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Executive summary 

Proliferations of periphyton (the potentially toxic cyanobacterium Phormidium and the stalked 

diatom Didymosphenia geminata, didymo) are ongoing problems in the Opuha and lower Opihi 

Rivers. Hydrological changes following commissioning of the Opuha Dam in November 1998 are 

thought to be primarily responsible for exacerbating nuisance periphyton, but water chemistry 

changes may also be involved. 

Investigations into the use of flushing flows as a mitigation tool were carried out from 2005 to 2007. 

Recommendations for improving flush effectiveness were made in a new series of studies starting in 

2012. A flushing flow trial in 2014 was believed to represent the best result that could be achieved 

from a flushing flow, using the current infrastructure at the dam. The focus of the studies has now 

expanded to include improving understanding of other drivers of the periphyton problems.  

Investigations in 2013-14 by Environment Canterbury (ECan) and NIWA highlighted water chemistry 

(particularly increased supplies of iron and manganese to the Opuha River downstream of the Opuha 

Dam) and water temperature (higher water temperatures in the Opuha River following installation of 

the dam) as additional potential drivers of periphyton proliferations.  

Following a request from Opuha Water Ltd., NIWA undertook a six-month monitoring programme in 

the Opuha and Opihi Rivers from November 2014 to April 2015, which built on the results of the 

2013-14 studies. Following recommendations from Fish & Game and Te Rūnanga o Arowhenua, the 

scope of the monitoring was extended to include the lower Opihi River, which experiences severe 

Phormidium blooms at times and is a more significant recreational fishery than the Opuha River. The 

aim of the programme was to record patterns in periphyton cover at the survey sites over the season 

and then use environmental data to explain the patterns observed. A flushing flow was also expected 

to be planned. 

Four sites were monitored fortnightly by NIWA for periphyton cover and water chemistry (iron, 

manganese, and dissolved nitrogen and phosphorus). The sites included two in the Opuha River 

(Opuha at the Gorge and Opuha at Skipton Bridge) and two in the Opihi (Opihi at Rockwood – 

upstream of the Opuha confluence; and Opihi at Saleyards – downstream of the Opuha confluence). 

An additional site in the Opihi at SH1 was monitored weekly in an ECan-funded PhD study. Tara 

McAllister kindly made available periphyton cover data from SH1, for comparison purposes. 

The survey period encompassed an exceptionally dry period in the region, which followed an 

unusually dry winter. Exceptionally low inflows into Lake Opuha in January to March 2015, combined 

with a low lake level at the start of the season meant that no flushing flow was possible.  

Both sites in the Opuha River experienced consistent high cover by didymo for much of the survey 

period. Cover and biomass (estimated as a standing crop index, SCI) were as high as that recorded in 

previous years, and may have represented a worst-case scenario, given the prolonged low flows. No 

Phormidium was recorded in the Opuha River, in contrast to previous years, when there has been 

consistent low cover (<5%). Lack of Phormidium cover in the Opuha in 2014-15 may be attributable 

to unsuitable flow conditions (water velocities too low). 

Didymo was observed in very small amounts in the Opihi River. Higher concentrations of dissolved 

phosphorus than in the Opuha (i.e., > 0.002 mg/L) were thought to be largely responsible for low or 

no cover. Sodium concentrations are also higher in the Opihi than in the Opuha, consistent with a 

known pattern of absence of didymo where concentrations exceed about 3 mg/L. 
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Significant Phormidium blooms affected both sites in the lower Opihi, with cover exceeding the 

threshold for “alert” status in the New Zealand guideline for cyanobacteria over 50% of the time at 
both sites, and the threshold for notification of public health authorities for > 15% of the time. A 

month-long reduction in cover by Phormidium from ~70% to 5% at Saleyards was not replicated at 

SH1, and may have been caused by man-made physical disturbance.  

Phormidium cover was much lower (maximum of 7%) at Rockwood in the upper Opihi. Low cover 

could have been attributable to shading at the site and low water velocities. Iron concentrations 

were also low in the upper Opihi, and this could be an additional limiting factor.  

For an ongoing monitoring programme, while the suite of four sites monitored by NIWA in 2014-15 

provided good representative data on periphyton in the Opuha and Opihi Rivers, potential changes 

are: 

 select either Saleyards or SH1 as the single monitoring site in the lower Opihi, as 

periphyton patterns were largely similar; 

 select either the Gorge or Skipton as the survey site on the Opuha as periphyton 

patterns were similar. [However, monitoring both may be considered necessary, and 

requires few additional resources.]  

 alternative sites should be investigated in the reach upstream and downstream of 

Rockwood to try and identify a less shaded, higher velocity site for monitoring. This 

would enable more definitive conclusions over the potential role of iron limitation as 

the driver of low Phormidium in the upper Opihi. 

 An earlier start and slightly later finish to the monitoring season is recommended (e.g., 

early October to mid-May). There would also be value in sampling through the winter 

at a lower frequency (monthly) to document occurrences of proliferations year-round. 

In addition we note that fortnightly data collection is appropriate, and future water chemistry 

monitoring could be confined to analyses for total iron and manganese at all sites, and nutrients at 

any additional periphyton sites not covered by the National River Water Quality Network (NRWQN) 

(e.g., Saleyards). 
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1 Introduction 

1.1 Background 

Excessive periphyton (benthic algae) growth has been recognised as a problem in the Opuha and 

lower Opihi Rivers since soon after the Opuha Dam became operational in 1999. The algae 

responsible for the proliferations are principally the potentially toxic cyanobacterium Phormidium 

and, since 2008, the stalked diatom Didymosphenia geminata (didymo). Periphyton proliferations 

downstream of dams are a well-documented consequence of river impoundment and one commonly 

used mitigation tool is management of flows to provide flushes at appropriate times, to scour algae 

from the river bed. Investigations into the effectiveness of flushing flows released from the Opuha 

Dam for this purpose have been conducted since 2005. Flushing flow trials between 2005 and 2007 

had limited success in removing periphyton (Lessard et al. 2013). A new series of investigations 

commenced in 2012, and the initial study resulted in recommendations for improving the 

effectiveness of flushing flows (Measures and Bind 2012).  

Two trial flushing flows have been released from the Opuha Dam since 2012. An event on 13 

February 2013 was moderately successful in removing periphyton, although technical problems at 

the control gate meant that optimal flow was not achieved. The flush also caused issues downstream 

through deposition of large quantities of didymo mats on the river margins as the flush receded 

(Measures and Kilroy 2013). The second trial, on 27 February 2014, was more successful in terms of 

both periphyton removal and minimising deposition of algae downstream. This event was larger and 

of longer duration than all previous artificial flushing flows. A combination of operational steps (such 

as overfilling the regulation pond prior to the flush and running the power station throughout the 

flush) contributed to its improved effectiveness. The longer duration flush, opening the river mouth 

mechanically immediately prior to the flush, and timing the rising limb of the flush to coincide with 

low tide all contributed to reducing deposition of algae along the river margins. It was considered 

that the February 2014 flushing flow represented the best result that could be achieved in terms of a 

flush, using the current infrastructure at the dam (Measures and Kilroy 2014).  

While flushing flows are the obvious tool to mitigate nuisance periphyton below dams, they address 

only one potential cause of periphyton problems (i.e., reduction in frequency of natural flushing 

flows). Another physical factor that may favour periphyton proliferations is stabilisation of river bed 

substrata through removal of supplies of fine sediment (such as sand and small gravels). This can be 

significant, because movement of small substrata can facilitate scouring of periphyton, even in 

relatively small flood events (Biggs et al. 1999). It is also possible that introducing smaller scale 

variability into the hydrograph could facilitate reduction of periphyton cover and biomass. For 

example, temporary flow reductions exposing periphyton at the margins could slow down 

subsequent growth rates and/or increase susceptibility to flushing. Preliminary experiments 

investigating the effects of periphyton exposure were conducted by NIWA from January to April 2014 

(Measures and Kilroy 2014). 

Water chemistry changes resulting from the hypolimnetic release of water at the Opuha Dam (i.e. 

water from the bottom of the lake is discharged to the river) have been suggested as a further 

potential cause of the increase in Phormidium blooms in the Opihi since the dam was commissioned. 

Deoxygenated water at the lake bottom during summer can lead to solubilisation of metals including 

iron (Fe) and manganese (Mn), which are then released in the river (Martynova 2010, 2012). To 

minimise this process in Lake Opuha behind the dam, aeration of the deep lake waters is used to 



 

8 Opuha and Opihi River periphyton investigations 2014-15 

limit stratification and deoxygenation. Aeration is started when dissolved oxygen saturation drops 

below 40-50% and continues until saturation increases to 70%. Despite the aeration process, data 

collected by Environment Canterbury (ECan) from 2011 to 2014 showed that concentrations of total 

iron and manganese were higher downstream of the dam than in rivers upstream of the lake (North 

Opuha and South Opuha). Within the Opuha River concentrations at four sites downstream of the 

dam declined in a downstream direction as far as the confluence with the Opihi. In the Opihi, total 

iron and manganese at Rockwood (upstream of the confluence) were similar to that measured in the 

North and South Opuha rivers, the inflows to Lake Opuha. The results of the Environment Canterbury 

study support the hypothesis that commissioning of dam may have released a supply of iron to the 

river, stimulating Phormidium blooms because pre-dam iron concentrations had been low enough to 

limit growth of Phormidium (Harland et al. 2013). 

In 2013-14, NIWA and ECan worked together to gather additional data on periphyton at three of the 

four ECan water chemistry monitoring sites in the Opuha River. A dataset of periphyton cover from 

December 2013 to April 2014 included surveys carried out one day before and two days after the 

flushing flow. In addition, water temperature loggers were installed at all sites. Data from the North 

and South Opuha were compared with data from four Opuha River sites downstream of the dam, 

and with temperature data collected before and after the installation of the dam. The temperature 

data indicated that the dam caused a measureable increase in water temperature in the Opuha River 

(Measures and Kilroy 2014). 

Possible causes of nuisance periphyton in the Opuha and lower Opihi Rivers, and options for 

management were discussed in August 2014 at a workshop convened by Opuha Water Limited. The 

aim of the workshop was to update interested parties on the research conducted since 2012 and to 

identify priorities for future research and management. The workshop was attended by 

representatives of Opuha Water Limited, Te Rūnanga o Arowhenua, Environment Canterbury, Fish & 

Game, and NIWA. Conclusions regarding the research carried out to date included: 

1. Little more can be done to optimise flushing flow effectiveness with the current 

infrastructure, and future flushing flows would be planned to operate in the same way 

as the February 2014 trial.  

2. The temperature comparison highlighted one factor that might be exacerbating 

Phormidium proliferations, but nothing can be done to manage water temperature.  

3. The ECan water chemistry results were informative and further data collection might 

contribute to understanding the drivers of Phormidium blooms, particularly the role of 

iron (the ECan study concluded in April 2014). 

4. Pilot studies carried out by NIWA in 2014 to investigate the effect of exposure and 

drying on periphyton growth and removal were interesting and a more thorough study 

would be worthwhile. 

5. The 5-month dataset of periphyton cover at three sites in the Opuha River was useful 

in that (a) it provided confirmation that periphyton dynamics in the lower two sites 

were similar to each other, but differed from and the most upstream site (below the 

downstream weir); and (b) it provided a picture of periphyton over time that could be 

used to guide the timing of flushing flows, similar to that used in, for example, the 

Lower Waiau River, Southland.  
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An additional issue raised by Fish & Game staff at the workshop was that the Opihi River below the 

confluence with the Opuha is a more significant recreational fishery than the Opuha River. This 

stretch of river experiences severe Phormidium blooms at times, which, because of their potential 

toxicity and odour/taste issues, are viewed as a more serious problem than didymo. Accordingly Fish 

& Game recommended that future research and surveys should also consider the lower Opihi. The 

importance of the lower Opihi and the need to include it in future research was supported by Te 

Rūnanga o Arowhenua representative, Mandy Home. 

1.2 Aims 

Following the workshop, Opuha Water Ltd. requested, and subsequently accepted, a plan from NIWA 

for further surveys over the summer of 2014-2015. The plan addressed items 3 and 5 in the list 

above. For item 3, it was proposed to continue sample collection for analysis of iron and other water 

quality variables at selected sites. For item 5, it was proposed to begin surveys at a representative 

site in the Opuha River in November 2014, and continue the fortnightly monitoring until 

approximately April 2015. The expectation was that a flushing flow would be planned for late 

February (depending on flows and the state of the periphyton), and there would be additional 

surveys around the flush event. 

To address Arowhenua and Fish & Game concerns, the survey plan also included the Opihi River. We 

proposed to monitor periphyton cover at a single site in the Opihi. We also included less intensive 

surveys at a site in the Opihi upstream of the confluence with the Opuha. An upper Opihi site would 

serve as a control site, which was unaffected by the Opuha Dam but in the same general area (i.e., 

similar climate conditions). 

Note that item 4 in the list of issues discussed at the August 2014 workshop was also followed up. 

Experiments on the effects of exposure on removal efficiency were conducted at Opuha at Skipton 

Bridge from October to December 2014. The experimental results are being written up in a separate 

document.  

In this report we present results of the monitoring programme in the Opuha and Opihi Rivers from 

November 2014 to April 2015. The final programme included four sites (two each in the Opuha and 

Opihi Rivers), with data from a fifth site (Opihi at SH1) provided from an ECan-funded project (Figure 

2-1). Monitoring at the four sites managed by NIWA comprised fortnightly visual assessments of 

periphyton cover and sample collection for a range of water chemistry variables. Additional data 

relevant to the sites (flows, water temperature, water quality) were obtained from ECan and from 

NIWA’s National River Water Quality Monitoring Network (NRWQN).  

We use the environmental data to assist in explaining the periphyton patterns observed in 2014-15, 

with reference to data from other South Island rivers and the literature. Recommendations are made 

for an ongoing monitoring programme.  
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2 Periphyton survey sites 

The locations of the survey sites were included in the monitoring programme are shown in Figure 

2-1.  

 

Figure 2-1: Flow recorder and periphyton monitoring site locations.  

 

2.1 Opuha at the Gorge 

The site is approximately 7.5 km downstream of the Opuha Dam, accessed through private property. 

The surveyed area was about 500 m upstream of the transects surveyed in February – March 2013, 

and accessed from the true left of the river. The site is largely unshaded. Flow and water 

temperature data from Opuha at Skipton Bridge were applied to this site (see below). This site was 

selected as it is the most easily accessible site within the gorge reach between the Opuha Dam and 

Skipton. Monitoring in this reach was felt to be important because in previous years didymo 

sloughing from this reach causes operational issues at the intake screens of the Kakahu irrigation 

scheme. 
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2.2 Opuha at Skipton Bridge 

Skipton Bridge is about 5 km downstream of the site in the Gorge. We used the same transects that 

were set up for the 2013-14 surveys, just downstream of the bridge. Flow and water temperature 

data are available from the ECan hydrological recording site just upstream of the bridge. Opuha at 

Skipton Bridge is part of the National River Water Quality Monitoring Network (NRWQN) and is 

visited monthly by NIWA staff to conduct water quality measurements and sample collection. No 

major tributaries enter the Opuha River between the gorge and Skipton Bridge. Therefore water 

quality and chemistry would be expected to be similar at these two sites. Previous studies have 

found that periphyton trends recorded at Skipton are representative of periphyton in the reach of 

the Opuha from Skipton downstream to the Opihi confluence (Measures and Kilroy 2013). 

2.3 Opihi at Rockwood 

Opihi at Rockwood was selected as a control site because it is part of the NRWQN and because it is 

upstream of the confluence with the Opuha River. The site is upstream of the Rockwood Bridge, and 

about 4.5 km upstream of the confluence with the Opuha. The site is partially shaded by willow trees 

on both banks. The transect points were located where shade was minimal. Flow data are available 

from the ECan hydrological recording site at the bridge. 

2.4 Opihi at Saleyards Bridge 

The survey site was located about 1.5 km upstream of the Saleyards Bridge at Pleasant Point, at a 

point where the river is single thread and unshaded. Flow data are available from an Opuha Water 

Limited recorder maintained by Environmental Consultancy Services Limited (ECS) and located at the 

bridge. Water temperature data are available from the ECan hydrological recording station near SH1, 

about 10 km downstream. 

2.5 Opihi at SH1 

As part of an Environment Canterbury funded PhD project into Phormidium in Canterbury Tara 

McAllister has collected periphyton coverage data at the Grassy Banks/SH1 site. She has generously 

made this data available to this study to allow comparison with the Saleyards Bridge site. 
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3 Methods 

3.1 Survey procedures 

3.1.1 Transect set-up 

The surveys commenced on 11 November 2014, when fixed transects were set up at each site to 

define the survey points. All survey transects were set up in run habitat (as opposed to riffles). The 

method used was the same as that used for the 2013-14 surveys. We favour fixed survey points for 

the following reasons: a) viewing the same area on every survey reduces variability in percentage 

cover estimates introduced by surveying different areas of river bed on each occasion; b) choice of 

viewing areas is not subjective and should be free of bias introduced by the operator; c) fixed survey 

points helps ensure that surveyed areas are not affected by trampling during the previous survey. 

Reason c) is especially important when surveys are conducted at closely spaced time intervals (e.g., 

up to 14 days). Twenty views per site is generally sufficient to represent cover with a larger area 

(Kilroy et al. 2013). 

At each site, transects were defined by driving posts into a stable location on each bank. Using a 

tagline stretched between the posts, the locations of viewing points on the river bed were marked at 

specified distances across the transect from the post on the true left bank. A painted rock was placed 

on the river bed to mark a point at the middle of the downstream side of the viewing circle (view are 

always taken looking upstream). All the distances were recorded and subsequently included on the 

field sheets for each site. This meant that the positions of the rocks could be checked, and they could 

be moved back into position if they shifted.  

Twenty viewing points were marked at each site. At all four sites it was possible to define transects 

across the whole river. Two transects of 10 points were defined at Opuha at Gorge, Opuha at Skipton 

Bridge, and Opihi at Saleyards. Four transects each with five viewing points were defined at Opihi at 

Rockwood to ensure minimal shading in the narrower reach. All viewing points were in wadeable 

areas (up to about 0.7 m deep and water velocity up to 1.2 m/s).  

The first survey in the programme was conducted on 11 November 2014. Surveys continued 

approximately every fortnight until 28 April 2015. Fortnightly surveys are frequent enough to detect 

effects of significant flow events between surveys. 

3.1.2 Visual assessments of periphyton 

Visual estimates were conducted through an underwater viewer (Nuova Rade, Genova, Italy) with a 

diameter of 350 mm. The glass viewing circle was marked into quarters to aid in estimates of 

percentage cover. All views were located so that the coloured marker rock was just out of view at the 

middle of the downstream side of the area assessed. Percentage cover of periphyton within each 

view was estimated, usually to the nearest 5%, in nine categories. These were: 

 No algae – rocks have no green/brown algae colour and are not slimy/slippery to 

touch; 

 Film – rocks are slimy/slippery to touch and have a visible coating of algae, less than 

about 1 mm thick, on average; 

 Sludge –loose, unconsolidated, non-filamentous algae often found in slower flowing 

areas (mostly mucilaginous diatoms, often mixed with fine sediment); 
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 Mats – more consolidated layers of algae from about 2 mm thick; mostly diatoms but 

also includes red algae;  

 Phormidium – distinctive black, dark brown or greenish shiny or mottled mats;  

 Didymo – characteristic thin to very thick, wool-like mats with whitish stalks 

underneath and brown cells at the surface;  

 Fils_green – bright green filamentous algae, short or long filaments, sometimes 

overgrowing other algae;  

 Fils_other – other filamentous algae, generally brown; includes filamentous diatoms 

and green algae with diatom epiphytes 

 Macrophytes – vascular plants rooted in the river bed. 

We also estimated the mean thickness of didymo mats (in millimetres), by measuring thickness at 

several points in the mats using a graduated pointer.  

The raw data from 20 views were averaged to obtain mean percentage cover of each periphyton 

category on each survey. In addition, we calculated a “standing crop index” (SCI) of didymo 
calculated as percentage cover multiplied by mat thickness (mm). For example, coverage of 50% by 

mats 6 mm thick would have an SCI of 300. Percentage cover of the different algal categories, were 

plotted and results compared across sites.  

3.1.3 Physical measurements 

Water velocity and depth were measured at each viewing point on two occasions (6 January and 4 

March 2015). These measurements allowed a comparison of physical conditions between sites 

(including within-site variability), as an aid to interpretation of differences in periphyton cover 

between and within sites.  

3.1.4 Water sample collection and analysis 

Water samples for analysis of dissolved nutrients [(nitrate-nitrogen (NO3-N), ammoniacal nitrogen 

(NH4-N) and dissolved reactive phosphorus (DRP)] were collected at Opuha at Gorge and Opihi at 

Saleyards on alternate survey dates (i.e., approximately monthly). Samples were filtered into clean 

plastic bottles at the site through 0.45 m cellulose filters, stored on ice, and frozen within 6 h of 

collection, prior to analysis.  

Monthly dissolved nutrient data for Opuha at Skipton and Opihi at Rockwood were obtained from 

the NRWQN database (available up to March 2015 at the time of writing). 

Water samples for analysis of dissolved iron and total iron and manganese were collected at all four 

sites. For dissolved metals, samples were filtered (as for nutrients) into plastic bottles containing acid 

preservative. For total metals, unfiltered samples were transferred into plastic bottles containing 

acid preservative. Water samples for metals were refrigerated until analysis.  

Water samples were analysed for nutrient concentrations at the NIWA Laboratories in Hamilton, 

using standard techniques. The stated laboratory detection limits were 1 mg/m3 (i.e. 1 part per 

billion) for all three analytes. For DRP in particular we report concentrations to the nearest 0.1 

mg/m3 because in our experience the laboratory procedure successfully picks up these lower 

concentrations.  
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Samples were analysed for metal concentrations at Hill Laboratories, Hamilton, using standard 

techniques. The filtered samples for dissolved metals were also analysed for water hardness and 

concentrations of major ions (calcium, Ca; magnesium, Mg; potassium, K; sodium, Na) because these 

water chemistry characteristics may affect periphyton taxonomic composition. Detection limits were 

0.03 mg/L for dissolved iron, magnesium and sodium, 0.021 mg/L for total iron, 0.00053 mg/L for 

total manganese and 0.05 mg/L for dissolved calcium and potassium.  

3.2 Data presentation and analysis 

During the monitoring period (November 2014 to April 2015) periphyton data were reported in an 

emailed summary following each survey. The full results are presented in more detail in this report in 

two ways: 

1. Presentation by site: River flow, water temperature, nutrient and metal (iron and 

manganese) data were plotted over time for each site and presented together with 

observations of periphyton cover over time. All plots use the same x-axis of time from 1 

November 2014 to 9 May 2015 (26 weeks). Variables plotted are: periphyton cover and SCI 

(where didymo was present); mean and maximum daily flow; mean and maximum daily 

water temperature; nitrate-N, ammonium-N and DRP; dissolved and total iron and total 

manganese. 

The flow data were plotted on a log axis (base 2), which allows both low and high flow 

fluctuations to be shown on the same plot. Maximum daily flows are shown as well as 

mean daily flows because the daily maxima allow identification of short-duration high 

flows that may have affected periphyton cover, but would not show up clearly in a plot of 

mean daily flows.  

2. Presentation by variable: Data for environmental variables are presented in box plots of 

all data at each site, to highlight differences between sites. For selected parameters, non-

parametric two-sample Kolmogorov-Smirnoff (K-S) tests were used to determine 

significance of differences among sites, with a probability P < 0.05 (of the difference being 

attributable to chance alone) taken as significant.  

No further formal statistical analysis has been attempted on the data at this stage. The observed 

patterns are discussed with reference to changes in periphyton cover over time and differences 

among sites. We also place the results in the context of thresholds for periphyton developed for New 

Zealand rivers, and maximum didymo SCI values observed during previous monitoring in the Opuha 

River. The standards are: 

 Fils_green > 30%: Exceeds levels necessary to maintain values for aesthetics and 

recreation (Biggs 2000)          

 Phormidium > 20%: Risk to public health warrants an “alert” status, including 

monitoring at river sites used by the public (Wood et al. 2009)   

 Phormidium > 50%: Notification of public health authorities is advised, because the risk 

of encountering toxic Phormidium is high (Wood et al. 2009)   

 Didymo SCI > 220: Corresponds to nuisance growth (Kilroy and Wech 2014) 

 Didymo SCI ≈ 900: Peak SCI recorded during 2013 flush monitoring   
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 Didymo SCI ≈ 1050: Peak SCI recorded during 2014 monitoring.   

The recent National Policy Statement for Freshwater Management (NPS) also specifies thresholds in 

the National Objectives Framework for nitrate-nitrogen and ammonium-nitrogen concentrations to 

ensure avoidance of toxic effects on aquatic life. The complete standards are set out in the NPS 

document (NZ Government 2014). Concentrations for maintaining the highest level of protection are: 

 Nitrate-nitrogen: annual median ≤ 1000 mg/m3; annual 95th percentile ≤ 1500 mg/m3 

 Ammonium-nitrogen: annual median ≤ 30 mg/m3; annual maximum ≤50 mg/m3. 
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4 Results 

4.1 General observations 

Thirteen periphyton surveys were carried out by NIWA, between 11 November 2014 and 29 April 

2015 (Opuha) and 5 May (Opihi). A complete time series was obtained from three sites. Access to 

Opuha at Gorge was not possible for the surveys on 1 April and 15 April 2015. 

The survey period encompassed an exceptionally dry period in the region, which followed an 

unusually dry winter. The most recent significant high flow (e.g., greater than three times the long-

term median flow) at each site occurred at least three months prior to the start of the programme in 

November. In the Opuha River, the last major high flow was at the end of April 2014. At Opihi at 

Rockwood a fresh exceeding 3 x median occurred in mid-August 2014. At Opihi at SH1, the most 

recent high flows comprised a series of large floods that ended in late June 2014. Therefore, at all 

four sites there had been a long accrual period for periphyton growth by the time the surveys began. 

The long accrual period was reflected by high periphyton cover at the two Opuha sites (mainly 

didymo) on 11 November, and moderate cover at Opihi at Rockwood (compared to cover later in the 

season). However, cover was low at Opihi at Saleyards on the 11 November survey.  

Exceptionally low inflows into Lake Opuha in January to March 2015, combined with a low lake level 

at the start of the season meant that no flushing flow was possible. Due to extreme low lake levels in 

February, March and April it was not possible to sustain the normal environmental flow release from 

dam resulting in unusually low flows in the Lower Opuha and Opihi. 

4.2 Patterns over time 

Within-site patterns of periphyton and environmental variables over the survey period are shown in 

Figure 4-1 to Figure 4-5. A commentary for each site follows. 

4.2.1 Opuha at Gorge 

Periphyton cover was dominated by didymo on 11 November, with maximum SCI (1509) recorded on 

this survey (Figure 4-1). A brief flow release on 23 November (under 2 h duration, peaking at less 

than 20 m3/s) caused significant sloughing. Cover increased again, peaking in early January. SCI 

remained below 1000 but still well above the threshold for nuisance growth (SCI > 220). Flows 

dropped to less than 2 m3/s in March. Low SCI on 20 March was because most cover was classified as 

“sludge” rather than recognisable didymo mats. Up to 30% of the views were not under water and 
many of the remaining views were in slow-flowing shallow areas where other algae and fine 

sediment built up to form sludge over the dead didymo mats. Long strands of green filamentous 

algae attained high cover across both transects by early March but may have been washed away by a 

small flow peak (4.3 m3/s) on 7 March.  

Water temperatures were relatively high over the period of low flows. In late January – early March 

2015, mean daily temperatures were on average 1.3 °C higher than over the same period in 2014. 

 

Figure 4-1: Opuha at Gorge. (Opposite) Time-series of periphyton, flow (mean and maximum daily flow), 

water temperature (mean and maximum daily values), dissolved nutrients, and metals [dissolved iron (FeD) 

and total iron (FeT) and manganese (MnT)]. Flow and temperature data are from Opuha at Skipton Bridge, 5 

km downstream. Samples for dissolved nutrients and metals data were collected at the time of periphyton 

surveys. Two surveys were missed at this site, on 1 and 15 April, indicated by the shaded area.  
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The nitrate-N data at Gorge indicated a gradual decline in concentrations from November to late 

February. This pattern would be expected in a period of low flows when there is little nutrient input 

from tributaries and high instream uptake by periphyton. Higher concentrations in March and April 

reflected the flow variations over that period. Ammonium-N concentrations fluctuated, and these 

concentrations were low compared to nitrate-N. DRP remained generally below 2 mg/m3 throughout 

the monitoring period.  

There was measurable dissolved iron in the water column, with measurements indicating rising 

concentrations up to 0.26 mg/L (i.e., over 8 times the detection limit) until early March, presumably 

reflecting increasing proportions of water sourced from the bottom water of Lake Opuha as the lake 

level declined. Total iron and total manganese were particularly high (~0.5 and ~0.1 mg/L, 

respectively) in February and March. 

4.2.2 Opuha at Skipton Bridge 

Periphyton cover at Skipton followed roughly the same pattern as that recorded at the gorge. Cover 

was generally lower, but again SCI exceeded the nuisance threshold of 220 from November to April. 

No Phormidium was recorded at Skipton throughout the entire monitoring period (Figure 4-2).  

Monthly dissolved nutrient data from the NRWQN dataset also reflected that at the gorge: declining 

nitrate-N through to March 2015, variable ammonium-N and DRP generally < 2 mg/m3. Again there 

was measureable dissolved iron in the water column, with increasing concentrations up to early 

March. Total iron was higher in February to April than from November to January. Total manganese 

fluctuated over time and was well above the detection limit in all samples.  

4.2.3 Opihi at Rockwood 

Periphyton cover was consistently lowest at Rockwood. The main cover recorded was a thin brown 

film, followed by sludge. Sludge comprised loose algae at the river margin, where velocities were 

lowest. In the deeper, faster flows, there was low patchy cover by green algae, mats and 

Phormidium, generally on large stable substrata. Patches of Phormidium were observed outside the 

transect areas, sometimes covering areas of smaller cobbles and gravel. Periphyton changed little 

over the monitoring period except following the small freshes in March, when sludge coverage 

declined (presumably washed away) and Phormidium cover increased (Figure 4-3). Phormidium did 

not exceed the threshold for “alert” status (20% cover) set in the New Zealand guideline for 
cyanobacteria (Wood et al. 2009) at any time during the season. 

Concentrations of nitrate-N, ammonium-N and DRP at Rockwood showed an overall decline between 

November and March, though nitrate-N and DRP remained relatively high (> 250 and > 2 mg/m3, 

respectively). Dissolved iron concentrations were generally below the detection limit in all samples 

(included on the plot as the value of half the detection limit). Total iron was just above the detection 

limit in four of the seven samples analysed. Total manganese was measureable in all of the samples, 

but at low concentrations (maximum 0.0015 mg/L).  

 

 

Figure 4-2: Opuha at Skipton Bridge. (Opposite) Time-series of periphyton, flow (mean and maximum daily 

flow), water temperature (mean and maximum daily values), dissolved nutrients, and metals (dissolved iron 

and total iron and manganese). Nutrient concentration data were obtained from the NRWQN dataset. Samples 

for metal concentrations were collected at the time of periphyton surveys. 
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4.2.4 Opihi at Saleyards Bridge 

Periphyton changed considerably over time at Saleyards. Cover dominated by thin films in November 

2014 transitioned to high cover (almost 70%) by Phormidium on 19 January 2015. Replacement by 

late January of some Phormidium by cover classed as sludge reflected detachment of Phormidium 

mats, which leave behind a pale covering of loose material that accumulates other algae and silt (i.e., 

sludge) (Figure 4-4).  

Between the surveys on 19 January and 5 February Phormidium cover declined to less than 5% and 

stayed at this level for 2 – 3 weeks, during which time most cover was thin film. This change in 

periphyton cover occurred in the middle of a period of low flow. Low cover by sludge recorded on 19 

February could have been partly due to operator variability (a different person conducted that 

survey). Phormidium cover subsequently increased again, and continued to increase until early April, 

despite minor freshes in mid-March. A much larger flow in late April effectively removed most cover, 

although other algal mats were beginning to develop at that stage.  

Phormidium exceeded the threshold for “alert” status (20% cover) in the New Zealand guideline for 
cyanobacteria on seven of the 13 surveys (54%), and the 50% threshold for notification of public 

health authorities on two occasions. 

Some didymo was recorded at Saleyards in early January and in mid-April. Cover was < 0.5% and is 

therefore not visible on the plot. 

Mean and maximum water temperatures (data from Opihi at SH1) were at their highest between 16 

January and 2 February 2015, with mean daily water temperature exceeding 19 °C on 11 of 18 days, 

and maximum water temperature exceeding 21 °C on 14 of 18 days. The maximum temperature 

recorded at SH1 was 23.1 °C on 18 January 2015.  

As at the other sites, nitrate-N concentrations declined between November and January. The 

minimum concentration measured was 111 mg/m3 on 19 January, the date of maximum Phormidium 

cover. The highest ammonium-N concentrations of the season were recorded on 19 January and 4 

February. A range of DRP concentrations was recorded (1.5 to 4.7 mg/m3). Concentrations declined 

to low values (< 2 mg/m3) from January to April. 

Dissolved iron was below detection in all of the samples collected at Opihi at Saleyards (plotted on 

the graph as half of the detection limit). Total iron and manganese were detected in all samples, 

generally well above the detection limit (maxima of 0.10 and 0.0093 mg/L, respectively). 

Concentrations varied over time with no particular trend.  

 

Figure 4-3: Opihi at Rockwood. (Left) Time-series of periphyton, flow (mean and maximum daily flow), water 

temperature (mean and maximum daily values), dissolved nutrients, and metals [dissolved iron (FeD) and total 

iron (FeT) and manganese (MnT)]. Nutrient concentration data were obtained from the NRWQN dataset. 

Samples for metal concentrations were collected at the time of periphyton surveys. 

Figure 4-4: Opihi at Saleyards Bridge. (Next page) Time-series of periphyton, flow (mean and maximum daily 

flow), water temperature (mean and maximum daily values), dissolved nutrients, and metals [dissolved iron 

(FeD) and total iron (FeT) and manganese (MnT)]. Flow and temperature data are from the ECan flow recording 

site at SH1, 10 km downstream. Samples for nutrient and metal concentrations were collected at the time of 

periphyton surveys. 
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4.2.5 Opihi at SH1 

Periphyton at SH1 was monitored weekly from early November 2014 to early May 2015 (by Tara 

McAllister, in an ECan funded project). A slightly different visual assessment system was used (fewer 

periphyton categories) from that at the other sites but the data for Phormidium cover are directly 

comparable.  

In general Phormidium cover at SH1 was similar to that recorded at Saleyards in that there were two 

peaks in cover (compare Figure 4-4 and Figure 4-5). Maximum cover at both sites was approximately 

70% during the first peak and 50% during the second peak. However the timing for the first peak 

differed between sites. High cover at SH1 persisted through to late February, by which time cover at 

Saleyards had decline to about 5%. Minimum cover at SH1 on 9 March was higher (22%). The timing 

of the second peak in cover coincided at the two sites. At SH1, Phormidium exceeded the threshold 

for “alert” status (20% cover) in the New Zealand guideline for cyanobacteria on 17 of the 30 weekly 
surveys (57%), and the 50% threshold for notification of public health authorities on 6 surveys. 
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Figure 4-5: Opihi at SH1. Time-series of periphyton, flow (mean and maximum daily flow), water 

temperature (mean and maximum daily values) and dissolved nutrients. Nutrient concentration data were 

obtained from the NRWQN dataset. Periphyton cover data were collected in a separate study (data courtesy 

Tara McAllister). 
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4.3 Comparisons among sites 

4.3.1 Physical characteristics 

Water velocities were measured twice. On the first occasion (January 2015), median velocity was 

lower in the Opihi at Rockwood than in the Opuha at Gorge and Skipton, and the Opihi at Saleyards. 

By 4 March, the differential had largely disappeared because flow had declined at the latter three 

sites, but remained stable at Rockwood (Figure 4-6).  

Water temperature data were available from Opuha at Skipton and Opihi at Rockwood and SH1. 

Five-day running means showed that water temperature was often 1 – 2 °C lower at Skipton than at 

SH1, but that water temperatures were similar at the two sites over the period of low flows from late 

January to mid-March (Figure 4-7). At Rockwood, water temperature was consistently 1 – 2 °C lower 

than at Saleyards, and often lower than at Skipton. 

 

 

Figure 4-6: Box plots showing water velocity measured at periphyton survey points at each site on 6 

January and 4 March 2015. The height of each box shows the range within which the central 50% of the values 

fall, with the box edges at the first and third quartiles and the median shown by the line within the box. The 

whiskers show values within 1.5 times the 25% above or below the median. Asterisks and circles indicate 

outliers. 

 

Figure 4-7: Water temperature at Opihi at SH1 (red line), Opuha at Skipton (blue line) and Opihi at 

Rockwood (grey line) over the periphyton monitoring period. Data are 5-day running means. 
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4.3.2 Nutrients and metals 

Mean concentrations of nitrate-N were higher and more the concentrations were more variable at 

Rockwood than at the three other sites (K-S test, P < 0.05). Concentrations were not statistically 

different among Gorge, Skipton and Saleyards (Figure 4-8a). Ammonium-N was most variable at the 

Gorge, but was not statistically different among sites (Figure 4-8b). Median DRP was lowest at 

Skipton, and concentrations were statistically lower here than at both the Gorge and Rockwood, but 

not Saleyards; DRP at the Gorge and Rockwood also differed from one another. 

 

Figure 4-8: Boxplots summarising data for dissolved nutrients (a, b, c) and metals (d, e, f) at the periphyton 

monitoring sites. Data are from November 2014 to April 2015. For an explanation of the plots, see Figure 4-6. 

 

Neither nitrate-N nor ammonium-N exceeded the thresholds set in the NPS for the highest level of 

protection for aquatic life from toxic effects.  

Dissolved iron was detectable only in the Opuha River, with slightly lower median concentrations at 

the downstream site, Skipton. Total iron and total manganese reflected the pattern across sites seen 

in dissolved iron, except that total iron was measurable at both Opihi River sites, and concentrations 

were significantly higher at Saleyards than at Rockwood (medians of 0.045 and 0.011 mg/L at 

Saleyards and Rockwood, respectively) (Figure 4-8d, e, f). 

(a) Nitrate-N 

(b) Ammonium-N 
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Major cation concentrations were analysed from the water samples for collected for dissolved iron 

on seven occasions at each site, as part of a separate project. These data showed that major ions 

varied little over time, especially at Rockwood. At the other three sites, concentrations of all four 

cations increased slightly from February onwards. Concentrations of all four cations at Rockwood 

were approximately double the concentrations at the two sites in the Opuha. Cation concentrations 

at the Opihi at Saleyards were intermediate (Figure 4-9). 

 

 

Figure 4-9: Boxplots summarising data for dissolved major cations at the four periphyton monitoring sites. 

Data from November 2014 to April 2105. For an explanation of the plots, see Figure 4.4. 
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5 Discussion 

5.1 Potential drivers of periphyton patterns in 2014-15 

5.1.1 Didymo 

As in previous years, didymo dominated the periphyton at the two Opuha River sites, with severe 

blooms from November to March. Low flows in late February and March reduced water velocities 

and caused the build-up of “sludge”. At both sites, DRP concentrations were within the range known 
to favour didymo blooms (< 2 mg/m3, Kilroy and Bothwell 2013) for the whole season. A decline in 

cover and SCI at both sites between January and February was likely the result of natural sloughing.  

Low cover of didymo observed at Opihi at Saleyards coincided with prolonged DRP concentrations < 

2 mg/m3 at that site, which would favour didymo blooms. Therefore it was surprising that higher 

didymo cover did not develop over that period, as there would have been plenty of propagules from 

the blooms upstream in the Opuha River. This raises the question of whether some other aspect of 

water chemistry was unfavourable for didymo in the Opihi downstream of the confluence. 

Water samples collected for the present project were analysed opportunistically for major ions, to 

contribute to an investigation of the distribution of didymo within New Zealand in relation to water 

chemistry. Major ion data are available for all NRWQN sites, from samples collected in the first year 

of the network (1989). These 25-year-old data showed that didymo does not occur at sites where 

concentrations of sodium (Na) exceeded about 5 mg/L. Almost all the NRWQN sites in the North 

Island had sodium > 5 mg/L, as did most of the didymo-free NRWQN sites in the South Island. In the 

South Island, sites with persistent visible didymo generally had sodium concentrations of < 3 mg/L 

(Kilroy and Unwin 2013). Further major ion data are currently being collected to try to verify these 

patterns using more recent data. The data on sodium collected during the current monitoring 

programme confirmed that concentrations in the Opuha river were < 3 mg/L (2.6 ± 0.4 mg/L,1 Gorge 

and Skipton data combined), while concentrations at Saleyards were 3.7 ± 0.5 mg/L. Thus, sodium 

concentration at Saleyards is slightly above the range observed to be associated with didymo 

blooms.  

Whether the association between sodium and didymo is causal or simply a correlation (possibly 

linked to some other causal factor, e.g., chloride, which is closely correlated with sodium) is 

unknown. Nevertheless, the same pattern of didymo presence and absence has been noted 

elsewhere (Sierra Nevada, USA, Rost et al. 2011). Freshwater diatoms likely have an absolute 

requirement for sodium in very small quantities for phosphate transport (Chan et al. 2011), but 

higher concentrations may have an inhibitory effect. For example, chloride was found to interfere 

with photosynthetic processes in a marine diatom (Dionisio-Sese & Miyachi 1992). Shifts in diatom 

community composition have been reported in gradients of sodium chloride (NaCl) caused by 

application of road salt (Porter-Goff et al. 2013). However, the concentration associated with major 

changes was 35 mg/L. Effects of changes in sodium or chloride concentrations around the range 

found in the Opuha and Opihi Rivers (and other South Island rivers with and without didymo, 1.1 – 

7.5 mg/L) do not appear to have been investigated.  

Regardless of the reason behind the correlation between sodium concentration and didymo absence, 

presence and blooms, higher sodium concentrations at Rockwood (4.9 ± 0.4 mg/L) may partially 

                                                           
1 Mean ± standard deviation. 
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explain the lack of didymo at that site. In addition, mean DRP of 4.1 ± 1.4 mg/m3 would also have 

precluded didymo blooms.   

5.1.2 Phormidium 

Phormidium was observed at both sites in the Opihi, but not in the Opuha. In the 2013-14 surveys, 

Phormidium was consistently observed at Skipton at low cover (< 5%) (see Section 5.2). Below we 

first consider explanations for: (a) low Phormidium cover at Rockwood, compared to Saleyards; and 

(b) the pattern of Phormidium over time in the Opihi at Saleyards. Possible explanations for failure to 

record Phormidium in the Opuha in 2014-15 are discussed in Section 5.2. 

Phormidium was observed in every survey in the Opihi at Rockwood. The survey results may not have 

reflected the true coverage there, because we observed large patches of Phormidium between the 

transects. However, cover was far less extensive than downstream at Saleyards. There are two 

obvious explanations. First, the site was partially shaded, which might explain low coverage by other 

algae as well as Phormidium, despite high nutrient concentrations. In general, increases in nutrient 

concentration do not enhance algal growth if light levels are too low (Larned 2010). Furthermore, the 

highest cover by Phormidium in rivers in the Canterbury region is generally at unshaded sites (ECan 

unpublished data). Shading at the site and upstream may also have led to lower water temperatures. 

Water temperature at Rockwood in 2014-15 was often 2 °C lower than at SH1. However, the 5-day 

mean water temperature exceeded the threshold of 15 °C above which Phormidium is more likely to 

proliferate (Heath et al. 2011) from mid-December 2014 to mid-March 2015.  

Second, water velocities at Rockwood may have been below the optimal level for Phormidium. 

Observations in some rivers indicate that Phormidium mat development could be partly controlled by 

water velocity. For example, in the Hutt River, Phormidium cover was highest at velocities ranging 

from 0.7 m/s (on sand) to 1.1 m/s (on boulders) (Heath et al. 2015). At Saleyards, cover by 

Phormidium was significantly correlated (P < 0.001) with water velocity on the two dates when 

velocity was measured at each point. In January 2015, when Phormidium cover was high, the few 

locations with cover < 50% were all located where water velocity was < 0.5 m/s (Figure 5-1). At 

Rockwood, median water velocities were less than 0.3 m/s (Figure 4-6). 

 

Figure 5-1: Percentage cover by Phormidium plotted against water velocity at individual viewing points at 

Opihi at Saleyards on two dates. The variability in % Phormidium was explained by water velocity was 47% on 

6 January 2015 (open triangles) and 60% on 4 March 2015 (filled circles). 
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A third possibility to explain the low Phormidium cover at Rockwood is that Phormidium growth was 

being limited by lack of iron. This was one of the key hypotheses driving the ECan Opuha/Opihi water 

quality project from 2011 to 2014, and the extended data collection in the present project. 

Numerous studies over decades have established that cyanobacteria in general have higher 

requirements for iron than eukaryotic algae (i.e., most other algae, such as diatoms and green 

filamentous chlorophytes) (see review in Molot et al. 2010). A model to explain cyanobacterial 

blooms in lakes has recently been proposed, based on acquisition by cyanobacteria of iron from 

anoxic sediments, with the sediments often associated with eutrophication (Molot et al. 2014). In 

rivers, a recently proposed process by which benthic cyanobacteria might access soluble phosphorus 

in phosphorus-poor waters (Wood et al. 2014) is tied to the transformation of iron from insoluble to 

soluble forms (e.g., Eckert et al. 1997). Soluble iron and phosphorus may be released from insoluble 

forms bound to fine sediment particles incorporated into periphyton mats. The release occurs under 

specific pH conditions, which can occur within periphyton mats. Therefore this mechanism might also 

make iron in sediments more available to cyanobacteria. Experimental studies have shown that 

Phormidium growth is suppressed at iron concentrations of 0.04 mg/L, but not at 0.8 mg/L (Harland 

et al. 2013). 

The combined results from the literature suggest that the very low concentrations of iron recorded 

at Rockwood might limit Phormidium growth at that site. However, the mechanisms proposed by 

both Molot et al. (2014) and Wood et al. (2014) involve processes within the stream bed sediments. 

Therefore concentrations in the overlying water column may not be the best indicator of iron 

availability to cyanobacteria. What is certain is that, since the Opuha Dam was commissioned, 

considerable quantities of iron will have been mobilised at the lake bed, transported downstream, 

and eventually bound into sediment. It is therefore likely that fine bed sediment throughout the 

Opuha and lower Opihi is more iron-enriched than that in the Opihi upstream of the Opuha 

confluence.  

The data collected by ECan from 2011 to 2014 include paired total suspended sediment (TSS) and 

total iron data at some sites, which indicate that TSS just downstream of the dam contains more iron 

per unit weight than TSS just upstream of the confluence with the Opihi. Comparable data (paired 

TSS and total iron) for the Opihi River would be expected to confirm a lower iron content in 

sediments upstream of the confluence with the Opuha than downstream. The TSS of interest would 

be that collected at low flows; i.e., the fine sediment that would be present as Phormidium mats 

grow during a flow recession, and therefore available to become bound within the mats. 

A more robust comparison of periphyton within the three river reaches (Opuha, upper Opihi and 

lower Opihi) would include a site on the upper Opihi where periphyton (particularly Phormidium) 

growth is not potentially limited by other factors such as shading or lower water velocities (which 

may have been the case at Rockwood). 

An intriguing pattern seen in the 2014-15 monitoring programme was the decline in cover by 

Phormidium at Saleyards following peak cover in late January. This decline occurred during a low flow 

period. No flow fluctuations are evident either in the flow record from SH1, or in the water-level 

record at Saleyards Bridge. Recovery following the loss of cover took at least a month, indicating that 

regrowth of Phormidium was not occurring at the same time as cover was being lost. A possible 

explanation for the loss of cover is mass sloughing of mats that had reached a “senescent” stage: as 

periphyton mat thickness increases, the algae at the base of the mats dies off through lack of access 

to resources (light and nutrients). This weakens the whole mat, which can then peel off, even under 

constant flow conditions (e.g., Biggs and Stockseth 1996).  
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Maximum water temperature recorded at Opihi at SH1 coincided with peak Phormidium cover at 

Saleyards on 19 January, and water temperature over the following 2 weeks continued to be high 

(mean of > 19 °C). We would expect that the high water temperatures, in combination with low 

steady flows, would favour the growth and expansion of Phormidium cover, and this was what was 

observed in the Opihi at SH1, where cover of almost 70% persisted until mid-February. This leads to 

an alternative explanation for the loss of cover at Saleyards. On 4 February the survey team noted 

that the “upstream section [was] affected by earthworks / diverted water”. The simplest explanation 
is therefore that Phormidium cover was removed at Saleyards because of man-made mechanical 

disturbance, which also turned over the substrate, delaying regrowth. The April peak in Phormidium 

occurred at the same time at Saleyards and SH1.  

5.2 Comparison with 2013-14 data 

In 2014-15, peak didymo percentage cover and SCI at Skipton were similar to those recorded in the 

2013-14 surveys (percentage cover of 72% and 67% and SCI of 760 and 800 in 2014-15 and 2013-14, 

respectively. Given the long period of low flows in 2014-15, these values probably represent the 

maximum attainable on the transects at Skipton. We noted in the report of the 2013-14 surveys that 

the patterns of periphyton (didymo) cover and SCI were similar over time at different sites in the 

Opuha (with the exception of the site at the downstream weir). The same was true in 2014-15. There 

were subtle differences between the Gorge and Skipton sites, but the overall patterns were similar.  

One obvious difference between the surveys at Skipton in 2013-14 and 2014-15 was that 

Phormidium was not recorded at all at Skipton in 2014-15. In 2013-14, and also in the surveys in 

February – March 2013, Phormidium was consistently present in the Opuha River, often overgrowing 

didymo mats, generally in areas of higher water velocity (Measures and Kilroy 2013, 2014). In the 

2013-14 surveys, low percentage cover by Phormidium was generally confined to one area on the 

downstream transect where water velocities exceeded 0.8 m/s. During the 2014-15 surveys, 

velocities of this magnitude or greater were recorded at Skipton on 6 January 2015, but not on 4 

March 2015. Failure to record Phormidium during November and December 2014 could have been 

because cover was only just starting to develop among and/or over didymo mats, and therefore was 

difficult to distinguish. As flows (and therefore water velocities) declined after January, habitat would 

have become unsuitable.  

A problem with the hypothesis that Phormidium growth in the Opuha and Opihi Rivers may be partly 

dependent on suitable water velocities (e.g., a range from 0.7 to 1.1 m/s as suggested by Heath et al. 

2015) is that high cover by Phormidium is frequently observed in small shallow streams in which 

water velocity is unlikely to be as high as 0.7 m/s. For example, high cover was observed in 

Ribbonwood Creek, which flows into Lake Opuha between the North and South Opuha Rivers in 

February 2015 (T. McCormick, pers. comm.). A potential explanation is that Phormidium growth may 

be velocity dependent only in places where one or more nutrients is in limited supply and these 

nutrients can be delivered to cell surfaces only where water velocity is high enough. Velocity 

dependent uptake of nitrogen (N) and phosphorus (P) has been demonstrated experimentally 

(Larned et al. 2004), and it is conceivable that the mechanism applies to all nutrients, not just 

nitrogen and phosphorus.  

In relation to explaining low and intermittent Phormidium cover at Skipton, one variable that might 

be involved is sodium. A discussed in Section 5.1.1, sodium is present in low concentrations in the 

Opuha River below the dam. Cyanobacteria have long been known to have to have an absolute 

requirement for sodium that is much higher than that in other algae (Miller et al. 1984). Small 
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tributary streams fed from groundwater sources seem to typically have higher sodium 

concentrations than larger rivers (NIWA unpublished data). At this stage this hypothesis is 

speculation only. The hypothesis could be tested by collecting information on major ions from 

further small and large waterways in which Phormidium proliferations have been observed, or not 

observed.  
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6 Conclusions 

6.1 Future monitoring 

One key aim of this study was to establish a cost effective long term periphyton monitoring program. 

An efficient routine for carrying out the surveys was developed with monitoring at four sites 

generally taking just over half a day by staff from NIWA’s Tekapo field team. Conclusions regarding 

site selection, survey timing and types of analysis for future monitoring are summarised below: 

 Lower Opihi site selection: It was very valuable having monitoring on the lower Opihi 

as it experienced nuisance coverage of Phormidium for an extended period from 

December through to May. Continued monitoring of the lower Opihi is recommended. 

There were differences in observed periphyton between Saleyards and SH1 monitoring 

sites but in general they showed similar trends. It is probably sufficient to continue 

monitoring at a single site on the lower Opihi. Both sites provided good quality data 

with easy access and no shading or other issues and either could be continued. As 

Opuha Water already fund the Saleyards flow site, and the SH1 site is to some extent 

covered by the NRWQN periphyton monitoring, it is recommended that the Saleyards 

site is continued for future years.  

 Opuha site selection: The Skipton and Gorge sites showed similar trends in periphyton 

with coverage at both sites dominated by didymo and similar temporal variation 

recorded at each site, consistent with previous monitoring undertaken in 2012-2013 at 

these sites (Measures and Kilroy 2013). Nutrient monitoring showed similar trends at 

both sites except for more elevated iron levels at the Gorge. In order to inform 

understanding of periphyton responses to flow, temperature and nutrient changes it is 

probably not necessary to continue the gorge site due to its similarity to Skipton. It 

may be desirable to continue the gorge site however as didymo sloughing from this 

reach is known to cause blockage of the Kakahu irrigation scheme intake screens. 

 Rockwood site: Having a control site unaffected by flows from the Opuha Dam is 

valuable and it is recommended monitoring of a control site on the Opihi upstream of 

the Opuha confluence is continued. The Rockwood monitoring site is affected by 

shading and low velocities which make it less comparable with the other sites 

monitored. For future years it is recommended to investigate alternative sites in the 

reach upstream and downstream of Rockwood to try and identify a less shaded, higher 

velocity site for monitoring. 

 Survey frequency: Fortnightly surveys are frequent enough to detect most changes. 

Reduction in sample frequency would potentially miss the effects of flow changes as 

periphyton can grow back rapidly following removal (Measures and Kilroy 2013). 

 Survey season: When sampling commenced in November didymo had already reached 

very high levels in the Opuha. For this reason it is recommended that sampling is 

started in early October in future years and extended slightly later (early October to 

mid-May). There would be some value in sampling through the winter although this 

could be done at a lower frequency (monthly) as growth rates are slower. 

 Nutrient and water chemistry monitoring: Sampling and analysis of water chemistry 

and nutrients has established a good baseline for conditions at the different sites. 
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Monthly monitoring is carried out as part of the NRWQN at Skipton, Rockwood and 

SH1 sites and this is probably sufficient for long term monitoring at these sites except 

for the fact it does not include analysis of iron or manganese. In the future it is 

recommended that the only monitoring required in addition to the NRWQN is to 

analyse total iron and manganese at all sites and to analyse nutrients at any additional 

periphyton sites not covered by the NRWQN (e.g. Saleyards). 

6.2 Differences between sites 

Key periphyton and water chemistry data for each site is summarised in Table 6-1. The monitored 

sites can be separated into three distinct groups/river reaches based on periphyton community and 

water chemistry/nutrients: 

 Opuha: Periphyton in the Opuha downstream of the dam is dominated by didymo with 

nuisance growths occurring from prior to the start of sampling in November through to 

early April. The low phosphorus (DRP < 2 mg/m3) conditions of the Lower Opuha make 

it susceptible to nuisance didymo blooms. The Opuha has elevated iron and 

manganese levels compared to the Opihi. Concentrations of these metals reduce 

downstream with mean measured concentrations at Skipton less than half those at 

Gorge. 

 Opihi upstream of Opuha confluence: Periphyton cover was consistently lowest at the 

Rockwood site upstream of the Opihi confluence. Higher phosphorus concentrations in 

the Opihi make it less favourable for didymo blooms than the Opuha. Literature 

suggests that very low iron concentrations (total iron < 0.04 mg/m3) such as those 

found in this reach might limit Phormidium growth. Other local factors which may 

reduce Phormidium at Rockwood include slower velocities and partial shading at the 

monitoring site.  

 Lower Opihi: Periphyton in the lower Opihi is dominated by Phormidium with little 

didymo. Conditions may be more favourable for Phormidium in the Lower Opihi than 

upstream of the Opuha confluence due to slightly elevated iron concentrations (mean 

total iron 0.05 mg/m3 compared to 0.02 mg/m3 upstream of the confluence). Low 

phosphorus concentrations (< 2 mg/l) occurred for an extended period at Saleyards 

raising the question why didymo blooms did not occur at this site as these conditions 

are known to favour didymo. Analysis of major ions identified that a potential cause of 

the lack of didymo blooms at Saleyards was higher concentrations of sodium in this 

reach (3.7 ± 0.5 mg/L) compared to the Opuha (2.6 ± 0.4 mg/L,2 Gorge and Skipton 

data combined). Concentrations > 3 mg/L have previously been correlated with 

absence of persistent visible didymo (Kilroy and Unwin 2013). 

                                                           
2 Mean ± standard deviation. 
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Table 6-1: Summary of nuisance periphyton cover and water chemistry by site.  

Reach Site Didymo Phormidium Total iron Total 

manganese 

Nitrate-

nitrogen  

Ammonium- 

nitrogen  

Dissolved 

reactive 

phosphorus  

  Max % cover Mean concentration (mg/L) Mean concentration (mg/m3) 

Opuha 
Gorge 79% 0% 0.37 0.059 190 12 2.2 

Skipton 72% 0% 0.24 0.022 210 6 1.2 

Opihi upstream  Rockwood 0% 7% 0.02 0.001 900 8 4.1 

Lower Opihi 
Saleyards 1% 67% 0.06 0.004 250 9 2.4 

SH1 0% 71% No data No data 340 8 4.3 

 

6.3 Temporal trends 

As expected the main temporal trend visible in all sites (except Rockwood where there was little 

periphyton) was increased periphyton during the summer, correlating with higher water 

temperature and increased light availability. It is notable that didymo in the Opuha was already at 

high levels in November when sampling started, probably because there had been an extended 

period with no elevated flows prior to this date which allowed it to accumulate even during the 

winter/spring when growth rates are likely to be slower due to reduced light availability. Phormidium 

in the Lower Opihi peaked later than didymo in the Opuha, with the highest surveyed levels at both 

Saleyards and SH1 occurring in early April, once didymo had already started to reduce. 

Compared with previous years there was very little flow variability this year due to the extended 

drought conditions. A small, short duration flow pulse released from the dam in November 

(approximately 20m3/s for 2 hours) reduced didymo SCI and cover at Gorge and Skipton sites and, 

although cover recovered quickly, SCI never reached the same extreme levels as prior to the flow 

pulse. It is interesting that this small pulse was sufficient to reduce SCI by 89% in the gorge. This 

demonstrates that even short, low volume flushes could be useful in situations when sloughing of 

didymo from the gorge is causing blockage of the Kakahu scheme intake screen but there is 

insufficient water available for a larger flush. 

An obvious drop in Phormidium cover at Saleyards was observed in late January / early February with 

low cover persisting until mid-February but this may have been caused by physical disturbance of the 

bed. 

Continued monitoring over several years with different patterns of flow and temporal trends in 

periphyton will enable improved analysis of the drivers of nuisance periphyton growth and removal.  
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