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Background 

The Otago Regional Council (ORC) is responsible for managing Otago’s surface-water resources and 

carries out regular ecological assessments, as part of its State of Environment (SoE) programme. This 

report card is a snapshot of biomonitoring undertaken between July 2017 and June 2022.  The last 

report card can be found here https://www.orc.govt.nz/media/12479/wq-soe-report-card-2016-

2021.pdf. 

Each site that has been monitored for submerged plants, fish index of biotic integrity (Fish-IBI), 

macroinvertebrates, deposited sediment, or ecological processes has been graded according to the 

relevant attribute table and calculation guidance in Appendix 2 of the NPS-FM (National Policy 

Statement Freshwater Management) (Table 1). A habitat assessment has also been included, although 

this attribute is not an NPS-FM attribute.  

Each table in Appendix 2 of the NPS-FM 2020 defines the ranges for numeric attribute states as four 

attribute bands, designated A to D. The attribute bands represent a graduated range of support for 

environmental values from high (A band) to low (D band). For most attributes, the D band represents 

an unacceptable condition (with the threshold between the C and the D band being referred to as the 

‘bottom line’). 

Table 1. Details of the NPS-FM attributes used to grade the state of the river and lake monitoring 

sites. 

NPS-FM Reference – NOF 
Attribute 

Water 
body 
type 

Calculation guidance 
Numeric attribute state 

description 
Units 

A2B; Table 11 -Submerged 
plants (natives) 

Lakes 
State calculated once 
every three years 

% of maximum potential 
score 

% 

A2B; Table 12 -Submerged 
plants (invasive) 

Lakes 
State calculated once 
every three years 

% of maximum potential 
score 

% 

A2B; Table 13 - 
Fish Index of Biotic Integrity 

Rivers 
State calculated as 5-
year average 

Average score - 

A2B; Table 14 - 
Macroinvertebrates 

Rivers 
State calculated as 5-
year median 

MCI score  - 

A2B; Table 15 - 
Macroinvertebrates 

Rivers 
State calculated as 5-
year median 

ASPM score  - 

A2B; Table 16 –  
Deposited Sediment 

Rivers 
Median of 5 years of at 
least monthly samples 
(at least 60 samples) 

% fine sediment cover % 

A2B; Table 21 –  
Ecosystem metabolism 

Rivers Annual median 
% cotton tensile strength loss 
per degree day (%CTSL dd-1) 

% 
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Figure 1: Otago region showing Freshwater Management Units and biomonitoring sites.  
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Submerged Plants- Lakes 

The lake submerged plant indicator (Lake SPI) index assesses the presence (or absence) and density of 
native and invasive plants on the lakebed. Lake SPI is an indicator for lake productivity, ecosystem 
health and changes to the ecosystem since the last assessment. Due to the large variety of lakes, the 
Lake SPI index is expressed as a percentage of a lake’s maximum scoring potential, which is defined 
by several parameters, including lake depth and lake type. Submerged plants are identified and 
counted, and the total areal cover is calculated. This work is repeated every 3 years, the latest 
assessment was completed in 2020/2021 (Figure 2), and the next one is planned for summer 
2023/2024. The NPS-FM gives two attribute tables to assess the state of Lake SPI, one for native plants 
and one for invasive plants (Tables 2 and 3). Both attributes need to be examined to infer the lake’s 
ecological state. 

Table 2: Submerged native plant indicator score (%) attribute bands – NPS-FM Table 11. 

 

Table 3: Submerged native plant indicator score (%) attribute bands – NPS-FM Table 12. 
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Figure 2: Lake SPI scores (2020) according to NPSF Attribute Tables 11 and 12.  
 

• Lakes Wanaka, Hawea and Wakatipu show healthy native plant communities but are slightly 
impacted by invasive plants. An increase in nutrient loads, or further introduction of invasive plants 
will further affect the amenity value of these lakes. 

• Lake Hayes is moderately impacted by the absence of native plants and the presence of invasive 
plants.  

• Lakes Dunstan and Onslow are both in high ecological condition for native plants. However, Lake 
Dunstan is moderately impacted by invasive plants, which must be managed carefully. 

• Lagarosiphon is present in Lakes Dunstan and Roxburgh and parts of Lake Wanaka. LINZ aerial or 
boat-based aquatic weed spraying helps control the spread. Isolated, individual Lagarosiphon 
plants are regularly removed from Frankton Arm in Lake Wakatipu, which is thought to be a result 
of weed transfer by boats from other waterways in the region. 

• The next submerged plant survey is planned for summer 2023/2024. 
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Fish 

New Zealand’s freshwater environments support more than 50 known native fish species (Dunn et al., 
2018). There is a high degree of endemism, with 92 per cent of New Zealand’s named native fish 
species found nowhere else in the world (Joy and Death, 2013). New Zealand’s native freshwater fish 
species have several unusual characteristics: most are small, benthic, largely nocturnal, and more than 
half are diadromous (saline tolerant), moving between the sea and freshwater habitats during their 
lifecycle (Joy and Death, 2013).  

Freshwater fish are an important component of freshwater ecosystems and a valued resource for 
Māori and recreational fishers. The community of fish species found at a site can be affected by 
changes in catchment land cover and land use, in-stream habitat, fish passages (routes for moving up 
and down waterways), pests, and contaminants. The fish index of biotic integrity (IBI) measures the 
condition of fish communities at a particular site.  

Healthy ecosystems depend on and are characterized by a healthy and diverse fish population. Fish 
are the major consumers of algae and are important for the function of freshwater food webs. Further, 
healthy fish communities benefit a river’s cultural health and mana, and Māori depend on taonga 
species like tuna for mahinga kai. 

The NPS-FM describes the Fish Index of Biotic Integrity (F-IBI) attribute states in Appendix 2, Table 13. 
Fish-IBI results (2017-2022) are shown in Figure 3. 

Table 4: Fish Index of Biotic Integrity attribute bands – NPS-FM, Table 13. 
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Figure 3: Fish IBI results from 2017 to 2022 (5-year median), NPS-FM Table 13. 

• Fish IBI scores are generally in the ‘A’ or ‘B’ bands, reflecting the high to moderate integrity of the 
fish community. There may be some reduced habitat or impediments to migration. 

• Of the Dunstan Rohe tributaries, the Lindis is noticeable in having lower Fish IBI scores, and Luggate 
Creek (Figure 4) is the only site monitored that has a Fish IBI below the national bottom line. 

• Fish IBI is generally impaired by physical structures that limit upstream migration, such as dams. 

• Usually, streams further from the coast are expected to have lower species richness than sites 
closer to the coast. This is due to diadromous fish migrating between freshwater and the ocean, 
but also because human activities, such as stream bed alterations, can prevent the upstream 
migration of fish. 

  

Figure 4: Luggate Creek and Cardrona River at Mt Barker  
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Macroinvertebrates  
 

Macroinvertebrates are animals that lack a backbone and are large enough to see with the naked eye. 
Examples of macroinvertebrate species in Otago include freshwater crayfish (Kōura) and mayfly 
larvae. Macroinvertebrates can be used as water quality indicators because different species have 
different pollution tolerances. The presence or absence of species can indicate nutrient levels or 
toxicants in the water (Stark, 2007, Shearer, 2015). However, macroinvertebrates can be affected by 
factors other than water quality, such as habitat type (Stark, 2007) 

The NPS-FM gives two attribute tables (NPS-FM, Tables 14 and 15) to assess the state of 
macroinvertebrates, one for Macroinvertebrate Community Index (MCI) and the other for Average 
Score Per Metric (ASPM) (Table 5). A description of both metrics is given below.  

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 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.  

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 5: Macroinvertebrate Community Index (MCI) and Average Score per Metric (ASPM) (NPS-FM 
Tables 14 and 15). 
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Figure 5: Macroinvertebrate results from 2017 to 2022 (5-year median). NPS-FM Tables 14 and 15. 
Site names for the Clutha Mata/Au FMU are given in Table 7 
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• Only the Upper Shag River achieves the A-band for MCI, and no sites achieve an ‘A’ band for ASPM.  

• Every FMU other than the Catlins has sites with MCI and ASPM scores below the national bottom 
line. 

• Sites in the lower catchment tend to show lower MCI and ASPM scores, with many sites achieving 
an attribute band of ‘D’ (below the national bottom line). These sites tend to be the most affected 
by anthropogenic activities, including loss of habitat quality, departure from natural flow regimes 
and degraded water quality. 

• Cawthron (Wagenhoff, 2021) looked at Otago-specific factors that control species distribution and 
developed interim Otago-specific attribute bands for MCI based on the River Environment 
Classification (REC), (Snelder et al. 2010). While the national bottom line remains at MCI 90, the ‘A’ 
band drops from 130 to 120, the ‘B’ band from 110 to 105 

• If the interim attribute bands were adopted, three additional sites would achieve an ‘A’ grade 
(Dundas Creek at Millers Flat, Blackcleugh Burn and the Dart at the Hillocks). 

Table 6: Site names and numbers for Figure 5. 
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Deposited Fine Sediment 

High amounts of sediment can smother benthic environments, influence fish community composition, 
act as a carrier of nutrients and affect the aesthetic appeal of rivers (Jones, 2012, Walling, 2008, 
Clapcott, 2011). Deposited fine sediment occurs naturally in the beds of rivers and streams. It usually 
enters a stream because of terrestrial weathering 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.  

Deposited sediment is generally classified by sediment particle sizes >0.0625 mm. However, the 
particle size of deposited sediment is strongly influenced by stream bed morphology and flow velocity. 
For example, higher velocity can transport larger particles.  

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. 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. 

Deposited sediment is scored as a percentage cover of the streambed, and the numeric attribute 
states are shown in Table 7. 

The national bottom line is different for each sediment class, ranging between 21% to 29% of 
deposited sediment cover of the streambed. Deposited sediment classes are described in the NPS-FM, 
Appendix C, Tables 24 and 26. Figure 6 shows RHA results from 2017-2022. 

 

Table 7: Deposited sediment attribute bands - NPS-FM, Table 16. 
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Figure 6: Deposited fine sediment from 2017 to 2022 (5-year median). NPS-FM Attribute Table 16. 

• All but one site attains attribute band ‘A’, described by the NPS-FM as ‘close to reference 
condition’. 

• The only site that does not achieve the A-band for deposited sediment is Matukituki at West 
Wanaka Station (Upper Lakes Rohe), which has a B-band (Figure 8). 

 

Ecosystem metabolism 

Ecosystem metabolism (gross primary production and ecosystem respiration) assesses the ecological 
processes component of the compulsory ecosystem health value in rivers. Ecosystem metabolism 
indicates gross primary production (GPP) during summer and assesses an ecosystem’s primary 
productivity and respiration. Higher ecosystem respiration and higher GPP indicate nutrient-enriched 
conditions. Ecosystem metabolism is strongly influenced by land-use near the sampling site.  

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, 2018), alternative measures of ecological processes are 
discussed, including cotton strip assays (CSA). The CSA estimates organic matter processing and is less 
resource intensive to measure than ecosystem metabolism. However, as for ecosystem metabolism, 
no national guideline values exist (within the NPS-FM) for assessing ecological processes using this 
method. 



12 
 

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 draft attribute bands are given 
in Table 8, and CSA results 2020-2022 are shown in Figure 7. 

 

Table 8: Otago specific draft cotton strip attribute bands, developed by Cawthron (Wagenhoff, 2023) 

 
 

 

Figure 7: Ecosystem metabolism from 2017 to 2022 (5-year median). NPS-FM Table 21. 
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• The Upper Clutha sites achieve either the ‘A’ or ‘B’ band, similar to natural reference conditions. 

• Only the Blackcleugh Burn at Rongahere Road (Lower Clutha Rohe) falls below the national bottom 
line. This site is close to reference (Figure 8) 

• Sites achieving ‘C’ bands are mostly in areas of high productivity (Waipahi, Figure 10)  

• Sites along the coast achieve either ‘A’ and ‘B’ bands, other than Oamaru Creek. 

• Factors that negatively influence ecosystem respiration include temperature and nutrient 
concentration, as both parameters lead to higher productivity in freshwater. 

 

Habitat 

The physical character of a stream determines the quality and quantity of habitat available to 

biological organisms and the stream’s aesthetic and amenity values. Physical habitat is the living space 

for all in-stream flora and fauna, it is spatially and temporally dynamic, and its condition and 

characteristics set the background for any assessment of the health of a waterway. Aquatic life is 

dependent on various features of stream habitats and riparian areas. Knowing what types of habitats 

are present, in what amounts and how these habitats might change over time helps understand 

overall stream health.  

Stream habitat assessments were undertaken at each site according to the National Rapid Habitat 

Assessment Protocol Development for Streams and Rivers (Clapcott 2015). Appendix 1 shows the ten 

parameters covered and how each parameter is scored.  

Rapid habitat assessment (RHA) scores are reported for 2021-2022 and give information about habitat 
properties at a particular site and consider factors such as deposited sediment, stream width and bank 
vegetation.  

Each attribute is assigned a value between 1 and 10, where 10 represents the best conditions for the 
given habitat type. The sum of all attribute values is allocated to an ‘A’, ‘B’, ‘C’ or ‘D’ band intended to 
reflect the NPS-FM scoring system. Note that the NPS-FM does not provide an attribute table for 
habitat. The A-band (RHA >75) represents near to natural rivers with little deposited sediment, high 
habitat heterogeneity and diverse bank vegetation. The B- (RHA 50-75) and C-band (RHA 25-50) reflect 
degrading conditions from a natural state. The ORC RHA attribute bands are shown in Table 9. 

Table 9: Developed attribute table for RHA scores reflecting NPS-FM attribute band grades. 
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Figure 8:  Matutituki River at West Wanaka Station and Blackcleugh Burn at Rongahere Rd 

 

Figure 9: Rapid Habitat Assessment (2017 to 2022) graded to reflect NPS-FM attribute bands. 

 

• No site in the Otago region has RHA values below 39 (C-band). Sites in the North and in higher 
altitudes generally show the A-band. 

• Sites in lower altitude regions where anthropogenic pressures increase, and channel morphology 
is often strongly altered, show the B- and C-band. 

• Lower RHA scores are often linked to streambed alteration, channelling, lack of riparian 
vegetation and bank erosion intensity (Clapcott, 2015) 
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Figure 10: Manuherekia River at Blackstone and Waipahi River at Waipahi 
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Appendix 1 - Stream Habitat Assessment 

Stream habitat assessments were undertaken at each site according to the National Rapid Habitat 

Assessment Protocol Development for Streams and Rivers (Clapcott 2015). Table A1 shows how the 

assessment covers ten parameters, and how each parameter is scored.  

Table A1. The habitat quality score matrix 

 

 

 


