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EXECUTIVE SUMMARY 

1. This evidence is given in support of the application by the Department of 

Corrections to continue to discharge stormwater from the Whanganui 

Prison to the modified channel that flows into the wetlands and that 

connects Lake Pauri and Lake Wiritoa in Kaitoke, Whanganui. 

2. I am an experienced ecologist and I have assessed the environment that 

receives the stormwater discharge, considered the impacts of the 

stormwater on that environment, and examined the ecological impacts on 

alternative environments for the discharge.   

3. I was engaged by the Department to advise on the ecological effects of the 

stormwater discharge as described in the March 2018 Assessment of 

Environmental Effects which was submitted as further information in 

support of the original application. As part of my engagement, I have also 

advised the Department and worked with the Department’s other technical 

advisors on ecological benefits of the stormwater quality improvements 

proposed, as well as other potential options for managing the stormwater.   

4. I undertook expert caucusing with Mr Logan Brown of Horizons Regional 

Council on 18 September 2019 and at that conferencing we agreed on 

many matters concerning the ecological condition and water quality of 

Lakes Wiritoa and Pauri, catchment causes and influences on that 

condition, the condition of the outlet stream system, the sensitivity of the 

receiving environment and the level of protection that would normally be 

afforded to it.  My evidence summarises those matters, but does not present 

them in detail, given the high level of agreement reached between Mr 

Brown and myself.  My evidence includes a record of our meeting.  

5. The principal ecological issue of contention between Mr Brown and I 

appears to be that under this application the prison will continue to 

discharge treated stormwater to the lakes and that this discharge, while 

predicted to meet the One Plan’s Schedule E water quality parameters, is 

still discharging a level of nutrient and other contaminants (metals), and 

that this (in Mr Brown's opinion) will not assist the Council in its goal to 

raise Lake Wiritoa to a better condition than the ”D” (below the national 

bottom line) status it currently is.  However, I show that this will not be the 

case and that the discharge is both minor in relative proportion to the issue 

in the lake and would allow at least a C band if not a B band condition if 
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restoration of Lake Wiritoa was possible. That said, I note that restoring 

Lake Wiritoa will be incredibly difficult and take at least 30-50 years. 

6. In addition, several submitters have raised concerns about the effect of the 

prison’s stormwater discharge on the ecological health of the lake system 

and water quality in general.  These include the perception that the prison’s 

discharge is a sole or major contributing source of the water quality issues 

of the lakes and associated ecological impacts.  I address these matters in 

my evidence and (with Mr Cochrane) show that this is not the case.  

7. The stormwater from the prison’s discharge does not result in any 

ecological harm to the willow wetland at the end of the discharge channel 

or to the wider Lake Wiritoa system. It has no effect on the Lake Pauri 

system. 

8. The prison’s stormwater discharge contributes a small proportion of the 

nutrient and contaminant loading of Lake Wiritoa and its environs, and 

much of the contaminants in the discharge never actually reach the lake but 

are deposited in the willow wetland. This is particularly true of the metals, 

and limited sampling suggests no accumulation of those metals to harmful 

levels in the wetland sediments. 

9. Lake Wiritoa is widely recorded as in poor condition. Like many of the 

other dune lakes in the region, its water is poor quality and often super 

eutrophic1.  In turn, this means its overall ecological condition is poor and it 

has very low indigenous biodiversity value. It is, and has been for some 

time (40 years) a very robust and tolerant exotic system. 

10. There is no evidence that Lake Wiritoa is near a “flipping point”. 

Macrophyte continue to be abundant. Nutrients are not the driver of a 

‘flip’; turbidity is the primary cause.  

11. Nutrients are in the first instance not contaminants, and all systems receive 

and require a level of nutrients to function. The quantum of nutrient 

entering a system and remaining available for primary plant use drives the 

type and biomass of the plant assemblages present. Many native aquatic 

 
1 Super eutrophic is a term used to mean the trophic index is over 5 and the water is saturated in 

phosphorous and nitrogen (nutrients). The last few years have indicated a super trophic state, but some 

years before recorded a eutrophic state. 
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plants are adapted to lower nutrient systems, while many exotic aquatic 

plants are more competitive in higher nutrient waters.  

12. It appears that 150 years of nutrient accrual in the lakes as a result of 

various land uses in the catchment (but mostly agriculture), and a long 

water retention period (no flushing of material from the lake) along with 

various other human modifications has resulted in the dominance of the 

flora by exotic macrophyte weed (hornwort and other species), and 

substantive algae seasonal growths.  All of which has resulted in the lake 

now being dominated by internal nutrient cycling.  External nutrient inputs 

are only a minor factor in its seasonal functioning. The prison’s additions 

(small as they are on a catchment basis) are almost irrelevant to this system 

as it currently exists. 

13. For these reasons, even without the water quality improvement works 

undertaken and those proposed at the prison (i.e. pipe sleeving to limit the 

intrusion of contaminated groundwater and the proposed proprietary filter) 

the adverse ecological effect of the prison’s stormwater, were it to continue 

as it is, on this environment would be negligible.  

14. By the same token, the ecological benefits of the water quality 

improvement works could be said to also be negligible in terms of the 

wider influences on lake water quality that exist and the relatively small 

input that the prison’s discharge represents.  That said, in my view the 

work to improve the discharge quality is a responsible approach, and in at 

least a small way, will assist the Council to meet its objectives of 

enhancing lake water quality – to the extent that prison discharge can. 

15. Willow removal and replacement with native wetland species around the 

channel connecting the lakes, as addressed in the planning evidence of Mr 

Hall, will also have some ecological benefit.  

16. Finally, the proposed ‘daylighting’ of a proportion of the discharge pipe 

could enable a vegetated (raupo) condition to be established which would 

add some further contaminant entrapment / filtering (much like a linear 

wetland) prior to the channel.  This would provide further minor polishing 

of the discharge. 

17. I have provided an ecological perspective on the options considered in the 

Best Practicable Option report prepared by Tonkin & Taylor. Generally, I 
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think the option pursued by the Department is appropriate and is of no 

greater material adverse effect than any other feasible / reasonable option. I 

also acknowledge that it is not possible to create an additional treatment 

wetland downstream which is unfortunate as it was the best option. 

18. I consider that it would be inappropriate, in terms of ecological effects, to 

move the discharge of the treated prison stormwater to the Lake Wiritoa 

outlet stream.  This stream and its wetland are a threatened environment in 

terms of the One Plan’s Schedule F too.  Introducing the discharge would 

bring a contaminant loading (even though managed to a low level) where 

currently there is no such discharge.  Significantly, it would also change 

the existing hydrological regime of this intermittent stream. 

19. While the aspiration of a zero-pollution stormwater system is desirable, it 

is not realistic and does not occur anywhere in New Zealand. The current 

proposed solution will meet the standards of Schedule E of the One Plan 

after the dilution / reasonable mixing factor. 

20. The stormwater discharge into the future will be considerably better than 

the current discharge.  Importantly, the treated stormwater will have no 

measurable adverse effect on the receiving lake environment. That is, in the 

lake proper it would not be possible to measure the addition of nutrient that 

could be attributed to the prison above the background level. Neither would 

it be possible to measure what was the specific cause of greater or 

persisting seasonal cyanobacteria or macrophyte growths. 

21. Lastly, and irrespective of the absence of a measurable adverse effect, Dr 

Hamill outlines a further mitigation action the Department is considering. 

That is, the manual removal of macrophyte at a tonnage that at least 

matches the nutrient input by the improved stormwater.  That mitigation 

action will reduce the in-lake nutrients (Nitrogen and Phosphorus) such 

that, on balance, the lake will actually be better off.    
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INTRODUCTION 

Professional background 

22. My full name is Vaughan Francis Keesing.  I hold a of Doctor of 

Philosophy (PhD) in Ecology, a BSc (First class honours) in Zoology, and 

a certificate in Research Statistics. I am employed as an Ecologist by Boffa 

Miskell Ltd, where I am also a Partner.  I have been with Boffa Miskell 

since 1998. 

23. I am a skilled and experienced ecologist with specialist skills in limnology 

(freshwater ecology), entomology (invertebrate ecology), and botany.  I 

have worked extensively in freshwater and terrestrial habitats. 

24. I have experience and knowledge in ecotoxicology through my honours 

dissertation and from working as a co-supervisor of three PhD students 

with Dr Trembley of the Cawthron Institute.  The students were 

researching the ecotoxic effects to copepods (small crustaceans) as a tool 

for measuring pollution levels in sediments. I have 24 published research 

papers and one book chapter. 

25. I have been a consultant ecologist for 22 years and have worked in many 

locations including the West Coast, Canterbury, the central and lower 

North Island, the Far North, the Auckland Region, and the Bay of Plenty.  I 

have also been engaged in many projects from the small to the very large; 

and undertaken work that contributed to over 40 briefs of evidence, 20 of 

those for the Environment Court and three for Boards of Inquiry.   

26. My work has included assessing the ecological value and significance of an 

environment, the potential for it to be adversely affected and developing 

remediation and mitigation/offset programmes. I have: 

(a) been involved in over 20 large subdivisions (eg. Omaha 

South, Long Bay, and Pegasus Bay) and several plan 

changes (eg. Porters Ski Field expansion) 

(b) assessed waterways affected by roading construction (eg. 

Transmission Gully, Northern Gateway, Mackays to Peka 

Peka) 
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(c) assessed wetlands, terrestrial systems, and rivers affected 

by damming and storage of water for irrigation (e.g. the 

Arnold and Wairau hydro-electric power schemes, the 

Hurunui irrigation project, and the Waitohi irrigation dams) 

(d) developed plans to restore natural ecosystems (eg. Pegasus 

wetland, Toretopatutahi wetland, Ravenswood wetlands, 

and Taranaki Stream) 

(e) assessed the effects on wetlands, streams, lakes, and rivers 

of water discharge (or take). This included assessing water 

quality and covered (as a sample of my work):  

(i) monitoring and tracking the nutrient levels and 

water quality of the Waikanae River over three 

years to establish trends.  This included assessing 

macroinvertebrates, fish, and periphyton.  

(ii) studying the causes of unwanted cynobacteria in 

Henley Lake in Masterton and potential solutions to 

the problem.  

(iii) developing a water quality management plan for 

the proposed Waitohi dams proposal (Hurunui). 

(iv) determining the effects of discharge to water by the 

ROA Mining Company in Greymouth. 

(v) undertaking surveys to establish the ecological 

effects on wetlands of the discharge of wastewater 

in Paihia. 

(vi) undertaking an Assessment of Effects on wetland 

and dune habitats of the discharge of treated 

wastewater by irrigation at Matakarapa Island 

(Foxton). 
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Current application 

27. My evidence relates to the application by the Department of Corrections 

(the Department) for a permit to discharge stormwater from the Whanganui 

Prison into the modified channel connecting Lake Pauri to Lake Wiritoa in 

Kaitoke, Whanganui.   

28. My evidence is given in support of the application and covers ecological 

issues associated with the stormwater discharge, its quality, and the value, 

condition, and effects on the ecology of the receiving environment. I have 

been involved in this matter since 2016 and have: 

(a) Assessed the receiving environment (the discharge 

location, the wetlands, and Lake Wiritoa) and alternative 

receiving environment (Kaitoke Stream and associated 

wetland).  I have made at least four visits to the site (in 

winter and summer), thoroughly investigated the area on 

foot, and taken samples and other measurements (e.g. of 

the channels). 

(b) Assisted with identifying the sources of contamination in 

the stormwater and potential ways to improve its quality. 

(c) Participated in expert discussions and caucusing with 

Horizons Regional Council about lake and wetland ecology 

matters.  These included the quality of the stormwater 

discharge, the character of the immediate receiving habitat, 

and what a mixing zone in that habitat might be. 

(d) Collected and reviewed water samples and other data on 

water quality. 

(e) Provided input to the analysis of alternative options for the 

discharge and treatment of the prison’s stormwater: 

(i) working with Tonkin & Taylor engineers to design 

a natural treatment wetland on Department of 

Conservation land (that is administered by 

Whanganui District Council) north of the prison 

which would be the receiving environment for the 
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stormwater after it had gone through a primary 

treatment device. 

(ii) exploring the Lake Wiritoa outlet stream and 

tracking it for several kilometres downstream to 

assess its suitability as a receiving environment for 

the stormwater discharge from the prison. 

(f) Written associated reports and memos including: 

(i) a report in June 2016 describing the water quality 

and the receiving environment2 

(ii) a memo in February 2017 detailing the discharge 

point, the channels, and the character of the 

wetlands 

(iii) the 18 September 2019 Expert Conferencing Joint 

Memo – topic Freshwater Ecology recording points 

of agreement between me and Mr Logan Brown 

from Horizons Regional Council (refer Appendix 

One) 

(iv) the 2018 Revised Assessment of Ecological Effects 

detailing what the effects might be of potential 

contaminants in the stormwater.  This was 

completed following an assessment of the different 

options for treatment and discharge of the 

stormwater. 

(v) general input to the Whanganui Prison Stormwater 

Management: Best Practicable Option report. 

29. My work and this evidence have been informed by both published and 

‘grey’ literature3, and by websites such as Land Air Water Aotearoa 

 
2 Boffa Miskell Limited 2016.  Ecological Effects Related to Contaminants in Stormwater Discharge: a 

review and assessment of discharge effects of stormwater from the Whanganui Prison site.  Report 

prepared by Boffa Miskell Limited for Corrections Department. 
3 ‘Grey’ literature comprises information produced outside the traditional commercial or academic 

publishing and distribution channels.  It often includes reports, working papers, and evaluations 

(https://en.wikipedia.org/wiki/Grey_literature) 
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(LAWA4). In addition, there are reports and data from others such as 

MHW (now Stantec), Pattle Delamore Partners, and Tonkin & Taylor and 

several other publications.  The most important of these sources are listed 

below. 

(a) Horizons One Plan,5 especially Schedules B (Surface water 

management zones), E (Surface water quality targets) and 

F (Indigenous biological diversity). 

(b) ANZECC 2000 guidelines. Australian and New Zealand 

Environment and Conservation Council (ANZECC) water 

quality guidelines. 

(c) MWH: 

(i) Whanganui Stormwater Monitoring 2012-2013 – 

Assessment report 2013. 

(ii) Whanganui Prison Stormwater consent - Further 

effects assessment 12 June 2014.  

(iii) Assessment of Effects of Wastewater disposal on 

groundwater levels and ground water quality. A 

report prepared for Spotless Facilities Services 

limited, December 2014. 

(iv) Whanganui Prison Stormwater Quality Mitigation 

Options. A report to Boffa Miskell, November 

2015.  

(d) Edwards & Clayton 2002. Aquatic vegetation in Lakes 

Dudding, Wiritoa, Horowhenua and Pukepuke lagoon. 

NIWA Client Report HMW02201. A report for Manawatu-

Whanganui Regional Council. 

(e) Gibb & Champion 2013. Opportunities to address water 

quality issues in lakes Wiritoa and Pauri. Prepared for 

 
4 https://www.lawa.org.nz/ 
5 Horizons Regional Council (2014). One Plan: The consolidated Regional Policy Statement, Regional 

Plan and Regional Coastal Plan for the Manawatu-Wanganui Region. Horizons Regional Council.  
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Horizons Regional Council, June 2013. NIWA report 

HAM2013-053 and horizons report 2013/Ext1327. 

(f) Waters, Kelly, Doehring & Floerl 2019. Restoration 

planning for deep dune lakes: Data review and 

recommendations. Report prepared by Cawthron Institute 

for Horizons Regional Council Envirolink 1849-HZLC144. 

Report No. 3201 

(g) Tonkin and Taylor 2016.– Whanganui Prison Stormwater 

Assessment, September 2016. Report prepared for the 

Department of Corrections. 

(h) Horizons Technical memo (Mr Logan Brown to Alex 

Gifford). Whanganui Prison Stormwater discharge to Lake 

Pauri and Wiritoa, 10 July 2018. 

(i) Tonkin & Taylor 2018. Whanganui Prison Stormwater 

mitigation Recommendations. Rev 1, 6 March 2018. 

Report prepared for the Department of Corrections. 

(j) Tonkin & Taylor 2020. Whanganui Prison Stormwater 

Management: Best Practicable Option report. 

(k) Pattle Delamore Partners - Whanganui Prison Stormwater 

Review. Memo dated 6 June 2019. 

Code of Conduct for Expert Witnesses 

30. I have read the Code of Conduct for expert witnesses contained in the 

Environment Court’s Practice Note 2014 and I have complied with the 

Code in preparing this evidence.  The evidence I am about to give is within 

my area of expertise and represents my best knowledge about this matter. I 

am relying on Dr Tim Fisher for matters relating to stormwater 

infrastructure, on Mr Peter Cochrane for the water sampling and water 

quality data analysis, on Mr Tony Reynolds in respect to the quality and 

directional flow of groundwater, and on Mr Hall for planning related 

matters. I have not omitted to consider material facts known to me that 

might alter or detract from the opinions that I express. 
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Scope of this evidence 

31. The scope of my evidence is influenced by caucusing with Horizons 

Regional Council.  Mr Logan Brown from the Council and I discussed, and 

agreed on number of matters about the ecology of Lakes Wiritoa and Pauri.  

These relate to the biology, condition, value, water quality, and fauna and 

flora of the lakes, and the likely causes of existing water quality issues.  

We also discussed the toxicant trigger levels in Schedule E of the Horizons 

One Plan. The statement we produced from the workshop is contained in 

Appendix One. 

32. I will therefore focus my evidence on: 

(a) the environment receiving the stormwater discharge and 

the potential adverse effects of that discharge both before 

and after the works undertaken at the site (as described by 

Dr Fisher) 

(b) matters where Mr Brown and I did not agree and additional 

matters relevant to ecology that we did not discuss; and 

(c) on the alternative options for the stormwater discharge 

detailed by Dr Fisher and contained in the Whanganui 

Prison Stormwater Management: best practicable option 

report prepared by Tonkin and Taylor (2020). 

RECEIVING ENVIRONMENT 

33. The Prison is 5.8 km south of the mouth of the Whanganui River and 4 km 

inland from the coast.  In his evidence Mr Pearse describes the prison 

environs, its infrastructure, and layout.  Dr Fisher and Mr Cochrane 

describe its stormwater network and stormwater quality. 

Overview of the receiving environment and direction of stormwater flow 

34. The principal receiving environment of the prison stormwater is in three 

parts: 

(a) The pool and channel.  Firstly, the stormwater is received 

by the pool in the channel connecting the lakes.  Twin 

pipes discharge to an enlarged area of the channel (shown 

in Photo 1).  The pool is 3 x 5 m in dimensions and 0.56-
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1.5m deep depending on the amount of stormwater and 

lake levels.   

PHOTO 1 STORMWATER DISCHARGE “POOL”, LEFT WESTERN TRACK CULVERT (AHEAD), 
RIGHT LOOKING INTO THE DISCHARGE CULVERT’S PIPE (FEB 2017). 

Mr Brown and I agreed that the channel between the two 

lakes is a modified water course.  It is not an artificial 

channel as historically water would have moved between 

the lakes and likely through a channel or wetland of some 

sort.  Neither is it a natural stream.  As shown in Photo 2 it 

was a managed, dug out channel in the 1960’s. 
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PHOTO 2: 'MODIFIED WATER COURSE' IN WILLOW WETLAND 1960S (PHOTOGRAPH 
COURTESY OF MR WAYNE SHEPPHARD) 

Furthermore, I understand (from a conversation with local 

residents involved in digging out the drain) that prior to the 

formation of this drain there was no single water course but 

a wetland saddle which was periodically inundated when 

lake levels were high. I consider the waterway to be a 

constructed "drain" rather than a natural stream (but Mr 

Brown and I have settled on a modified water course). 

(b) The wetlands. Secondly, after the pool and drain (channel), 

the water must pass through willow wetlands (Ca. 150m in 

length), either in the dominant flow direction west towards 

Lake Wiritoa or eastward towards Lake Pauri. 

(c) The Lakes. Thirdly the water enters either Lake Pauri to the 

east or Lake Wiritoa to the west (refer Figure 1 and Figure 

2). It is my understanding that the fall is slight and to the 

west.  The flow, therefore, is almost always toward Lake 

Wiritoa. When flowing to the west it must pass through a 

smaller track culvert which, at times, impedes the flow 

(refer Photo 1).  
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FIGURE 1. OVERVIEW OF THE PRISON AND ITS ENVIRONS 
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FIGURE 2. DETAIL OF PRISON STORMWATER DISCHARGE AND ASSOCIATED LOCAL FEATURES 
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Overview of the lakes 

35. Mr Reynolds describes the relevant geology in his evidence.  In addition, I 

note that Lakes Pauri and Wiritoa are in the Manawatu Plains Ecological 

District, near the boundary with the Foxton Ecological District.   

36. Lakes Pauri and Wiritoa are dune lakes.  Lakes and lagoons and their 

margins are recognised in the One Plan Schedule F as threatened habitat 

(although there is a focus on the prominence of indigenous species). 

Neither are recognised as sites of aquatic significance or riparian 

significance in the One Plan (Schedule B).  Bog, fen, marsh, and swamp 

wetlands are also threatened habitat (there are several associated with the 

lake margins). The wetland components of the lakes are also “likely 

significant” in terms of Section 6c (driven by rarity).  

37. Dune lakes often form where stream valleys become blocked; and as a 

result, do not have strong connections to the sea.  They are, therefore, 

nutrient and sediment sinks. The Manawatu-Wanganui area has 

approximately 57 of the 226 dune lakes in the wider region (Cawthron, 

2019; HRC State of the Environment Report, 2019); Lakes Pauri and 

Wiritoa are in the group that sit between the Whanganui and Turakina 

Rivers.  Many of these lakes are in difficulty in terms of exotic 

macrophyte, fish and algae issues, and nutrient / pollutant problems.  The 

collection of dune lakes in the Manawatu-Wanganui area is the second 

largest in the country; the largest (about 400 lakes) is in Northland6 (Refer 

Figure 3).  

 
6 De Winton.  Northland’s prized dune lakes give up their secrets. Stuff. 7 September 2015. 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 18 

 

FIGURE 3: LAKE TYPES AROUND NEW ZEALAND, NOTE THERE ARE THREE PROMINENT 

DUNE LAKE AREAS: NORTHLAND, MANAWATU, AND SOUTHLAND7. 

38. The coastal plains where the Wiritoa and Pauri lakes sit is a heavily 

modified landscape.  Much of the indigenous vegetation cover has been 

removed and the area is extensively used for agricultural purposes.  This 

has been the case for over 150 years. 

39. There is evidence (Kelly 1978, Fowles 1982, Edwards & Clayton 2002, 

Gibb & Champion 2013, and Waters et al 2019) that the condition of Lake 

Wiritoa was noticeably degrading from the early 1970’s when native 

macrophyte species were recorded to be in decline and exotic species 

present and increasing. The introduction of exotic macrophyte (hornwort 

and elodea) and fish (perch and trout) and waterfowl (ducks geese, swan) 

and barriers to native fish passage are all issues that contributed to the 

decline in condition.  These were in addition to vegetation clearance 

around the lakes, willow invasion, and land use (agriculture) discharges. 

These things, irrespective of the prison and its stormwater discharge, have 

driven the decline in values over time and the resultant “D” class quality 

(NPS freshwater management 2020) of the lake seen today.  The 

accumulation of nutrients, while exacerbating the issues in the lake, is not 

the sole or even primary cause. 

 
7 Source: D. J. Lowe and J. D. Green. ‘Lakes.’ In Landforms of New Zealand, 2nd ed., edited by J. M 
Soons and M. J. Selby, 108. Auckland: Longman Paul, 1992. 
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40. As set out in Table 1 below, and in the 2019 State of Environment report 

by Horizons Regional Council, the water quality and ecological health of 

most of the lakes in the region is poor (most of the lakes are also dune 

lakes). 

TABLE 1: STATUS OF THE WATER QUALITY AND ECOLOGICAL CONDITION OF DUNE LAKES 

IN THE MANAWATU-WHANGANUI ECOLOGICAL DISTRICT (SUMMARISED FROM 
WWW.LAWA.ORG.NZ) 

Lake Water Quality Ecological condition 
Pauri Very poor Poor 

Wiritoa Poor Poor 

Pukepuke No data Moderate 

Papaitonga No data  No vegetation (very poor) 

Koputara No data Moderate 

Horowhenua Very poor No data 

Dudding Very poor Moderate 

Heaton Very poor Moderate 

Westmere Very poor No vegetation (very poor) 

Alice Very poor Moderate 

Herbert Very poor Excellent 

Omanuka Very poor High 

 

41. The 2019 State of Environment report by Horizons Regional Council 

shows that, in general, lower catchment lakes (including dune lakes such as 

Lakes Pauri and Wiritoa) suffer nutrient overload, loss of their native 

vegetation, and stocking with exotic game fish, or escaped pest fish.  As a 

result, they have also lost large components of their indigenous biodiversity 

and ecological functioning. This is summarised in Table 2 below (sourced 

from the 2019 State of the Environment Report).  The letter codes in the 

table follow the classification proposed in the NPS-FW, where “D” is 

below the bottom line. 
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TABLE 2: LAKE WATER QUALITY COMPARED TO ONE PLAN TARGETS (COMPOSITE 
SAMPLES). SOURCE: HORIZONS REGIONAL COUNCIL 2019 STATE OF THE ENVIRONMENT 
REPORT (P. 99) 

Site name NOF: Lake 
phytoplankton 
(median) 

NOF: Lake 
phytoplankton 
(maximum) 

NOF: 
Lake 
total 
nitrogen 

One Plan 
total 
phosphorus 

Lake Alice B D D D 
Lake Dudding C C D D 
Lake Heaton D D D D 
Lake Herbert C C D D 
Lake Horowhenua D D D D 
Lake Kohata C D D C 
Lake Koitiata A A D C 
Lake Koputara D D D D 
Lake Pauri B C D D 
Lake Waipu B C D D 
Lake Westmere C C D D 
Lake William C D D D 
Lake Wiritoa D D D D 
Omanuka Lagoon C D D D 
Pukepuke Lagoon B C D D 
Notes:  
• Results are indicative only and should be interpreted with caution. 
• NOF = National Objectives Framework.  This is a national framework which guides 

regional decision-making in the setting of freshwater objectives and limits. 

 

Eastward system and Lake Pauri 

42. Eastward, towards Lake Pauri, the channel is a trapezoid shape, 2m wide 

bank-to-bank, 0.7 m deep, and set in a 1.5 m high bank either side. Fifteen 

metres eastward of the discharge pool the channel opens into a 

multichannel willow wetland before reaching Lake Pauri proper.  The 

eastward wetland system is some 180 m long (until the lake edge) and is, 

on average, 100 m wide.  Its total size is Ca. 0.7-0.8 ha. 

43. The wetland has a few native carex species but is dominated by exotic 

species; namely, willow with occasional poplar trees (Photo 3). The drier 

edge (10 m wide) has more native plant species and is of greater 

representative value.  
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PHOTO 3. EASTERN WILLOW WETLAND BETWEEN THE DISCHARGE POINT AND LAKE 
PAURI (FEB 2017) 

44. In the deeper water section of the channel there is some submerged 

macrophyte8, mostly blunt pond weed (Potamogeton ochreatus). Further 

into the wetland Parrots Feather (Myriophyllum aquaticum) was evident 

and this aquatic weed is also common along the edge of Lake Pauri.  Raupo 

is only found beyond the willow canopy and along the lake proper. 

45. The edge of the eastern wetland where it meets Lake Pauri is about 60 m 

long.  The wetted width of this connection varies between a few metres and 

20m and it is abundant with surface water pockets (each about 100-200 

mm deep).  It has one central portion that is 1-1.5 m deep.   

46. As Lake Pauri receives far less stormwater discharge from the prison, and 

receives discharge far less frequently, I have not examined it beyond the 

wetland lake edge. Further information about Lake Pauri is contained in 

Gibbs & Champion (2013) who, importantly in the context of this 

evidence, identify that compared to Lake Wiritoa, Lake Pauri has: 

(a) poorer quality water (a finding also noted by LAWA NZ 

and in the 2019 State of the Environment report by 

Horizons Regional Council) 

(b) a better physical habitat and in particular a more natural 

lake edge 

 
8 Macrophytes are aquatic plants large enough to be seen by the naked eye. 
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(c) the same waterfowl, macrophyte issues, and fish 

(d) a similar surface area (Ca. 22 ha versus Ca. 23 ha) but a 

different shape  

(e) a similar depth (15m versus 20m). 

47. Lake Pauri also has revegetated wetlands where a stream enters in the 

north-eastern corner and along some of its eastern edge. It also has a 

vegetated steep escarpment along its northern edge but otherwise does not 

have a good riparian forested edge. 

Westward system (towards Lake Wiritoa) 

Channel 

48. To the west from the discharge pool the channel passes through the old 

track culvert.  The culvert is often a choke point and the cause of the 

discharge pool “pooling” and appearing to flow east toward Lake Pauri.  

The culvert is also likely to be the cause of much stormwater sediment 

deposition in the pool as it restricts immediate discharge down the drain. 

Then the channel continues for approximately 53m before dissipating into 

a willow/carex wetland (in this evidence referred to as ‘the willow 

wetland’). 

49. The channel is a semi-regular shape, 2 m wide at its base, relatively 

straight, and has a very flat gradient (refer Photo 4). When I surveyed it in 

summer 2018 the water in the channel was 0.5 m deep with a 0.5 m 

freeboard. The water would need to rise 1m before it would spread 

diffusely into the adjacent carex areas (which it does in winter after 

reasonable rain).  

50. The only macrophyte in the channel was floating native duck weed (Lemna 

disperma).  There was no submerged macrophyte in the channel. 
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PHOTO 4 THE WESTERN CHANNEL FULL OF WATER (FEB 2017) 

Willow wetland 

51. Photo 5 shows the central area of the western willow wetland in summer. 

Sometimes there is no surface water in the wetland (as was the case during 

my summer 2018 survey).  At other times there is considerable surface 

water.  It was knee-deep water throughout when I visited in winter 2019. 

52. The willow wetland is 0.6 – 0.8 ha (the boundaries are not clear on an 

aerial picture).  It is characterised by bare soft muds, crack willow, and 

clusters of Carex secta and C. geminata/lessoniana with occasional 

cabbage trees. The outer edges are dense with Carex geminata and C. 

lessoniana (refer Photo 6 taken in winter).  There is also a small range of 

other exotic and native wetland taxa. Weeds such as convolvulus, 

blackberry, Arum lily and mercer grass are common. 
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PHOTO 5 WESTERN WILLOW 
WETLAND WITH CAREX SEDGE IN DRY 
PERIOD (FEB 2017) 

PHOTO 6. WESTERN WILLOW 
WETLAND TOWARDS THE SOUTHERN 
EDGE IN WINTER (AUGUST 2019) 

Lake Wiritoa 

Location, water inputs, and banks 

53. Lake Wiritoa itself is about 140 m west from the end of the channel. About 

130m after the end of the channel the willow wetland changes and begins 

to have more open areas.  Red azolla (Azolla rubra) becomes evident as 

does raupo (Typha orientalis) (refer Photo 7).  I consider that area is the 

start of the lake (as opposed to it being in the willow wetland).  

 

PHOTO 7 WESTERN EDGE OF WESTERN WILLOW WETLAND JUST PRIOR TO OPEN WATER 
(FEB 2017) 

54. Lake Wiritoa has been well described by Edwards & Clayton (2002) and 

more recently by Gibb & Champion (2013) and by Waters et al 2019. I 

draw on these references below.  

55. Lake Wiritoa is a deep (Ca 18.5 m) dune lake sitting on highly permeable 

sands (mainly iron sand, but with other minerals and metals).  Rainfall 

rapidly infiltrates the lake. It is long (1600m), thin (Ca. 600m) and crescent 

shaped. Its surface area is about 23 ha. 

56. Other than general land surface flow during rain there are three primary 

sources of surface water flows into the lake: 

(a) Lake Pauri and its network of rural streams. 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 25 

(b) Urban stormwater from the small-scale housing 

development on its western shore. 

(c) The prison’s stormwater. 

57. Gibbs et al (2013) also report that there is substantial groundwater feeding 

both Lake Wiritoa and Lake Pauri.  They note that the volume of 

groundwater entering Lake Wiritoa is nearly the same as the volume of 

surface water entering it, and that there is more groundwater entering Lake 

Pauri than entering Lake Wiritoa.  They further report that this 

groundwater will contain nutrients from the agricultural uses of the land 

due to the permeability of the sandy soils.  I will return to the significance 

of this groundwater to the lake later in my evidence.  I also refer to Mr 

Reynolds’ evidence about the groundwater flow and quality which is 

consistent with the findings of Gibbs et al. 

58. The northern (Photo 8) and north-west edges of Lake Wiritoa are adjacent 

to land used for farming and the southern edge of the lake borders farmland 

and an area that is undeveloped (Photo 9).  The western side is adjacent to 

a subdivision and residential properties. In the south-eastern corner is the 

wetland from which Lake Pauri and the prison’s stormwater enter the lake. 

And in the south-western corner is the controlled lake exit (i.e. the outlet is 

regulated by a culvert under the road). 

 

PHOTO 8: LAKE WIRITOA EDGE LOOKING NORTH, JULY 2019 
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PHOTO 9: LAKE WIRITOA, SOUTHERN LAKE EDGE, JULY 2019 

59. The riparian edge of the lake is a mixture of planted exotics, mown grass, 

raupo, and steep escarpments planted with mixed shrubs. In places, the lake 

edge has a reasonable belt of raupo.  There is also water cress, flax, willow 

weed, Ludwigia, and spike sedge. These growths are strongest in the 

eastern and western bays. 

Plant life in Lake Wiritoa and its impact on water quality 

60. It is widely recognised that the macrophyte community and the water in 

Lake Wiritoa are poor quality and both have reduced in condition over 

time: 

(a) Kelly 1978, Fowles 1982, Gibb & Champion 2013, and 

Edwards & Clayton 2002, all note that the water in Lake 

Wiritoa is poor (enriched) and has reduced in quality since 

at least 1974. 

(b) Horizons Regional Council note that cyanobacteria blooms 

are frequent in summer and that exotic macrophyte has 

proliferated (a problem exacerbated by boat users 

transferring material and creating turbidity). 

(c) Lake Wiritoa was classified as meso-trophic in 1982 via 

"back" calculating.  Lake Pauri was classified as eutrophic 

(Gibbs & Champion 2013).  In 2008 the lakes were 
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classified as eutrophic and hypo-trophic9 (Gibbs & 

Champion 2013). 

(d) The LAWA website describes the lakes as eutrophic to 

super eutrophic depending on when the measurements were 

taken (there are three super and two eutrophic records).  A 

super-eutrophic lake is at the extreme end of nutrient 

pollution.  This is as poor as any lake in the country and is 

similar to the quality of many of the dune lakes in the 

region. 

61. Further, in the 1970s a range of submerged native and exotic macrophyte 

were recorded as present in Lake Wiritoa.  Extending at that time, to depths 

of around 5m (Edwards & Clayton 2002 (citing Kelly 1978)). These 

macrophyte communities often deteriorated into late summer as algae 

levels increased.  

62. By 2013, the macrophyte community is described as dominated by pond 

weed types, which replaced much of the native systems (Gibb & 

Champion, 2013).  

63. Now, Elodea canadensis (pond weed), Egeria densa (oxygen weed) and 

Ceratophyllum demersum (hornwort) dominate the submerged macrophyte 

communities.  Other pest exotics are also present.  The native lake flora has 

largely disappeared. 

64. Lake Wiritoa is deep with a small outflow.  The outlet stream is also set 

high compared with the lake’s bed.  These factors mean that water is 

resident in the lake for a long time; and that nutrients that enter the lake 

build up (typically in sediment on the lakebed, and in macrophytes and 

organic matter). 

65. The lake is deep enough to stratify.  That is, in colder seasons a top layer of 

warmer water and a bottom layer of colder water form.  These layers (of 

different temperatures) do not mix until spring when the water warms.  

During cold periods chemical and anaerobic conditions in the sediment 

 
9 There are different indices to classify how trophic (nutrient enriched) a water body is. For illustrative 

purposes, LAWA uses a 5-level scale: Microtrophic (very good water quality), Ogliotrophic (good), 

Mesotrophic (average), Eutrophic (poor), Supertrophic (very poor). Hypotrophic and Supereutrophic are 

generally interchangeable terms. 
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cause chemical changes including “freeing up” of phosphates.  As the 

water layers mix in the spring the toxicants and nutrients are “liberated” 

into the surface (upper layer) waters.  At the surface they feed algae and 

macrophyte blooms, and sometimes result in low-oxygen and toxic 

chemical issues. That is, the life in the upper waters comes into contact 

with low dissolved oxygen waters and / or toxicants released from the 

sediments and is challenged by those conditions.   

Lake fauna 

66. There are no up-to-date or comprehensive records about fish in the lakes.  I 

found a NIWA study from 2005, and a study by Anna Lewis from around 

2002 (this reference courtesy of Mr Brown). The NIWA freshwater fish 

database also contains three records from 1979-1985.   

67. From these limited records I have gleaned that several invasive (pest) 

species have been/are present in the lake: (perch (Perca fluviatilis), 

rainbow trout (Oncorhynchus mykiss), and goldfish (Carassius auratus)).  

The native eel species (Anguilla species) have also been recorded and there 

is one record of common bully.  I note however that it is well recognised 

that bully do not co-exist with perch and trout as these exotic fish prey 

heavily upon the native bully taxa.  

68. The lake is often stocked with rainbow trout for fishing. 

69. There are abundant waterfowl (e.g. duck, swan, geese) on both lakes.  

There are also anecdotal reports of "rare" native wetland species (e.g. 

spotless crake) (Gibbs & Champion 2013). Seasonally, the birds use the 

lakes and will significantly contribute to the E. coli levels.  The birds will 

also contribute nutrients. 

70. I have found no data on aquatic macroinvertebrates for either lake. The 

information that I have found about macroinvertebrates is that: 

(a) The native freshwater mussel (kakahi) was “once present / 

and in 2013 was considered rare” (Gibbs & Champion, 

2013), it may now be absent. 

(b) In general, the macrophyte and macroinvertebrate fauna in 

New Zealand lowland wetlands and lake systems are 

relatively ‘similar and simple’ (‘species-poor’) compared to 
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river communities. In wetlands (especially where the 

vegetation is predominately dense, submerged, exotic 

macrophyte) macroinvertebrate communities are dominated 

by snails, back swimmer beetles, and damsel flies, with 

chironomid, black fly, amphipod, crustaceans and worm 

benthic fauna also present (Suren & Sorrell, 2010). 

71. Given the lakes’ condition I assess that the macroinvertebrate fauna is 

likely to be simple, tolerant (low MCI10) and adaptive taxa.  This 

conclusion is supported by Wissinger et al. (2009)11  who examined the 

species which temporarily and permanently occupy lentic (lake) habitats in 

New Zealand.  

Influence of ground water on Lakes Wiritoa and Pauri 

72. Mr Reynolds has provided detailed evidence on the groundwater in the 

region of the prison site, its flow direction, and quality.  It is useful here to 

note his evidence which is that: 

(a) the shallow groundwater at the prison site flows from east-

south-east towards west-north-west, turning towards north-

west and north near the western and northern boundaries of 

the prison complex toward Lakes Pauri and Wiritoa. 

(b) shallow groundwater enters the lakes from the direction of 

the prison independent of the prison, its stormwater 

infrastructure, and its activities.  The shallow groundwater 

enters the Lakes because of the geology of the Manawatu-

Whanganui Basin. 

(c) the groundwater that enters the Lakes contains: chloride, 

copper, zinc, E. Coli., phosphorus and nitrogen in varying 

levels.  Where the level of these substances was high 

(copper, nitrogen, and phosphorus) the samples were taken 

from wells to the south and east outside the prison 

boundary. When considered alongside the flow direction of 

the shallow groundwater and known current and past uses 

 
10 Macroinvertebrate Community Indices (Stark & Maxted 2007) 
11 Wissinger, S; Greig, H. McIntosh, A. 2009.  Absence of species replacements between permanent and 

temporary lentic communities in New Zealand.   J. N. Am. Benthol. Soc., 2009, 28(1):12–23. 
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of the surrounding land, Mr Reynolds concludes (para 8) 

that it is highly unlikely that the prison is responsible for 

the contamination of the shallow ground water. 

(d) ground water is a major contributor to water flows into 

both lakes. 

(e) contaminated groundwater has been a contributor to the 

quality of the stormwater being discharged from the prison 

in the past due to that groundwater being close to the 

surface, flowing under the prison, entering its stormwater 

system, and being discharged to the modified channel 

between the lakes.  The re-sleeving work described by Dr 

Fisher has rectified this issue as far as practicable. 

ECOLOGICAL VALUES AND SENSITIVITY OF THE RECEIVING 
ENVIRONMENT 

73. Mr Brown and I are agreed on many matters regarding the condition and 

value of the lakes from an ecological perspective.  Following is a summary 

of the most important points of agreement (Appendix One contains the 

caucused statement). 

(a) On average, Lakes Wiritoa and Pauri are in Class D12 

condition; that is below the bottom-line condition.  The 

lakes are currently super-eutrophic with little indigenous 

flora and fauna.  And they have little indigenous biological 

diversity value as suggested by the SPI13 and TLI14 

indicators (reported in the LAWA information) and water 

quality parameters measured by the Horizons Regional 

Council. 

(b) Both lakes experience potentially toxic cyanobacteria 

blooms most summers occasionally resulting in closure to 

the public. 

 
12 Classes are taken from the draft NPS for freshwater management (2019) and represented in the 

Horizons State of the Environment report 2019. 
13 Submerged Plant Indicator 
14 Trophic Level Indices 
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(c) Currently macrophyte biomass in both lakes is dominated 

by hornwort (invasive macrophyte). 

(d) There is low fish species richness, and exotics dominate.  

The macroinvertebrate fauna is predominately simple with 

exotic species abundant. In addition, I note that inanga 

spawning is highly unlikely to occur in the lake or in any 

tributary above the lake. 

(e) Farming is the main use of the land in the catchments of 

both lakes.  

(f) The lakes and their margins including wetlands can also be 

considered as a single complex (including the connecting 

linkage between the lakes) and when considering the whole 

system they come under lakes, lagoons and their margins in 

Schedule F. 

(g) The lakes act as sinks; with resident times modelled for 

Wiritoa of 3.8 years, and resident times modelled for Pauri 

of 1.6 years. 

(h) The wetlands are the initial filters of most surface inflows 

into the lakes and are an initial sink (sometimes even the 

ultimate sink).  

(i) The connection between the two lakes is at least a modified 

water course, not an artificial channel as historically water 

would have moved between the lakes. The channel has 

however, been subsequently managed by people. 

(j) Many decades of “contaminant” loading, above and beyond 

what is natural, into the lake/s has created a legacy load 

(particularly of nutrients). Legacy load creates a resistance 

to restoration efforts.  

(k) Internal nutrient cycles (for total phosphate) are more 

dominant than external inputs such as surface flow, 

groundwater, or point source discharges. 
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(l) There is limited additional ecological damage that can be 

done to Lake Wiritoa by continued inputs from the 

catchment. However, continued inputs from the catchment 

will add to the legacy and while these would not hinder 

restoration, they will not facilitate it either.  

(m) In its current condition the lake does not support values 

identified in Schedule B of the One Plan – Water 

management zone: Kaitoke lakes west 4, except for its 

ability to service industrial extraction, irrigation, existing 

infrastructure, and aesthetics.  

74. Mr Brown and I also agreed that the toxic trigger levels (i.e. the level at 

which a contaminant would be considered toxic) set in the One Plan for the 

lakes are aspirational. That is, they are deliberately set with the aim of 

improving water quality, but do not reflect the current condition of the 

receiving environment and its ability to be adversely affected.   

75. Indeed, Schedule B of the One Plan states that a value of Lake Wiritoa is 

its ability to assimilate pollution. Other values recorded in the plan are: life 

supporting capacity, aesthetics, contact recreation, mauri, industrial 

abstraction, irrigation, stock water, existing infrastructure, amenity, and 

trout fishery (not outstanding or regionally significant). The Schedule also 

suggests the values of inanga spawning and a whitebait migratory role, but 

those values are highly unlikely given the fish barrier at the outlet, the poor 

quality of the lake habitat and the absence of whitebait species records in 

the fisheries data. Both Mr Logan and I agreed that the Schedule B values 

attributed to Lake Wiritoa are not present. Notably Lake Wiritoa does not 

have the following values: natural state, any of the sites of significance 

(aquatic, riparian or cultural), or trout spawning. It also does not have water 

supply, domestic food or flood control / drainage values. 

76. The points of agreement provide the context within which I consider what 

the effects might be of the prison’s stormwater (treated as described by Dr 

Fisher) continuing to be discharged to the drainage channel and from there 

the wetland and lake/s. 

77. We did not directly address inanga spawning in our caucusing, other than 

to agree by its omission that inanga are not known from Lake Wiritoa or 

Lake Pauri.  For completeness, Figure 4 below shows the known inanga 
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spawning sites in the North Island (squares show records from 1983-1999, 

and circles records from 2002) (Taylor 2002)15.  These data, the absence of 

records of inanga in Lake Wiritoa, and its current condition (including fish 

passage access) all strongly indicate Lake Wiritoa is not important for 

inanga or its spawning. 

 

 

FIGURE 4: KNOWN INANGA SPAWNING SITES IN THE NORTH ISLAND. SOURCE: TAYLOR, 
2002 

78. Furthermore, Joy and James (2009) determined that, of a number of dune 

lakes in the Manuwatu, Lake Wiritoa had one of the most ‘passage 

impacted’ lake outlets.  That is, it had one of the highest barrier severity 

scores in their analysis.  This means that only the most able of species 

(tuna) are likely to continue to access the lake.  They also scored it as one 

of the poorest habitats. 

79. At conferencing, we did not discuss the issue of the lake “flipping”, a term 

and phenomenon Mr Brown raises in his section 42A response.  I address 

 
15 Taylor, M. 2002. The national inanga spawning database: trends and implications for spawning site 

management. Science for conservation 188, DoC Monograph Series. 

Location of Lake Wiritoa and Lake Pauri 
(Kaitoke lakes) 
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this below as part of my response to matters raised in the section 42A 

report.   

EVIDENCE OF ACCUMULATION OF CONTAMINANTS IN THE 
WESTERN WILLOW WETLAND 

80. The primary receiving environment for the prison’s stormwater is firstly 

the pool, then the channel, and then the western willow wetland.  Lake 

Wiritoa is the final part of the chain.  The willow wetland is a significant 

part of the receiving environment.  To recap my earlier evidence, the 

willow wetland is Ca. 0.7 ha, 140m from the drain end to the lake and has a 

soft (sediment) substrate.  Most stormwater contaminant in the prison’s 

stormwater (especially the metals and nutrients attached to particulate 

matter in stormwater) will be deposited in the discharge pool (restricted by 

the track culvert), and then in the drain, and finally in the wetland where 

the waters slow down and the contaminants will be bound to the sediment, 

taken into plant material, and in either case generally rendered inactive - 

unavailable - to aquatic life in the lake (or the wetland when flooded).  

81. In the main nutrients are not always considered a contaminant, are not 

typically toxic and are only of concern or a nuisance where they change the 

flora dynamics such that plant assemblages change relative to their ability 

to use “excess” nutrient. With that in mind the following discussion on 

contaminants is largely about the metals in the stormwater. 

82. To assess whether metals deposited in the wetland may have accumulated 

there to an extent that might cause adverse effects, I took samples of 

sediment at three points below the end of the formed channel 20 metres 

apart. While not a comprehensive survey, this method was suitable to give 

me an indication of the accumulation of the metals in the sediment. 
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83. The samples were tested by Eurofins Laboratory (15/11/20196).  The 

results are shown in Table 3 below. 

TABLE 3: ACCUMULATION OF METALS IN SEDIMENT AT AND BELOW DISCHARGE POOL 

Approx. distance from the end of the 
formed channel (metres) 

Copper mg/Kg 
dry weight 

Zinc mg/Kg dry 
weight 

20 11 50 

40 13 158 

60 20 148 

At discharge pool (measured by Tonkin 
& Taylor, May 2020) 

6.7 162 

 

84. I have compared these findings to the levels set in the 2000 ANZECC 

guidelines (refer Chapter 3, section 3.5 table).  Those guidelines set out the 

amounts of metals which can safely accumulate in sediment (and protect 

the ecosystem and fauna present); refer Table 4 below.  

TABLE 4: ANZECC GUIDELINE (2000) LEVELS FOR SAFE LEVELS OF METALS IN SEDIMENT 

mg/kg dry weight ISQG low level ISQG High level 

Copper 65 270 

Zinc 200 410 

 

85. As can be seen in the tables above, the samples I collected from the willow 

wetland are all below the low-level set in the ANZECC guidelines.  The 

level of copper is well below the low-level and the level of zinc is below.  I 

also note that the ‘normal background’ level for zinc is around 150mg/kg 

in this situation (Zhuang et al 201316).  That is, the zinc levels I measured 

in the western wetland conform to an expected background level. For 

completeness, there are no references for the natural level of copper in 

sediment in lake wetlands such as the willow wetland. 

 
16 Zhuang, P; Zhi-an,L; McBride,M; Ziu, B; Wang, G. Health risk assessment for consumption of fish 

originating from ponds near Dabaoshan mine, South China. Environmental Science Pollution Research 

2013. Published online DOI 10.1007/s11356-013-1606-0.  
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86. While the sampling described above is not a comprehensive programme, I 

am confident that it gives a sound indication of the levels of copper and 

zinc in the sediment in the willow wetland and I conclude that: 

(a) The stormwater released by the prison over years has not 

caused copper and zinc to accumulate to toxic levels in the 

willow wetland. 

(b) The levels of copper and zinc in the sediment in the willow 

wetland meet the requirements of the Horizons One Plan 

where the One Plan relies on ANZECC guidance.  

(c) It is unlikely that zinc and copper are moving from the 

wetland into Lake Wiritoa (this is discussed further below). 

WATER QUALITY INTO LAKE WIRITOA 

87. In terms of Lake Wiritoa there is little water quality data of the type 

stipulated in Schedule E (E.4) readily accessible and trended over years 

(Mr Cochrane discusses this point in more detail).  There is (Submerged 

Plant Indicator) SPI and (Trophic Level indices) TLI data and there is an E. 

coli site (summer data collection) and spot data from specific studies such 

as in Gibbs & Champion, 2013.  

88. To my knowledge there is no: Ph, Temperature, Dissolved oxygen 

(%SAT), BOD (g/m3), POM (g/m3), periphyton, deposited sediment 

cover, MCI, Tox (95%) or visual clarity data, at least publicly available.  

89. The Horizons Regional Council State Of the Environment reports (e.g. 

2019) have a pass / fail notation in regard to Chlorophyll, total nitrogen, 

total phosphorus, ammoniacal nitrogen, and E.coli, but numerical data is 

sparse (insufficient). Lake Wiritoa fails in respect of chlorophyll, total 

nitrogen, and total phosphorus, and, at class D, is as poor as it is possible to 

be.  

90. Data on the Wiritoa lake water quality is not abundant and difficult to 

access. Recently I have viewed a spreadsheet of data supplied by Horizons, 

but that data is insufficient to make many meaningful conclusions. I note 

that the State of the Environment report 2019 states that: 
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“Combined water samples from three different sites at each lake 

(composite samples), are collected from 14 lakes four times per year and 

monthly from Lake Horowhenua. Presently, only Lake Horowhenua has 

sufficient data to analyse state (with the exception of E. coli and 

ammoniacal nitrogen). For other lakes, the quarterly sampling and short 

length of record presently provide an insufficient number of samples to 

estimate the state of water quality in a statistically robust way. (page 98). 

91. I now turn to what can be said about the quality of the water in Lake 

Wiritoa.  Mr Cochrane and Dr Fisher have presented evidence on the 

stormwater discharge from the prison and the work undertaken (and 

proposed) to improve the quality of that discharge.  In summary, Mr 

Cochrane and Dr Fisher conclude that the quality of the stormwater 

discharged by the prison will meet (at least the great majority of the time) 

the One Plan’s Schedule E targets for Lake Wiritoa (tables E1, E4 and E5) 

into the future. 

92. In particular, I note Dr Fisher’s evidence that the proprietary filter systems 

that the Department proposes to put in place will effectively nearly halve 

the amount of copper and zinc entering the receiving environment, then 

there is the dilution factor / mixing zone consideration and the sequence of 

that material in the willow wetlands. 

93. Mr Cochrane’s analysis of the quality of the stormwater that will be 

discharged by the prison uses a dilution factor of five and his conclusions 

about the quality of the discharge are made after this factor is applied. It is 

useful therefore for me to comment on the dilution factor at this point.  

94. It is appropriate to apply a dilution factor, as a way of recognising a mixing 

zone, when assessing the ecological effects of contaminants on the 

receiving environment. This is simply because the concentration of any 

contaminants in a point-source discharge will be highest at the point of 

discharge.  As the discharge combines with the receiving environment the 

discharge is diluted.  Measurements of contaminants at the discharge point 

will not therefore reflect their concentration in the wider water body. If the 

wider receiving body already has such a high concentration of the 

contaminant that dilution is not possible, then one must ask if the receiving 

environment is sensitive at all to the contaminants being discharged.   
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95. The conclusion reached above that the requirements of the One Plan will 

be met into the future is strengthened considerably when the role of the 

willow wetland is taken into account.  The willow wetland is sediment-

heavy and sits between the discharge point and Lake Wiritoa.  

Contaminants in the stormwater that escape the discharge pool and the 

downstream drain will be deposited in the wetland as the stormwater 

spreads out and slows down from the confined channel.  In particular, I 

consider it most probable that the majority of suspended metals will fall out 

of suspension having bound to the sediments in the pool, then drain, and 

finally the willow wetland  - and be trapped and bound to benthic 

sediments in all those locations. 

96. Despite the evidence that it is unlikely that there will levels of 

contaminants reaching the lake, I will now comment on the impacts of any 

potential contaminants in the stormwater on the lake.   

97. Sampling at the out-flow pipes of stormwater over a period of time (by 

MWH, the Department, and Tonkin & Taylor) has shown variously 

elevated levels of E. coli, zinc, copper, total nitrogen and total phosphate 

discharging from the prison’s stormwater outfall. 

(a) E. coli. From an ecological aspect I have no concerns with 

the occasional presence of E. coli in the stormwater, it does 

not (as a rule) harm the aquatic life in the lake or birds. I 

also note that the waterfowl on the lakes will deliver far 

more avian E. coli than the prison discharge. E. coli is less 

an ecological issue and more a contact recreation and 

cultural one. I also note that Corrections have taken the 

additional precaution around human E. coli by bunding 

toilets in exercise yards. 

(a) Nutrients (other than ammonia) are rarely ever toxic.  High 

levels instead affect processes and populations and 

balances of organisms. As discussed, both lakes are already 

super eutrophic and their internal nutrient cycling processes 

far out strip surface water (and ground water) additions in 

terms of governing lake nutrient processes year to year.  

(b) Metals can be toxic, and I have explored the chance of 

adverse effects on the ecology of Lake Wiritoa resulting 
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from accumulation over time of metal loading (noting that 

a reasonable level of accumulation is related to the 

naturally high levels under the sand country and in the 

ground water (see section 45-50 of Mr Reynolds). I discuss 

metals below. 

98. To assess the effects of the metals, I refer to the ANZECC guidance issued 

in 200017 which sets out a 95% protection level. It should be noted that the 

guideline values are not indicative of death or damage, nor the 

bioavailability of the metals, but are indicative of the potential for such.  

99. Zinc notably, but also copper, have been found in the past in stormwater 

from the prison above the ANZECC 2000 guidance values (before efforts 

to mitigate contaminant entrance into the stormwater).  Mr Cochrane 

observes that the levels were similar to catchments across New Zealand 

and are not unusually high (paragraph 120) and have been reducing (his 

Table 2). Corrections efforts over the last 5 years to reduce sources (i.e. 

roof painting, pipe sleeving, extensive cleaning (see Dr Fisher’s evidence)) 

appear to have had a successful effect.  If the current discharge is deposited 

in the sediment in the willow wetland (even without the additional 

treatment proposed) at those concentrations currently measured I would not 

expect to be able to measure any faunal damage or biological effect.   

100. This is because effects on the faunal group most susceptible to adverse 

effects from metal contamination (the sediment-dwelling 

macroinvertebrates: amphipods, snails, worms, copepods) would be sub-

lethal and not easily measurable by toxic testing methods undertaken in 

New Zealand.  That is, contamination might affect to a degree the fitness or 

reproductive success of some species, but it will not cause death or cause 

an adverse effect to the overall population level and so the long-term 

persistence of the faunal assemblage.   

101. Bioaccumulation into fish (in this case eel) is a complex path and eel are 

adept at regulating, to a degree, zinc and other metals in their bodies. The 

environmental loading of zinc (as an example) must be very high before 

levels even approaching muscle flesh become of issue to human 

consumption (but still not causing death to the fish). In an Indian wetland 

 
17 While ANZECC guidance was updated more recently, there are no updated figures for metals in 

suspension or sediment, thus my reliance on the guidance values from 2000. 
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example (Kumar et al 201118) the flesh of 35 species of fish was tested for 

a range of metals including copper and zinc. The sediment levels of zinc 

were very high (621 mg/kg) in sediment and 3.2 mg/L in solution, and 

copper 200 mg/kg in sediment and 0.39 mg/L in solution (Chatterjee  

et.al.19).  However, the levels found in the fish flesh were still half the 

World Health Organization (WHO) guidance level for zinc, and a third that 

for copper.  Further, the maximum level never breached the WHO 

guidance level for safe consumption. I note that both copper and zinc are 

essential metals for animals (fish included) and the amount in a fish body is 

regulated activity by the fish to a reasonable degree even when the water 

and sediment levels are very high.  

102. I have considered whether any accumulated metals (as opposed to 

nutrients) might move up the food chain in Lake Wiritoa and cause adverse 

effects to the eel or to people who consume it.  I do not consider this likely 

because: 

(a) most organisms interacting with a growth medium (soil, 

sediment etc) have physiological mechanisms to assist 

them in coping with elevated levels of metals and minerals 

in their environment.  That is, any accumulation of, for 

example, zinc or copper in the environment is not well 

correlated with levels found in these organisms because 

they have ways to activity resist excessive up take (Linde 

et al 199920, Berntssen et al 199921).   

(b) A substantially high level of copper or zinc needs to be 

contained in sediment in order for it to accumulate in eel or 

trout (for example) via the food chain at levels where 

consumption of these fish would be harmful.  Table 4 

above sets out the levels of metals that would need to be in 

 
18 Kumar, B; Kumar, S; Mukherjee, D. 2001. Bioaccumulation of heavy metals in muscle tissue of fishes 

from aquaculture ponds in east Kolkata wetlands. Annuals of Biological Research, 2001, 2(5):125-134. 

Scholars research library on line. 
19 Chatterjee, S; Chattopadhyay, B; Mukhopadhyay, S. 2010. Monitoring waste metal pollution at Ganga 

Estuary via the East Calcutta wetland areas. Enviromment Moniotirng Assessment (2010) 170:23-31. 
20 Linde, A.R.; Sanhez-Galan, S.; Klein, D.; Garcia-Vazquez, E.; Summer, K. 1998. Metallothionein and 

Heavy Metals in Brown Trout (Salmo trutta) and European Eel (Anquilla Anguilla): A comparative study. 

Ecotoxicology and Environmental Safety 44, 168-173 (1999) 
21 Berntssen, M; Hylland, K; Wendelaar Bonga, S; Maage, A. Toxic levels of dietary copper in Atlantic 

salmon (Salmo salar L.). parr. Aquatic toxicology 46 (1999) 87-99 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 41 

sediment for these levels to be found in eel or trout (refer 

ISQG high level) (Zhuang et al 2013). 

ALTERNATIVE OPTIONS FOR THE DISCHARGE 

Overview of options and preferred option 

103. I have contributed to the Whanganui Prison Stormwater Management: Best 

Practicable Option report from an ecological perspective.  That report 

analyses 8 short-listed options for the stormwater discharge.  Of these three 

would have moderate (“more than minor”) adverse ecological effects to 

construct and operate (that is, they score 4 for ecological effects in the 

analysis) and are not preferred. Of the remaining seven: 

(a) Options 1 (Outfall at coast with treatment) and 14 (Existing 

pipe), score 3.  That is, they would have low / minor 

ecological effects to construct and operate. 

(b) Options 12 (Treatment filter and gravity outfall pipe to the 

channel connecting Lakes Wiritoa and Pauri) and 19 

(Upgrade stormwater network and treatment filter to 

discharge to pipe to the channel connecting Lakes Wiritoa 

and Pauri) score 2.  That is, they would have negligible 

(less than minor) ecological effects to construct and 

operate.  

(c) Three options score 1, that is they would have no 

measurable ecological effects to construct and operate.  

These options are Option 10 - Pond with pump to discharge 

to irrigation field; Option 15 - Wetland alone (no additional 

treatment); and Option 16 - Enhanced wetland (Proprietary 

filter discharging to wetland). 

104. Taking all criteria into account, Option 19 is proposed as the best 

practicable option. While not the most optimal from an ecological 

perspective, compared to some other options such as additional wetland 

treatment, Option 19 is reasonable and appropriate ecologically.  This 

option recognises the condition of the receiving environment and its ability 

to absorb the (expected) minimal contaminants that will be in the prison’s 

stormwater. 
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Option to discharge stormwater to the channel downstream of Lake Wiritoa 

105. Lake Wiritoa has an outlet stream that connects the lake to the coast just 

south of the Whanganui River.  The stream travels from the lake when lake 

levels are sufficiently high (hence the stream is intermittent) through dune 

lands which include plantation forest, wetland, and farmlands. It is the only 

path for fish passage for migratory fish species (eel). Figure 5 below shows 

the location of the outlet stream and the possible receiving environment. 
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FIGURE 5: DETAIL OF THE ENVRIONMENT DOWNSTREAM OF LAKE WIRITOA 
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106. Submitters have suggested that the stormwater could discharge to the Lake 

Wiritoa outlet stream to avoid stormwater entering the lake itself.  This has 

been explored in the BPO report and found undesirable for several reasons.  

I comment on the ecological issues with this option below.  

107. There were five variants on the option to discharge to the outlet stream that 

were explored.  These were: 

(a) Option 4: Open channel discharge with no treatment;  

(b) Option 5: Open channel discharge with treatment;  

(c) Option 6: Gravity pipe to discharge with/without treatment;  

(d) Option 7: Gravity pipe with wetland treatment before or 

after gravity discharge pipe; and  

(e) Option 8: Pond with pumped rising main to discharge with 

treatment.  

108. Options six and seven were discounted early in the analysis as they were 

similar to, but less feasible than, other options.  Options four, five, and 

eight were assessed and all scored 4 for their ecological impact.  That is, 

they would have moderate ecological effects to construct and operate. 

ECOLOGICAL IMPACTS OF DISCHARGE TO THE OUTLET STREAM 

109. From an ecological perspective, moving the stormwater discharge outlet to 

the stream below Lake Wiritoa would not be better than other options for 

two reasons: 

(a) while minimalised as far as possible, there would still be 

some contaminant & nutrient load in the stormwater and 

under these options these contaminants would be 

introduced to a new habitat area (a stream and wetland) 

which has not been receiving contaminants or additional 

nutrients to date (further detail below) and has less water to 

dilute and assimilate the load in as well as being 

infrequently flushed system; and 

(b) the increased water flow from the stormwater discharge 

would result in considerable change to the streams 
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hydrological regime (as well as requiring erosion control 

and other flow related infrastructure control). 

Contaminant & nutrient load 

110. As well canvassed in the advice of others, considerable efforts are being 

made to reduce the contaminant and nutrient load in the prison’s 

stormwater as far as is possible.  While minimal, and within guidelines, 

there will however still be some in the prison’s stormwater.  Under the 

preferred option these are to be discharged to an environment able to 

receive them without harm (Lake Wiritoa).   

111. If the stormwater were discharged to the outlet stream these contaminants 

& nutrients would be discharged into an environment that is less well 

adapted to receive them, has less water to dilute them, and has not been 

receiving them in the past.   

112. I have assessed the area that would become the receiving environment if 

the stormwater outlet were moved to determine if it currently carries a 

contaminant load and what the nutrient levels might be like.  Sediment and 

water samples were taken from the stream near the outlet from Lake 

Wiritoa and from the associated wetland.  These were analysed by Eurofins 

ELS Limited to determine levels of contaminants.  The results from the 

laboratory are set out in Table 5 and Table 6 below. 

113. In summary, the levels of metals in the sediments of the outlet stream and 

its associated wetland are less than those in the sediment of the current 

receiving environment (the channel, the willow wetland, and Lake 

Wiritoa). 
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TABLE 5: LEVELS OF COPPER AND ZINC IN SEDIMENT SAMPLES FROM CURRENT AND 
POTENTIAL RECEIVING ENVIRONMENTS 

 Location of sediment sample 

Copper 

(mg/Kg dry wt) 

Zinc 

(mg/Kg dry 
wt) 

Cu
rre

nt
 re

ce
iv

in
g Stormwater pipe out fall pool - Wiritoa 6.7-7.7 162-330 

Drain end Wiritoa 11 50 

Wiritoa Willow wetland 20m from drain end 13 158 

Wiritoa Willow wetland 40m from drain end 20 148 

A
lte

rn
at

iv
e Possible receiving stream at Lake Wiritoa outlet 5.4 40 

Possible receiving wetland down stream of 
Lake Wiritoa 3.8 37 

114. In addition (refer Table 6 below), the levels of nutrients and metals in 

suspension in the water are much less, except for total nitrogen (which is 

similar). Of note is the difference in level of metals, 3 to 4 times less zinc 

and 7 times less copper. 

TABLE 6: LEVELS OF NUTRIENTS AND METALS IN SUSPENSION IN THE 
LAKE WIRITOA STORMWATER DISCHARGE POOL, OUTLET STREAM, AND 
ASSOCIATED WETLAND. SOURCE: WHANGANUI PRISON STORMWATER 
MANAGEMENT: BEST PRACTICABLE OPTION REPORT, TONKIN & TAYLOR, 
2020. (TABLE 3.2) 

Location of water  
TP 
(g/m3) 

DRP 
(g/m3) 

TN 
(g/m3) 

Zn 
(g/m3

) 
Cu 
(g/m3) 

Wiritoa stormwater discharge pool* 0.1255  
0.814
5 

0.011
3 0.0042 

Potential receiving stream (below 
Wiritoa) 0.044 0.005 0.97 0.002 0.0006 

Potential receiving Wetland (below 
Wiritoa) 0.066 0.012 0.88 0.003 0.0006 

 

115. The stream and wetland systems down stream of Lake Wiritoa are 

relatively clear of metals and phosphorous. 

116. The second (and more important) ecological concern of this alternative 

discharge point is the hydrological change that would occur in the outlet 

stream.  Simply put, the volume of stormwater discharged would be 

considerably more than the current flow in the stream.  The increased 

discharge would cause ecological change. 
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117. Currently the flow down the Lake Wiritoa outlet stream is intermittent and 

governed by the rise and fall of the lake.  Lake Wiritoa is large and changes 

to the flow of the outlet stream are slow.  The stream flow often drops such 

that it has dry surface areas in summer (when its flow is about 5L/s).  In 

winter it has a low slow flow of about 70 L/s. The plant, fish, and 

macroinvertebrate life within the stream have adapted to this regime. 

118. If the prison’s stormwater were released down the stream the volume of 

water in the stream would increase significantly as would the speed of 

changes in the flow.  The discharge permit seeks a maximum discharge rate 

of 550l/s, and under that regime the stream would quickly rise when it 

rains, and stormwater is discharged and then fall quickly after the rain 

stops.  The increase in volume and speed of change would greatly perturb 

the existing ecology of the outlet stream with negative impacts on its 

present flora and fauna. These hydrological impacts are of greater concern 

from an ecological perspective than the quality of the water being 

discharged. 

119. In my view, it is far better from an ecological perspective to continue the 

discharge to the willow wetland and Lake Wiritoa as this environment is 

robust and insensitive to continuing (and reducing) contamination (as well 

as being much larger with more filtration to dilute and absorb the 

stormwater).  The alternative option is less desirable as it adds 

contaminants in a new environment (albeit at a low level) and a substantive 

hydrological change. 

ONE PLAN AND THE NPS FOR FRESHWATER 

120. My technical expertise is often drawn upon in respect of policy, methods 

and rules.  Policy 13-4 of the One Plan is about activities in rare habitats, 

threatened habitats, and at-risk habitats. The dune lakes Wiritoa and Pauri, 

their margins, and the wetlands associated with them are threatened 

habitats (schedule F). The lakes are not “significant” in terms of section 

6(c) of the RMA (at least according to Schedule B of the One Plan).  This 

is likely due to the dominance of exotic species.  All or some of the 

wetlands on the margins are significant in relation to section 6(c) of the 

RMA (due in the main to rarity and context rather than representativeness). 

121. The One Plan requires that consents must generally not be granted where 

activities have more than minor adverse effects on the habitat’s 
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representativeness, rarity, distinctiveness or ecological context (i.e. its 

significance). Looking at the potential effects of (worse case) continuing 

with the nutrient levels in the stormwater on the significance may be useful 

in understanding what aspect, if any, of the measures of significance could 

be affected by continued or even improved nutrient release into the system. 

122. The lake and wetlands associated with the lake I assume are represented in 

Schedule E due to the rarity of dune lakes and perhaps some contextual 

aspect (the plan does not say). It cannot be because of representativeness 

(which is what a change in nutrient status might usually affect) because the 

dominant flora and fauna are exotic and not an assemblage which is natural 

to an indigenous New Zealand dune lake. The lake is well identified as 

considerably modified, having dominant hornwort and cyanobacteria and 

algae blooms, and of poor quality, yet still significant. Clearly the nutrient 

levels which are currently very high have not removed the significance of 

the features present. It is unreasonable therefore to suggest then that 

continuance of a small quantity of nutrients into the lake could remove its 

significance.  

123. Improvements to the quality of the stormwater discharge to the point where 

it meets Schedule E requirements for water quality in deep lakes will 

greatly improve the water quality in the lakes and result in, at most,  a 

negligible adverse effect.  Such an effect would take a long time to 

eventuate and would be “well below minor”.  It will also not prevent the 

Regional Council proceeding with, or its success with, what will be a long 

and complex restoration process  Further, there may be effects from 

management activities such as avoidance, remedy, or mitigation that may 

follow the discharge activity.  

124. The 2020 NPS (freshwater management) and associated NES (September 

2020) both address wetlands and water in general. Under primary contact 

sites (NPS 3.27) of which Lake Wiritoa is one, it directs Councils to 

manage bathing times and monitor E. coli and sets limits for E. coli.  

Appendix 1A requires that aquatic ecosystems be suitable to sustain the 

indigenous aquatic life expected in the absence of human disturbance. In 

Appendix 2A (and the Tables) numeric attribute states are provided for a 

range of attributes, (the range determining the letter coded condition (A-

D)).  While not a discharge quality set of thresholds it is informative to a 
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degree to see that the prisons discharges are below the Level C attribute 

and in some cases (TN) B class. 

125. Lake Wiritoa currently runs at a “D” state, the “C” class - one band better 

for Total N is (annual median stratified lakes) >350 and ≤ 750 mg/m3 

(i.e.0.35- 0.75 mg/L) and the prisons stormwater discharge is currently 

0.133-0.153 mg/L (Mr Cochrane’s Table 4) i.e. B. class and potentially A 

class after treatment.  Total P level in the NPS for class C is 0.02-0.05 

mg/L and the stormwater is 0.02 mg/L. Ammonia class C is 0.03-0.24 

mg/L and the discharge is 0.022 mg/L. This leads me to conclude that the 

improved discharge will at the very least allow an improvement of the 

lakes to class C but more likely class B – this is certainly of sufficient 

quality to allow the lakes restoration.  

CONCLUSION ON EFFECTS OF THE PROPOSED DISCHARGE 

126. I have examined the ecology of the environment that receives the 

stormwater discharge from the prison to determine what effects the 

discharge has on that environment.  The environment includes the 

discharge pool, a modified channel, a willow wetland, and Lake Wiritoa 

(Lake Pauri rarely receives stormwater and virtually never to the open 

water).   

127. Overall, the receiving environment is well able to cope with the stormwater 

discharge without future negative ecological impacts.  Leaving aside the 

work being done to minimise contaminants in the stormwater: 

(a) Lake Wiritoa is highly modified and now dominated by 

simple, exotic flora and fauna and does not represent the 

condition or community it was when it had indigenous 

biodiversity and functional values. The willow wetland is 

also highly modified and is also not representative of the 

natural condition of a dune lake marginal wetland. 

(b) The wetland and lake have been receiving the prison 

stormwater for 50 years and farm runoff for more like 180 

years.  These inputs (now much reduced in the catchment) 

are not now impacting in more than a minor and slowly 

accumulating manner on the current health of the flora, 

fauna, because of its exotic tolerant nature.   
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(c) I have found that the metals (zinc and copper) are captured 

by the soft sediment in the willow wetland prior to the lake 

where they are bound and made biologically relatively 

unavailable. 

(d) The overall ecological quality of the lake is poor.  This is 

not due to the prison’s stormwater.  It is due to a history of 

farming use starting with 19th century deforestation, 

invasion of exotic plants and animals, and human 

modifications to the outlet and edges and now the internal, 

seasonal, cycling of nutrients within the lake.  Part of the 

supporting evidence of this is that most of the region’s 

dune lakes are in poor condition (Lake Dudding nearby, is 

as poor and certainly does not receive prison stormwater). 

The predominantly exotic flora and fauna in the lake have a 

geometric ability to exploit nutrients.  In summer this 

results in problematic biomass of exotic macrophyte and 

sometimes toxic algae.  These die back in colder seasons, 

are deposited on the lakebed, rot down, and the nutrient is 

released to resurface as the water warms in summer.   

(e) I have found that there is little to nothing of indigenous 

ecological value currently in the lake that would be 

sensitive to continued nutrient, or metal inputs (if these 

even reached the lake proper). 

(f) The nutrients discharged from the prison are not 

ecologically damaging or even of a magnitude that has an 

effect over and above the seasonal internal nutrient cycles 

of the lakes. The nutrients entering the lake are part of the 

catchment-wide loading, but the first receiving habitat for 

the prison stormwater after the mixing zones of the channel 

is the willow wetlands which will absorb a considerable (if 

not all) of the nutrients in the stormwater discharge. 

(g) The “capacity to assimilate” pollution is currently very 

high because the valued sensitive species are largely now 

absent and there is little left to “damage”.  
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(h) The proposed stormwater discharge outcome (assessed by 

Mr Cochrane) will not, in any meaningful way, limit or 

hinder the Regional Council's ability to restore the lake. 

The managed prison stormwater will allow a class B lake 

to be restored.  

128. Dr Fisher outlines the repairs to the stormwater network and the treatment 

devices proposed etc, and Mr Cochrane calculates the likely result of those 

improvements on water quality. That conclusion is that the stormwater in 

the future under this consent will typically meet schedule E lake water 

quality targets (after treatment and dilution). 

129. I note that these targets are set to protect 95% of species and that this target 

is aspirational for Lake Wiritoa given the poor state of that water body. 

Normally an appropriate protection level for this condition would be the 

80% level. 

130. Where that 95% toxin target is met the discharge will have little to no 

potential to cause adverse ecological effects to the wetlands or lakes.  

Where it is not met, for example, if it meets an 80% protection level the 

receiving environment will still not experience adverse effects.  This is 

because of the current poor state (and tolerance of the species present) of 

the receiving environment, the small relative contribution of the prison and 

the very limited input into the actual lake (absorption by the willow 

wetland).   

131. Given the values ascribed to Lake Wiritoa in the Horizon’s One Plan 

(Schedule B), I am very confident that the improvements proposed (and 

already completed) will, if anything, improve the life supporting ability of 

the lake. Other ecological values (as per Schedule B) were never threatened 

by the prison’s stormwater discharge, but the improvement of quality is 

never a waste of effort.  

132. I have considered the alternative options for the discharge of the prison’s 

stormwater and found that it would be inappropriate to discharge the 

treated stormwater to downstream systems of Lake Wiritoa (the stream and 

wetland) as this introduces contaminants (even at low level) where 

currently that contaminant is not received. More importantly it significantly 

changes the hydrological regime of the stream. I therefore consider that this 

alternative discharge location would result in a worse ecological outcome. I 
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am strongly of the opinion that Lake Wiritoa is able to assimilate the 

prison’s treated stormwater and any adverse effects on ecological values 

will be low to negligible. 

133. Lastly, and related to Dr Hamill's evidence, the applicant has determined to 

include, irrespective of a “negligible” adverse ecological effect of the 

treated stormwater discharge, a further mitigation which is to cause the 

harvest of a tonnage of lake macrophyte (exotic) calculated to remove a 

quantum of nutrient (N & P) such that the inputs are at least balanced. This 

I consider will put the application into a net benefit to the Wiritoa lake 

situation, should this consent be granted. 

MATTERS RAISED IN SUBMISSIONS  

134. A small range of submitters express or raise ecological matters and most of 

these I have fully responded to above.  I note that Mr Simon Shepard 

comments on the presence of two rare species.  These are recorded in a 

plant list by Ogle (Ogle 2003, updated 2004) and are from a survey around 

the southern part of Lake Pauri. Two species with national conservation 

status are recorded, one, Crassula ruamahanga is a shore plant and is also 

known from Lake Wiritoa. The Botanical Society’s survey only covered 

the southern and eastern shore of Lake Pauri.  I note that these plants have 

no bearing on the consents sought and are not present at the discharge point 

or the channels and are not affected by the discharge in any way. 

135. The prison discharge is not a driver of Lake Wiritoa’s decline.  It has only 

been a very small part of a much wider and longer-term issue with the lake. 

The proposed water quality improvements will restrict that effect even 

further.  I also note that the proposed improved discharge will not hinder 

any actions to restore the lake. The restoration of the lake is however not a 

simple matter and will take decades.  The prison’s water quality where it 

meets schedule E targets will not be out of character even should the lake 

reach C or even B band condition.   

136. The fact that the lake is already in such a poor ecological state did not 

influence ranking of alternative options even acknowledging that the 

quality of the lake is hard to diminish from where it is today.   

137. No stormwater is clean, and even rain water and “clean” stream water 

contains nutrients, organic material, sediments and other “contaminates” 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 53 

and that is natural and part of a lake’s resource base, however, as set out in 

the evidence of Mr Cochrane, the proposed stormwater discharge will be 

high quality.  

SECTION 42A REPORT  

Ecology – first report 

138. Mr Brown in his part of the first section 42A Council response considers a 

range of issues related to the lakes and their quality and the applicant’s 

proposed stormwater proposal and its quality.  There are only a few but 

very important issues where we differ and those are related to matters of 

interpretation and prediction rather than related to the current condition and 

other factual matters. 

139. In essence, the matters of difference that are germane to understanding the 

effects of the application relate to: 

(a) The discharge direction and which lake is affected by the 

discharge. 

(b) The causes of Lake Wiritoa’s current condition and the role 

or proportional responsibility the prison’s stormwater 

holds. 

(c) Unrelated to the prison’s stormwater, the condition of the 

region’s dune lakes overall as this provides an indication of 

the causes of degradation. 

(d) The capacity of Lake Wiritoa to assimilate water 

contaminant (pollution) (one of the “values of schedule B). 

(e) The process of lake “flipping” and what causes it. 

(f) The BPO process and why it is entirely appropriate to 

consider Lake Wiritoa as an option for discharge. 

(g) Meeting Schedule E water quality outcomes for deep lakes. 

(h) The restoration of Lake Wiritoa and the possibility that the 

consented discharge would remove or adversely affect that 

possible process. 
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(i) If consent is granted the monitoring required. 

140. At conferencing, we did not discuss the issue of the lake “flipping”, a term 

and phenomenon Mr Brown raises in his section 42A response (para 11). 

This term is used to either mean a dramatic change in the aquatic flora 

from macrophyte to algae dominance, or lake stratification which is a 

thermal difference phenomenon whereby there is a seasonal period when 

the lakes stratified condition (i.e. a separate layer of bottom cold water and 

a top layer of warmer water) turns over - i.e. the top (epilimnion) waters 

fall and the bottom (hypolimnion) water rises. This typically brings up low 

oxygenated, cold and often contaminant waters to the surface.  

141. Mr Brown, in his section 42A response (para. 11-12), suggests the former 

meaning which is that “flipping” is moving from the dominant flora being 

macrophyte to being algae, and he states that there is an increased risk 

(because of nutrient?) of this occurring. In this case, ‘flipping’ is a 

colloquial term and describes the catastrophic transition of a lake from a 

clear-water macrophyte-dominated system to a turbid, phytoplankton-

dominated system. This usually occurs as turbidity increases, shading is 

removed, the submerged macrophyte dies and conditions change to favour 

phytoplankton and algae (Gibbs & Hickey 2012).  These become the 

predominant users of nutrients, light, and space. ‘Flipping’ is not a 

nutrient-driven phenomenon (Gibbs & Hickey 201222); that process is 

known as hysteresis. The reversing of hysteresis is acknowledged as being 

difficult (Schallenberg & Sorrell 200923).  

142. Lake Wiritoa is showing no sign of “flipping”. It remains a relatively clear 

water lake with plentiful macrophyte (be it largely exotic) and cyano-

bacteria are prominent for only short periods in summer. 

Direction of discharge and the receiving lake 

143. The discharge from the twin stormwater pipes goes into the pool and then 

the channel; it almost always then travels west towards Lake Wiritoa as 

 
22 Gibbs, M; Hickey, C. 2012. Guidelines for Artificial Lakes before construction, maintenance of new 

lakes and rehabilitation of degraded lakes. NIWA report for Ministry of building, innovation and 

employment Oct 2012. 
23 Schallenberg, M; Sorrell, B. 2009. Regime shifts between clear and turbid waters in New Zealand lakes: 

environmental correlates and implications for management and restoration. NZ journal of marine and 

freshwater research 43: 701-712. 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 55 

that is downhill. Water only moves uphill towards Lake Pauri if a particular 

set of circumstances occur, and in those circumstances it still does not, I 

believe, enter the open water of Lake Pauri. Those circumstances are when 

Lake Wiritoa is very full and there has been a high level of rainfall in the 

prison’s catchment.  

144. The eastward route is only in a channel for around 20m before the path 

becomes a wide (30m) willow wetland. This eastward direction is uphill 

(about 1m difference) until about halfway along the wetland (80m). 

Therefore, under these circumstances the expanding stormwater pushes up 

hill and has an area of around 240 m2 to fill before it could tip over into 

and drain to Lake Pauri (a further 80m “downhill”). This is an unlikely and, 

I suggest, very rare occurrence. 

145. Therefore, any discussion of the prison stormwater affecting Lake Pauri is 

unwarranted and Lake Pauri’s poor condition (like Lake Dudding) has 

nothing to do with the prison’s stormwater discharge.  Like most other 

dune lakes in the region, the condition of Lake Pauri has much to do with 

the activities in the wider catchment including land use and discharges, 

removal of riparian vegetation, the advent of exotic fish and macrophyte, 

power boating and other recreational uses, abundant water fowl, and other 

modifications of the physical environment.   

146. Following on, and as explained above, the causes of Lake Wiritoa’s 

degradation (to a D class) has been a suite of human-related modifications, 

from the introduction of exotic highly competitive fish, macrophyte, and 

birds to the use of the lake for power boating and other recreation, to long-

term catchment-wide changes in land use and their discharges (agriculture) 

of which nutrient accumulation is but one of the issues.  Even in the 

absence of the nutrient accumulation (because the lake is a sink) these 

species and physical changes would have reduced values that were once 

present. In terms of nutrient the prison’s contribution to the catchment load 

is small (see Mr Cochranes evidence) and the adverse effects of nutrient to 

the ecology also less than minor in a system already fully changed by an 

existing super-eutrophic condition. 

147. Mr Brown acknowledges that other lakes (Dudding and Pauri, but you 

could also include Horowhenua Lake Alice, Lake Heaton, Lake Kohata, 

Lake Koputara, indeed all but one of the lakes (Lake Koitata) recorded in 
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the SOE (2019)) are in a similar condition and indigenous 

representativeness is declining.  

148. These other lakes do not all have stormwater (urban or other) inputs, 

illustrating that the condition of sink lakes is mostly related to wider 

catchment discharges, vegetation clearance, and other human uses of the 

water body (power boating etc).  

149. Mr Brown and I agreed at conferencing that the ecological values attributed 

in Schedule B to Lake Wiritoa are not present. He goes on to suggest the 

value associated with the capacity to assimilate pollution is one of those 

values, but there I must disagree. The ability to assimilate pollution (or to 

allow further pollution to occur) rests on the ability of the receiving system 

to take that pollution and not be changed, very sensitive communities have 

little ability, very robust communities have a greater capacity.  

150. I consider that once sensitive values are lost (such as in Lake Wiritoa) then 

the ability to assimilate pollution and not change becomes very high.  The 

ability to assimilate pollution in a lake community is an inverse bell curve 

(high then low, then high). That is, there is a buffer in the system that 

enables contaminant to accumulate until it is in concentrations that cause 

an effect – the first “tipping” point.  Once that tip is reached the sensitive 

parts of the community are affected, reduced in abundance even perhaps 

lost.  The remaining system is then comprised of more robust species and is 

often invaded by other robust (often exotic) species. The system is then 

robust, and it takes a considerable amount more pollution to “tip” again.  

151. Lake Wiritoa has passed at least one tip already and is now robust and can 

tolerate substantive levels of pollution now without a further tip. Further to 

this point the sink nature of the lake means that the accumulated nutrients 

in the system are now the dominant nutrient source and feed the cycle 

seasonally and newly incoming nutrient hardly make a difference 

(proportionally) to the lakes seasonally cycles. 

152. Once (pre-1970 at least) Lake Wiritoa had a low capacity to assimilate 

pollution, now it has a large capacity. 

153. I have addressed “flipping” above. In essence Mr Brown has confused the 

causes of flipping with nutrient promotion of abundant growth. Flipping is 

most typically caused by high sediment loads (and lake activities) that 
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cause high turbidity which remove macrophyte (shading). When the 

macrophyte die off phytoplankton are released from competition for 

nutrients and space. They typically then dominate the water column / 

surface. Nutrient allows large scale growth (of both macrophyte and 

phytoplankton) but is not the cause of a flip.  Lake Wiritoa has an 

abundance of macrophyte (and non-turbid water) and is in no danger of 

“flipping”.  

154. Mr Brown at paragraph 37 (last sentence) suggests that even if the 

discharge meets the deep lakes Schedule E water quality targets (or even 

the NPS-FW targets) that the consent should still not be granted because 

the discharge fails to consider the receiving environment and its processes.  

I am mystified by this statement and opinion, for as I have explained 

above, the receiving environment is simply no longer sensitive to small 

nutrient changes and the improved stormwater nutrient content of the 

prison will not prevent the lakes’ restoration. Even if it was restored 

tomorrow the nutrient levels (even without the dilution factor used) would 

not cause the lake to move back to a poor condition. 

155. Meeting the targets for deep lakes (and the NPS-FW better band targets) is 

exactly what the applicant should be doing (and is guided to do by the One 

Plan).  Succeeding with this will ensure the receiving environment’s 

condition will not worsen and will not hinder restoration attempts.  

156. It is important to stress that the cycles within Lake Wiritoa will continue 

irrespective of the low levels of nutrients entering the system.  Even if 

nutrient levels were returned to the natural level, restoration would take 

considerable time because of the internal nutrient cycling (Bjork 198824). 

That is, Lake Wiritoa is a sink which is now dominated by internal nutrient 

cycles with seasonal stratification of the water.  This means that for a very 

long period the internal processes of nutrients welling up from the 

sediments in spring and subsequent macrophyte and algae growth and then 

seasonal die back and nutrient deposition will continue irrespective of low 

levels of nutrient entering the system.  

 
24 Bjork, S. 1988. Redevelopment of Lake Ecosystems: A case-study approach. Ambio vol 17, No.2: 90-

98 
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157. Indeed, Jeppesen et al (200725) suggest that the lake system will be 

resistant to change (as most systems are) and that changing the current 

robust equilibrium will be a significant challenge. In studying 22 shallow 

North American lakes, they found that a lower TP new equilibria could be 

reached after 10-15 years, but that there is resistance to change in the flora 

and fauna too. Given the nature of Lake Wiritoa I expect the lake to be 

very much more resistant to change than a shallow lake and that restorative 

efforts, even if they can manage the internal nutrient cycle and TP in 

particular, will still take at least 30-50 years. 

158. Given the natural resistance and the time frames and the relative 

proportional nutrient amount in the improved prison stormwater I do not 

see an ability of that improved stormwater discharge affecting the 

restorative capabilities of Lake Wiritoa. As I illustrated above in my 

evidence, I consider the treated discharge likely able to support a “B” class 

lake (all other catchment discharges being equal). 

159. Mr Brown has addressed (in paragraphs 71- 76) the applicant's BPO.  Mr 

Brown suggests that the approach of the BPO was that water quality is 

already degraded and therefore provides justification to continue to 

discharge to the lake. Firstly, there is virtually no discharge to Lake Pauri 

and so this is only about Lake Wiritoa. Secondly the poor-quality lake state 

leading to a discount of effects was not the default.  I do not adhere to a 

philosophy that a polluted area can be disregarded, rather the rationale for 

scoring was related to the potential adverse effects each receiving 

environment might experience.  

160. Lake Wiritoa is robust due to its historic modifications and can assimilate 

pollution without much further impact, the below lake stream and wetland 

systems I deemed to have a lower capacity to assimilate pollution because 

they are currently less exposed to contaminants (being buffered by the 

lake) and are not nutrient swamped, and is not a sink (and are also a 

threatened habitat). I simply deemed it more adverse to discharge 

stormwater and change substantially the hydrology to the wetland below 

 
25 Jeppesen, E; Sondergaard, M; Meerhoff, M; Lauridsen, T; Jensen, J. 2007. Shallow lake restoration 

by nutrient loading reduction – some recent findings and challenges ahead. Hydrobiologia (2007) 

584:239-252. 
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Lake Wiritoa than to Lake Wiritoa itself, keeping in mind they are both 

“threatened” habitats. 

161. Mr Brown again suggests that I did not factor in the continued discharge 

effect, but of course that was entirely the focus of the MCA assessment in 

regard to ecology. 

162. At paragraph 74 Mr Brown reflects on my term “clean” but it should be 

kept in mind that that is a relative term which is to say the Lake Wiritoa 

outlet stream and lower wetland are “clean” relative to Lake Wiritoa.  Both 

systems are in an agricultural landscape and while strongly buffered by 

Lake Wiritoa (and hence of a better water quality) do still get runoff and 

surface water flows from the lake (which is cleaner water).  

163. In essence I continue to be of the opinion that discharge to Lake Wiritoa (a 

large body of water with intervening wetlands and a robust biota) has far 

less potential for adverse effect than introducing the water to a new system 

which also has values (is a threatened habitat under schedule F) and which 

is not as adapted to the hydrology and water quality of the discharge. I 

consider my assessment was full, considered and reflective of the values 

and sensitivities of all options for the receiving environments. 

Ecology – second report 

164. Mr Logan in the second section 42A report discusses the poor quality of 

Lake Wiritoa especially in consideration of the new NPS FW bottom lines. 

I agree it is in considerably poor condition.  

165. In discussing cyanobacteria he does not suggest, but it is implied, that 

nutrient is the driver for the issues in Lake Wiritoa.  Just to be clear: 

cyanobacteria blooms are typically caused by a series of conditions and 

events not just nutrient availability. I describe those in the following 

paragraphs. 

166. Water temperature increases into summer which drives algae production 

rates upward. The ability of the algae to grow is initially governed by the 

availability of nutrients and minerals; primarily the amount of freely 

available phosphate (DRP) and soluble nitrogen (DIN). The ratio of which 

may be important in competitive growth between blue-greens and green 

algae (Downing et al 2001). However, this is a scenario in which all algae 

are becoming potentially highly productive, including the reds and greens – 



 

Evidence Vaughan Keesing (ecology)(6682757.1).docx 60 

which may rise to nuisance levels, but do they not produce the toxins of 

cyanobacteria species. In the background the exotic macrophyte is also 

competing for the nutrient. 

167. Seasonally as the waters warm, a competition for nutrient and space and 

light occurs between blue-green and green algae. In that seasonal “battle” 

zooplankton eating the algae play a role, as does turbidity. Early in the 

season whichever algae gains a stronger spatial and density advantage 

usually goes on to dominate the algae community. This point can be crucial 

in determining (predicting) a cyanobacteria bloom (in addition to nutrient 

quantity and in the absence of flush flows). Where the water turbidity 

increases during the early growth period, cyanobacteria appear to gain an 

advantage over green algae and out-compete the algae (it might be the 

ability of cyanobacteria species such as Phormidium to “mine” sediments 

for phosphate). Zooplankton also appear to have a reduced ability in turbid 

water and do not consequently control the plant algae. Once the 

cyanobacteria populations gain the upper hand, they dominate access to the 

nutrients and a bloom may occur (Paerl & Otten 201226). 

168. In summary, the factors of cyanobacteria dominance are: 

(a) Water temperature - warm waters 

(b) Raised water turbidity / sediment in suspension 

(c) Available DRP and DIN 

(d) Reduced zooplankton abundance. 

Planners Section 42A Report 

169. I do not address the section 42A planning report other than to comment on 

paragraphs 69-75. In paragraph 69 the planner has misread Mr Brown’s 

evidence– he does not say (in his 51) that allowing the discharge will not 

assist the lakes to support values.  

170. Firstly, Mr Brown and I have agreed that the Schedule B values are not 

present in Lake Wiritoa (accepting the possible disagreement over capacity 

to assimilate pollution). What his paragraph 51 does is discuss returning 

 
26 Paerl, H. Otten, T. Harmful cyanobacteria blooms: causes, consequences, and controls. Environmental 

microbiology. Published on line Springer 13 Jan 2013. DOI 10.1007/s00248-012-0159-y 
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the lake to a state that provides a level of protection of values (values we 

agreed were currently missing) requires the reduction in the current internal 

load and that this is outside the prison’s control.  

171. In paragraph 70 the report suggests that allowing the discharge to be 

ongoing will result in further degradation. This fails to take into account at 

all the improvements in water quality being made, the meeting of the 

Council's own water quality targets (to protect the receiving environment) 

in Schedule E, and fails to realise (and there is no evidence to say it is the 

case) that the current discharge has not caused measurable adverse effect. 

The issues of water and biological degradation in Lake Wiritoa are an issue 

much larger than the prisons stormwater discharge quality and come from 

over 100 years of contamination and are now internally driven, will take 

very interventionist approaches and many decades to fix, if it is even 

possible. The stormwater discharge meeting Schedule E targets cannot 

interfere at all with the kind of restorative actions Council will need to 

take. 

172. In my view there is no evidence or grounds to conclude that ongoing 

discharge will “continue” to result in degradation of water quality and 

impact on the values of the lake (which are currently ecologically 

minimal). 

CONSENT CONDITIONS  

173. From my perspective there are two elements of the proposed activity and 

consents that need to be monitored to ensure the discharge remains inside 

of Schedule E water quality, and effects in the environment remain less 

than minor (negligible). The first is the discharge quality during stormwater 

release related to the parameters in Schedule E for Deep Lakes, and Mr 

Cochrane addresses these.  The second is the potential accumulation of 

metals in the sediments. In that regard I recommend sediment sampling 

below the discharge drain (in similar areas to my sampling in the western 

willow wetlands) such that the sediment concentration of zinc and copper 

can be monitored and regularly tested (once a year) against the ANZECC 

standards. 

174. Mr Hall has prepared draft conditions and the Regional Council has 

proffered an altered set in the most recent Section 42A response.  
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175. As a practicing sampler of water quality, I comment on those here, noting 

that Mr Cochrane also has commentary.  

176. Post Development Assurance: New condition E – is very determinative, 

only occurring (bimonthly) at a rain event where there has not been rain for 

96 hours previously. That will likely cause monitoring problems and data 

gaps. It requires, from both manholes, hourly sampling (by an auto 

sampler) for up to 6 hours (maximum of 12 samples, but more likely 4-8 

samples per rain event) and a suite of things tested for. The autosampler is 

not suitable for all the elements suggested. Firstly, the Council proposed 

sampling is excessive, both yearly and in terms of the locations. The 

purpose is to ensure that the treated stormwater at the willow wetland is 

suitable.  I would accept the stormwater outflow pipe or any point after the 

treatment devices (with a dilution factor), is better and with a focus on: 

zinc, copper, E.coli, and usable nitrogen and phosphate. It should not need 

to include lead, nickel, Polycyclic aromatic hydrocarbons, or TPH. 

177. It needs to address the factors relative to the consent and effects, ie: total 

dissolved zinc, and copper and DRP and DIN, TP, TN and Ammoniacal N 

(PH and water hardness). Nothing more. Furthermore, the purpose of the 

monitoring is to ensure that the treatment is working and that it is being 

maintained. It would be wiser to have testing for the first 5 rain events (of 

different magnitude) after completion of the treatment system, and then 

monitoring drop away top an annual test (of an average rain event) to 

ensure maintenance is being undertaken.  

178. Condition 12 (post development). While I concur with the testing for metal 

accumulation in the sediment of the wetland I see no point in sampling for 

sediment bound N and P, these will not be affecting in-lake algae and 

macrophyte and is a waste of resource to monitor.  

179. Furthermore, there is excess sampling proposed both at 5 samples per site 

(replication) as well as twice a year. My sampling has indicated that after 

40 years the accumulation is minor, there is no risk and so a requirement to 

have such an extensive sampling regime for measuring a better than current 

metal discharge is unwarranted. Once a year and a sample per three sites 

will be sufficient. 

180. The above suggested changes result in flow-on changes to the 

“monitoring” conditions and condition 14a, b, testing against thresholds 
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and action points. The change should be that one result (of the three) which 

fails the threshold results in the further examination process.  

 

Date:  2 November 2020 

 

 

 . . . . . . . . . . . . . . . . . . . . . . . . . .
Dr Vaughan Keesing 
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APPENDIX ONE:  CAUCUSING STATEMENT 
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