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In recent decades, there has been an apparent increase in the prevalence of toxic benthic cyanobacterial 

proliferations. This has resulted in around 100 dog deaths in New Zealand alone and also has serious human 

health implications. The increase in these blooms has been associated with low flows and increased nutrient 

levels. Flow management is a commonly proposed method for controlling cyanobacterial blooms. High flow 

levels can restrict benthic cyanobacterial growth, but maintaining high flows can be difficult. A common method 

for controlling growth in impounded channels is to release floods from dams, known as flushing flows. The aim 

of the flushing flows is to remove excess algal biomass. The current method for determining the required 

volume and duration of flushing flows is to set flows at three times the mean flow (FRE3). FRE3 is often not 

effective for management of excess cyanobacterial growth (mats), with some rivers requiring six times the mean 

flow to remove the mats. Inducing substrate movement with flushing flows offers a solution by inducing scour 

of biomass, but managers lack effective tools for determining the flow thresholds required to destabilise the bed. 

New tools are therefore required to quantify flow thresholds required for substrate entrainment. In order for 

these threshold flows to be effective, a better understanding of the relationship between cyanobacteria and bed 

stability is required. This is important to understand what level of bed instability is required to affect 

cyanobacteria biomass. This paper presents results from a study of cyanobacterial communities in the 

Canterbury Region, New Zealand. Community variables are compared with bed stability levels assessed using a 

novel multivariate index. 

 

1 INTRODUCTION/METHOD 

Substrate stability is controlled by a complex set of physical process interactions which operator over a range of 

spatio-temporal scales, often hindering attempts to accurately measure or predict stability. However, researchers, 

managers, and stewards with some experience with natural channels can often broadly classify reaches as stable 

or unstable using a visual assessment of a few variables (such as presence of active erosion or vegetation cover). 

A number of indices have been developed which adopt the visual assessment approach to give scores to a range 

of parameters for each site (i.e. ranking the degree of erosion on a 1-10 scale). The most commonly used of these 

indices is the Pfankuch index [1]. These indices are subject to user bias, and inhibit the comparison of datasets 

recorded by different observers. Some attempts have been made to create more objective indices [2], but these 

have been largely unsuccessful. A new index to assess substrate stability was developed, using a combination of 

the Pfankuch [1] and Schwendel et al. [2] indices. This involved the development of an index which assesses a 

range of geomorphic and hydraulic variables which condition or indicate substrate stability. Variables are 

measured objectively where possible. Where visual assessment is required, due to a lack of suitable 

methodologies for objective measurements, guidelines are given where possible to assist observers with 

consistent scoring. This often involves scoring a parameter based on the percentage of bed affected (such as 



percentage of banks affected by active erosion). The scores are then normalised and summed to provide a 

stability score. 

The index was tested in 10 streams in the Ruahine Ranges by Neverman et al. [3], and the raw 

measurements compared with measured bed movement data from Minchin [4]. The parameters of the index were 

given a weighting based on their relationship with bed movement. The raw data was converted into scores based 

on the weightings for each parameter, and summed to give a final index score. 

Following the development of the index in the Ruahine Ranges, the index was used to assess substrate 

stability in a range of Canterbury rivers. The index scores were first used to rank streams in order of stability, 

and the results were compared to those of Death and Winterbourn [5] for the same streams. The index was also 

used to assess stability in rivers where cyanobacteria biomass data was collected over a 30 week period. Biomass 

was measured using chlorophyll a and ash-free dry mass. Chlorophyll a was extracted in boiling ethanol and 

absorbances were measured spectrophotometrically according to Biggs and Kilroy [6]. Ash-free dry mass 

samples were analysed by weighing samples after drying at 80°C for 48 hours in pre-weighed crucibles and after 

ashing samples at 450°C for 3 hours. The relationships between chlorophyll a, ash-free dry mass, and the 

stability index scores were then assessed. 

 

2 RESULTS AND DISCUSSION 

In order to test the index against known bed movement data the index scores were compared with bed movement 

for 10sites in the Ruahines, producing a relationship with an r
2
 value of 0.8, suggesting the index may provide a 

useful means for rapidly assessing substrate stability. The index was also used to assess stability in 6 streams 

from Death and Winterbourn [5]. The index was able to successfully rank 5 out of 6 streams in the same order of 

stability as Death and Winterbourn [5] (Table 1). Following this proof of concept the index was used to quantify 

stability in 8 rivers around Canterbury, New Zealand. A strong relationship was found between the index and 

some cyanobacteria biomass metrics (Table 2) [7]. A negative relationship is found between bed stability scores 

and the mean and max biomass recorded at each site. This suggests that as stability increases, the mean and max 

biomass decreases, but minimum growth levels are unaffected. The ability to control bed stability through 

flushing flows may therefore offer a solution for controlling excess cyanobacteria biomass. 

 

Table 1. Table comparing the results of the bed stability index (BSI) with the stability classifications of Death & 

Winterbourn [5]. Note the BSI ranked all but the Bruce Stream in the same order as Death & Winterbourn [5]. 

 

Sites in order of stability 

(Death & Winterbourn, 1994) 

Death & Winterbourn 

(1994) Classification 

BSI Score 

Bruce Stream Unstable 31 

Kowai River Unstable 55 

Dry Stream Unstable 48 

Craigieburn Cutting Stream Unstable 36 

Porter River Stable 30 

Grasmere Stream Stable 19 

 

Table 2. Correlation coefficients for the relationship between the bed stability index scores and cyanobacteria 

biomass metrics from 8 rivers. 

 

Biomass Metric Correlation Coefficient (r) 

Min Chlorophyll a 0.25 

Mean Chlorophyll a -0.52 

Max Chlorophyll a -0.62 

 

 

 

 

 



REFERENCES 

 

[1] Pfankuch, D. J., “Stream reach inventory and channel stability evaluation”, US Department of Agriculture 

Forest Service, Region, 1, (1975). 

[2] Schwendel, A. C., Death, R. G., Fuller, I. C. & Tonkin, J. D., “Schwendel, A. C., Death, R. G., Fuller, I. C. 

& Tonkin, J. D”, River Research and Applications, Vol. 28, (2012), pp 1726-1739 

[3] Neverman, A. J., Death, R. G. & Fuller, I. C., “Integrating River Research to Improve Management: Bed 

Stability Indices for Gravel-Bed Rivers”, 2014 Water Symposium: "Integration: The Final Frontier", 

Blenheim, New Zealand. (2014). 

https://www.researchgate.net/publication/268925713_Hydrological_limit_setting_a_cross-

disciplinary_approach_to_identifying_initiation_of_bedload_transport. 

[4] Minchin, S. M., Seasonal and year to year variation in the macroinvertebrate communities of New Zealand 

forest streams: a thesis submitted in partial fulfilment of the requirements for the degree of Master of 

Science in Ecology at Massey University, Palmerston North, New Zealand., (2002). 

[5] Death, R. G. & Winterbourn, M.J., Environmental stability and community persistence: a multivariate 

perspective, Journal of the North American Benthological Society, Vol. 13, No. 2, (2001), pp 125-139 

[6] Biggs, B. & Kilroy, C., Stream periphyton monitoring manual, National Institute of Water and Atmospheric 

Research, Christchurch, New Zealand. (2000). 

[7] Neverman, A. J., McAllister, T. G., Death, R. G. & Fuller, I. C., Can substrate stability data be used to 

increase our knowledge on cyanobacterial growth in New Zealand rivers?, 2015 NZ Hydrological Society 

Annual Conference, “From data to knowledge”, Hamilton, New Zealand. (2015). 

 

  

 

 

 

https://www.researchgate.net/publication/268925713_Hydrological_limit_setting_a_cross-disciplinary_approach_to_identifying_initiation_of_bedload_transport
https://www.researchgate.net/publication/268925713_Hydrological_limit_setting_a_cross-disciplinary_approach_to_identifying_initiation_of_bedload_transport

