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Water quality (Water Plan, Schedule 15) 
 

Schedule 15 of the Regional Plan: Water for Otago sets out the numerical limits and targets for achieving 
acceptable water quality for all catchments in the Otago region. The receiving water limits and targets (outlined in 
Table 1) are applied as five-year, 80th percentiles, when flows are at or below median flow. 
 

Table 1: Water quality limits and targets (five-year, 80th percentiles, when flows are at or below median flow) 

Schedule 15 

Nitrite-
nitrate 

nitrogen 
mg/l 

Dissolved 
reactive 

phosphorus 
mg/l 

Ammoniacal 
nitrogen 

mg/l 

Escherichia 
coli 

cfu/100ml 

Turbidity 
NTU 

Total 
nitrogen 

mg/l 

Total 
phosphorus 

mg/l 

Group 1 0.444 0.026 0.10 260 5   

Group 2 0.075 0.010 0.10 260 5   

Group 3 0.075 0.005 0.01 50 3   

Group 4    0.10 126 5 0.55 0.033 

Group 5    0.01 10 3 0.10 0.005 

 

115 SoE sites were monitored every month, with six sites monitored monthly by NIWA (as part of the National 
River Water Quality Network). ORC uses a water quality index to classify each site into one of four groups (Table 
2). Figure 1 shows the results.  
 

• Nutrients: Nitrite-nitrate nitrogen (NNN) and dissolved reactive phosphorus (DRP) are the biologically 
available nutrients used for algae and plant growth. NNN is a form of nitrogen, mainly derived from land 
drainage, and DRP is a form of phosphorus, primarily sourced from effluent and fertiliser. Ammoniacal 
nitrogen (NH4-N) can indicate the presence of effluent in water. Total nitrogen (TN) and total phosphorus (TP) 
are the nutrients used when monitoring eutrophication potential in lakes. 

• Escherichia coli (E. coli) are a bacterium used to indicate the presence of harmful micro-organisms in water 
(e.g., human or animal faeces). This indicator is used to gauge whether water is suitable for stock water, 
swimming, surfing or other recreational activities.  

• Turbidity: Turbidity is a measure of the cloudiness of water and assesses how much light is scattered by 
suspended particles. Streams with ‘high turbidity’ often have high suspended sediment loads. High turbidity 
can reduce light penetration and affect photosynthesis. High sediment loading also can smother the 
streambed, which reduces macroinvertebrate and fish-spawning habitat.  

 
Table 2:  Water quality index  

Grade Number of parameters complying with Schedule 15 limits and targets (June 2016 to July 2021)  

Excellent All five parameters comply 

Good Four (of the five) values comply 

Fair Three (of the five) values comply 

Poor Two or fewer (of the five) values comply 

 
 

Introduction 
  
The Otago Regional Council (ORC) is responsible for managing Otago’s surface-water resources. ORC carries out 
regular water-quality monitoring and ecological assessments, as part of its State of Environment (SoE) programme.  
This report card is a snapshot of monitoring undertaken between July 2016 and June 2021.  Discussion of results is 
presented in regular State of Environment reports. The last report can be found here: 
https://www.orc.govt.nz/media/9781/state-and-trends-of-lake-and-river-water-quality-in-the-otago-region-2000-
to-2020.pdf 

 

https://www.orc.govt.nz/media/9781/state-and-trends-of-lake-and-river-water-quality-in-the-otago-region-2000-to-2020.pdf
https://www.orc.govt.nz/media/9781/state-and-trends-of-lake-and-river-water-quality-in-the-otago-region-2000-to-2020.pdf


 

Water quality results 

 
Figure 1: Results of SoE water-quality monitoring (2016 -2021). Site numbers refer to sites in Tables 3-7.  

 



Water quality results  
 
Table 3: Water quality results for Group 1 sites. The orange cells show where the 80th percentile below 
median flow exceeded the Schedule 15 limits and targets. Sites with an ‘*’ have been monitored for less 
than five years, therefore the grade is interim. Sites monitored by NIWA are shown with an’ N’. 

 
 

 
Figure 2 Kaikorai Stream  

 

 



 

Water quality results  
 
Table 4: Water quality results for Group 2 sites. The orange cells show where the 80th percentile below 
median flow exceeded the Schedule 15 limits and targets. Sites with an ‘*’ have been monitored for less 
than five years, therefore the grade is interim. Sites monitored by NIWA are shown with an’ N’.  
 

 

 
Figure 3. Arrow River 

 

 



 
 

Water quality results  
 
Table 4 continued:  Water quality results for Group 2 sites. The orange cells show where the 80th percentile 
below median flow exceeded the Schedule 15 limits and targets. Sites with ‘*’ have been monitored for less 
than five years, therefore the grade is interim. Sites monitored by NIWA are shown with an’ N’. Sites with 
‘***’ were originally monitored by NIWA before ORC took on the sampling responsibility. ***There is an 
exemption for turbidity for the Shotover. 
 

 



 

 

Water quality results  
 
Table 5:  Group 3 sites showing water quality results. The orange cells show where the 80th percentile below 
median flow exceeded the Schedule 15 limits and targets. Sites with an ‘*’ have been monitored for less 
than five years, therefore the grade is interim. Sites monitored by NIWA are shown with an’ N’. ***There is 
an exemption for turbidity for the Dart and Matukituki 

 
Table 6:  Group 4 sites showing water quality results. The orange cells show where the 80th percentile below 
median flow exceeded the Schedule 15 limits and targets. 

 
Table 7:  Group 5 sites showing water quality results. The orange cells show where the 80th percentile below 
median flow exceeded the Schedule 15 limits and targets. 

 
 

 



 

 

Water quality results 
 
Table 8 shows the variation in water quality grades over the years. In 2016-2021 69% of the SoE sites are 
classified as having ‘excellent’ or ‘good’ water quality. Most of the sites with ‘excellent’ river water quality 
were in Central Otago and the upper Clutha. In these areas, land-use tends to be low-intensity sheep farming 
and/or dominated by tussock lands. Poorer water quality was found in river catchments with higher-intensity 
farming or in streams draining urban environments.  
 
Table 8: Summary of results showing variation in water quality grades across three five year periods. 

 
Compared to 2021-2021 water quality results, 98 sites retained the same grade, eight sites improved by one 
grade, one site improved by two grades and eight sites degraded by one grade.  
 
In Group 1, four sites (of 23) had ‘excellent’ water quality (Clutha Mata/Au at Balclutha, Blackcleugh Burn, 
Maclennan River and Waitati River); eight had ‘good’ water quality (Catlins River, Pomahaka River at Burkes, 
Tahakopa River, Tokomairiro at Lisnatunny, Tokomairiro at West Branch Bridge, Tuapeka River and Waipahi 
River); four had ‘fair’ water quality, and 7 sites had ‘poor’ water quality. The sites graded ‘poor’ included the 
tributaries of the Pomahaka River, Dunedin urban streams, the Waiwera River. Schedule 15 limits were most 
often exceeded for E. coli and NNN.  
 
For Group 2, 22 sites (out of 61) had ‘excellent’ water quality. Most of these were upper catchment sites 
spread widely across Otago, including the Taieri, Manuherekia, Pomahaka, Lindis and Waikouaiti in the Taieri 
and Clutha river catchments. Eighteen sites had ‘good’ water quality, twelve had ‘fair’ water quality, and 
another nine were classified as ‘poor’ water quality. The parameter that most often exceeded the Schedule 15 
limit in this category was NNN. 
 
Of the 23 sites in Group 3, 15 had ‘excellent’ water quality,  six had ‘good’ water quality, one site had ‘fair’ 
water quality, and one site (Horn Creek) had ‘poor’ water quality. Horn Creek was the only site in Otago to 
exceed the Schedule 15 limit for ammoniacal nitrogen. Water quality grades for Timaru Creek, the Dart River 
and the Buckler Burn improved, while Quartz Creek dropped from good to fair. 
 
For Group 4 lake sites, Lake Hayes had ‘good’ water quality, Lake Onslow had ‘excellent’ water quality, and 
Lake Tuakitoto and Lake Waihola had ’poor’ water quality. All but Onslow exceeded Schedule 15 limits for 
turbidity total phosphorus (TP). None of the Group 4 lakes exceeded the E. coli limit.   
 
The lake sites in Group 5 sites had excellent water quality, except for Lake Dunstan which recorded total 
phosphorus above the Schedule 15 limit. 
 



 
 

Macroinvertebrates (NPSFM 2020, Appendix 2B, Tables 14 and 15)  

Macroinvertebrates are important in streams and rivers because they aid ecosystem processes and provide 
food for fish and some birds. As macroinvertebrates have a relatively long lifespan, they are good indicators of 
environmental conditions over a prolonged period.  
 
Macroinvertebrates are included in the NPSFM 2020 as attributes requiring an action plan (NPSFM 2020, 
Appendix 2B, Tables 14-15). The NPSFM has attribute states for Macroinvertebrate Community Index (MCI) 
score; Quantitative Macroinvertebrate Community Index (QMCI) score and Macroinvertebrate Average Score 
Per Metric (ASPM).  ORC has traditionally monitored SQMCI.  
 
NPSFM 2020 macroinvertebrate attribute bands are shown in Table 9 and macroinvertebrate results are 
shown in Table 10. 
 
Macroinvertebrate Community Index (MCI): The MCI is based on the tolerance or sensitivity of species (taxa) 
to organic pollution and nutrient enrichment. For example, mayflies, stoneflies and caddis flies are generally 
sensitive to pollution. They are only abundant in clean and healthy streams, whereas worms and snails are 
more tolerant and found in polluted streams. Most benthic invertebrate taxa have been assigned a tolerance 
value ranging from 1 (very tolerant) to 10 (very sensitive). Higher MCI scores indicate better stream conditions 
at the sampled site. Table 11 shows that MCI scores were highest at the Dart, Blackcleugh Burn and Arrow 
River and lowest in the Kaikorai Stream, Oamaru Creek and Waipahi at Waipahi. 
 
Semi-Quantitative Macroinvertebrate Community Index (QMCI): A more cost-effective variant of the QMCI is 
called the Semi-Quantitative Macroinvertebrate Community Index, or SQMCI (Stark 1998). The SQMCI uses a 
five-point scale of coded abundances (i.e., Rare, Common, Abundant, Very Abundant, Very Very Abundant). 
This index produces values very similar to the QMCI. The SQMCI uses the same tolerance scores as the MCI 
but uses the relative abundance of macroinvertebrates to determine an index of stream health. The SQMCI is 
considered more sensitive to subtle changes in water quality and stream health because it shows changes in 
the relative proportions of different species rather than the presence or absence. SQMCI scores range from 0 
to 10.  Table 11 shows that SQMCI scores were highest at 12 Mile Creek, Manuherekia at Galloway and the 
Dart River and lowest in the Kaikorai Stream, Kakanui River at McCones and the Silverstream. 
 
Average Score Per Metric (ASPM): The ASPM index aggregates three other metrics that are averaged to 
indicate stream health. The component metrics are the MCI, the richness of Ephemeroptera, Plecoptera and 
Trichoptera (EPT taxa) and %EPT abundance.  Table 11 shows that ASPM scores were highest in Dunstan Creek, 
Manuherekia at Galloway and the Arrow River and lowest in the Kaikorai Stream, Oamaru Creek and Silver 
Stream. 
 
 

 

 
Smooth Cased Caddis - Olinga caddis larve construct 
smooth mobile cases that lack sand grains 
Figure 4 Common Invertebrates 
(https://www.landcareresearch.co.nz) 
 

 
Deleatidium Mayfly. Single, leaf-like gills.  

 

 



Macroinvertebrate results 
 
Table 9: Macroinvertebrate  NPSFM 2020, Appendix 2B, Table 14/15 
 

 
 
Table 10: Median macroinvertebrate results, taken from five years of monitoring between 2016 to 2021. 
Results at sites marked with an ‘*’ are interim as they have been monitored for less than five years. 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Periphyton (Chlorophyll a) (NPSFM 2020, Appendix 2A, Table 2)  

Chlorophyll-a (Chla) is a common method for estimating stream periphyton biomass because all types of algae 
contain Chla, this metric reflects the total amount of live algae in a sample. The trophic state of a water body is 
the amount of living material (biomass) that it supports. The NPSFM 2020 specifies attributes for trophic state 
based periphyton biomass in rivers (Table 11). Chla is the measure of biomass that the NOF periphyton 
attributes are based on, and the results are shown in Table 12.  

 
The periphyton monitoring programme includes 34 sites sampled monthly between February 2019 and June 
2021. Periphyton sampling was undertaken with one composite sample collected from each site. Samples 
were collected using the Quantitative Method 1b (QM-1b) described by the Ministry for the Environment 
(Biggs and Kilroy 2000). A stone was randomly chosen at 20 points from each site, and a predetermined area 
of the stone surface was scrubbed with a small brush into a tray and rinsed with river water. The scrubbings 
from the 20 stones were pooled and transferred to a sample container using river water. The total chlorophyll 
a was calculated using a standard formula (Biggs and Kilroy, 2000) and scaled to the number of milligrams of 
chlorophyll a per m2 of the stream bed. 
 
The 28 months of monitoring falls short of the 3 years required by the NPSFM. The results presented in Table 
13 are therefore interim. Of the sites monitored, 16 sites had negligible nutrient enrichment and met the A 
band requirements, ten sites had low nutrient enrichment and were band B, three sites had moderate 
nutrient enrichment and met were band C, and five sites fell below the national bottom line with 8% of 
samples exceeding 200 mg chl-a/m2 reflecting high nutrient enrichment. 
 
 
 

 
Figure 5 Scrubbed stones – Kakanui at McCones 
 
 
 
 
 
 
 
 
 



 

 
 

Periphyton (Chlorophyll a) results 
 
Table 11: Periphyton trophic state NPSFM 2020, Appendix 2A, Table 2  

 
 
Table 12: Attribute bands for Periphyton, based on chlorophyll a average score (mg per m2) at each site for 
months monitored between February 2019 and June 2021  

 



 

Phytoplankton (Chlorophyll a) (NPSFM 2020, Appendix 2A, Table 1)  

Phytoplankton is a key limnological variable for measurement because it represents a large proportion of the 
total energy available to the food webs of many lakes. Chlorophyll a concentration in the water is a measure 
of phytoplankton biomass and can be a robust indicator of nutrient enrichment. The NPSFM 2020 specifies 
attributes for trophic state based phytoplankton biomass in lakes (Table 13). Chla is the measure of biomass 
that the NOF periphyton attributes are based on, and the results are shown in Table 14.  
 
 
Phytoplankton is monitored monthly as part of ORC’s lake monitoring programme. The results are presented 
in Table 15. Of the sites monitored, nine had negligible nutrient enrichment and met the A band requirements, 
Lake Hayes met the ‘C’ band for the annual median value, but was below the national bottom line for the 
annual maximum value, indicating that the lake ecological communities have undergone or are at high risk of a 
regime shift to a persistent, degraded state, due to impacts of elevated nutrients leading to excessive algal 
and/or plant growth, as well as from losing oxygen in bottom waters of deep lakes. Both Lake Waihola and 
Lake Tuakitoto met the ‘B’ band for the annual median chlorophyll a value and the ‘C’ band for the annual 
maximum chlorophyll a value. 

 
Phytoplankton (Chlorophyll a) results 
 
Table 13: Phytoplankton trophic state NPSFM 2020, Appendix 2A, Table 1  

 
 
Table 14: Attribute bands for Phytoplankton, based on chlorophyll a average score (mg per m2) at each site  

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11: Percent sediment cover results 2021 – 2022 
 
 
 
 
 
 
 
 
 
 

Deposited Sediment (NPSFM 2020, Appendix 2B, Table 16) 
 
Excess sediment directly affects the health of a waterway, decreasing its mauri or life-supporting capacity. 
Deposited fine sediment occurs naturally in the beds of rivers and streams. It usually enters a stream because 
of terrestrial weathering processes or bank erosion and in-stream fluvial processes. Because sediment is 
naturally transported longitudinally through a river network, its state at any given point will be influenced by 
climate, geology, topography, and current velocity. Human activities can affect this natural sediment cycle by 
accelerating sediment delivery to streams and increasing the quantity of smaller particle sizes. The effect of 
excess in-stream sedimentation is recognised as a major impact of changing land use on river health. In 
particular, sediment alters the physical habitat by clogging interstitial spaces used as refugia by benthic 
invertebrates and fish, altering food resources, and removing sites used for egg-laying. As such, sediment can 
affect the diversity and composition of biotic communities. Excess sediment can also affect the aesthetic 
appeal of rivers and streams for human recreation. 
 
The sediment cover assessment programme comprised 35 sites sampled monthly. The indicator score is the 
percentage cover of the streambed in a run habitat determined by the instream visual method, SAM2, as 
defined in Clapcott et al., 2011.  
 
The NPSFM 2020 specifies attributes for deposited fine sediment (Table 15). The 24 months of monitoring falls 
short of the five years required by the NPSFM. The results presented in Table 16 are therefore interim. Each 
site was graded according to its median score over 24 months and its deposited sediment class (NPSFM, 2020 
Table 24).  
 
All sites obtained an A grade, other than the Matukituki River (C grade), the Tahakopa River (B grade), the 
Waitahuna River (B grade) and the Waipahi River at Waipahi (B grade) 
 

 
Figure 6. Real examples of percent cover of sediment on the streambed as seen through an underwater 
viewer and examples of percent cover of sediment on the streambed as seen through an underwater viewer 
(Clapcott et.at., 2011) 

 



Deposited sediment results 
 
Table 15: Deposited fine sediment NPSFM 2020, Appendix 2B, Table 16 

  
Table 16: Deposited sediment median result and interim grade at each site, for months monitored between 
July 2019 and June 2021.  

 
 

 



 

Ecological Processes (NPSFM 2020, Appendix 2B, Table 21) 
 
The NPS-FM 2020 introduced ecosystem metabolism (gross primary production and ecosystem respiration) as 
an action-planning attribute to assess the ecological processes component of the compulsory ecosystem 
health value in rivers. To measure ecosystem metabolism, the NPS-FM requires the deployment of a logger to 
continuously record dissolved oxygen and temperature for at least 7 days during the summer period. In the 
ecosystem health framework (Clapcott et al., 2018), alternative measures of ecological processes are 
recommended, including a cotton strip assay (CSA). The CSA provides an estimate of organic matter processing 
and is less resource intensive to measure than ecosystem metabolism. However, the same as for ecosystem 
metabolism, there are currently no national guideline values (within the NPS-FM) for assessing ecological 
processes using this method. Cawthron explored the development of attribute bands for ORC to support the 
application of the CSA as an alternative action planning attribute (Wagenhoff et al., 2020), the attribute bands 
are shown in Table 17. 
 
Otago Regional Council initially deployed strips in February 2020, but because strips could not be retrieved 
due to Covid-19 restrictions, no data was generated. The assay was repeated in May–June 2020, when cotton 
strips were deployed for an average of 28 days at 34 sites. The 34 sites were spread across the FMUs. 
 
Results are shown in Table 18. Of the 34 sites, three sites achieved an A band (Motatapu River, Silverstream 
and Waianakarua River), five sites a B band (Bullock Creek, Cardrona River, Dunstan Creek, Manuherekia at 
Blackstone Hill and The Neck Creek), ten sites a C band and the remaining sites were below the national 
bottom line, achieving a D band. 
 

 
Figure 7. Cotton strip deployment, Tahakopa River, Catlins 
 

 



Ecological processes results 
 
Table 17 Interim organic matter processing attribute table for regional and national application. 

 
 
 
Table 18 Percent cotton tensile strength loss per degree day (%CTSL dd -1) May-June 2020. 
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