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Executive summary 

Background 

Macquarie perch (MP; Macquaria australasica Cuvier 1830) were historically widespread 
throughout the southern Murray–Darling Basin (MDB), but have substantially declined in 
terms of their abundance and distribution since the 1900s. The species is now listed as 
nationally endangered, and there is only one known remaining population in the NSW 
Murray region — in Mannus Creek, within the Upper Murray area. Despite the threat of 
localised extinction to MP in the NSW Murray region, little is known about the status of the 
Mannus Creek population, or how best to manage the creek’s habitat conditions to ensure 
the species’ persistence and recovery in the region long term. The current project was 
undertaken to: 

1. determine if MP still persist within Mannus Creek, and if they do, 
2. examine the abundance and distribution of MP within Mannus Creek 
3. assess Mannus Creek for suitable habitat and refuge for MP, and identify any 

deficiencies or major threats 
4. develop a long-term management plan for the Mannus Creek system. 

Findings 

 There is a small, self-sustaining MP population still present in Mannus Creek, 
inhabiting the 9-km section immediately downstream of Mannus Falls and within 
Bogandyera Nature Reserve. 

 This section of the creek is characterised by the presence of a relatively high 
proportion of flowing habitat (runs and/or riffles) and an abundance of coarse rock 
piles. 

 Principal component analysis showed that the three studied reaches of Mannus 
Creek (upstream of Mannus Dam, between Mannus Dam and Mannus Falls and 
downstream of Mannus Falls) were significantly different in regards to habitat feature 
composition; particularly when comparing the upper reach (upstream of the Mannus 
Dam) with the lower reach (downstream of Mannus Falls). 

 Multiple regression analyses confirmed that MP abundance was significantly 
positively associated with the occurrence of run habitat and boulders, especially 
during the autumn/winter. 

 Canonical correspondence analysis determined that the presence of MP was mostly 
influenced by coarse rock substrate (cobble, boulder and bedrock). 

 Results from the only other existing MP habitat association study reported similar 
findings for a remnant population in the upper Lachlan catchment — with MP 
occurrence found to be mainly determined by the availability of flowing habitats 
(riffles and runs) as well as the availability of small complex rock piles (aggregations 
of boulders of 0.5–1 m diameter) for cover (Gilligan et al. 2010b). 

A proposed long term management plan for the Mannus Creek Macquarie perch 
population 

To support the recovery and conservation of the MP population in Mannus Creek, the 
following strategies should be adopted: 

Strategy 1: Maintain a viable MP population in the Mannus Creek system 
i. Protect the MP population from the impacts of competition with and/or predation by 

alien species (especially trout, Carp, Eastern gambusia and Redfin perch).  
ii. Protect the MP 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). 
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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 MP habitat within the system 
i. Prioritise existing core MP 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 MP 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 MP 
population (e.g. flow allocations could also be released in a targeted manner prior to 
and during the spawning season for MP 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 MP within Mannus Creek 
i. Explore the potential to increase the distributional range of MP by restocking above 

Mannus Falls where sites are more likely to maintain habitat characteristics similar to 
those influencing the presence of MP 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 MP were found), they may have once 
also previously supported MP and/or may be suitable for consideration as restocking 
sites.  

Strategy 4: Investigate and monitor threats to the Mannus Creek MP 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 MP populations in surrounding creeks with suitable habitat 
i. Establish captive breeding techniques for MP (to establish additional populations of 

MP 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 MP (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 MP). 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 MP, it 
may be worth considering the option of conducting on-ground works to improve the 
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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 MP 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 MP life-history within the creek especially in regards to 
movements and location of spawning and feeding habitats. 

Strategy 7: Raise public awareness on MP and conservation efforts 
i. Communicate these findings to the broader public and recreational fisher groups. 
ii. Identify mechanisms to engage community groups in MP conservation efforts. 
iii. Explore the potential to initiate crowd funding programs to co-invest in MP 

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. 

Criteria for assessing the success of the management plan 

The benchmarks for the success of such a plan should be in line with those recommended in 
the Commonwealth draft recovery plan for MP (Commonwealth of Australia 2017), and 
include: 

 increased numbers of MP at historical sites in the creek 

 the expansion of the species’ distribution throughout the creek, and/or into adjacent 
connected creeks with suitable habitat conditions 

 an enhancement in the understanding of what threat mitigation measures are 
required to recover the MP population in Mannus Creek 

 the adoption of threat mitigation measures to conserve the Mannus Creek MP 
population. 
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Introduction 

Background 

The Macquarie perch (MP; Macquaria australasica Cuvier 1830) is a moderately-sized 
(maximum length of 465 mm and weight of 3.5 kg (Lintermans 2007)) freshwater 
percichthyid fish species that was historically widespread throughout the Lachlan, 
Murrumbidgee, Macquarie, Murray, Mitta Mitta, Kiewa, Ovens, Broken, Goulburn, Campaspe 
and Loddon catchments (Cadwallader 1981). Populations of MP throughout the Murray–
Darling Basin (MDB) have declined greatly in both abundance and distribution since the mid-
1900s (Lake 1971; Cadwallader 1981; Gilligan et al. 2010b), such that the species is now 
listed as nationally endangered under the Environmental Protection and Biodiversity 
Conservation Act 1999 (Commonwealth) (Lintermans 2007; Tonkin et al. 2010). The species 
decline has continued into the 2000s, with remaining self-sustaining viable populations now 
limited to a small number of fragmented locations (Gilligan et al. 2010b; 
Commonwealth of Australia 2017). In NSW, these locations include the: 

 Abercrombie and Lachlan River upstream of Lake Wyangala 

 upper Murrumbidgee River below Tantangara Dam but upstream of Gigerline Gorge 

 Hawkesbury-Nepean river system and Georges River on the east coast  

 Adjungbilly Creek in the Tumut River catchment, within the upper Murrumbidgee 
River catchment 

 Mannus Creek in the upper Murray catchment (Commonwealth of Australia 2017). 

In Victoria, these locations include the: 

 upper reaches of the Mitta Mitta River catchment above Dartmouth Dam, as well as 
in Lake Dartmouth (where the species is also stocked); 

 Buffalo River within the Ovens River catchment; 

 upper tributaries of the Goulburn River catchment, including in King Parrot, Holland’s 
and Hughes creeks (Commonwealth of Australia 2017). 

A remaining viable, self-sustaining population is also present in the Australian Capital 
Territory, within the stretch of the Cotter River between the Cotter and Bendora dams, as 
well as in the Cotter Dam itself (Commonwealth of Australia 2017). 

Causes of the decline in MP abundance and distribution 

The decline in MP populations throughout the MDB has been attributed to several factors. 
First, large numbers of the species are thought to have been removed by commercial and 
recreational fishing, similarly to that for many other native species like Murray cod 
(Maccullochella peelii peelii) (Cadwallader 1978; Ingram et al. 2000). Second, habitat quality 
has been altered in many systems in response to the clearing of riparian vegetation, 
sedimentation and changes to water quality (Lintermans 2007). Third, the construction of 
dams and weirs has altered flow regimes, created barriers to migration and recolonization, 
and resulted in cold water releases which preclude breeding success (Cadwallader and 
Rogan 1977). Finally, incursions of alien species, such as trout and Redfin perch, have led 
to greater competition for resources, predation of young MP, and the transmission of viruses 
like the Epizootic Haematopoietic Necrosis Virus (EHNV) (carried by Redfin perch and 
Rainbow trout) (Lintermans 2007). 

The importance of the Mannus Creek MP population 

At present, the only known MP population within the NSW Murray region is in Mannus Creek 
— thus placing the species at high risk of localised extinction in this part of the MDB (Gilligan 
et al. 2010b). A number of recreational fisher reports suggested the presence of MP in 
Mannus Creek in the early 2000s, and in October 2006, Luke Pearce (from NSW DPI 
Fisheries) captured and photographed one whilst angling within the Bogandyera Nature 
Reserve section (Gilligan et al. 2010b). Gilligan et al. (2010b) followed up on this observation 
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with a study assessing the abundance and distribution of MP in Mannus Creek. The authors 
caught a single adult MP at the downstream boundary of the Bogandyera Nature Reserve 
(Gilligan et al. 2010b). Nevertheless, they argued that the habitat conditions present 
throughout the Bogandyera Nature Reserve section of Mannus Creek matched those 
required by MP (Gilligan et al. 2010a). They further concluded that MP were probably 
present throughout this section of the creek, albeit in low abundances (Gilligan et al. 2010b). 

The NSW Department of Primary Industries (DPI) and Murray Local Land Services (LLS) 
have been dedicated in their efforts towards conserving the Mannus Creek MP population 
since the significance of this population became fully apparent in the late 2000s. However, 
the management of MP in the NSW Murray region is currently hampered by a lack of 
knowledge about the status of the remaining individual Mannus Creek population, and how 
best to manage the creek’s habitat conditions to ensure the species’ persistence in the 
region. Indeed, no targeted surveys of the MP population in Mannus Creek have been 
undertaken since the one done by Gilligan et al. (2010b), and the creek has been subjected 
to a number of significant disturbance events since that survey, including major floods 
between October 2010 and 2012. Furthermore, there is still a lack of fundamental knowledge 
regarding the habitat requirements of MP within Mannus Creek, and indeed within the Basin 
in general (with the exception of that provided from a habitat-association study done by 
Gilligan et al. 2010a for the upper Lachlan catchment).  

The floods in 2010 and 2012 significantly changed the physical habitat characteristics along 
Mannus Creek, and facilitated the failure of the dam wall for Mannus Lake (also known as 
Hovell Weir) — a 2300 ML lake located approximately mid-way along the creek, upstream of 
the Bogandyera Nature Reserve section (NSW Public Works 2013). The effects of those 
events on MP were unknown, raising concerns about whether the MP population was still 
present in the area. Therefore, there was a pressing need to assess the fish community in 
Mannus Creek to determine the status of the potential remaining population of MP. 

Objectives of this report 

This project was undertaken to improve our understanding of the distribution, abundance 
and habitat requirements of MP (Figure 1) in the Mannus Creek system, with a view to 
informing the development of a management plan for the MP population in the system. 
Autumn/winter and summer field surveys were undertaken to determine seasonal variation in 
habitat characteristics and fish abundance within Mannus Creek. The specific objectives of 
the project were to: 

1. determine if MP still persist within Mannus Creek, and if they do, 
2. examine the abundance and distribution of MP within Mannus Creek 
3. assess Mannus Creek for suitable habitat and refuge for MP, and identify any 

deficiencies or major threats 
4. develop critical components for a long-term management plan for the Mannus Creek 

system. 
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Figure 1. A Macquarie perch (MP; Macquaria australasica Cuvier 1830) captured in Mannus 
Creek during the current study (photo taken by Luiz Silva). 

Methods 

Study area 
The Mannus Creek catchment is located in southern NSW, west of Tumbarumba, and 
covers an area of 515 km2 (Figure 2) (NSW Public Works 2012). 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. It 
has a median annual discharge of 232 ML.d-1, but the flows are highly variable 
(NSW Public Works 2012). The lowest recorded annual flow was 20 ML.d-1 in 2007 and the 
highest 580 ML.d-1 in 1956 (NSW Public Works 2012).  

There are currently two major barriers to upstream fish movement in Mannus Creek: (1) 
Mannus Dam, which is located at the downstream end of Mannus Lake (35° 49' 17.706'' S; 
147° 59' 2.5044'' E); and (2) Mannus Falls, which is located downstream of the Mannus Dam 
(35° 55' 26.5656'' S, 147° 58' 52.7412'' E) (NSW Public Works 2013). Mannus Lake was 
initially constructed in 1985 to provide water for fish farming and hydroelectric power 
generation (NSW Public Works 2013). Following the failure of the Mannus Dam in October 
2010, a new dam wall was constructed in 2014 with the provisions to regulate environmental 
flow releases. These environmental flow releases can be used to adjust natural flows and 
water temperatures to yield beneficial effects on the creek’s water quality and biotic 
communities (NSW Public Works 2013). 

Study sites 
Fish were collected over the entire length of the Mannus Creek system within three reaches 
encompassing 15 sites (Table 1; Figure 2). The upper reach (Upper Mannus) stretches from 
the headwaters down to the Mannus Dam; the middle reach (Middle Mannus) covers the 
section from the Mannus Dam to Mannus Falls (which is also known as Bottom Falls); and 
the lower reach (Lower Mannus) stretches from the Mannus Falls to the confluence with 
Tumbarumba Creek (Figure 2). The 15 sites were distributed roughly equidistantly along the 
entire length of the creek, such that each of the three reaches was represented by five sites. 
In addition, for the sake of comparability, all of the sites in the middle and lower reaches 
were the same as those previously sampled by Gilligan et al. (2010b), except for Site 6 and 
Site 15 which were additional sites included in the present study to increase the length of 
creek that was surveyed and gain a more complete coverage of the entire length of the 
creek. Following the inclusion of these additional sites, it was decided to exclude Gilligan et 
al.’s Site 889 (a site immediately below Mannus Falls) as this site is quite close to the 
upstream site (First Ford/Site 10), and it is a highly visited site that sustains substantial 
recreational fishing pressure (Luke Pearce, personal observation). The five upper reach sites 
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in the present study were also included, because that section of the creek had not previously 
been sampled specifically for MP. 

 

Table 1. Locational details of the 15 monitoring sites and three reaches established along 
Mannus Creek. The sites sampled by Gilligan et al. (2010b) have been included in the table 
for comparability. Note, Gilligan et al.’s Site 889 (a site immediately below Mannus Falls) 
was not included in the present study. 

Site 
number 

Site name Gilligan et al. (2010b) 
site reference 

Coordinates 
Reach 

location 

Latitude Longitude  

1 Doughtys 
creek 

Not sampled 
35°40'23.97"S 147°50'41.79"E 

Upper 
Mannus 

2 Mannus Not sampled 35°41'43.12"S 147°52'55.74"E 

3 Glenroy Not sampled 35°43'8.32"S 147°53'49.23"E 

4 68626 Not sampled 35°44'56.29"S 147°56'17.92"E 

5 Sawpit creek Not sampled 35°46'38.37"S 147°56'21.62"E 

6 Guests Not sampled 35°50'53.34"S 147°59'34.41"E 

Middle 
Mannus 

7 Willowfest 885 35°52'31.08"S 147°59'3.16"E 

8 Coconut slice 887 35°53'13.20"S 147°59'18.24"E 

9 Willmott Pine 
Forest 

886 
35°54'2.88"S 147°58'55.16"E 

10 First Ford 888 35°55'8.40"S 147°59'13.92"E 

11 Luke Hole 890 35°56'16.87"S 147°59'26.81" 

Lower 
Mannus 

12 Behind 
Kooyong 

891 
35°56'41.03"S 147°59'58.42"E 

13 No More 
Biscuits 

892 
35°56'40.88"S 148° 0'46.37"E 

14 Kooyong 893 35°56'32.28"S 148° 1'53.36"E 

15 Lower 
Mannus 

Not sampled 
35°57'44.88"S 148° 2'26.20"E 
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Figure 2. Map of the Mannus Creek study area, showing the location of the 15 sampling 
sites, and the three reaches (upper, middle and lower Mannus) defined by the barriers to 
upstream movements of fish. Reach 1 = upper reach, 2 = middle reach, 3 = lower reach. 

Fish surveys 

Fish were surveyed at each of the 15 sites in autumn/winter 2017 (17 May–27 June) and in 
summer 2017–18 (14–22 February). The fish surveys were undertaken using backpack 
electrofishing and bait traps in accordance with the Sustainable Rivers Audit (SRA) fish 
theme protocols (Davies et al. 2008; MDBC 2008). At each site, eight electrofishing shots of 
150 s each were conducted and 10 unbaited bait traps were set for approximately two hours. 
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Five single wing, 19 mm mesh size ‘D’ front fyke nets were deployed overnight to further 
enhance the chances of capture success at each site (except at Doughtys creek, where the 
use of fyke nets was not suitable due to the reduced size of the creek). All captured fish 
were identified, counted, measured and observed for external lesions or visible parasites 
before being released again. 

Rapid habitat assessments 
Rapid habitat assessments were undertaken at each site following the completion of each 
sampling operation (i.e. collection of the bait traps or fyke nets, and completion of an 
electrofishing shot). This involved assessing substrate; vegetation (aquatic and riparian); 
physical cover; and mesohabitat types based on the presence/absence of a defined set of 
categories for each of these four habitat variables (Table 2). In addition, the water quality 
characteristics of temperature (oC), dissolved oxygen concentration (DO; mg L-1), pH, 
electrical conductivity (EC; µS cm-1) and turbidity (NTU) were assessed at two randomly 
chosen locations at each site using a Horiba U10 water quality meter (HORIBA, Austin, 
USA).  

 

Table 2. Habitat variables and categories used to characterise each sampling site during the 
rapid habitat assessments in Mannus Creek. 

 Habitat variables 

Categories 

Substrate Vegetation 
Physical 

cover 
Mesohabitat types 

Bedrock Native trees Rock Pool 

Boulder Exotic trees Timber Run 

Cobble Native Shrubs Undercuts Riffle 

Gravel Exotic Shrubs Leaf litter Rapid 

Sand Riparian grass Macrophytes Backwater 

Mud/silt Floating macrophytes   

Clay Emergent macrophytes   

Unknown Submerged macrophytes   

 Filamentous Algae   

 Suspended Algae   

 Biofilms   

 

Habitat mapping 
Detailed spatial mapping of aquatic and riparian habitat features was undertaken along the 
entire reach of the Mannus Creek system in November 2017. The habitat features assessed 
were mesohabitat, macrophyte beds, physical cover, snags, substrate, eroded and undercut 
banks, willows, and depth. Habitat features were mapped continuously over the entire creek 
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using Arc GIS Collector installed on mobile devices (Panasonic Toughbook - Model 64 and 
tablets). 

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 Arc GIS Collector, each mapper selected the habitat feature observed along the 
distance covered on each survey. 

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. 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. 

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 
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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. 

The spatial data and the attributes collected were imported and processed using a desktop 
GIS software (ArcGIS Pro) to map and quantify habitat features for Mannus Creek. 

Data analyses 

Reach- and site-scale differences in habitat and fish characteristics were examined 
separately for autumn/winter and summer trips, to account for potential seasonal variation in 
these variables. Seasonal comparisons were not of specific interest in this study, and there 
was a risk that the same fish were sampled during both trips (i.e. the communities sampled 
during each trip were not entirely independent). 

Habitat characteristics 
Reach-related variation in overall habitat characteristics obtained for each site via rapid 
assessment were evaluated using principal components analysis [PCA in Primer v6.0 
(Clarke and Warwick 2001)] for each trip. Prior to analysis, all continuous environmental 
variables were log10(x+1) transformed and normalised. Permutational analysis of variance 
[PERMANOVA in Permanova+ for Primer (Anderson et al. 2008)] was then undertaken to 
test the statistical significance of the reach-related patterns, based on Euclidean similarity 
matrices (with a dummy variable of 0.000001). 

Site-specific variation in habitat characteristics was assessed using the data obtained from 
the habitat mapping. To verify the influence of site-specific habitat features on the structure 
of each sampling site, a buffer of 2 km in radius was defined around each site and the 
relative frequency of each habitat feature was calculated for each buffer. The primary 
components for each site were then assessed using principal component analysis (using the 
R software (R Core Team, 2013)) to determine the contribution of each habitat feature for 
each site. 

Habitat mapping 

Mesohabitat, snag and substrate habitat features were presented at the reach scale to 
provide an overview of the spatial distribution of these habitat features within the Mannus 
Creek system (Appendix; Figure 22). Macrophyte bed and physical cover features were also 
assessed and considered in all habitat map variables analyses, but the maps of these 
features were not presented in the current report because these habitat features were found 
to be inter-correlated with the other habitat features and/or not statistically relevant to the MP 
population in Mannus Creek (see the Results). 

The spatial layer used to characterise Mannus Creek was obtained from the river network 
provided by the NSW Spatial Services Digital Topographic Database (DTDB 2011, 
www.lpi.nsw.gov.au). The habitat variables were created as points or polygon vector layers 
in ArcGIS Pro, with their corresponding attribute table including the features identified in the 
field. The coordinate systems used for spatial analysis and mapping were accessible from 
the GIS software, and were based on the Datum GDA 1994 projected using the Transverse 
Mercator transformation for Zone 55S. 

In addition to visually presenting the features for each habitat variable at a reach scale, the 
count and habitat type was shown to support map interpretation. The procedure involved 

http://www.lpi.nsw.gov.au/
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initially mapping the 15 creek sites, and applying a buffer of 2 km to select the habitat 
variables closest to each site, using the Buffer tool in ArcGIS Pro. The attribute tables of 
both the creek and habitat variable layers were then linked using the Spatial Join tool. This 
allowed for the counting of the number of habitat variables per reach and the identification of 
the habitat features recorded. For the macrophytes — which had their area symbolized using 
polygons — the Intersection tool was employed to extract and quantify the area assigned to 
each reach.  

Fish 
Total abundance and species richness patterns were presented for the fish communities 
sampled at each site using descriptive figures and tables. Variation in fish community 
patterns among reaches was explored using non-metric multidimensional scaling (nMDS in 
Primer v6.0 (Clarke and Warwick 2001)) and PERMANOVA (Anderson et al. 2008) for each 
trip. Fish community analyses were derived from Bray–Curtis similarity matrices (with a 
dummy variable of 0.000001), and undertaken using square-root transformed data to 
increase the contributions of rare taxa. 

Fish-habitat variable relationships 
Canonical Correspondence Analysis (CCA) was used to explore the relationships between 
all of the fish species found in Mannus Creek and the habitat variables obtained with 
mapping, and to identify habitat features influencing species’ abundances. Habitat and fish 
associations were analysed at a site scale. Therefore, fish abundance was calculated for 
each site and counts of habitat features were obtained for each 2 km buffer surrounding 
each site. Then, both the biotic and physical habitat data were square-root transformed to 
account for their Poisson distributions prior to undertaking the CCA. This analysis was 
conducted using the R software (R Core Team, 2013). 

We also explored the relationships between fish and habitat variables (derived from the rapid 
habitat assessments undertaken at each site) to ascertain which habitat attributes were most 
strongly related to both the overall fish community structure as well as MP abundance. Prior 
to exploring these fish-habitat variable relationships, all continuous habitat variables were 
log10(x + 1) transformed and normalised. Draftsman plots were then examined to determine 
whether any environmental variables were highly inter-correlated (95% or greater, Bob 
Clarke, Plymouth Marine Laboratory, UK, pers. comm.).  

The distance-based linear models procedure [DISTLM in Permanova+ for Primer (Anderson 
et al. 2008)] was used to identify which habitat variables were most closely related to the fish 
community and MP abundance, using a step-wise procedure with an R2 selection criterion. 
The DISTLM analyses were performed on square-root transformed biotic data, and derived 
from Bray-Curtis similarity matrices for the fish community analysis, and Euclidean similarity 
matrices for the MP abundance analysis (Anderson et al. 2008). Distance-based 
Redundancy Analysis ordinations were also plotted to visualise the DISTLM (i.e. multiple 
regression) results for the fish communities during each trip (using the DISTLM function in 
Permanova+ for Primer (Anderson et al. 2008)]. 

Results 

Mannus Creek habitat characteristics 

Overall reach patterns (based on the rapid habitat assessment data) 
Habitat characteristics varied significantly between the upper and lower reaches in 
autumn/winter (Table 3). The lower reach was characterised by the presence of rock, 
bedrock and boulders; while the upper reach contained gravel and leaf litter (Figure 3). 

During the summer trip, habitat characteristics varied significantly among all three reaches 
(Table 3). Run habitat and rock cover seemingly contributed most of the among-reach 
variation, with both of these features being most prevalent in the lower reach and least 
prevalent in the upper reach (Figure 4). 
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Overall reach patterns (based on the habitat mapping data) 
The habitat mapping results echoed the rapid habitat assessment results and confirmed that 
the lower reach had a relatively high proportion of flowing habitat (runs, riffles and rapids) 
and boulder/bedrock substrate, and a relatively low proportion of pool habitat (Appendix; 
Figure 22). The upper reach, on the other hand, had a relatively high number of large 
complex and large simple snags, and a high proportion of mud substrate (Appendix; Figure 
22). 

Overall site patterns (based on the habitat mapping data for each site) 
Principal components analysis based on the habitat mapping data for each site (with the 
inclusion of 2 km site buffers), indicated that the lower reach site’s 11, 12, and 13 were 
characterised by the occurrence of boulders, bedrock, rapids and rocky cover (Figure 5). 
The habitat conditions in the middle reach site’s 7, 8, 9, and 10 were similar to those at the 
lower reach site’s 11, 12, and 13. In comparison, the upper reach site’s 1, 2, and 3 were 
characterised by the occurrence of gravel and various macrophyte communities, generally in 
line with the findings from the reach-based analyses (Figure 5). 

 

Autumn/Winter 2017 

  

 

Figure 3. Principal components analysis showing variation in habitat characteristics among 
reaches during the autumn/winter 2017 trip (based on averaged site rapid habitat 
assessment data). Only environmental variables with correlations > 0.8 have been 
presented for the sake of clarity. Upper reach sites = green triangles, middle reach sites = 
blue triangles, and lower reach sites = blue squares. Prior to analysis, samples with missing 
data were removed (including backwater, velocity, suspended algae, biofilms and unknown); 
distance travelled, average width and average depth were each log10(x+1) transformed; and 
all variables were normalised and checked for multicollinearity. 
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Summer 2017–18 

  

Figure 4. Principal components analysis showing variation in habitat characteristics among 
reaches during the summer 2017–18 trip (based on averaged site rapid habitat assessment 
data). Only environmental variables with correlations > 0.8 have been presented for the sake 
of clarity. Upper reach sites = green triangles, middle reach sites = blue triangles, and lower 
reach sites = blue squares. Prior to analysis, samples with missing data were removed 
(including backwater, velocity, suspended algae, biofilms and unknown); distance travelled, 
average width and average depth were each log10(x+1) transformed; and all variables were 
normalised and checked for multicollinearity. 

 

Table 3. Pseudo-F statistics from Permanova analyses investigating variation in habitat 
characteristics among reaches for each trip. Upper reach = U, middle reach = M, and lower 
reach = L. Statistically significant (P < 0.05) values have been bolded. 

Scenario Main effect Pairwise comparison 

Autumn/Winter Pseudo-F P(perm) Reaches      t P(perm) 

 
2.042 0.007 U, M 1.2249 0.097 

   
U, L 1.667 0.011 

      M, L 1.3035 0.069 

Summer Pseudo-F P(perm) Reaches      t P(perm) 

 
2.256 0.004 U, M 1.5409 0.033 

   
U, L 1.6015 0.027 

      M, L 1.2917 0.023 
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Figure 5. Principal components analysis showing variation in habitat characteristics among 
sites (based on the habitat mapping data with 2 km buffers for each site). Prior to analysis, 
counts for each habitat variable were log (x+1) transformed; and all variables were 
normalised and checked for multicollinearity. 

 

Reach- and site-related variation in habitat conditions (based on rapid habitat assessment data) 
Mesohabitat 

Closer examination revealed that the lower reach had the highest proportion of runs, riffles 
and rapids out of the three reaches (Figure 6). At least half of the mesohabitat at site’s 12, 
13, and 14 was either runs, riffles and/or rapids. But elsewhere the creek’s sites were 
dominated by pool habitat (Figure 6). 

Plants 

Plant features were quite variable among reaches (Figure 7). More native trees, native 
shrubs and exotic shrubs were found in the lower reach. Site 5 differed from the other 14 
sites in that it was only characterised by the occurrence of exotic trees and shrubs (Figure 
7). 

Physical cover 

The upper reach had the highest proportion of undercut banks and lowest proportion of rock 
piles. In contrast, the lower reach had the lowest proportion of undercut banks and highest 
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proportion of rock piles (Figure 8). The proportion of timber did not differ among reaches. 
The physical cover at Site 11 was nearly exclusively characterised by rock piles (Figure 8).  

Substrate 

Lower reach substrate was comprised of a relatively high proportion of bedrock and boulder 
material (Figure 9). The middle reach also contained bedrock and boulder material. But there 
was much variation in the upper reach. For example, the substrate at Site 1 consisted mainly 
of clay and mud/silt, whereas the substrate at Site 3 consisted of reasonably similar 
proportions of sand, gravel, cobble, boulder and bedrock (Figure 9). 

Water quality 

Water depth did not differ between sampling occasions (Table 4). Water temperature was 
markedly higher during the summer trip than during the autumn/winter trip. It also varied 
(albeit to a lesser extent) among sites within each reach, but there were no consistent 
patterns. Similarly, there were no obvious consistent patterns among reaches or sites for 
DO, pH and EC. Turbidity was generally highest in the upper reach during both trips, and 
was especially high at Site 1 (Table 4). 

 

 

Figure 6. The proportion of mesohabitat within each reach in Mannus Creek, averaged over 
both trips (based on the rapid habitat assessment data). UMC = upper Mannus Creek, MMC 
= middle Mannus Creek, LMC = lower Mannus Creek. 

 

 

 

 

 

 

 

0%

20%

40%

60%

80%

100%

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

F
re

q
u

e
n

c
y
 (

%
)

Site

Mesohabitat

Backwater

Rapid

Riffle

Run

Pool

UMC MMC LMC



Threatened Species Surveys 

 

Charles Sturt University and NSW Department of Primary Industries     23 
 

 

 

Figure 7. The proportion of plant features within each reach in Mannus Creek, averaged over 
both trips (based on the rapid habitat assessment data). UMC = upper Mannus Creek, MMC 
= middle Mannus Creek, LMC = lower Mannus Creek. 

 

Figure 8. The proportion of physical cover features within each reach in Mannus Creek, 
averaged over both trips (based on the rapid habitat assessment data). UMC = upper 
Mannus Creek, MMC = middle Mannus Creek, LMC = lower Mannus Creek. 
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Figure 9. The proportion of substrate features within each reach in Mannus Creek, averaged 
over both trips (based on the rapid habitat assessment data). UMC = upper Mannus Creek, 
MMC = middle Mannus Creek, LMC = lower Mannus Creek. 
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Table 4. Ranges for the water quality characteristics assessed at each site during each trip. 
Depth (m), temperature (oC), dissolved oxygen concentration (DO) (mg.L-1); electrical 
conductivity (EC) (uS.cm-1), turbidity (NTU). U = upper reach; M = middle reach; and L = 
lower reach.  

 

Trip Reach Site Depth Temp. DO pH EC Turbidity 

Autumn/Winter 
2017 

U 

1 0.3 6.7-8 5.9-7.8 6.9-7.3 0.103-0.108 42.4-51.1 

2 0.2 4.9-5.3 8.5-8.7 7.3-7.4 0.111-0.112 28.6-29.3 

3 0.2 5-5.4 8 6.9-7.4 0.107-0.133 24.4-30.4 

4 0.2 4.9-5.6 5.8-6.2 6.9-7.1 0.107-0.11 20-21.8 

5 0.3 6.3-6.5 9.1 7.3-7.4 0.083-0.086 15.3-19.2 

M 

6 0.3 8.4-8.9 7.9-8.1 7.5-7.7 0.125-0.128 16.5-26.5 

7 0.2 6.3-7.9 7.8-8.7 7.8-7.9 0.13-0.17 12.8-16.8 

8 0.2 7.8 9.2-10.1 7.3-8 0.13 12.3-13.3 

9 0.3 9.8-10.1 7.9-8.4 8.2-8.4 0.133-0.161 11.6-12.5 

10 0.2 9.4-11.4 9.6-11.8 7.9-8 0.128-0.131 11-15.3 

L 

11 0.2 9.5-10.5 9.8-15.4 6.9-7.6 0.131-0.132 12.9-17.3 

12 0.5 5.7-6.2 11.6-13.9 8.2- 0.127 13.9-16.1 

13 0.2 3.7-4.3 9.8-10.1 8.1 0.127-0.131 13.2-25.1 

14 0.4 6.1-6.2 8.6-8.8 8-8.3 0.134-0.155 8.8-10.6 

15 0.2 5-5.6 7.1-7.7 7.3-7.4 0.192-0.212 9.4-11.9 

Summer 2017–18 

U 

1 0.2 16.8-17 3-3.6 6.2-6.6 0.152-0.163 60 

2 0.2 19.4-21.4 6.8-8.9 6.7-7 0.184-0.187 NA 

3 0.2 22.7-22.8 12.2-13.6 8.5-8.9 0.131-0.133 NA 

4 0.2 24.9-25.5 6.9-7.1 6.8-7.1 0.126-0.127 29.6-31 

5 0.2 23.1-23.4 6.9-7.1 6.5-6.9 0.094-0.098 4.2-13.8 

M 

6 0.2 22.7-23.4 8-9.1 7.2-7.8 0.134-0.135 23.5-24.6 

7 0.8 25.9-27.2 8.2-8.9 7.7-8.1 0.13-0.145 0-5.4 

8 0.2 26.5-27 8.9-9.3 8-8.2 26.5-27 0.4-2.3 

9 0.2 21.9-23.8 8.9-9.1 7.6-8.1 0.133 0 

10 0.2 25.2-26.2 9.1-9.4 8.3-8.4 0.132-0.133 0 

L 

11 0.3 22.1-24.8 7.6-7.8 6.5-7.2 0.131-0.138 7.2-9 

12 0.2 25.8-26.2 9.5-10.9 8.1-8.75 0.132-0.133 2.3-7.9 

13 0.2 21.5-22.9 6.9-7.2 7.4-8 0.135-0.137 5.7-6 

14 0.2 22.8-25 8.4-9.3 7.3-8.5 0.143-0.144 20.8-25.8 

15 0.2 23.6-23.8 8.1-9 7.6-8.1 0.152 24.6-34.7 

 

Fish community patterns 

Overall community 
A total of 208 fish, comprising nine species, were sampled via electrofishing, bait trapping 
and fyke netting in the Mannus Creek system during the autumn/winter 2017 trip (Table 5). 
Four of these species were native (River blackfish (Gadopsis marmoratus), Mountain 
galaxias (Galaxius olidus), Murray cod, Macquarie perch), and the remaining five were alien 
(Goldfish (Carassius auratus), Carp (Cyprinus carpio), Redfin perch (Perca fluviatlilis), 
Eastern gambusia (Gambusia holbrooki), Brown trout (Salmo trutta)). Overall, River blackfish 
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was the most abundant species, followed by Mountain galaxias and MP. In comparison, only 
two Goldfish and two Brown trout were detected during that trip (Table 5). 

For the summer 2017–18 trip, a total of 1,570 fish, consisting of 10 species, were captured 
overall (Table 6). Five of these species were native (River blackfish, Mountain galaxias, 
Murray cod, Macquarie perch, Australian smelt (Retropinna semoni)) and the other five were 
alien (Goldfish, Carp, Redfin perch, Eastern gambusia, Rainbow trout). The majority of fish 
captured were Eastern gambusia (Table 6). 

Overall spatial and temporal patterns in fish community structure 
Fish community structure varied between the upper and lower reaches in autumn/winter 
2017 (Figure 10). The upper reach was mainly characterised by the occurrence of relatively 
high abundances of Mountain galaxias and River blackfish, whereas the lower reach was 
characterised by the occurrence of relatively high abundances of MP and Carp (Figure 10). 

Fish community structure also varied between the upper and lower reaches in summer 
(Figure 11). The upper reach was mainly characterised by the occurrence of relatively high 
abundances of Mountain galaxias, River blackfish and Eastern gambusia. The lower reach 
was characterised by high abundances of MP, as well as Carp (Figure 11). 

Permanova confirmed that fish community structure varied significantly between the lower 
and upper reaches for both trips (and for both the patterns based on all collection methods, 
and those based on the electrofishing only) (Table 7). 

Overall spatial and temporal patterns in fish abundance and species richness 

For the autumn/winter 2017 trip, mean total species richness was equally greatest in the 
upper and lower reaches (mainly driven by site’s 2, 3, 11, 12, and 13) (Table 5). The MP 
were captured exclusively in the lower reach at site’s 11, 12 and 13. There were only two 
other native species (River blackfish, Murray cod) captured at these three sites. In 
comparison, there were four alien species (Carp, Eastern gambusia, Brown trout, Redfin 
perch) at site’s 11, 12, and 13, and the alien species made up about 50% of the total 
abundance of fish at these sites (Table 5). 

Total abundance was greatest in the upper reach (mainly driven by Site 4) followed by the 
middle reach in summer (mainly driven by Site 7) (Table 6). MP were again caught 
exclusively in the lower reach at site’s 11, 12 and 13. No other native species were captured 
at these three sites. By contrast, there were three alien species (Carp, Eastern gambusia, 
Redfin perch) at site’s 11, 12, and 13, and the alien species made up about 67% of the total 
abundance of fish at these sites (Table 6). Redfin perch also markedly increased in 
abundance in the middle reach during the summer trip (Table 6). 

Overall, total fish abundance was higher during the summer 2017–18 trip than during the 
autumn/winter 2017 trip largely due to the occurrence an increase in the abundance of 
Eastern gambusia and (to a lesser extent) Redfin perch (Table 5; Table 6). Total richness 
was also slightly higher during the summer trip (10 species during summer versus nine 
during autumn/winter) because Australian smelt were only recorded during that trip. 
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Table 5. Site-related differences in the total abundance (captured and observed individuals) and richness of fish species recorded in Mannus 
Creek during the autumn/winter 2017 trip. 

Autumn/Winter 2017 Upper Mannus sites Middle Mannus sites Lower Mannus sites   

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

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

River blackfish 2 31 23 2 0 0 0 0 0 3 0 1 0 0 0 62 

Mountain galaxias 3 8 3 18 1 0 0 0 0 0 0 0 0 0 0 33 

Murray cod 0 0 0 0 0 0 0 0 0 0 0 0 6 1 1 8 

Macquarie perch  0 0 0 0 0 0 0 0 0 0 16 10 7 0 0 33 

Australian smelt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Alien (Richness) 0 1 1 0 1 1 2 1 1 1 2 1 1 0 1 - 

Goldfish 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 

Carp 0 0 0 0 0 0 0 0 0 0 0 0 24 0 2 26 

Eastern gambusia 0 3 0 0 0 0 1 0 0 6 9 0 0 0 0 19 

Brown trout 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 2 

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

Redfin perch 0 0 0 0 5 8 0 2 3 0 5 0 0 0 0 23 

Total abundance 5 42 27 20 6 8 3 2 3 9 30 12 37 1 3 208 

Total richness 2 3 3 2 2 1 2 1 1 2 3 3 3 1 2 - 
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Table 6. Site-related differences in the total abundance (captured and observed individuals) and richness of fish species recorded in Mannus 
Creek during the summer 2017–18 trip. 

Summer 2017–18 Upper Mannus sites Middle Mannus sites Lower Mannus sites   

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 

Alien (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 

Brown trout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

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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Autumn/Winter 2017 

Electrofishing and bait trapping and fyke netting 

 

 

Electrofishing only 

 

Figure 10. nMDS plots showing variation in the Mannus Creek fish community structure 
among reaches during the autumn/winter 2017 trip (based on square-root transformed site 
data). Upper reach sites = green triangles, 2 = middle reach sites = blue triangles, and lower 
reach sites = blue squares. Only species with correlations > 0.5 have been presented for the 
sake of simplicity. 
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Summer 2017–18 

Electrofishing and bait trapping and fyke netting 

 

 

Electrofishing only 

 

Figure 11. nMDS plots showing variation in the Mannus Creek fish community structure 
among reaches during the summer 2017–18 trip (based on square-root transformed site 
data). Upper reach sites = green triangles, 2 = middle reach sites = blue triangles, and lower 
reach sites = blue squares. Only species with correlations > 0.5 have been presented for the 
sake of simplicity. 
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Table 7. PERMANOVA results comparing fish community structure among reaches for each 
trip. U = upper reach, M = middle reach, and L = lower reach. Statistically significant (P < 
0.05) values have been bolded. 

Scenario Main effect Pairwise comparison 

Autumn/Winter (all capture methods) Pseudo-F P(perm) Reaches      t P(perm) 

 
3.7194 0.001 U, M 1.9278 0.05 

   
U, L 2.2412 0.01 

      M, L 1.6522 0.036 

Autumn/Winter (electrofishing only) Pseudo-F P(perm) Reaches      t P(perm) 

 
2.104 0.021 U, M 1.4379 0.13 

   
U, L 1.7943 0.015 

      M, L 1.1143 0.297 

Summer (all capture methods) Pseudo-F P(perm) Reaches      t P(perm) 

 
5.673 0.001 U, M 1.4934 0.108 

   
U, L 2.6 0.013 

      M, L 2.8551 0.011 

Summer (electrofishing only) Pseudo-F P(perm) Reaches      t P(perm) 

 
5.2279 0.001 U, M 1.3324 0.211 

   
U, L 2.4776 0.019 

      M, L 2.8183 0.013 

 

Variation in MP abundance and length-frequency distributions 
Overall, 33 MP were caught in autumn/winter from site’s 11, 12 and 13 (Table 5), mostly in 
fyke nets. The MP were most commonly in the 81–100 mm size class, followed by the 101–
120 mm size class (Figure 12). Twenty-two of the MP (i.e. > 66%) were greater than 
100 mm in size (with nine of these > 200 mm), but none were less than 80 mm (Figure 12).  

A total of 29 MP were caught during the summer trip from site’s 11, 12 and 13 (Table 6),  
again mostly from fyke nets. Most MP were in the 161–180 mm size class, followed by the 
61–80 mm size class (Figure 13). Nineteen of the MP (i.e. > 60%) were greater than 
100 mm in size (with two of these > 200 mm), although none were in the 201–260 mm size 
classes or less than 60 mm (Figure 13).  
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Figure 12. Length-frequency distribution of MP observed during the autumn/winter 2017 trip. 

 

 

 

Figure 13. Length-frequency distribution of MP observed during the summer 2017–18 trip. 
Twenty-eight fish were measured instead of the full 29 because one fish was observed but 
not caught during the electrofishing surveys. 

 

Habitat variables related to each fish species   
Canonical Correspondence Analysis (CCA), using the habitat mapping data, indicated that 
MP, Murray cod, Carp and Australian smelt (to a lesser extent) were all associated with 
cobbles, sand, bedrock and boulders (Figure 14). Mountain galaxias was associated with 
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mud, detritus, and large/simple and small/simple snags. Habitat associations were less 
defined for other species (Figure 14). 

 

 

Figure 14. Canonical Correspondence Analysis (CCA) for the fish species and habitat 

variables (based on the habitat mapping data). 

Habitat variables related to total fish community structure and MP abundance 
Multiple regression (DISTLM) analysis, using the rapid habitat assessment data, indicated 
that boulder, average stream width, clay, bedrock, timber and rock explained 22% or more of 
the autumn/winter fish community variation and were statistically significant (P < 0.05 for 
each variable) (Table 8). Fish communities at the lower reach site’s (11, 12, 13, 14 and 15) 
were associated with bedrock, boulders, and run habitat (Figure 15). MP abundance was 
positively correlated with the occurrence of run habitat (Spearman rank correlation = 0.63; P 
= 0.01), boulders (Spearman rank correlation = 0.58; P = 0.021) and rapids (Spearman rank 
correlation = 0.56; P = 0.036), and negatively correlated with the occurrence of exotic trees 
(Spearman rank correlation = -0.51; P = 0.033) (Table 8). 

Emergent macrophytes, riparian grass and sand explained most fish community variation in 
summer (each of these variables explained 27% or more of the variation and were 
statistically significant (P < 0.05 for each variable) — Table 9). Closer examination revealed 
that the fish communities at four of the upper reach sites (1, 2, 3, and 4) were associated 
with the occurrence of emergent macrophytes and riparian grass at those sites (Figure 16). 
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MP abundance was found to be positively associated with the occurrence of native shrubs 
(Spearman rank correlation = 0.62; P = 0.023), but it was not significantly correlated with any 
of the other habitat variables (Table 9). 

Table 8. Habitat variables explaining variation in fish community structure, and MP 
abundance (captured and observed individuals) for the autumn/winter 2017 trip (based on 
DISTLM analyses). The values for significant (P < 0.05) variables have been highlighted in 
bold. Spearman rank correlation coefficients have also been included for the MP abundance 
analysis. 

Autumn/Winter 
     Fish community structure MP abundance 

Variable 
P 

% variation 
explained Variable 

P Correlation 
coefficient 

Boulder 0.001 24.66 Run 0.01 0.63 

Average width 0.001 23.72 Boulder 0.021 0.58 

Clay 0.002 22.99 Rapid 0.036 0.56 

Bedrock 0.003 22.57 Exotic trees 0.033 -0.51 

Timber 0.001 22.21 Macrophytes 0.065 -0.49 

Rock 0.002 22.03 Bedrock 0.076 0.47 

Leaf litter 0.002 21.41 Gravel 0.097 -0.46 

Undercuts 0.006 19.96 Timber 0.142 -0.39 

Sand 0.01 19.51 
Submerged 
macrophytes 0.166 -0.39 

Native shrubs 0.006 19.11 Rock 0.188 0.38 

Biofilms 0.007 18.89 Undercuts 0.178 -0.38 

Exotic trees 0.009 18.46 Native shrubs 0.18 0.37 

Gravel 0.03 16.13 Leaf litter 0.291 -0.36 

Filamentous algae 0.03 16.09 Pool 0.143 -0.34 

Floating macrophytes 0.055 15.70 Mud/silt 0.239 -0.33 

Run 0.03 15.27 Riparian grass 0.263 -0.31 

Native trees 0.028 15.15 Velocity 0.31 0.27 

Riparian grass 0.03 15.13 
Emergent 
macrophytes 0.424 -0.23 

Exotic shrubs 0.042 13.83 Clay 0.741 -0.21 

Mud/silt 0.122 11.62 Sand 0.485 0.21 

Riffle 0.151 11.31 Exotic shrubs 0.633 -0.14 

Emergent 
macrophytes 0.121 11.24 Suspended algae 1 -0.13 

Macrophytes 0.158 10.30 Cobble 0.655 0.13 

Rapid 0.181 9.95 Filamentous algae 0.752 0.10 

Velocity 0.225 9.67 Average width 0.726 0.09 

Cobble 0.233 9.20 Native trees 0.817 0.06 
Submerged 
macrophytes 0.251 9.08 Biofilms 0.851 0.06 

Backwater 0.419 6.81 Riffle 0.837 0.06 

Suspended algae 0.462 6.50 Backwater 0.869 -0.05 

Average depth 0.565 5.81 Average depth 0.846 -0.05 

Pool 0.842 3.57 Floating macrophytes 1 -0.04 
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Table 9. Habitat variables explaining variation in fish community structure, and MP 
abundance (captured and observed individuals) for the summer 2017–18 trip (based on 
DISTLM analyses). The values for significant (P < 0.05) variables have been highlighted in 
bold. Spearman rank correlation coefficients have also been included for the MP abundance 
analysis. 

Summer 
     Fish community MP abundance 

Variable 
P 

% variation 
explained Variable 

P Correlation 
coefficient 

Emergent 
macrophytes 0.011 30.05 Native shrubs 0.023 0.62 

Riparian grass 0.01 27.37 
Emergent 
macrophytes 0.068 -0.49 

Sand 0.012 27.02 Sand 0.05 0.48 

Clay 0.012 26.09 
Submerged 
macrophytes 0.097 -0.44 

Mud/silt 0.018 24.63 Macrophytes 0.166 -0.38 

Submerged 
macrophytes 0.016 23.90 Riffle 0.181 -0.36 

Macrophytes 0.039 20.60 Native trees 0.151 0.35 

Native shrubs 0.035 20.21 Exotic trees 0.197 -0.35 

Bedrock 0.048 17.79 Clay 0.387 -0.32 

Rock 0.072 17.34 Mud/silt 0.273 -0.30 

Average width 0.074 16.80 Rock 0.353 0.25 

Floating 
macrophytes 0.052 16.51 Bedrock 0.469 0.23 

Boulder 0.088 15.18 Riparian grass 0.494 -0.22 

Timber 0.124 13.29 Undercuts 0.888 -0.18 

Exotic shrubs 0.176 10.83 
Floating 
macrophytes 0.823 -0.18 

Average depth 0.222 10.04 Rapid 0.579 0.17 

Filamentous algae 0.292 9.56 Leaf litter 1 -0.13 

Leaf litter 0.454 8.39 Boulder 0.682 0.13 

Run 0.311 8.14 Timber 0.688 0.11 

Riffle 0.332 7.88 Cobble 0.731 0.11 

Pool 0.496 5.51 Pool 0.765 -0.09 

Native trees 0.505 5.42 Average depth 0.73 0.08 

Exotic trees 0.556 5.04 Average width 0.782 0.08 

Rapid 0.572 5.04 Gravel 0.849 0.06 

Gravel 0.646 4.60 Filamentous algae 0.89 -0.06 

Cobble 0.899 2.07 Exotic shrubs 0.888 0.04 

Undercuts 0.993 0.66 Run 0.956 0.02 
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Figure 15. Distance-based redundancy analysis for the fish community–habitat variable 
associations during the autumn/winter 2017 trip. The numbers represent the creek sites. 

 

 

Figure 16. Distance-based redundancy analysis for the fish community–habitat variable 

associations during the summer 2017–18 trip. The numbers represent the creek sites.  
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Discussion 

Habitat conditions within Mannus Creek 
Habitat characteristics varied significantly among the upper and lower reaches within 
Mannus Creek during the autumn/winter trip, and among all three reaches during the 
summer trip. Whilst all 15 sites had some sort of flowing habitat (i.e. either runs, riffles and/or 
rapids), the lower reach sites had the highest proportion of flowing habitat. Specifically, 50% 
or more of the mesohabitat at site’s 12, 13, and 14 consisted of runs, riffles and/or rapids, 
and Site 11 had the highest proportion of run habitat out of all 15 sites. The relatively high 
proportion of flowing habitat at the lower reach site’s (11-14) is contrary to theoretical stream 
models which assume that flowing habitat should be most prevalent in the upper reaches 
(Vannote et al. 1980), and suggests that the flowing and geomorphological conditions within 
Mannus Creek were particularly conducive to the formation of runs, riffles and/or rapids at 
the creek’s lower reach sites (Jowett 1993). Moreover, the smaller proportion of flowing 
habitats in the upper reaches is a result of the presence of Mannus lake (upper reach) and 
the impacts of more intense agricultural (middle and upper reaches) and forestry activities 
(upper reach), which can favour sedimentation and, consequently, loss of rocky habitats that 
would contribute to the formation of rapids and riffles. Indeed, further examination revealed 
that the lower reach correspondingly possessed the highest proportion of rock piles, and that 
its substrate was characterised by the occurrence of bedrock and boulder features. These 
forms of physical cover and substrate would presumably contribute to the formation of 
flowing habitat in the lower reach, by constricting the cross-sectional area of the channel and 
thereby increasing flow velocities. Flows down Mannus Falls would also presumably 
increase flow velocities in the lower reach, at least at the sites nearest to the falls (i.e. site’s 
11 and 12). 

The habitat conditions in the middle reach site’s 7, 8, 9, and 10 were generally similar to 
those at the lower reach site’s 11, 12, and 13. These sites also had substrates consisting of 
bedrock and boulders, and a reasonable proportion of rocky cover and run habitats. 
Nonetheless, any potential effects from the Mannus Dam on the flow regime, wetted creek 
width and thermal conditions would presumably be more pronounced in the middle reach 
sites (or at least those middle reach sites closest to the dam) than in the lower reach sites 
(Cardno Ecology Lab 2012). 

The upper reach possessed the lowest proportion of rock piles, and its substrate varied 
greatly among sites. For instance, the substrate at Site 1 consisted mainly of clay and 
mud/silt, whereas the substrate at Site 3 consisted of reasonably similar proportions of sand, 
gravel, cobble, boulder and bedrock. The upper reach also generally had the highest 
proportion of undercut banks, and the highest turbidity levels within the creek. Turbidity was 
particularly high at Site 1, probably partly associated with the clay and mud/silt-based 
substrate (Anthony et al. 2010). High turbidity levels can contribute to the formation of fine-
particle substrates (i.e. those consisting of clay, mud and/or silt) when flows are slow enough 
to allow for the deposition of these fine particles; and conversely, substrates comprised of 
fine particles can contribute to high turbidity levels when they are disturbed by high flow 
velocities and/or turbulence (Quinn et al. 1992). 

The overall fish community in Mannus Creek  
The fish community within Mannus Creek was comprised of nine species during the 
autumn/winter trip and 10 species during the summer trip, with five of these species 
(Goldfish, Carp, Redfin perch, Eastern gambusia, and Brown trout (during the autumn/winter 
2017 trip)/Rainbow trout (during the summer 2017–18 trip)) on both trips being alien. The 
upper reach was mainly characterised by the occurrence of relatively high abundances of 
River blackfish, whereas the lower reach was characterised by the occurrence of relatively 
high abundances of MP (and Carp during the summer trip). Gilligan et al. (2010b) observed 
the same alien species (apart from Brown trout) at the nine sites they sampled in 2010. 
Nevertheless, they observed a much lower diversity of native species (i.e. only River 
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blackfish and MP) than we did in the present study, possibly in part because their study did 
not encompass the upper reach of the creek (Gilligan et al. 2010b). 

Distribution and relative abundance of the MP population in Mannus Creek  
Thirty-three MP were captured or observed during the autumn/winter 2017 trip undertaken 
for the present study, and 29 MP were captured or observed during the summer 2017–18 
trip, with these fish being recorded at site’s 11 (Luke’s Hole), 12 (Behind Kooyong) and 13 
(No More Biscuits) in the lower reach of Mannus Creek on both sampling trips. In 
comparison, Gilligan et al. (2010b) captured only one adult MP during their study — at the 
downstream limit of Bogandyera Nature Reserve (Site 13 in the present study, or 892 as it 
was known in their study). At the time of their study, this was only the second individual 
captured by scientific sampling since standardised fish community sampling began in the 
NSW part of the upper Murray region in the 1990s (Gilligan et al. 2010b). Nevertheless, 
Gilligan et al. (2010b) argued that the aquatic habitat conditions within Bogandyera Nature 
Reserve (Mannus Falls to Site 13) were fairly intact and generally matched those required by 
MP, and thus they suggested that MP probably occurred in low abundance throughout this 
reach (Gilligan et al. 2010a). The authors went on to specify that the MP population was 
likely to be limited to the 9 km section of the creek, bound by the Mannus Falls just upstream 
of Site 11 and agricultural land just downstream of Site 13 (Gilligan et al. 2010b). Thus, the 
findings from the present study strongly support Gilligan et al.’s (2010b) prediction that there 
is a small self-sustaining population of MP in Mannus Creek between Site 11 and Site 13.  

In addition to the higher abundances of MP observed in the present study compared to that 
observed in Gilligan et al. (2010b), more than 60% of the MP caught during both the 
autumn/winter 2017 and summer 2017–18 trips were greater than 100 mm in size, and 
nearly half of those individuals for the autumn/winter trip were actually greater than 200 mm. 
It is thought that male MP reach sexual maturity at 1–2 years of age and 117–210 mm in 
size, and that female MP reach sexual maturity at 3–4 years of age and 100–300 mm in size 
(Lintermans 2007; Tonkin et al. 2009; Commonwealth of Australia 2017). Therefore, our 
findings suggest that the Mannus Creek population included fish that were sufficiently large 
enough to be sexually mature but that recruitment can be rare.  

Habitat associations for MP 

Freshwater fishes require suitable habitat for essential life processes such as spawning and 
rearing young, sourcing food, sheltering from predation and migration (Rosenfeld & Hatfield, 
2006). Some freshwater fishes, like Carp, have broad environmental tolerances and are 
regarded as ‘ecological generalists’ (Koehn 2004). Their broad range of environmental 
tolerances enables them to successfully invade, establish populations and persist in a 
variety of habitats with limited constraints. In comparison, other freshwater fish species, such 
as Southern pygmy perch (Nannoperca australis), have extremely narrow environmental 
tolerances and are regarded as ‘ecological specialists’ (Humphries 1995; Woodward and 
Malone 2002).  

MP are thought to be in-channel specialist flow independent species, since they inhabit in-
channel habitats and may benefit from particular flow regimes, but are not reliant upon 
specific flows to spawn (NSW Department of Primary Industries 2015). However, beyond 
this broad classification, little remains known about their specific habitat requirements (but 
see the habitat associations provided by Gilligan et al. (2010a) for the upper Lachlan 
catchment). 

The present study found that MP abundance was positively associated with cobbles, sand, 
bedrock and boulders overall. Closer examination indicated that MP abundance was most 
strongly positively correlated with the presence of run habitat and boulders (over all 15 sites 
combined) for the winter trip, and the occurrence of native shrubs for the summer trip. In 
addition, the sites where MP were found (site’s 11,12 and 13) had relatively high proportions 
of flowing habitat and rock piles. They also had a relatively high proportion of bedrock and 
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boulder for their substrates. Together, these observations provide an indication of the key 
habitat characteristics that need to be managed in order to protect MP.  

Gilligan et al. (2010a) similarly reported that the likelihood of MP occurring in reaches of the 
upper Lachlan catchment was mainly determined by the availability of flowing habitats (riffles 
and runs) as well as the availability of small complex rock piles (aggregations of boulders of 
0.5–1 m diameter) for cover (Table 10). Two other habitat variables, large simple snags and 
length of undercut banks, were also found to influence the presence of MP in the upper 
Lachlan catchment when the availability of the primary habitat conditions (i.e. flowing habitat 
and small complex rock piles) was sub-optimal (Gilligan et al. 2010a). The length of undercut 
banks was negatively associated with the presence of MP when flowing habitats and small 
complex rock piles were limiting; whereas the authors reported that the influence of large 
simple snags on MP presence was indecipherable based on their habitat association 
modelling outputs (Gilligan et al. 2010a). 

Table 10. Summary of MP habitat requirements for differing life history stages and/or 
processes, as reported from the literature. 

Life history 
process/requirement Habitat conditions 

General habitat 

Areas with flowing mesohabitats (runs and/or riffles) and small complex 
rock piles (boulders of 0.5–1 m diameter) for cover. In reaches with a 
small area of flowing mesohabitat and limited small complex rock cover, 
increasing lengths of undercut banks reduce the likelihood of MP 
occupancy. Riparian vegetation cover, aquatic macrophyte cover, depth 
and substrate have little influence on the likelihood of MP occupancy in a 
reach.1, 8 

 
 

Juvenile habitat 

Habitat preferences for juveniles are not well known; 10–30 mm juveniles 
reside in pools in the Cotter River and are benthic or semi-pelagic during 
the day but become inactive at night; juveniles of 30–40 mm length have 
been observed in riffles; and juveniles of 80–100 mm length inhabit pools 
located amongst debris and overhanging vegetation in the Mongarlowe 
River. 2, 3, 4, 5 

 
 

Spawning habitat 

Slow-flowing (0.3–0.6 ms-1), shallow (0.2–0.9 m deep) areas with a pool 
(usually ≥1.5 m deep, and 15–30 m long) immediately upstream, and fast-
flowing broken water immediately downstream. The substrate usually 
consists of small boulders, gravel and pebbles. 6, 7 

 
 Spawning 

migration/spawning 
When temperatures exceed 16 oC. Spawning appears to be temperature 
and/or day length related, rather than flow dependent. 6, 7, 8, 9 

Sources: 1 = Gilligan et al. (2010a); 2 = Ebner and Lintermans (2007); 3 = Ebner et al. 
(2008); 4 = Ebner et al. (2009); 5 = Commonwealth of Australia (2017); 6 = Tonkin et al. 
(2010); 7 = Cadwallader and Rogan (1977); 8 = Ingram et al. (2000); 9 = NSW DPI (2015). 

 

Transferability and limitations of the study findings 

The wide range of habitats and broad ranges observed for all variables examined in the 
Mannus Creek system in the present study likely encompass the range of habitat conditions 
that MP populations persist within in other parts of the Basin. Therefore, the MP-habitat 
associations observed in Mannus Creek may be applicable to other MP populations 
throughout the MDB (as per Gilligan et al. 2010a). Nevertheless, there are a number of 
considerations that should be made prior to attempting to extrapolate these associations to 
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any other locations in the MDB; namely: (1) the limitations of the spatial and temporal scale 
of sampling; (2) possible differences in the habitat requirements of the various life stages of 
MP; (3) the impact of biotic factors; and (4) the fact the species-habitat relationships are 
correlative as opposed to causal (Gilligan et al. 2010a). Nonetheless, the habitat 
associations are likely ideal for the purposes of maintaining critical habitat in the Mannus 
Creek system.  
 
The strength and nature of species-habitat associations can be strongly impacted by the 
spatial scale at which these associations are examined, largely owing to the hierarchical 
spatial nature of aquatic ecosystems (Wiens 2002). Similarly, the temporal scale of sampling 
may closely influence the interpretation of species-habitat associations, due to differences in 
the habitat requirements of fishes at various temporal scales (for example, MP may exhibit 
strong diel changes in the habitat requirements because they are thought to be nocturnal — 
Gilligan et al. 2010a). Changes in the habitat requirements of MP's various life history stages 
also warrant strong consideration, since size-related shifts in habitat use are well known for 
many other Australian native freshwater fishes (Gilligan et al. 2010a). Unfortunately, a lack 
of strong cohorts prevented a cohort-specific analysis in this study. Furthermore, species' 
habitat requirements may be altered by biotic factors such as predation and/or competition, 
thus resulting in different fish communities even in comparable macrohabitat types (Bond 
and Lake 2003). Finally, the correlative nature of the species-habitat relationships analysed 
in the present study means that we cannot infer causation by any of the significant habitat 
variables, due to the risk of there simply being an underlying correlated variable, which was 
instead responsible but not investigated as part of the current study (as per Gilligan et al. 
2010a). 

Conclusions 

A small, self-sustaining MP population is still present within Mannus Creek, inhabiting the 
section between Mannus Falls and Site 13. Given that this MP population is the only one 
remaining in the NSW Murray region, aquatic habitat values within the section currently 
supporting the population should be conserved at the same time as surrounding 
creeks/reaches are rehabilitated or enhanced to facilitate the expansion of the population 
and/or to support the establishment of new populations. 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. 
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Long term management plan for the MP population in Mannus Creek 

A long-term management plan for the creek’s MP population is required based on the 
conservation significance of the MP population in Mannus Creek for the NSW Murray region 
and unique placement of this population in the context of the Upper Murray system. 

The overarching objective of the Mannus Creek management plan is to ensure the recovery 
and ongoing viability of the MP population throughout its natural range within the creek — in 
line with the principal objective of the Commonwealth draft recovery plan for MP 
(Commonwealth of Australia 2017). 

Strategies for the management plan 

To achieve the overarching objective of this management plan, the following strategies 
should be adopted: 

1. Maintain a viable MP population in the Mannus Creek system 
2. Protect and restore MP habitat within the system 
3. Increase the current distribution and abundance of MP within Mannus Creek 
4. Investigate and monitor threats to the Mannus Creek MP population and habitat 
5. Establish additional MP populations in surrounding creeks with suitable habitat 
6. Improve understanding of the ecology of the species and its distribution and 

abundance — both within Mannus Creek and at a national scale 
7. Raise public awareness on MP and conservation efforts 

 

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

Protect the MP population from the impacts of competition with and/or predation by alien 
species 

 Maintain the exclusion of alien species (especially trout, Carp, Eastern gambusia and 
Redfin perch) at sites that are currently alien-free. 

 Prohibit the stocking of salmonids (i.e. trout) or other alien species in Mannus Creek.  

 Implement control programs to remove alien species. In particular, pest management 
should also be undertaken throughout the 9 km reach, because both the present 
study and Gilligan et al. (2010b) observed a high proportion of alien fish and 
relatively low abundance and diversity of native fish in this reach (Gilligan et al. 
2010b). 

 

Protect the MP population from outbreaks of disease and parasites 

 Effective treatment and immunisation options for the Epizootic Haematopoietic 
Necrosis Virus (EHNV) (which is transmitted by Redfin perch) and Lernaea (‘anchor 
worm’) should continue to be refined and implemented. 

 

Undertake a genetic assessment of the remnant population to assess its level of genetic 
diversity 

 The remnant population in the lower reach of Mannus Creek may have reduced 
genetic diversity and be experiencing inbreeding depression owing to it being of a 
small size for an extended period (Frankham et al. 2002). Thus, it would be prudent 
to undertake a genetic assessment of the population. 

 A genetic rescue could be carried out if necessary using individuals from another 
genetically appropriate population (e.g. from Cataract Dam or Dartmouth Dam) 
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(Faulks et al. 2010) to prevent further loss of genetic diversity and thus bolster the 
population’s chances of persisting (Gilligan et al. 2010b). 

 

Ensure that the effects of recreational fishing are minimised 

 The self-sustaining MP population of Mannus Creek should remain listed as 
protected from fishing, and recreational fishers should continue to work with 
conservation managers to minimise impacts on MP. 

 

Strategy 2: Protect and restore MP habitat within the system 

 
Prioritise existing core MP habitat within Mannus Creek for conservation 

 Given the importance of flowing mesohabitat and small complex rock piles for MP 
(Gilligan et al. 2010a), management of the MP population in Mannus Creek should 
first and foremost be geared towards conserving the area of flowing mesohabitat and 
number of small complex rock piles (Gilligan et al. 2010a). 

 

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 

 Promote and encourage 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. 

 

Undertake habitat rehabilitation and enhancement work 

 Rehabilitate native verge and riparian vegetation in areas where it has been 
degraded (indeed, our findings indicated that MP abundance was positively 
associated with the occurrence of native shrubs during the summer trip).  

 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 upper and middle reaches of Mannus creek. 

 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).  

 The results from both the present study and Gilligan et al. (2010b) suggest that the 
habitat conditions throughout the 9 km reach located within Bogandyera Nature 
Reserve from just downstream of Mannus Falls to Site 13 are acceptable for MP, but 
that the section downstream of 13 is currently not, probably because of the 
surrounding agricultural land use in that part of the catchment. Therefore, given that 
the falls prevent upstream expansion and the catchment becomes subjected to 
intensive agricultural practices below Site 13, instream and riparian habitat 
rehabilitation works should be focused on the 9 km reach in between as a first priority 
(Gilligan et al. 2010b). 

 

Restore fish passage where MP require access to critical spawning habitat 

 This should include investigating the possibility for a fish passage on Mannus Dam. 
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Maintain suitable flow regimes and water quality conditions to support the MP population 

 Flow should be managed to maintain sufficient suitable habitat and water quality 
conditions to support the entire life cycle of MP, and not just spawning. 

 Indeed, modelling by Gilligan et al. (2010a) suggests that over 3 ha of run habitat, or 
1 ha of riffle habitat per kilometre of river are necessary to achieve a reasonable 
probability that MP will inhabit a reach. 

 Environmental flow allocations from Lake Mannus could be delivered to ensure that 
the area of run and/or riffle habitat was maintained at these target levels.  

 Flow allocations could also be released prior to and during the spawning season for 
MP (at water temperatures of 16oC; (Tonkin et al. 2009)), if necessary, to cue 
spawning and further increase the area of run and/or riffle mesohabitats (Gilligan et 
al. 2010b). 

 If it is not possible to sufficiently increase the area of flowing habitat by relying on 
flow allocations, there may be scope to increase flow velocities (and thus the area of 
flowing habitat) by carrying out channel constriction activities, such as revegetation 
and bed stabilisation in highly eroded, widened reaches, so that flow is limited to a 
narrower part of the creek channel (Gilligan et al. 2010a). 

 

Strategy 3: Increase the current distribution and abundance of MP within Mannus Creek 
 

 Explore the potential to increase the distributional range of MP by restocking above 
Mannus Falls where sites are more likely to maintain habitat characteristics similar to 
those influencing the presence of MP in the creek. 

 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). 

 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 MP were found), they may have once 
also previously supported MP 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 alien species control prior to attempting MP reintroductions at these sites. 

 

Strategy 4: Investigate and monitor threats to the Mannus Creek MP population and habitat 
 

Monitor changes in the fish populations and the creek’s habitat conditions 

 Monitoring should continue at the 15 sites sampled within Mannus Creek in the 
present study, for both the fish (including their spawning activity) and their habitat 
conditions, for at least a decade to understand the fish and habitat changes. 

 The fish monitoring should be undertaken annually, and the habitat monitoring should 
occur at least every 5 years, using rapid GIS-based habitat assessment methods. 

 This monitoring protocol would allow managers to track changes in the abundance 
and distribution of the MP population in the system over time, and to adaptively 
manage the population as conditions change. 
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Strategy 5: Establish additional MP populations in surrounding creeks with suitable habitat 
 

Enhance captive breeding techniques for MP 

 Establish additional populations of MP in surrounding creeks with suitable habitat to 
support the survival of the species by extending its range, and alleviating the threat of 
extinction from stochastic disturbance events. This will require targeted research to 
determine captive breeding techniques that could be employed to restock fingerlings 
in the wild and thus supplement the recruitment of wild populations. 

 Collect broodstock to establish an insurance population. This would be important to 
ensure fish could be reintroduced if a catastrophic event occurred. Care needs to be 
taken to ensure the existing population is not depleted rapidly.  

 

Conduct a restocking program for MP 

 Sites known to have previously supported MP could be considered for restocking. 
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 (e.g. through the implementation of barriers or 
screens); and have a sufficient area of runs/riffles and/or cover of small complex rock 
piles to offer suitable habitat for MP. 

 Given that the remnant population in the lower reach of Mannus Creek may 
potentially have reduced genetic diversity and be experiencing inbreeding depression 
(see Strategy 1), it would be prudent to determine the minimum effective population 
size and any sub-structuring for hatchery quality assurance. 

 It may be necessary for the restocking program to use individuals from another 
genetically appropriate population (e.g. from Cataract Dam or Dartmouth Dam 
(Faulks et al. 2010) to prevent further loss of genetic diversity and subsequently 
strengthen the population’s chances of recovery (Gilligan et al. 2010b). 

 Prior to undertaking any restocking program, future work on the Mannus Creek 
population should seek to (a) identify candidate translocation/reintroduction sites that 
address the site criteria listed above; (b) refine translocation 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 strategy to be adaptively managed as required (Pearce 2015). 

 If there are no appropriate sites for the potential translocation/reintroduction of MP, it 
may be worth considering the alternative of carrying out on-ground works to improve 
the suitability of other sites to the extent that they adhere to the 
translocation/reintroduction site criteria (Pearce 2015).  

 

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

 
Improve understanding of the habitat requirements of MP 

 A crucial step in managing the conservation and/or recovery of any threatened fish 
species, is to gain a clear understanding of the species’ habitat requirements (Bond 
and Lake 2003; Rosenfeld 2003). 

 For the MP population in the Mannus Creek system, a habitat association model 
should be developed that can be applied to the entire system. 
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 The model could replicate the one developed by Gilligan et al. (2010a) for the upper 
Lachlan catchment, and could build upon the habitat association information 
collected in the current study. 

 A model with this capability would enable managers to efficiently and confidently 
assess the suitability of historical MP sites (within Mannus Creek) and potential 
translocation/restocking sites (either within Mannus Creek or in surrounding creeks). 

 

Obtain and apply empirical data to prioritise suitable historical locations for interventions 

 Sites that currently support (or have previously supported) MP populations should be 
assessed and ranked according to their propensity to benefit from management 
interventions (e.g. the exclusion of alien species or restocking of MP) aimed at 
conserving (or restoring) the MP populations. 

 The prioritisation of such locations will depend upon the availability of sufficient 
empirical data relating to the abundance and distribution of MP, and the habitat 
characteristics underpinning the suitability of the locations. 

 

Investigate the fate of released fingerlings 

 Undertake tag/recapture surveys to assess the survival rates of fingerlings released 
as part of restocking programs. 

 

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

 Dedicate research efforts into better understanding these aspects of the ecology of 
MP in Mannus Creek. 

 

Strategy 7: Raise public awareness on MP and conservation efforts 
Communicate the findings of the current study and other similar studies to the broader public 
and recreational fisher groups 

 This could be done using a range of platforms, including community forums, social 
media and Landcare field days. 

 

Identify mechanisms to engage community groups in MP conservation efforts 

 

Explore the potential to initiate crowd funding programs to co-invest in MP rehabilitation 
efforts 

 

Promote outcomes of this project within government 

 

Involve the local community, fishing clubs, Landcare groups and other relevant stakeholders 
in on-ground rehabilitation works programs 
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Short term priority management actions for Mannus Creek 

The following actions should be undertaken over the next five years: 

Priority 1: The viability of the remnant population of MP in the Site 11–13 section 
(Figure 17; Figure 18) should be maintained by: 

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

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

c. managing the alien fish numbers (especially Carp and Redfin perch) in the middle 
and lower reaches of the creek through ongoing eradication efforts involving 
electrofishing and netting 

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

e. undertaking genetic rescue if required. 

Priority 2: The distribution of the MP population should be expanded further 
downstream in the lower reach (i.e. downstream of Site 13; Figure 19) by: 

a. 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 (Table 11) 

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

c. 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 

d. reducing alien fish numbers (especially Carp, Redfin perch and Eastern gambusia) in 
the entire lower and middle reaches and preventing new incursions through ongoing 
electrofishing and netting (as per the Priority 1 actions) 

e. replacing willows and other alien riparian vegetation species with native riparian 
species, so as to minimise erosion impacts 

f. excluding stock from accessing the creek 
g. reintroducing woody habitats in key areas, to create scour and increase available 

habitat. 

Priority 3: MP should be reintroduced into the middle reach (Figure 20) by: 

a. 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 (Table 11) 

b. 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) 

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

d. replacing willows and other alien riparian vegetation species with native riparian 
species, so as to minimise erosion impacts (as per the Priority 2 actions) 

e. restocking the reach with MP 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 MP in Mannus Creek 

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

g. excluding stock from accessing the creek (as per the Priority 2 actions). 
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Priority 4: MP should be reintroduced into the upper reach (Figure 21) by: 

a. enhancing the prevalence of flowing habitat (through flow management and/or 
channel constriction activities) and boulders (and/or snags) at all sites in the upper 
reach (except for Site 4, which appears to already have sufficient run and riffle 
habitat), to levels similar to those for the Site 11–13 section (Table 11) 

b. controlling sediment inputs by protecting the catchment area surrounding the upper 
reach 

c. managing alien fish numbers (especially Redfin perch and Eastern gambusia) 
throughout the entire upper reach through ongoing electrofishing and netting 

d. removing willows and other alien riparian vegetation species (mainly blackberries) 
and replacing them with native riparian species, so as to minimise erosion impacts 
(as per the Priority 2 actions) 

e. exploring the potential to build a fishway on Mannus Dam to enhance fish passage 
between the upper and middles reaches and to provide MP with access to a broader 
range of habitats and resources throughout the creek (at the very least funding the 
preparation of engineering diagrams would be useful) 

f. restocking the upper reach with MP using individuals from the existing Mannus Creek 
population, or another genetically suitable population to enhance the genetic diversity 
and fitness of the MP in Mannus Creek (as per the Priority 3 actions) 

g. performing tag/recapture surveys to appraise the survival rates of fingerlings 
released as part of the restocking program (as per the Priority 3 actions). 

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

 

Table 11. Priority management areas within Mannus Creek for the next five years, showing 
the level of rehabilitation needed for the habitat features that were most strongly positively 
related to the abundance of Macquarie perch (MP) during the present study (i.e. runs, riffles 
and boulders). The numbers represent the counts of each respective habitat feature 
recorded within a 2 km buffer region of that site.  

Reach Priority Site Run habitat Riffle habitat Boulders 

Lower 

1 

11 161 168 17 

12 128 134 14 

13 123 138 18 

2 
14 119 134 13 

15 87 97 2 

Middle 3 

6 55 39 5 

7 134 120 10 

8 165 140 10 

9 118 112 11 

10 97 126 20 

Upper 4 

2 105 112 2 

3 116 106 2 

4 178 166 7 

5 101 89 3 
*For priority’s 2, 3, and 4: the bolded numbers represent counts for features that were equivalent to or 
greater than the mean value for the current creek section with MP (i.e. the Site 11–13 section) (and 
thus features that did not need rehabilitation); the italicised numbers represent counts for features that 
were 51-99% of the mean value for the current creek section with MP (and thus features that needed 
some rehabilitation); and the unformatted numbers represent counts for features that were less than 
or equal to 50% of the mean value for the current creek section with MP (and thus features that 
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needed much rehabilitation). Priority 1 (red) is to conserve the existing MP population and habitat 
features in the current creek section with MP (i.e. the Site 11–13 section); Priority 2 (orange) is to 
facilitate the expansion of the population downstream to site’s 14 and 15; and priority’s 3 (brown) and 
4 (yellow) are to reintroduce MP into the middle and upper reaches, respectively. 
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Figure 17. Map of Mannus Creek, showing an overview of the four priority areas that should 
be managed in order to conserve the creek’s Macquarie perch population. 



Threatened Species Surveys 

 

Charles Sturt University and NSW Department of Primary Industries     50 
 

 

Figure 18. Map of Mannus Creek, showing the Priority 1 area and associated management 
actions for conserving the creek’s Macquarie perch population. 
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Figure 19. Map of Mannus Creek, showing the Priority 2 area and associated management 
actions for conserving the creek’s Macquarie perch population. 
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Figure 20. Map of Mannus Creek, showing the Priority 3 area and associated management 
actions for conserving the creek’s Macquarie perch population. 
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Figure 21. Map of Mannus Creek, showing the Priority 4 area and associated management 
actions for conserving the creek’s Macquarie perch population. 
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Criteria for assessing the success of a management plan for Mannus Creek 

The benchmarks for the success of a management plan for the MP in Mannus Creek should 
be consistent with those recommended in the Commonwealth draft recovery plan for MP 
(Commonwealth of Australia 2017).  

Specifically, the MP management plan for the Mannus Creek system could be considered to 
be performing successfully if: 

 numbers of MP increase at historical sites in the creek 

 the species’ distribution expands throughout the creek, and/or it extends into 
adjacent connected creeks with suitable habitat conditions 

 there is an enhancement in the understanding of what threat mitigation measures are 
required to recover the MP population in Mannus Creek 

 threat mitigation measures are adopted to conserve the Mannus Creek MP 
population. 
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Appendix 

 

a) Reach 1 - Mesohabitat 

 

Figure 22. Habitat features in Mannus Creek, observed during 2017. 
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b) Reach 2 - Mesohabitat 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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c) Reach 3 - Mesohabitat 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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d) Reach 1 – Snag cover 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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e) Reach 2 – Snag cover 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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f) Reach 3 – Snag cover 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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g) Reach 1 – Substrate 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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h) Reach 2 – Substrate 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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i) Reach 3 – Substrate 

 

Figure 22 continued. Habitat features in Mannus Creek, observed during 2017. 
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