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Technical review of work undertaken to 
inform nutrient reduction requirements to 
achieve freshwater objectives in Southland 
catchments 
 

The document therein is a technical review undertaken in response to the reports: 

Snelder, T (2020). Assessment of Nutrient Load Reductions to Achieve Freshwater 
Objectives in the Rivers, Lakes and Estuaries of Southland. To inform the Southland 
Regional Forum process. LWP Client Report Number: 2020-13. 
 
Plew, D (2020). Models for evaluating impacts of nutrient and sediment loads to 
Southland Estuaries: To inform the Southland Regional Forum Process. Prepared for 
Environment Southland.  

 
DairyNZ wishes to acknowledge the significant investment Environment Southland and Te Ao Marama 
Incorporated have made in commissioning these reports and other reports to support the Regional 
Forum. We are also thankful for the opportunity to provide feedback on these reports.  
 
The commentary in this document represents our initial thinking and could evolve as more 
information and knowledge comes to hand.  
 
Our initial review of these documents has identified concerns with the methods and assumptions as 
well as how the results will be used. These include: 
 

• The use of measured periphyton biomass to validate regional exceedance of national 

periphyton nutrient criteria. i.e., if the model predicts a site is exceeded, but measured 

periphyton data is within the target state, the measured state should take precedent.  

• The application of periphyton nutrient criteria to lowland soft-bed streams. 

• Periphyton freshwater objective bands appear to have been inconsistently applied to stream 
classes. 

• There appear to be highly variable loads presented in these reports and other reports using 
similar methods.  
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Snelder (2020), presents predicted nitrogen (N) and phosphorus (P) load reductions required to 
achieve draft freshwater objectives (FWO) in rivers, lakes, and estuaries in the Southland region. The 
magnitude of predicted load reductions have been made for two scenarios of draft freshwater 
objectives [note: community FWO’s have yet to be agreed]: 
 

1. ‘Top of the envelope’ (ToE) is the highest quality objectives (i.e., reflecting natural state) 
2. ‘Bottom of the envelope’ (BoE) is the draft minimum FWOs developed by Environment 

Southland to date. 
 
Predicted load reduction from Snelder (2020) are summarised in Table 1. 
 
Table 1: Predicted Total N (TN) and Total P (TP) load reductions required (Snelder, 2020). 
 

FWO TN load reduction 
(tonnes yr-1) 

TP load reduction 
(tonnes yr-1) 

% TN 
reduction 

% TP 
reduction 

Top of the 
envelope 

10,900 300 91 69 

Bottom of 
the envelope 

7,700 170 64 40 

 
 
Key concerns identified, by DairyNZ, with regards to the afore mentioned report and predicted load 
reductions are presented in Table 2, and discussed in full in this technical review document (Appendix 
1, February 2021) 
 
DairyNZ requests the opportunity to be involved or interviewed as part of any independent review. 
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Table 2: Key concerns regarding the approach in Snelder (2020) comprising the issue, its impact, and a recommended new approach.  
 

Concern The issue Its impact Recommended new approach 

Inconsistencies in 
approach compared 
with other comparable 
load reduction studies. 
 
Variability in estimated 
nutrient load 
reductions across 
multiple studies. 
 
 

Reductions suggested in Snelder (2020) 
are significantly larger than load 
reductions reported in comparable 
‘national-scale’ studies that utilised 
similar methodologies. For example, 
Snelder et al. (2020b) reported a TN 
load reduction of 20% (4-33%) to meet 
national bottom-lines in the Southland 
region. By contrast, Snelder (2020), 
reports a 2.5-times larger TN load 
reduction to achieve a similar 
endpoint. 
 
 

TN BoE load reductions estimated by the 
current approach are 2.5-times more 
stringent than all other comparable 
studies (e.g., Snelder et al. 2020b). 

Current analysis needs to be undertaken 
with the objective of quantitively 
reconciling the differences in TN load 
reductions estimated by the current 
work for Southland and those reported 
previously by Snelder et al. (2020) and 
MfE (2019 and 2020). 

Quantifying the levels 
of uncertainty in the 
proposed nutrient 
reductions. 

Despite acknowledgement of 
considerable amount of uncertainty in 
the analyses, the reports do not 
attempt to quantify uncertainty. 

To clearly articulate the uncertainty in the 
load reductions, it is essential that the 
midpoint values are accompanied by 
estimates of the overall uncertainty (and 
hence confidence). For example, stating 
in a scientific report that a 64% reduction 
in TN load is required but the number is 
uncertain (but best science), conveys a 
very different message to saying we are 
confident that the load reduction in TN is 
somewhere in the range of between 13% 
and 100% given modelling uncertainties. 

An analysis of overall uncertainty in the 
nutrient load reductions should be 
undertaken.  
 
Maximise the use of 
measured/monitoring data to help 
mitigate the large uncertainties 
associated with stressor response 
relations (i.e., cause and effect), and 
provide greater confidence around 
compliance, and the reductions in 
nutrient to address non-compliance.  
 
Recommend that the analysis of 
uncertainties considers available 
monitored data. 
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ETI Tool 1 is a useful 
starting point for 
assessing nutrient 
limits in estuaries. The 
bands and trophic state 
thresholds are not 
national attributes, and 
at best, should only 
provide preliminary 
guidance around 
whether the system is 
over-allocated for 
nutrients.  

1) Oreti (New River) Estuary - 
application of phytoplankton TP 
criteria appears to be inconsistent with 
ETI Tool 1 guidance for estuaries with 
intertidal areas greater than 40%. 
 
 
 
 
 
 
 
 
 
2) Waituna Lagoon - measured data 
shows ‘lake phytoplankton’ FWO (BoE) 
are already being met. 
 
 
 
 
 
 
 
 
 
 
 
 
3) Toetoes Estuary - inappropriate use 
of macroalgal TN criteria to set 
catchment limits. 
 

Overall macroalgal susceptibility 
assessment of the Oreti Estuary should be 
based on macroalgal TN (not 
phytoplankton TN), which indicates a 29% 
reduction in current TN load. The 
phytoplankton assessment yields 
estimated TN and TP catchment load 
reductions of 55% and 75%, respectively. 
 
 
 
 
 
 
Based on measured data, the Waituna 
catchment is currently compliant with the 
estuarine phytoplankton FWO (BoE). 
 
 
 
 
 
 
 
 
 
 
 
 
This estuary does not conform with the 
macroalgal-potential TN regression line, 
and thus highlights the irrelevance of 
fitting a TN criterion from this 

Consistent with the ETI Tool 1 
guidelines, the phytoplankton 
assessment is not applicable for an 
estuary with a 64% intertidal area.  
Recommend analysis for the Oreti 
Estuary is recalculated using the TN load 
thresholds from the macroalgal EQR 
assessment, where the overall 
susceptibility based on macroalgal 
banding means that no TP load 
threshold is applicable to the Oreti 
Estuary and therefore this component 
should be removed. 
 
Redo the analysis for the Waituna 
Catchment replacing the estimated 
predicted phytoplankton concentration 
(74 mg/m3 chla) with measured values 
(13 to 19 mg/m3 chla). This will show 
that the Waituna catchment meets the 
‘Lake Phytoplankton’ FWO (Band B) set 
for the Waituna Lagoon. Note that this 
approach does not imply that nutrient 
reductions are not needed for the 
Waituna Lagoon, but that reductions 
should be informed by biological 
indicator monitoring, and not modelled 
phytoplankton concentrations. 
 
Reassess the Mataura catchment 
without estuarine macroalgal TN criteria 
on the assumption that there is unlikely 
to be alternative TN criteria that are 
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4) Aparima Estuary - lack of 
transparency on river loads and the 
calculation of band load thresholds. 
 

relationship to the Toetoes Estuary to 
define nutrient limits. 
 
 
 
 
 
 
 
 
Uncertainty around input concentrations 
has significant implications for calculating 
catchment load reductions and adds to 
concerns raised above on the general lack 
of quantifying uncertainty, despite the 
large implications of the reductions being 
proposed. 

relevant to the susceptibility of Toetoes 
estuary. With the nutrient controls 
applied to address periphyton, and 
other criteria applied to soft-bed 
stream, the nutrient loading to Toetoes 
estuary will reduce markedly. In the 
absence of an alternative criteria, this is 
likely to be the most pragmatic 
approach for the Mataura catchment. 
 
Transparency is required to provide the 
certainty that the ‘spreadsheet’ 
screening assessment of eutrophic 
susceptibility is using the best estimates 
of concentrations. Where estuarine 
nutrient targets are driving catchment 
load reductions, calculations and input 
data should be verified, and of course 
reconciled against measured data. For 
example, note that the predicted 
macroalgal EQR scores were significantly 
underpredicted for Toetoes (predicted = 
0, measured 0.45) and Aparima 
(predicted = 0, measured = 0.25) 
estuaries. 

Periphyton FWO bands 
for stream classes. 

Several attribute states appear 
inconsistent with other ecosystem 
health attributes and/or the hydrology 
of the stream class. This is the case for 
a) spring-fed, b) lake-fed, and c) Waiau 
– lake fed rivers.  

Potentially overly stringent periphyton 
thresholds (and hence TN targets, and 
load reductions) have been applied to the 
Waiau mainstem and smaller areas within 
the Mataura and Oreti catchments. 

Consider revising the periphyton FWO 
for these river classes as appropriate. If 
the A-band is retained for the lake-fed 
class, special consideration should be 
given to the mainstem Waiau to relax 
the periphyton FWO to reflect that it is a 
hydrologically disturbed system, and the 
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degree to which the middle-to-lower 
reaches have lake-fed characteristics. 

Application of 
periphyton nutrient 
criteria to lowland soft-
bed (LLSB) streams. 

The application of periphyton nutrient 
‘lookup’ criteria to LLSB streams 
classification is inconsistent with the 
NPS-FM periphyton attribute and 
receiving water quality standards in 
the proposed Southland Regional 
Water and Land Plan. Applying the 
periphyton nutrient criteria to streams 
classified as not being able to support 
excessive periphyton growths 
approach is inconsistent with other 
studies (and the NPS-FM).  

The incorrect practice of assigning 
periphyton TN criteria to LLSB has 
resulted in over 4,600 km streams being 
categorised as ‘over-allocated’ with 
regards to N. This corresponds to 27% of 
the total length of Southland streams 
(i.e., 17,100 km) exceeding periphyton TN 
criteria. 

Re-analyse without applying periphyton 
TN criteria to streams/rivers classified as 
“LLSB”. In the absence of any other 
nutrient criteria, apply the relevant 
nitrate toxicity threshold to be 
consistent with other studies. Based on 
revisions to the nitrate toxicity attribute 
in the NPS-FM (2020), for lowland 
streams this would be 2.4 g/m3 of 
nitrate-N (i.e., the B/C band threshold). 

Use of ‘best available 
information’ (i.e., 
observed biomass) to 
validate regional 
exceedance of national 
periphyton nutrient 
criteria. 

Without a satisfactory regional 
periphyton relationship to inform the 
setting of nutrient criteria, and the 
high uncertainty of criteria derived 
from national models (i.e., MfE 2020), 
it is essential to utilise measured 
periphyton data. Measured periphyton 
data from Southland should be used to 
‘sense check’ the methodology that 
has been used to determine if a sub-
catchment complies with the 
periphyton FWO. 

Catchment nutrient reductions presented 
in Snelder (2020) are based on exclusively 
on ‘look-up tables’ and do not avail of the 
‘best information’ available from 
Southland’s monitoring data. 
 
For example, of the 30 Environment 
Southland monitoring sites with 
measured periphyton biomass, 27 
locations (90%) were meeting the BoE 
periphyton FWO.  
 
Large scale modelled exceedance of the 
periphyton criteria (20% risk) is 
contributing to the significant % 
reductions in TN across the Southland 
region. The assumption in Snelder (2020) 
that exceedance of the periphyton TN 
criteria means exceedance of the 

Greater value needs to be placed on 
measured/monitored periphyton 
biomass data. 
 
Redo the analysis, utilising measured 
periphyton data to determine whether 
locations (and hence stream reaches 
above that point) are over-allocated 
(please refer to Mataura catchment as 
worked example on page 19). 
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periphyton biomass FWO is problematic 
and is driving large over-estimations of 
the amount of TN load reductions 
required under the current approach. 

Periphyton nutrient 
criteria – choice of 
spatial exceedance 
criterion. 

Snelder (2020) used periphyton TN and 
TP criteria that have been derived with 
20% spatial exceedance criteria (MfE 
2020). If these criteria are to be used, 
then it is essential that the community 
be presented with a 30% periphyton 
‘risk’ option for consideration.  

Increasing the spatial exceedance 
periphyton TN nutrient criteria from 20% 
to 30% decreased the level of non-
compliance from 54% to 24% (9,500 km 
of stream length). When excluding 
streams classified as lowland soft-bed 
(LLSB), the length of non-compliant 
streams, using 30% spatial exceedance TN 
targets, further decreased to 18%. The 
key consideration is whether the TN 
criteria based on 30% spatial exceedance 
provides for the periphyton objectives 
being sought. 

Repeat the analysis using periphyton TN 
criteria corresponding to a 30% spatial 
exceedance. This should exclude LLSB 
stream classes. The assessment should 
be ‘validated’ using measured 
periphyton data from Southland’s 30 
representative monitoring sites. 

Poor predictive 
performance of MfE 
(2020) periphyton 
nutrient criteria. 

For a complex attribute like 
periphyton, the assessment of current 
state against FWO objectives should 
focus on measured rather than 
modelled data. 
 
Southland has 30 sites where 
periphyton is monitored. Guidance for 
using MfE (2020) periphyton nutrient 
criteria (i.e., ‘look-up tables’) states 
that only monitoring data can confirm 
exceedance of a periphyton biomass 
threshold.  
 
Load reductions suggested in Snelder 
(2020) need to be ‘ground-truthed’ to 

Disagree with the use of periphyton TN 
criteria to assess whether a site is non-
compliant with the periphyton FWO: 1) 
because the guidance around their use 
explicitly states that exceedance of the 
criteria does not mean exceedance of the 
biological (periphyton biomass) threshold; 
and 2) the model used to derive the 
periphyton nutrient criteria simply is not 
able to predict periphyton biomass in 
regional test datasets. Accordingly, how 
can the criteria be used to assess 
compliance with a biological response 
that science shows it cannot accurately 
predict. 

Do not use the national periphyton 
nutrient criteria – simply because they 
do not relate to measured periphyton 
biomass, and as such how can they be 
used to assess compliance.  
 
Consider repeating using the random 
forest periphyton model developed by 
Kilroy et al. (2019). 
 
Moving forward establish a periphyton 
monitoring network at ‘representative’ 
sites that it provides sufficient 
confidence to assess compliance with 
periphyton FWO across the region. 
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ensure the application of the national 
nutrient criteria is fit for purpose at the 
regional scale, given its questionable 
predictability in both the Manawatu-
Whanganui and Canterbury regions.  
 
Refer also to the ‘Mataura mainstem’ 
and ‘Aparima River at Thornbury’ 
examples. 
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Technical review of work undertaken to inform nutrient 
reduction requirements to achieve freshwater objectives in 
Southland catchments 
 
Dr. Craig Depree (author) 
Christophe Thiange (GIS and data analysis) 
 

 

1 Overview of approach and summary of key concerns 

 
To inform the Southland Region Forum Process, Environment Southland and Land Water 
People (LWP) have undertaken an assessment of nutrient load reductions required to 
achieve draft freshwater objectives (FWOs) in Southland rivers, lakes and estuaries (Snelder 
2020).1 This work comprised of setting up a water quality model, and then defining a set of 
nutrient criteria that corresponded to relevant nutrient-related freshwater objectives (FWO). 
The nutrient criteria used were: 
 

• Lakes – TN and TP trophic numeric attribute values from NPS-FM (2020)  

• Rivers – TN and DRP guideline values corresponding to a 20% spatial exceedance 
(MfE 2020)2  

• Estuaries - nutrient criteria related to macroalgal (TN) or phytoplankton (TN and TP) 
growth (Estuarine Trophic Index – ETI – Tool 1; refer to Plew 2020).3 

 
Current state concentrations (and loads) were then compared to concentrations (and loads) 
required to meet the freshwater objectives (FWOs). The gap between current state and 
required state (for each freshwater management unit FMU) defined the estimated extent of 
reductions required to achieve the FWO’s sought by communities.  
 
The report included two FWO scenarios: a top-of-the-envelope (all A-band,) and a bottom-of-
the-envelope (mix of A to C band attribute states). Applying the estimated thresholds (but 
without adequately considering measured compliance as observed through current state-of-
the-environment monitoring4), estimated load reductions for TN of between 64% (bottom) 
and 91% (top of envelope); and between 40% (bottom) and 69% (top) for TP.5  
 
The modelling showed that for the bottom-of-the-envelope (BoE) scenario, almost 79% of 
the reductions (by area) were driven by riverine TN criteria with the remainder being driven 
by nitrogen criteria for estuaries6 (approx. 21%).  
 
Although not part of the ‘decision envelope’ Snelder (2020) reported TN and TP load 
reductions of 49 and 23%, respectively, to meet a national bottom-line scenario (i.e. all C-

 
1 Snelder, T. (2020). Assessment of nutrient load reductions to achieve freshwater objective in the rivers, lakes 

and estuaries of Southland – to inform the Southland Regional Forum process. LWP Client report 2020-13. 77 p. 
2 Ministry for the Environment. 2020. Action for healthy waterways: Guidance on look-up tables for setting 

nutrient targets for periphyton. Wellington:Ministry for the Environment. 
3 Plew D. (2020). Models for evaluating impacts of nutrient and sediment loads to Southland estuaries- to inform 
the Southland Regional Forum process. NIWA report 2020216CH prepared for Environment Southland. 57 p. 
4 Specific examples include: 90% compliance of measured periphyton biomass at 30 representative sites across 
the Southland region which is summarized in the ‘gap report’ (Norton et al, 2019); and compliance of measured 
phytoplankton concentrations from long-term, monthly monitoring of Waituna Lagoon.  
5 For summary of top- and bottom-of-envelope scenarios, refer to Table 11 and Table 13 in Snelder (2020)1  
6 Snelder (2020)1 states 1% of TN reductions are driven by lake criteria, however, these appear to be coastal 
lakes where TN criteria (for phytoplankton) for estuaries have been used to determine maximum 
concentrations/loads (refer to Plew 2020)3 
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band). Of concern is that the reductions suggested through the current work appear to be 
significantly larger than load reductions reported in comparable ‘national-scale’ studies that 
utilised similar methodologies. For example, Snelder et al. 20207 reported a TN load 
reduction of 20% (4-33%)8 to meet national bottom-lines in the Southland region. By 
contrast, Snelder 2020 reports a 2.5-times larger TN load reduction to achieve a similar 
endpoint.  I discuss this issue further in section 2.1.  
 
The NPS-FM (2020) directs councils to use the best information9. This means using 
information with the greatest level of certainty and taking all practicable steps to reduce 
uncertainty. My interpretation of this requirement is to maximise the use of monitored data to 
validate (and ‘sense check’) modelled data / use of nutrient criteria. It is my assessment that 
the load reductions suggested through the current modelling approach does not fulfil this 
requirement for informing limit setting in Southland. Furthermore, the work relies exclusively 
on the use of national-scale nutrient criteria, which are known to have high uncertainty. This 
uncertainty continues to increase, and confidence decrease, when moving from national-
scale to regional-scale and again to FMU/catchment-scale. So, uncertainty is greatest at the 
scale where it is necessary to define resource use limits. This emphasises the need to 
maximise use of monitored data to reduce uncertainty.  
 

1.1 Review approach 

The current approach considered top- and bottom-of-the-envelope FWO scenarios, 
however, for brevity and greater relevance for the limit-setting process (i.e., for managing 
water quality in developed catchments), I have focussed exclusively on the bottom-of-the-
envelope (BoE) scenario.  
 
In the next sections I outline key concerns with current approach and where possible, make 
recommendations/suggestion for how these could be addressed. I have outlined my 
thoughts and response under the following headings: 
  

• General comments;  

• Estuaries; 

• Rivers and Periphyton. 
 
For each subtopic, I consider the issue; its impact; and recommended approach. 
 
My review represents an effort to improve the robustness of the approach taken. I 
acknowledge the effort that has been invested in defining resource use limits in 
developed/productive catchments and the complexity required to solve these challenges. I 
respect the technical expertise and intent of the authors and am appreciative of the 
opportunity to review and provide technical peer-critique of their work.  
 
 

 
7 Snelder T, Whitehead A, Fraser C, Larned S & Schallenberg M. (2020b): Nitrogen loads to New Zealand 
aquatic receiving environments: comparison with regulatory criteria, New Zealand Journal of Marine and 
Freshwater Research, DOI 10.1080/00288330.2020.1758168. Refer to Table 2 (p. 17). 
8 4% and 33% are the respective lower and upper 95% confidence limits for TN load reduction. 
9 Section 1.6 “Best Information” (p.8) in the NPS-FM (2020). 
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2 General comments (not specifically relating to a receiving 
environment) 

2.1 Inconsistencies in approach with other comparable load reduction 
studies 

2.1.1 Issue 

As part of the Governments freshwater reforms, there have been a number of recent 
national studies that estimate excess nutrient loads of nutrients loads to meet national 
bottom-lines in the Southland region. These are summarised in Table 1.  
 
Table 1: Comparison of estimated TN load reductions to meet national bottom-line scenarios. BoE FWO scenario 

from Snelder (2020) is all included for context.   

Study 
reference 

scenario Total 
load   
(T/y) 

TN load 
(T/y) 

% load 
reduction 
required 

Notes 

Snelder (2020)1  
BoE (mix of 
A-C bands) 

12,027 7,682 64% Rivers/lake/estuaries; 20% risk 
TN criteria & applied to soft-bed 

Snelder (2020)1 
all bottom-

lines 
12,027 5,893 49% Rivers/lake/estuaries; 20% risk 

TN criteria & applied to soft-bed 

Snelder et al. 
(2020b)7  

All bottom-
lines 

22,000a 4,600 20% Rivers/lake/estuaries; nitrate-tox 
applied to soft-bed; 20% risk TN 

criteria 

Snelder et al. 
(2020b)7 

All bottom-
line 

22,000a 9,400 42% River/lakes/estuaries; nitrate-tox 
applied to soft-bed; 10% risk TN 

criteria 

MfE (2020b)10 
All bottom-

line 
26,690 3,677 14% Rivers & lakes; nitrate-tox applied 

to soft-bed; 20% risk TN criteria 

MfE (2019)11 
All-bottom-

lines 
24,200 3,977 16% Only rivers; nitrate-tox applied to 

soft-bed; 20% risk TN criteria 
a value only reported to 2 significant figures in Snelder et al. (2020). 

 
While these other studies do not all take the same approach, they do aim for the same 
outcomes. The difference in estimated load reductions in those studies, compared with the 
49% modelled through the current approach is of concern. The work most directly 
comparable is that of Snelder et al. (2020b), which considered estuaries, rivers and lakes, 
and estimated a TN load reduction for Southland of 21%. Interestingly, the 49% reduction 
determined by the current modelling is greater than the TN load reduction estimated by 
Snelder et al. (2020) using the more stringent 10% spatial exceedance TN values. On 
average, 10% spatial exceedance TN criteria are 2.2-times more stringent that the 
corresponding 20% spatial exceedance criteria. Accordingly, this is difficult to reconcile. 
 
While the studies in Table 1 differ in the types of receiving environments considered, this is 
unlikely to account for major differences observed given that river periphyton was 
responsible for most of the TN load reductions in the region. The other major difference was 
the way this work treated soft-bed rivers. It is my opinion that the current approach has 
incorrectly applied (in my opinion) periphyton TN criteria to streams that are generally will not 
support nuisance growths of periphyton.     
 

 
10 Ministry for the Environment. 2020b. Action for healthy waterways: Summary of modelling to inform 

environmental impact assessment of nutrient proposals. Wellington: Ministry for the Environment. Refer to Table 
2 (p. 15). 
11 Ministry for the Environment. 2019. Essential Freshwater: Impact of existing periphyton and 

proposed dissolved inorganic nitrogen bottom lines. Wellington: Ministry for the Environment. Refer to Table 2 (p. 
24). 
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Although I understand more emphasis should be placed on relative load reductions (cf., 
absolute), the absolute TN load for Southland of 12,027 t/y in the current study was 35-55% 
less than the other studies that reported catchment TN loads of 22,000-27,000 t/y.   
 
The proposed required nutrient load reductions in the current work are approximately 2.5-
times larger (e.g., 50% compared to 20%) for meeting the same bottom-line endpoint as the 
two other similar studies completed in 2019 and 2020. A failure to quantitatively account for 
the differences means there is risk that the reductions corresponding to the top- and bottom-
of-the-envelope FWO scenarios have been over-estimated by a similar margin.  
      

2.1.2 Impact 

That TN load reductions estimated by the current approach 1 are 2.5-times more stringent 
than all other comparable studies (e.g., Snelder et al. 2020b).7 

 

2.1.3 Recommendation 

I recommend that work needs to be undertaken with the objective of quantitively reconciling 
the differences in TN load reductions estimated by the current work for Southland and those 
reported by Snelder et al. (2020)7 and MfE (201911 and 202010).   
 

2.2 Quantifying the levels of uncertainty in the proposed nutrient 
reductions  

Note since writing this section, I have been informed that there was no budget for authors to 
estimate the overall uncertainty in the load reductions.  

2.2.1 Issue 

Despite acknowledgement of the considerable amount of uncertainty in the analyses, the 
reports do not attempt to quantify uncertainty. This applies to the water quality modelling 
report (authors reference) and the contaminant load reductions, which is, in-turn, reliant on 
uncertainties associated with periphyton and estuarine nutrient criteria. In the case of the 
water quality modelling report (Cox et al. 2020),12 the authors state that a formal analysis of 
model uncertainty was “beyond the scope of the study”.  
 
Wilson and Norton (2020)13 correctly state that one of the biggest sources of overall 
uncertainty is complexity in understanding “cause and effect” relationships between nutrients 
and the attributes used to express freshwater objectives. Despite this high amount of 
uncertainty, those authors acknowledge that no overall uncertainty in the load reduction 
estimates has been quantified in the current work.  
 
The only insight as to the possible magnitude of uncertainty comes from the similar national 
scale load reduction work undertaken by Snelder et al. (2020).7 There they estimated that to 
meet a bottom-line scenario (refer to Table 1) a regional TN load reduction of 20% with lower 
and upper 95% confidence intervals of 4% and 33% respectively. Wilson and Norton (2020) 
state that they would expect “similar proportional confidence interval to apply around the TN 
reductions” in the estimates presented in Snelder (2020). 
 
As discussed in 2.1, it is interesting that Wilson and Norton (2020) did not comment on the 
variance between the 20% value in Snelder et al (2020) and the 49% reduction proposed in 
the regional limit setting work (Snelder 2020). Taking the same approach and applying a 

 
12 Cox T., Kerr T., Snelder T., Rodway E., Wilson K. (2020). Southland region catchment nutrient models – 

supporting the Southland Regional Forum process. LWP Client Report 2020-18. 50 p. 
13 Wilson K., Norton N. (2020). Key early messages from contaminant loads modelling for ES executive. 9th 

September, 2020 (6 p.). 
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similar proportion confidence interval to the current approach (49% (bottom-line scenario)), 
equates to lower and upper confidence intervals of 10% and 81%, respectively14. 
Alternatively, the authors may mean corresponding 32 and 62% confidence interval. 
Assuming the former, then applying this proportional estimate to the BoE scenario (midpoint 
of 64%), the estimated lower and upper confidence intervals would be 13% and 100%, 
respectively. If applied to the top-of-the-envelope (ToE) scenario (midpoint 91%), the 
estimated lower and upper confidence intervals would be 18% and 100. If this is what the 
authors mean by similar proportional confidence intervals, then ‘uncertainty’ would seem to 
limit the ability to have transparent discussions on catchment limits and FWO scenarios. 
Furthermore, can a community make informed decisions around limit setting if BoE requires 
a reduction of 13 to 100%, and ToE requires reductions of 18 to 100%. 
 
In addition, Wilson and Norton (2020) inadvertently imply that TN reductions have high 
certainty because the TN water quality model shows good performance (Table 2). Just 
because the major source of uncertainty relates to pressure-response relationships the good 
fit does not mean that the TN load reductions are any more certain than the other 
contaminant pressures. Given the complexity of the topic, this summation is misleading for 
decision makers/communities, as it implies that the ‘midpoints’ for TN reductions have very 
good certainty – this is not the case.  
 

Table 2: Table ’screen shot’ taken from Wilson and Norton (2020) – p. 1. 

 
 

2.2.2 Impact 

Wilson and Norton (2020) provide an informative discussion on uncertainty and indicate that 
the midpoint nutrient reductions in the current work should be viewed as indicating the 
direction of change needed.15 Understanding the plan change process and the requirement 
to define numeric limits to give effect to the NPS-FM, my view is that the midpoint load 
reductions in the current work are likely to be  viewed as ‘best science’, and as such, risk 
being used to define Southland catchments limits . 
 
To emphasise the uncertainty in the load reductions, it is essential that the midpoint values 
are accompanied by estimates of the over uncertainty (and hence confidence). For example, 
stating in a scientific report that a 64% reduction in TN load is required but the number is 
uncertain (but best science), conveys a very different message to saying we are confident 
that the load reduction in TN is somewhere between 13% and 100%. 
 
The impact of failing to characterise overall uncertainty is that it infers a level of precision in 
the midpoint load reductions that is misleading to decision makers, and completely 
inconsistent with the following summary from Wilson and Norton (2020):  
 

 
14 Based on lower CI define by ratio of 20/4 = 5; and upper CI defined by ratio of 33/20 = 1.65 
15 Authors terminology is “order of change needed”. 
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“Acknowledging the uncertainty is a very key message. The estimated nutrient and sediment 
load reductions should not be viewed as automatically appropriate limits for regional 
planning without further consideration. They should be viewed as indicating the order of 
change needed to be moderately confident of achieving the nominated draft freshwater 
objectives via reduction of these contaminants.”  
 
 

2.2.3 Recommendation 

I recommend that an analysis of overall uncertainty in the nutrient load reductions is 
undertaken. Maximising the use of monitoring data, I believe, is required to mitigate the large 
uncertainties associated with stressor response relations (i.e., cause and effect), and provide 
greater confidence around compliance, and the reductions in nutrient to address non-
compliance and as such I recommend that the analysis of uncertainties considers monitored 
data. 

 

3 Estuaries 

While I agree that the ETI Tool 1 is a useful starting point for assessing nutrient limits in 
estuaries the bands and trophic state thresholds are not national attributes, and at best, 
should only provide preliminary guidance around whether the system is over-allocated for 
nutrients. I am very familiar with the ETI Tool 1, being author of the chapters in the draft 
technical guidance manual (MfE 2018)16 relating to downstream river, lake and estuarine 
receiving environments. 
 
The ETI Tool 1 assesses ‘trophic susceptibility’ to anthropogenic nutrient enrichment via a 
macroalgal and/or phytoplankton assessment (banding) methodology. The assessment for 
phytoplankton applies to estuaries with <40% intertidal area and where the water has a 
sufficiently long residence time to allow phytoplankton growth. The TN and TP thresholds 
are based on predicted (modelled) phytoplankton concentrations. Plew et al. (2020) states 
that the phytoplankton model performs poorly and over predicted phytoplankton 
concentrations in 50% of estuaries evaluated. Because of a lack of data on NZ estuaries, the 
phytoplankton band thresholds are taken from a study of 14 estuaries on the Basque coast 
in Spain.17   
 
Macroalgal TN and phytoplankton nutrient criteria have high uncertainties, and so I hope that 
pending assessments to quantify uncertainty will include estuarine nutrient criteria. For 
example, since the ETI Tool 1 developed, the C/D band threshold for macroalgal TN has 
gone from 351 mg/m3, up to 380 mg/m3, and then down to 320 mg/m3. The regression 
between macroalgal and potential TN (refer to Figure 2)  used to be logarithmic and is now 
linear. It would be reassuring to see Plew (2020) define confidence limits for the nutrient 
criteria, and threshold nutrient loads. 
 
Plew et al. (2020) also state that a major limitation of the ETI-Tool 1, is the use of estuarine 
data from the Coastal Explorer, which is known to be inaccurate and outdated for many 
estuaries. As such, use of this data may lead to “erroneous predictions of susceptibility”. 
Despite these challenges I agree with the authors in their assertion that the ETI Tool 1 
provides a first-order screening tool to prioritise more in-depth estuary assessments. 

 
16 Ministry for the Environment (2018). A draft technical guide to the Periphyton Attribute Note. Publication 

Number ME 1381. 69 p. 
17 Revilla, M., Franco, J., Garmendia, M., Borja, Á. (2010) A new method for phytoplankton 

quality assessment in the Basque estuaries (northern Spain), within the European Water 
Framework Directive. Revista de Investigación Marina, 17(7): 149-164. 
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However, I do not believe that the ETI Tool 1 should be used as in the current work to inform 
limit-setting approaches to meeting estuarine FWOs. Environment Southland has extensive 
estuarine monitoring data and this (as with periphyton monitoring in rivers) needs to be used 
to validate assessment using the first-order screening criteria.  
 
Below I discuss specific issues I believe are important for informing limit-setting in the Oreti 
(New River), Waituna, Toetoes (Fortrose) and Aparima (Jacobs River) estuaries. 
 

3.1 Oreti (New River) Estuary  

3.1.1 Issue – the way phytoplankton assessment has been used to set threshold 
loads 

Under the BoE scenario, estuarine phytoplankton TP criteria have indicated a 74% reduction 
in TP loads in the Oreti catchment. The application of phytoplankton TP criteria appears to 
be inconsistent with ETI Tool 1 guidance for estuaries with intertidal areas >40%. Plew 
(2020) outlines the guidance for these estuaries as follows: 
 
“Estuaries with large intertidal areas (>40% intertidal) are most susceptible to macroalgal blooms. 
Their extensive intertidal and shallow areas provide surfaces where macroalgae can grow and 
accumulate. While larger systems may have long enough flushing times to allow phytoplankton to 
grow, secondary indicators of phytoplankton blooms such as low water column oxygen levels are not 
common because, being shallow, they are generally vertically well-mixed.” 

  
The ETI Tool 1 only specifies TN criteria for macroalgae, as phosphorus is generally not 
found to be limiting for growth in estuaries. It is not clear why Plew (2020) has defined a TP 
load based on phytoplankton banding when this approach is not recommended for estuaries 
with >40% intertidal area. The Oreti Estuary has an estimate intertidal area of 64% (2,944 of 
4,600 ha),18,19  clearly much larger than the recommended limitations for the Tool. 
 

3.1.2 Impact 

The impact on TN and TP reductions from the phytoplankton susceptibility assessment for 
the Oreti estuary is summarised in Table 3. Notwithstanding the issues discussed in 3.1.1, 
based on guidance for ETI Tool 1, overall susceptibility of the Oreti Estuary should be based 
on macroalgal banding (green shading), which indicates a 29% reduction in current TN load. 
Proposed reductions in the current approach are based on phytoplankton banding, which 
are not considered for estuaries with intertidal areas >40%. The phytoplankton assessment 
yields estimated TN and TP catchment load reductions of 55% and 75%, respectively. 
 
Table 3: Summary of nutrient load limits from ETI Tool 1 assessment for the bottom-of-the-envelope scenario 
(green = Macroalgal assessment; orange = phytoplankton assessment). 

Current 
state TN 
load (t/y)a 

Current 
state TP 

load (t/y)a 

Macro-
algal TN 

threshold 
load (t/y)b 

Macro-
algal TN 

load 
reduction 

(%) 

Phyto-
plankton 
TN load 

threshold 
(t/y)b 

Phyto-
plankton 
TN load 

reduction 
(%) 

Phyto-
plankton 
TP load 

threshold 
(t/y)b 

 

Phyto-
plankton 
TP load 

reduction 
(%) 

3,606 103 2,570 29% 1,630 55% 26 75% 
a from Table 13 in Snelder (2020); b from Table 3-3 in Plew (2020). 
 

 

 
18 Stevens, L.M. 2018. New River Estuary: 2018 Macroalgal Monitoring. Report prepared by Wriggle 
Coastal Management for Environment Southland. 29p 
19 Plew (2020) reports an intertidal area of 42% for the Oreti Estuary. 
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It is difficult to reconcile the use of the phytoplankton assessment for the following reasons: 
 

1) Inconsistencies with ETI Tool 1 guidelines for assigning overall eutrophic 
susceptibility20 

2) Estuarine monitoring of the Oreti Estuary is consistent with macroalgal being the 
main primary effect (i.e., response) of eutrophication, as opposed to water column 
phytoplankton. 

3) Given the above, it does not seem appropriate to define catchment resource use 
limits for nutrients based on a phytoplankton growth model with poor predictive 
performance, and thresholds derived from a dozen Spanish estuaries.  

 

3.1.3 Recommendation  

Consistent with the Tool 1 guidelines, the phytoplankton assessment is not applicable for an 
estuary with a 64% intertidal area. As such, I recommend the analysis for the Oreti Estuary 
is recalculated using the TN load thresholds from the macroalgal EQR assessment (i.e. 
green shaded cells in Table 3) where The overall susceptibility based on macroalgal banding 
means that no TP load threshold is applicable to the Oreti Estuary and therefore this 
component should be removed.  
 
 

3.2 Waituna Lagoon  

3.2.1 Issue: measured data shows ‘lake phytoplankton’ FWO (BoE) are already 
being met  

Waituna Lagoon load reductions are set by the output from ETI Tool 1 assessment of 
phytoplankton susceptibility. This concerns me for the following reasons: 

1) The phytoplankton growth model output is known to over predicted phytoplankton 
concentrations (measured as 90th percentile concentrations of chlorophyll a) 

2) >5 years of monthly monitoring of chlorophyll a (chla) concentration data is available 
for the Waituna Lagoon (measured at 4 locations), and this shows that phytoplankton 
concentrations21 are compliant with ETI Tool 1 thresholds (i.e. <25 mg/m3). Figure 1 
shows locations and 90th percentile chla concentrations range from 13 to 19 mg/m3 
(i.e., full compliance with the ETI band B threshold of 25 mg/m3) 

3) A considerable amount of research and monitoring on the health of the Waituna 
Lagoon is available. Ruppia macrophytes are considered the sentinel indicator 
species for monitoring the health of the estuary (DeWinton 2020).22  While there is 
nutrient pressure, key factor controlling Ruppia biomass is the timing and duration of 
lagoon opening to sea during spring and summer. Phytoplankton are not one of 6 
indicators used to assess lagoon health, and as such, seems unusual that this 
measure would be used to determine nutrient load reductions for the lagoon.  

 

 
20 Note that phytoplankton load thresholds were provided by Plew (2020); and incorporated by 
Snelder (2020) as the most sensitive criteria. 
21 Phytoplankton concentrations are measured using chlorophyll a (chla) as a proxy measure. 
22 DeWinton M (2020). Vegetation Status in Waituna Lagoon: Summer 2020. NIWA Report prepared for 

Department of Conservation. 20 p. https://www.doc.govt.nz/globalassets/documents/conservation/land-and-
freshwater/wetlands/waituna-lagoon-macrophyte-monitoring-2020.pdf  

https://www.doc.govt.nz/globalassets/documents/conservation/land-and-freshwater/wetlands/waituna-lagoon-macrophyte-monitoring-2020.pdf
https://www.doc.govt.nz/globalassets/documents/conservation/land-and-freshwater/wetlands/waituna-lagoon-macrophyte-monitoring-2020.pdf
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Figure 1: Map of Waituna lagoon showing the approximate sampling locations (west, centra, south and east) and 
90th percentile phytoplankton concentrations (measured as mg/m3 of chla) calculated from monthly data for 2015 
to 2019 (inclusive). Data and Figure from LAWA website https://www.lawa.org.nz/explore-data/southland-

region/lakes/waituna-lagoon/. 

 

3.2.2 Impact 

The current approach reports load reductions for TN and TP of 91% and 60% respectively, 
for the Waituna catchment based on exceedance of the B-band phytoplankton threshold of 
25 mg/m3. The model over-predicts the observed phytoplankton concentrations by at least a 
factor of 4. This results in thresholds loads of 20.3 t/y for TN and 2.8 t/y for TP (Table 3). 
Using best information, monitored phytoplankton concentrations indicate that all four 
locations comply with the B-band threshold value. In other words, based on measured data, 
the Waituna catchment is currently compliant with the estuarine phytoplankton FWO.23   
 
 
Table 3: Summary of predicted phytoplankton concentrations (measured as chla) and corresponding TN and TP 
load thresholds for Waituna Lagoon under the bottom-of-the-envelope scenario. Chla concentrations are 90th 
percentile values.  

Current 
state TN 
load 
(t/y)a 

Current 
state TP 

load 
(t/y)a 

ETI – 
phytoplankton 

B-band 
threshold 
(mg/m3) 

Predicted 
phyto-

plankton 
conc. 

(mg/m3)c 

Phyto-
plankton 
TN load 

threshold 
(t/y)b 

Phyto-
plankton 
TN load 

reduction 
(%) 

Phyto-
plankton 
TP load 

threshold 
(t/y)b 

 

Phyto-
plankton 
TP load 

reduction 
(%) 

231 7 25 74 20.3 91% 2.8 60% 
a from Table 13 in Snelder (2020); b from Table 3-3 in Plew (2020); from Table 3-2 in Plew (2020);  
  

3.2.3 Recommendation  

Redo the analysis for the Waituna Catchment replacing the estimated predicted 
phytoplankton concentration (74 mg/m3 chla) with measured values (13 to 19 mg/m3 chla). 
This will show that the Waituna catchment meets the ‘Lake Phytoplankton’ FWO (Band B) 
set for the Waituna Lagoon (refer to Table 8 – Snelder 2020). Note that this approach does 
not imply that nutrient reductions are not needed for the Waituna Lagoon, but that reductions 

 
23 Refer to Table 8 in Snelder 2020 (p. 31) 

https://www.lawa.org.nz/explore-data/southland-region/lakes/waituna-lagoon/
https://www.lawa.org.nz/explore-data/southland-region/lakes/waituna-lagoon/
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should be informed by biological indicator monitoring, and not modelled (and clearly 
inaccurate) phytoplankton concentrations.   
 

3.3 Toetoes Estuary   

3.3.1 Issue – inappropriate use of macroalgal TN criteria to set catchment limits 

The ETI classifies Toetoes Estuary as a shallow, short residence time tidal river and tidal 
river with adjoining lagoon estuaries (SSRTREs). These estuaries are considered less 
susceptible to eutrophication due to short residence times, and large flushing potentials that 
export most nutrients out to sea. In developing the ETI, Robertson et al (2016)24 state: 
“In general, these estuary types have extremely low susceptibilities and can often tolerate 
nutrient loads an order of magnitude greater than shallow, intertidal dominated estuaries 
(SIDEs)”.25 Environment Southland make this distinction on their website26, listing the SIDE 
estuaries, Oreti and Aparima, as examples of ‘moderate eutrophication risk’ and Toetoes as 
an example of a ‘low eutrophication risk’ estuary.  
 
The ETI macroalgal susceptibility assessment is based on measured data from NZ estuaries 
(albeit a relatively small number). Figure 2 (from Plew 2020) clearly shows the much lower 
sensitivity of Toetoes estuary, and hence the TN criteria corresponding to the C/D band 
threshold for the macroalgal index score27 of 0.4 is clearly of no relevance to the macroalgal 
status of the estuary, andis consistent with this estuary having a lower susceptibility to 
eutrophication. The outlier status of Toetoes Estuary was acknowledged by Plew (2020) 
stating “Toetoes (Fortrose) Estuary is an outlier in that both its EQR score and ETI score are 
better than expected for the potential TN concentration”.  
 
In my opinion, this suggests that it is inappropriate to apply the 320 mg/m3 TN criteria to 
Toetoes Estuary. 
 

 
24 Robertson, B.M, Stevens, L., Robertson, B., Zeldis, J., Green, M., Madarasz-Smith, A., Plew, D., Storey, R., 

Hume, T., Oliver, M. 2016. NZ Estuary Trophic Index Screening Tool 1. Determining eutrophication susceptibility 
using physical and nutrient load data. Prepared for Envirolink Tools Project: Estuarine Trophic Index, MBIE/NIWA 
Contract No: C01X1420. 47p. 
25 Oreti and Aparima estuaries are examples of more susceptible SIDE estuaries. 
26 https://www.es.govt.nz/environment/water/estuaries/monitoring-estuary-health  
27 Referred to as an Environmental Quality Rating (EQR) 

https://www.es.govt.nz/environment/water/estuaries/monitoring-estuary-health
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Figure 2: Macroalgal eutrophic index score (i.e. EQR, y-axis) versus potential TN concentrations for a selection of 
NZ estuaries. The C/D band threshold (EQR = 0.4) corresponds to a TN criteria of 320 mg/m3. The blue mark 
emphasises much of an outlier Toetoes Estuary is from the rest of the estuaries used to derive the relationship 

between nutrients and macroalgal susceptibility (originally Figure 2-4 from Plew 2020).  

 

3.3.2 Impact  

Under the BoE FWO scenario, the reported TN load reduction for Toetoes Estuary28 of 3,397 
t/y corresponds to a 79% reduction. The current work indicates that TN reductions in the 
Mataura catchment are driven by a combination of stream periphyton and macroalgal TN 
targets. The limitations imposed by the 320 mg/m3 estuarine TN criteria is apparent from 
Plew (2020) who estimated a TN load reduction of around 2,800 t/y (or 65%). I am 
advocating (next section on river/periphyton) for reassessments of loads reductions required 
to meet periphyton FWOs. However, any relaxing of nutrient reductions to meet periphyton 
FWOs in streams will have little impact on reducing the proposed nutrient load reduction, 
because these are overly stringent based on the lower susceptibility of the estuary to nutrient 
enrichment. Figure 2 shows how far the estuary is removed from the macroalgal-potential 
TN regression line, and hence the irrelevance of using a TN criterion from this relationship, 
and applying it to Toetoes Estuary to define nutrient limits. This is not an example of using 
the best information.   

3.3.3 Recommendation 

Reassess the Mataura catchment without estuarine TN macroalgal criteria on the 
assumption that there is unlikely to be alternative TN criteria that are relevant to the 
susceptibility of Toetoes estuary. With the nutrient controls applied to address periphyton, 
and other criteria applied to soft-bed stream, the nutrient loading to Toetoes estuary will 
reduce markedly. In the absence of alternative criteria, this is likely to be the most pragmatic 
approach for the Mataura catchment. 

 
28 Table 13 in Snelder (2020) refers to “Mataura Catchments”  
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3.4 Aparima Estuary   

3.4.1 Issue – a lack of transparency on river loads and the calculation of band load 
thresholds  

Whilst using the Aparima Estuary as an example, it is important to acknowledge the need for 
transparency on how the ETI assessment has arrived at the “band load thresholds” in Plew 
(2020).29 In the case of the Aparima catchment, the current modelling shows that the limiting 
receiving environment attribute is periphyton,30 however, the 565 t/y load reduction is the 
same calculated for the estuary.31 When assessing the ETI Tool 1 sheets, it was noted that 
for the Aparima Estuary, the river TN concentration used is 1,347 mg/m3, approximately 40% 
higher than the measured median concentration of 940 mg/m3 in the Aparima River. I realise 
that the CLUEs estimates will be averages (calculated from loads), however, the assumed 
concentration of 1347 mg/m3 appears too high. TopNet indicates 84% of flow from Aparima 
and 16% from Pourakino, and so with respective mean TN concentrations of 1,008 and 419 
mg/m3, respectively, the composite mean inflow TN concentration would be around 915 
mg/m3, considerably lower than the in the ‘default’ Tool 1 spreadsheet.  
 
Uncertainty around input concentrations has significant implications for calculating 
catchment load reductions and adds to concerns raised above on the general lack of 
quantifying uncertainty, despite the large implications of the reductions being proposed. 
 

3.4.2 Impact  

In the example below, I assume a mean riverine TN concentration for rivers discharging to 
the Aparima Estuary of 940 mg/m3. Using a concentration 1,347 mg/m3, the calculation 
potential for TN concentration is 519 mg/m3. This is then assessed against the upper C band 
estuarine TN criteria of 320 mg/m3. The Aparima Estuary has a dilution factor of 2.84, 
meaning that when fully mixed, the water is 35% riverine and 65% oceanic. The two different 
scenarios (1,347 and 940 mg/m3) are summarised in Table 4. These data emphasise the 
importance of having certainty in the nutrient concentrations that input into the ETI model.  
 
Table 4: Comparison of TN load reductions for the Aparima estuary based on riverine TN concentrations of 1,347 

mg/m3 (Plew 2020) and 940 mg/m3. 

dilution % 
river-
ine 

% 
ocean

-ic 

Riverine TN 
(mg/m3) 

Oceanic 
TN 

(mg/m3) 

River TN 
contri-
bution 

(mg/m3) 

Oceanic 
TN 

contri-
bution 

(mg/m3) 

Potential 
TN conc. 
(mg/m3) 

River 
comp-

onent of 
TN 

criteria 

Reduction 
in TN    

conc/load  

2.84 0.352 0.648 1,347 68 474 44 518 276 42% 

2.84 0.352 0.648 940 68 331 44 375 276 17% 

   

3.4.3 Recommendation 

Transparency is required to provide the certainty that the ‘spreadsheet’ screening 
assessment of eutrophic susceptibility is using the best estimates of concentrations. Where 
estuarine nutrient targets are driving catchment load reductions, calculations and input data 
should be verified, and of course reconciled against measured data. For example, I note that 
the predicted macroalgal EQR scores were significantly underpredicted for Toetoes 
(predicted = 0, measured 0.45) and Aparima (predicted = 0, measured = 0.25) estuaries. 
 
 

 
29 Refer to Table 3-3 (p. 33) in Plew (2020) 
30 Refer to Figure 34 (p. 63) in Snelder (2020) 
31 Band threshold TN load for Aparima estuary was 708 t/y, which equates to a 565 t/y reduction (Table 3-3 in 

Plew 2020). 
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4 Rivers and periphyton 

4.1 Periphyton FWO band for stream classes.  

4.1.1 Issue 

Setting numeric attribute states (i.e., bands) involves communities. However, there were a 
number of attribute states that appear inconsistent with other ecosystem health attributes 
and/or the hydrology of the stream class. 
 

• Spring-fed– These have very stable flows (less resetting of biomass my freshes), and 
often tend to be enriched with nutrients. (Biggs 200032; Bigg and Kilroy 200033). 
Given that, it is difficult to understand why this class is managed for A-band 
periphyton. An alternative approach is taken by Environment Canterbury where they 
differentiate spring-fed streams into upland, lowland and plains – lowland and plains 
are C-band, and upland A-band. It is unusual that this river class is proposed to be 
managed for A-band periphyton, whereas a C-band for macroinvertebrates has been 
identified (where periphyton biomass is a key driver of macroinvertebrate health). 
    

• Lake-fed – Similar hydrology to spring-fed streams, that is, stable flows, hence less 
opportunity for biomass to be reset by freshes. Here it is again difficult to understand 
why this river class is proposed to be managed for A-band periphyton, and C-band 
for macroinvertebrates . 

 

• Waiau – lake fed –  n addition to the comments above for lake-fed, the Waiau is a 
special case given that around 95% of the normal flow exiting Lake Manapouri is now 
diverted through the power scheme. The significant altering of flow of a river (e.g., 
dam) reduces the flow of bed sediments moving down the river, enhancing bed 
armouring, which provides increased substrate for periphyton to attain a high 
biomass (Biggs 2000). Given that the system is highly hydrologically disturbed, it is 
difficult to reconcile the A-band periphyton FWO for this river. 

 

4.1.2 Impact 

Potentially overly stringent periphyton thresholds (and hence TN targets, and load 
reductions) being applied to the Waiau mainstem and smaller areas within the Mataura and 
Oreti catchments. 

4.1.3 Recommendation 

Consider revising the periphyton FWO for these river classes as appropriate. If the A-band is 
retained for the lake-fed class, special consideration should be given to the mainstem Waiau 
to relax the periphyton FWO to reflect that it is a hydrologically disturbed system, and the 
degree to which the middle-to-lower reaches have lake-fed characteristics.   

4.2 Application of periphyton nutrient criteria to lowland soft-bed streams 

4.2.1 Issue 

Application of periphyton nutrient ‘lookup’ criteria to the lowland soft bed river classification 
(refer to Figure 6 in Snelder 2020). This approach is inconsistent with the NPS-FM 
periphyton attribute34, and receiving water quality standards in the proposed SWLP. In 

 
32 Biggs B. (2000). New Zealand Periphyton Guideline. Prepared for Ministry for the Environment (124 p.)         
33 Biggs B., Kilroy C. (2000). Stream periphyton monitoring manual. Prepared for Ministry of the Environment 
(246 p.)  
34 Nutrient note added in the amended NPS-FM (2017), which became Section 3.13 in the 2020 NPS-FM. The 

requirement to derive nutrient instream criteria to meet periphyton objectives applies to stream the “support, or 
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developing water quality standards for the SWLP, Ryder (2004)35 recommended no 
periphyton standard be applied to soft bottomed lowland streams. In the national-scale study 
by Snelder et al. (2020)7, the method for rivers clearly differentiates36 between streams with 
fine bed substrates that cannot support excessive periphyton growths and those with coarse 
substrates (i.e., hard-bed) that can. In addition, the Ministry for the Environment (MfE) study 
that estimated the national impact of the periphyton attribute of TN reductions only applied 
periphyton TN criteria to coarse/hard-bed streams (MfE 2019).11 That study included the 
Mataura as a catchment case study, identifying that many of the larger excess loads in the 
catchment corresponded to fine-bed streams which were assumed to not support 
conspicuous periphyton growths.  
 
The current study (Snelder 2020) appears to provide no explanation as to why the Southland 
analysis differentiates lowland streams into hard and soft-bed substrates. The approach is 
inconsistent with the other studies (and the NPS-FM) applying the periphyton nutrient criteria 
to streams classified as not being able to support excessive periphyton growths.  
 

4.2.2 Impact  

Using the REC “soft-sedimentary” class, and modelled TN concentrations (Whitehead 
2018)37, it is estimated that around 23% of stream are classified as lowland soft bed (Table 
5). Of the four major FMUs, the Matarua catchment had the greatest length of lowland soft-
bed (LLSB) streams at 3,540 km (36%). The unusual and incorrect practice of assigning 
periphyton TN criteria to LLSB results in over 4,600 km streams being categorised as over-
allocated with nitrogen. This corresponds to 27% of the total length of Southland streams 
(i.e., 17,100 km) exceeding periphyton TN criteria.  The relative impact38 of incorrectly 
applying periphyton TN criteria to LLSB streams at FMU-scale was least in the Aparima 
(14%) and Waiau (17%) catchments, and greatest in the Waituna (35%) and Mataura 
catchments.  
 
 
 
 
 
 
 
 
 
 
 
Table 5: Estimated length of Southland streams (total and lowland soft-bottom), and subset of each that exceed 

periphyton TN criteria (20% spatial exceedance).   

Catchment 
(FMU) 

Total 
stream 

Total stream 
length (km)  

Total soft-
bed stream 

soft-bed 
streams (km) 

% of TN 
exceedance due 

 
could support, conspicuous growths of periphyton”. Such streams have been defined as those having 
predominately hard substrates (<50% of the substrate comprises sand/silt). The periphyton guidelines (MfE 
2000) also are explicit in that the periphyton guidelines (used to inform the NPS-FM periphyton attribute) only 
apply to gravel/cobble streams (i.e., hard-bottom streams). 
35 Ryder G. (2004). Environment Southland water quality and the draft regional water plan – An examination of 
possible water quality standards. Ryder Consulting report prepared for Environment Southland. 55 p. 
36 Snelder (2020) used REC geology “soft sediment   

37 Whitehead A. (2018). Spatial modelling of river water quality state – Incorporating monitoring data from 2013 to 

2017. NIWA Client Report 2018360CH prepared for Ministry for the Environment. 41 p. 
38 Impact here expressed as the contribution of lowland soft-bottom (LLSB) streams to the total length (km) of 
streams exceeding periphyton TN criteria (i.e., 20% spatial exceedance criterion) – refer to last column in Table 
5. 
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length 
(km) 

exceeding peri. 
TN criteria 

length 
(km) 

exceeding TN 
criteria 

to soft-bed 
streams 

Aparima 3,288 2,151 317 301 14% 

Mataura 9,728 6,653 3,541 2,532 38% 

Oreti 6,317 4,834 1,507 1,198 25% 

Waiau 12,592 3,141 1,924 526 17% 

Waituna 289 289 101 101 35% 

TOTAL 32,214 17,068 7,390 4,658 27% 

 
The distribution of stream types and compliance with periphyton TN criteria is provide in 
Figure 3. Stream reaches coloured orange indicate where LLSB streams have been 
categorised as exceeding regional periphyton FWO; however, these streams are 
categorised as soft-bottomed and therefore will not support conspicuous growths of 
periphyton. The impact of this on the proportion of sites meeting TN criteria in the Mataura 
catchment is significant.    
 

 
 
Figure 3: Distribution and compliance of ‘lowland soft-bed’ (LLSB) streams and non-LLSB streams and 
compliance with relevant periphyton TN criteria (20% spatial exceedance criterion). Orange dots represent the 30 
Southland periphyton monitoring sites (NZReach labels)  

 

hard-bed (exceed peri TN) 

hard-bed (comply peri TN) 

soft-bed (exceed peri TN) 

soft-bed (comply peri TN) 
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4.2.3 Recommendation 

Suggest a re-analysis without applying periphyton TN criteria to streams/rivers classified as 
“lowland soft-bed”. In the absence of any other nutrient criteria, then apply the relevant 
nitrate toxicity threshold to be consistent with studies. Based on revisions to the nitrate 
toxicity attribute in the NPS-FM (2020), for lowland streams this would be 2.4 g/m3 of nitrate-
N (i.e., the B/C band threshold).   
 

4.3 Use of ‘best information’ (i.e., observed biomass) to validate regional 
exceedance of national periphyton nutrient criteria 

4.3.1 Issue  

Development of nutrient criteria that correspond to periphyton biomass thresholds is very 
difficult, and efforts to-date, at least at a national-scale, have generally resulted in models 
with poor-to-average predictive ability. Stronger relationships have been derived using 
regional data sets (Kilroy et al. 2020)39, however, recent work by Environment Southland 
failed to find robust relationships between nutrient concentrations and measured periphyton 
biomass at 30 sites (Hodson and 2020). The authors concluded: 
 
“Our analysis showed that relationships between Chla_92 and DIN or DRP were positive but 
weak, indicating that nutrient variables alone are poor predictors of chlorophyll a across the 
Southland region. This supports the consideration of the role of other environmental 
variables in controlling periphyton biomass in Southland rivers and streams.” 
 
Without a satisfactory regional periphyton relationship to inform the setting of nutrient 
criteria, and the high uncertainty of criteria derived from national models (i.e., MfE 2020), it is 
essential (in my opinion) to utilise measured periphyton data. Although there is uncertainty in 
measured data, at least that is uncertainty derived from streams that Environmental 
Southland confirm are suitable locations for assessing problematic growths of periphyton 
(i.e., hard-bed). 
 
There are three additional reasons why it is strongly argued that measured periphyton data 
from Southland is used ‘sense check’ the methodology that has been used to determine if a 
sub-catchment complies with the periphyton FWO. It is important to emphasise that the 
periphyton FWO is the biomass of slime in a stream, not a number with a high degree of 
uncertainty derived from a ‘look-up table’. In my opinion, catchment nutrient reductions 
presented in the current work are based on exclusively on the latter and have failed to make 
the most of the ‘best information’ available from Southland’s extensive monitoring data:  
 

• Firstly, the Ministry for the Environment’s draft technical guidance for regional 
councils on how to derive instream nutrient criteria to achieve periphyton and 
downstream objectives40, states that if measured periphyton biomass complies with 
the FWO, then a reasonable approach would be to set instream nutrient criteria at 
current concentrations…”     

              

• Secondly, Environment Southland utilised measured periphyton data (along with 
other water quality variables) when reporting on the ‘gap’ (Norton et al. 2019)41 
between current state conditions and Southland’s FWOs. This analysis showed that 

 
39 Kilroy et al. (2020). Improved predictability of peak periphyton in rivers using site-specific accrual periods and 

long-term water quality datasets. Science of the Total Environment. 736, 139362 (13 p.). 
40 Note that the 2017 nutrient note added to the periphyton attribute is the basis for the special nutrient provisions 

(3.13) in the NPS-FM (2020) 
41 Norton et al. (2019). Current Environmental State and the “Gap” to Draft Freshwater Objectives for Southland – 
Technical Report prepared for Environment Southland, December 2019 (248 p.) 
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of the 30 sites (refer to Figure 3 for locations) with measured periphyton biomass, 27 
locations (90%) were meeting the BoE periphyton FWO.  

 

• Thirdly, the author/s of the MfE (2020) nutrient criteria look-up tables emphasise that 
they are uncertain, and that exceedance of a nutrient criterion “does not mean that 
the site is exceeding the biological threshold (or objective), because the nutrient 
targets are uncertain and only monitoring of periphyton can confirm the actual 
biomass.” This statement clearly emphasises the greater value placed on measured 
periphyton biomass data.   

  

4.3.2 Impact  

Measured periphyton biomass indicates that 90% of sites meet the periphyton FWO. In 
contrast, >50% of the 32,200 km of stream length exceed the periphyton TN criteria, which is 
used to infer that the sites are not meeting the periphyton FWO (Figure 4, red stream 
reaches). Of the approximately 17,300 km of ‘non-compliant’ streams, on average exceed 
the TN criteria by a factor of 2.6 (i.e., 62% reduction). Large scale exceedance of the 
periphyton criteria (20% risk) contributes to the required 64% reduction in TN across the 
Southland region. This region-wide ‘non-compliance’ is inconsistent with 90% compliance at 
monitored sites. This is where it is important to emphasise that exceedance of the TN criteria 
“does not mean the site is exceeding the biological threshold (or objective) ... only monitoring 
of periphyton can confirm the actual biomass” (MfE 2020). 
 
In my opinion, this is a fundamental limitation of the approach taken in this work.In 
accordance with guidance on their use (and interpretation when exceeded), non-compliant 
regions (red streams lengths shown in Figure 4) cannot be used to infer non-compliance with 
the applicable periphyton FWO. This is because the only way to confirm exceedance of a 
biological threshold (which is how the periphyton FWO is defined) is via monitoring (i.e., 
measured biomass). That is, Southland’s periphyton FWOs are not defined by TN 
criteria/threshold concentrations.  
 
This, in my opinion, places the emphasis firmly on the need for limit setting to be informed by 
periphyton monitoring data collected from relevant locations that are representative of 
periphyton pressure / susceptibility at FMU (and sub-FMU) scales.    
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Figure 4: Exceedance of modelled TN concentrations with periphyton TN criteria corresponding to BoE 
periphyton FWOs. Blue and red indicate compliance and non-compliance with TN criteria, respectively.  

Figure 5 shows the comparison of periphyton FWO compliance assessed using measured 
biomass and exceedance of periphyton TN criteria (20% risk). The lower plot shows 23 of 
the 30 sites exceeded the TN criteria (BoE scenario) and are, therefore, considered as not 
meeting the periphyton FWO – that is, they are over-allocated for nitrogen. The average 
reduction in TN concentrations required to meet TN criteria was 54%. However, consistent 
with guidance on using the periphyton TN criteria (MfE 2020), exceedance of TN criteria at 
the 23 sites cannot be used to infer non-compliance with the Southland periphyton FWO. 
The top plot on Figure 5 shows that of the 23 sites exceeding TN criteria, only 3 locations 
exceed the observed periphyton biomass FWO. In other words, the periphyton TN criteria 
(20%) are overly stringent, and incorrectly assign 20 sites as being non-compliant with the 
periphyton FWO.  
 
The assumption in Snelder (2020) that exceedance of the periphyton TN criteria means 
exceedance of the periphyton biomass FWO is problematic and, in my opinion, has resulted 
in large over-estimations of the amount of TN load reductions required in the Southland 
catchments under the current approach. 
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Figure 5: Comparison of compliance (BoE scenario) with periphyton FWOs as assessed by measured periphyton 
biomass (top) and exceedance of periphyton TN criteria (20% risk, MfE 2020) (lower). Refer to Figure 3 for 
periphyton monitoring site locations). The red dashed line in the upper plot represents the periphyton biomass 
FWO thresholds (expressed as 92nd percentile chla biomass) for different river classes, and in the lower it 
represents the different periphyton TN criteria (measured as g/m3 of TN) for different REC ‘source of flow’ 
classes. Sites above and below the red dashed lines are non-compliant and compliant, respectively (based on 
the assessment criteria).  

   

4.3.3 Recommendations 

Redo the analysis, utilizing the measured periphyton data to determine whether those 
locations (and hence stream reaches above that point) are over-allocated. I have used the 
Mataura catchment as a brief example below.  
 
In the Mataura catchment (Figure 6 and Table 6) starting at Mataura at Mataura Island 
Bridge (NZReach 15059279), the TN concentration of 1.17 g/m3 exceeds the TN criteria 
(MfE 2020) of 0.54 g/m3. If relying on the TN criterion to assess compliance with the 
periphyton biomass FWO, then this site is considered over-allocated (with respect to the 
periphyton FWO), with a 54% reduction in TN42 required to meet the FWO. However, given 
that Environment Southland has measured periphyton biomass at this site, consistent with 
guidance in MfE (2020), monitoring data should be used to confirm whether the biological 

 
42 reduction in TN median concentration to meet the criterion value of 0.54 g/m3. 
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objective (i.e., periphyton biomass) has been exceeded. For this representative monitoring 
site, the measured 92nd percentile of periphyton biomass (as chla) is 143 mg/m2, which is 
compliant with the periphyton FWO (BoE scenario) for lowland sites of 200 mg/m2 (chla). 
Accordingly, at this location in the catchment, consistent with paragraph 3.13 of the NPS-
FM, current state TN (and phosphorus) concentrations are enabling the periphyton target 
attribute state to be met (or in this case the periphyton FWO). Therefore, the load reduction 
accounting methodology should set this site as being not over-allocated43 (i.e., load excess 
of zero) with respect to periphyton criteria, as opposed to it requiring >50% reduction in TN.  
 
 

 
 
Figure 6: Map of Mataura catchment showing location of periphyton monitoring sites and predicted exceedance 

of TN criteria using modelled TN concentrations (Whitehead 2018)37. Refer to Table 6 for monitoring site details. 

 

 
43 Note that requirement of current state to be set at September 2017 may require reductions. 

hard-bed (exceed peri TN) 

hard-bed (comply peri TN) 

soft-bed (exceed peri TN) 

soft-bed (comply peri TN) 
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Then if we travel up the mainstem of the Mataura to the upstream site at Gore, the river is 
now classed as ‘cold dry hill’ (CD/H) resulting in the periphyton FWO shifting from a C band 
(200 mg/m2 chla) to B band (120 mg/m2 chla), with the periphyton TN criterion (‘trigger’) 
reducing to 0.217 g/m3. Based on exceedance of the TN criteria, this site is highly over-
allocated (with respect to periphyton biomass) and requires TN reductions in the order of 
80% to meet the periphyton FWO. However, the benefit of having monitoring data is that this 
site has a low susceptibility to periphyton growths based on the measured 92nd percentile 
periphyton biomass of only 11 mg/m2 chla. Hodson and De Silva (2018) reported that the 
upper 95% confidence interval for biomass at this site was 15 mg/m2 chla. The measured 
site biomass is clearly well below the periphyton FWO B-band objective of 120 mg/m2 chla 
(site is graded A-band). Based on periphyton response, this site does not have an excess 
nitrogen load, and so it is reasonable to conclude that current state concentrations are 
meeting the periphyton objectives sought for the river. It is very concerning that a load 
reduction model would identify this site as requiring an 80% reduction in TN to meet the 
periphyton FWO – when monitoring shows this site is in the A-band.  
 
In other sections, I discuss the need to consider other models (NIWA’s random forest model 
of predicted periphyton biomass, Kilroy et al. 2019)44, but if the limit-setting process is 
wedded to using the MfE 2020 TN criteria, then it is essential to look at relaxing the spatial 
exceedance from 20% to at least 30%, because the former is markedly over-predicting the 
risk of periphyton non-compliance throughout the region. This has, in my opinion, resulted in 
large over-estimations of the nutrient load reductions required to meet periphyton biomass 
FWOs. 
 
Table 6: Compliance of monitored sites with periphyton TN criteria and periphyton biomass FWOs in the Mataura 
catchment. Red bold text shows sites that exceed the periphyton TN criteria (20%) and the associated required 
reduction. Green bold text indicates sites where measured periphyton biomass (chla mg/m2, 92nd %ile) is 

compliant with the periphyton FWO (BoE scenario).  

NZreach 

description REC 
class 

TN target 
FWO 20% 

spatial 
exceedance 

Current 
state TN 

(g/m3) 

% reduct-
ion based 

on TN 
exceed. 

Periphyton 
FWO 

(mg/m2) 

 Observed 
periphyton 
biomass 
(mg/m2) 

15040542 
Longridge Stm 
at Sandstone CD/L 0.542 4.35 88% 200 119 

15044772 
Waimea Stm at 
Mandeville CD/L 0.542 4.10 87% 200 141 

15049464 
Waikaka Stm at 
Gore CD/L 0.542 1.19 54% 200 112 

15059279 

Mataura Rv at 
Mataura Is. 
Brdg CD/L 0.542 1.17 54% 200 143 

15045155 
Otamita Stm at 
Mandeville CW/L 0.874 1.10 20% 200 11 

15057618 
Mimihau Strm 
at Wyndham CW/L 0.874 1.13 23% 200 81 

15049483 
Mataura Rv at 
Gore CD/H 0.217 1.12 81% 120 11 

15032882 
Waikaia Rv at 
Waikaia CW/H 0.488 0.30  120 12 

15024871 
Waikaia Rv u/s 
Piano Flat CW/M 0.044 0.11 60% 50 7 

15040542 
Longridge Stm 
at Sandstone CD/L 0.542 4.35 88% 200 119 

 

 
44 Kilroy et al. (2019). Modelling periphyton in New Zealand rivers – Part 1. An analysis of current data and 

development of national predictions. NIWA Client Report 2019002CH prepared for Ministry for the Environment. 
98 p.  
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4.4 Periphyton nutrient criteria – choice of spatial exceedance criterion 

4.4.1 Issue 

Snelder (2020) used periphyton TN and TP criteria that have been derived with 20% spatial 
exceedance criteria (MfE 2020).45 While I am not a proponent of using these criteria – simply 
as they have been shown to have little (if any) ability to predict periphyton biomass in 
regional periphyton datasets (Kilroy et al. 2019) – the tendency to over predict periphyton 
risk can be somewhat alleviated by opting to accept a higher spatial exceedance criterion. 
Periphyton spatial exceedance is an indicator of the level of risk accepted by regional 
councils/communities of having excess periphyton in waterways. For example, a 20% spatial 
exceedance means there is a 20% chance that, at a given site, and at a target nutrient 
concentration, the periphyton objective will not be met. 
 
The MfE (2020) look-up tables of nutrient criteria also contain values corresponding to a 
30% spatial exceedance. On average, the 30% ‘risk’46 criteria for TN are 2.8-times greater 
than the corresponding 20% ‘risk’ TN criteria. For example, CDL class rivers have 20% and 
30% risk TN criteria of 0.54 and 1.47 g/m3, respectively. Based on the definition in MfE 
(2020), adopting a spatial exceedance of 30% would mean accepting there is a 30% (rather 
than 20%) chance that, at a given site, and at a target concentration (that is on average 2.8-
times higher), the periphyton objective will not be met.  
 
To be clear, I am not a proponent of the nutrient criteria in MfE (2020), and the concept of 
spatial exceedance. That said, if these criteria are to be used, then it is essential that the 
community be presented with a 30% periphyton ‘risk’ option to consider.   
  

4.4.2 Impact 

Because I do not have significant issues with the water quality model and the ‘mechanics’ (or 
logic) of how the current approach (i.e., Snelder 2020) undertakes contaminant ‘budgeting’, I 
have not attempted to use other models to recalculate TN reductions using 30% spatial 
exceedance criteria. My assessment is limited to identifying the number (length) of stream 
reaches in the four major catchments that exceed the 20% and 30% ‘risk’ TN criteria. This 
was done using the MfE data layer of predicted TN concentrations for all NZ stream reaches 
(Whitehead 2018)37 and comparing these with the relevant 30% spatial exceedance TN 
criteria. 
 
A comparison of the extent and distribution of exceedance using the 20% and 30% spatial 
exceedance (‘risk’) periphyton TN criteria are shown in  
Figure 7, and data summarised in Table 7. Increasing the spatial exceedance periphyton TN 
nutrient criteria from 20 to 30%                  decreased the level of non-compliance from 54% 
to 24% (9,500 km of stream length). When excluding streams classified as lowland soft-bed 
(LLSB), the length of non-compliant streams, using 30% spatial exceedance TN targets, 
decreased to 18%. 
 
 
 
 
 
   

 
45 Although I note that Snelder (2020) lists the original set of recalibration numbers in Appendix A of that report, 

as opposed to the MfE (2020) look-up tables that utilise a 2nd version of recalibrate numbers. On average, the 
new recalibrate numbers with around 30% more stringent. For example, CD/L class, the 20% spatial exceedance 
criteria value went from 0.811 to 0.542 g/m3.  Confirmation about what set of recalibrated criteria were used in 
Snelder (2020) would be useful. 
46 The term ‘risk’ refers to the spatial exceedance criterion. 
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Table 7: Proportion of streams lengths not complying with different periphyton TN criteria (20 vs 30% spatial 
exceedance; and including and excluding lowland soft-bed stream clasess) 

Catchment Stream length 
(km) 

Exceedance  
20% TN 

criteria  (A) 

Exceedance 
30% TN 

criteria (B) 

Exceedance 
20% TN 

criteria; excl. 
LLSB (C) 

Exceedance 
20% TN 

criteria; excl. 
LLSB (D) 

Aparima 3,288 65% 36% 56% 28% 

Mataura 9,728 68% 29% 42% 19% 
Oreti 6,317 77% 45% 58% 33% 
Waiau 12,592 27% 7% 23% 6% 

Waituna 289 100% 58% 65% 23% 

Total 32,214 54% 24% 39% 18% 

 
 

 
 
Figure 7: Comparison of predicted exceedances (red) of periphyton TN criteria based on a 20% spatial 
exceedance (A and C), and the higher 30% spatial exceedance (B and D). The upper plots (A and B) show 
exceedances of periphyton criteria when applied to all stream types (including lowland soft-bed), and the lower 

plot shows exceedances with lowland soft-bed streams excluded (refer to Section 0 for details). 

 
Logically, it is expected that as TN criteria increase approximately 2.6-fold that the level of 
non-compliance will reduce markedly. The key consideration is whether the greater TN 
criteria based on 30% spatial exceedance provides for the periphyton objectives being 
sought. Comparing periphyton biomass and TN assessment criteria for the 30 Southland 
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monitored sites, I consider that the 30% TN criteria are more closely ‘aligned’ with observed 
data. The number of exceedances across the 30 monitored sites decreased from 23 (refer to 
Figure 5) using 20% criteria, down to 6 when using 30% TN criteria (Figure 8).  
 
It is interesting that measured periphyton biomass at site ES-00072 (Aparima@Thornbury) 
exceeds the periphyton biomass FWO of 200 mg/m2 (chla), and yet complies with the 30% 
TN criterion of 1.47 g/m3 (measured TN is c. 0.94 g/m3). In this situation, I am not sure how 
to interpret the spatial exceedance criteria. For example, is it reasonable to assume that the 
Thornbury site is one of the 30% of CDL sites that can exceed the periphyton FWO 
threshold? If so, if this site continues to exceed 200 mg/m2 of periphyton biomass, is it 
always assumed to be one of the ‘random exceedances’ that is permitted under the spatial 
exceedance criteria? In my opinion, if the midpoint of the 92nd biomass exceeds 200 mg/m2, 
then the site is non-compliant with the periphyton FWO, and hence the site is over-allocated. 
As such, in the case of Aparima at Thornbury, if 30% risk TN criteria were used, the current 
median TN concentration of 0.94 g/m3 would need to reduce (despite being less than the TN 
target of 1.47 g/m3).   

 
Figure 8: Comparison of compliance (BoE scenario) with periphyton FWOs as assessed by measured periphyton 
biomass (top) and exceedance of periphyton TN criteria (30% risk, MfE 2020) (lower). Refer to Figure 3 for 
periphyton monitoring site locations) and Figure 5 for the equivalent plot using 20% risk TN criteria. The red 
dashed line in the upper plot represents the periphyton biomass FWO thresholds (expressed as 92nd percentile 
chla biomass) for different river classes, and in the lower it represents the different periphyton TN criteria 
(measured as g/m3 of TN) for different REC ‘source of flow’ classes. Sites above and below the red dashed lines 
are non-compliant and compliant, respectively (based on the assessment criteria).   
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4.4.3 Recommendation  

Redo the analysis using periphyton TN criteria corresponding to a 30% spatial exceedance. 
As per other recommendations, this should ideally exclude lowland soft-bed (LLSB) stream 
classes, and the assessment should be ‘validated’ using measured periphyton data from 
Southland’s 30 representative monitoring sites.  
 

4.5 Poor predictive performance of MfE (2020) periphyton nutrient criteria 

4.5.1 Issue 

For a complex attribute like periphyton, I believe that the assessment of current state against 
FWO objectives should focus on measured data. Councils are required to monitor water 
quality (including biological measures) at sites that are representative of the FMU / sub-
FMU. Southland has 30 sites where periphyton is monitored. Guidance for using MfE (2020) 
periphyton nutrient criteria (i.e., ‘look-up tables’) states that only monitoring data can confirm 
exceedance of a periphyton biomass threshold. As such, if following the guidance to the 
‘letter of the law’ there are only 30 sites in Southland where compliance with the periphyton 
FWO can be assessed. Periphyton growth may well be complex; however modelled 
periphyton biomass maps (when aggregated to attribute bands) do not seem to show 
complex distributions of periphyton attribute states - for example, refer to Figure 13 (left plot). 
Based on the distribution shown for Southland, the number of representative sampling 
locations needed would not be massive and would provide confidence in determining the 
compliance / non-compliance of sub-catchments with periphyton FWOs.   
 
Environment Southland have a preference to use the measured data to generate a 
regression model that will enable periphyton biomass to be predicted in all streams within 
the region. To date, their efforts to develop a regional periphyton model have been 
unsuccessful. Hodson and de Silva (2020) concluded that relationships between periphyton 
biomass and nutrients were weak, “indicating that nutrient variables alone are poor 
predictors of chlorophyll a across the Southland region”. 
 
The NRWQN periphyton model and nutrient criteria (MfE 2020) 
 
The current study (Snelder 2020) uses nationally derived nutrient criteria as a ‘proxy’ for 
assessing compliance with periphyton biomass FWOs. In other words, instead of comparing 
current state periphyton biomass with a periphyton biomass threshold (i.e., FWO); the study 
compares current state nutrient concentrations with the national nutrient criteria that 
correspond to a periphyton biomass threshold. This would be a reasonable approach if there 
was adequate confidence that the nutrient criteria are related to periphyton biomass 
thresholds. Unfortunately, the periphyton nutrient criteria used in the current study, in my 
opinion, are poorly related to periphyton biomass. It is, therefore, difficult to justify using 
these nutrient criteria as a proxy for periphyton biomass, and hence the basis for settling 
nutrient limits in Southland.  
 
The underlying model used to develop the national nutrient criteria (MfE 2020) is a 
periphyton cover model based on data from approximately 66 larger river sites from the 
NRWQN.47 Unfortunately, this model could not predict periphyton biomass in two regional 
test datasets – namely the Manawatu-Whanganui and Canterbury regions (Larned et al. 48 
2015 and Kilroy et al. 2019). The Nash Sutcliffe Efficiency (NSE) indicates how closely 
observation coincide with predictions. A NSE of 1 corresponds to a perfect match, and a 
NSE score of 0 means that the model is only as accurate as the mean of the observed data. 
A negative NSE value indicates that the model predictions are less accurate than using the 
mean of the observed data. NSE values for model vs observed Manawatu-Whanganui and 

 
47 NRWQN = National River Water Quality Network (NIWA) 
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Canterbury periphyton data were negative (Larned et al. 2015)48 – that is, model output was 
less accurate than using the mean of the regional datasets.  
 
I believe that a periphyton-nutrient model is only useful if it can actually do what is it 
assumed to be able to do, and the be clear, that is, to predict biomass from equations that 
have nutrients (one or both) as predictor variables. I do not consider a periphyton model to 
be useful (nor appropriate) for informing limit setting if that model has been shown to be less 
accurate than the mean of the data set.  
 
It is important to emphasise that the MfE 2020 nutrient criteria are derived from the same 
periphyton cover model that was unable to predict periphyton biomass in Manawatu and 
Canterbury datasets. The inclusion of the concept of spatial exceedance criteria (MfE 2020) 
as a level of risk is another way of looking at “compliance”, but importantly, the nutrient 
criteria are derived for the same model underlying model that two NIWA reports to MfE 
(Larned et al. 2015 and Kilroy et al. 2019) have stated cannot predict periphyton biomass in 
regional datasets.  
 
In my opinion, the concepts around spatial exceedance are overly academic/statistical 
‘workaround’ that have little relevance in a limit setting context applied at catchment/FMU 
scale. The   simply because setting nutrient limits requires a predictive relationship between 
the nutrient (pressure) and periphyton biomass (response). If the model has no predictive 
relationship, then how can the output of the model (in this case application of TN criteria as a 
proxy for periphyton biomass) inform nutrient limit setting? In my opinion, the answer is 
simply – those criteria cannot be used to set robust resource use limits in catchments. I 
discuss my concerns in more detail below.                    
 
Performance of the periphyton cover model (using 20% spatial exceedance) using 
regional and Southland data.  
 

Note – interpolated values from TN criteria were provided by Dr. Snelder prior to 
recalibration (December 2019). Recalibration would presumably reduce the magnitude of 
over-prediction. In that regard, the following section summaries the data I had available at 
the time of writing this – and the interpolated values represent the original TN criteria derived 
from the periphyton model – hence are still relevant for commenting on the suitability of 
criteria derived from the periphyton model.  
 
This potentially only effects interpolated values of periphyton biomass, it does not change 
assessments based on comparing current-state TN concentrations with periphyton TN 
criteria. For example, refer to Figure 5 for comparison of non-compliance based on 
measured periphyton and comparison of current TN concentration with TN criteria. Thus, 
any corrections to interpolated periphyton biomass values are largely inconsequential as it is 
the gap between current state TN and periphyton TN criteria that determine the magnitude of 
the load reductions. 

 
While the model’s periphyton predictions have been shown to be less accurate than the 
mean of the population for Manawatu and Canterbury datasets (Larned et al 201548; Kilroy et 
al. 2019), I consider it beneficial to look at how well the periphyton TN criteria (based on 20% 
spatial exceedance) predict periphyton biomass in a regional dataset comprising 172 sites 
from 6 regions – including 30 Southland sites.49   
 

 
48 Larned et al. (2015). Analysis of Water Quality in New Zealand Lakes and Rivers. NIWA Client report 
CHC2015-033 prepared for Ministry of the Environment. 107 p. (refer to Appendix B) 
49 Datasets provided by Kilroy (measured) and Snelder (interpolated) in November 2019 (pers. 
comm.) 



 

27 
 

For the 6-region dataset (172 sites), the predicted biomass (using 20% spatial exceedance) 
accounted for <10% of the observed variation in periphyton biomass (Figure 9A). The 
negative NSE value (-4) indicates lower accuracy than using the mean of population.  
 
 
A B 

  
Figure 9: Predicted (20% spatial exceedance TN criteria) vs. measured periphyton biomass (92nd %ile; mg/m2 
chla) for a 6-region dataset, n=172 (A) and Southland dataset, n=29 (B). Red and black dashed lines show 
national-bottom line applied to modelled and measured biomass, respectively. The diagonal solid green line (A) 

represents the 1:1 where predicted and measured are equal. 

Based on these 172 sites, use of the model (and the derived criteria) to assess compliance 
with periphyton biomass FWO has little merit given that it has less accuracy than using the 
mean of the data set. That is, assuming all sites had a periphyton biomass of 80 mg/m2 
(chla) would be more accurate than predictions from the model / nutrient criteria. As 
indicated, the interpolated biomass here reflects original TN criteria, however, if using the 
national bottom-line threshold, of these data approximately 15 (8-9%) are non-compliant50, 
compared with 104 (60%) based on interpolated data in Figure 9, and 58 sites based on 
recalibrated TN criteria.    
 
While the periphyton data set is relatively small (but certainly not insignificant), Kilroy et al. 
(2019)44,51 stated that, in regard to representativeness of the river network, the environment 
gradients of important predictor variables were reasonably well represented by the regional 
sites. The main differences were a disproportionate number of low elevation sites with 
moderate to high nitrate concentrations. In other words, the 172 sites are in areas likely to 
show problematic periphyton biomass, in hence the dataset will over represent the rate of 
periphyton biomass non-compliance.  
 

Of the 29 Southland data52 (Figure 9B), periphyton predictions using TN criteria (20% spatial 
exceedance) accounted for 26% of the variation in observed data and had a negative NSE 
value indicating the predicted values had less accuracy than using the mean of the dataset 
(74 mg/m2 chla). The mean interpolated periphyton biomass (using original, uncalibrated 
criteria) was 378 mg/m2 chla, which is approximately 5-times higher than the average 
biomass observed across the 29 regional sites. Data shown in Figure 5 shows that 
calibrated TN criteria still greatly over-estimate periphyton biomass exceedance, with 23 
sites non-compliant, compared with only 3 non-compliant sites using measured biomass. A 
comparison of interpolated biomass (original calibration) and measure biomass against 
median total nitrogen for Southland sites is shown in Figure 10. Kilroy et al. (2019) has 
indicated that regional data is biased towards lowland, rural land use with moderate to high 

 
50 Reduced to around 6% in the more comprehensive analysis of Kilroy et al. (2019). 
51 This NIWA report for Ministry of the Environment was reviewed by Dr. Snelder  
52 The Dipton Stream site was not included in the dataset I had available. 
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nitrogen concentrations. Based on this, it is difficult to see how monitoring more Southland 
sites would result in the measured relationship (green line) converging with the interpolated 
relationship (blue line) shown in Figure 10.  
 
Proponents of the national periphyton TN criteria will assert that a comparison of predicted 
vs measured is not an appropriate way to assess the criteria. So how are these criteria 
assessed? It is by the proportion of sites where measured periphyton exceeds modelled - in 
Figure 9A, this is shown by the proportion of sites they fall below the green 1:1 line. In the 
case of a 20% spatial exceedance, this should be around 20% of data. Looking at Figure 9A, 
there are around 12 data points below the 1:1 line  - equating to around 7% of data, which is 
close to the 8-9% referenced in MfE (2020)10. And that is it – the proportion of sites below 
the 1:1 line (assuming predicted biomass on y-axis) justifies the use of periphyton TN criteria 
that are characterised as having less accuracy than using the mean of the test population, 
and substantial over-estimate biomass, and hence over-estimate TN load reduction to meet 
periphyton biomass FWOs.   
 
What is the value of using TN criteria to inform limit setting, when the underlying periphyton 
model (used to derive the nutrient criteria) simply cannot predict periphyton biomass? The 
means non-compliance with periphyton TN criteria (and or DRP criteria) cannot be used to 
assess non-compliance of periphyton FWOs. Accordingly, the gap between current state TN 
and periphyton TN criteria does not reflect the reduction required to meet a periphyton FWO 
– it simply reflects the reduction required to meet a TN criterion that is, for all intents and 
purposes, not related to periphyton biomass.  
 
Mataura mainstem example 
 
To highlight implications for ‘upstream’ landowners from the ‘unchecked’ use of these 
national nutrient criteria, I use the example of the Mataura River at Gore. This main stem site 
is classified as CDH and has a periphyton FWO of B-band, meaning a maximum 92nd %ile 
biomass of 120 mg/m2 (chla). The periphyton TN criterion (20% spatial exceedance) for 
CDH site is 0.217 g/m3. The current state concentration of TN at the Mataura site is 1.1 g/m3, 
and so assuming the TN criterion reflects the instream concentration required to meet the 
periphyton objective (in this case, 120 mg/m2), the conclusion from this analysis would be 
that the catchment is exceeding the periphyton FWO by around 5-fold, and to meet the FWO 
(i.e. 120 mg/m2 biomass), catchment loads of TN will need to be reduced by around 80% 
(1.1 g/m3 reducing to 0.22 g/m3). However, measured periphyton at this site is only 11 
mg/m2, which correspond to A-band (even the upper 95% confidence interval is <20 mg/m2).  
 
Yes, there is uncertainty in measured periphyton biomass, but at least it is real slime, taken 
from real stones, removed from the bed of real Southland streams. Any uncertainty in 
measured periphyton biomass is going to be far more certain (and meaningful for informing 
limits) than exceedance of TN criteria that are already known to be very poorly related to 
periphyton biomass in regional datasets. So, consistent with MfE guidance in setting 
instream nutrient criteria (MfE 2018), given that periphyton objectives are being met at the 
Mataura mainstem site, the site is not overallocated with nutrients (in relation to the 
periphyton FWO that applies to the site), and therefore a reasonable approach to setting 
instream TN criteria at this site is to use current state concentration, that is 1.1 g/m3 (or 
equivalent current state concentration for period ending September 2017). So, the use of 
periphyton TN criteria calls for 80% reduction, whereas use of best data (i.e., measured 
periphyton data) results in 0% reduction. 
 
If modelled periphyton biomass estimates are required, I note that the random forest model 
(Kilroy et al. 2019) predicts a periphyton biomass at the Mataura@Gore site of 17 mg/m2 
(chla). This is certainly a lot closer than the interpolated biomass of 501 mg/m2 (chla) 
indicated using TN criteria. Regression of Southland biomass (predicted and measured) 
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against median TN concentration shows the overly simplistic (and tendency to over predict) 
relationship of the model used to derive the periphyton TN targets (Figure 10). The model is 
presumably based on a relatively low range of TN concentrations (NRWQN dominated by 
medium-to-large rivers), and so higher concentrations in regional datasets get extrapolated 
to unrealistically high periphyton biomass estimates (800 mg/m2 is the maximum modelled 
biomass). 
 

 
Figure 10: Regression of periphyton biomass (modelled/interpolated using 20% spatial exceedance TN criteria – 
blue; and measured – green) and median TN concentrations at 29 Southland periphyton monitoring sites.    

Aparima River at Thornbury example 
 
The Aparima River at Thornbury is effectively at the bottom of the Aparima catchment. It has 
a median TN concentration of around 0.94 g/m3 and is classified CDL. The MfE (2020) 
periphyton TN criterion (20% spatial exceedance) for CDL is 0.542 g/m3, although it is 
interesting to note that Snelder (2020) in Appendix A lists an earlier set of values  (i.e., 1st 
generation recalibrated values) which has a TN criterion value for CDL of 0.811 g/m3. Given 
the reductions estimated for the Aparima, I am assuming that Snelder (2020) used the more 
recent set of recalibrated criteria listed in MfE (2020).  
 
Based on a TN criterion value of 0.54 g/m3, the site is non-compliant with the periphyton 
FWO. To comply with TN criteria, this site requires a TN reduction of around 43%. The 
measured biomass (approximately 207 mg/m2) confirms that this site is not complying with 
the periphyton FWO. This suggests the site is over-allocated with TN, however, the poor 
performance of the underlying model means that the TN criteria are not related to periphyton 
biomass at this site. Given the shape of the blue curve in Figure 10, it would be difficult to 
justify a 43% percent reduction in TN to address a 3-4% over-allocation of periphyton 
biomass.       
                  
 
Performance of periphyton TN criteria when grouped by REC source of flow class 
 
Figure 11 shows the interpolated (i.e., predicted) vs measured periphyton biomass grouped 
by the major REC source-of-flow classes in the 172-site regional dataset. Key point here is 
that all predicted vs measured regression were characterised by low coefficients of 
determination values (i.e., r2) and negative NSE values (prediction have lower accuracy than 
using the mean of the data). This just reinforces my concerns about the use (misuse) of the 
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MfE (2020) periphyton nutrient criteria for informing limit setting. For me, these graphs are 
concerning, knowing these criteria are driving nutrient loads reductions in Southland. 
 
 
 
A B 

  
C D 

  
 Figure 11: interpolated periphyton biomass (using TN criteria with 20% spatial exceedance) and measured 
periphyton biomass for 172 regional sites, group by the major REC source of flow class: CDL (A), CWL (B), CWH 
(C) and WWL (D).  

4.5.2 Impact 

Periphyton nutrient criteria were the major drivers of nutrient load reductions across the 
region, and account for 80% of the nutrient reductions (by area). Snelder (2020) shows that 
36% of river segments exceeded TN criteria associated with periphyton objectives – which 
has been assumed to mean the sites were non-compliant. My estimates indicated that 
exceedance of TN criteria was more widespread, comprising >50% of stream length (refer to  
Figure 7 and Table 7).  
 
I disagree with the use of periphyton TN criteria to assess whether a site is non-compliant 
with the periphyton FWO: 1) because the guidance around their use explicitly states that 
exceedance of the criteria does not mean exceedance of the biological (periphyton biomass) 
threshold; and 2) the model used to derive the periphyton nutrient criteria simply is not able 
to predict periphyton biomass in regional test datasets. Accordingly, how can the criteria be 
used to assess compliance with a biological response that science shows it cannot predict. 
This applies, regardless of discussions around ‘risk’ – the fact is that the model cannot 
predict periphyton, and it is prediction of periphyton biomass that is required to determine 
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whether (and by how much) a catchment / subcatchment is over-allocated by (and hence 
inform nutrient limit-setting).  
  

4.5.3 Recommendations 

Main recommendation (more applicable to longer term planning perhaps) would be to 
acknowledge the inherent difficulties in modelling periphyton and focus on setting up a 
periphyton monitoring network and enough representative sites that it provides sufficient 
confidence to assess compliance with periphyton FWO across the region. In other words, 
the monitoring network would provide confidence to say that the stream length (and 
associated catchment area) upstream of a compliant site is considered to be compliant with 
the periphyton FWO. This seems particularly important for Southland, as unlike some other 
regions like Manawatu-Whanganui and Northland, it seems development of a strong regional 
periphyton model remain elusive. 
 
I recommend not using the national periphyton nutrient criteria – simply because they do not 
relate to measured periphyton biomass, and therefore how can they possibly be used to 
assess compliance against something they are not related to? For example, in the Mataura 
catchment, the gap report shows all monitored periphyton sites complying with the relevant 
periphyton FWO, and yet periphyton criteria are driving a major component of the 80% TN 
load reduction to meet the BoE scenario.  
 
But if a model of some kind is required what is an alternative? I would suggest considering 
the random forest periphyton model developed by Kilroy et al. (2019).   
       
Random forest model for national predictions of periphyton 
 
After concluding that the development of a regression model for predicting periphyton was 
not likely to yield useful prediction, Kilroy et al. (2019) focussed on a ‘plan b’ and predictions 
of periphyton abundance across the entire NZ river network were made using the same 
random forest (RF) approach used for predicting water quality variables (Whitehead 2018). 
Model performance for predicting 92nd %ile chla biomass was average with both r2 and NSE 
values of 0.37. The national-scale map of predicted periphyton attribute bands is shown in 
Figure 12, with Southland region maps for periphyton bands and compliance with BoE 
shown in Figure 13. Table 8 summarises the Southland results. The Kilroy et al. (2019) 
model predicts that approximately 61% of Southland stream lengths are A-band, 39% are B-
band and 0.2% are C-band. No D-band stream reaches were predicted. Non-compliance 
with periphyton FWOs was confined to A-band sites, with >95% of these being in the Waiau 
catchment, in particular the main stem of the river (classified CXLk).  
 
The very low prediction rate of D-band periphyton streams across New Zealand (0.015%) 
was partly attributable to the feature of RF models that precludes predictions outside the 
range of the training data.  
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Figure 12: Nation-scale predictions of periphyton biomass (92nd percentile biomass; mg/m2 chla) aggregated into 
NPS-FM attribute bands <50 = A-band; 50-120  = B-band; 120-200 = C-band; >200 = D-band. 
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Figure 13: Predicted periphyton attribute bands (left) and compliance with southland periphyton FWOs (BoE) 
(right). Sites on maps are the 30 Southland periphyton monitoring sites. Model output from Kilroy et al. (2019).  

 
Table 8: Predicted compliance with periphyton FWO, and distribution of attribute bands for each Southland FMU. 
Model output from Kilroy et al. 2019) 

FMU 
Stream 

length (km) 

stream length 
(km) non-
compliant 
with FWO % Band A % Band B % Band C 

Aparima 3,288 3 41% 59% 0.1% 

Mataura 9,728 2 57% 43% 0.2% 

Oreti 6,317 0 39% 61% 0.3% 

Waiau 12,592 212 82% 18% 0.1% 

Waituna 289 0 7% 92% 1% 

TOTAL 32,214 217 61% 39% 0.2% 

 
The tendency of the Kilroy et al. (2019) to under predict measured periphyton biomass in 
Southland streams can be seen Figure 14. Despite the tendency to under-predict, it was 
encouraging to see a strong regression between modelled (predicted) and observed 
periphyton biomass (92nd percentile chla) data (Figure 15A). 
 
The model was strongly correlated with measured data for the Southland data, accounting 
for 79% of the observed variation for the 30 sites, and a NSE value of 0.87. The under 
prediction, however, is quite marked, with the slope of the line being 55%.  
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Figure 14: Comparison of compliance of 30 Southland sites with BoE FWO between measured (top) and 
predicted (Kilroy et al. 2019) biomass (92nd %ile, mg/m2 chla) 

 
Noting that the underprediction was impacting B and C band sites (and not A), for B and C-
band sites, I multiplied the predicted 92nd biomass by a factor of 1.5 (Figure 15B). This had 
r2 and NSE values of 0.82 and 0.93, respectively; but importantly, the slope was now close 
to 1 (90%). The close agreement between modified modelled and observed, relative to 
periphyton FWOs is shown in Figure 16.  
 
This may be coincidental, but then perhaps so are the good periphyton models that have 
been developed in some regions. In my opinion, using something like the modified model 
output from Kilroy et al. (2019) shown in Figure 15B and Figure 16. I do not think there is 
much comparison between the data in these, and the data presented in Figure 9 to Figure 
11. 
 
Accordingly, my final recommendation is that the load reductions be repeated using 
modelled (or modified modelled) periphyton biomass from the model of Kilroy et al. (2019) to 
assess compliance/non-compliance with Southland periphyton FWOs. Regarding reductions 
where periphyton FWO are not being met, my initial thoughts would be that any indicated 
reductions to meet estuarine nutrient load targets is likely to address periphyton objectives. 
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Figure 15: Regression of predicted (Kilroy et al. 2019) and measured 92nd percentile periphyton biomass (mg/m2 
chla)  - original predicted values (A), and modified values where B- and C-band predicted biomass is multiple by 
a factor of 1.5 (B). 

 

 
Figure 16: Comparison of measured and modified predicted (1.5x B- and C-band) 92nd %ile periphyton biomass 
(chla, mg/m2). Model output from Kilroy et al. (2019). Modified by multiplying the predicted biomass by a factor of 
1.5 for sites with B-band and C-band attribute states. Site with no infill (blue) are the 3 sites where measured 

biomass exceeds the periphyton FWO.  

 
Modifying the predicted biomass for all Southland reaches, predicted periphyton attribute 
bands are shown in Figure 17 and summarised for the FMUs in Table 9. These can be 
compared with Figure 13 (left) and Table 8 
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Figure 17: Modified predicted biomass for Southland region using RF model of Kilroy et al. (2019). All reaches 
with B- (50-120 mg/m2) and C-band (120-200 mg/m2) were increased 50%. (A-band = blue, B-band = green, C-
band = orange).  

 
Modification of the predicted B and C-band reaches results in the region-wide decrease of B-
band reaches from 39% to 27%, and importantly, an increase in the proportion of C-band 
sites from 0.2% to 13%. In the Oreti Catchment, the proportion of C-band sites increased 
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from 0.3% to 21%, and in the Aparima, the proportion of C-band sites increased from 0.1% 
to 26%. In my opinion, the use of model periphyton biomass using a variant of the Kilroy et 
al. (2019) RF model represents a more defensible approach if wanting to assess compliance 
of all hard bed stream reaches against Southland periphyton FWOs. It is inconsistent with 
using ‘best information’ (Section 1.6 of NPS-FM) to persist with using nutrient criteria as 
periphyton biomass proxies to inform limiting setting requirement for riverine receiving 
environments.     
 
 
 
Table 9: Predicted compliance with periphyton FWO, and distribution of attribute bands for each Southland FMU. 
Modified model output from Kilroy et al. 2019) – applying 50% increase to B- and C-band reaches.  

FMU 
Stream 

length (km) 

stream length 
(km) non-
compliant 
with FWO % Band A % Band B % Band C 

Aparima 3,288 20 41% 34% 26% 

Mataura 9,728 2 57% 35% 8% 

Oreti 6,317 29 39% 40% 21% 

Waiau 12,592 272 82% 11% 8% 

Waituna 289 0 7% 61% 32% 

TOTAL 32,214 323 61% 27% 13% 

 
 

 
Dr. Craig Depree 
 
15 February 2021. 


