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Qualifications and experience 

1. My full name is Kathryn (Kate) Jane McArthur.  I am an independent 

freshwater ecologist and water quality scientist based in Kahuterawa 

near Palmerston North.  

2. I hold a Bachelor of Science degree with Honours in Ecology and a 

Master of Applied Science with Honours in Natural Resource 

Management, both from Massey University.  My post-graduate 

research included the influence of land use on freshwater 

macroinvertebrates and the interaction between policy and science in 

resource management, focussing on water quality objectives and limits 

in regional plans.  I have 20 years of post-graduate experience in 

freshwater resource management.   

3. I started my own consultancy (KM Water) in August 2020.  Prior to 

starting KM Water, I was the Practice Leader – Water with The Catalyst 

Group for eight years.  My consultancy work has included providing 

expert advice and evidence on eleven regional plans across Aotearoa 

New Zealand.  Before this, I held the role of Senior Scientist – Water 

Quality with Horizons Regional Council (Manawatū-Whanganui Region).  

In this role I coordinated monitoring programmes for State of the 

Environment (SOE), periphyton, macroinvertebrate, indigenous fish, 

and point-source discharges, and produced expert evidence for many 

resource consent hearings, enforcement actions, and the Horizons 

‘One’ Plan Council-level and Environment Court hearings (the Horizons 

‘One’ Plan being a combined regional plan/regional policy statement). 

4. I have authored and co-authored a range of reports and publications, 

including technical reports on water quality and aquatic biodiversity to 

support the Horizons One Plan and the draft Nelson Resource 

Management Plan.  I have authored and co-authored papers in peer-

reviewed journals on the relationship between flow and nutrients in 

rivers; nutrient limitation; methods for monitoring indigenous fish; the 

calculation of in-river nutrient loads and limits, and the setting of water 

quality objectives and limits in water policy.  I have provided evidence 

in these topic areas before the Environment Court and in Board of 

Inquiry, Special Tribunal, and council hearings processes across the 

country. 

5. I have provided ecological, water quality, and freshwater policy advice 

to Nelson City Council, Northland Regional Council, Ngāti Kahungunu 

Iwi Incorporated, Te Rōpū Taiao o Ngāti Whakatere, Te Taiwhenua o 

Heretaunga, Te Rūnanga o Ngāti Whātua, Te Rūnanga o Ngāti Mutunga, 
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Ngāti Pāhauwera Development Trust, Hawke’s Bay Regional Council, 

the national Iwi Leaders Group, the Department of Conservation, the 

Ministry for the Environment, Forest & Bird, Fish and Game, 

Environmental Defence Society and the Biodiversity Collaborative 

Group.  I have recently been, or am currently involved in, freshwater 

plan processes in Northland, Auckland, Waikato, Bay of Plenty, Hawke’s 

Bay, Manawatū-Whanganui, Wellington, Tasman, Nelson, Canterbury, 

and Southland.  I am the project manager for the tangata whenua 

workstream to develop a freshwater plan (under the NPS FM 2020) for 

the Mohaka and Waihua catchments, Hawkes Bay. 

6. I was a member of the National Objectives Framework reference group 

for the National Policy Statement for Freshwater Management (2017) 

and a representative on the Biosecurity New Zealand National Steering 

Committee for the long-term management of Didymo from 2006 to 

2010.  Since 2016, I have co-led national workshops on best practice 

freshwater science and policy development for the New Zealand 

Planning Institute.  I am a guest lecturer in environmental planning, 

freshwater resource management practice, and science at Massey, 

Victoria and Canterbury Universities.   

7. I have been a member of the New Zealand Freshwater Sciences Society 

since 2001 and was the Society’s President from 2018 to 2022.  I am a 

member of the Resource Management Law Association of New Zealand 

(RMLA) and was the RMLA scholarship recipient in 2010 for my master’s 

thesis work on water quality policy and limits for the Manawatū River.   

8. I am an accredited and experienced RMA hearings commissioner with 

a hearing chair endorsement and was appointed by the Minister for the 

Environment as a Freshwater Commissioner under the NPS FM (2020) 

RMA amendments. 

9. I have been involved in hearings on the Southland Water and Land plan 

(SWLP) as an expert witness for Forest and Bird1 since early 2019.  I have 

prepared and given evidence on three occasions at hearings on Topics 

A and B, and participated in nine expert conferences: 

(a) Water quality and ecology (rivers and wetlands) 9 May 2019 

 

 

1 Also, for the Director-General of Conservation in the Topic A hearings and Southland Fish and Game Council 

in Topic B. 
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(b) Water quality and ecology (rivers and lakes) 4 September 2019 

(c) Water quality and ecology (rivers estuaries and lakes) 16 October 

2019 

(d) Water quality and ecology (rivers estuaries and lakes) 22 

November 2019 

(e) Land management / Farm systems 22 November 2021 

(f) Science / Water quality 26 November 2021 

(g) Ecology Rule 78 Drain maintenance 1 December 2021 

(h) Land management / Farm systems 6 December 2021 

(i) Ecology and Cultural Rule 78 Drain maintenance 15 May 2023 

Code of conduct for expert witnesses 

10. I confirm I have read the Code of Conduct for expert witnesses 

contained in the Environment Court of New Zealand Practice Note 2023 

and that I have complied with it when preparing my evidence. Other 

than when I state I am relying on the advice of another person; this 

evidence is within my area of expertise. I have not omitted to consider 

material facts known to me that might alter or detract from the 

opinions that I express.  

11. As a member of the New Zealand Freshwater Sciences Society, a 

constituent organisation of the Royal Society of New Zealand - Te 

Apārangi, I am also bound by the Royal Society of New Zealand Code of 

Professional Standards and Ethics in Science, Technology, and the 

Humanities.2 

Scope of evidence 

12. I have been asked by the Royal Forest and Bird Protection Society of 

New Zealand (Forest and Bird) to prepare expert evidence in relation to 

Rule 24 of the SWLP.  The scope of my evidence is: 

 

 

2 https://royalsociety.org.nz/assets/Uploads/Code-of-Prof-Stds-and-Ethics-1-Jan-2019-web.pdf 

https://royalsociety.org.nz/assets/Uploads/Code-of-Prof-Stds-and-Ethics-1-Jan-2019-web.pdf


 

5 
 

(a) Framing what constitutes “a reduction of significant adverse 

effects on aquatic life”. 

(b) A summary of the state of water quality in Southland, including 

recapping how degraded water bodies were identified and 

mapped as Schedule X – based on the outcomes of expert 

conferencing for the Topic A and B hearings. 

(c) A summary of the state of aquatic life in Southland freshwater 

bodies and sensitive receiving environments, and an update on 

the state since evidence was prepared for the Topic A hearings 

and expert conferencing. 

(d) The degree of change needed to achieve a reduction of significant 

adverse effects on aquatic life over a period of time no greater 

than 10 years.  

(e) An assessment of whether the SWLP achieves that degree of 

change. 

(f) From a technical perspective, whether the Council (or Court on 

appeal) could be ‘satisfied’ of the matters in (d) and (e). 

13. In preparing this statement I have read the evidence of Mr Edward 

Norton and Mr McCallum-Clark for Southland Regional Council, and the 

evidence of Mr Kyte for Federated Farmers.   

14. Mr Norton’s evidence addresses other parts of s 70 such as the 

suitability of freshwater for farm animal consumption. My evidence 

focussed on the aquatic life aspect of s 70 only.  

15. I have also read the following: 

(a) The scientific papers and reports cited and listed within this 

evidence. 

(b) Topic A and B water quality and ecological evidence of all parties. 

(c) Topic A water quality and ecology Joint Witness Statements. 

(d) Topic B joint witness statements of the science, farm systems and 

planning experts. 

(e) Interim decisions of the Environment Court. 

(f) Section 70 RMA as amended on 21 August 2025.  
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Executive summary 

16. My analysis is premised on my expert ecological opinion that where an 

ecological state continues to be below minimum acceptable states or 

national bottom lines for aquatic life, it cannot be considered to be 

experiencing a reduction in significant adverse effects simply because 

there has been some level of reduction of contaminants entering the 

waterbody.  In my opinion, aquatic life will continue to experience the 

same level of significant adverse effects until measures improve above 

the minimum acceptable states and national bottom lines in 

Southland’s waterbodies.  

17. Reducing significant adverse effects on aquatic life in the context of s70 

RMA can be reliably determined from a positive change in aquatic life 

from below a national bottom line or minimum acceptable state, to a 

state where the aquatic life is measurably improved, at least to meet 

these thresholds.  Minor numerical improvements in biotic indicators 

cannot generally be considered to represent a reduction in significant 

adverse effects on aquatic life from an ecological perspective.  A 

reduction in contaminants does not by itself equate to a reduction in 

significant adverse effects on aquatic life. Significant reductions in 

contaminants are needed to “shift the dial” in terms of the significance 

of adverse effects experienced by aquatic life. 

18. Southland’s aquatic ecosystems and water quality continue to be 

degraded across rivers, lakes, wetlands, lagoons and estuaries, largely 

as a result of agricultural land use.  The gap to reduce contaminants to 

meet national bottom lines and minimum acceptable states in receiving 

environments is large for nutrients and in many areas for sediment as 

well. 

19. Aquatic life will remain subject to significant adverse effects until 

measures of contaminants improve to at least above the minimum 

acceptable states and national bottom lines.   

20. The key mitigations in the SWLP described in the evidence of witnesses 

for Environment Southland, include, for dairy farms – stream fencing, 

fertiliser management, effluent and irrigation management and 

wintering in a barn or on a standoff pad; and for sheep and beef farms 

– stock exclusion, fertiliser management and land retirement from 

grazing.  National analyses of these mitigations report an estimated 

16% reduction in nitrogen and 23% reduction in phosphorus if fully 

implemented.  This is substantially less than the 48% nitrogen and 35% 
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phosphorus load reductions required in Southland to improve aquatic 

life to meet national bottom lines. 

21. Sediment has a pervasive negative effect on aquatic life.  Whole-farm 

sediment loss mitigations have not been adequately explored, and 

mitigations such as land retirement and tree planting are not explicitly 

driven by the Plan or in farm environment management plans (FEMPs).  

Improvements to aquatic life as a result of these types of sediment 

mitigations will take a long time to become effective.   

22. Long lag-times to effective uptake of mitigations to reduce contaminant 

losses are reported in the literature and the SWLP does not explicitly 

require completed implementation within a specified timeframe. 

23. However, once reductions in contaminant losses are implemented, 

there are often further lag-times before tangible improvements in 

aquatic life occur.  These lags result from variability in nutrient and 

sediment transport times, nutrient cycling and storage, and ecological 

processing within aquatic environments.  Additionally, the dominance 

of pollution tolerant aquatic taxa can result in ecological resistance to 

improvement.   

24.  Whilst a reduction in nutrient and potentially sediment losses might be 

achievable with the mitigation actions, there is considerable uncertainty 

that full implementation of mitigation actions for N and P will occur 

within 10 years and timeframes for completed implementation of 

mitigations in FEMPs are not part of the Plan requirements.  Given the 

available evidence, it is unlikely that reductions in contaminants to the 

degree necessary to improve aquatic life will occur within 10 years.     

Defining a reduction in significant adverse effects 

25. Section 70(3) RMA allows councils to permit discharges likely to cause 

significant adverse effects on aquatic life3 if the effects are already in 

the receiving waters, and standards and other plan provisions 

contribute to a reduction in effects over a 10-year period.  Section 70(3) 

does not specify the degree to which adverse effects must be reduced, 

but it does need to a contribute to a reduction in the effect.  Where the 

 

 

3 The effects described in section 70 that are affected by the recent amendment include (d) any conspicuous 

change in colour or visual clarity and (f) the rendering of fresh water unsuitable for consumption by farm animals.  

This brief of evidence is focussed on (g) significant adverse effects on aquatic life. 
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effect is “significant adverse effects on aquatic life”, I understand this to 

mean that an improvement in aquatic life is required.   

26. Reduction in the concentration of a contaminant should not be 

conflated with a commensurate improvement in aquatic life.  I consider 

a reduction in significant adverse effects can be reliably determined by 

a positive change in aquatic life (e.g., macroinvertebrates, fish or 

periphyton) from a degraded state to a state where the aquatic life is 

measurably different (improved).  For macroinvertebrates, this 

represents a shift from a community dominated by pollution tolerant 

taxa (worms, snails and midge larvae) to a community with a mix of 

tolerant and sensitive animals.     

27. The macroinvertebrate community index (MCI) and its variants are used 

to indicate the state of macroinvertebrate communities, and the 

national bottom line for MCI is 90.4  There is reduced discriminatory 

power once MCI scores reach the degraded end of the scale.  In other 

words, there is little discernible difference between two 

macroinvertebrate communities each with MCI scores less than 90.  The 

communities are still comprised of pollution-tolerant worms, snails and 

midge larvae, and will be functionally very similar.  Therefore, a numeric 

increase in an MCI score that remains below 90 is unlikely to represent 

any tangible improvement in aquatic life, and as such the significant 

adverse effects on that aquatic life will not have changed.   

28. Similarly, for periphyton the national bottom line of 200 mg/m2 

chlorophyll-a represents an ecologically degraded state that is more 

closely aligned with adverse effects on recreational and aesthetic values 

than relationships with other aquatic life e.g., macroinvertebrates.  

Healthy macroinvertebrate communities require much lower levels of 

periphyton biomass (i.e., 50 mg/m2) than national bottom lines.  The 

periphyton national bottom line is associated with impacted 

macroinvertebrate communities: ecologically speaking it is not a ‘high 

bar’.  For these reasons, the periphyton national bottom line can also 

be considered a minimum acceptable state and a relevant threshold to 

be able to reliably discern an improvement in (reduction in effects on) 

aquatic life. 

 

 

4 The NPS FM (2020) describes macroinvertebrate communities that are degraded below national bottom lines 

as “indicative of severe organic pollution or nutrient enrichment.  Communities are largely comprised of taxa 

insensitive to inorganic pollution/nutrient enrichment” and periphyton below national bottom lines as “regular 

and/or extended-duration nuisance blooms reflecting high nutrient enrichment…”.  
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29. That is why I consider national bottom lines and minimum acceptable 

states to be relevant thresholds to assess with reasonable certainty 

whether significant adverse effects on aquatic life have been reduced.  

I have applied this understanding to the evidence which follows.         

Summary of water quality in Southland 

30. Many of Southland’s rivers, lakes, wetlands, lagoons and estuaries are 

in a poor state with respect to water quality, ecosystem health, and 

indicators of cultural health.  Shallow groundwater is also affected in 

many areas.  The state of water quality has been declining over the last 

two decades, and this is largely attributable to expansion and 

intensification of land used for dairying, winter feeding of stock and 

associated land management and drainage practices.  Diffuse 

contamination of surface and groundwater is the primary source of 

contamination of Southland’s aquatic ecosystems. Anthropogenic 

impacts are degrading freshwater values across multiple aquatic 

ecosystem types.5  

Identifying degraded waterbodies 

31. During Topic A hearings, the Environment Court directed water quality 

and ecological experts, through conferencing, to answer a series of 

questions and ultimately determine thresholds to identify ‘degraded 

waterbodies’ in the context of the Southland Region.  Four expert 

conferences were held in 2019.  The processes, methods, attributes  

and thresholds of degradation developed by the experts for rivers, 

lakes and estuaries were documented over four joint witness 

statements (JWS).6     

32. The thresholds of degradation represent the ‘minimum acceptable 

state’ or, where available, ‘national bottom lines’ (NBL) for each attribute 

relevant to ecosystem and human health values.  If a waterbody was 

below these thresholds it was determined to be degraded.  A parallel 

process was undertaken by the cultural experts to determine 

thresholds for ‘hauora’ (akin to the health and well-being of 

 

 

5 From Evidence in Chief (EIC) of Kate McArthur for Topic B, 20 December 2021 paragraphs 15 and 16; EIC 

Kate McArthur for Topic A 15 February 2019, paragraphs 16 – 18, 23 – 39 and Appendix 1. Also see Topic A 

EIC of Mr Rodway, Mr Ward and Mr Hodson for the Council and Dr Kitson for Nga Runanga and the May, 

September, October and November Ecology and Water Quality JWS (2019). 
6 JWS Water quality and ecology (rivers and wetlands) 9 May 2019, JWS Water quality and ecology (rivers and 

lakes) 4 September 2019, JWS Water quality and ecology (rivers estuaries and lakes) 16 October 2019, and 

JWS Water quality and ecology (rivers estuaries and lakes) 22 November 2019. 
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waterbodies).  As part of the Topic B hearing the experts were asked 

further questions about identifying degraded waterbodies which 

resulted in a JWS Science dated 26 November 2021.   

Development of Schedule X 

33. In the 26 November 2021 JWS, in relation to water quality, the experts 

agreed that cumulative effects in a downstream direction need to be 

incorporated when addressing degraded waterbodies through the 

Plan.7  The experts also agreed that indicator maps of catchments 

degraded and contributing to degradation could be produced for 

nitrogen, phosphorous, sediment, E. coli, and macroinvertebrate 

community index (MCI), and the resulting degraded areas could be used 

to trigger aspects of the plan (e.g., Appendix N) to require reductions in 

contaminants from farming land uses.  The experts noted that the 

remaining [small number of] disagreements from the 2019 

conferencing carried through to the November 2019 JWS were not 

material or relevant to the proposed mapping.  The experts also noted 

that the mapping would not be a trivial exercise and, given the list of 

degraded waterbodies already identified, could comprise an extensive 

area of the Southland region. 

34. The Court determined that Schedule X should include maps of 

waterbodies that are degraded in terms of total nitrogen, total 

phosphorus, suspended sediment, macroinvertebrate community 

index and E. coli.8  Dr Snelder took on the subsequent responsibility for 

the mapping of degraded catchments on behalf of the Council and as 

per the agreed position of the experts.  These maps now comprise 

Schedule X of the SWLP.  The process by which the mapping was 

undertaken is described in the evidence of Dr Snelder dated 11 

February 2022 and further with respect to dissolved and total nutrients 

in his 19 June 2023 evidence (noting that the Court did not approve 

mapping of dissolved inorganic nitrogen).   

 

 

7 Ki uta ki tai in the Southland context was described by cultural experts; the science and cultural experts then 

agreed the interactions between different water bodies (including upstream and downstream connections) 

would need to be recognised [in relation to degradation and hauora], to protect and maintain the mauri of a 

waterbody. The experts acknowledged that they were not experts on the impacts on mauri.  
8 Eighth Interim Decision 1 August 2023 at [47] and [48] 
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35. In some cases, lake9 and estuarine ecosystems require greater 

reductions of total nitrogen (TN) and total phosphorous (TP) than what 

is needed to achieve the minimum acceptable state or NBL in rivers.  

Snelder (2021) and Snelder and Plew (2024) have termed this the ‘critical 

catchment’ load reduction, whereby the receiving environment 

requiring the greatest reduction in nutrients to improve above the 

minimum acceptable state/NBL drives the identification of degraded 

waterbodies.  

36. Significant adverse effects on aquatic life are occurring within the 

receiving environment, either locally and/or downstream in degraded 

catchments, and these are caused predominantly by diffuse discharges 

from farming activities.10  Localised significant adverse effects from 

discharges associated with farming activities may occur in waterbodies 

outside of those identified in Schedule X. 

Aquatic life in Southland waterbodies 

37. Ecological assessment requires a holistic approach to understanding 

the relationships between organisms and their environment, both 

biotic (living) and abiotic (non-living) components.  A national 

biophysical framework for assessing the condition of ecosystem health 

was developed by Clapcott et al. (2018) and describes five core 

components of ecological integrity/ecosystem health as:  

(a) aquatic life,  

(b) physical habitat,  

(c) water quality,  

(d) water quantity, and  

(e) ecological processes.   

38. Aquatic life is one key component of ecosystem health, and the 

framework of Clapcott et al. (2018) was adopted as the definition of the 

nationally compulsory ecosystem health value in the NPS FM (2020).  

Appendix 2 of the NPS FM (2020) recognises five attributes for aquatic 

life in rivers: periphyton, fish, and three different metrics for 

 

 

9 However, the data for lakes was patchy and there was no reliable model to confidently include lakes in the 

degraded catchment mapping available at the time.   
10 Environment Court Fifth Interim Decision at [265] and [266]. 
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macroinvertebrates.  For lakes there are three attributes: 

phytoplankton, submerged plants native, and submerged plants 

invasive.   

39. With respect to integrated management, Objective 1 of the SWLP and 

the NPS FM (2020) generally recognise the interconnectedness of, and 

interactions between, land, freshwater, and lagoons, estuaries and the 

coast (ki uta ki tai), and the effects of this interconnection on 

downstream and sensitive receiving environments.11  As described 

above, the experts assisting the court were aware of the need for 

integrated management from ecological and cultural perspectives and 

included the health of estuarine aquatic life as a key driver for the 

identification of degraded estuaries in the development of the maps of 

degraded catchments for Schedule X.  

Rivers 

40. Southland, Otago and Canterbury provide some of the last remaining 

habitats of relict populations of non-migratory galaxiid fish found 

nowhere else in the world.  Many non-migratory galaxiid species have 

highly fragmented and vulnerable populations, including those found 

in the Southland Region. Threats to the persistence of non-migratory 

galaxiids include: 

(a) macrophyte and weed invasion  

(b) habitat destruction and/or alteration  

(c) reduction in water quality 

(d) reduction in or alteration of water quantity/flows 

41. The Southland fish fauna is diverse (species rich) and contains 

populations of threatened species, some of which are on the brink of 

extinction. Of the twenty-two indigenous fish recorded in Southland, 

seven species have a conservation threat status  of ‘at risk’ (six species 

classified as ‘declining’ and one as ‘naturally uncommon’), five species 

are threatened, nationally vulnerable (alpine galaxias, Gollum galaxias, 

southern flathead galaxias, shortjaw kōkopu and lamprey) and one 

species is threatened, nationally critical (Clutha flathead galaxias), the 

highest class of threat ranking.  Non-migratory galaxiid fishes are an 

 

 

11 NPS FM (2020) Section 1.5, Policy 3, Sections 3.5(1)(a) and (b), 3.11(8)(a), 3.13, 3.16, and 3.26. 
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important and unique characteristic of the Southland fish fauna and 

contribute significantly to regional, national and global freshwater 

biodiversity.   

42. A report prepared for the Ministry for the Environment (2019) found 

that despite a diverse fish fauna, many sites in Southland, Otago and 

the central North Island had relatively low fish index of biotic integrity 

(fish IBI) scores.12  Protection and combined restoration of water 

quality, habitat and flows will be critical to conserving the diversity of 

indigenous fish in Southland and maintaining the contribution the 

Southland fauna makes to national and global freshwater biodiversity 

values. 

43. Benthic macroinvertebrates have long been used as an indicator of the 

health of aquatic life in freshwater (Boothroyd and Stark 2001).  Indices 

like the MCI and its variants have been monitored and measured for 

many years in rivers across the country, including throughout 

Southland.   

44. De Silva and Hodsen (2021) examined the state and trend of indices of 

macroinvertebrate health at 82 Southland sites using median MCI 

scores from 2014 to 2018.  Of these 82 sites, <1% were band A of the 

NPS FM (2020), 32% were B band, 40% were band C with 27% of the 

sites below the MCI national bottom line, which is also the threshold for 

determining a degraded waterbody in Schedule X of the SWLP (as 

determined by the Environment Court, based on the advice of the 

science experts).   

45. While not a direct or statistical comparison,13 when more recent data 

from the LAWA database was examined, I found little change, and 

potentially an increase, in the proportion of sites that can be considered 

to have ‘degraded’ macroinvertebrate communities in the context of 

the SWLP (Table 1). 

46. In addition to considering the state of aquatic life indicated by 

macroinvertebrates, trends in ecological indices can be useful to assess 

 

 

12 Fish IBI is an Appendix 2B aquatic life attribute in the NPS FM (2020). 

13 LAWA’s Southland MCI data shows the five-year median up to 2024 for 94 sites, which is not directly 

comparable to the 82 used by De Silva and Hodsen (2021).  LAWA data is sourced from Environment Southland 

and other regional councils.  However, direct comparisons with LAWA data should be undertaken with caution.  

LAWA data can contain inadvertent errors that are usually removed by regional council staff during quality 

control and analyses, for example, changes in site names or small changes in the location of sites.     



 

14 
 

changes through time.  Trends should be considered broadly indicative 

as they are influenced by multiple factors, including climate cycles 

(Snelder et al. 2021).  Generally, the longer the trend period, the more 

reliable an indicator of change. 

47. According to De Silva and Hodsen (2021) 44% of macroinvertebrate 

monitoring sites in Southland showed declining MCI trends for the 10 

years to 2018, 60% showed declining trends over 15 years, and 78% of 

sites assessed over a 21-year period showed declining trends, 

indicating degrading aquatic life indicators at many locations across 

Southland.  Table 2 shows ten and fifteen year trends found by De Silva 

and Hodsen (2021) for data up to 2018 and LAWA trends from data up 

to 2024.  Again, these trends are indicative of broad patterns of change 

over time and have not been assessed against climate factors. 

48. In concluding their examination of macroinvertebrate state and trend, 

De Silva and Hodsen (2021) recommend that efforts to improve 

invertebrate community health should continue to focus on reducing 

deposited fine sediment and water column nutrients, as well as 

improving general stream and riparian habitat quality. 

Table 1. Proportion of Southland macroinvertebrate sites in NPS FM (2020) bands 

for five-year median MCI.  NB: De Silva and Hodsen (2021) sites n = 82; LAWA (2024) 

sites n = 94.  

NPS FM (2020) 

Band 

2014 – 2018 (De Silva and Hodsen 

2021) 

2019 – 2023 (LAWA) 

Band A <1% 0% 

Band B 32% 27% 

Band C 40% 40% 

Band D NBL 27% 33% 

 

Table 2. Ten and fifteen-year trends in macroinvertebrate community index (MCI) 

from De Silva and Hodsen (2021) – Environment Southland data “ES” and Land, Air 

Water Aotearoa “LAWA” data. 

Trend direction 

10-year 

trend ES    

(n = 43) 

10-year 

trend LAWA 

(n = 83) 

15-year 

trend ES    

(n = 37) 

15-year 

trend LAWA 

(n = 41) 
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Very likely 

degrading 
23% (10) 25% (21) 30% (11) 27% (11) 

Likely degrading 21% (9) 28% (23) 30% (11) 20% (8) 

Indeterminant 42% (18) 29% (24) 22% (8) 24% (10) 

Likely improving 9% (4) 17% (14) 19% (7) 22% (9) 

Very likely 

improving 
5% (2) 1% (1) 0 7% (3) 

 

49. Rodway et al. (2023) compared the baseline state of freshwater 

attributes at 2017 (as per the NPS FM definition of baseline state) and 

the current state as of 2022, with draft target attribute states for 

Southland.  A significant proportion of sites (37% baseline and 38% 

current) across Southland failed to achieve national bottom lines for 

MCI.  Other attributes of water quality (nutrients, sediment and E. coli) 

show a similar pattern.      

Lakes, ICOLLs and wetlands 

50. Waituna Lagoon and Lake Vincent are degraded intermittently closed 

and open lagoons/lakes (ICOLLs),14
 modelling shows degradation of 

lakes is likely to be more widespread but measured data is limited to 

seven Southland lakes.  Southland wetlands are also degraded, 

threatened by agricultural activities and drainage, and are declining in 

extent.15  For example, Robertson et al. (2018) reported loss and partial 

drainage of wetlands in Southland of 0.5 to 1% per year since 1990 for 

conversion to pasture. For wetlands outside of conservation land, 

Ewens (2018) found a 7% reduction in total wetland extent between 

2007 and 2014/15 and an 11% reduction for wetlands in the lowland 

areas of Southland.   

51. Recent LAWA data for Waituna Lagoon shows the condition of the 

lagoon is ‘very poor’16 and that thresholds for degradation17 are readily 

exceeded at most monitoring sites, with ‘very likely’ degrading trends.  

 

 

14 November 2019 JWS , Figure 17 (lakes/lagoons) and Table 25 (ICOLLs). 
15 Water quality and ecology JWS May 2019. 
16 As indicated by the Trophic Level Index (TLI). 
17 Of those identified in the 22 November 2019 JWS that are shown on LAWA. 
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Lake Vincent has shown recent improvements in nutrient 

concentrations in 2024, although the long term record shows significant 

degradation and the condition is assessed as ‘poor’. 

Estuaries 

52. Jacobs River Estuary (Aparima catchment) and New River Estuary (Ōreti 

catchment) are both degraded, as indicated by macroalgal growth, 

extensive eutrophic areas, sites with low dissolved oxygen and high 

organic carbon, which all impact on estuarine infauna.  New River 

Estuary is also degraded by nickel and has elevated chlorophyll-a.18  

Fortrose Estuary (Mataura) is close to triggering the degraded status.   

53. Some recent data on the health of Southland’s estuaries can be found 

on the LAWA website.  However, of the agreed attributes for degraded 

estuaries, only muddiness and metals are reported on LAWA.  Recent 

muddiness and metals data were consistent with the findings on 

degraded estuarine sites in the 22 November 2019 JWS but I was unable 

to assess many of the agreed attributes of degradation as recent data 

is not available on LAWA.  

54. In examining the above data and Environment Southland reports, I can 

only draw the conclusion that degradation of Southland’s rivers, 

remains the same, if not slightly worse, than that examined by the 

experts and presented to the court since 2018.  

What degree of change is needed to reduce significant adverse effects 

on aquatic life?  

55. Nitrogen and phosphorus contribute to nutrient enrichment and can 

cause eutrophication, nuisance growth of periphyton, phytoplankton, 

macroalgae and macrophytes (plants).  Eutrophication also contributes 

to impacts on macroinvertebrate community health and ecosystem 

metabolism.  Nutrient enrichment negatively affects aquatic ecosystem 

health beyond the influences of nutrients on algae and periphyton 

(Camargo and Alonso 2006; Canning and Death 2021; Canning et al. 

2021).   

56. Snelder (2021) and Snelder and Plew (2024) examined the nutrient load 

reductions required to achieve freshwater objectives for hauora,19 for 

 

 

18 22 November 2019 JWS, Table 31, page 40. 
19 Akin to the health and wellbeing of the waterbodies.  
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periphyton national bottom lines, and to meet the thresholds for 

degradation in Southland’s estuaries.  Snelder and Plew (2024) assessed 

the nutrient reductions required under several ‘settings’ using varying 

degrees of ‘under-protection risk’,20 and a scenario whereby all streams 

<7 metres wide were either ‘shaded’ or ‘unshaded’.  In my opinion, the 

unshaded load reduction scenario, in combination with the lowest UPR 

of 20%, better resembles the predominantly unshaded state of the 

stream network, and carries the lowest risk of failure to meet 

thresholds for degradation, and is therefore, the scenario of nutrient 

reductions more likely to lead to improvements in aquatic life.21 

57. A 48% reduction in total nitrogen and a 35% reduction in total 

phosphorus from ‘current’ (2017) nutrient loads will be required to 

achieve (improve up to) bottom lines for periphyton in rivers, and to 

meet targets for phytoplankton in lakes and estuaries and macroalgae 

in estuaries.22 

58. Sedimentation is one of New Zealand’s most pervasive habitat and 

water quality issues. Sediment is particularly detrimental to aquatic life 

and freshwater ecosystems.  Suspended sediment clogs and abrades 

the feeding and gill structures of invertebrates and fish and is known to 

reduce fish diversity and abundance, also causing avoidance behaviour 

in some fish and at different life stages. Suspended sediment reduces 

the ability of fish to sight-feed and can cause disruption to food-web 

and other ecological processes. 

59. Neverman et al. (2021) modelled suspended sediment load reductions 

required to achieve draft freshwater objectives for Southland (Bartlett 

et al. 2020) and NBLs for visual clarity and suspended fine sediment.  

Maximum required load reductions ranged from 33% to 84% for visual 

clarity and 2% to 73% for suspended fine sediment depending on the 

reported catchment area. Regional sediment reductions were not 

reported. 

60. In the JWS dated 26 November 2021 the experts agreed that “As 

identified in this JWS (in response to question 5) Appendix N is unlikely 

 

 

20 Snelder (2024) described under-protection risk (UPR) as the level of risk that nutrient criteria will fail to achieve 

the required river periphyton and estuary algae target attribute states: 30% UPR is a higher level of this risk 

than the 20% UPR. 
21 This is the same combination of ‘settings’ used by Snelder (2023), which underpins Mr Norton’s evidence on 

mitigation effectiveness. 
22 Under the ‘Bottom Line 20% UPR Unshaded’ setting of Snelder and Plew (2024). 
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to significantly narrow the gap between the current state to beyond the 

threshold of degradation (as described by the science JWS November 

2019) or the multiple attributes of hauora. However, it could be viewed 

as a stepping stone to reduce contamination loss and to broaden the 

thinking to looking at on-farm actions to improve some attributes of 

hauora and to enable water users avenues to provide for hauora.”23   

61. The JWS went on to say “New work being undertaken by ES shows there 

is a large gap between the objectives that are consistent with hauora 

and current water quality state. There is also work (currently being 

undertaken) that considers how far mitigations consistent with 

Appendix N will go towards those outcomes.  We understand from Dr 

Snelder that current management practices on farm show they may not 

be able to entirely close the gap.  This is consistent with the literature 

and the experts’ work in other regions.  For some attributes, even the 

gap between current state and degraded thresholds is large.  Therefore, 

to achieve hauora, Appendix N would require management objectives 

beyond those specified in Section 5.  To close the gaps identified above, 

a significant change to management of land and freshwater is needed.” 

JWS 26 November 2021.  

62. I acknowledge that the Court directed changes to Appendix N 

subsequent to that evidence, and that those changes are likely to have 

made some improvement to the effectiveness of Appendix N 

mitigations, but I am not aware of any analysis to demonstrate that the 

SWLP standards are sufficient to close the gap referred to in the JWS.  

63. Significant reductions in nutrient and sediment loads are required 

across much of the productive land in Southland to meet national 

bottom lines and minimum acceptable states for aquatic life in rivers, 

and downstream lake and estuarine receiving environments.  In my 

opinion, aquatic life will remain subject to significant adverse effects, 

and there will not be a reduction in significant adverse effects, until 

measures are in place that are sufficient to shift these systems above 

the minimum acceptable states and NBLs.  

 

 

23 Page 7. 
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Will the provisions of the SWLP result in adequate contaminant 

reductions? 

64. Mr McCallum-Clark identifies land use rules in the SWLP that in his 

opinion also ‘manage’ discharges associated with the farming activities 

– Rules 20, 20A, 20B, 25, 35A, 35B, 70 and Appendix N Farm 

Environment Management Plans.  The land management / farm 

systems experts looked at what water quality improvements could be 

achieved through Appendix N Farm Environment Management Plans 

(FEMPs),24 noting that an analysis of the net benefits [of FEMPs in 

Southland] would be complex, with evaluation possible but, at the time 

of conferencing, unquantifiable.  The experts were certain that the 

implementation of Appendix N would reduce losses of contaminants 

[phosphorus, sediment, microbial pathogens and nitrogen] but agreed 

the overall effect was dependent on how well all farms within a 

catchment can address these losses.25 

65. With respect to phosphorus, sediment and microbial pathogens the 

experts agreed that Appendix N would be effective at achieving some 

improvements “Except for, Mole-pipe drains soils where there will continue 

to be significant sources of P, sediments and faecal loss from farms in 

catchments where these soils occupy a significant proportion of area. Some 

of the actions in Appendix N can reduce but will not eliminate these losses.”  

Mole-pipe drainage is artificial drainage, identified as the “(a) variant” 

contaminant transport pathway in relation to the physiographic 

zones.26  Zones with the (a) variant have increased risks to water quality 

when soils are wet because of rapid drainage of sub-surface 

contaminants and subsequent discharge to surface waters; this type of 

drainage occurs extensively across farmland in Southland.27 

66. There was some concern among some of the farm systems and science 

experts about the degree of improvements in nitrogen losses likely to 

 

 

24 JWS Land management / farm systems 22 November 2021 and 6 December 2021 (update). 
25 McDowell et al. (2021; and references cited therein) note that the effects of mitigations decrease or take 

longer to become effective with greater distance from the point of implementation as a result of different rates 

of implementation across a catchment. 
26 Physiographic zones enable a better understand how contaminants move through the landscape.  Each zone 

has common attributes that influence water quality, such as climate, topography, geology and soil type.  Some 

zones have more than one main transport pathway. These areas are called variants'.  There are two types of 

variants: Overland flow (o) - in areas that tend to have steeper slopes, and Artificial drainage (a) - in areas that 

have artificial drainage.  

https://www.es.govt.nz/community/farming/physiographics/introduction-to-physiographics  
27 Topic A evidence in chief of Ewen Rodway paragraphs 78 to 81, see also Table 2, page 30.  

https://www.es.govt.nz/community/farming/physiographics/introduction-to-physiographics
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result from FEMPs.  As noted above, the Court directed changes to 

Appendix N subsequent to that JWS and changes are likely to have 

made some improvements to the effectiveness of Appendix N in 

reducing nitrogen losses.  Again, I am not aware of any analysis to 

demonstrate that the SWLP standards are sufficient to close the 

nitrogen ‘gap’.  

67. To understand the likely benefits of farm nutrient mitigation scenarios, 

Mr Norton’s evidence relies on work by Snelder (2023) from a memo 

prepared for Environment Southland, and published literature on 

quantifying improvements to contaminant losses at the national level 

through farm mitigations.28  Mr Norton’s evidence considers the full 

implementation of “established” mitigations assumed to exist as of 

2015 (Monaghan et al. 2021; McDowell at al. 2021) as a useful 

approximation of what could be achieved if the full range of actions in 

the relevant SWLP rules and FEMPs were implemented.   

68. Mitigations are presented as Attachment 1 to the evidence in chief of 

Mr Norton and can be summarised as: 

(a) For dairy farms – stream fencing, fertiliser management, effluent 

and irrigation management and wintering in a barn or on a 

standoff pad; and  

(b) For sheep and beef farms – stock exclusion, fertiliser 

management and land retirement from grazing.   

69. McDowell et al. (2021) found that “If all current established mitigation 

actions had been implemented by 2015, the potential percentage decreases 

in national loads of N and P would have been 16 and 23%, respectively” 

[emphasis added]. The authors acknowledge that the scenarios may be 

optimistic and are a broad-scale approximation with likely variation 

from region to region, providing an indication of potential reductions 

with changing land use practices.  This is substantially less than the 48% 

N and 35% P load reductions to meet national bottom lines for 

periphyton in rivers, and to meet targets for phytoplankton in lakes and 

estuaries and macroalgae in estuaries estimated by Snelder and Plew 

(2024). 

Snelder (2023) – nutrient reductions 

 

 

28 Evidence in chief of Edward Norton paragraph 47. 
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70. Ten of the 189 assessment points (sub-catchments) modelled by 

Snelder (2023; Figure 2) show 20 to 40% reductions in total nitrogen 

from current state from implementation of the established 2015 

mitigation scenario described above (Monaghan et al. (2021); McDowell 

et al. (2021)).  The majority of sub-catchments modelled showed 

between 0 and 20% reduction in nitrogen from current state, with 16 

sub-catchments showing 0% reduction.   

71. For total phosphorus, the 2015 established mitigation scenario shows 

seven out of 189 sub-catchments with 20 to 40% reductions (Snelder 

2023; Figure 4).  Again, many sub-catchments show a 0 to 20% reduction 

with a larger number of sub-catchments (~50) showing 0% 

improvement.   

72. Figures 6 and 7 of Snelder (2023) break down the modelled required 

reductions by critical catchment to achieve downstream 

NBLs/minimum acceptable states (reported above for the Southland 

Region as a whole by Snelder and Plew (2024)).  These reductions 

ranged from 0% (most of the Waiau catchment), to 70 – 100% (most of 

the Mataura catchment) for TN, and 0% (Waiau) to 70 – 100% (Ōreti) for 

TP.  

73. Snelder (2023) then modelled the ‘residual required load reduction’ – 

the percentage of TN and TP needed to improve rivers, lakes and 

estuaries from the current load to meet the degraded thresholds.  Table 

1 of Snelder (2023; reproduced below) shows that neither the 2015 or 

the ‘developing’ 2035 mitigation scenarios can reduce TN or TP loads to 

a level that improves rivers, lakes and estuaries to meet the degraded 

thresholds for all 189 sub-catchment assessment points. 

  

 

Reproduced from Snelder (2023) Table 1, page 11. 

 

74. Figures 9 and 11 from Snelder (2023; reproduced below) show the 

spatial variability in sub-catchment assessment points that will require 
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residual load reductions (over and above the 2015 established scenario) 

to meet national bottom lines for periphyton and minimum acceptable 

states for downstream receiving environments.   

 

  

Figure 9. Reproduced from Snelder (2023): Residual required TN load reduction for 

the 2015 mitigations as a proportion of current load (%). The assessment point 

categories indicate the additional load reduction that would be required to achieve 

the NBL (in addition to the load reductions produced by the mitigations). 
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Figure 11. Reproduced from Snelder (2023): Residual required TP load reduction 

for the 2015 mitigations proportion of current load (%). The assessment point 

categories indicate the additional load reduction that would be required to achieve 

the NBL (in addition to the load reductions produced by the mitigations). 

 

 

Sediment reductions 

75. Mr Norton’s evidence addresses sediment at paragraphs 62 to 65 but 

considers only the effects of sediment losses and potential reductions 

with respect to s70(1)(d) for conspicuous change in visual clarity.  The 

effects of sediment on aquatic life are well understood in the scientific 

literature and in Southland’s receiving environments (with respect to 
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general effects in rivers see review in Clapcott et al. (2011); see also JWS 

Water quality and ecology (Lakes, Lagoons and Estuaries) 10 May 2019).   

76. Objectives in FEMPs speak to nutrient and soil management and 

minimisation of the losses of sediment to water, particularly from high-

risk activities like intensive winter grazing, pasture-based wintering and 

sacrifice paddocks.  These are all positive aims alongside rules to reduce 

the significant losses of sediment arising from high risk activities 

(including cultivation practices).  However, practices and actions to 

combat wider (catchment-scale) erosion and subsequent sediment 

discharge to water are not explicitly required by FEMPs or SWLP 

provisions.29  Mitigation measures for the 2015 established mitigations 

scenario described above relate only to N and P and although they will 

have some benefits in reducing sediment loss, McDowell et al. (2021) 

note there are a smaller number of sediment mitigation actions 

available to farmers, compared to those for nutrients.   

77. Following implementation, sediment mitigation actions will take longer 

than nutrients to become effective at reducing sediment losses because 

sediment mitigations often require stabilisation of erosive land (hill 

country) and riparian margins (bank erosion) using tree planting or land 

retirement.   Land retirement and tree planting at the whole farm scale 

are recommended to address sediment losses (McDowell et al. 2021) 

but these are not specific mitigations actions required by FEMPs or 

SWLP rules.   

When can contaminant reductions be expected and how quickly will 

aquatic life respond? 

78. McDowell et al. (2021) note that Australasian research suggests the 

average time to peak adoption of mitigation actions is about 15–20 

years, and in some catchments, there may be lengthy lag-times 

between implementation and measurable water quality outcomes.  

Long lag-times are also notable with respect to the effectiveness of 

sediment mitigation actions to reduce erosion and improve water 

quality (e.g., improvements in sediment loss following growth of trees 

planted to stabilise hillside erosion and riparian bank erosion, and from 

land retired from grazing). 

 

 

29 Noting that there are also paddock-scale specific erosion and sediment control measures for cultivation under 

Rule 25. 
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79. The time it takes for reductions in contaminant losses from land and 

the time it may take until measurable improvements are seen in 

indicators of aquatic life are likely to operate on different temporal 

scales because of complexities in nutrient and sediment transport, 

nutrient cycling and storage, and ecological processing within aquatic 

environments.  Nutrient and sediment loads have been discharged into 

Southland’s waterbodies for decades so there is potential for 

substantial internal storage within current aquatic systems.   

80. If contaminants that cause significant adverse effects on aquatic life are 

reduced (i.e., nitrogen, phosphorous and sediment), Mr Norton 

considers “it logically follows that adverse effects on aquatic life will 

accordingly also reduce”.30   However, relationships between 

contaminants and indicators of aquatic life (e.g., periphyton and 

macroinvertebrates) are not so simple. 

81. Thresholds that define degradation are not necessarily the same as the 

thresholds needed for recovery or restoration.  As described below by 

Graham et al. (2020) and Barrett et al. (2021) there can be delays, lags 

and storage within the system, in addition to ecological resistance to 

improvement from the dominance of pollution tolerant aquatic taxa.       

82. The consequences of inaction or delaying nutrient source reductions 

for New Zealand rivers, lakes and estuaries were described by Graham 

et al. (2020) to inform and support the essential freshwater package 

reforms, including the NPS FM (2020).  Graham et al. (2020) describe 

compelling reasons not to delay nutrient reductions which also usefully 

inform our understanding of how long it might take for ecological 

improvements from nutrient source reductions, including:  

(a) Stocks of nutrients stored in sediment will increase as long as 

inputs continue, and the release of nutrients from these internal 

storages will continue long after inputs are reduced.  

(b) Sediment deposition exacerbated by nuisance river macrophytes 

and nutrient storage by algae prolong recovery and become more 

likely with the duration of high nutrient source loading.  

(c) Risks of ecological states resistant to rehabilitation (e.g., 

phytoplankton-dominated shallow lakes, deep lakes with high 

 

 

30 Evidence in chief, paragraph 44. 
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trophic levels, streams dominated by degradation-tolerant 

species that block re-establishment of more desirable biota) 

increase the longer that source reductions are delayed.  

(d) Competitive exclusion of sensitive taxa by degradation-tolerant 

riverine biota are likely to make remediation less effective and 

may require additional interventions.  

(e) Additional remediation options may be required that may not 

have been necessary if nutrient management action were taken 

earlier.  

(f) For lakes, reductions of external loading may need to be greater, 

compared with loads required to achieve outcomes if the lake had 

not been degraded in the first place.  

(g) Delays in reducing nitrogen leaching will result in increased peak 

loading to streams and protracted recovery for groundwater 

systems that have not yet responded fully to past increases in 

loading.  

83. Recent research shows that degraded stream macroinvertebrate 

communities in Aotearoa New Zealand can be highly resistant and 

resilient, making restoration difficult (Barrett et al. 2021). 

Macroinvertebrate communities in degraded streams become 

dominated by hyper-tolerant species, preventing recolonisation of 

more sensitive species, even after water quality improvement.  

84. Reductions in contaminants are likely from implementation of the 

SWLP.  However, the magnitude and degree to which reductions will 

occur is dependent on cumulative uptake of a suite of mitigation 

actions.  Furthermore, estimated reductions in N and P from the 

mitigation actions identified in Attachment 1 to Mr Norton’s evidence 

are unlikely to achieve minimum acceptable states or NBLs for aquatic 

life in many waterbodies, therefore significant adverse effects will 

continue and not be reduced for these waterbodies. 

85. There is considerable uncertainty that full implementation of mitigation 

actions for N and P will occur within 10 years.  I am advised that FEMPs 

must be submitted for certification by 27 May 2026, but the Plan does 

not specify when FEMP mitigation actions must be fully implemented.     

86. Potential sediment mitigations, beyond those in the Plan rules for high 

risk activities, require long-term mitigations (planting trees and retiring 

land from grazing) that, if implemented, have substantial time-lags 
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before efficient sediment loss reductions can be expected.  There is 

currently no explicit driver in the SWLP for these types of sediment 

mitigations. 

87. Furthermore, the time it takes for measurable physico-chemical water 

quality improvement can be delayed by contaminant transport 

pathways in different catchment and farming combinations (McDowell 

et al. 2021), long-term storage of nutrients in bed sediments and 

groundwater, and internal nutrient cycling in waterbodies with long 

retention times (Graham et al. 2020).  Once water quality is measurably 

improved the ecologically resistant communities of degraded systems 

may persist for some time, with tolerant organisms out-competing 

sensitive taxa (Barrett et al. 2021).  Concomitant habitat restoration 

may also be needed to shift towards a healthier ecosystem state.   

88. Given Snelder’s (2023) predictions, the system lags, and ecological 

resistance issues described above, I am of the view that the nutrient 

mitigations recommended in Mr Norton’s evidence cannot ameliorate 

the significant adverse effects on aquatic life to a degree that could be 

considered no longer ‘significant’ at the regional scale.  My analysis is 

premised on my expert ecological opinion that where an ecological 

state continues to be below minimum acceptable states or national 

bottom lines for aquatic life it cannot be considered to be experiencing 

a reduction in significant adverse effects simply because there has been 

some level of reduction of contaminants entering the waterbody. 

How will the Council (or Court) be ‘satisfied’ that significant adverse 

effects on aquatic life will be reduced within 10 years? 

89. Section 70(3)(c) requires that the Council be ‘satisfied’ that the 

standards of Rule 24, in combination with any other provisions in the 

plan, will reduce significant adverse effects on aquatic life within 10-

years of the rule becoming operative.   I am advised that in this context, 

“satisfied” is “the strongest decisional verb in the RMA” and means “to 

furnish with sufficient proof or information; to assure or set free from doubt 

or uncertainty; and to convince; or solve a doubt, difficulty”.  From a 

technical perspective, this test sets a high bar, requiring proof with a 

strong degree of certainty in the outcome.   

90. Water quality trend analyses are used to assess whether a waterbody 

is ‘improving’ or ‘degrading’ over time.  In general, the longer the 

assessment period and the greater the number of regular observations 

over that period the more reliable the trend.  Ten-year trends (with 

monthly sampling) are generally accepted as the minimum amount of 
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data to reliably inform the direction of change in water quality.  

However, Snelder et al. (2021) have identified climate variability as 

making a significant contribution to water quality trends and attempts 

to attribute trends to land use change can be swamped by the effects 

of that climate variability (Snelder et al. 2022).   

91. Therefore, whilst a reduction in nutrient (and potentially sediment) 

losses might be achievable with mitigation actions, the ability to be 

certain about the direction of change31 in water quality will not be 

known for at least ten years, if not more, and 10-year trends may in fact 

be an artefact of climate variability.  This uncertainty, coupled with the 

low likelihood and uncertainty of sufficient improvements in the degree 

of adverse effects on aquatic life does not, in my opinion and from a 

technical standpoint, ‘assure or set free from certainty’.   

Kathryn McArthur 

8 October 2025 

  

 

 

31 If in fact a change that we can be confident in is even found at the end of ten years.  Appendix 1 reproduces 

explanations from the LAWA web portal about trend assessment using the framework set out by the 

Intergovernmental Panel on Climate Change (IPCC). 
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