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Key Points 
• Physical habitats, such as pools, slackwaters, and bed substrates, can be mechanistically linked to a range of biota 
• Physical habitats are influenced by environmental flows, but important characteristics such as sediment smothering 

are rarely quantifiably assessed in Australia 
• Use of floatable or wadeable acoustic doppler instruments to assess velocities in pool and slackwater habitats often 

results in large relative errors in shallow areas 
• Sediment smothering of bed substrates can be assessed using  resuspension techniques, although this is only 

possible in shallow depths 
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Introduction 
Physical habitat results from interactions between a channel’s morphology, the sediment it contains, and the flow 
through it. These interactions result in variations in velocity, depth, and substrate sediment size and sorting that can be 
critical to many life stages of fish and macroinvertebrates. In lowland rivers, the focus of this paper, important habitats 
include deepwater habitat, or pools, that are known to provide important refuges for fish, as well as enhancing 
longitudinal connectivity and migration (King et al., 2009). Slackwaters, characterised as low velocity and shallow habitat, 
are important refuges and productive zones particularly during early life stages for larval and juvenile fish (Humpries et 
al., 2006). Surficial and pore spaces (interstices) of bedload substrates such as sands and gravels are also important 
physical habitat (Koehn et al., 2007). 

Flow regulation has a direct influence on physical habitat, and environmental flows are often provided to reduce the 
impacts of regulation. For example, prolonged low flows can lead to smothering of riverbed substrates with fine-grained 
sediment, particularly on the channel margins, and high flows can reduce the availability of slackwater habitat (Vietz et 
al., 2013). Quantifying and understanding relationships between environmental flows and these habitats can assist in 
reducing the impacts of regulation and informing flow management. The methods used in Australia to assess riverbed 
substrate condition, for example, are often based on visual or qualitative assessments (e.g. Maddock et al., 2004), but 
where detection is over short timeframes with subtle changes the method error may be greater than the physical 
changes. Visual assessments are also unable to be used to assess substrate insterstices infilling. For hydraulic habitat 
such as slackwaters 1-dimensional modeling is unable to adequately quantify these habitats 2-dimensional modeling is 
expensive, and so field approaches may be a viable option (Vietz et al., 2013). In this technical note we describe methods 
used to assess pool and slackwater habitat as well as sediment smothering of bed substrates relative to environmental 
flows in the Goulburn River, Victoria. 

Methods  
Field Sites 
Over two irrigation seasons (2012/13 and 2013/14) field work was undertaken at two sites along the lowland reaches of 
the Goulburn River, Northern Victoria. Site 1 (Darcy’s Track) is upstream of Shepparton (-36.4514, 145.3617), and Site 2 
(McCoy’s Bridge) is downstream of both Shepparton and the confluence with the Broken River (-36.1786, 145.1241), the 
same sites as used in the Victorian Environmental Flows Monitoring and Assessment Program (VEFMAP).  

Hydraulic Habitat 
In field season 1, an Acoustic Doppler Current Profiler (ADCP) mounted on a floatable ‘boogie board’ was towed behind a 
canoe in deep water or waded in shallow water, at a range of discharges to measure velocities and depths. These data 
were also used to field verify the 1D HEC-RAS model developed during VEFMAP in 2009 and thereby quantify deep and 
shallow water habitats (Figure 1). The model was used to extrapolate the extent of slackwater and pool habitat over a 
range of discharge values. Due to limitations of the ADCP in shallow water, in field season 2 we manually collected depth 
measurements at a range of discharges. We classified two pool types (> 1m and > 1.5m), and defined slackwaters as 
 
Windecker, S. & Vietz, G.  (2014). Assessing the Impact of Environment Flows on Physical Habitat, in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), 
Proceedings of the 7th Australian Stream Management Conference. Townsville, Queensland, Pages 140-.142. 140 

mailto:saras.windecker@gmail.com
mailto:g.vietz@unimelb.edu.au


7ASM Short Communication 

Windecker et.al. – Assessing the Impact of Environment Flow on Physical Habitat 

areas at least 0.5m wide, 0.5m deep, with velocities < 0.05 m/s (Vietz et al., 2013). To confirm velocity in shallow areas 
we used an Acoustic Doppler Velocimeter (ADV). Working from a canoe, we traversed each transect, using a laser 
distometer to measure distance to the bank from each habitat type. Widths of each habitat were averaged across all ten 
transects at a site resulting in a value for the availability of habitat per 100m of river.  

Sediment Smothering 
For each VEFMAP cross section where mobile coarse-grained bed sediments were available — sites with an in-situ clay 
bed were excluded because they did not enable differentiation between bed and suspended sediments — we collected 
between three and five samples of suspended sediment (Figure 2a). These samples were collected at a consistent base 
flow level (1000 ML/d) at several points throughout the irrigation season (the maximum flow for which the technique 
could be applied due to depth restrictions). In season 1, sampling points were established based on a random number 
generator; on finding that intra-transect location was important, sampling points were subsequently based on fixed 
intervals from the bank to reduce the inherent differences between points (season 2). Channel margins were targeted as 
the relatively low velocity zones in this lowland channel i.e. relative to riffle habitats. 
 
Using a modified sediment resuspension technique (Lambert & Walling, 1988), we first placed a PVC cylinder onto the 
substrate and recorded the depth to isolate a column of river water with known volume (Figure 2a). Following agitation 
of the riverbed with a metal rod (Figure 2b), two 500mL grab samples from the middle of the column were taken (Figure 
2c), providing a 1L sample containing the suspended clay, silt and fine-grained sand particles (Figure 2d). Background 
samples of undisturbed river water were also collected for comparison. In the laboratory each sample was oven dried 
(80°C for 45 hours) to obtain a mass that could be converted to fine-grained sediment yield in kg sediment per m2 
riverbed.  

    
Figure 1. The use of the ADCP in field season 1     Figure 2. The method for field sampling 
to assess field hydraulics along transects.       of fine-grained sediment in the bed. 
 

Results and Discussion 
How effective were these methods? Data gathered from the ADCP used in season 1 was sufficient and useful to verify 
the existing HEC-RAS model to determine depth conditions across the channel. However, the ADCP was unreliable in 
shallow water (< 0.5m) due to high signal to noise ratios and was therefore unable to capture velocity measures 
necessary to classify slackwater habitat. In lieu of direct velocity measures from the ADCP, quasi-2D lateral velocity 
pattern in HEC-RAS for each discharge was attempted but provided less reliable data for quantifying the habitat-flow 
relationship in slackwater environments (2D hydraulic models are required for this purpose). In season 2, field 
quantification of slackwaters using a hand-held ADV was time consuming but more reliable for velocity measurements in 
shallow water. The method relied heavily on human repetition, however, and could be more prone to error. In 
particular, measuring depth from a canoe subject to drift, and ensuring accurate distance measurements to a fixed bank 
point using a laser distometer are components of the method prone to inconsistencies between trips. Maintaining at 
least one consistent operator reduced the potential for these errors. Despite potential for errors, quantification of these 
habitats over a range of discharges delivered a useful dataset. The sediment smothering technique allowed a known 
area of the bed to be sampled and provided an instantaneous measurement of fine-grained sediment storage within 
coarser-grained substrates. Operational error can be reduced by maintaining a consistent depth and duration of 
agitation (in this case 50 mm and a time of 20 seconds). The technique is limited by the depth of flow required for each 
visit (in this case at base flow of 1000 ML/d), the difficulties in sampling a bed with roots and woody debris, and the time 
consuming nature of the field and laboratory work.  

 

Windecker, S. & Vietz, G.  (2014). Assessing the Impact of Environment Flows on Physical Habitat, in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), 
Proceedings of the 7th Australian Stream Management Conference. Townsville, Queensland, Pages 140-.142. 141 



7ASM Short Communication 

Windecker et.al. – Assessing the Impact of Environment Flow on Physical Habitat 

 
Similar to the findings for the nearby Broken River (Vietz et al., 2013), we found that higher flows increased deep pool 
habitat and decreased slackwater habitat, whereas elevated base flows increased slackwater habitat at both sites in the 
Goulburn. Sediment smothering is highly variable within the channel, and the response to flow is dependent not just on 
current discharge but on prior environmental conditions, particularly early in the irrigation season. Spring freshes have 
been associated with higher levels of sediment smothering, particularly following larger events close to bankfull, and the 
multiple drivers of this are currently being assessed. Further research is required on how event magnitude affects 
processes such as sediment smothering. The most jmportant question, however, may relate to what levels of smothering 
are acceptable to biota.  

Conclusion 
Quantification of hydraulic habitat and the extent of sediment smothering can yield valuable data for assessment against 
hydrologic metrics, and can ultimately inform the management of flow regulation considerate of ecosystem health. The 
results will allow conclusions about the impact environmental flows may have on habitat availability at critical life stages. 
Field-based methods for measuring physical habitat are often laborious and need to be compared against more detailed 
modeling approaches such as 2D hydraulic modeling.  
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