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Project development  

 
This project was developed by Dr. Nick Edgar, Research Manager for the NZ Landcare Trust. 

Nick saw the opportunity to take lessons learnt from restiad wetland 
restoration trials at Torehape peat mine and apply these to agricultural 

contexts in the Waikato. 
The NZ Landcare Trust employs Dr Nick Edgar to work collaboratively with 

CRI and University researchers to translate scientific information and 
researcher findings into user-friendly advice and knowledge for community 

groups and landowners.  Dr Edgar has extensive experience in managing 
community-based environmental management projects, including a 

national Integrated Catchment Management project whose successful implementation was 
recently acknowledged by the Ministry for the Environment. 

 
 

Project implementation 
  

Monica Peters is the Wetlands Coordinator for the NZ Landcare Trust.  
Monica has 12 years experience in public/ science interface. While working 
on international development programmes in Mongolia and as an intern for 
the US National Park service, she created a diverse range of conservation-

related publications aimed at children and adults. In the UK, she 
coordinated volunteer groups on environmental management/restoration 
projects for the British Trust for Conservation Volunteers. Other projects 

in NZ and overseas include habitat assessment, weed eradication, bird and 
plant monitoring. Monica has an MSc (Ecol) from Otago University and an 

MAEFA from Southampton University.  
 
 

The New Zealand Landcare Trust (www.landcare.org.nz) promotes sustainable land 
management through community involvement. To achieve this, the Trust works with private 

rural landowners and community groups on landcare, sustainable land management and 
biodiversity projects. The Trust provides independent facilitation to empower groups; 

information brokering; support and encouragement of community groups; development of 
networks, partnerships and collaborations. 
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Executive Summary 
 
Cane rush – wire rush wetlands once dominated the Waikato landscape but have now been 
substantially reduced through human intervention. There are three areas left in the Waikato 
region where this unique plant association is found. Former areas covered by his wetland type, 
have primarily been converted to farmland on account of the wetlands’ deep peat deposits. 
Cane rush (Sporadanthus ferrugineus) is a threatened species endemic to (i.e. found only in) 
the Waikato. Both cane rush and wire rush (Empodisma minus) are from the Restionaceae 
family, hence being known as “restiad” wetlands. The three remaining areas of restiad wetland 
(Kopuatai peat dome, Torehape and Moanatuatua Scientfic Reserve) contain a range of species 
including little known invertebrates yet to be scientifically named. This highlights how much 
more there is to learn about the ecology of this rare wetland type.  
 
The primary objective of this project is to recreate restiad wetland ecosystems in areas where 
they were once found. This will create a range of recreational and educational opportunities 
for the public as well as enhancing the ecological, scientific, aesthetic, spiritual and cultural 
values of the sites. To facilitate the selection of potential sites, a number of interdependent 
criteria have been developed which cover environmental, economic and social considerations 
integral to meeting the project objectives. Determining site suitability therefore hinges on 
whether the site lies within the former range of restiad wetlands and whether (after assessing 
the hydrology, substrate type, peat depths and nutrient status of the site) conditions can be 
modified to suit re-recreation works. The ecological significance of the site is another factor 
which may influence site selection. Social considerations include public access and site 
visibility, educational and recreational opportunities as well as landowner and agency support 
for on-going site maintenance and monitoring.  
 
Of the seven sites initially considered only two met most of the aforementioned criteria, 
namely Lake Kaituna (Waikato District) and Lake Serpentine (Waipa District). A key aim in both 
sites is to develop and assess best practice techniques for potential application to other sites 
earmarked for future restiad wetland ecosystem recreation. Investigations of both sites with 
technical specialists revealed a number of features determining the nature and scope of 
proposed wetland recreation works to be carried out. Both sites by virtue of their accessibility 
and existing restoration works rate highly in terms of the social considerations put forward in 
these Action Plans. For wetland recreation, the site adjacent to Lake Serpentine (within a 
proposed esplanade reserve) has the required environmental conditions: a low nutrient status 
combined with a deep peat substrate. An area (9m x 45m) will be planted in restiads using 
several different methods and a buffer zone will be planted in appropriate species.  
 
The site adjacent to Lake Kaituna presents several challenges for restiad wetland recreation 
due to water level fluctuations and elevated nutrient levels. However, the site will be used to 
develop a series of 6-8 plots of approximately 2m x 2m each. Buffer zone species will also be 
planted to enhance existing restoration plantings at the lake.   
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1 What these Action Plans cover  
 
The primary function of these Action Plans1 is to guide the practical recreation of restiad (cane 
rush – wire rush) wetlands in the Waikato region with specific actions detailed for two 
locations. The Action Plans outline the protocols to assist community groups to prioritise 
suitable sites and then discusses the major preparatory activities required to construct these 
ecosystems. Time frames for each of the activities in addition to cost are included. While 
focused on two sites, these Action Plans may also function as guidelines for other sites in the 
Waikato region earmarked for future restiad wetland recreation. Appendix 1 contains a list of 
sites discussed at the beginning of this project. As these plans cover primarily the technical 
aspects of wetland recreation, the range of consultations required with agency, landowner and 
iwi during the different project phases are not detailed. Additionally, it is important to add 
that this is a living document, as further practical guidelines to facilitate wetland recreation 
are likely once the on-ground works are in progress.  
 

                                                 
1 This project “Recreating Rare Wetland Ecosystems in the Waikato” is funded through the Minister for the Environment’s 

Sustainable Management Fund (#3068). These Action Plans are a key output for year one (2005-6). The actual on-ground 

works as well as the monitoring and maintenance requirements of the two sites are detailed in a second report “Restiad 

Wetland Monitoring and Management Plan” funded through an additional SMF grant (#3077).    
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2 Introduction 
 
These Action Plans are aimed at recreating a rare wetland type with community involvement in 
areas of peat soils that were formerly wetlands. Many of the remnant wetlands in the Waikato 
region are now surrounded by farms. While there are still farmers who believe that the only 
good wetland is a drained one, there is also the realisation that in the long term, draining the 
peat lakes and surrounding wetland buffer zones creates significant issues that will ultimately 
negatively impact farming operations through, for example, land subsidence.  
 
The type of wetland that these Action Plans are based on are the source of peat that farming in 
this region is built on. Peat is highly valued and forms the literal foundation of the agricultural 
productivity that the lower Waikato is renowned for, hence the conversion of more than 70% of 

the original area of restiad bogs for agricultural use. The 
keystone species that make up these restiad wetlands are 
cane rush (Sporadanthus ferrugineus), a species endemic 
to (i.e. found only in) the northern half of the North 
Island and wire rush (Empodisma minus), which is the 
major peat former. Both are from the southern 
hemisphere family Restionaceae. Cane rush is considered 
a threatened, conservation-dependent species (Brandon 
et al., 2004). There are other threatened species 
uniquely associated with this type of wetland, including 
newly discovered invertebrates as well as for example, 
the diminutive swamp helmet orchid (Anzybas carsei). 
This highlights how much there is still to learn about 
these types of wetlands and that in order to recreate a 
fully functioning ecosystem, many other components 
must be taken into consideration.      
 

Restiad or cane rush – wire rush wetlands once covered significant tracts of the Waikato region 
– more than 10,000 hectares (c.1840) in the Waikato District and more than 8,500 hectares in 
the Waipa District (Leathwick et al., 1995). There are currently only three sites in the Waikato 
Region where this unique type of wetland can be found: Kopuatai Peat Dome, Torehape Bog 
and Moanatuatua Scientific Reserve (Schipper and Clarkson, 2003). A feature which 
characterises some restiad wetlands is their raised dome-like structure, developed through the 
building up of peat over extended time periods. These domes are rain-fed ecosystems in which 
the dominant species driving the peat formation, wire rush and cane rush, are uniquely 
adapted to the low nutrient status of rainwater. These environments are highly acidic (pH < 5) 
(de Lange et al., 1999), which creates a number of challenges for recreating this type of 
wetland system in other locations given the dominance of agriculture as the primary landuse in 
the region. In other words, the conditions required for growing restiads differ markedly to the 
conditions required for growing pasture and crops. Finding a suitable site in a highly modified 

  

cane rush and ferns 

 Kopuatai Peat Dome 
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landscape does require a level of technical understanding; developing the site requires creative 
solutions for creating suitable conditions.  
 
The focus on recreating a functioning restiad ecosystem is thus a start toward reinstating the 
peat building process. Peat degrades quickly once the water table is lowered and in the 

Waikato this has typically occurred through digging 
drainage channels. Once the surface vegetation has 
been cleared (either by machinery or through burning) 
the natural process of organic matter accumulation 
stops and exposure to air results in oxidization and 
shrinkage of the soil. This can happen in a matter of 
decades: pylons and building showing their formerly 
buried concrete foundations are clear evidence of this. 
Building peat, by comparison, is an extremely slow 
process: it has taken 13,500 years to build up the 12 
metre deep peat deposits recorded at Kopuatai on the 
Hauraki plains (Irving et al., 1984). Per century, this 
equates to a mere 90mm – a minimum as this figure 
does not take into account loss by frequent fires which 
destroy wetland vegetations and the upper layers of 
peat.  

 
There are multiple benefits to recreating this rare wetland type, of which peat building is a 
longterm desired outcome. As well as enhancing biodiversity and creating a new population of 
a threatened species, locating the recreation works between existing wetland margins around 
lakes and open farmland will strengthen the ecological functions associated with wetlands. 
These include buffering the lake against inputs of nutrients, soil, microbes and pesticides, 
protecting the surrounding land from flood damage through absorbing and slowly releasing 
water, and denitrifying groundwater (Quinn et al., 1993). There are also important educational 
and recreational aspects of recreating these systems in publicly accessible areas where, along 
with appropriate interpretative signage and boardwalks, the interconnectivity between these 
plants, the peat they eventually produce and the farming history of the region can be 
highlighted.  

wire rush and manuka 

Kopuatai Peat Dome 
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3 Protocols to guide site selection  
 
Protocols were developed using a combination of social, ecological and economic criteria in 
order to prioritise sites in the Waikato and Waipa districts for restiad wetland recreation. 
These reflect the overall project aims and acknowledge that the longterm success of this 
project rests on understanding the interdependent nature of these criteria. The following 
decision-making tree summarises the major considerations to determine whether a site is 
suited to restiad wetland recreation or not. Alternative scenarios are given should the site only 
partially meet the criteria. Each step is detailed overleaf.   

YES – Site is accessible, and a restiad wetland can feasibly be recreated which will provide longterm 

public recreational, educational and research opportunities  

3.5 – 3.7 SOCIAL CONSIDERATIONS  
- Is the site accessible and visible?   

- Are the education and recreational opportunities? 

- Is there agency, community and landowner(s) 

support for future monitoring and maintenance? 

NO – Site will only be 

visited by specialists  

NO – Site is unavailable  

YES 

3.1 – 3.3 ENVIRONMENTAL CONSIDERATIONS 

Were restiad wetlands once present at the site? 
Does the site meet the following criteria OR can the 

site conditions be modified to suit restiad wetland 

ecosystem recreation? 

- Is substrate chemistry and composition suitable? 

- Is the site hydrology suitable? 

- Are there other bio-physical factors which would 

prevent/ hinder restiad wetland recreation?  

- Does the site have special ecological features?  

YES – restiad wetland ecosystem can be recreated 

NO – Conditions are more 

suited to trial plots OR 

amenity planting   

3.4 ECONOMIC CONSIDERATIONS  
- What is the nature of site tenure?  

- Can the site be purchased, swapped, leased?  
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3.1 – 3.3 ENVIRONMENTAL CONSIDERATIONS  
3.1 Former range 

 
The basis of this project is that the restiad wetland is recreated in areas where, prior to human 
disturbance, it once would have been present. Hence sites should be situated within the former 
range of restiad wetlands. This information is included in Leathwick et al. (1995) which 
describes historic perspectives on vegetation in the Waikato region, and in Clarkson and 
Wallace (2004) which details the current and former extent of wetland types in the Waikato 
district.  
 

3.2 Environmental conditions  

 
One of the key questions that these action plans address is whether the existing environmental 
conditions are suitable OR whether they are able to be modified in order to support restiad 
wetland recreation. Site hydrology and nutrient status are the key factors which combined will 
determine whether a restiad ecosystem can be created or whether the site will serve other 
functions. Given the need for specific conditions, other potential uses for less suitable sites 
may for example be used to trial a range of approaches to restiad wetland recreation, or to 
develop an educational restiad wetland “garden” / amenity planting.  
 

3.2.1 Substrate chemistry and composition  

 
In order to create the low nutrient conditions required, it may be necessary to excavate 
mineralized overlying soil and import mined peat to replace it. The depth of mineralized soil 
layer will first need to be calculated through examining the soil profile (e.g. through visual 
assessment of soil cores or holes dug to the underlying peat if the mineral soil is shallow), and 
then removed. The depth of the peat underlying the mineralized layer is also an important 
consideration, with deep peat (e.g. >2m) desired to support the recreated system. 
Supplemental information on nutrient levels and peat composition etc. can be gathered 
through laboratory tested samples and will help to define quantities of milled peat required for 
wetland recreation.  
 

3.2.2  Hydrology 

 
Information on the hydrology of the site will shape critical decisions on overall site design as 
restiad wetlands have low nutrient and moisture requirements. The location of the proposed 
recreation within the catchment as well as the nature and scale of surrounding landuses 
determines the relationship between the site and local hydrology. Understanding the source of 
the water supplying the site (e.g. from groundwater sources and/or rainwater) will indicate the 
relative levels of nutrients within it.  
 
Further information on summer and winter tables as well as historical data such as frequency 
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and scale of flood events are also required as both cane rush and wire rush, despite being 
“wetland” plants, are not amenable to major water fluctuations such as winter flooding or 
summer drought.  
 
Once the above has been established, further decisions regarding site design and layout can be 
made. The above information will help define the exact location and extent of the recreation 
works within the proposed site as well as guide the nature and scope of possible modifications. 
An example is how high the peat brought to the site to create the seed/seedling beds needs to 
be mounded to avoid winter flooding (see Schipper and Clarkson 2003 for discussion on the peat 
mounding technique).   
 

3.2.3 Other bio-physical factors  

 
There are factors other than substrate type, site nutrient levels and hydrology which determine 
the suitability / feasibility of wetland recreation. Other bio-physical factors may, for example, 
take the form of persistent weeds. The ability to manage and monitor weeds at the site will 
depend on the availability of resources and support from agencies, community members and 
landowners adjacent to the site.    
 

3.3 Ecological significance 

 
The lakes in the Waikato region, being situated within a highly modified landscape, vary widely 
in their condition. Some are highly eutrophic, have significant pest fish populations and issues 
regarding weed species, while others have remained more intact. Restoration efforts vary 
widely in line with the scale of the problems and the resources available. Ecological 
significance of the lake and surrounding wetlands can be viewed from multiple scales, for 
example locally, regionally and/or nationally. Depending on the aims of the project, it may be 
better to enhance an already ecologically significant area, such as a relatively healthy lake, 
than to try to restore a highly degraded one.  
 
 
3.4 ECONOMIC CONSIDERATIONS  

3.4 Site tenure 

 
Wetlands in the Waikato are typically at the centre of farming dominated catchments and thus 
the nature of the tenure of the recreation is a key consideration. The purchase of private land 
would add significantly to project costs, therefore land swap agreements or, for example, using 
existing esplanade reserves for wetland recreation sites, is preferable. In addition, the time 
scale associated with negotiating sale or swap agreements may increase or decrease priority of 
the potential site for recreation. Ultimately, the level of priority given to the site will 
determine how much agency support will be available for site development and ongoing site 
management. 
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3.5 – 3.7 SOCIAL CONSIDERATIONS  
3.5 Access and site visibility  

 
Locating the site close to existing roads fulfills a number of important functions, namely to 
carry out on-ground works as well as to enable access by the public. Easy and legal (e.g. paper 
road) access to the site will keep the cost down as well facilitate site preparation, 
maintenance and on-going monitoring. An integral component in this project is sustainable land 
management through community engagement. One aspect of engaging with the public is to 
recreate wetlands in sites that are easily accessible by a wide range of people including elderly 
and school groups. Additionally, the visibility of the site from passing traffic may increase the 
profile and visitor numbers to the site, particularly in conjunction with appropriate signage.  
 

3.6 Education and recreational opportunities 

 
Visitor facilities, such as board walks, toilets and car parking will encourage the public to see 
the wetland with its recreated restiad area as a destination. When combined with signage, the 
site can be further promoted as a place for public recreation, exploration and education. 
Onsite interpretation will enhance the visitor experience as well as potentially promote 
restoration activities either underway or planned for the future. Additionally, linking the 
wetland to the nature trails developed through the National Wetland Trust 
(www.wetlandtrust.org.nz) is likely to have a range of positive effects including promoting 
future restoration efforts through raising the profile of the site, creating a regional context for 
the project, as well underscoring the interconnectivity of wetlands within the larger landscape 
and, overall, enhancing wetland values.   
 

3.7 Future support 

 
A key consideration for the recreation site combines factors embedded within a number of the 
above-mentioned criteria. Future support is critical to the success of the project. While the 
future cannot be predicted, agency support (e.g. Department of Conservation, Regional and 
District Council) and community support (e.g. landowners, Iwi, Non-Government Organisations, 
school groups, local landcare groups) will contribute to the longer term viability of the project. 
Contributions to ongoing site maintenance may take the form of financial and/or in-kind work, 
for example, building fences, weed control and site monitoring.     
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4 Restiad wetland recreation: permits and consents  
 
There are a number of legal requirements which need to be considered in the course of 
designing the wetland recreation activities, as sites located in the vicinity of wetlands are 
regarded as vulnerable and are therefore classed as “high risk erosion areas”2. Generally 
speaking, consents and permits relate both to the nature, extent (i.e. subject to what is 
believed to be the degree of change) and location of the activities. Some of the legal 
requirements most likely to be encountered in the course of the restiad wetland recreation 
activities detailed in these Action Plans are summarised below in the approximate 
chronological order that the activities occur in. The Regional Plan upon which the following 
permit conditions are based applies across the whole of the Waikato Region. Some objectives, 
policies and rules however apply only in specific parts of the region. At the time of writing, the 
Regional Plan is not yet operative and is currently subject to reference to the Environment 
Court. The Plan's current status therefore varies, depending on appeals. Resource users 
therefore need to consider the Transitional Regional Plan which is available at: 
http://www.ew.govt.nz/policyandplans/wrpintro/wrp/index.asp [Accessed June 2006]. 
 
It is important to add that district and regional councils have different rules and anyone 
undertaking works such as those outlined below needs to contact their regional and district 
council to check if they need consents. Generally speaking, all activities taking place inside 
DOC reserves require authorization. This includes for example the temporary placement of 
structures such as watering systems as well as replanting species already located in the reserve 
such as with buffer zone development outlined in these plans.  

                                                 
2 Environment Waikato defines a “High risk erosion area” as: 

1. Any part of an activity area (not otherwise permitted) where the pre-existing slope of the land exceeds 25 

degrees 

2. Coastal frontal dunes on the East Coast 

3. Coastal sand country on the West Coast (Mokau to Kariaotahi) where loose sands are at the ground surface or 

within 10 centimetres of the surface 

4. Land within 50 metres landward of the coastal marine area of an estuary, except in the landward margin of an 

authorised stopbank 

5. Areas adjacent to water bodies (including ephemeral watercourses draining catchments greater than 100 

hectares, but excluding any other ephemeral rivers or streams), where: 

i) The land slope is between 0 degrees to 15 degrees - 10 metres from any lake, wetland or the bed of a river or lake; 

ii) The land slope is greater than 15 degrees - that distance from the wetland, the bed of a river or lake, or from mean high 

water springs to the first point at which the slope reduces to 15 degrees or less, or 100 metres (whichever is the lesser, 

outside the minimum distance described in i). 

Available: http://www.ew.govt.nz/policyandplans/wrpintro/wrp/wrp.1.htm#Bookmark_high_risk_erosion_area 

[Accessed June 2006]  
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The time scale for having consents and permits approved varies, and generally needs to be 
considered early to avoid delays in carrying out on- ground works. Adjacent land owners, the 
district council and regional council should be notified two weeks before on-ground works are 
started.  
 

4.1 Soil disturbance  

 
Large scale soil disturbance adjacent to high risk areas including peat lakes or wetlands may 
require a consent from the Regional Council. The Environment Waikato Regional Plan allows for 
a volume of 250 cubic metres of material to be disturbed in a High Risk area without consent 
(Rule 5.1.4.11 and conditions in Rule 5.1.5). A permit will be required from the Department of 
Conservation if the work occurs within a DoC reserve.  
 

4.2 Vegetation clearance  

 
Vegetation such as manuka which may shade out desired restiad species may require a consent 
for removal if sited on a reserve or other land e.g. privately owned. Vegetation clearance and 
destruction in an area over 1ha. per year will need to be authorised by a consent. This rule is in 
the Environment Waikato Transitional Regional Plan, rather than in the proposed regional plan. 
Addtionally, a permit for this activity will also be needed through the Department of 
Conservation if this occurs on DoC administered land.   
 

4.3 Seed collection  

 
If cane rush seed is collected from Moanatuatua Scientific Reserve, Kopuatai Peat Dome or the 
Department of Conservation reserve areas at Torehape (i.e. not the commercially mined 
areas), a “Low Impact, Research and Collection Permit” is required through the Department of 
Conservation.  
 

4.4 Plant translocation 

  
Where cane rush and other species associated with restiad wetland ecosystems are introduced 
to a Scenic Reserve, approval must be sought through the Minster of Conservation (Section 51 
of the Reserves Act). A permit for the “Translocation of NZ Indigenous Flora and Fauna” is 
required. Signing delegation for this is with the relevant Conservator. 
 

4.5 Water diversion  

 
Sourcing water from lakes within wetland areas for irrigation systems supplying the recreation 
site may require a consent for water take. Factors determining whether a consent will be 
required include the nature of the lake, the quantity of water to be used and the required 
timescale.  
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5 Lake Kaituna  
 

5.1 Location and general description 

 
Lake Kaituna is situated approximately 14km northeast of Hamilton city. Lake Kaituna is part of 
the Horsham Downs Government Purpose Reserve (Wildlife Management) and is administered by 
the Department of Conservation. The farm of Andrew and Jenny Hayes borders the lake reserve 
on all sides. 
 

The lake is 22ha. Adjacent wetland areas comprise 
three main vegetation classes3 reedland, sedgeland 
and regenerating shrubland interspersed with cabbage 
trees. The lake and its associated wetlands have been 
fully fenced and grazing of cattle occurs around the 
majority of the lake boundary outside the fence. 
Current recreational uses of the lake include duck 
shooting as well as koi carp hunting.  
 
Most of the vegetation that once grew around Lake 
Kaituna has been removed during the development of 
the land for agriculture. Prior to clearing by the Lake 
Kaituna Landcare Group in recent years, grey willow 
(Salix cinerea) formed an extensive canopy around 
areas of the lake margin. The sub canopy was 
generally open and blackberry infested the southern 
border. See Champion et al. 1994 for further detail on 
the lake’s aquatic and terrestrial vegetation.  
 
Currently, most of the catchment is in pasture with 

rushes and adventives growing along drains, races and in the shallower margin areas. Drainage 
works into the lake all run through silt traps. There has been no recent formal sampling of 
water quality though algal blooms have ceased in recent years due to restoration works. The 
lake and wetland areas have been fenced off from the farm, and all gates removed to prevent 
accidental stock incursion.  
 
The wetland surrounding the lake is re-establishing from the seed bank, though the plant 
species composition is indicative of a highly eutrophic4 system. Native emergent species occur 
within the lake and are dominated by Raupo (Typha orientalis) and sedges (Eleocharis sp.). 

                                                 
3 From Clarkson and Wallace 2004, p11 
4 Where waters are rich in mineral and organic nutrients. This promotes a proliferation of plant life, especially algae, which 

reduces the dissolved oxygen content and often causes the extinction of other organisms. 
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Stands of cabbage tree (Cordyline australis) are prominent at the western end of the lake. 
Weeds include gypsywort (Lycopus europaeus) which can form dense patches on lake edges, 
displacing native rushes.  
 

5.2 Former range 

Were restiad wetlands once present at the site?  
  
Lake Kaituna forms part of the Kainui peatlands which are classified as a raised bog. While no 
macrofossil analyses were carried out at site, it is likely that restiads were formerly in the 
vicinity. 
   

5.3 Environmental conditions 

5.3.1 Substrate chemistry and composition  

Is the substrate chemistry and composition suitable?  
- No, though some modification to improve conditions can take place.  
 
Soil profiles on site show the top 30-40cm of soils in the areas currently in pasture to be 
mineralized (i.e. high nutrient). Within the existing wetland margin (i.e. the fenced area), the 
substrate is primarily peat. Nutrient use on the Hayes’ farm is kept to a minimum, however 
upstream land uses are predominantly farming and will continue to load the catchment and 
associated drainage works with high levels of nutrients. 
 

5.3.2 Hydrology 

Is the site hydrology suitable?  
- No, conditions are not ideal. 

 
The deposition of silty materials brought into the lake margins clearly indicates historic flood 
events. The most recent severe flooding occurred in July 1998 in the wake of several back-to-
back storms. As the lake and surrounds are situated in a low-lying area, there are risks to the 
potential recreation site from future floods. The low summer water table at Lake Kaituna 
increases the risk of drought for plants.  
 

5.3.3 Other bio-physical factors 

Are there other bio-physical factors which would prevent/ hinder restiad wetland 
recreation?  
- Yes, but these can be managed. 
 
Weed incursion (e.g. Ranunculus flammula, which forms a dense mat on the peat between the 
Carex sp.) is likely to be an issue at the site. This will entail careful management to minimise 
competition with establishing plants.   
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5.4 Ecological significance 

Does the site have special ecological features associated with it?  
- Yes, relative to other lakes in the Horsham Downs area. 

  
Lake Kaituna is one of a complex of eight lakes and/or wetland habitats varying in size from 
10ha to 35ha within the Horsham Downs district. These lakes in turn form part of a chain of 38, 
17,000 year-old Waikato peat lakes that are remnants of a once great 60,000ha wetland. 
Individually, many of the lakes in the Horsham Downs area are of limited value as wildlife 
habitats due to the intensified development and management of adjoining lands. Collectively, 
however, these lakes are regionally significant. Together they support a moderate waterfowl 
population while forming a link in the chain of wetland habitats between the lower Waikato 
Delta through to the peat lakes in the Ohaupo area south of Hamilton. Lake Kaituna is situated 
in an ombrogenous peatland/bog. The lake is slightly acidic and eutrophic, typical of other 
peat lakes in the area. The Kainui peatland, to which Lake Kaituna belongs, is classified as a 
raised bog. This type – with its characteristic domed centre, occurs in lowland areas with a 
moderately high and reliable rainfall distributed throughout the year. The peat is over 7m deep 
in places (Boswell et al. 1985). A number of birds visit the lake including grey teal (Anas 
gracilis), Australasian bittern (Botaurus poiciloptilus) and the New Zealand dabchick 
(Poliocephalus rufopectus), the latter two considered threatened species. The lake is also a 
habitat for eels and common bullies. 
 

5.5 Tenure  

Is the site available?  
- Yes. 
 
The area where the trials are to be sited lies partially within the Government Purpose Reserve 
(administered by DOC), and on land owned by Andrew Hayes. Both Andrew and DOC are 
supportive of the work and have made the site available.    
 

5.6 Access and site visibility  

Is the site publicly accessible and visible?  
- Yes, though there needs to be future planning in terms of strengthening access. 
 
At present due to no legal public access to the lake, access is at the landowners’ discretion. An 
easement agreement with landowner Andrew Hayes’ family has been negotiated. A mown track 
enabling public access currently exists around the reserve's outer ring. Access can also be 
gained in a few places into the wetland, for weed control and planting. The lake and wetland 
trial recreation site are both visible from Bankier Road, which serves to passively “advertise” 
not only the trial site but the entire lake and associated wetlands to passing traffic. Formal 
access to the recreation site would be developed from Bankier Road. A future possibility may 
be the development of a trail linking both the potential recreation site to the lake and existing 
wetland margins.  
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5.7 Education and recreational opportunities 

Are there educational and recreational opportunities?  
- Yes. 
 
The lake and surrounding wetlands could eventually be linked to the National Wetland Centre 
(approximately 30km northwest at Rangiriri) as a part of a wetland heritage trail. The 
threatened black mudfish (Neochanna diversus) has been earmarked for reintroduction to the 
wetland areas of the lake. Although an education pack on Lake Kaituna already exists, this 
could be enhanced with new material to reflect recent restoration efforts at the lake such as 
the mudfish reintroduction and potential recreation site. Future plans for the Hayes farm may 
include covenanting an area (currently in pasture) between Lakes Kaituna and Komorakau. This 
site would be replanted in species such as kahikatea once found in the region. This would 
greatly enhance the overall value of the lake and surrounding wetland areas, not only 
ecologically but also in terms of the educational potential.  
 

5.8 Future support  

Is there agency, community and landowner support for future monitoring and 
maintenance? 
-Yes, though there is scope for expanding community input. 
 
The Hayes along with representatives from DOC, landowners and duck hunters formed the Lake 
Kaituna Landcare Group which has been actively engaged in restoration activities since 1999. 
Together, they are very supportive of further restoration initiatives which will enhance the 
character of the lake. Further support to carry out site maintenance and some site monitoring 
activities may come, for example, from school groups. Technical support will be needed for 
some of the monitoring activities.   
 

5.9 Recommendations:  Lake Kaituna  

Note that a subsequent visit by the TAG located another site nearby deemed to be more 
suitable for undertaking the cane rush trials. Further information is provided in Appendix 
1.  
  
The proposed restiad wetland recreation site adjacent to Lake Kaituna, while likely being 
within the former range of the species, is also highly modified through many years of 
agricultural use and therefore does not have the right environmental conditions for recreating 
a functioning restiad ecosystem. Site hydrology and nutrient levels are not able to be modified 
to the degree required for effective and longterm restiad establishment. However, the site can 
instead be used to trial a range of recreation techniques. Developing six to eight small scale 
(approx. 2m x 2m) sites at Lake Kaituna will help to determine best practice techniques that 
can be applied to similar sites in the Waikato. These trial areas would need to be maintained, 
watered and weeded as appropriate and are unlikely to become self-supporting due to the high 
level of maintenance required (e.g. the possible need for summer watering and competition 
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from other plants more suited to the conditions at the site). Information collected through site 
management and monitoring, for example on cane rush and wire rush growth rates and 
competition from exotic weeds, will contribute to the information pool on restiad wetland 
recreation. Buffer zone plantings using appropriate species should still be included as part of 
the overall works as this will further enhance the restoration works already underway at Lake 
Kaituna. The lake is a valuable case study of community wetland restoration. Activities carried 
out through these Action Plans should both support the work already undertaken as well as help 
to enhance the wetland margins around the lake.  
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6 Key activities: Lake Kaituna  
 
The following activities are based on using Lake Kaituna to trial a range of techniques for 
restiad wetland recreation. The total area of the trials will be approximately 24m2 – 32m2 

(excluding any buffer zone plantings). Following the development of the protocols for site 
selection and site visits by 
technical advisors to 
determine environmental 
suitability (see section 3) the 
following timeline of activities 
has been devised. These 
activities are grouped into 
phases which in total cover 
approximately 20 months. A 
timeline summarising the 
activities can be found in 
section 6.6.  

 
The total cost for developing 6-8 2m x 2m trials for wetland recreation at Lake Kaituna 
including buffer zone plantings is $9,000.00  
A breakdown of the costs is outlined in section 6.7  
 

6.1 Seed and seedling collection  

6.1.1 Source and propagate restiad seeds and seedlings  

 
Cane rush seeds are to be collected from Moanatuatua Scientific Reserve or Torehape Peat 
Mine at the appropriate time of year (approximately December to February)5. It is important to 
note that cane rush appears to have mast years where abundant seed is produced while very 
little is produced in other years. The frequency and drivers of these events is not known. 
Torehape Peat Mine forms the most easily accessible site where abundant seedlings of both 
cane rush and wire rush can be collected6. Seedlings could be collected in autumn (timing will 
be dependent on the funding structure), bagged and maintained in a nursery for later planting 
out on site. This would also provide an opportunity for nursery based experimentation on 
propagation techniques. Alternately seedlings could be collected in the spring time and 
transferred directly to the site at Lake Kaituna, thus minimizing stress to the plants. If the 

                                                 
5 At the time of writing, the DNA status of the three remaining populations of cane rush is still unknown. Determining the 

genetic status of each of the populations will have implications for future restoration initiatives as this will determine 

whether eco-sourcing is required. If there are no issues with genetic differences in populations (meaning that the 

populations were once interconnected), then Torehape can be used as the source. It is not thought that there are issues 

with genetic variation likely to affect the use of wire rush in this project. 
6 Seek permission to enter the site from the mine operators, Gamman Mining (07) 548 0894 
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main planting is to occur in the spring, then additional seedlings could be collected to restock 
the recreation sites the following autumn to cover for any losses over the summer period.  
Note that a Department of Conservation “Low Impact, Research and Collection Permit” is required for 

seed collecting if carried out at Moanatuatua Scientific Reserve (see section 4) 

 
6.2 Preliminary recreation site planning  

6.2.1 Establish legal boundaries and define wetland access routes 

 
As the current placement of fences does not strictly follow legal boundaries, professional 
survey of the site will formally mark legal boundaries, access routes to wetland and wetland 
recreation site area. In addition, the location and extent of wetland recreation and buffer zone 
areas are established in preparation for later fencing.  
 

6.2.2 Develop planting plan for site buffer zone  

 
Appropriate buffer zone species are selected which will contribute to and enhance the existing 
restoration plantings at the site. These will include lower growing plants such as flax as taller 
species such as manuka (although most restiad wetlands have a natural margin of manuka) will 
shade out cane rush. A preliminary buffer zone planting plan is then developed, though is likely 
to be refined once the trials are in place. The rationale for timely consideration of the buffer 
zone centres on being able to source the desired species at the right sizes at the time of 
planting. Arrangements are then made with local nurseries for eco-sourced stock. Planting out 
with buffer zone species will take place in autumn to minimise summer losses and maintenance 
requirements (e.g. hand releasing).  

 
6.3 Site development 

6.3.1 Create conditions required for restiad growth and establishment 

 
Dependent on the exact locations within the proposed area for the trials, mineralised soils may 
need to be removed. This may require using a digger (though will be subject to access and the 
condition i.e. firmness of the ground at the time the works are scheduled). Any spoil can be 
redistributed elsewhere on the farm as is practical. As the volume disturbed will be less than 
250m3, no consent will be required as this lies within the permitted activity range (see section 
4). Low nutrient milled peat will be needed to provide the best conditions for restiad growth 
and establishment. As trialed at Torehape Peat Mine by Schipper and Clarkson (2003), the best 
method appears to be creating mounds or “islands” to protect the seedlings from becoming too 
wet in the winter. The total dimensions of the combined six to eight trial sites would be 
approximately 24m2 – 32m2. This allows for three to four different techniques to be trialed and 
includes one replicate for each technique. 
Note that the adjacent land owners, the district council and regional council should be notified two 

weeks before on- ground works are started. 
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6.4 Wetland trial recreation 

6.4.1 Prepare peat beds and plant restiads in a trial design (yr.1) 

 
Cane rush and wire rush seedlings are planted in close proximity to one another to minimise 
weed intrusion and enhance survivorship (i.e. side by side instead of the standard one or two 
plants /m2). This will also prevent excess moisture loss from open areas of peat. Replanting 
techniques will vary in accordance with types of plants available (see note on seed availability 
in section 6.1.1). At this stage in the on-ground activities, the exact location and extent of the 
buffer zone can be determined along with the species desired and quantities of each.   
 

6.4.2 Fence site 

  
Site, including the buffer zone areas, is fenced to prevent stock from entering and damaging 
the site. 
 

6.4.3 Prepare and plant buffer zone (yr.2) 

 
Buffer zone areas are sprayed with herbicide a month prior to planting out. Buffer zone species 
are planted out in the autumn according to the previously developed design. The trial sites 
(i.e. the peat islands), are restocked with new plants if preliminary plantings yield low 
survivorship over summer period. 
 

6.5 Wetland maintenance and monitoring 

6.5.1 Develop and implement maintenance and monitoring plans   

 
Weed control will be necessary particularly during the early phases of wetland recreation (for 
key weeds, see section 4.3.3). Determining the timing of weeding will involve careful 
observation of the sites. Weed behaviour and plant growth rates and survivorship will be 
monitored accordingly in the recreation site and buffer zone area. Permanent photo-points will 
be established to provide a visual record of plant cover. The monitoring program will be 
developed through input from Landcare Research and the University of Waikato. Other 
ecosystem species including invertebrates could be introduced in subsequent years.  
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Timeline of key activities associated with restiad wetland re-creation trials: Lake Kaituna 
Dotted line represents additional restiad plants propagated for planting in year 2 

 

YEAR  ONE YEAR  TWO ACTIVITIES 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR JUN JUL 

Seed/ seedling 
collection  

Restiads sourced and 
propagate 

                  

Legal boundaries  

established   

                  

Access routes defined 

 

                  

Preliminary 
planning  

 

Buffer zone planting 
plan designed  

                  

Site 
development 

Correct conditions 
established  

                  

Peat beds prepared and 
restiads planted  

                  

Site fenced 

 

                  

Wetland re-
creation 

 

Buffer zone area 
prepared and planted  

                  

Maintenance 
and monitoring 

Plans developed and 
implemented  

                  

6.6 Lake Kaituna: Timeline 
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6.7  Lake Kaituna: Costs  

Lake Kaituna: Costs for wetland re-creation 
 

ACTIVITY ITEM QTY COST 

5.1 Seed and seedling 
collection  

5.1.1 Source and propagate restiad 
seeds and seedlings  

Trailer hire @ $50.00 /day 

Plant propagation @ $2.20 /plant 

5 days 

1,600 plants 

$250.00 

$3,520.00 

5.2.1 Establish legal boundaries 
and define wetland access 
routes  

Site survey In kind  5.2 Preliminary re-creation 
site planning 

5.2.2 Develop planting plan for the 
buffer zone around the re-
creation site  

$4.00 per plant (PB3) 200 plants $800.00 

5.3 Site development 5.3.1 Create conditions most suited 
to restiad growth and 
establishment  

6T Digger hire @ 80.00/h 

Compost grade commercial peat @ $30.00 /m3 

[Delivery @ $250.00 /truckload (80 m3), summer 
loading, winter less due to increased peat weight] 

3 hours 

16 m3 

1x load 

 

$240.00 

$480.00 

$250.00 

5.4.1 Prepare peat beds and 
restiads and plant in a trial 
design (yr.1) 

Trailer hire for plant delivery @ $50.00/day 

Labour 

 2 days 

In kind 

$100.00 

$1500.00 

5.4.2 Fence site  Fencing materials and access gate 50% Doc/ 

50% Landowner 

 

5.4 Wetland re-creation 

5.4.3  Prepare and plant buffer 
zone area (yr.2) 

Preparation (herbicide) and planting 

 

 

 

$1, 860.00 

 

5.5 Wetland maintenance 
and monitoring 

5.5.1 Develop and implement 
maintenance and monitoring 
plans  

 In kind  

 TOTAL  $9,000.00 
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7 Lake Serpentine East 
 

7.1 Location and general description 

 
The Lake Serpentine complex is located within the Waipa District, approximately 8km north of Te 
Awamutu. Drainage in the eastern catchment and the construction of a formed outlet channel during the 
1920’s substantially lowered water levels in the lake, forming three distinct water bodies. These are Lakes 
Serpentine North, South and East which combined cover a total area of approximately 11.5 ha. Lake 
Serpentine East covers approximately 1.5 ha.  
 

Dairy farming is the predominant landuse in the catchment, with 
farmland almost completely surrounding the wetland margins of 
the complex (i.e. all three lakes). Increasing external loads of 
nutrients reaching the lake from the catchment have resulted in a 
high level of epiphytic algae on the submerged aquatic vegetation. 
The water chemistry of the Serpentine complex is considered 
mildly eutrophic. High levels of epiphytic algae on submerged 
vegetation in 11 other lakes have often been the precursor to the 
eventual collapse7 of aquatic plant populations. This has already 
occurred in other lakes in the Waikato region e.g. Lake Waahi (late 
1970’s), Lake Whangape (1987) and Lake Rotokauri (1996/7) (see 
Barnes, 2002). See Champion et al. 1994 for further detail on the 
lake’s aquatic and terrestrial vegetation.   
 
The Serpentine complex was fully fenced in the early 1980’s 
effectively preventing cattle from grazing to the lake edge. Details 
of submerged and emergent vegetation as well as wetland species 
growing around the lake margins can be found in Barnes (2001). 
Reserve areas adjacent to Lakes Serpentine South and East are 

planted with native species including kahikatea, totara, coprosma sp., and manuka. Remaining mature 
grey willows within the Reserve are earmarked for removal. Bindweed (Convolvulus sp.) appears to be one 
of the most abundant weeds in the Reserve. A network of drainage channels runs into the lakes.  
 

                                                 
7 The collapse of aquatic vegetation occurs when there is insufficient light to support plant growth. This can result from eutrophication 

where as the quantity of algae increases in response to elevated nutrient levels, the water becomes correspondingly more turbid 

(cloudy). 
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7.2 Former range 

Were restiad wetlands once present at the site? 
 - Yes, cane rush is likely to have been in close proximity to the site. 
 
Lake Serpentine lies on the edge of the now largely drained Moanatuatua peat bog which indicates that 
cane rush is likely to have grown nearby the lakes. Cane rush is still present at the 125ha Moanatuatua 
Scientific Reserve, the sole remnant of the original bog. Moanatuatua Scientific Reserve lies approximately 
4km north east of the Serpentine complex. 
 

7.3 Environmental conditions  

7.3.1 Substrate chemistry and composition  

Is the substrate chemistry and composition suitable?  
- Yes, site can be modified to suit restiad wetland recreation. 
 
The site examined lies adjacent to the existing reserve and is currently in pasture which contains 
sphagnum moss. This shows the low nutrient status of the site which is desirable from a wetland recreation 
perspective and simultaneously indicates a high level of moisture in the soil. The farmer has mentioned 
that to his knowledge, this part of the farm has only been tilled once. In addition, he uses very little 
fertilizer. Peat depths vary in the catchment and are approximately 3-4m deep in the esplanade reserve 
area where the recreation site would be located.  
 

7.3.2 Hydrology 

Is the site hydrology suitable?  
- Yes, site hydrology appears suitable.  
 
Existing drainage works close to the site do not appear to be a threat to the site. The location of the site is 
such that the proposed area for wetland recreation sits at the bottom of a small slope and therefore 
remains moist. Water levels will be measured for four to five months over the winter period between the 
lake and the outer (i.e. pasture) edge of the wetland recreation. This information will help to define 
recreation site boundaries and assist with determining the height of the peat mounds.  
 

7.3.3 Other bio-physical factors 

Are there other bio-physical factors which would prevent/ hinder restiad wetland recreation? 
- None of significance. 
 
The main threat to restiad wetland recreation at Lake Serpentine is identified as exotic herbaceous weed 
invasion from the pasture which will be adjacent to the site. Manuka is present inside the existing reserve 
boundary and will be in close proximity to the recreation site. There is a risk of manuka becoming 
established in the site and shading out the cane rush. At present, there are a number of grey willow 
seedlings (30cm – 70cm tall) in the pasture where the recreation site will be which suggests that efforts to 
prevent willow invasion of the site may also be required.  
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7.4 Ecological significance  

Does the site have special ecological features associated with it? 
- Yes, the Serpentine complex is nationally significant. 

 
Lake Serpentine is a peat lake, a remnant of the once larger Lake Rotopiko. The lake has the best 
representation of an aquatic plant assemblage in the Waikato region. This lack of any exotic aquatic 
species is extremely unusual - both at regional and national levels. The Serpentine complex is listed as a 
nationally significant wetland in the wetlands in Oceania of national importance (Cromarty and Scott, 
1996) and is situated in the former Moanatuatua bog which once covered 40,000ha. Lakes Serpentine South 
and East and have been prioritised for future enhancement (see below) which will include improving public 
access and raising public awareness of the significance of the complex. Two other Lakes, Rotomanuka 
North and South, are hydrologically linked to the Serpentine complex. Combined, these lakes form part of 
a wider complex of shallow peat lakes in the Waipa district.  
 

7.5 Site tenure  

Is the site available?  
- Yes. 
 
The Serpentine complex is crown owned and administered by the Department of Conservation as a 
government purpose reserve. The restiad wetland recreation site will be located in a newly created 
esplanade reserve administered by Waipa District Council. The local landowner adjacent to the site, 
Patrick Turney, is supportive of the recreation work and will allow access to the site through his farm.  
 

7.6 Access and site visibility 

Is the site publicly accessible and visible?  
- Yes, the site is accessible though at present access remains unformed. Both Lakes Serpentine South and 
East are not visible from the road. 
 
An easement from Transit NZ is being negotiated to allow access to the lake from State Highway 3 (SH3). 
Eventually, a further route may be established which will allow access onto Jary Road to avoid traffic 
attempting to cross over SH3 when turning against oncoming traffic. Jary Road runs at right angles to SH3, 
entering the highway several hundred meters from the proposed main site entrance. Due to the restoration 
plantings of kahikatea between Lake Serpentine South and SH3, the lakes themselves are not visible until 
entry is gained to the reserve areas bordering the lake. Appropriate signage combined with a formed entry 
way from SH3 will help to advertise the site.  
 

7.7 Education and recreational opportunities 

Are there educational and recreational opportunities?  
- Yes. 
 
The following features have been identified and are included in the Peat Lake Management Plan (Waipa 
District Council). This plan is currently being finalised (to be released June 2006).   
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• Visitor recreation facilities which will include a parking area and toilets 
• Development of site interpretation facilities in the form of illustrated panels 
• Trails and floating boardwalks to link both the potential recreation site to Lakes Serpentine South 

and East and existing wetland margins 
 

7.8  Future support 

Is there agency, community and landowner support for future monitoring and maintenance? 
- Yes 
 
Waipa District Council is extremely supportive of the project and will contribute to the potential restiad 
wetland recreation through in-kind and financial contributions. Planting, weed removal and general 
maintenance have been underway for a number of years to date and will be continued as Lake Serpentine 
is regarded as a priority catchment.  
 

7.9  Recommendations: Lake Serpentine  

 
The proposed restiad wetland recreation site adjacent to Lake Serpentine meets the social, economic and 
environmental criteria established through the site prioritisation process covered in Section 3 of these 
Action Plans. The low nutrient status and site hydrology are suitable for recreating a restiad ecosystem 
though will require additional water over the first summer period to aid plant establishment. Larger scale 
trials using different techniques should be carried out as in Lake Kaituna so that a larger body of data can 
be collected on best practice techniques. The recreation of a restiad wetland in this site will enhance the 
existing restoration activities which have been carried out around the lakes. Incorporating information on 
the trials into interpretative signage will provide a valuable awareness-raising opportunity for visitors 
about restiad wetlands.    
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8 Key Activities: Lake Serpentine  
 
The total area of the recreation site is 9m x 45m (405m2), (excluding any buffer zone plantings). Following 
the development of the criteria to prioritise potential sites for recreation work and site visits by technical 
advisors to determine environmental suitability (see section 3), the following timeline of activities has 

been devised. These activities are 
grouped into phases which in total cover 
approximately 20 months. A timeline 
summarising the activities can be found in 
section 9.6.  
 
The total cost for recreating an area of 
restiad wetland measuring approximately 
9m x 45m with a buffer zone planted in 
appropriate species is $40,000.00  
A breakdown of the costs is outlined in 
section 9.7  

 
8.1 Seed and seedling collection  

8.1.1 Source and propagate restiad seeds and seedlings  

 
Cane rush seeds can be collected from Moanatuatua Scientific Reserve or Torehape Peat Mine at the 
appropriate time of year (approximately December to February)8. It is important to note that cane rush 
appears to have mast years where abundant seed is produced while very little is produced in other years. 
The frequency and drivers of these events is not known. Torehape Peat Mine forms the most easily 
accessible site where abundant seedlings of both cane rush and wire rush can be collected9. Seedlings 
could be collected in autumn (timing will be dependent on the funding structure), bagged and maintained 
in a nursery for later planting out on site. This would also provide an opportunity for nursery based 
experimentation on propagation techniques. Alternately seedlings could be collected in the spring time 
and transferred directly to the site at Lake Serpentine east thus minimizing stress on the plants. If the 
main planting is to occur in the spring, then additional seedlings could be collected to restock the 
recreation sites the following autumn to cover for any losses over the summer period.  
Note that a Department of Conservation “Low Impact, Research and Collection Permit” is required for seed collecting 

if carried out at Moanatuatua Scientific Reserve (see section 4) 

 

 

                                                 
8 At the time of writing, the DNA status of the 3 remaining populations of cane rush is still unknown. Determining the genetic status of 

each of the populations will have implications for future restoration initiatives as this will determine whether eco-sourcing is required. If 

there are no issues with genetic differences in populations (meaning that the populations were once interconnected), then Torehape can 

be used as the source. It is not thought that there are issues with genetic variation likely to affect the use of wire rush in this project. 
9 Seek permission to enter the site from the mine operators, Gamman Mining (07) 548 0894 
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8.2 Preliminary recreation site planning  

8.2.1 Carry out winter water level monitoring 

  
Water level fluctuations are measured from May to October between the lake and the site using digital 
probes which provide detailed time series data. Manual methods i.e. basic water level measurements in 
dip wells can also be used. Water level data will determine the height of the peat mounds on which the 
cane rush and wire rush will be planted.    
 

8.2.2 Establish legal boundaries and define wetland access routes 

 
As the current placement of fences does not strictly follow legal boundaries, professional survey of the site 
will formally mark legal boundaries, access routes to wetland and wetland recreation site area. In 
addition, the location and extent of wetland recreation and buffer zone areas is established in preparation 
for later fencing.  
 

8.2.3 Develop planting plan for site buffer zone  

 
Appropriate buffer zone species are selected which will contribute to and enhance the existing restoration 
plantings at the site. These will include lower growing plants such as flax as taller species such as manuka 
(although most restiad wetlands have a natural margin of manuka) will shade out cane rush. A preliminary 
buffer zone planting plan is then developed, though is likely to be refined once the trials are in place. The 
rationale for timely consideration of the buffer zone centres on being able to source the desired species at 
the right sizes at the time of planting. Arrangements are then made with local nurseries for eco-sourced 
stock. Planting out with buffer zone species will take place in spring to minimise summer losses and 
maintenance requirements (e.g. hand releasing).  
 

8.2.4 Develop summer watering system    

 
A basic watering system is developed to provide the best possible conditions for seedlings establishment 
over the summer period. The watering system will use lake water for filling a tank which will gravity-feed 
water to the site. When the tank is empty, it will be refilled using a hand pump which can be easily hired.   

 
8.3 Site development 

8.3.1 Create conditions required for restiad growth and establishment 

 
The top layer of mineralised soils (varying from approximately 20cm - 30cm across the site) and pasture 
are removed using a digger to the level of the underlying peat. Spoil is utilised onsite to infill an historic 
drain which runs along the current fence line (i.e. reserve boundary). Milled peat is filled into the 
depression left by soil and pasture removal and a series of shallow mounds are created. The milled peat 
provides a desirable low nutrient and friable substrate for restiad seed and seedling establishment. As the 
volume disturbed will be less than 250m3, no consent will be required as this lies within the permitted 
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activity range (see section 4). 
Note that the adjacent land owners, the district council and regional council should be notified two weeks before on- 
ground works are started  

Manuka adjacent to the site within the reserve boundary is thinned to limit possible shading to the 
recreation site.  
Note that the removal of plants requires a consent under regional council regulations if it is considered to be 

vegetation clearance. However the selective removal of manuka from the restiad area can be considered as thinning 

which does not meet the regional plan definition of vegetation clearance (see section 4) 

 
The watering system is installed and the tank filled using a hand pump. 
Note that as the water take is less than minor and as the taking of water may only be required if there is a dry 
summer, it is likely that no resource consent will be necessary (see section 4) 

 
8.4 Wetland recreation 

8.4.1 Prepare peat beds and plant restiads in a trial design (yr.1) 

 
Cane rush and wire rush seedlings are planted in close proximity to one another to minimise weed intrusion 
and enhance survivorship (i.e. side by side instead of the standard one or two plants /m2). This will also 
prevent excess moisture loss from open areas of peat. Replanting techniques will vary in accordance with 
types of plants available (see note on seed availability in section 6.1.1). At this stage in the on-ground 
activities, the exact location and extent of the buffer zone can be determined along with the species 
desired and quantities of each. Trial plantings of cane rush directly into areas of existing sphagnum which 
lie within the reserve boundaries may also be attempted. Wind cloth may be set up around the site to 
minimise plant movement and promote the stabilisation of plant root systems. 
Note that a Department of Conservation “Species Translocation Permit” is required (see section 4) 

 
8.4.2 Fence site 

 
Site including the buffer zone areas are fenced to prevent stock from entering and damaging the site. 
 

8.4.3 Prepare and plant buffer zone (yr.2) 

 
Buffer zone areas are sprayed with herbicide a month prior to planting out. Buffer zone species are 
planted out in the autumn according to the previously developed design. Wetland recreation site (i.e. the 
peat islands), are restocked with new plants if preliminary plantings yield low survivorship over summer 
period10.  
 

                                                 
10 Although the optimum time for implementing these Action Plans would be in autumn, due to the time scale of the current project spring 

instead was selected as the start of the on-ground works.    
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8.5 Wetland maintenance and monitoring 

8.5.1 Develop and implement maintenance and monitoring plans   

 
Weed control will be necessary particularly during the early phases of wetland recreation. Determining the 
timing of weeding will involve careful observation of the sites. Weed behaviour and plant growth rates and 
survivorship will be monitored accordingly in the recreation site and buffer zone area. Photo-points will be 
established to provide a visual record of plant cover. The monitoring program will be developed through 
input from Landcare Research and the University of Waikato.   
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8.6 Lake Serpentine: Timeline  

 
 

 

Timeline of key activities associated with restiad wetland re-creation: Lake Serpentine 
Dotted line represents additional restiad plants propagated for planting in year 2 

 

YEAR  ONE YEAR  TWO ACTIVITIES 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR JUN JUL 

Seed /seedling 
collection  

Restiads sourced and 
propagated 

                  

Winter water level 
monitoring  

                  

Legal boundaries  

established   

                  

Access routes defined 

 

                  

Buffer zone planting 
plan designed  

                  

Preliminary 
planning  

 

Summer watering system 
designed 

                  

Site 
development 

Correct conditions 
established  

                  

Peat beds prepared and 
restiads planted  

                  

Site fenced 

 

                  

Wetland re-
creation 

 

Buffer zone area 
prepared and planted  

                  

Maintenance 
and monitoring 

Plans developed and 
implemented  
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8.7  Lake Serpentine: Costs  

 

Lake Serpentine: Costs for wetland re-creation 

 

ACTIVITY ITEM QTY COST 

7.1  Seed and seedling 
collection  

7.1.1 Source and propagate restiad 
seeds and seedlings 

Trailer hire @ $50.00 /day 

Plant propagation @ $2.20 /plant 

5 days 

10,000 plants 

$250.00 

$22,000.00 

7.2.1 Monitor winter water levels Labour 

Materials 

In kind  

$200.00 

7.2.2 Establish legal boundaries  
and define wetland access 
routes  

Site survey In kind  

7.2.3 Develop planting plan for the 
buffer zone around the re-
creation  

$4.00 per plant (PB3) 400 plants $1,600.00 

7.2 Preliminary re-creation 
site planning 

7.2.4 Develop summer watering 
system  

Plastic water tank @ $600.00 /tank 

Plastic valve/tap 

Stand (h4) treated timber   

100mm dia perforated plastic piping @ $110.00 /6m 

Pipe joins @ 10.00 /join 

Hand pump hire @ $60 /day 

1 x 310gal 

1x 

 

3x 

6x 

3 days 

$600.00 

$40.00 

$530.00 

$330.00 

$60.00 

$180.00 

7.3 Site development 7.3.3 Create conditions most suited 
to restiad growth and 
establishment  

6T Digger hire @ 80.00/h 

Compost grade commercial peat @ $30.00 /m3 

[Delivery @ $250.00 /truckload (80 m3), summer 
loading, winter less due to increased peat weight] 

3 hours 

 

 

 

$240.00 

$6,000.00 

$750.00 

 SUBTOTAL $32,780 
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Lake Serpentine Costs for wetland re-creation cont’d 
 

7.2.3 Prepare peat beds and plant 
restiads in a trial design 
(yr.1) 

Trailer hire for plant delivery @ $50.00/day 

Labour 

 2 days 

 

$100.00 

$5,000.00 

7.2.4 Fence site Fencing materials and access In kind  

7.2 Wetland re-creation 

7.2.5 Prepare and plant buffer 
zone area (yr.2) 

Preparation (herbicide) and planting 

 

 

 

$2120.00 

7.3 Wetland maintenance 
and monitoring 

7.3.3 Develop and implement 
maintenance and monitoring 
plans  

   

 TOTAL  $40,000.00 

 



  
 

  

31
 

 
 

References and further reading 
 
Barnes, G. 2001. Aquatic and Marginal Vegetation of Lake Serpentine North. Environment  

Waikato Technical Report 2001/03 
 
Barnes, G. 2002. Water Quality Trends in Selected Shallow Lakes in the Waikato Region, 1995- 

2001. Environment Waikato Technical Report 2002/11 
 
Boswell, J., Russ, M., and Simons, M. 1985. Waikato Small Lakes: Resource Statement. 

Waikato Valley Authority, Hamilton. 
 
Brandon, A., de Lange, P. and Townsend, A. 2004. Threatened Plants of the Waikato  

Conservancy. DOC, Wellington.  
 
Champion, P. de Winton, M.D. and de Lange, P.J. 1993. The Vegetation of the Lower Waikato Lakes (2
 volumes).NIWA Ecosystems Publication No. 8  
 
Clarkson, B. and Wallace, I. 2004. Wetlands of the Waikato District.  Landcare Research  

Contract Report: LC0304/099.  Prepared for Waikato District Council. 
 
Cromarty P. and Scott. D.A. 1996. A Directory of Wetlands in New Zealand. Department of  

Conservation, Wellington, NZ. Available online as PDF’s for each conservancy.  
 
Davoren, A. 1978. A Survey of New Zealand Peat Resources. Water and Soil Technical  

Publication, No 14. University of Waikato, N.Z.   
 
de Lange, P.J., Heenan, P.B., Clarkson, B.D. and Clarkson, B.R. 1999. Taxonomy, ecology, and  

conservation of Sporadanthus (Restionaceae) in New Zealand. New Zealand Journal of  
Botany 37: 413 – 431  

 
DOC/ EW/ Lake Kaituna Care Group (u.d.) Lake Kaituna Management Plan. Environment  

Waikato Doc# 629480. See also:  
http://www.ew.govt.nz/enviroinfo/water/lakes/shallowlakes/peatlakes/kaituna.htm 
 
Environment Waikato (u.d.) For Peat’s Sake: Good Management Practices from Waikato  

Peat Farmers. Available: 
http://www.welg.org.nz/enviroinfo/land/management/peat.htm?version=print  
   
Fergie S.L. 2003. Assessing wetlands restoration success and the restoration of peatland vegetation  

following disturbance. Unpublished Masters of Science thesis. University of Waikato, N.Z. 
 
Irving, R., Skinner, M. and Thomson, K. 1984. Kopuatai Peat Dome: a vegetation survey. Crown  

Land Series, No. 12. University of Waikato and Department of Lands and Survey. Hamilton, N.Z. 
 



  
 

  

32
 

 
 

Kelleher, R. M. 1999. The ecology of Sporadanthus and prospects for restoration of the restiad  
bogs of the North Island of New Zealand. Unpublished Masters of Science thesis. University of 
Waikato, N.Z. 

 
Leathwick, J., Clarkson, B.D. and Whaley, P.T. 1995. Vegetation of the Waikato Region:  

current and historical perspectives. Landcare Research Contract Report LC9596/022 to  
Environment Waikato. N.Z. 

 
Schipper, L.A. and Clarkson B.R. 2003. Come back peat: restiad bog restoration. Te Taiao 1:  

4-5. Available: www.landcareresearch.co.nz/publications/newsletters/tetaiao/ 
 
Schipper, L.A., Clarkson, B.R., Vojvodic-Vukovic, M. and Webster R. 2002. Restoring Cut-over Peat Bogs: A  

factorial experiment of nutrients, seeds and cultivation. Ecological Engineering 19: 29-44 
 
Sharp, L.M. 1995. Aspects of the Growth of Wire Rush Empodisma minus (Hook.f.) Johnson and Cutler in  

Raised Bogs of the Northern New Zealand and Some Implications for Ecological Management. 
Unpublished MSc thesis, University of Waikato. 

  
Quinn, J.M., Cooper, A.B. and Williamson, R.B. 1993. Management of riparian zones and the  

application of research.  In Bunn, S.E., Pusey, B.J., Price, P. (Eds), Ecology and management of 
riparian zones in Australia, pp. 53-88. Proceedings of a National Workshop, Marcoola, Queensland, 
April 13-14 1993, Australian Society for Limnology. 

 
Websites  
 
Cane rush propagation: 
http://www.nzpcn.org.nz/nz_threatenedplants/detail.asp?PlantID=701 
 



  
 

  

33
 

 
 

Appendix 1: Modification of on-ground activities, Lake Kaituna  

 
The original site was to be located at Lake Kaituna (Horsham Downs). As the Plans outlined, this particular 
site was considered marginal by the Technical Advisory Group (TAG) who visited the site in March 2006, 
when compared to that of Lake Serpentine. The site put forward by the farmer (Andrew Hayes) was based 
on his understanding of project needs, in terms of the criteria outlined in the Action Plans. At that time, 
the TAG also felt that this site was most likely the only realistic option given what appeared to be the high 
nutrient status throughout the catchment. In July however, an opportunity arose to take the farmer to 
Kopuatai Peat Dome to visit an area of cane rush (Sporadanthus ferrugineus) occurring in its natural 
habitat. This enabled the farmer to make direct comparisons between the peat he observed in the dome, 
to his knowledge of the varied substrates on his own property (gained through his extensive work of willow 
eradication). Alternative sites for the proposed relocation work were suggested based on these 
observations.  
 
A field visit to determine whether another more suitable site could be used instead was carried out with 
Bev Clarkson (Wetland Ecologist, Landcare Research) and Keith Thompson (Wetland Ecologist, Independent 
consultant). The new site at Lake Komakorau is located approximately 250m NW of the original site (Lake 
Kaituna). The new site lies on the margins of the former Kainui Peat Dome (a deeper, more suitable peat 
type) which provides much more suitable environmental conditions for recreating this type of wetland. The 
previous site despite its proximity had higher nutrients, shallower peat and a lower water table. Given 
these factors, a much greater likelihood of long-term success in the form of plant establishment is 
expected at the new site – critical given the aims of the project to trial best management practices for this 
type of undertaking. Additionally, a larger area (400m2) than at the previous site is available for buffer 
zone planting, the function of which is to shelter the wetland recreation site from wind, absorb excess 
nutrients running over pasture, and protect the cane rush plantings from weed incursion11. Access to the 
site is still easily obtained from Bankier Road, and visitors at present are able to walk to Lake Komakorau 
along a fenced track from Lake Kaituna. Andrew Hayes has described his future plans for this area between 
the two lakes as retiring the pastures, replanting with appropriate native species and eventual 
covenanting. This way both lakes will be linked with a vegetation corridor, greatly enhancing the overall 
educational, recreational and ecological value of the site.    
 
 

                                                 
11 An extended buffer zone (700m2) has also been incorporated into the Lake Serpentine east site following further consultation with the 

Landowner (Patrick Turney) and Waipa DC.  
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Appendix 2: Other potential wetland recreation sites  
 
The following sites were presented and discussed at a meeting held with the project steering group when 
site selection criteria were being developed. It is from this initial list that Lake Kaituna and Lake 
Serpentine east were selected. These other sites are varied in their character, some being more modified 
than others as well as some being easier to access than others. Comments have been added which were 
derived from the initial meeting as well as from subsequent discussions with agency staff.    
 

Moanatuatua  
Moanatuatua Scientific Reserve is located to the north east of Te Awamutu. The 125ha. site is unique, co-
dominated by cane rush and wire rush, and forms the only remnant of this wetland type in the Waipa 
district. The reserve is bordered on all sides by farmland and has a line of mature pine trees running along 
its western edge. Access is by prior arrangement along a farm road.   
 
Removal of the pine trees would yield a substantial site approx 700m x 10m. As this lies alongside the 
reserve, colonisation by cane rush and wire rush would be facilitated. Future possibilities could include 
building a viewing tower and connecting the site to the adjacent Tainui block, which though undeveloped 
no longer contains cane rush.   
 

Ohinewai 
Lake Ohinewai has an extensive existing margin (100m+) and good access from SH1. The land is under the 
ownership of the Department of Conservation and Waikato district council.  
 
The potential site is located on the south side of Lake Waikare, and comprises Gill Road – currently a paper 
road running along edge of DOC land. Paper roads allow 20 m width for potential development. The land 
adjacent to Gill Roadd. is currently in gorse however (see Champion 1993), which suggests that it is quite 
dry.  Information is needed on peat depths. Wire rush has been present (see Davoren 1978). Some 
restoration work is being carried out at a minerotrophic swamp around a lake to the southwest of Lake 
Ohinewai by the current dairy farmer, and may form part of an eco-tourism venture. 
 
Potential linkages to a Dairy Museum which will be developed in the area could be explored. The site is 
also close to the proposed National Wetland centre in Rangiriri.   
 

Beverland Road  

Beverland Road is situated on the eastern side of Lake Whangape, 12km from Huntly. The road runs 
alongside a swampy area. The potential area for restoration is approximately 10ha. and currently covered 
in scrub and pasture. Wetland recreation work would be subject to landholder negotiation and land sale or 
lease. The site is close to the proposed National Wetland centre in Rangiriri.   
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Opuatia   

Opuatia lies directly west of Rangiriri, approximately 10km by road. The wetland is extensive and contains 
diverse habitats including a lake and a river, with mineralised margins surrounding a peat bog. Ownership 
is a mixture of Environment Waikato, Maori and privately owned land. The last record of cane rush was 
from the 1980’s though several plants may still persist. Efforts to re-establish population(s) of cane rush 
could be linked to plans for improving visitor access, which may include a boardwalk across the bog. The 
site is also close to the proposed National Wetland centre in Rangiriri.   
 

Kneebone Road 

Kneebone Road lies approximately 11km due west of Huntly and runs through the Te Mimiha bog. Much of 
the site is in pasture and is also being mined. Current options for wetland recreation are currently 
unknown given the landuses. 

 

 



  
 

  

36
 

 
 

Appendix 3: Propagating cane rush and wire rush  
 

 
The following information provides a basic description of the plants as well as notes on propagation to 
assist with the development of other projects.   
 
 
Cane rush  

Latin name:  Sporadanthus ferrugineus  
Family:  RESTIONACEAE 
Other names:  giant wire rush, bamboo rush, cane rush 
Status:   conservation dependent; endemic to the northern half of the North Island  
 
Cane rush is a late successional species, arriving after wire rush in bogs. Cane rush typically grows in dense 
clumps up to 1.5 m in diameter, made up of 200-300 stems reaching an average height of 1.7 m. The 
bamboo-like stems grow from a sturdy rhizome. Stems vary in diameter from 0.2-1.5 cm, and are jointed 

at approximately 20 cm intervals. As with wire rush, leaves are 
reduced to sheathes which grow from the joints. Seed heads grow from 
the ends of the canes and are rust-coloured, feathery and often 
drooping. Cane rush is dioecious (i.e. male and female parts found on 
separate plants) though it is difficult to distinguish in the field. Plants 
flower from early December to approximately mid January. Seeds are 
ovoid, less than 1mm in diameter and coloured light to dark brown. 
Approximately 100 seeds make up a single gram. Seeds remain viable 
in the soil for a number of years.  

 

Seed collection  

Two attempts at seed collection were made at Moanatuatua Scientific Reserve, the first in late December 
and the second in mid February. After drying in newspaper sleeves for several weeks, a search through the 
chaff revealed no apparent seeds. As a mast species this is a natural occurrence though the frequency and 
environmental drivers of these events are largely unknown. Cane rush is easily grown from seed, though 
seeds will rapidly loose viability if kept in storage. 
 
Pilot study  
Seedlings however are widely established at Torehape Peat mine due in part to extensive open areas 
colonized by stands of manuka and the proximity of undisturbed buffer zone of original restiad vegetation. 
Seedlings ranging in height from 15-40cm were collected in May and transported to a nursery for trials. 
While the plants are hardy, preliminary results show that breakage of the brittle canes is likely to kill the 
plant. Additionally, rhizome division also results in limited success. The method chosen for storage of the 
plants in the nursery was replanting into rectangular polystyrene boxes (recycled frozen fish containers) 
with a series of holes drilled along the sides approximately 3cm from the base. This enables a standing 

Cane rush seeds  
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pool of water to sit in the box to a specified height, as the plants are adapted to waterlogged conditions. 
Grown initially in the shade to reduce transplant shock, the pilot study showed rapid growth over the three 
month period. Height was increased on average 15cm and new growth appeared at the nodes and as new 
canes sprouting from the rhizome. 
 
It is worth noting that even young plants with canes only millimeters in diameter show the markings of the 
newly discovered invertebrate (affectionately called “Fred the Thread” due to the long narrow larval 
form). This moth is host specific and in its larval phase leaves distinctive meandering trails on the canes.  
 

Growth rates for cane rush and wire rush   

Trials were undertaken at Torehape Peat Mine (see Fergie 2003). Cane rush plants were grown from seed 
sown directly on site, whereas wire rush seed was blown in from the bog margin adjacent to the trials.    
 

Average growth  Year one Year two Year four 

Cane rush 60cm 175cm 195cm 

Wire rush  0cm 87cm 90cm 

 

 

Wire rush  

Latin name:  Empodisma minus   
Family:  RESTIONACEAE 
Other names:  wire rush, jointed wire rush 
Status:  Non –threatened 
 
In New Zealand, wire rush is widespread and abundant; it is also found through Tasmania and eastern 
Australia as far north as Queensland. As the main peat former, wire rush establishes early in wetland 
succession and initiates the development of a raised bog.  
 
Unsupported wire rush plants form dense, tangled mats reaching 0.7 m, however when growing amongst 
cane rush stems, where it is often found, it reaches heights of 1-1.5 m. Wire rush stems range in thickness 
from 1-3 mm. They are wiry and much-branched with leaves reduced to sheaths. Conspicuous tufts of 
white fluff protrude from the sheaths. Flowering parts are minute and sparsely distributed along the upper 
stem, appearing from the sheaths. Wire rush produces masses of white to pinkish fine roots with numerous 
root hairs at the ground surface which resist decay and accumulate as fibrous peat. 
 
Propagation  

The easiest method of propagation is from seedlings as seeds are sparse and can be hard to find. Seedlings 
grow rapidly once established. Another method is take a large sod for transplanting, though due to the 
weight and size required may not be practical.  
 
In trials conducted at Lake Maratoto (Waipa district), wire rush seedlings planted out in the open suffered 
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losses thought to be from transplant shock as seedlings were grown in a glasshouse. Seedlings planted 
under manuka also showed rapid declines which suggests that light is a limiting factor. Other findings 
showed peat depths and plant growth rates to be significantly related and water availability to be an 
important consideration (see Fergie 2003). Further detailed information on wire rush propagation can be 
found in Sharp (1995).       
 
 


