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Ecosystem responses to resnagging were the most frequently evaluated applied intervention in large-scale river 

restoration demonstration reaches, such as those of the Native Fish Strategy (2003–2008). However, there has 

been limited opportunity to test key operational hazards and associated community concerns. The Central 

Tablelands Local Land Services (LLS) and Department of Primary Industries (DPI) Fisheries partnership 

addresses one such hazard, of reinstated snags moving during high-velocity events (flooding), and damaging 

infrastructure, moving onto adjacent floodplains or realigning to cause bank erosion. In 2008, 12 ‘snags’ and 

rock complexes comprising 85 snags were placed within a 2-km reach of the Lachlan River at identified high 

priority sites for fish habitat. Electronic pit tags were inserted into snags to monitor movement during periods of 

high flow. Additionally, standardised fish assemblage sampling was undertaken within the survey reach and 

adjacent reaches to assess differences in biomass and spatial distribution associated with the reintroduced habitat. 

Snag sites were 12-km upstream of Lachlan River at Reid’s Flat gauging station (412027), where the Lachlan 

River peaked at 12.97 metres with an instantaneous daily discharge of 286,000 megalitres per day (ML/day) 

during the December 2010 record flood. Post-flood monitoring confirmed all snag placements held under 2010 

and 2012 flood velocities. This result demonstrates that locally appropriate resnagging techniques and materials 

can mitigate perceived flood risk associated with snag movement and infrastructure damage, and alleviate a 

public concern which may be a barrier to securing the critical involvement of landholders and community in 

such future projects.    

1 INTRODUCTION 

Large woody debris (LWD), or snags, were systematically removed (desnagging) from south-eastern Australian 

(Victoria and New South Wales (NSW)) rivers between ca. 1886 and 1995, often in association with other 

government-driven ‘river improvement’ or engineering works, such as riparian vegetation clearing, cropping and 

grazing, and dredging [1]. While the upper Lachlan River (above Wyangala Dam) was not desnagged, important 

components of fish habitat, such as LWD, are limited because of being buried by large volumes of sediment. 

These ‘sand slugs’ have migrated slowly downstream from extensive gully erosion associated with riparian 

clearing, which has also removed the supply of LWD that provides structural complexity and habitat diversity 

for both fish and invertebrates [2].  

As the environmental impacts of such ‘river improvement’ works, including loss of fish habitat, were 

documented [1, 3, 4], Australian government policy in the 1980s fundamentally shifted towards pursuing 

ecological-based ‘river rehabilitation’ goals through community based river stewardship [3]. The Native Fish 

Strategy (2003–2013), developed to guide investment into native fish rehabilitation research and practice, 

included a commitment to returning LWD to rivers (resnagging) [5, 6]. Hence, the ecological benefits of 

reintroducing LWD have received much attention in the past three decades [7, 8, 9, 10, 11].  Of particular 

relevance to this paper, is the experimental evaluation of best practice design [3, 9, 12, 13] , and the important 

role wood plays in improving habitat for fish [7, 9, 14, 15], as well as the recovery of geomorphic complexity in 

streams following human disturbance [3, 4, 16, 17]. 

Reintroducing wood back to Murray–Darling Basin (MDB) rivers has been recommended and confirmed 

empirically as a habitat restoration method to support recovery of native fish populations [5, 18, 20, 21]. Yet, 

success to regional practitioners (e.g. Local Land Services) operating under the community based river 

stewardship model, is not just in the retention of complex fish habitat, but in increasing the level of public 

support for resnagging. Large wood was traditionally removed for a number of reasons in Australia and 

worldwide, including the perception it poses risks to public safety and infrastructure [1, 3, 20, 21]. In one of the 

early (2000), large experimental introductions of “engineered log jams” into a reach of the Williams River, 

(Hunter Valley, NSW), Brooks et al. [3] encountered the public paradigm that if logs were introduced, the first 

flood would wash the logs away, causing log jams on downstream bridges, massive flooding and bridge failures. 
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While the ecological benefits as reasons for reintroducing wood referred to previously are valued and well 

received in some communities, Chin et al. [21] concluded there remains a component of the public with a stake 

in river systems who adhere to traditionally negative views of wood. In the student survey of public perceptions 

of large wood in ten areas across the world, landscapes with wood were considered less aesthetically pleasing, 

needing more improvement than those without wood, and more dangerous to people and property [21].  

Central Tablelands Local Land Services (LLS; formally Lachlan Catchment Management Authority) have a 

central role in engaging regional communities and landholders, delivering on-ground actions, and implementing 

river rehabilitation projects. The ‘Macquarie Perch (Macquaria australasica) Habitat Rehabilitation Project in 

the Upper Lachlan River Catchment’ is one such flagship restoration project. Aquatic habitat mapping by DPI 

Fisheries in 2007–08 estimated that 80 snags per kilometre were desirable based on average snag loading in 

reaches that contained Macquarie perch [22]. In the target reach it was determined that 74 snags were needed to 

be introduced (pers. com. Dean Gilligan, DPI Fisheries). Consultation with community and landholders to obtain 

access to priority resnagging sites identified some concern that snags would move during high flow events, 

damaging private and public infrastructure, such as fences, pumps and bridges, resulting in litigation.  

Much of the research on the stability of LWD has occurred in North America, where anchors, such as 

cabling or piles, are commonly used to ensure wood remained in place [23, 24]. Brooks et al. [3] engineered log 

jams, anchored in the Williams River  (Hunter Valley, NSW), did not move after experiencing five floods greater 

than the mean annual, and a further five events capable of mobilising the gravel bed. Treadwell [24] also 

recommend anchoring snags in Australian streams where there is a risk to infrastructure downstream. However, 

in this case the project team felt the size of material, weight, density, orientation and complexity available would 

be sufficient to ensure stability of snag complexes over a variety of flows within the particular study reach. 

While it was acknowledged there was evidence of potential for snags to move during high velocity events [e.g. 

25], anecdotal evidence also suggested snags would only move if accumulated debris increased surface area, 

providing greater force on the snag [24]. This was considered unlikely and if it did occur, an expected maximum 

distance based on expert opinion was 100 metres (pers. com. David Outhet, Geomorphologist, NSW Office of 

Water). Given the complexity (e.g. scale) and variability in hydraulic, geomorphic and ecological processes [4, 

22], and in how fish select habitat (e.g. micro versus meso-scale) [26, 28], there are points of difference in the 

best-practice method of reintroduction, specifically the type, range and design of structures [29, 30].  

Unlike much of the body of work references in this paper, the Macquarie Perch Habitat Rehabilitation 

Project was not intended to meet research experimental design standards or test a priori hypotheses. Rather, as 

regional natural resource managers, catchment management authorities used such foundational knowledge to 

implement restoration projects. That being said, two record flood events, one of which was the highest event 

recorded in 145 years of records (December 2010) have occurred on site since resnagging (2008–2015). This 

paper adds to the resnagging literature by examining specifically if LWD that was not anchored have remained 

stable under recent high energy conditions. Fish monitoring post resnagging also enabled us to answer the simple 

question of ‘are native fish associated with or using the introduced snag habitat”?        

2 METHODS 

2.1 Study site  

The selected 2-km reach was located on the property ‘Numby’ at Reids Flat where 85 snags were placed in the 

Lachlan River in 12 complexes (Figure 1). The site was situated 12-km upstream of the Reid’s Flat gauging 

station (412027).  

The focal reach (‘Numby Snags’) was characterised by a large pool at the upper extent (average width 30 m, 

maximum depth 3 m) flowing into a narrow riffle section, which then connects to an extended river section 

(average width 20 m, average depth 1.5 m). Relative to the focal reach, an existing DPI Fisheries sampling site 

(#878, ‘Numby’) was located ~3-km upstream, has been sampled almost annually since 2006, and differs by 

being wider and shallower, with a predominantly sandy substrate. Located a further 1.2 km upstream (4.2 km 

upstream of focal reach) was a reach (‘Numby Upstream’), identified as being comparatively similar to the focal 

reach (long, wide pool), but differed in having fewer snags (although only quantified visually).  

2.2 Snag structures 

Opportunity to access recently felled trees occurred when the Upper Lachlan Council undertook road widening 

works on the Narrawa Road between Rugby and Crookwell. Eighty-three suitable trees, comprising mainly 

yellow box (Eucalyptus melliodora) with some Blakely’s red gum (E. blakelyi) were sourced. The trees ranged 

in size (1000–5000 kg), length (3–8 m) and complexity (simple–complex), with all having a root-ball attached 

and recently felled (< 2-months old). Granite rock was also sourced ranging in size 0.5 m–1 m for erosion 

control in and around the snag complexes. 
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Figure 1. Map of selected 2-km project reach on ‘Numby’ showing location of snag complexes in Table 1. 

2.3 Identification of snags 

Passive Integrated Transponder (PIT) tags were inserted into all snags allowing identification of individual snags 

for future monitoring. PIT tags were placed in the cut end of the main stem of the tree via a drilled hole and 

sealant to prevent loss, and enable easier scanning.  

2.4 Placement of snag complexes 

Orientation and position of snag complexes on bends were as described by Nicol et al. [9], where modelling 

suggested LWD would be evenly distributed on both sides of the channel in straights. Yet as channel curvature 

increases, LWD become more common on outer bends and grow in number with increasing distance into the 

bend. Snag complexes comprising between 5–9 individual trees were situated on outside bends at 11 sites, and 

one inside bend (1.2; Figure 1). Bends had between 1.5 m–2.5-m depth with the inside bend adjacent to a scour 

hole formed from a deflected flow. Alignment of the trees involved locating root-ball against the bank with trunk 

angled with the flow direction (generally at 45), voids filled with large rock (0.5 m–1 m diameter), and using 

complex snags (multi-stemmed) in conjunction with single stemmed snags to lock into position.   

2.5 Fish assemblage sampling 

Sampling was undertaken at all three sites in November 2013 using a standardised approach [32], consisting of 

boat electrofishing (n=12 operations, each consisting of 90 s ‘on-time’) and/or backpack electrofishing (n=8 

operations, each consisting of 150 s ‘on-time’), and collapsible concertina-style bait traps (n=10, minimum soak 

time 1.5 h). During each electrofishing ‘shot’ or operation fish were stunned, netted and held in an aerated live-

well. Upon completion of each shot captured fish were identified, measured (nearest mm), weighed (nearest g; if 

>100 mm total length), checked for visual parasites or wounds and released unharmed. Main habitat types in the 

channel at each site were sampled in proportion to their relative extent. That is, large woody debris was not 

specifically targeted; it was sampled proportionally at sites relative to other available habitat (e.g. open water or 

macrophytes).  

3 RESULTS 

3.1 Flood events since snags installed 

The ‘largest’ flood event on record (Joel Broadfoot, DPI Water hydrographer) for Reid’s Flat gauging station 

(412027) occurred in December 2010, with the Lachlan River peaking at a height of 12.97 m with an 

instantaneous daily discharge of 286,000 ML/day (Figure 3). Flow duration curves (Figure 2) show only 1% of 

flows are above this 2010 flood (only the 1952 and 2010 floods are included in this), while 6% of flows are 

above the 2012 flood event (in the 50 years of record).  
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Plot of mean instantaneous velocities recorded in the Lachlan River at Reid’s Flat (Figure 3) indicates the 

maximum mean velocity in 2010/2012 floods was approximately 120 km/day (1.39 m/s). The mean velocity 

starts to reaches its maximum while the river is still contained within the banks of the main channel (at about 4-

m high). Mean velocity was still 114 km/day in 2010 at 5.5 m. The river then breaks out of the main channel and 

mean velocity usually decreases due to the vegetation on the banks.  

 
Figure 2. Instantaneous daily discharge (ML/day) and flow duration curve for 2010 and 2012 flood events. 

 

 
 

Figure 3. Maximum mean velocity in Lachlan River at Reid’s Flat as indicated by arrow, corresponding to a 

depth (m) on Y-axis (ranging from around 4 to 8 m). Measurements were continuously taken by SonTek M9 

acoustic doppler profiler mounted on the Reid’s Flat gauging station (412027), with data provided by DPI Water. 

3.2 Snag movement 

Snags were revisited in November and December 2014, and pit tags scanned and cross-referenced against GPS 

coordinates at installation, confirming all snags had not moved after both flooding events.  

Of the 85 snags, 45 were confirmed in situ, 33 were confirmed by touch but were unable to be scanned due 

to depth of water, and seven were inundated by sand (Table 1). Eleven complexes recorded at least one pit tag 

reading, with adjacent snags all having consistent dimensions and correct numbers for the complex. One 

complex (1.2) situated on an inside bend was inundated by sand, and no readings were possible (Figure 1). 

 

Table 1. Location and fate of all 12 snag complexes after December 2014 inspection (Fin Martin). 

 
Snag Complex Number 

 
1.1 1.2 2.1 2.2 2.3 3.1 3.2 3.3 4.1 4.2 4.3 4.4 

Confirmed 

reading 
3 0 6 7 7 6 3 4 3 1 1 5 

Confirmed 

by touch 
5 0 1 0 2 3 4 2 3 4 6 3 

Unconfirmed 

(covered by 

sand) 

0 7 0 0 0 0 0 0 0 0 0 0 



5 

 

3.3 Fish assemblage sampling 

A total of 532 fish comprising six native and one introduced species were captured across 3 in-channel sampling 

sites in 2013 (Table 2). This included two species listed as threatened (silver perch (Bidyanus bidyanus); 

vulnerable and Murray cod (Maccullochella peelii; vulnerable)). In order, carp gudgeons (Hypseleotris spp.), 

common carp (Cyprinus carpio), golden perch (Macquaria ambigua) and Murray cod were the most abundant 

species, respectively (Table 2). In order, common carp, Murray cod and golden perch contributed the greatest 

overall biomass in 2013, respectively (Figure 4). Carp gudgeons and common carp were detected at all sites, 

Murray cod were only detected at the ‘Numby Snags’ site and a single individual silver perch detected at the 

‘Numby’ site. However, a single silver perch was detected via recreational angling within the ‘Numby Snags’ 

site, indicating their presence within the focal reach. 

The majority of large bodied fish captured at sites were mature, adult fish with very few juvenile fish 

sampled (Table 3). Of the five Murray cod sampled at the ‘Numby Snags’ site, only one fish was within a size 

class classed as juvenile (180 mm) with the remaining fish all large adults (920–1180 mm). 

 

Table 2. Total catch of fish species from sites sampled in the upper Lachlan River focal reach. Sampling was 

undertaken in November 2013 using a combination of gear types. 

 

 Numby Snags Numby Numby Pool 

Native species    

silver perch  1  

mountain galaxias  1  

carp-gudgeons 117 62 249 

golden perch 3  6 

Murray cod 5   

flat-headed gudgeon 1 1  

Introduced species    

common carp 51 10 25 

 

Table 3. Mean size (mm) and (size range (mm)) of fish species sampled from sites in the upper Lachlan River 

focal reach. Sampling was undertaken in November 2013 using a combination of gear types. 

 Numby Snags Numby Numby Pool 

Native species    

silver perch  257.0  

mountain galaxias  56.0  

carp-gudgeons 31.5 (22.0–43.0) 33.3 (27.0–47.0) 32.9 (27.0–42.0) 

golden perch 441.0 (430.0–453.0)  419.2 (369.0–445.0) 

Murray cod 838.6 (180.0–1180.0)   

flat-headed gudgeon 63.0 44.0  

Introduced species    

common carp 477.3 (392.0–584.0) 478.0 (385.0–562.0) 468.9 (385.0–562.0) 

 
Figure 4.Comparison of total biomass of native and introduced fish at each sampling site.   
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4 DISCUSSION 

4.1 Snag stability and public perceptions 

Field inspections of all snags post-flood events and associated flood hydrological data confirmed that even 

without anchoring, snag structures remained in place. This was a unique opportunity to demonstrate “success” to 

stakeholders (including landholders) in that LWD, introduced using locally appropriate resnagging techniques 

and materials, can withstand flow forces associated with the highest flood event recorded in 145 years of record. 

This is in addition to a range of natural flow forces experienced in the unregulated port of the Lachlan River over 

the life of the project so far (2008–2015).  

Snags were placed on outside bends with two desired functions. One, to provide fish habitat all year round 

by placing snags in pools that remain partially submerged during low flow conditions (discussed in subsequent 

section). Two, minimise erosive forces during high flow by the snag complexes protecting the stream bank toe. 

The use of rock was considered necessary to fill voids at the root ball–stream bank interface to prevent 

outflanking the structures by stream flow, eventually causing destabilization, streambank erosion and snag 

movement. Although streambank erosion was not objectively assessed as part of this research, visual 

comparisons of before and after photographs showed minimal erosion occurred at the root ball streambank 

interface. This suggested the snags acted as a form of erosion control during the major events protecting the 

streambank toe as noted in other projects [33]. 

4.2  Fish use of snags 

Several investigations in Australian rivers (e.g. Hunter and Williams Rivers, 3, 7] have employed Before-After-

Control-Impact (BACI) type designs. These studies discuss in detail the response of fish to the reintroduction of 

wood using measures such as assemblage composition, species richness, and abundance. However, given 

resource constraints and the primary role of catchment management authorities as practitioners, DPI Fisheries 

were engaged post-installation of snags to monitor their use by fish as opportunities arose to do so.  

The data presented in this paper while limited, is consistent with results of other studies using a similar 

comparative or reference reach approach [9, 18], as well as habitat selection and movement studies [e.g. 19]. 

‘Numby Snags’ and ‘Numby Upstream’ were geomorphologically similar sites, with a major structural habitat 

difference being the presence of piles of introduced snags at ‘Numby Snags’. Total biomass (kg) of native fish 

was almost seven-times greater at the ‘Numby Snags’ site, and importantly, Murray cod were only recorded at 

‘Numby Snags’. This result is consistent with habitat studies of large-bodied fish, such as Koehn [34] in the 

Ovens River, who concluded that Murray cod have a distinct preference for wood debris as habitat, with 80% of 

fish found within 1 m of a snag and 96% within 12 m. Likewise, Jones and Stuart [19] only found Murray cod in 

the Murray River mainstream in areas with a high density of submerged wood. Carp were also significantly more 

often detected in habitats with submerged wood and dense aquatic vegetation compared to open water. In the 

Lachlan River, biomass of common carp was twice as great at ‘Numby Snags’ than ‘Numby Upstream’, and all 

in the 300 to 500 mm range, indicating very little recruitment occurs in the project reach. Nicol et al. [18] 

reported similar results, and provide a comprehensive discussion, including suggesting it unlikely that common 

carp will inundate all LWD habitats artificially added for the benefit of native fish.  

Macquarie perch were not recorded at the ‘Numby Snag’ site but they were also not recorded elsewhere in 

the project reach. Bond and Lake [33] and other researchers [3, 27, 30] discuss the ecological processes (e.g. 

dispersal, recruitment, species interactions) and deficiencies in sampling regime which may constrain the 

effectiveness (or evaluation thereof) of resnagging projects; all of which may apply to this project but are beyond 

the scope of discussion due to lack of experimental design. In addition, Gilligan et al. [23] indicated Macquarie 

perch were most strongly correlated with area of run or riffle mesohabitat, number of small complex rock piles 

and area of riffle mesohabitat. The number of large simple snags and length of undercut bank were other habitat 

variables to have equivalent relative contributions to that of riffle mesohabitat, but neither was found to be the 

primary driving variable. Thus, it is possible that the snags at ‘Numby Snags’ associated with deep pools are not 

as strongly preferred by Macquarie perch as shown for Murray cod and Golden perch, which the observational, 

single time period data of this paper was able to detect—as opposed to Macquarie perch, which being relatively 

rare compared to Murray cod, were likely to have much lower detection probabilities beyond the project’s scope. 

4.3   Conclusions and Applications 

Assessing if native fish use reintroduced LWD is fundamental to evaluating success of local to regional 

resnagging projects as there is no point in resnagging reaches to improve access to fish habitat, if fish don’t use 

these created habitats [9]. Visual monitoring and PIT tagging of snags post-floods, combined with DPI Fisheries 

monitoring data confirmed snags were fulfilling their primary purpose in providing habitat for native fish. We 

conclude that reintroducing LWD to streams that have either been desnagged or snags have been made 
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unavailable through sedimentation, is justified as a low risk solution to restore fish habitat in rivers such as the 

Lachlan. 
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