (especially carp and redfin) in the middle and lower 

reaches of the creek through ongoing control efforts involving electrofishing and 

netting 

iv. undertaking a genetic assessment of the current population to determine the genetic 

fitness of the population 

v. undertaking genetic rescue if required 

vi. Undertake further population assessments and continued monitoring, 
including eggs and larvae as well as juvenile and adult fish.  
 

Priority 2: The distribution of the Macquarie perch population should be expanded further 

downstream in the lower reach (i.e. downstream of Site 13) by: 

i. increasing flowing habitat availability to a level equivalent to that for the Site 11–13 

section, through flow management and/or channel constriction activities such as 

revegetation and bed stabilisation in highly eroded, widened reaches  

ii. adding more boulders, to replicate the same density per kilometre as for the Site 11–

13 section 

iii. minimising sediment inputs from the area of catchment adjoining the middle reach 

and the Site 11–13 section (as per Priority 1), as well as the area of catchment 

adjoining the section from Site 13 to the confluence with Tumbarumba Creek 
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iv. reducing alien fish numbers (especially carp, redfin and gambusia) in the entire lower 

and middle reaches and preventing new incursions through ongoing electrofishing 

and netting (as per the Priority 1 actions) 

v. replacing willows and other alien riparian vegetation species with native riparian 

species, so as to minimise erosion impacts and minimise weed dominance post-
bushfires 

vi. excluding stock from accessing the creek 

vii. reintroducing woody habitats in key areas, to create scour and increase available 

habitat 

viii. Ensure that refuge habitats are available downstream of Site 13 to support 
existing Macquarie perch populations should an environmental emergency 
occur.  

Priority 3: Macquarie perch should be reintroduced into the middle reach by: 

i. restoring flowing habitat (through flow management and/or channel constriction 

activities) and boulders at all sites in the middle reach (especially at Site 6 if it is 

feasible), to levels similar to those for the Site 11–13 section 

ii. minimising sediment inputs by protecting the catchment area surrounding the middle 

reach, as per the Priority 1 actions (sediment inputs from the upper reach are likely to 

be somewhat reduced by Mannus Dam, and thus less of a concern for the middle 

reach) 

iii. reducing alien fish numbers (especially redfin and gambusia) throughout the entire 

lower and middle reaches through ongoing electrofishing and netting (as per the 

Priority 1 actions) 

iv. replacing willows and other alien riparian vegetation species with native riparian 

species, so as to minimise erosion impacts (as per the Priority 2 actions) and 
minimise weed dominance post-bushfires 

v. restocking the reach with Macquarie perch using individuals from either the current 

Mannus Creek population (without placing this donor population at risk of extinction), 

or another genetically appropriate population (e.g. from Cataract Dam or Dartmouth 

Dam) to increase the genetic diversity and fitness of the Macquarie perch in Mannus 

Creek 

vi. conducting tag/recapture surveys to evaluate the survival rates of fingerlings 

released as part of the restocking program 

vii. excluding stock from accessing the creek (as per the Priority 2 actions). 
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Additional priorities based on the current project’s outcomes; 

i. Monitor sediment and ash loads post bushfires 
ii. Ensure rescue protocols are in place for fisheries agencies (e.g. NSW DPI 

Fisheries) with assistance from CSU or other research institutes to safely and 
rapidly rescue Macquarie perch 

iii. Identify temporary housing facilities, such as the fisheries facilities at CSU and 
Narrandera Fisheries Centre to hold rescued fish 

iv. Identify alternative catchments that are similar to Mannus Creek for 
translocation and insurance populations post-emergencies   

v. Develop protocols for after the threatening process has been removed or 
reduced  

vi. Ensure erosion control options (e.g. coir logs, sand bags, hay bales) and / or 
aeration devices are available to support existing Macquarie perch populations 
during emergencies and to prevent sediment and ash loads entering the creek 

vii. Maintain collaborative partnerships and communication between Murray LLS, 
NSW DPI (Fisheries), CSU, National Parks and landholders 

viii. Develop a reporting database for Macquarie perch sightings in Mannus Creek.  

Criteria for assessing the success of the management plan for Mannus Creek 

The benchmarks for the success of a management plan for the Macquarie perch in Mannus 

Creek should be consistent with those recommended in the Commonwealth draft recovery 

plan for Macquarie perch (Commonwealth of Australia 2017).  

Specifically, the Macquarie perch management plan for the Mannus Creek system could be 

considered to be performing successfully if: 

 Numbers and genetic diversity of Macquarie perch increase at historical sites as well 

as bushfire-impacted sites in the creek 

 The species distribution expands throughout the creek, including post environmental 

emergencies  

 There is an enhancement in the understanding of the impacts and recovery of 

Macquarie perch populations post-bushfires 

 Threat mitigation measures are adopted to conserve the Mannus Creek Macquarie 

perch population. 
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Conclusions and recommendations 

The small, self-sustaining population of Macquarie perch that was recorded in the 2017 - 

2018 surveys (pre-bushfires) is now at serious risk following the 2019/2020 bushfires. 

Standardised fish surveys did not detect Macquarie perch in the first instance (February 

2021 survey), and the status of the Mannus Creek population post-bushfire appeared grim.  

Since the 2019/2020 bushfires, a number of on-ground management interventions have 

proven critical in the current understanding and maintenance of the Mannus Creek 

Macquarie perch population; 

 January 2020: Ten Macquarie perch were rescued by NSW DPI (Fisheries) 

immediately prior to the heavy, post-bushfire rainfall that caused significant water 

quality issues. 

 February 2021: 2500 Macquarie perch fingerlings were released as part of a 

community bushfire recovery and education event. 

 March 2021: One Macquarie perch was sighted during weed management in the 

Bogandyera Nature Reserve and reported to NSW DPI (Fisheries). 

 April 2021: One Macquarie perch was caught by NSW DPI (Fisheries) following up 

on the reported sighting in April. 

 May 2021: Two Macquarie perch were caught during non-native fish removal 

activities. 

These management strategies highlight the critical need for collaborative partnerships and 

effective communication channels to report anecdotal information as well as the role of on-

ground works in understanding the system and observing any changes. The management of 

the Mannus Creek Macquarie perch population hinges on the critical partnerships already 

established between catchment management agencies, fisheries agencies, research 

institutions and National Parks and other local landholders. Emergency procedures for fish 

rescues and water quality improvements following environmental emergencies such as algal 

blooms, drought and bushfires should be developed immediately.  
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Given that the Mannus Creek Macquarie perch population is the only one remaining in the 

NSW Murray region, aquatic habitat values within the section currently supporting the 

population should be immediately conserved. At the same time, these aquatic habitat values 

should be expanded to the upstream and downstream sections adjoining sites containing 

Macquarie perch to facilitate the expansion of the population and create refuge habitats 

should an environmental emergency occur.  

Ash and sediment loads post-bushfires will remain in the system for many years and these 

should be monitored annually to understand their impacts on critical habitats for Macquarie 

perch, particularly spawning sites.  

Rehabilitation works should include effective flow management to retain riffle and run 

habitat; conducting channel restriction works, revegetation and bed stabilisation in eroded, 

widened sections; and supplementing small complex rock piles in reaches where the 

availability of runs/riffles is sub-optimal.  

Non-native fish removal is essential to reduce the negative detrimental impacts on the very 

low numbers of Macquarie perch still present in Mannus Creek, as well as to those fish 

restocked or translocated into the system in future. 
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