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Summary
Project and Client
•

Manaaki Whenua – Landcare Research is working with the Lake Kimihia Community
Charitable Trust to restore a ~3.64 ha degraded wetland system to improve water
quality entering the Waikato River in the short term and Lake Kimihia in the long term.

Objectives
•

MWLR to undertake water, vegetation and soil assessments and develop a
constructed wetland or restoration plan as required.

Methods
•

Water samples at an arbitrarily designated ‘inlet’ and ‘outlet’ were collected on 10
March 2021, 11 March 2021, 4 May 2021, 18 May 2021 in combination with flow and
water depth measurements. Samples were analysed for nutrient, sediment, pathogen,
trace elements and heavy metals.

•

Soil samples were taken at four points through the wetland under different
vegetations on 10 March 2021. Samples were taken from the 0–10 cm, 10–20 cm, and
20–30 cm depths of the soil profile and assessed for nutrient, trace elements, heavy
metals, and bulk density.

•

A vegetation survey was undertaken on 10 March 2021 to determine the main
vegetation types and determine any areas of significant natural value. A vegetation
map and species list were generated.

•

A constructed wetland plan was developed to maximise treatment area within the
available land in response to contaminant levels, catchment size, and water volumes
entering the current wetland system.

Results
•

The wetland system represents 0.7–0.9% of the total catchment.

•

Total nitrogen, total phosphorus, dissolved reactive phosphorus, Escherichia coli, and
dissolved oxygen were outside of recommended guidelines for freshwater systems.

•

Loading rates indicated for nitrogen, nitrate, organic nitrogen, total phosphorus,
dissolved reactive phosphorus, suspended solids, faecal coliforms, E. coli, and boron
that extended periods of rainfall increased these parameters entering the wetland.

•

The soil in the wetland is a Typic Orthic Gley Soil (Temuka soil) and is suitable for
constructed wetlands.

•

Soil total nitrogen contents may be too high for some wetland plants. Although most
analytes indicated no risk to the restoration of this wetland system, zinc is close to the
ecological soil guideline.

•

Vegetation is dominated by exotic species, particularly Grey Willow (Salix cinerea),
Reed Sweet Grass (Glyceria maxima) and low productivity grass species.
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•

The high nitrogen and phosphorus inputs indicate a constructed treatment wetland
will improve water quality exiting the wetland area.

•

An integrated constructed wetland (ICW) is recommended to improve the water
quality and flood abatement ecosystem services of this degraded wetland as well as
improve ecological value.

•

The ICW was designed to maximise the treatment area due to the small proportion of
catchment that it occupies.

•

A design including pond size, configuration, and the provision of a storm pond and
subsurface treatment wetland is provided. Further areas for restorative planting are
also indicated in the wetland and wetland inlet area.

•

Technical stages for implementation of the constructed wetland plan are provided.

Conclusions
•

The assessed wetland site is highly degraded and does not currently reduce the
impact of contaminant loadings from neighbouring properties entering the Waikato
River. It is recommended that the site be restored by the implementation of an
integrated constructed wetland for the treatment of water, enhancement of
biodiversity and habitat value and aesthetics which align with the goals of the Trust.
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1

Introduction

Kimihia Lakes Community Charitable Trust approached Manaaki Whenua – Landcare
Research for guidance on the restoration of a ~3.64-ha wetland area that is a historical
inlet for Lake Kimihia. Lake Kimihia was drained for coal mining in the 1950–60s, and a
tributary stream that runs through the degraded wetland site was diverted from the Lake
to the Waikato River during mining (Tonkin & Taylor 2019). Mining of the lakebed has
ceased and restoration of the Lake Kimihia site has begun. The wetland is located between
McVie Road and the Waikato Expressway in Huntly, North Island, New Zealand.
The site (Fig. 1) appears to be a degraded wetland system with a high prevalence of weeds
and potentially high nutrient inputs from surrounding neighbouring properties (Tonkin &
Taylor 2019) and contaminants from the Huntly Bypass. Funding was obtained from the
Waikato River Authority and the Trust for MWLR to investigate the nutrient and
contaminant loadings for the existing wetland to establish whether a restoration or
constructed wetland approach is required for this site to reduce nutrients entering the
Waikato River and potentially Lake Kimihia in the future. A vegetation survey determined
any areas where restoration is not required.

Lake Kimihia wetland
restoration site (3.64 ha)

Inlet drain to the Lake Kimihia
wetland restoration site (0.25 ha)

Figure 1. Lake Kimihia wetland restoration site and the inlet to the system.
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2

Objectives

Assess vegetation, water, and soil quality at the Lake Kimihia wetland restoration site and
develop a restoration or constructed wetland plan.

3

Methods

3.1 Water quality monitoring
Four sets of water samples were taken from the inlet and outlet of the wetland system on
10 March 2021, 11 March 2021, 4 May 2021, 18 May 2021. This limited number of water
samplings is indictive only of flow and parameter concentrations. The ‘inlet’ was arbitrarily
designated as a point at the beginning of the wetland system which was representative of
the sweet grass dominated waterway through the wetland system and was after the
channelised section entering from the neighbouring property (Fig. 1). The ‘outlet’ was
arbitrarily designated as a point which was accessible safely at the end of the wetland
system and was not dominated by vegetation growing the water column (Fig. 2).

Figure 2. Position of the ‘inlet’ and ‘outlet’ sampling points for water analysis and soil
sampling sites (yellow pins) at the Lake Kimihia wetland restoration site. The orange point is
the ‘inlet’, and the red point is the ‘outlet’.
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The inlet to the wetland was pervaded with Glyceria maxima vegetation, as is most of the
drain feeding the wetland (Fig.1; Fig. 3). Flow measurements were undertaken using the
float and cross-section method1 and were taken from the inlet to the wetland as well as
the depth and width of the drain to determine the volume of water entering the system.
The width of the drain was 1.38 m. The water depth and flow varied across time in
response to rain events (Table 1). It is likely that on removal of the Glyceria maxima the
water flow will increase. The catchment size for the wetland has previously been estimated
between 420 and 525 hectares (Tonkin & Taylor 2019), the catchment size could not be
further assessed by MWLR post-Huntly Bypass construction due to the deficit of recent
LIDAR for the area.

Figure 3. Inlet to wetland indicating prevalence of Glyceria maxima in the drain feeding the
wetland.
Table 1. Water depth and flow measurements at the inlet to the Lake Kimihia wetland
restoration site. Sampling 3 is indicative of low flow during an extended period of no rainfall
and sampling 4 is indicative of a high flow during an extended period of heavy rainfall
events

1

Sampling

Width (m)

Depth (m)

Flow (m/s)

Volume (m3/s)

Discharge (m3/day)

1

1.38

0.48

0.033

0.022

1901

2

1.38

0.50

0.040

0.028

2419

3

1.38

0.42

0.014

0.008

691

4

1.38

0.56

0.100

0.077

6653

http://www.fao.org/fishery/docs/CDrom/FAO_Training/FAO_Training/General/x6705e/x6705e03.htm
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3.1.1

Analytical analyses

Samples were analysed for common nutrient contaminants (nitrogen and phosphorus) and
microbial contaminants (faecal coliforms and Escherichia coli) from neighbouring pastoral
grazing. Trace elements were quantified to determine the contribution of vehicle-derived
contaminants from the Huntly Bypass. Sediment and other particulate material entering
the wetland was quantified using suspended solids measurement.
Ammonium, nitrate, nitrite, and dissolved reactive phosphorus were analysed on samples
filtered to 0.45 µm (methods 4500 NH3-F (Modified), 4110 B, 4500-P E (APHA 2017);
Central Environmental Laboratories). Total nitrogen and total phosphorus were analysed
on unfiltered samples (methods 4500-P J, 4500-NO2 B, 4500-P J,E (APHA 2017); Central
Environmental Laboratories). Total organic nitrogen (TON) concentrations were calculated
by subtracting the sum of total inorganic nitrogen (ammonium, nitrate, and nitrite) from
total nitrogen. Limits of detection were 0.005 mg/L for NH4-N, NO3–N, and DRP, 0.05 mg/L
for TN, and 0.01 mg/L for TP.
Total suspended solids (all particulate material suspended in the water column; SS) and
volatile SS (plant particulate material in the suspended in the water column), pH, electrical
conductivity and dissolved oxygen were also measured (methods 2540 D, 2520B, 2540 E
and 4500-H+ B, 4500-O G, (APHA 2017); Central Environmental Laboratories). Non-volatile
SS (mineral soil/sediment material suspended in the water column) was calculated by
subtracting volatile SS from total SS. Detection limits for TSS and VSS were 1 mg/L.
Total faecal coliforms and Escherichia coli were assessed using the ‘most probable
number’ technique (methods 9223B, and 9221E (APHA 2017); Central Environmental
Laboratories).
Trace elements fluoride, boron, copper, cadmium, zinc, and iron were determined by nitric
acid digestion (method 3125B; (APHA 2017); Central Environmental Laboratories).
Hydraulic loading rate of the existing wetland system was calculated as the wetland effect
(considered to be 3.64 ha) divided by the discharge per day. Loading rates of the various
parameters were determined for each of the water sampling dates by multiplying the
contaminant (g/m3) by the discharge (m3/day), where any data below the detection limit
were assumed to be the detection limit.

3.2 Soil quality assessment
Soil samples were collected on 10 March 2021. Samples were taken from four collection
points in the wetland, under four different vegetation types, and at three depths, 0–10 cm,
10–20 cm, and 20–30 cm (Fig. 4; Table 2). Samples were taken using a 5.6-cm diameter
stainless steel corer that was pushed or hammered to the correct depth and samples
removed. The depths used were approximately representative of the horizonal soil layers
(Fig. 4). The soil profile remained consistent across the sampling sites except for more
humic material underneath the vast mat of Glyceria maxima potentially increasing soil
carbon in the 0–10 cm depth. The depth to the water table was inconsistent between
sampling sites. indicating areas that are and are not permanently waterlogged (Table 2).
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Table 2. Characteristics of soil sampling sites within the Lake Kimihia wetland restoration site
Site

GPS
(NZTM)

1

E1793177
N5842794

2

E1793149
N5842836

3

E1793123
N5842821

4

E1793015
N5842954

Elevation
(m)

Vegetation

Description

23

Poor quality pasture grass
with Calystegia and Juncus

Flat site, soil mottling in top and lower
depths, possibly buried horizon between 15
and 20 cm. Topsoil is silty and bottom clayey
with gley mottling. No water table visible,
hole depth of 40 cm.

18

Rhizomatous mat of
Glyceria maxima near grey
willow (Salix cinerea) with
some Juncus

Flat site, soil difficult to determine visual
aspects as water table 3 cm from soil surface.
Rhizomatous mat removed to a depth of
~15 cm to reach soil surface.

8

Pasture grasses dominated
by Paspalum spp. with
some Juncus present

Flat site near the bottom of the hill on the
west side. Soil difficult to determine visual
aspects as water table as soil surface.
Cores remain mineral soil in characteristic.

12

Gorse (Ulex europaeus),
pampas grass (Cortaderia
selloana), Paspalum spp.,
Juncus spp, and woolly
nightshade (Solanum
mauritianum) dominates
vegetation

Areas of bare ground and large debris either
washed up or fallen from earlier weed
control. Soil is gley with significant mottling,
no water table, hole depth of 40 cm.

Figure 4. Soil profile at Site 1.
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Each soil layer, at each sampling site, was analysed for bulk density to assess the level of
compaction and any deeper impermeable layers that were not discernible on visual
assessment. One 5.6-cm intact core was taken for each depth layer, dried at 105°C, and
the bulk density calculated as dry weight (g)/volume of core.
The remaining core from each soil depth was assessed for chemical parameters, all
analyses were undertaken by Eurofins. Soils were for analysed for pH (method NU015),
total nitrogen (NU362), total carbon (NU355), Olsen phosphorus (NU252), sulphate
(NU342), magnesium (NU189), sodium (NU326), potassium (NU280), and calcium (NU057)
contents to understand the basic fertility of the site (Appendix 2). Further, trace elements
and heavy metals were also assessed to determine any possible contamination issues
arising from either historical mining processes or recent contributions from the Huntly
Bypass. Trace elements, including copper (NU110) and zinc (NU395), were measured and
heavy metals, cadmium (NU055), nickel (NU240), arsenic (NU032), chromium (NU074),
lead (NU180), and mercury (NU214), were determined by inductively coupled plasma mass
spectrometry.

3.3 Vegetation assessment
The wetland was visited on 10 March 2021 to undertake a baseline survey of the flora and
vegetation and provide recommendations for restoration and/or the establishment of an
Integrated Constructed Wetland (ICW). The main vegetation types were identified and
mapped, and a list of plant species present compiled.

4

Results

4.1 Rainfall
Rainfall was not measured at the site and rainfall data for Taupiri were used to indicate
rainfall amounts and timing between January and May 2021 (World weather online 2021).
While March has a higher rate of rainfall, this occurred on a limited number of days,
indicating the storm event(s) contributed the bulk of the rain during this period (Fig. 5). In
May there was a lower amount of rainfall than that recorded for March; however, the total
rainfall for May is not yet available and is likely underestimated.
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Figure 5. Average monthly rainfall (mm) in blue and number of rainy days (black bars)
between January and May 2021 at Taupiri.

4.2 Water quality
Based on an effective wetland area of 3.64 ha and a catchment size of 420–525 ha as per
Tonkin and Taylor (2019), the wetland represents 0.7–0.9% of the catchment. The hydraulic
loading rate of the wetland, assuming a functional area of 3.64 ha was 19, 15, 53, and 5
m/d on the water sampling dates.
Total nitrogen concentrations in the inflow ranged between 0.7 and 1.4 g/m3 and the
impacts of the wetland on water quality was generally negative for total nitrogen, meaning
that total nitrogen increased in the water as is passed through the wetland, as indicated by
negative treatment efficiency values in both March and May (Table 3). Waikato District
Council (2019) guidelines for freshwater suggest a limit of 0.5 g/m3 for total nitrogen to
reduce nuisance plant growth and eutrophication, therefore the water entering this
wetland system is above this guideline. Most of the total nitrogen consisted of organic
nitrogen, which ranged between 0.64 and 1.36 g/m3, indicating that the main sources of
nitrogen in the system are organic not inorganic. Nitrate and nitrite concentrations were
generally below the detection limit at all sampling dates, except for nitrate on Sampling 4
which was 0.171 g/m3 and the wetland removed ~90% of the nitrate. Ammonium
concentrations ranged between 0.041 and 0.058 g/m3 and are well below the upper limit
for water quality as per Waikato District Council (2019) of 0.88 g/m3.
Total phosphorus in the inflow ranged between 0.21 and 1.7 g/m3 and had both positive
and negative treatment efficiency within the wetland system, indicating that sometimes
there is removal and sometimes additions of total phosphorus as the water traverses
through the wetland system. Waikato District Council (2019) guidelines suggest a limit of
0.04 g/m3 for total phosphorus to reduce nuisance plants and eutrophication, therefore
the water entering this wetland system is above this guideline. Dissolved reactive
phosphorus (DRP) accounted for only a small proportion of the total phosphorus
measured and ranged between 0.034 between 0.063 g/m3. Larned et al. (2004) state a
guideline for DRP in low-elevation waterways of 0.01 g/m3, of which the water entering
the wetland system is 4–6 times this guideline.
The pH of the water is acidic ranging between 6.4 and 6.8 and is slightly increased as the
water passes through the wetland. The Waikato District Council (2019) guidelines suggest
-7-

that aquatic plant and animal life is best sustained between 6.5 and 9 and the wetland
does not appear to be negatively impacted by pH.
Electrical conductivity (EC) in the inflow water ranged between 18.9 and 20.7 mS/m and
there was little impact on EC as the water traversed through the wetland. Larned et al.
(2004) stated guideline for EC of 17.5 mS/m, of which the water entering the wetland is
slightly above.
Total suspended solids (TSS) in the inflow ranged between 12 and 20 g/m3 and is
considered low. Volatile suspended solids (VSS) are a measure of how much of the TSS is
derived from non-mineral material, and therefore contains organic material including
plant fragments. VSS ranged in the inflow between 6 and 11, and again is considered low.
VSS made up between 50 and 60% of the TSS and therefore about half of the material
entering the wetland is mineral sediment.
Faecal coliforms are bacteria that generally originate from the intestines of warm-blooded
animals and indicate the level of contamination from animal excrement. Faecal coliforms
in the inflow ranged between >20 and 640 MPN/100 mL. Faecal coliforms levels increased,
in some cases quite dramatically, as water flowed through the wetland system. This
indicates that there are animals within the wetland contributing to faecal coliforms.
Although the wetland is fully fenced, the presence of cattle dung may explain some of the
increase in faecal coliforms, although this can also be contributed to by birds visiting the
wetland such as ducks and pūkeko.

Escherichia coli is a faecal coliform and ranged in the inflow between 20 and 457 MPN/100
mL, and generally made up most of the faecal coliforms. The concentration of E. coli
increased as for faecal coliforms as the water passed through the wetland again indicating
that animals contribute to loadings of pathogen is within the wetland itself. Waikato
District Council (2019) state that E. coli should be less than 126 per 100 mL of water for
recreational use, therefore at some sampling times the E. coli in the inflow water was
higher than this guideline, indicating that as the water passes through grazed pasture on
neighbouring properties upstream of the wetland pathogen levels can become high.
Dissolved oxygen in the inflow ranged between 6.0 and 7.8 g/m³ and between 57 and 74%
saturated oxygen. The dissolved oxygen content generally increased as the water passed
through the wetland. Waikato District Council (2019) state that water should be greater
than 80% saturated with dissolved oxygen to sustain aquatic life. The inflow dissolved
oxygen, particularly in the warmer months, was considerably lower than this threshold. It is
likely that the large amount of Glyceria maxima in the inlet drain greatly reduces the
amount of dissolved oxygen.
Boron, cadmium, and zinc were generally below the detection limit for the analyses
indicating that these parameters are not contaminants to this system. Copper in the inflow
ranged from below the detection limit to 0.028 g/m³, and both increased and decreased
as the water flowed through the wetland. These concentrations are well below the
guidelines for drinking water standards of 2.0 g/m³ (Ministry of Health 2008). Fluoride
concentrations ranged from below the detection limit to 0.1 g/m³, this is also well below
the guidelines for drinking water standards of 1.5 g/m³ (Ministry of Health 2008).
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Table 3. Water parameters at the inlet and outlet on four sampling dates, 10 March 2021 (S1), 11 March 2021 (S2), 4 May 2021 (S3), 18 May 2021 (S4).
Treatment efficiency (TE) is also presented, and is the percentage difference between the inlet and outlet, removal of a parameter within the wetland is
indicated by a positive TE value and addition of a parameter within the wetland is indicated by a negative TE value
Parameter

S1 In

S1 Out

TE (%)

S2 In

S2 Out

TE (%)

S31 In

S3 Out

TE (%)

S42 In

S4 Out

TE (%)

TN (g/m3)*

1.4

1.4

0

1.1

1.4

-27

0.70

0.81

-16

1.0

0.7

30

3

0.041

0.044

-7

0.047

0.038

19

0.058

0.023

60

0.047

0.032

32

3

<0.005

<0.005

0

<0.005

<0.005

0

<0.005

<0.005

0

0.171

0.016

91

3

<0.005

<0.005

0

<0.005

<0.005

0

<0.005

<0.005

0

<0.005

<0.005

0

Organic N (g/m3)

1.36

1.36

0

1.05

1.36

-29

0.64

0.79

-23

0.78

0.65

17

TP (g/m3)

1.7

0.68

60

1.5

0.92

39

0.29

0.38

-31

0.21

0.14

33

0.038

0.010

74

0.040

0.018

55

0.063

0.078

-24

0.034

0.047

-38

pH

6.4

6.3

2

6.4

6.6

-3

6.5

7.6

-17

6.8

6.6

3

EC (mS/m)

20.4

21.5

-5

20.7

21.5

-4

19.0

18.7

2

18.9

18.3

3

TSS (g/m3)

20

13

35

12

17

-42

14

26

-86

18

12

33

VSS (g/m )

11

8

27

6

9

-50

8

11

-38

8

4

50

FC (MPN/100 mL)

640

3500

-447

460

700

-52

<20

130

-550

460

5400

-1074

E. coli (MPN/100 mL)

373

906

-143

457

1164

-155

20

233

-1065

191

2760

-1345

6.2 (58%)

7.8 (74%)

-26

6.0 (57%)

8.2 (77%)

-37

7.8 (74%)

7.6 (72%)

3

6.6 (62%)

6.2 (58%)

6

<0.030

<0.030

0

<0.030

<0.030

0

<0.030

<0.030

0

<0.030

<0.030

0

<0.00006

<0.00006

0

<0.00006

<0.00006

0

<0.00006

<0.00006

0

<0.00006

<0.00006

0

0.010

0.023

-130

0.006

0.003

50

<0.002

0.003

0

0.028

0.003

89

Fluoride (g/m )

0.10

0.11

-10

0.10

0.10

0

<0.010

<0.010

0

<0.010

<0.010

0

Iron (g/m3)

14.7

16.8

-14

13.3

17.3

-30

5.96

15.4

-158

3.1

3.0

3

<0.020

<0.020

0

<0.020

<0.020

0

<0.020

<0.020

0

<0.020

<0.020

0

NH4 (g/m )
NO3 (g/m )
NO2 (g/m )

3

DRP (g/m )

3

DO (g/m3)
Boron (g/m3)
3

Cadmium (g/m )
3

Copper (g/m )
3

3

Zinc (g/m )
*

Where TN is total nitrogen, NH4 is ammonium-N, NO3 is nitrate-N, NO2 is nitrite-N, TP is total phosphorus, DRP is dissolved reactive phosphorus, EC is electrical conductivity, TSS is
total suspended solids, VSS is volatile suspended solids, FC is faecal coliforms, E. coli is Escherichia coli, DO is dissolved oxygen (values in brackets are oxygen saturation in percentage),
TE is treatment efficiency. 1Indicative of low flow, 2 Indicative of high flow.

-9-

Iron concentrations ranged between 3.1 and 14.7 g/m³ in the inflow, and there is no
guideline for iron concentrations apart from a guideline that indicates anything over 2
g/m3 may not be visually appealing (Ministry of Health 2008).

4.2.1

Loading rates

Loading rates for the analytes indicates total nitrogen inputs ranged between 484 and
6653 g/day (or 0.5 and 6.7 kg/day) and were smallest at sampling 3, where flows were
small, and largest at sampling 4, where flows were larger but there was little difference in
concentrations of TN (Table 4). Ammonium (NH4) inputs ranged between 40 and 313
g/day and followed the same pattern for total nitrogen. Nitrate (NO3) inputs ranged
between 3 and 1138 g/day and increased dramatically at sampling four associated with an
extended period of rainfall. Nitrite (NO2) inputs ranged between 3 and 33 g/day and
followed a similar pattern to total nitrogen and ammonium. Organic nitrogen inputs
ranged between 442 and 5189 g/day and reflected similar patterns to the remaining
nitrogen parameters.
Table 4. Analyte loading rate into the wetland system at each sampling date 10 March 2021
(S1), 11 March 2021 (S2), 4 May 2021 (S3), 18 May 2021 (S4)
Parameter

S1

S2

S31

S42

TN (g/day)*

2661

2661

484

6653

NH4 (g/day)

78

114

40

313

NO3 (g/day)

10

12

3

1138

NO2 (g/day)

10

12

3

33

Organic N (g/day)

2585

2540

442

5189

TP (g/day)

3232

3629

200

1397

DRP (g/day)

72

97

44

226

TSS (g/day)

38020

29028

9674

119754

VSS (g/day)

20911

50073

13129

125742

FC (MPN/day)

12166

11127

138

30604

E. coli (MPN/day)

7091

11055

138

12707

DO (g/day)

11786

14514

5390

43910

Boron (g/day)

57

73

21

200

Cadmium (g/day)

0

0

0

0

Copper (g/day)

19

15

1

186

Fluoride (g/day)

190

242

7

67

Iron (g/day)

27945

32173

4118

20292

Zinc (g/day)

38

48

14

133

*

Where TN is total nitrogen, NH4 is ammonium-N, NO3 is nitrate-N, NO2 is nitrite-N, TP is total phosphorus,
DRP is dissolved reactive phosphorus, EC is electrical conductivity, TSS is total suspended solids, VSS is volatile
suspended solids, FC is faecal coliforms, E. coli is Escherichia coli, DO is dissolved oxygen. 1Indicative of low
flow, 2 Indicative of high flow.
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Total phosphorus inputs ranged between 200 and 3630 g/day and were highest on
sampling days 1 and 2 and March 2021 and did not dramatically increase during the high
rainfall of sampling 4. Dissolved reactive phosphorus inputs ranged between 40 and 230
g/day and were greatest in association with the heavy rainfall on sampling 4.
Total suspended solids inputs ranged between 9,650 and 119,750 g/day and dramatically
increased in association with the heavy rainfall of sampling 4. Volatile suspended solids
inputs ranged between 20,900 and 125,750 g/day and again were dramatically increased
in association with the heavy rainfall on sampling 4. Faecal coliforms inputs ranged
between 130 and 30,610 g/day and increased sharply in association with the heavy rainfall
of sampling 4. E. coli inputs ranged between hundred and 35 and 12,710 g/day and, as per
total faecal coliforms, also increased associated with the heavy rainfall on sampling 4.
Dissolved oxygen inputs ranged between 5,390 and 43,910 g/day, increasing sharply in
association with the heavy rainfall of sampling 4.
Boron inputs ranged between 21 and 200 g/day and were increased associated with the
heavy rainfall on sampling 4. There was no cadmium in the inflow water samples on any
sampling date. Copper inputs ranged between one and 186 g/day, increasing associated
with the heavy rainfall on sampling 4. Fluoride inputs ranged between 7 and 245 g/day
and the greatest inputs were on sampling days 1 and 2 and were not responsive to
increases in rainfall as seen with other parameters on sampling 4. Iron inputs ranged
between 4,110 and 32,180 g/day and as for fluoride were greatest on sampling days 1 and
2, but also showed a substantial increase on sampling day 4. Zinc inputs ranged between
14 and 133 g/day and increased in the heavy rainfall on sampling 4.

4.3 Soil quality
4.3.1

Soil sampling

The soil present at the wetland site is the Temuka soil, a Typic Orthic Gley Soil with poor
drainage and high-water logging (Landcare Research 2021). The higher clay nature of this
soil (Department of the Environment Heritage and Local Government 2010) suggests that
the site will be suitable for a constructed wetland.

4.3.2

Soil chemical and physical parameters

Soil chemical and physical parameters are presented for the 0–10 cm depth in Table 5, for
the 10–20 cm depth in Table 6, and for the 20–30 cm depth in Table 7.
Soil pH was highly acidic and ranged between 4.0 and 4.9 in the 0–10 cm depth within the
wetland (Table 5). While this is considered low for conventional pastoral systems for
wetland systems, it indicates that native wetland plants will thrive in this area (Clarkson &
Peters 2010).
Total nitrogen in the 0–10 cm depth ranged between 0.39 and 0.53%, and while this is
adequate for pasture production (Sparling et al. 2008) may be too high for many wetland
plants (Sorrell 2010). Total carbon ranged between 4.0 and 5.5% in the 0–10 cm depth and
is considered acceptable for mineral soil (Sparling et al. 2008). Olsen phosphorus is a
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measure of plant-available phosphorus and ranged between 9 and 29 mg/kg in the 0–10
cm depth, and is considered low on agricultural standards (Sparling et al. 2008), indicating
that this will likely be a good environment for low nutrient demand wetland vegetation.
Sulphate ranged widely in the 0-10 cm depth between 12 and 116 mg/kg. There are no
recommendations for guidelines on sulphate concentrations in soils. Calcium, magnesium,
potassium, and sodium concentrations in the 0–10 cm depth can be limiting to plant
growth in agricultural systems; however, they are unlikely at these concentrations to
inhibit or retard plant survival and growth (Hills Laboratories 2021).
Copper concentrations ranged between 14 and 19 mg/kg in the 0–10 cm depth and are
within the normal range for the Waikato (Cavanagh et al. 2015; Waikato Regional Council
2019). Copper was considered a ‘fresh’ contaminant (as it is present in the inflow water)
and the soils to be ‘typical’ and ‘non-food production land’ when assessing the potential
ecological soil guideline value as per Cavanagh (2016). The ecological soil guideline for
copper at this site is 35 mg/kg, of which the 0–10 cm depth is well below and should not
pose a risk for restoration.
Table 5. Soil parameters in the 0–10 cm depth at four sampling sites within the wetland
restoration area
Parameter

Site 1

Site 2

Site 3

Site 4

pH

4.9

4.3

4.4

4.0

Total nitrogen (%)

0.39

0.42

0.41

0.53

Total C (%)

4.0

4.5

4.2

5.5

Olsen P (mg/kg)

9

12

9

29

Sulphate (mg/kg)

12

116

49

52

Calcium (mg/kg)

554

620

596

456

Magnesium (mg/kg)

181

147

128

77

Potassium (mg/kg)

112

75

72

221

Sodium (mg/kg)

52

104

78

26

Copper (mg/kg)

14

15

19

19

Zinc (mg/kg)

45

48

46

51

Arsenic (mg/kg)

5

9.5

4.5

8.6

Cadmium (mg/kg)

0.17

0.21

0.25

0.14

Chromium (mg/kg)

16

13

12

10

Mercury (mg/kg)

0.2

0.2

0.2

0.2

Nickel (mg/kg)

8

7.6

6.2

5.1

Lead (mg/kg)

84

18

19

33

0.81

0.77

0.66

0.73

Bulk density (g/cm3)

Zinc concentrations ranged between 45 and 51 mg/kg in the 0–10 cm depth and are
within the normal range for the Waikato (Cavanagh et al. 2015; Waikato Regional Council
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2019). The ecological soil guideline value for this wetland is 50 mg/kg (Cavanagh 2016),
which indicates zinc may need to be monitored in this wetland.
Arsenic concentrations ranged between 4.5 and 9.5 mg/kg in the 0–10 cm depth and are
slightly elevated above the normal range for the Waikato region (Cavanagh et al. 2015;
Waikato Regional Council 2019). Arsenic has an ecological soil guideline value of 20
(Cavanagh 2016), and therefore the arsenic concentrations are well below those that have
an environmental impact.
Cadmium concentrations ranged between 0.14 and 0.25 mg/kg in the 0–10 cm depth and
are in the lower end of the normal range for the Waikato region (Cavanagh et al. 2015;
Waikato Regional Council 2019). Cadmium has an ecological soil guideline value of 4.8
(Cavanagh 2016), which the cadmium concentrations in the wetland restoration site are
well below.
Chromium concentrations ranged between 10 and 14 mg/kg in the 0–10 cm depth and
are within the normal range for the Waikato region (Cavanagh et al. 2015; Waikato
Regional Council 2019). The ecological soil guideline value for chromium is 190 mg/kg
(Cavanagh 2016), which is approximately 13 times the highest concentration of chromium
within the wetland and therefore does not pose a risk for restoration.
Mercury concentrations were 0.2 mg/kg in the 0–10 cm depth, which is consistent with the
open limit of background concentrations for Mercury for the Waikato region (Waikato
Regional Council 2019). An ecological soil guideline value has not been developed for
mercury, but the mercury levels at the wetland are well below the soil contaminant
standards for human health of 200 mg/kg (Cavanagh 2019).
Nickel concentrations ranged between 5.1 and 8 mg/kg in the 0–10 cm depth and are
within the normal range for the Waikato region (Cavanagh et al. 2015; Waikato Regional
Council 2019). An ecological soil guideline value has not been developed for nickel in New
Zealand, but a value of 230 mg/kg has been suggested in the UK, which is nearly 30 times
that of the maximum nickel concentration measured in this wetland.
Lead concentrations ranged between 18 and 84 mg/kg in the 0–10 cm depth and are
within the normal range at Site 2 and Site 3 within the wetland (Cavanagh et al. 2015;
Waikato Regional Council 2019); however, Site 4 is elevated above the normal range, and
Site 1 is approximately four times that of the normal range. The ecological soil guideline
value lead is 280 mg/kg, which is about three times that of the highest lead to value in our
soils and therefore is unlikely to pose a problem during restoration.
Soil pH ranged between 3.8 and 4.6 in the 10–20 cm depth (Table 6) and is consistent with
the acidic conditions noted in the 0–10 cm depth. This is unlikely to impede restoration
strategies as native wetland plants prefer lower pH.
Total nitrogen contents ranged between 0.19 and 0.42% in the 10–20 cm depth, and while
lower than the contents in the 0–10 cm depth, this may still inhibit the establishment and
survival of native wetland plants at this site (Sorrell 2010). Total carbon contents ranged
between 2.2 and 0.5% in the 10–20 cm depth and remains acceptable for soil quality
(Sparling et al. 2008). Olsen phosphorus concentrations ranged between 4 and 42 mg/kg
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in the 10–20 cm depth and were considerably higher at Site 4 but remain below guidelines
for agricultural soils; however, native plants may be inhibited in the area surrounding Site
4 (Sorrell 2010). Sulphate concentrations ranged between 20 and 112 mg/kg in the 10–20
cm depth and there are no recommendations for guidelines on sulphate concentrations in
soils. Calcium, magnesium, potassium, and sodium concentrations in the 0–10 cm depth
can be limiting to plant growth in agricultural systems; however, they are unlikely at these
concentrations to be that inhibit or retard plant survival and growth (Hills Laboratories
2021).
Table 6. Soil parameters in the 10–20 cm depth at four sampling sites within the wetland
restoration area
Parameter

Site 1

Site 2

Site 3

Site 4

pH

4.6

4.3

4.4

3.8

Total nitrogen (%)

0.24

0.36

0.19

0.42

Total C (%)

2.3

4.4

2.2

5.0

Olsen P (mg/kg)

4

12

4

42

Sulphate (mg/kg)

20

112

43

58

Calcium (mg/kg)

383

629

529

199

Magnesium (mg/kg)

110

184

155

47

Potassium (mg/kg)

70

76

43

121

Sodium (mg/kg)

54

111

59

17

Copper (mg/kg)

16

17

19

21

Zinc (mg/kg)

48

57

30

42

Arsenic (mg/kg)

9.1

11.0

6.9

7.1

Cadmium (mg/kg)

0.09

0.18

0.12

0.11

Chromium (mg/kg)

14

11

10

13

Mercury (mg/kg)

0.3

0.3

0.3

0.2

Nickel (mg/kg)

5.8

5.9

4.3

5.5

Lead (mg/kg)

150

19

18

48

Bulk density (g/cm3)

1.06

0.85

0.84

0.92

Copper concentrations ranged between 16 and 21 mg/kg and were consistent with the 0–
10 cm layer and are unlikely at this depth to impede native plant establishment and
survival. Zinc concentrations ranged between 30 and 57 mg/kg in the 10–20 cm deep and
were similar to those in the 0–10 cm depth and may continue to affect native plant
survival and establishment at this depth (Cavanagh 2016).
Arsenic concentrations ranged between 6.9 and 11.0 mg/kg in the 10–20 cm depth and
was slightly higher on average than concentrations in the 0–10 cm depth but remain
below the ecological soil guideline value for arsenic. Cadmium concentrations ranged
between 0.09 and 0.18 mg/kg in the 10–20 cm depth and on average were below those in
the 0–10 cm depth, and are below the ecological soil value for cadmium. Chromium
concentrations ranged between 10 and 14 mg/kg in the 10–20 cm depth, were similar to
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that of the 0–10 cm depth, and do not represent a risk for restoration. Mercury
concentrations ranged between 0.2 and 0.3 mg/kg in the 10–20 cm depth, were similar to
that in the 0–10 cm depth, and are unlikely to pose a risk for restoration. Nickel
concentrations ranged between 4.3 and 5.9 mg/kg in the 10–20 cm depth, are lower than
concentrations in the 0–10 cm depth, but remain well below the ecological guideline for
nickel. Lead concentrations ranged between 19 and 150 mg/kg in the 10–20 cm depth,
were similar to lead concentrations in the 0–10 cm layer for Sites 2 and 3, but were
considerably higher for Sites 1 and 4, but remain below the ecological soil guideline value
for lead.
Soil pH ranged between 3.9 and 4.8 in the 20–30 cm depth and was consistent with the 0–
10 cm and 20–30 cm depths (Table 7). Total nitrogen ranged between 0.20 and 0.33% and
is also consistent with the top two layers, indicating there may be excessive nitrogen in the
rooting zone at this site and careful selection of plants will be required. Total carbon
ranged between 2.1 and 4.2% and is consistent with the two layers above. Olsen
phosphorus ranged between 6 and 19 mg/kg, and was consistently low at all of the sites.
Sulphate concentrations ranged between 24 and 86 mg/kg, and is again consistent with
sulphate concentrations in above layers. Calcium, magnesium, potassium, and sodium
concentrations remain within an expected range and continue to be of little risk for
restoration purposes.
Table 7. Soil parameters in the 20–30 cm depth at four sampling sites within the wetland
restoration area
Parameter

Site 1

Site 2

Site 3

Site 4

pH

4.8

4.4

4.6

3.9

Total nitrogen (%)

0.20

0.33

0.33

0.25

Total C (%)

2.1

4.2

4.0

3.2

Olsen P (mg/kg)

6

12

9

19

Sulphate (mg/kg)

24

86

48

85

Calcium (mg/kg)

388

637

816

191

Magnesium (mg/kg)

111

222

214

32

Potassium (mg/kg)

47

77

74

139

Sodium (mg/kg)

49

119

97

16

Copper (mg/kg)

16

19

20

140

Zinc (mg/kg)

38

52

55

39

Arsenic (mg/kg)

7.9

9.1

8.7

6.6

Cadmium (mg/kg)

0.06

0.14

0.14

0.06

Chromium (mg/kg)

11

12

12

10

Mercury (mg/kg)

0.3

0.3

0.3

0.2

Nickel (mg/kg)

4.6

6.0

7.4

4.1

Lead (mg/kg)

19

20

22

44

0.88

1.13

1.11

0.77

Bulk density (g/cm3)
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Copper concentrations ranged between 16 and 140 mg/kg in the 20–30 cm depth.
Concentrations at Sites 1–4 remain consistent with those in the two higher depths;
however, at Site 4 there is a very high concentration of copper. The copper concentration
at Site 4 is four times that of the soil ecological value for copper, and establishment of
native plants in this area may be compromised. Zinc concentrations ranged between 38
and 55 mg/kg in the 20–30 cm depth and are consistent with the 0–10 cm and 10–20 cm
depths and remain near the ecological soil guideline value for zinc. Arsenic concentrations
ranged between 6.6 and 9.1 mg/kg in the 20–30 cm depth, are on average lower than the
layers above, and are not considered a risk for wetland restoration. Cadmium
concentrations ranged between 0.06 and 0.14 mg/kg, are consistent with depths above,
and are below the ecological soil guideline value. Chromium concentrations ranged
between 10 and 12 mg/kg, are consistent with concentrations above this depth, and are
below the ecological soil guideline value. Mercury concentrations ranged between 0.2 and
0.3 mg/kg, are consistent with the two depths above, and are below the ecological soil
guideline value. Nickel concentrations ranged between 4.1 and 7.4 mg/kg in the 20–30 cm
layer, are consistent with the 0–10 cm and 10–20 cm layers, and are below the
recommended standards. Lead concentrations ranged between 19 and 44 mg/kg in the
20–30 cm layer, and were lower on average than the 10–20 cm because of the large iron
concentrations in at Site 4. Lead concentrations remain below the ecological soil guideline
values.

4.4 Vegetation community
Three main vegetation types were identified and mapped (Reed Sweet Grass, RSG; Willow;
and Pasture; Fig. 6); a minor area of gorse-dominated vegetation is also indicated on the
map. A list of 87 plant species – 29 indigenous and 58 exotics – was compiled (Appendix
3). The wetland was highly modified and dominated by exotic species, and biodiversity
values would be enhanced by restoration and/or establishment of an ICW. The yellow area
(Fig. 6) outside the main construction zone indicates where native understorey species
could be retained and enhanced during restoration activities.
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Gorse

RSG

Willow

RSG
Willow

Pasture

Figure 6. Map showing the areas of dominant vegetation, where ‘Willow’ represents areas
dominated by exotic Grey Willow (Salix cinerea), ‘Pasture’ represents areas dominated by
low productivity exotic grasses, ‘RSG’ represents exotic Reed Sweet Grass ( Glyceria maxima),
and ‘Gorse’ represents areas dominated by Gorse (Ulex europaeus).

4.4.1

Main Vegetation Types

Grey Willow treeland
Much of the wetland is dominated by grey willow (Salix cinerea) up to 10 m in height, with
occasional crack willow (Salix fragilis) also present. Several willow individuals are dead or in
poor condition. The understorey is sparse, with the most common species being Chinese
privet (Ligustrum sinsense). A mixture of exotic herbs and grasses, and occasional native
sedges form a dense ground cover where the ground is relatively dry, e.g. gypsywort
(Lycopus europaeus), water pepper (Persicaria hydropiper), reed sweet grass (Glyceria
maxima; common along slow-moving waterways), buttercup (Ranunculus repens),
cocksfoot (Dactylis glomerata), and Carex virgata. Local patches of Carex geminata, and
Ludwigia palustris also occur. Many pools of water are present under the willow canopy
and contain duckweed (Lemna dispersa and Landoltia punctata), azolla (Azolla pinnata),
and spearwort (Ranunculus flammula). Plantings on the edge of this vegetation type
include abundant Cyperus ustulatus, Carex secta, and harakeke (Phormium tenax).
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Reed Sweet Grass grassland
Large open areas are dominated by dense swards of reed sweet grass (G. maxima) up to 1
m high. Very few other species are present in the wetter areas; however, on the drier
margins, buttercup and bindweed (Calystegia sepium subsp. roseata) are prominent.

Rank Pasture grassland
Relatively dry areas, especially common in the southern portion, support rank growth of a
variety of pasture grasses and herbs, e.g. cocksfoot, Yorkshire fog (Holcus lanatus), lotus
(Lotus pedunculatus), and buttercup, as well as more weedy species including bindweed,
gypsywort, and clumps of rushes (Juncus effusus, J. sarophorus). Wetter areas are marked
by swards of reed sweet grass and Mercer grass (Paspalum distichum). Occasional
individuals of radiata pine (Pinus radiata; probably planted) up to 10 m tall are scattered
throughout this vegetation type. On gentle slopes rising from the wetland, paspalum
(Paspalum dilatatum), browntop (Agrostis capillaris), cocksfoot, buttercup, and narrowleaved plantain (Plantago lanceolata) dominate. Slopes at the north-eastern end of the
wetland are characterised by mosaics of pampas (Cortaderia selloana), gorse (Ulex
europaeus; some recently dead from control spraying), woolly nightshade (Solanum
mauritianum) up to 2 m tall, overtop of rank pasture (area delineated as ‘Gorse’; Fig. 6).

5

Construction plan

The contaminant concentrations entering the existing wetland system support a
constructed wetland system that could be a pathway to decrease nutrients entering the
Waikato River (in the short term) and Lake Kimihia (in the long-term). The soils are suitable
for a constructed wetland and the site has only minor areas that are un-infested with weed
species. An integrated constructed wetland (ICW) will be adapted to maximise nutrient
removal and enhance ecological value at the site by the provision of habitat for native
species.
There are three guiding principles of ICW systems, including water quantity and quality
management (including flood mitigation), and landscape fit to improve aesthetics and
enhance of biodiversity (Department of the Environment Heritage and Local Government
2010). A cross section of an ICW cell indicates a maximal height of bund area surrounding
the pond at 1 m high and a maximal water depth of 30 cm (Fig. 7).
The design of the Lake Kimihia system maximises the amount of area utilised for water
treatment and biodiversity improvements as well as providing storage during high flow
events. This is due to the small proportion of the catchment which the wetland represents,
0.7–0.9% is below the recommendation of 1% of the catchment (Tanner et al. 2010);
however, these guidelines are indicative only and have not been fully determined for ICW
systems. The ICW was designed for the lowest flow recorded (Sampling 3) entering the
existing wetland system to minimise both desiccation of the ponds during drier summer
months and the death of the plants and biofilm within the system, which are responsible
for contaminant removal. At this level of flow, the system has a 7-day retention time (the
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amount of time it takes for the water to move through the system). The water will enter
the ICW in an open drain.

Figure 7. Schematic of a cross-section of an integrated constructed wetland cell (Department
of the Environment Heritage and Local Government 2010).

The ICW consists of four cells, with the Cell 1 being the largest and accounting for ~25%
of the ICW system as per Department of the Environment Heritage and Local Government
(2010) and maintained at a water depth of 0.3 m (Fig. 8). All cells are planted with native
plants in a monoculture to inhibit domination of some species over others and should be
planted at a density of 1-2 plants/m2.
It is recommended that Cell 1 be planted with Typha orientalis, which has a high nitrogen
demand (Li et al. 2021) and quickly establishes in ICW systems creating rapid structural
support for microorganism biofilms. T. orientalis exhibits some die-back during winter.
Cell 2 is slightly smaller than Cell 1 and it is recommended that this is planted with
Machaerina articulata as this has established quickly when planted in a monoculture and
has good potential for nitrogen and phosphorus removal and is winter evergreen (Tanner
1996). Cells 3 and 4 are smaller than the first two cells; Cell 3 is recommended to be
planted with Schoenoplectus tabernaemontani, which has been successfully used in
constructed wetland systems in NZ and internationally. However, previous work with this
species has shown considerable damage by pūkeko during cell construction and plantings
and therefore a strategy for reducing pūkeko damage during plant establishment is
required. Eleocharis sphacelata is recommended for Cell 4 but can be difficult to source
from commercial suppliers and therefore will require early engagement with nursery
suppliers to enable the use of this species.
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Figure 8. Overview map of the constructed wetland plan for the Lake Kimihia wetland
restoration. Blue areas represent the cells in the integrated constructed wetland system,
orange represent the storm pond with associated island (white) and subsurface flow wetland
(yellow), turquoise areas represent areas of terrestrial plantings, and the green area
represents the area of restorative forest plantings. Red dots indicate the position of weirs to
maintain water depths. Red arrows indicate water flow direction through the system.

A high flow pond is included to short circuit storm damage of the ICW ponds and to
provide open water habitat and storage for 3 days of high flow based on sampling 4 data.
This pond is 2 meters deep to gain appropriate storage capacity. Water is diverted into the
storm pond using a weir set at 0.3 m water depth. The storm pond water will feed a
subsurface flow wetland and particularly high flows will overflow into the existing drain. It
is recommended that the pond is planted with Myriophyllum propinquum or M. triphyllum
(Auckland Regional Council 2003) as a food source for birds and to enhance oxygenation
of the water in the pond system. A weir will control the water level in the storm pond to
ensure minimisation of damage to the system during large storm events, the frequency of
which will increase with climate change.
A subsurface flow wetland will be used to further treat the water from the storm pond, the
greater depth of this pond will facilitate reduction in phosphorus and sediment which is
commonly associated with large storm events. The sub-surface flow wetland is a further
area of planting with treatment potential to further reduce the nitrogen mostly via
denitrification. It is recommended that the subsurface flow wetland be filled with mediumsized gravel to a depth of 30 cm with bands of tree bark throughout the system and be
constructed as per Tanner et al. (2011) (https://envirolink.govt.nz/assets/Envirolink/909GSDC85-Guidelines-for-use-of-constructed-wetlands-for-on-site-treatment.pdf) with the
addition of the suggestion listed here. The gravel and bark will be planted with Carex
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secta, Carex virgata, Cyperus ustalus, and Bolboschoenus fluviatilis. The plantings could be
undertaken to enhance visual appeal of this system, for example planting monocultures in
alternating stripes that fan from the shorter edge of the wetland to the longer edge.
The wetland forest area contains valuable understorey species and would require removal
of Grey willow trees by poisoning or chainsaw removal and planting to enhance the forest
structure. Two distinct areas set aside as ‘flax bed’ are difficult to enclose in the ICW cells
and will be introduced for greater visual aesthetics to the restoration. Wetland flax
(Phormium tenax) is suggested for these areas but can be substituted with other
appropriate wetland species. It would also be valuable if these areas contained larger or
more diverse plantings such as Cordyline australis (cabbage trees) and Coprosma robusta
to enhance bird and bee food sources and habitat. Appendix 3 listing the species present
in the current wetland can be used as a reference to determine plantings in the forest
wetland area.
The wetland inlet is 0.25 ha in area and requires removal of Glyceria maxima and other
weed species. Some native plantings have occurred in this area but would benefit from
this being increased. The provision of shade over the water course would benefit fish
species including eels and discourage weed growth in drains (Gisborne District Council
2013; Waihora Ellesmere Trust 2014). Planting guides for streams and drains can be found
at https://www.treesthatcount.co.nz/media/17723/streamside-planting-guidegisborne.pdf and http://www.wet.org.nz/wp-content/uploads/2009/10/2014-Managingyour-drains-v2.pdf, and it is recommended that drain-side plantings of Carex species
would be beneficial to the wetland inlet.

5.1 Technical stages
Several important steps will need to be undertaken to achieve a successful outcome for
this restoration:
1

Engagement with Waikato Regional and District Councils to determine the necessity
for Resource Consent for the construction of the Cells and pond. Recommend early
engagement with iwi groups to be consulted as per directives from Councils. Further
discussions with the Waikato Regional Council should also be undertaken with respect
to the National Policy Statement for Freshwater Management and the implications of
this policy for the level of disturbance suggested by this restoration plan.

2

Control of Glyceria maxima and Salix cinerea in the wetland and wetland inlet as per
recommendations by Weed Busters (Appendix 4), which may require resource
consent, recommend engagement with Waikato Regional Council to determine
requirements.

3

Engagement of suitable earthworks expertise to facilitate construction of the ICW
cells, pond, sub-surface wetland, and removal of Salix cinerea root systems where
possible to short-circuit resprouting or a plan put in place to maintain control of this
species.

4

Early consultation and discussion with large-scale plant nurseries is also suggested to
allow for the adequate timely supply of plants.
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5

Some more practical steps are suggested here and would likely evolve in discussion
with earthworks expert. Divert drain at fork to feed the left-hand arm. Construct storm
pond and island. Redirect all incoming water into the storm pond at the fork.

6

Construct the ICW cells and subsurface wetland to required depths including the
outlet to the drain at Cell 4. Segregate the topsoil and sub-soil: subsoil should be
used to build bunds around the pond system; topsoil should be returned to the base
of the pond to a depth of ~0.1 m. Use 150-mm HDPE pipe in 6-metre lengths
between ponds as indicated by the arrows on Figure 8. Use the heights of the
outgoing pipes to control the water level in the ponds. Plant ICW cells with plants,
both the bund and the pond base. Redivert incoming water into the ICW system.

7

Fill the sub-surface wetland with appropriate media as recommended (Fig. 7) and
complete construction of the storm pond. Construct the weirs at the inlet and outlet
of the storm pond.

8

Complete remaining removal of weed species (forest sector) and plantings of ‘flax
beds’ and wetland inland areas.

6

Conclusions

Water quality entering and exiting the existing degraded wetland indicates this water
source contributes to contaminant loadings in the Waikato River and will in future lead to
higher nitrogen and phosphorus loadings in the Kimihia Lakes. The site is suitable for an
integrated constructed wetland that will reduce contaminant loads and provide good
landscape fit and aesthetics that will align strongly with the goals of the Trust. A
combination of both closed water (fully planted shallow ponds) and open water is
necessary for habitat and the capture of low- and high-water flows. The vegetation
present is predominantly exotic, and it is suggested this be removed, as it is dominated by
weed species, and replaced with native species consistent with native wetland vegetation.

7
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Appendix 1 – Water analyses hard data
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Appendix 2 – Soil analyses hard data.
Note: cations and Olsen P were transformed to mg/kg from the units reported by Eurofins
for comparability with other units in the main report
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Appendix 3 – Wetland plant species list
Table 8. Wetland plant species list. (p) = planted (some individuals may be natural)
Scientific Name

Common Name

Native Species
Callitriche stagnalis
Carex geminata
Carex maorica
Carex secta

purei

Carex sinclairii
Carex virgata
Coprosma robusta

karamu

Cordyline australis (p)

cabbage tree, ti kouka

Cyathea dealbata

silver fern, ponga

Cyathea medullaris

mamaku

Cyperus ustulatus

giant umbrella sedge

Deperia petersenii
Diplazium australe
Doodia australis

rasp fern

Haloragis erecta
Isolepis reticularis
Juncus edgariae
Juncus sarophorus
Kunzea robusta (p)

kanuka

Lemna dispersa

duckweed

Melicytus ramiflorus (p)

mahoe

Muehlenbeckia australis

pohuehue

Mysine australis

mapou

Paesia scaberula

ring fern

Parablechnum minus

swamp kiokio

Parablechnum novae-zelandiae

kiokio

Persicaria decipiens
Phormium tenax (p)

harakeke

Senecio bipinnatisectus

fireweed

Exotic Species
Acacia dealbata

silver wattle

Achillea millefolium

yarrow

Agrostis capillaris

browntop
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Scientific Name

Common Name

Agrostis stolonifera

creeping bent

Anagallis arvensis

scarlet pimpernel

Azolla pinnata

azolla

Bidens frondosa

beggar's ticks

Calystegia sepium subsp. roseata

pink bindweed

Calystegia silvatica subsp. disjuncta

great bindweed

Cannabis sativa (p)

marijuana

Cirsium arvense

Californian thistle

Cirsium vulgare

Scotch thistle

Conyza canadensis

fleabane

Cortaderia selloana

pampas

Crepis capillaris

crepis

Crocosmia X crocosmiiflora

montbretia

Cyperus eragrostis

umbrella sedge

Dactylis glomerata

cocksfoot

Daucus carota

wild carrot

Euchiton audax
Galium palustre subsp. palustre

marsh bedstraw

Glyceria maxima

reed sweet grass

Hedera helix

ivy

Holcus lanatus

Yorkshire fog

Hypochaeris radicata

catsear

Juncus effusus

soft rush

Landoltia punctata

purple-backed duckweed

Leontodon autumnalis

autumn hawkbit

Leucanthemum vulgare

ox eye daisy

Ligustrum sinense

Chinese privet

Lonicera japonica

Japanese honeysuckle

Lotus pedunculatus

lotus

Ludwigia palustris

water purslane

Lycopus europaeus

gypsywort

Modiola caroliniana

creeping mallow

Myriophyllum aquaticum

parrot's feather

Paspalum dilatatum

paspalum

Paspalum distichum

Mercer grass

Persicaria hydropiper

water pepper

Phytolacca octandra

inkweed

Pinus radiata (p)

radiata pine
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Scientific Name

Common Name

Plantago lanceolata

narrow leaved plantain

Pseudognaphalium luteoalbum
Ranunculus flammula

spearwort

Ranunculus repens

buttercup

Rubus fruticosus

blackberry

Rumex obtusifolius

dock

Salix cinerea

grey willow

Salix fragilis

crack willow

Senecio skirrhodon

gravel groundsel

Solanum chenopodioides

velvety nightshade

Solanum mauritianum

woolly nightshade

Solanum nigrum

black nightshade

Sonchus oleraceus

sow thistle

Stachys sylvatica

hedge woundwort

Taraxacum officinale

dandelion

Tradescantia fluminensis

tradescantia

Ulex europaeus

gorse
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Appendix 4 – Weed control
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