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Memorandum: Response to DNZ technical review of work undertaken to 
inform nutrient reduction requirements to achieve freshwater objectives 
in Southland catchments 

Authors: Dr Ton Snelder (LWP Ltd) and Roger Hodson (Environment 
Southland) 

Date: 26 February 2021 

1 Introduction 
In December 2020, Environment Southland completed a first round of consultation with 
stakeholders on work associated with assessment of nutrient (nitrogen and 
phosphorus) load reductions required to achieve draft freshwater objectives (FWOs) 
in the rivers, lakes and estuaries of Southland Murihiku. The purpose of the nutrient 
load reduction assessment is to inform the Southland Regional Forum and regional 
planning processes, which is considering how FWO can be achieved in the Southland 
Region. 

The consultation involved four Zoom meetings with stakeholders and the circulation of 
the following reports for feedback: 

• Assessment of Nutrient Load Reductions to Achieve Freshwater Objectives in
the Rivers, Lakes and Estuaries of Southland Snelder (2020): Assessment of
Nutrient Load Reductions to Achieve Freshwater Objectives in the Rivers,
Lakes and Estuaries of Southland.

• Southland Region Catchment Nutrient Models (CASM) Cox et al. (2020):
Southland Region Catchment Nutrient Models.

• Rodway, in preparation: Contaminant Losses to Water from Agricultural Land
Uses in Murihiku.

• Models for evaluating impacts of nutrient and sediment loads to Southland
Estuaries (NIWA) Plew (2020): Models for evaluating impacts of nutrient and
sediment loads to Southland estuaries.

Additional reports were provided for context and further information: 
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• De Silva and Hodson (2020): Drivers of periphyton in the Southland region.

• Wilson et al (2019): Community values for Southland’s freshwater
management units.

• Wilson and Norton (2020): Key early messages from contaminant loads
modelling for ES executive.

• Norton and Wilson (2019): Developing draft freshwater objectives for
Southland.

• Norton et al (2019): Current environmental state and the “gap” to draft
freshwater objectives for Southland.

Written feedback was provided by DairyNZ, Beef and Lamb and Meridian Energy Ltd. 
The following organisations elected not to provide written feedback but were part of 
the stakeholder group that received material and participated in the Zoom meeting 
discussions: Department of Conservation. Fish and Game (Southland), Southern 
Health Board, Ballance, Federated Farmers, Ravensdown and Deer NZ. 

Substantive written feedback was provided by DairyNZ (Depree and Thiange 2021). 
This memo and the attachments provide our detailed technical responses to the main 
points raised in that feedback. We have focussed on clarifying the approach taken in 
the nutrient load reductions required study and consideration of the suggestions made 
by DairyNZ rather than responding to every detail of the DairyNZ feedback. The 
heading names in this memo refer to the headings in the technical review document 
provided by DairyNZ. In places we have outlined the key points raised by the DairyNZ 
review by including a quoted excerpt. In all cases these are highlighted as text in italics. 

The stakeholder feedback suggested additional work that may improve the clarity 
and/or robustness of the work undertaken. These suggestions are acknowledged in 
this memo and are discussed further in Norton and Wilson (2021). 

2 Section 1 – Overview of approach and summary of key 
concerns 

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. 

The explanation for this is that the previous national studies reported results for 
Southland in its entirety whereas the recent load reduction study is restricted to a 
“study area” that excludes all of Fiordland and the Islands FMU.  

the work relies exclusively on the use of national-scale nutrient criteria…... 

This is incorrect. A “national scale nutrient criterion” would be a single value that 
applies nationally (i.e., to the whole country). The criteria used were derived from a 
model that explains variation in periphyton biomass observed in rivers across New 
Zealand. Because the underlying model used multiple variables to explain variation in 
periphyton biomass across New Zealand, the criteria vary significantly across 21 
classes of river that differentiate important factors that control periphyton biomass 
even within a region.  

, which are known to have high uncertainty. 
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The DairyNZ review frequently mentions the high uncertainty and poor performance 
of the underlying periphyton biomass – nutrient model. There are two models that 
underly the criteria; one includes TN as the nutrient among the explanatory variables 
and the other included DRP (Snelder et al. 2019).  These models predict periphyton 
biomass at individual sites and have satisfactory performance based on their model 
R2 values and the ratings for these defined by Moriasi et al. (2015). However, the 
criteria that are derived from these models are not based on predicting biomass at 
individual sites. The criteria are based on predicting the proportion of sites that 
exceed biomass thresholds. The reasons for this approach are set out in Appendix 1 
of this document. The report and paper (Snelder et al. 2019) written about the criteria 
show the model performed well in predicting the proportion of sites that exceed all 
three relevant thresholds (i.e., the A, B and C periphyton attribute states).  

3 Section 2.1 – Inconsistencies in approach with other 
comparable load reduction studies 

The inconsistencies noted are for the reason outlined above. The study area is 
explained in the report.  

4 Section 2.2 – Quantifying the levels of uncertainty in the 
proposed nutrient reductions 

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

We accept this point. Uncertainties can be estimated and were for the publication 
describing the national study that is based on the same method (i.e., Snelder et al. 
2020). We note the caveats concerning the meaning of uncertainties would be the 
same as noted in the recent paper about nitrogen excess nationally (Snelder et al. 
2020). 

5 Section 3 - Estuaries 
Section 3 of DairyNZ’s feedback concerns how estuaries were represented in the 
load reduction requirement study (i.e., Snelder 2020). In the load reduction 
requirement study, the relevant nutrient criteria for each Southland estuary was 
provided by a NIWA report authored by Plew (2020). DairyNZ’s feedback concerning 
the estuaries did not raise concerns about the way that Plew’s (2020) criteria were 
incorporated into the load reduction requirement study. Rather, DairyNZ’s feedback 
raised concerns regarding the derivation of the nutrient criteria and the way that the 
available data describing estuaries had been used in the load reduction requirement 
study. NIWA have responded to these concerns and this response is attached as 
Appendix C.  

We agree with NIWA’s responses to DairyNZ’s feedback. In particular, we agree that 
estuary-level observations cannot be used to determine if load reductions are 
required for individual estuaries. We consider that the best approach to deriving 
nutrient criteria involves the use of models that combine the available data from all 
estuaries and systematically account for variation in as many of the drivers of trophic 
state as possible. This was the approach that NIWA used to define nutrient criteria 
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for estuaries. We note that we have made similar comments to this with respect to 
DairyNZ’s criticism of the nutrient criteria for river periphyton.  

NIWA’s response to DairyNZ’s feedback concerning the Toetoes Estuary suggests 
the use of an existing three-compartment model for the Estuary. This more detailed 
model would allow the study to consider nutrient loads in greater spatial detail than 
the one-compartment model that was used in the load reduction requirement study. 
We agree that analysis at greater levels of detail can be useful. However, this 
observation applies to every aspect of the load reduction requirement study. We 
consider that from a technical perspective, we do not know where the most pressing 
need for more detailed analysis lies at this early stage of the limit setting process. It is 
true that a more detailed model happens to exist for the Toetoes Estuary, however, 
deploying this to make a more refined estimate of load reduction requirements will 
take time and resources. In our opinion, any decision concerning investing in more 
detailed analysis should be based on a thorough assessment of priorities that would 
be driven by two issues: (1) uncertainty and (2) the need to represent processes or 
factors that are not currently represented. Both issues, but particularly the second, 
will be better understood at the scenario assessment step in the Forum process. 
Therefore, we recommend decisions regarding increasing model detail should be 
delayed until later in the process, possibly in association with scenario analyses.  

In summary, we consider that the estuary nutrient criteria used in the Southland 
study are appropriate and make the best use of the available information. We also 
consider that it would be premature to invest in increasing the detail of any individual 
model without first developing a systematic prioritisation of the need for more detail.  

6 Section 4.1 – Periphyton FWO band for stream classes 
These are value judgements, not technical, decisions. The load reduction 
requirement study used FWOs that were developed elsewhere as described in 
Snelder (2020).  

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

Application of periphyton nutrient ‘lookup’ criteria to the lowland soft bed river 
classification …. is inconsistent with the NPS-FM periphyton attribute 

We disagree with this interpretation. The ES lowland soft bed river classification does 
not indicate streams that do not or could not support problematic levels of periphyton. 
Meta data collected by ES indicates that 21 of 31 (67%) of sites that are classified as 
lowland soft bed management unit by the pSWLP (2018) have observed levels of 
benthic periphyton biomass >120 mg chlorophyll-a m-2 see Appendix 2. In addition, 
29 of these 31 sites have stream substrates comprised of >50% gravel or cobble and 
are therefore considered to be capable of supporting high periphyton biomass see 
Appendix 2.  

It is noted that the Ministry for the Environment (MfE) study that estimated the 
national impact of the periphyton attribute and the proposed DIN attribute only 
applied periphyton TN criteria to coarse/hard-bed streams (MFE 2019). This was a 
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conservative assumption1 that was taken in order to estimate a worst-case impact of 
the proposed DIN attribute. We do not consider that the assumptions used in MFE 
(2019) constitute any type of precedent for future analyses. We do not accept that 
the approach used in the regional scale study is “unusual and incorrect practice” and 
believe that our consideration of the issue has correctly made alternative 
assumptions to the national study, as demonstrated by the supporting data for 
lowland soft bed streams of Southland included in Appendix 2.  

8 Section 4.3 – use of ‘best 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 (in my opinion) to utilise measured periphyton data. 

See the comment above (Section 1) concerning the incorrect reference to the 
“national model”.  

See the comment above (Section 1) concerning how satisfactory the model 
underlying the nutrient criteria is.  

The criteria for TN were based on recalibration of the original criteria derived by 
Snelder et al. (2019) using independent Regional Council periphyton monitoring data. 
This data included the ES periphyton monitoring network (29 of 30 sites), so the 
criteria are informed by regional data. In this respect the ES site data was a sense 
check – the criteria were shown to perform consistently well (i.e., to predict the 
proportion of sites exceeding the nominated thresholds) across all the REC classes 
that could be tested (Snelder et al., 2019). The REC classes tested included CD/H, 
CD/L, CW/H. CW/L and CH/H which are dominant REC classes in Southland.  

ES’s periphyton monitoring network (30 sites) was not designed to be representative 
of the magnitude and distribution of the periphyton issues in Southland. The 
monitoring network was intended to inform development of a regional model and if 
satisfactory to inform subsequent criteria development. The monitoring network 
therefore represents variation in the environmental factors that are understood to 
control periphyton biomass accrual (essentially flow regime and nutrient enrichment) 
(De Silva and Hodson 2020). Models and criteria are used to make regionally 
extensive spatial predictions so that the analysis of nutrient load reduction 
requirements is comprehensive and consistent (i.e., covering the whole region in a 
systematic manner). This is the approach that was taken by the load reduction study 
and the previous studies (e.g., Snelder et al. 2020). It is not feasible that we can 
comprehensively estimate the load reductions required for the study area in 
Southland based on observations at 30 sites without modelling.  

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. 

1 The assumption was conservative with respect to the DIN attribute because the proposal at the time was that it 
would only apply at locations that were assumed to not support problematic levels of periphyton.  
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We have assumed that once a criterion is set, an exceedance is treated or acted on 
as a failure. We think this is consistent with best practice. For example, if nitrate 
exceeds (or gets close to) a criterion in drinking water, action is taken even if no 
adverse effects (such as “blue babies”) have been observed. For most criteria, a 
degree of uncertainty about the relationship between the dose and the response 
exists, such that not every exceedance of a criterion will result in the failure the 
criterion is seeking to avoid. This is explained in more detail in the appended material 
about the approach to the periphyton-nutrient criteria (Appendix 1). The nutrient 
criteria were derived such that only 20% of exceedances are expected to cause a 
“failure” (i.e., a site with a periphyton biomass that exceeds the chosen threshold). 
Therefore, the analysis has not overestimated the load reductions required. If the 
decision maker is prepared to have a higher risk of “failure”, then a larger s 
exceedance than 20% could be chosen and the load reduction estimates will 
decrease accordingly. The cost of this would be more failing sites and importantly, all 
sites exceeding the stated threshold by larger margins.   

Concerning the points made about Figure 5 in DairyNZ’s review. We think this 
interpretation of the data is too simplistic. Nutrients have a limiting relationship with 
periphyton biomass. That is, a given site may have high nutrient concentration but a 
low periphyton biomass for many reasons that are often unmeasured such as 
unstable substrates, high water velocities, shading, invertebrate grazing, and 
uncertainty in measured biomass. However, if nutrients are restricted to a certain 
level, we expect biomass to be correspondingly limited, including at sites with ideal 
conditions for biomass accumulation. An appropriate type of model to represent this 
type of relationship is one that represents the nutrient concentration as a limiting 
condition and sets a maximum proportion of sites at which a biomass target can be 
exceeded. This is the approach taken by Snelder et al. (2019) that led to the criteria 
that are used in the nutrient reduction study.  

Quantile regression is another appropriate type of model for representing limiting 
relationships (Cade and Noon 2003). Quantile regression is similar to the approach 
that Snelder et al. (2019) used to define the nutrient criteria used in the Southland 
study. To illustrate the principle and the use of quantile regression, consider the data 
observed at 28 of ES’s periphyton monitoring sites shown in Figure 1. Figure 1 is a 
scatter plot of TN versus the 92nd percentile of chlorophyll-a (i.e., periphyton biomass 
as it is represented by the NPS-FM periphyton attribute). The red lines are significant 
quantile regression relationships between biomass and TN for quantiles of 0.7 and 
0.9 (with the 0.9 quantile being the uppermost line). For this small dataset, the 80th 
quantile was not statistically significant. The line representing the 0.9 quantile can be 
interpreted as the limiting concentration of TN such that only 10% of sites have a 
biomass higher than shown on the y-axis. The 0.9 quantile is equivalent to a 10% 
spatial exceedance and, similarly, the 0.7 quantile is equivalent to a 30% spatial 
exceedance.  
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Figure 1. Scatter plot of TN versus 92nd percentile of chlorophyll a (i.e., periphyton 
biomass). The red lines are significant quantile regression relationships fitted to the 
data at the 90th and 70th quantile.  

The fitted quantile regression models were used to interpolate the TN concentration 
criteria to achieve the biomass thresholds of 50, 120, and 200 mg m-3, for 10% and 
30% spatial exceedance criteria (Table 1). Because the 0.8 quantile regression was 
not significant, TN concentration criteria associated with the 20% spatial exceedance 
have been estimated as lying halfway between the 0.7 and 0.9 quantile in log (base 
10) space. We note that this analysis is for illustrative purposes and includes sites
that should possibly be excluded due to the presence of didymo.  We are not
suggesting that the derived criteria be adopted. In addition, we consider that the very
limited representation of sites with high biomass (i.e., > 200 mg m-2), means that the
extrapolation to estimate the TN threshold for 200 mg m-2 is not advisable.
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Table 1. Criteria for TN (mg m-3) to restrict biomass to 50, 120 and 200 mg 
Chlorophyll-a m-2 derived by quantile regression performed on Environment 
Southland’s monthly periphyton monitoring data. The 10% and 30% spatial 
exceedance were derived directly from the quantile regressions (0.9 and 0.7 
quantiles; Figure 1) whereas the 20% spatial exceedance were estimated as 
described in the text. The range in the criteria used in the Southland study are shown 
in the last column.  

Biomass 
threshold 

10% spatial 
exceedance 

30% spatial 
exceedance 

20% spatial 
exceedance 
(estimated) 

Southland study 
criteria (20 % 

spatial exceedance) 
50 mg m-2 50 108 73 61-550
120 mg m-2 218 828 502 287-2385
200 mg m-2 1158 8600 3155 681-3843

The TN concentration criteria used in the load reduction study were variable across 
Southland because Snelder et al. (2019) included sites from other regions and 
accounted for multiple drivers. However, the study’s TN criteria are comparable to 
those derived from ES’s periphyton monitoring network data shown in Table 1. For 
the 50 and 120 mg m-2 biomass thresholds, the regionally derived criteria are on the 
low side of the criteria used in the Southland study (i.e., are relatively stringent). 
Therefore, we conclude that when an appropriate modelling approach is used, a 
completely independent analysis of just the ES data produces similar TN criteria to 
that used in the load reduction study. It is noted that the thresholds derived using 
quantile regression and the ES data cannot account for spatial variation because the 
dataset is small.  

Another example of the use of quantile regression is included in the Instream plant 
and nutrient guidelines (Matheson et al. 2016). Using data that was available at that 
time, which included national water quality network and some regional council 
datasets, Matheson et al. (2016) used quantile regression to define national 
dissolved inorganic nitrogen (DIN) and dissolved reactive phosphorus (DRP) criteria 
to achieve stated periphyton biomass thresholds. Matheson et al. (2016) fitted 
models to the relationship between the 0.85quantile of periphyton biomass as 
Chlorophyll-a and TN and DRP, respectively. The models were used to estimate the 
national criteria (i.e., one number for the whole country) for TN and DRP for three 
biomass thresholds (50, 120 and 200 mg Chlorophyll-a m-2) shown in  Table 2. 

The DIN and DRP concentration criteria used in the load reduction study are 
comparable to those derived by Matheson et al. (2016; Table 2). We note that the 
load reduction study’s criteria were spatially variable and therefore the range of 
criteria encompasses that of Matheson et al. (2016). In addition, the load reduction 
study’s criteria were based on TN (not DIN) and that TN is always higher than DIN. 
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Table 2. National criteria for TN and DRP to restrict biomass to 50, 120 and 200 mg 
Chlorophyll-a m-2 derived by Matheson et al. (2016). Note that the criteria used in the 
Southland study were for TN which is always higher than DIN. Note that NA indicates 
that the criteria was not able to be determined.  

Nutrient 
Biomass 
threshold 

Matheson et al. 
(2016) 

Criteria used in 
the Southland 

study 

DIN 
50 mg m-2 <100 61-550
120 mg m-2 <630 287-2385
200 mg m-2 <1100 681-3843

DRP 
50 mg m-2 NA 0.2-9 
120 mg m-2 <11 1.4-115 
200 mg m-2 <18 13-290

In summary, we consider that the criteria used in the Southland study are 
appropriate, make the best use of the available information and are not overly 
conservative. We do not consider that data pertaining to individual sites can be 
treated in isolation from other sites. An appropriate representation of the (limiting) 
relationship between nutrients and periphyton biomass is the basis of the nutrient 
criteria used by the Southland study.  

9 Section 4.4 – Periphyton nutrient criteria – choice of 
spatial exceedance criterion 

As outlined above, the spatial exceedance criterion is a choice that is associated with 
consequences for outcomes (see also the appendix of this document). The spatial 
exceedance criterion is a normative decision – i.e., a “subjective” one made by the 
decision maker. It is possible to repeat the analysis using a 30% spatial exceedance 
criterion.  

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

Unfortunately, the periphyton nutrient criteria used in the current study, in my opinion, 
are poorly related to periphyton biomass. 

This is an incorrect assertion as discussed in my response under Section 1 and in 
the above section rebutting DairyNZ’s Section 4.3 comments. 

Unfortunately, the model could not predict periphyton biomass in two regional test 
datasets – namely the Manawatu-Whanganui and Canterbury regions (Larned et al. 
2015 and Kilroy et al. 2019). 

This is true, but this test was for predictions made for individual sites. However, as 
was shown subsequently by Snelder et al. (2019), the models performed well in 
predicting the proportion of sites that exceed nominated thresholds. It is this second 
type of performance that is material to confidence in the criteria used in the load 
reduction study.  

Other criticisms and claims the model is not useful in Section 4.5.1 are based on the 
view that the model should be able to predict periphyton at individual sites with a high 
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degree of precision. This is incorrect because this is not what the model is being 
used to do. The alternative approach that was taken by Snelder et al. (2019) was to 
use the model to predict the proportion of sites that exceed a threshold. In this type of 
assessment, the model performed well.  

Note – interpolated values from TN criteria were provided by Dr. Snelder prior to 
recalibration (December 2019). 

We do not understand this statement. It is possible DairyNZ is referring to the re-
calibrated criteria for TN but this is unclear.  

We cannot understand because the details are not explained, however we think in 
Figure 10 of the review document, DairyNZ has used the criteria to predict biomass 
at a site. This is incorrect. As explained above, the criteria do not predict biomass at 
a site.  

We do not understand DairyNZ’s analysis using the national dataset of 172 site and 
plotted in Figure 10. It may be that he has used the study’s criteria to estimate the 
biomass at each site based on the TN concentration and has then compared that 
biomass prediction to the observed biomass. This is incorrect. Used in this way, the 
correct interpretation of the of biomass predicted from the criteria is this: the biomass 
obtained is expected to be exceeded at 20% (or whatever spatial exceedance is 
being used) of sites.  If this is what DairyNZ has done, the points that are below the 
green line in Figure 10A indicate the “exceeding” sites. Note that this type of 
assessment is shown in the original paper by Snelder et al. (2019). It should also be 
recognised that the criteria and the actual observations themselves are uncertain.  
Therefore, we cannot expect the “exceeding” sites to be perfectly equal to the spatial 
exceedance criteria. Therefore, DairyNZ is finding 7% of sites are below the line 
whereas a perfect prediction would be 20% (if a 20% spatial exceedance were being 
used). This is why Snelder et al. (2019) used a more thorough probabilistic analysis 
to test the criteria. That analysis showed that the observed proportion of exceeding 
sites was consistent with the nominated spatial exceedance criteria (i.e., the 
proportion of exceeding sites were, within error, equal to the spatial exceedance 
criteria).  

The apparent misunderstanding of the criteria by DairyNZ renders the analysis of the 
individual sites incorrect. However, DairyNZ mentions the Random Forest (RF) 
models of periphyton biomass that were developed by Kilroy et al. (2019). Because 
of the details of the RF model, it is not a viable method for defining nutrient criteria. 
However, RF is an accepted approach to making spatial predictions based on a 
sample of observations. Kilroy et al. (2019) used the regional council datasets to 
predict national pattens in periphyton biomass. The predictions produced intuitively 
sensible patterns but estimated that few segments were below the national bottom 
line, which was surprising. In my opinion, this is attributable to two things. First, the 
collective regional council datasets are not a representative sample of the distribution 
of biomass because all regional council monitoring networks (to my knowledge) were 
established to represent gradients in factors that control biomass with the hope of 
defining useful biomass-nutrient relationships and criteria. This almost certainly 
means that the periphyton data under-represents sites with high biomass. Second, 
because RF models use tree-based partitions of the data, they cannot predict beyond 
the range of the observations and all predictions lie within a range that is less than 
the maximum and more than the minimum of the observations. These points were 
acknowledged by Kilroy et al. (2019). The message here is that the predictions by 
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Kilroy et al. (2019) indicate the pattern of biomass but will certainly under-estimate 
biomass in locations with high biomass.  

DairyNZ appears to endorse the RF model of Kilroy et al. (2019) because it produces 
a prediction that is close to the observation for a Southland monitoring site on the 
Mataura at Gore. This should not be construed as evidence that the RF model is 
somehow better or more useful than the criteria derived by Snelder et al. (2019). The 
concordance of observed and predicted values is because the site that is being 
predicted is included in the fitting data. It is a feature of RF models that it will produce 
predictions that are close to the observed values in the fitting dataset, although the 
details of this will not be expanded on here. Furthermore, DairyNZ indicates that the 
site in question has an observed 92nd percentile biomass of 11 mg chl-a m-2. It is 
important to acknowledge that this is a very low biomass that is probably not 
indicative of locations with high biomass in the mainstem of Mataura river. By 
comparison, the 92nd percentile of weighted composite cover (WCC) metric that is 
observed at the lower Mataura Seaward Downs sites is 48%, which equates to a 
biomass of 116 mg chl-a m-2 Snelder et al. (2019).  

11 Section 4.5.3 - Recommendations 
I would suggest considering the random forest periphyton model developed by Kilroy 
et al. (2019). 

For reasons set out above, the RF approach used by Kilroy et al. (2019) is not a 
viable method for deriving nutrient criteria.  

DairyNZ goes on to appear to endorse the use of the Kilroy et al. (2019) RF model as 
a viable indication of the extent of periphyton issues in Southland. For reasons 
explained above, this has little credibility, and this view is consistent with the 
interpretation of the results by Kilroy et al. (2019). 
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Appendix A Definition of nutrient concentration targets for 
periphyton objectives based on spatial 
exceedance criteria 

A1 Introduction 
Snelder et al. (2019) published nutrient concentration targets to achieve river 
periphyton biomass objectives defined by three thresholds 50 mg chlorophyll m-2, 120 
mg chlorophyll m-2 and 200 mg chlorophyll m-2. These nutrient concentration targets 
included the concept of a spatial exceedance criteria. Snelder et al. (2019) included 
concentration targets for total nitrogen (TN) and dissolved reactive phosphorus 
(DRP) for three spatial exceedance criteria: 10%, 20% and 50%. The Ministry for the 
Environment also approached LWP Ltd and requested that the TN and DRP 
concentration targets for a 30% spatial exceedance criteria be added to the targets of 
Snelder et al. (2019).  

The following appendix is an explanation of the meaning of the spatial exceedance 
criteria.  

A2 The meaning of the spatial exceedance criteria 
Most targets for water quality are based on a relationship between a stressor and a 
response. In the case of periphyton, the stressor is nitrogen or phosphorus (N and P) 
and the response is biomass. Concentration targets for N and P are generally 
defined by deciding on a response threshold that is acceptable – for example a 
periphyton biomass of 200mg m-2 of chlorophyll a 

The acceptable level of response is a subjective (socio-political) decision. The level 
of the stressor that will allow this threshold (or objective) to be achieved is the “target” 
and is derived from a relationship biomass – response. The derivation of the 
concentration target is essentially a scientific/technical process – but it is not entirely 
objective, and it has uncertainties.  

A stressor-response relationship is generally derived by observing sites (or lab test 
cases) with differing levels of stressor and response. The relationship is usually 
defined by fitting a line to the observations (a regression). There is always 
uncertainty involved due to sampling error and uncontrolled sources of variation, so 
the regression model approximates the relationship. A purely made-up stressor-
response relationship and associated regression model is shown in Figure A1. The 
grey ribbon in this plot represents the uncertainty of the regression model of the 
stressor-response relationship. 

 
 
 

14



 Page 15 of 21 

 

Figure A1. Made up example of stressor-response relationship and associated 
regression model. The blue line is a regression fitted to the observations (black 
points). The red dashed lines indicate the stressor target value to achieve a 
nominated response threshold.  

The uncertainty associated with the stressor-response relationship means that when 
reading off the target to fit a nominated response threshold there will be uncertainty. 
For example, in Figure A2 the (purely nominal) response threshold is 600 and the 
stressor target is estimated to be 25. However, because the stressor-response 
relationship is based on a line of best fit, the stressor target indicates the mean 
response to that level of the stressor. Therefore, our expectation should be that if 
many locations have a stressor level of 25, only 50% will have a response below 600. 
In addition, at a stressor level of 28, 50% of locations can be expected to exceed the 
response threshold.   
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Figure A2. Estimate of the level of the stressor associated with a response threshold 
of 600 (in this case a stressor value of 25). The green lines indicate the 95% 
confidence interval for the mean value of the response associated with a stressor of 
25. 

When concentration targets are defined, the details of these uncertainties are often 
not made clear. A subjective decision is made by the developer of the target that the 
uncertainty is acceptable because the amount by which the 50% of locations that 
exceed the acceptable response is “small”. However, some stressor – response 
relationships are less certain than others due to unexplained variation. To illustrate 
this, another made up example of a more uncertain stressor - response relationship 
is shown in Figure A3. In this case, the response threshold is the same as before 
(600) and the estimated target is the same as before (25). Half of the cases with a 
stressor level equal to 25 will have a response greater than the response threshold 
(as before) but those responses can be expected to deviate to a greater extent from 
the threshold of 600 (as shown by the green lines in Figure A3). 
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Figure A3. Estimate of the level of the stressor associated with a response threshold 
of 600 from a stressor-response relationship that is more uncertain than the example 
shown in Figure A2. The green lines indicate the 95% confidence interval for the 
mean value of the response associated with a stressor of 25. 

Stressor response relationships are generally very uncertain for periphyton (and 
other biological responses) because the responses are complex and important 
controlling variables are often unknown and unmeasured. When Snelder et al. (2019) 
derived TN and DRP targets for periphyton, they developed the idea of spatial 
exceedance criteria as a way of being transparent about, and allowing the user to 
make choices about, the uncertainty of the concentration targets.  

Although the mechanics were slightly more complicated in the Snelder et al. (2019) 
study, the different spatial exceedance criteria can be thought of as translations of 
the regression line upwards so that the proportion of sites that exceed the biomass 
threshold is decreased (Figure A4). In the made up example shown in Figure A4 the 
solid red line is the translation of the original regression line upwards so that a 
smaller proportion of the sites are above the line (e.g., 10% or 20% instead of 50%). 
The new criterion corresponding to a response threshold of 600 and a smaller spatial 
exceedance criterion is read off from the translated line. This stressor target (15) is 
obviously more conservative than when the spatial exceedance criteria are not 
applied. Note that using the original regression line to define the target is effectively 
employing a 50% spatial exceedance criterion. 
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Figure A4. Estimate of the level of the stressor associated with a response threshold 
of 600 when a spatial exceedance criterion is applied to the stressor-response 
relationship.  

Snelder et al. (2019) proposed spatial exceedance criteria as a way of transparently 
managing the risk of not keeping the response to at or below the threshold when the 
underlying stressor-response relationship was uncertain. It is noted that even with a 
spatial exceedance of 10% there is some risk (i.e., 10%) that the response at some 
sites will exceed the threshold. Reducing this risk further would mean increasing the 
stringency of the target – which obviously has costs that ideally would be weighed 
against the consequences of some localised exceedances.  

A key point is that acceptance of the risk that a target will not always achieve the 
acceptable level of response (the threshold) is common to most environmental 
targets but it is often unstated. For example, the toxicity-based attribute states in the 
NPS-FM are based on similar types of statistical analysis. For toxicity, the attribute 
state is set to protect a proportion of the test species (i.e., the threshold), but there is 
(unstated) uncertainty in the target and the actual proportion of species being 
protected may be less than the nominated threshold.  Another example of risks of 
non-achievement of attribute states is the TN and TP for lakes. TN and TP are 
stressors and targets for these are intended to achieve associated in-lake chlorophyll 
biomass (the response). However, the TN and TP concentration targets are uncertain 
and, for at least some lakes, the in-lake chlorophyll biomass threshold will exceed the 
designated attribute states when either TN and TP do not exceed the associated 
target.  

18



 Page 19 of 21 

In conclusion, the Snelder et al. (2019) nutrient targets are intended to be 
guidance/starting points for defining nutrient concentrations for managing to the 
periphyton attribute states. They are not inconsistent with other water quality targets 
because all targets should be regarded as uncertain. However, the Snelder et al. 
(2019) targets were not intended to be used as attributes for setting objectives; they 
are targets for biological stressors intended for use in setting risk-based limits to 
resource use, and are uncertain. If an individual site exceeds the Snelder et al. 
(2019) targets, the correct interpretation is that it has an “unacceptably high risk” of 
failing to achieve the nominated biological threshold (or objective). Exceeding the 
target, however, does not mean that the site is exceeding the biological threshold, 
because the nutrient targets are uncertain and only monitoring of periphyton can 
confirm the actual biomass. However, in the absence of biological information, the 
manager would interpret failing the target as evidence that there is an issue and may 
decide to act accordingly.  
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Appendix B Memo from Roger Hodson (ES) Assessing 
stream habitat suitability to support periphyton 
in Southland. 
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Memorandum 
For Your Information Information 

 
 

To:  Karen Wilson and Ned Norton 

    

From:  Roger Hodson 
  

Date:  Tuesday, 23 February 2021 

File Reference:  A637091 

Subject:  Considering stream habitat suitability to support 

periphyton growth in Southland 

 

 

Considering stream habitat suitability 
for benthic periphyton growth in 

Southland 
 

Background 
 
The NPSFM 2020 requires councils to identify appropriate nutrient (DIN and DRP) concentrations and 
exceedance criteria to manage ecosystem health including the potential adverse effects of periphyton 
biomass, stream metabolism and primary productivity. The Ministry for the environment has provided draft 
guidance in the form of the document entitled “A draft technical guide to the Periphyton Attribute Note” to 
assist councils by providing a possible process to use to identify appropriate DIN and DRP criteria (MFE, 2018).  
 
Environment Southland’s proposed Southland Water and Land plan (pSWLP, 2018) includes 7 spatially 
differentiated waterbody classes: Natural State; Mountain; Hill; Lowland-hard bed; Lowland-soft bed; Spring 
fed and; Lake fed. These waterbody classes are defined by a combination of River Environment Classification 
(Snelder and Biggs 2002) and land management/stewardship in the case of the Natural State class (add 
appropriate reference to recent work here).  
 
Traditional conceptual understanding of the likely ability of an environment to support periphyton biomass 
includes consideration of river bed substrate size and stability (Biggs, 1996). It has generally been considered 
that soft bed stream types do not/are not able to support conspicuous periphyton biomass. In Southland that 
understanding has historically resulted in the development and inclusion in the pSWLP (2018) of instream 
objectives for periphyton in all pSWLP (2018) waterbody classes with the exception of the lowland-soft bed 
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waterbody classes. However, environmental monitoring in Southland indicates that many monitored sites 
within the lowland soft bed river class: 
 

1. Have supported conspicuous1 levels of benthic periphyton growth, as evidenced by historic 
monitoring records for benthic chlorophyll-a > 120 mgm-2  

2. Have substrate dominated by gravel and cobble size classes i.e. < 50% fine bed material  
 

These two lines of evidence provide a clear justification for the application of nutrient criteria to achieve a 
benthic periphyton objective to the pSWLP (2018) “Lowland soft bed” waterbody classes in (Norton and 
Wilson 2019). It is apparent that 21 of 31 (67%) of sites that are located in the lowland soft bed management 
unit have supported levels of benthic periphyton biomass that is considered to be conspicuous, and have 
stream bed substrates that are likely to support high periphyton biomass. 
 
Because 71% of sites classed as Lowland soft bed have been observed to support conspicuous periphyton 
biomass and have substrates dominated by cobble and gravels, there is a need to further consider the 
relevance and appropriateness of the pSWLP 2018 lowland soft bed waterbody class and the rules applied to 
its spatial delineation.   
 
 

Identifying ‘soft bed’ stream 
environments 

 
Soft bed stream environments are a minority in New Zealand with c.a. 26% (by length) of the REC network 
considered to be soft bottomed (Snelder et al. 2013). In Southland, 14.6% of the REC network by length has 
been defined as ‘Lowland Soft bed’, according to the approach described in Wilson and Darragh 2020). 
 
The traditional approach to defining a site as soft bottomed or hard bottomed has relied on a substrate size 
assessment. A soft bed stream has been defined as a site where a substrate size assessment indicates >50% of 
the substrate to be fine bed material i.e. sand or smaller (Stark et al, 2001 and Clapcott et al. 2011). Typically 
the assignment of a site as soft bottomed has guided the selection of appropriate ecological sampling methods 
to collect and interpret representative samples of macroinvertebrates. However MFE (2018), suggest the 
substrate information also be used to define whether the stream should be subject to instream nutrient 
criteria. 
 
The pSWLP (2018) defines and maps the extent of the Lowland Soft Bed waterbody class based on a 
combination of the REC source of flow and geology categories as follows: 

1. Source of flow = lowland and; 
2. Geology = Soft sedimentary (SS) OR Geology = Miscellaneous OR Geology = Plutonic Volcanic  

Because the objective of the pSWLP (2018) classification was to comprehensively categorize all of Southland’s 
rivers, the approach did not involve site based assessments of stream bottom substrates.  
 
The NPSFM 2020 in Table 25, provides a REC class based definition of naturally soft bottom streams. None of 
the classes identified are present in Southland. Indicating that there are no naturally soft bottom stream in the 
Southland Region. 

                                                                 
1 MFE 2018: “The NPS-FM (2017) Ecosystem Health Periphyton Attribute state table narratives suggest that ‘conspicuous 
periphyton’ is Attribute State C (> 120 to ≤200 mg Chlorophyll a/m2, “Periodic short-duration nuisance blooms reflecting 
moderate nutrient enrichment and/or alteration of the natural flow regime or habitat”) or D (>200 mg Chlorophyll a/m2).”   
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Review of available data sets in 
Southland 

 
We reviewed data from Environment Southland’s long term fresh water ecosystem health monitoring 
programs, both annual and monthly frequency. Specifically we have considered: 
 

• levels of benthic chlorophyll-a observed  
• Substrate composition at each site derived from annual ecosystem health assessments  
• Photographs of lowland soft bed site substrate 
• The site’s pSWLP (2018) waterbody classification 

Periphyton biomass observations 
 
The range of benthic chlorophyll-a (mgm-2) observed by pSWLP 2018 class is illustrated in Figure 1. All pSWLP 
(2018) waterbody classes have had one or more instance where conspicuous periphyton growth has been 
observed (Figure 1). Within the lowland soft bed waterbody type 21 of 31 (67%) sites have recorded levels of 
periphyton growth in excess of 120 mgm-2.  These 22 sites clearly support conspicuous periphyton (Table 1). A 
map of all locations at which conspicuous periphyton i.e. ≥ 120 mg Chl-a m-2 has been observed in Southland is 
presented in Figure 2., 67 of 121 (55%) sites have supported conspicuous periphyton growth between 1999 
and 2020. A list of these 67 sites is included as appendix 1.0. 
 

 
Figure 1. Distributyion of benthic chlorophyll a biomass observed by pSWLP 2018 waterbody class, for all available data as 
at 3/2/2021. Boxplots use a bold line to illustrate the median, upper and lower box represent the 75th and 25th centile 
respectively with tails indicating the 95th centile and dots representing outliers. The red line indicates the conspicuous level 
of 120 mgm-2. 
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Table 1. Summary of sites which have supported conspicuous periphyton growth by pSWLP 2018 waterbody class, for all 
observations of benthic chlorophyll- a biomass available from annual and monthly frequency assessments as at 3/2/2021. 
See appendix 1 for a list of all sites included. 

pSWLP 2018 waterbody 
class Hill Lake fed 

Lowland 
hard bed 

Lowland 
soft bed Mountain 

Natural 
state 

Spring 
fed Total 

Number of monitoring sites  31 8 37 31 2 7 5 121 
Number of monitoring sites 
to have exceeded 120 chl A 
mg m-2 10 4 26 21 1 2 2 67 
Proportion of site 
exceedance  32% 50% 70% 67% 50% 29% 40% 55% 
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Figure 2 Sites where conspicuous periphyton biomass (i.e., ≥120 mg Chl-a m-2 has been observed in Southland on one or 
more occasion during annual or monthly frequency assessments.   
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Site-scale substrate assessments 
 
In addition to observations of conspicuous periphyton growth in Figure 1, 2 and Table 1, site substrate 
assessments provide additional useful information to inform the understanding of a site’s ability to support 
conspicuous periphyton growth. In Figure 3, the site substrate assessments by pSWLP (2018) waterbody class 
are presented for data collected between 2014 and 2020. 
 
For the sites classified as lowland soft bed, the substrate size assessments illustrate that the majority of sites 
are dominated by cobble and gravel sized substrates (Figure 3). With a small number of sites in both the 
lowland hard bed and lowland soft bed classes having recorded >50% fine bed material either as a maximum 
value, or on average over all observations (Table 2). See appendix 2.0 for a summary of all sites classed as 
lowland soft bed.  
 
For the group of five sites identified in Table 2 (not shaded) having a maximum percentage fine bed material 
>50% but average < 50%,  the site-scale assessment of bed substrate puts these in a “hard bed” category, 
therefore capable of supporting conspicuous periphyton growth. It is appropriate to apply a benthic 
periphyton objective and relevant nutrient criteria to hard bottom systems. We acknowledge that the high 
max fine bed material is indicative of an environment which is likely to be highly impacted by deposited fine 
sediment.  
 
There are four sites in Table 2, highlighted in blue that we consider to be potentially soft bottomed. As such 
further consideration as to whether they are naturally soft bottomed or highly impacted by fine sediment is 
warranted. Irrespective of whether they are determined to be naturally soft bottomed or not, in the context of 
considering the application of appropriate periphyton objectives and therefore nutrient management criteria. 
The Winton stream and Tussock creek both flow into hard bottomed river receiving environments. Of the 
remaining two, the Waikiwi Stream is defined in the pSWLP (2018) as being ‘lowland hard bed’, substrate 
assessments suggest it is currently soft bottomed. Therefore the consideration as to whether it was naturally 
that way will be important in considering the final periphyton objective to be applied. The Tokanui system is 
likely to indeed be soft bottomed and likely furthermore to be naturally soft bottomed, therefore the relevant 
periphyton objective and nutrient management criteria may need further consideration. 
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Table 2 Substrate composition and pSWLP (2018) waterbody class for all sites that have one or more record >50% fine bed material between 2014 and 2020. Four sites have on average had 
>50% fine bed material (shaded), while the remaining five sites have recorded maximum fine bed material >50%. 

  
Mean substrate composition by size class   

      

Site Name Bedrock Boulder Clay Cobble Gravel Sand Silt 

% Fine 
bed 
material n 

Max % 
Fine 
bed 
material class FMU 

Makarewa 
River at Lora 
Gorge Road 13 0 0 37 36 18 0 14 5 50 

Lowland soft 
bed  Oreti 

Murray Creek 
at Double Road 0 1 0 41 40 10 8 18 4 55 Spring fed Oreti 

Waihopai River 
at Kennington 0 0 0 34 45 18 4 21 4 60 

Lowland hard 
bed Oreti 

Waituna Creek 
at Marshall 
Road 0 1 0 5 65 13 17 29 6 90 

Lowland soft 
bed  Mataura 

Sandstone 
Stream at 
Kingston 
Crossing Rd 0 0 0 8 49 17 27 43 6 70 

Lowland hard 
bed Mataura 

Tokanui River at 
Fortrose Otara 
Road 21 3 0 5 5 14 52 66 6 98 

Lowland soft 
bed  Mataura 

Winton Stream 
at Benmore - 
Otapiri Road 0 0 11 3 26 31 29 71 4 100 

Lowland hard 
bed Oreti 

Tussock Creek 
at Cooper Road 0 0 0 13 13 30 44 74 5 90 

Lowland soft 
bed  Oreti 

Waikiwi Stream 
at North Road 0 0 0 2 13 23 63 86 6 95 

Lowland hard 
bed Oreti 

27



 

 
Figure 3: Distribution of substrate size by the pSWLP (2018) waterbody class. Boxplots showing the percentage of substrate 
covered by gravel (2-64mm), cobble (64-256mm), and fines (<2mm). Bold lines indicated the class median, with boxes 
representing 25th and 75th centile, lines at the 95th centile and dots to represent outliers.  
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Concluding Discussion 
 
From the analysis of long term environmental monitoring of benthic periphyton biomass in Southland to date, 
it is clear that many monitored sites within the lowland soft bed river class: 
 

1. Have supported conspicuous2 levels of benthic periphyton growth, as evidenced by historic 
monitoring records for benthic chlorophyll-a biomass in excess of 120 mgm-2  

2. Have substrate dominated by gravel and cobble size classes i.e. < 50% fine bed material  

These two lines of evidence provide a clear justification for the application of nutrient criteria to achieve a 
benthic periphyton objective to the pSWLP (2018) “Lowland soft bed” waterbody class in (Norton and Wilson 
2019). It is apparent that 21 of 31 (67%) of sites that are located in the lowland soft bed management unit 
have supported levels of benthic periphyton biomass that is considered to be conspicuous, and have stream 
bed substrates that are likely to support high periphyton biomass. 
 
Because 71% of sites classed as Lowland soft bed have been observed to support conspicuous periphyton 
biomass and have substrates dominated by cobble and gravels, there is a need to further consider the 
relevance and appropriateness of the pSWLP 2018 lowland soft bed waterbody class and the rules applied to 
its spatial delineation. 
 
While differences between the classification based approach and site scale assessment is not unusual in its 
self, it does illustrate a potential issue with the pSWLP (2018) lowland hard and soft bed waterbody classes 
and specifically with the extent of the lowland soft bed class. The assumption that where a segments REC 
defined catchment character of Geology = SS the stream bed is >50% fine bed material is likely to be incorrect 
in many instances as evidenced by the substrate size assessments being predominantly comprised of gravel 
and cobbles. We conclude it is therefore appropriate to apply the same periphyton objective and nutrient 
criteria to the lowland soft bed as the lowland hard bed class, except for in a few specific locations.  

   

                                                                 
2 MFE 2018: “The NPS-FM (2017) Ecosystem Health Periphyton Attribute state table narratives suggest that ‘conspicuous 
periphyton’ is Attribute State C (> 120 to ≤200 mg Chlorophyll a/m2, “Periodic short-duration nuisance blooms reflecting 
moderate nutrient enrichment and/or alteration of the natural flow regime or habitat”) or D (>200 mg Chlorophyll a/m2).”   
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Appendices 
Appendix 1: list of all sites where a conspicuous level of periphyton has been 
observed 
 

Site Name Time 
Max Chlorophyll A 
Benthic <mg/m2> 

pSWLP 2018 
waterbody class FMU 

Aparima River at Etalvale 
20/12/2011 

15:30 162.7 Hill Aparima 
Hamilton Burn at Goodall Road 11/02/2009 9:35 174.8 Hill Aparima 

Mararoa River at Weir Road 
12/01/2017 

10:35 135.62 Hill Waiau 
Mataura River 200m d/s Mataura 

Bridge 
29/01/2009 

13:53 307.4 Hill Mataura 
Mataura River at Gore 4/05/2013 10:02 145.5 Hill Mataura 

Mataura River at Seaward Downs 18/12/2013 0:00 127.27 Hill Mataura 
Upukerora River at Te Anau Milford 

Road 
15/04/2005 

11:40 193.5 Hill Waiau 
Waikaia River at Waipounamu 

Bridge Road 
19/02/2009 

11:35 120.6 Hill Mataura 
Whitestone River d/s Manapouri-

Hillside 
22/03/2016 

11:00 120.55 Hill Waiau 
Oreti River at Lumsden Bridge 5/04/2007 12:10 180.83 Hill  Oreti 
Waiau River 100m u/s Clifden 

Bridge 
14/03/2011 

14:36 168.8 Lafe fed Waiau 

Waiau River at Sunnyside 
27/06/2020 

12:05 232.07 Lafe fed Waiau 

Waiau River at Tuatapere 
26/04/2016 

15:10 331.53 Lafe fed Waiau 

Waiau River us Excelsior Creek 
30/01/2019 

12:12 129.6 Lafe fed Waiau 

Aparima River at Thornbury 
22/12/2011 

14:32 355.6 Lowland hard bed Aparima 

Bog Burn d/s Hundred Line Road 
20/01/2020 

13:30 132.61 Lowland hard bed Oreti 
Dipton Stream at South Hillend-

Dipton Road 
13/04/2015 

10:35 361.66 Lowland hard bed Oreti 
Hamilton Burn at Affleck Road 20/01/2020 9:48 201.93 Lowland hard bed Aparima 

Hillpoint Stream at Waikana Road 
10/02/2014 

10:08 124.2 Lowland hard bed Aparima 

Longridge Stream at Sandstone 
29/01/2019 

12:00 361.66 Lowland hard bed Matuara 
Mataura River at Keowns Road 

Bridge 
31/05/2007 

10:56 198.92 Lowland hard bed Mataura 
Mataura River at Mataura Island 

Bridge 29/01/2009 9:02 271.2 Lowland hard bed Mataura 

Moffat Creek at Moffat Road 
20/02/2018 

10:30 274.26 Lowland hard bed Mataura 

Oreti River at Branxholme 
20/04/2016 

12:25 147.68 Lowland hard bed Oreti 
Oreti River at Wallacetown 6/03/2007 11:15 361.7 Lowland hard bed Oreti 

Otapiri Stream at Anderson Road 1/06/2007 11:15 156.7 Lowland hard bed Oreti 
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Otapiri Stream at Otapiri Gorge 
27/02/2017 

14:57 123.57 Lowland hard bed Oreti 
Otautau Stream at Otautau 21/01/2020 7:15 256.18 Lowland hard bed Aparima 
Otautau Stream at Otautau-

Tuatapere Road 13/02/2009 9:32 253.2 Lowland hard bed Aparima 

Otautau Stream at Waikouro 
22/12/2011 

11:48 428 Lowland hard bed Aparima 

Pourakino River at Ermedale Road 
26/03/2007 

15:00 192.89 Lowland hard bed Aparima 
Waihopai River at Kennington 26/02/2018 9:30 174.8 Lowland hard bed Oreti 

Waihopai River at Waihopai Dam 7/02/2014 11:00 130.3 Lowland hard bed Oreti 

Waihopai River u/s Queens Drive 
30/01/2008 

12:45 120.6 Lowland hard bed Oreti 
Waimatuku at Waimatuku 

Township Road 3/12/2019 12:13 174.8 Lowland hard bed Aparima 
Waimatuku Stream at Lorneville 

Riverton Hwy 
24/02/2010 

13:55 349.61 Lowland hard bed Aparima 

Waimatuku Stream at Rance Road 
19/04/2012 

13:36 229.1 Lowland hard bed Aparima 
Waimea Stream at Mandeville 21/03/2018 9:20 542.5 Lowland hard bed Mataura 
Winton Stream at Benmore - 

Otapiri Road 
18/02/2014 

12:50 178.8 Lowland hard bed Oreti 

Winton Stream at Lochiel 
28/03/2007 

11:36 229.1 Lowland hard bed Oreti 
Hedgehope Stream 20m u/s 

Makarewa Confl 21/03/2016 9:05 120.55 Lowland soft bed Oreti 

Lill Burn at Lill Burn-Monowai Road 
26/05/2020 

10:15 331.53 Lowland soft bed Waiau 

Makarewa River at Counsell Road 
17/03/2016 

11:31 126.58 Lowland soft bed Oreti 
Makarewa River at King Road 4/02/2009 10:33 162.75 Lowland soft bed Oreti 
Makarewa River at Lora Gorge 

Road 7/02/2019 13:45 123.57 Lowland soft bed Oreti 
Makarewa River at Wallacetown 1/02/2006 0:00 468.4 Lowland soft bed Oreti 

Makarewa River at Winton - 
Hedgehope Hwy 

30/01/2008 
10:00 277.28 Lowland soft bed Oreti 

Mimihau Stream at Wyndham 
22/03/2017 

10:17 198.92 Lowland soft bed Matuara 
Mokoreta River at Wyndham River 

Road 5/02/2009 10:12 192.9 Lowland soft bed Mataura 
Orauea River at Orawia Pukemaori 

Road 
16/04/2012 

14:31 186.9 Lowland soft bed Waiau 

Otamita Stream at Mandeville 
21/05/2020 

11:56 217 Lowland soft bed Mataura 
Rowallan Burn East at Rowallan 

Road 17/02/2006 0:00 193.5 Lowland soft bed Waiau 
Silver Stream at Lora Gorge Road 2/02/2006 0:00 213.8 Lowland soft bed Oreti 

Thicket Burn u/s Lill Burn 
confluence 

31/03/2009 
13:10 126.58 Lowland soft bed Waiau 

Trenders Creek at Hall Road 2/02/2006 0:00 193.48 Lowland soft bed Oreti 
Waianiwa Creek 1 at Lornville 

Riverton Highway 
17/01/2019 

11:30 171.79 Lowland soft bed Oreti 

Waikaka Stream at Gore 
12/04/2007 

11:30 415.9 Lowland soft bed Mataura 
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Waikaka Stream at Hamilton Park 28/01/2016 9:38 129.6 Lowland soft bed Mataura 

Waikawa River at Progress Valley 
15/02/2008 

11:50 211 Lowland soft bed Mataura 
Waikopikopiko Stream at Haldane 

CurioBay 
15/02/2008 

10:30 301.4 Lowland soft bed Mataura 

Waituna Creek at Marshall Road 
26/09/2016 

13:02 186.86 Lowland soft bed Matuara 

Waikaia River u/s Piano Flat 
19/02/2009 

10:15 126.6 Mountain Mataura 
Dunsdale Stream at Dunsdale 

Reserve 
11/02/2016 

10:00 159.73 Natural state Oreti 
Upper Waiau River at Queens 

Reach 20/09/2019 9:45 301.39 Natural state Waiau 
Home Creek at Manapouri 1/03/2006 0:00 427.7 Spring fed Waiau 

Murray Creek at Cumming Road 5/04/2007 14:27 132.61 Spring fed Oreti 
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Appendix 2: summary data for 21 lowland soft bed sites with max benthic chl-a > 120 mg/m2 

 

Site Name 

mean Substrate Composition 2014-2019 Chl A 
Benthic 
mg/m2 
(mean) 

Estimated 
92nd 

Percentile 
benthic 

Chl A 
mg/m^2 

Max Chl 
A 

mg/m^2 

n 

Bedrock Boulder Clay Cobble Gravel Sand Silt %Fines 
   Substrate 

assessments  

Chlorophyll 
A benthic 
mg/m2 

Chl A 
Exceedance 
occasions 

Hedgehope 
Stream 20m u/s 
Makarewa Confl 0 0 0 11 84 6.25 0 5 8.793 22.21 120.55 5 50 1 
Lill Burn at Lill 
Burn-Monowai 
Road 0 11 0 50 34 5 0 5 50.09 126.51 331.53 5 61 4 
Makarewa River 
at Counsell 
Road 0 0 0 20 80 0 0 0 42.56 107.50 126.58 2 36 1 
Makarewa River 
at King Road 23.75 2.5 5 40 28.75 0 0 5 78.04 197.11 162.75 4 14 4 
Makarewa River 
at Lora Gorge 
Road 13 0 0 37 36 14 0 14 36.26 91.58 123.57 5 8 2 
Makarewa River 
at Wallacetown 0 0.83 0 43.33 51.67 3.33 0.83 4.16 149.71 378.13 468.4 6 16 8 
Makarewa River 
at Winton - 
Hedgehope 
Hwy 0 3.33 0 53.33 36.67 3.33 3.33 6.67 97.58 246.46 277.78 3 13 5 
Mimihau 
Stream at 
Wyndham 0 1 0 61 30 8 0 8 40.69 102.77 198.92 5 47 3 
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Mokoreta River 
at Wyndham 
River Road 0 1 0 51 39 6 3 9 59.56 150.43 192.9 5 21 3 
Orauea River at 
Orawia 
Pukemaori Road 5 0 0 50 41 3 1 4 36.49 92.16 186.9 5 46 3 
Otamita Stream 
at Mandeville 0 0 0 40 53 6 1 7 15.65 39.53 217 5 71 3 
Rowallan Burn 
East at Rowallan 
Road 0 6.25 0 61.25 22.5 7.5 2.5 10 94.71 239.21 193.5 4 16 5 
Silver Stream at 
Lora Gorge 
Road 0 5 0 27.5 62.5 5 0 5 107.13 270.58 213.8 4 18 7 
Thicket Burn u/s 
Lill Burn 
confluence NA NA NA NA NA NA NA NA 97.31 245.78 126.58 NA 5 3 
Trenders Creek 
at Hall Road 0 0 0 40 55 5 0 5 61.67 155.76 193.48 1 12 2 
Waianiwa Creek 
1 at Lornville 
Riverton 
Highway 0 0 1 22 67 8 2 11 73.76 186.30 171.79 5 15 4 
Waikaka Stream 
at Gore 2 8.4 0 35 47 7.6 0 7.6 69.37 175.21 415.9 5 60 7 
Waikaka Stream 
at Hamilton 
Park 0 0 0 45 50 5 0 5 129.6 327.33 129.6 1 1 1 
Waikawa River 
at Progress 
Valley 0 2 0 47 48 3 0 3 33.69 85.09 211 5 57 3 
Waikopikopiko 
Stream at 
Haldane 
CurioBay 0 2 0 69 25 3 1 4 72.73 183.70 301.4 5 16 3 
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Waituna Creek 
at Marshall 
Road 0 0.83 0 5 65 12.5 16.67 29.17 57.38 144.93 186.86 6 22 4 

 
 
 
 
 

36



 Page 21 of 21 

Appendix C Response from NIWA to DairyNZ’s technical 
review of work undertaken to inform nutrient 
reduction requirements to achieve freshwater 
objectives in Southland catchments (Estuaries). 
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National Institute of Water & 
Atmospheric Research Ltd 
PO Box 8602 
Riccarton 
Christchurch 8011 
 
Phone +64 3 348 8987 
 
enquiries@niwa.co,nz 
www.niwa.co.nz 

25 February 2021 
 
 
Karen Wilson 
Environment Southland 
Private Bag 90116 
Invercargill 9840 
 
 
Dear Karen 
 
Re: Response to DairyNZ’s Technical review of work undertaken to inform nutrient 
reduction requirements to achieve freshwater objectives in Southland catchments 
 
DairyNZ provided Environment Southland a review, conducted by Dr Craig Depree, of 
technical reports provided to Environment Southland as part of the limit-setting 
process. Section 3 of DairyNZ’s review discusses the report “Models for evaluating 
impacts of nutrient and sediment loads to Southland Estuaries” (Plew 2020). This letter 
responds (in black) to Dr Depree’s review comments (in blue). 
 
3. Estuaries 
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.  
 
To clarify, Plew, Zeldis et al. (2020) do recommend basing overall eutrophication 
susceptibility for estuaries with >40% intertidal area on macroalgal susceptibility. This 
40% threshold was chosen to separate estuaries with high proportions of intertidal 
area, where effects of macroalgae are expected to be of greater impact, from those 
with lower proportions of intertidal area for macroalgae to proliferate. However, this 
does not mean that phytoplankton is never of concern in estuaries with >40% intertidal 
area. The susceptibility assessment for phytoplankton can apply to estuaries with >40% 
intertidal area.  
 
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. 
 
Plew, Zeldis et al. (2020) state that (underlined for emphasis): “the phytoplankton 
model appears to perform poorly against observations” but gives reasons why this 
might be the case. “In most cases, the observations against which the model is 
compared are only a representation of in-estuary conditions as samples are generally 
taken at the surface, at a few locations, and close to the shore. Thus, the observations 
seldom provide an un-biased estimate of the volume-averaged chla concentrations in 
the estuary and are of limited use for calibrating or validating the phytoplankton 
model.”  
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The Basque phytoplankton bandings were adopted in the ETI due to the similarity of these estuaries 
to many New Zealand estuaries, being generally shallow and well drained, unlike the large sub-tidal 
estuaries studied elsewhere such as in the USA. 

 
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. 

 
The bandings for macroalgal TN are based on empirical relationships between TN loads to, and 
measured macroalgal biomass in, New Zealand estuaries. These bandings have in the past been re-
evaluated as more data became available. However, the C/D band threshold has been set at 
320 mg/m3 since March 2018 and this value has been consistently used since that time. I wrote two 
client reports in 2017 that used the slightly higher value of 350 mg/m3 TN (approx. 10% higher) 
(Plew, Dudley et al. 2017; Plew and Duncan 2017). I have not found the 380 mg/m3 value used in any 
of my reports dating back to 2017. Dr Depree may be referring here to plots I produced when first 
determining thresholds in ~ 2017 and presented at the CERF2017 conference. No advantage in terms 
of the fit to the data was found in using a logarithmic regression as opposed to a linear fit. It is 
possible that the band thresholds may be adjusted in the future as more data are available. However, 
the current best estimate of the C/D threshold is that used since 2018 and published by Plew, Zeldis 
et al. (2020).  
 
Regarding a confidence interval for the C/D threshold of EQR = 0.4, using TN as the dependent 
variable, then the 95% confidence interval for EQR of 0.4 spans 270 – 410 mg/m3 (Figure 1). Note 
that when calculated in this way, the confidence interval is equally distributed above and below the 
regression (i.e., in EQR) so is not equal about the regression line in the horizontal.  
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Figure 1: Plot of observed EQR against potential TN concentration with 95% confidence interval (dashed red) 

shown for the regression line (black). The horizontal blue line shows the 95% confidence interval for TN at an 

EQR of 0.40. 

 
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”. 

 
This limitation was with respect to the dataset (Coastal Explorer) used in the nationwide assessment 
by (Plew, Zeldis et al. 2020). The same caveat applies to this study, with the exceptions of 4 of the 11 
estuaries for which updated information (from bathymetric surveys) was used (Toetoes, New River, 
Waimatuku, Te Waewae). 

 
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. 

 
Other than Toetoes (Fortrose) Estuary (which is discussed in more detail below), the observed EQR 
and ETI scores1 for Southland estuaries lie very closely to a regression fit through EQR/ETI vs 
potential TN concentrations (Figure 2-4 in Plew (2020)). The plot for ETI score vs TN is reproduced 
below (Figure 2) with Southland estuaries highlighted. These data suggest that Southland estuaries 
respond to nutrient loads like other New Zealand estuaries. 

 

 
1 The ETI score combines observations of the primary symptoms of eutrophication – increased algal biomass and cover – with secondary symptoms 

such as poor sediment oxygenation, nutrient enriched sediments, loss of sea grass cover, increased mudiness, macroinverbrates (Robertson, 

Stevens et al. 2016b) 
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Figure 2: Observed ETI scores vs Potential TN concentrations, with Southland estuaries highlighted. From 

Plew (2020). 

 
While Environment Southland does have extensive monitoring of estuaries in comparison to many 
other regional councils, not all estuaries are monitored, and within each estuary the data timeseries 
contain only a few observations. For example, table 77 from Environment Southland’s Current 
Environmental State and the “Gap” to Draft Freshwater Objectives for Southland (Norton, Wilson et 
al. 2020) shows a summary of EQR data from Southland estuaries. The available monitoring data 
show that some Southland estuaries are already severely degraded, thus the opportunity to capture 
load-response relationships unique for each estuary has already passed. Given that Southland 
estuaries respond to nutrient loads in a similar manner to other New Zealand estuaries, the ETI Tool 
1 approach is currently the most tractable way to estimate the nutrient load reductions required.  
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Figure 3: Macroalgal EQR bands for Southland Estuaries, from Norton, Wilson et al. (2020). 

 
Section 3.1.1 
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. 

 
Phosphorus is seldom a limiting factor for macroalgae in estuaries, although can be for 
phytoplankton. The ETI Tool 1 approach (Plew, Zeldis et al. 2020) gives guidance as to whether 
macroalgae or phytoplankton is likely to be of most concern, based on intertidal area, but this should 
be considered a guide rather than a firm rule.  
 
I stated in my report (on p 33 (Plew 2020)) that “Nutrient load thresholds corresponding to 
thresholds between bands of A/B, B/C and C/D are provided for both macroalgae and phytoplankton 
for all estuaries in Table 3-3. High phytoplankton concentrations may not be of ecological significant 
in shallow intertidal estuaries, and macroalgae extent may be limited by available habitat in riverine 
or subtidal estuaries or coastal lakes, thus the characteristics of the estuary should be considered 
when selecting the appropriate load thresholds.” 
 
Monitoring data show elevated chla concentrations in the Oreti Estuary indicating slight to moderate 
water column eutrophication in the main body of the estuary, and localised high eutrophication 
impacts in the upper estuary (Robertson, Stevens et al. 2017).  The decision as to set load bands for 
phytoplankton and/or macroalgae ultimately lies with Environment Southland. Environment 
Southland have set attribute states for estuaries that include phytoplankton. For that reason, I was 
requested to provide TN and TP bands for phytoplankton and macroalgae for all estuaries.  
 
Section 3.1.2 
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  

 

The ETI guidelines are that in Shallow Intertidal Dominated Estuaries, macroalgae is most commonly 
the primary producer that results in deleterious effects in the estuary. This does not mean that 
phytoplankton should be ignored, but points to the most common problem in estuaries of this type. 
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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.  

 

Monitoring data show that both macroalgae (Stevens 2018c) and phytoplankton (Robertson, Stevens 
et al. 2017) are at levels that are considered eutrophic.  

 

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.  

 
There is insufficient evidence to say that the phytoplankton growth model performs poorly given the 
sparsity of appropriate validation data (although I note the model predicts 15.8 µg/l chla for the Oreti 
estuary, which is similar to observations shown in Robertson, Stevens et al. (2017)). The thresholds are 
derived from Basque estuaries because there are insufficient data from New Zealand estuaries. 
Bandings from the Basque estuaries have been adopted in the ETI due to their similarity to many New 
Zealand estuaries, being generally shallow and well drained, unlike the large sub-tidal estuaries studied 
elsewhere. Where I do agree with Dr Depree is that macroalgae are likely causing more serious 
impacts than phytoplankton and thus my opinion is that it would be appropriate to use load bands 
derived for macroalgae. However, if secondary effects from phytoplankton blooms (e.g., low water 
column oxygenation and high light attenuation) are known to occur, then the phytoplankton nutrient 
load bands should also be considered. 

 
Section 3.1.3 
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. 
 
I agree with Dr Depree in that I do not think it is appropriate to set a TP load threshold for Oreti River 
because nitrogen is most likely the limiting nutrient. The A/B and B/C thresholds for phytoplankton 
show that no TP load band could be calculated because of the oceanic supply of phosphorus (i.e., even 
if catchment TP loads were eliminated, the ocean would supply sufficient phosphorus to sustain a C 
band). In my opinion, managing for TN would be more tractable than managing for TP because of the 
very low TP load that would be required to limit phytoplankton growth, and because managing TP 
alone is unlikely to have significant impact on macroalgae. 
 
The decision as to whether load bands should be based on phytoplankton or macroalgae lies with 
Environment Southland. 

 
 
 

Section 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)  
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It is worth clarifying what the phytoplankton model predicts. The model predicts the maximum likely 
concentration of phytoplankton (as chla) under the assumption that the only thing limiting growth is 
the availability of nitrogen and phosphorus, and the flushing time of the lagoon. The model therefore 
predicts the maximum likely concentration during phytoplankton blooms. In applying banding 
thresholds, the ETI selected bandings developed for 90th percentile of monthly observations. I agree 
with Dr Depree that we would expect that the model might overpredict chla concentrations, 
although this is not yet established. 

 

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)  

 

I agree that the 90th percentile of observations are consistently below the ETI band B threshold of 25 
µg/l for an oligohaline system (salinity < 5), although some sites have come very close to exceeding 
this in recent years (Table 1). 

 

Table 1: 90th percentile of chla concentrations (µg/l) in Waituna Lagoon. 

Year Centre East South West 

2006 8.8 10.7 8.1 13.12 

2007 27.41 18.79 26.59 43.2 

2008 7.1 3.82 4.75 3.3 

2009 17.1 11 5 12 

2010 15.2 6.22 5 10 

2011 6 6.8 5 6.9 

2012 8.8 5.4 5.7 11.2 

2013 9.18 11.34 2.66 4.34 

2014 4.79 4.67 6.85 12.72 

2015 14.62 18.1 23.91 18.33 

2016 2.93 2.79 3.52 1.9 

2017 2.67 2.25 4.21 4.19 

2018 20.2 19 18 20 

2019 24.6 21.6 19.6 12.36 

 

 

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.  

 
Waituna Lagoon is a coastal lake, and phytoplankton is an “Attribute requiring limits on resource use” 
in the NPSFM 2020 for lakes. 
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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. 
 
I agree that observations show monitored phytoplankton concentrations comply with B-band 
thresholds for lakes. However, note that the 25 µg/l B/C threshold applies to oligohaline systems (<5 
ppt) and lower band thresholds would be applicable when the Lagoon is open. Neither Dr Depree nor I 
have factored in lagoon opening. 
 
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 should be informed by biological indicator 
monitoring, and not modelled (and clearly inaccurate) phytoplankton concentrations. 

 
While I agree that there is uncertainty in the load bands obtained using the model, I do not agree that 
using the observed chla concentrations would lead to more robust nutrient load bandings. Doing so 
would imply that the lagoon could comfortably tolerate higher nutrient loadings, when multiple lines 
of evidence as well as my own show that load reductions are required to safe guard this threatened 
lake/lagoon system (Schallenberg, Hamilton et al. 2017). The Technical Advisory Group (TAG) gave 
recommended load limits of 125 t N/y and 7.8 t P/y (Schallenberg, Hamilton et al. 2017). Their 
phosphorus load limit is similar to the C/D threshold obtained via my model (6.7 t/y), although my 
model did give a much lower TN threshold (48.5 t/y vs 125 t/y). A significant factor not included in my 
model is the buffering effect of macrophytes (Ruppia), which will take up nutrients, thereby reducing 
phytoplankton growth. Should those macrophytes be lost, then I would expect higher in-lake 
phytoplankton concentrations to be observed. Furthermore, the danger in using monitoring data to 
set load limits is that a combination of lags in ecosystem response, potential tipping points, and the 
time required to implement management interventions means a high risk of poor ecological outcomes. 
My recommendation is to use the load thresholds indicated by the TAG for Waituna Lagoon. 
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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 

 
While Toetoes (Fortrose) Estuary has been classified as an SSRTRE on the basis that it has a very high 
flushing potential (Stevens 2018a), it also has characteristics of a Shallow Intertidally Dominated 
Estuary (SIDE) having a lagoon shape, <3 m depth with extensive intertidal flats. The estuary has 68% 
intertidal area (Plew, Dudley et al. 2020). Hume, Gerbeaux et al. (2016) classify Toetoes as a 
Permanently Open Tidal Lagoon (type 7A), which is consistent with classification as a SIDE estuary 
(Hume 2018), and it has also been referred to as a Tidal Lagoon in previous reports (Robertson and 
Stevens 2008; Stevens and Robertson 2017). It is appropriate to consider the Mataura arm of the 
estuary to behave as a SSRTRE; however, my opinion is that the lower estuary and Titiroa arm (the 
areas where most expressions of eutrophication are seen) are better treated as a SIDE. 
 
Separate bandings for areal nitrogen load (g N/m2/d) are given for SSRTRE and SIDE in ETI Tool 1 
(Robertson, Stevens et al. 2016a); however, these are used in the ASSETS approach, and separate 
bandings have not been developed for SSRTRE and SIDE in the dilution modelling approach used here 
(Plew 2020). 

 
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, and 
is 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. 

 
EQR score is a measure of macroalgae biomass and cover, and a value of 0.453 is reported by Stevens 
(2018a). This appears high (a lower EQR indicating more macroalgae) considering the potential TN 
concentration, relative to other estuaries, because over a significant part of the estuary (the Mataura 
arm), the high flow from the Mataura River scour macroalgae and low salinity hinders its growth. 
Macroalgae growth and abundance is highest in sheltered areas of the lower Titiroa arm and lower 
estuary. However, monitoring of the Mataura arm shows that there is extensive 
microalgal/microphytobenthos growth present, which appears to be proliferating in the absence of 
macroalgae (Stevens 2018a). Monitoring also shows extensive areas of poorly oxygenated sediments 
(shallow aRPD), particularly on tidal flats in the lower reaches of the Mataura arm (Stevens 2018a). 
Microalgae/microphytobenthos are not included in EQR calculations. 
 
Furthermore, an ETI score is calculated as the average of a primary indicator score and a secondary 
or supporting indicator score. The primary indicator is determined in this case by macroalgal EQR, 
which as discussed is likely suppressed by scour events. Microalgae/microphytobenthos are not 
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currently included in the calculation of the primary indicator score. The secondary indicator score is 
determined from measurements of a range of other indicators of eutrophication. For Toetoes, these 
are sediment oxygenation (how much of the estuary has aRPD < 1 cm), and muddiness (proportion of 
estuary with >25% mud content) (Stevens 2018a). Other metrics not reported, which I expect would 
be elevated, include sediment TOC, TON and AMBI. The secondary indicator score for Toetoes is 
higher (13/16) than the primary indicator score (11/16). Consequently, the suppressed macroalgal 
score also lowers the observed ETI score. 
  
In future, I hope that microphytobenthos can be added to the ETI primary score calculation. It 
appears that in SSRTRE estuaries in particularly, it responds to nutrient loads in a similar manner to 
macroalgae in SIDE estuaries, and has commensurate effects on other indicators of eutrophication 
(TOC, TON, aRPD). 
 
Because observed EQR and ETI score both under report the level of eutrophication in Toetoes 
Estuary, and the estuary shows many of the attributes of a SIDE, in my opinion it is appropriate to 
continue to use 320 mg/m3 potential TN as the C/D threshold. 

 
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. 

 
I disagree with this suggested approach. This recommendation is based solely on macroalgal 
response and ignores other evidence that Toetoes Estuary is highly impacted by excessive nutrient 
loads (Stevens 2018a). What could instead be considered is the relative impact of loads from the 
Mataura and Titiroa Rivers on different parts of the estuary. The assessment of required TN 
reductions performed for the present study considered the estuary as a single compartment, pooling 
the flows and nutrient loads from the two rivers. In a previous study, I developed a three-
compartment model for Toetoes Estuary which allowed the effects of TN loads from the two 
catchments on different parts of the estuary to be compared (Plew, Dudley et al. 2020). The most 
sensitive parts of the estuary were the lower reaches of the Titiroa Arm and the lower estuary. This 
modelling indicated that proportionally larger nutrient load reductions would be required from the 
Titiroa catchment than the Mataura catchment to achieve a C band, although reductions from both 
catchments are required (Figure 3). A similar approach could be considered for other estuaries that 
have distinct sub-basins and catchments.  
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Figure 3:  Effect of TN loads from the Mataura and Titiroa Rivers on the most sensitive zone of Toetoes 

Estuary (from (Plew, Dudley et al. 2020)). 

 

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. 

 
Riverine TN concentrations used as inputs to derive the ETI Tool 1 bandings were calculated by 
dividing annual load by mean flow (Plew, Zeldis et al. 2020). This same approach was used in the 
current study. Using median concentrations and mean flows is not comparable and will in most cases 
give a lower estimate of concentration. I am not sure of the source of the 1347 mg/m3 value 
provided by Dr Depree, but this is close to the 1,305 mg/m3 calculated from annual TN load (provided 
by T. Snelder) and mean flow. 

 
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 
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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. 
 
Again, because the ETI C/D threshold of 320 mg/m3 was derived using mean flows and annual loads, 
the same approach should be used for calculating riverine TN concentrations for the Aparima/Jacobs 
River estuary. 
 
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. 
 
The riverine loads used in the ETI/dilution modelling assessment can be readily calculated from the 
data provided in the report. Nutrient loads were provided by T. Snelder. The predicted EQR score for 
Jacobs River/Aparima Estuary is 0.08, although the last digit is missing in the report. An observed EQR 
score of 0.245 (Stevens 2018b) is the worst I am aware of in a New Zealand estuary, indicating a 
highly eutrophic state. Parts of the estuary have experienced extreme sediment anoxia and high 
sulphide levels that have likely resulted in reductions in macroalgal biomass (Stevens 2018b). The 
lower end of the EQR scores are likely limited by two factors – how much of the estuary where 
macroalgae can become established is limited due to scour, salinity, and substrate; and conditions 
becoming so eutrophic that even nuisance macroalgae struggle to survive. It is possible that the 
extreme lower end of the TN vs EQR could be better described using a logarithmic function because 
of those limits. There are few estuaries in this poor state to test that part of the relationship. 
 
I hope that these responses are useful to Environment Southland in their decision making. 
 
Yours sincerely 

 
David Plew 
Hydrodynamics Scientist, Group Manager – Hydrodynamics 
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