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Executive summary  
 
The overall aim of this project is to recreate rare wetlands in areas where they were once 
found. This is a considerable challenge as the Waikato landscape has been highly modified 
through land uses such as agriculture and urban development. Once covering significant tracts 
of the Waikato landscape, the current extent of restiad wetlands dominated by cane rush and 
wire rush is now very much reduced. Cane rush and wire rush are both from the family 
Restionaceae hence using the term restiad to describe this wetland type. Cane rush is a 
conservation dependent species endemic to (i.e. found only in) the northern half of the North 
Island, although it is now limited to three populations in the Waikato region. These wetland 
remnants (Kopuatai peat dome, Torehape and Moanatuatua Scientific Reserve) contain a range 
of other species, including little known invertebrates, some of which are yet to be scientifically 
named. Recreating this wetland type in new locations will open recreational and educational 
opportunities for the public as well as enhance the overall ecological, scientific, cultural and 
aesthetic values of the sites. 
 
In consultation with a technical advisory group, landowners and key agency staff, two sites 
were selected for restiad wetland recreation, namely Lake Komakorau (Waikato district) and 
Lake Serpentine east (Waipa district). The two sites fulfill a suite of social, environmental and 
economic criteria developed in the restiad wetland recreation Action Plan (Peters 2006). 
Following the recommendations in the plan, restiads and species typically found in restiad 
wetland margins were planted between September and November 2006 at both sites. A series 
of plots was established at both sites in order to statistically determine the best techniques for 
recreating restiad wetlands. This will enable the most successful and cost effective technique 
for restiad wetland recreation to be used at other suitable sites in the Waikato region.  
 
The Monitoring and Management Plan details the specific actions needed to monitor the restiad 
wetland flora and fauna at Lake Komakorau and Lake Serpentine east. Monitoring protocols are 
adapted from the Handbook for Monitoring Wetland Condition (Clarkson et al. 2003). 
Predictions reveal the potential for approximately a 50% increase in wetland condition at both 
lakes by year 10 relative to before the recreation.  
 
Preliminary observations at both sites in February 2007show the restiads to have transplanted 
well, with significant new basal growth appearing. At Lake Serpentine east, after 6 months 
cane rush and wire rush height increased by 16 cm and 18 cm respectively while cane rush 
cover in the excavated plots had more than doubled from 10% to 22%. Little increase in cover 
for both cane rush and wire rush had occurred in the herbicide-treated plots. Overall, plant 
cover including colonising species was almost 100%. At Lake Komakorau, after 6 months cane 
rush and wire rush height increased by 16 cm and 19 cm respectively. Cane rush cover had 
nearly doubled from 15% to 28% and wire rush cover had increased nearly 6-fold from 5% to 
28%. Overall plant cover including colonising species averaged 69% in all plots.  
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Protocols for assessing population changes and habitat preferences of the moth (Houdinia 
flexilissima) uniquely associated with the cane rush are included in the report, and monitoring 
will take place in Nov/Dec 2007. The pressures impacting on the restiad wetland recreation 
trial sites and associated buffer zone plantings are detailed and management recommendations 
provided. The key pressure identified at both lakes is urban development, which is likely to 
result in further alterations to catchment hydrology, as well as pest animal and weed 
incursions.  
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1 Introduction  
 
Wetlands are some of New Zealand’s most beleaguered ecosystems, with an estimated 10% of the 
original cover remaining (MfE 1997). In the Waikato, wetland extent has decreased markedly – 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) have been lost.  
 
This Monitoring and Management Plan forms part of the NZ Landcare Trust’s “Recreating Rare Restiad 
Wetland Ecosystems project”1, which was developed in recognition of the multiple social, cultural, 
environmental and economic benefits linked to restoring restiad wetland ecosystems.  
 
Restiad wetlands are a unique type of peat building ecosystem. Peat forms the literal foundation of the 
agricultural industry which the lower Waikato region is renowned for. However, more than 70% of the 
original restiad wetlands in the Waikato region have been drained and cleared for agriculture. Restiad 
wetlands are co-dominated by cane rush (Sporadanthus ferrugineus) and wire rush (Empodisma minus), 
which is a major peat former. Both are from the southern hemisphere family Restionaceae. Cane rush is a 
threatened, conservation dependent species, endemic to (i.e. found only in) the northern half of the North 
Island. Other threatened flora and fauna are associated with this wetland type and include a newly 
discovered moth (Houdinia flexilissima), whose thread-like larvae live inside cane rush stems. There are 
likely to be more invertebrate species within restiad wetlands that have not previously been recorded. 
Only three sites in the Waikato Region remain where this unique type of wetland can be found: Kopuatai 
Peat Dome, Torehape Bog and Moanatuatua Scientific Reserve (Schipper and Clarkson 2003).  
 
There are multiple long-term benefits to recreating restiad wetlands. On a social level, the recreated 
restiad wetland sites can provide a range of recreational and educational opportunities for schools and the 
wider community. With the addition of 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. Generally speaking, widening the wetland margins surrounding lakes by planting 
former paddock areas in trees, shrubs, rushes and other suitable wetland plants helps strengthen the 
ecological functions associated with wetlands. The benefits 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). In the process of 
wetland enhancement, new habitat and food sources are created for both birds and insects. There are also 
cultural benefits, as wetland recreation and restoration is a means of enhancing the mauri (life force) of 
the ecosystem wetland for present day iwi and future generations. There is also a pragmatic economic 
rationale for extending the lake margins as a whole, since the lake and its associated wetlands protect the 
peat resource base used by the agricultural industry2.   

                                                 
1 The project to recreate rare wetland ecosystems in the Waikato” (2005-7) has been funded through two successive Ministry for the 

Environment Sustainable Management Funds (#3068 and #3077). 
2 See For Peat’s Sake: Good Management Practices for Waikato Peat Farmers 

http://www.waikato.govt.nz/enviroinfo/land/management/peat.htm 
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Fig. 1: Lake Serpentine east prior to restiad wetland recreation.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Lake Serpentine east after successful restiad wetland recreation?  
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2 Action Plan  
 
The Action Plan (Peters 2006) was primarily designed as a socio-economic and environmental feasibility 
study for restiad wetland recreation in the Waikato region. The Action Plan outlines protocols to assist 
landowners, community groups and agencies to prioritise suitable sites for restiad wetland recreation and 
then details the major activities required at each site to recreate this wetland type. Costs and suggested 
timeframes are also included. The Action Plan focuses on two sites, Lake Kaituna/ Komakorau (Waikato 
district) and Lake Serpentine east (Waipa district), both of which were selected using the criteria 
established in the Action Plan. An appendix includes other sites in the Waikato where restiad wetlands 
could potentially be recreated as well as further information on cane rush and wire rush morphology and 
propagation. 
 
 

3 Monitoring and Management Plan  
 
The Monitoring and Management Plan complements the Action Plan (Peters 2006). Some of the original 
wetland recreation activities proposed in the Action Plan have been modified as more information has 
become available and methods have been tuned to achieve more sustainable results. Modifications to the 
Action Plan activities are therefore included and discussed in the Monitoring and Management Plan in order 
to guide future restiad wetland recreation initiatives that may occur in the Waikato region. With the 
emphasis on developing a practical document, the logistical aspects of collecting, transporting and 
transplanting cane rush and wire rush are detailed in the Monitoring and Management Plan. The 
development of the planted buffer zone areas adjacent to the restiad recreation sites is outlined and the 
lists of species used included. 
 
The monitoring section is designed to assist landowners, the community and agencies to gather data on 
wetland condition and detailed changes in vegetation cover at the sites. The protocols used in this plan 
were adapted from those detailed in the Handbook for Monitoring Wetland Condition (Clarkson et al. 
2003)3. The Handbook is primarily designed to determine wetland condition at several spatial scales across 
a range of New Zealand wetland types.  
 
The restiad wetland recreation monitoring comprises an overall wetland condition score that takes the 
form of an index relating to the degree of modification of the ecological integrity of the wetland site as a 
whole. More detailed analyses take place at the plot level. As weeding is an integral component in both 
the monitoring and management of the restiad sites, site specific protocols for weeding the primarily non-
native weed species are detailed in the following sections. Protocols for assessing population changes and 
habitat preferences of the newly discovered invertebrate “Fred the thread” are covered in the monitoring 
chapter. The results using the flora monitoring protocols are included in the chapters profiling activities at 

                                                 
3 The handbook provides science-based indicators and a standardized approach which can be applied across a range of wetland types, 

including palustrine (freshwater) and estuarine (saline/freshwater). 
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Lake Komakorau4 and Lake Serpentine east. The lakes chapters both begin with an introduction to the 
location of the lakes, ownership and current condition. Field data collection sheets and preliminary results 
are appended.  
 
The management section functions as a tool to assist with defining which stakeholder may take 
responsibility for which management activity to the site (i.e. restiad and buffer zone areas) as a whole. 
This is an important aspect of this project as, like many other community environmental restoration 
initiatives, a wide range of stakeholders is necessary to provide the technical expertise as well as on-going 
maintenance of the sites. To begin with, the pressures on the restiad wetland recreation trial sites and 
associated buffer zone plantings are scored following criteria established in the Handbook. 
Recommendations to guide the management of the pressures identified are included for both lakes. The 
equipment required for carrying out flora / fauna monitoring and the raw data for the plot level 
monitoring are appended.  
 
 

                                                 
4 The Action Plan (Peters 2006) lists Lake Kaituna as the site for the restiad wetland re-creation site. The Lake Kaituna site was 

regarded as marginal and a subsequent field visit revealed a more suitable site approximately 250 m NW of the original site. The new 

site, Lake Komakorau, lies on the margins of the former Kainui Peat Dome (a deeper, peat type) that provides much better 

environmental conditions for re-creating this type of wetland. 
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4 Restiad wetland and buffer zone development  
 
In September and October 2006, two restiad wetlands were recreated on the eastern edge of Lake 
Komakorau (Waikato district) and on the southern edge of Lake Serpentine east (Waipa district). 
Buffer zones of associated plants were developed in November 2006.  
 
Although proposed activities for recreating restiad wetlands and associated buffer zones are summarised in 
the Action Plan (Peters 2006), the following outlines how the restiads were collected and the key species 
used in the buffer zone plantings. Detailed descriptions of the restiad experimental designs as well as the 
layout of the restiad and buffer zones at both sites are included in Sections 9.2 and 10.2.  
 
 

4.1 Restiad collection and transportation 

 
Cane rush and wire rush plants were collected in September 2006 from 
Torehape peat mine (Hauraki Plains, Waikato region). Due to the 
restoration work carried out by Gamman Mining in conjunction with 
Landcare Research (see Schipper et al. 2002), Torehape provides an 
easily accessible source of young cane rush plants as well as a valuable 
stock of seeds5. A varied age range of cane rush and wire rush plants 
was collected for planting at both of the restiad wetland recreation 
sites. Cane rushes measured up to 1.7 m high with a basal diameter of 
approximately 20 cm. Wire rush is much less common at Torehape and a 
mixture of plant sizes was collected, but generally with a basal 
diameter of approximately 20 cm. The older wire rushes typically had a 
dense sward of top growth. Both species were dug out of the peat using 
spades. A generous amount of peat was left around the root/rhizome 
area to help protect the plants and retain moisture.  
 

Fig. 3: 2 year old cane rush plants packed on to a trailer at Torehape peat mine. 

 
Plants were then packed closely together standing upright on a trailer and ute tray so as to minimise 
disturbance. Using this basic method, several hundred plants were able to be rapidly collected and 
efficiently transported on each visit. The plants were left on the vehicles overnight and heavily watered 
before planting out, as conditions on the peat mine and recreation sites were very dry.  
 

                                                 
5 Little seed was produced over the summer 2005/6 hence the focus on collecting plants.  



 

6 

Twenty one mature cane rush plants (5-7 years, up to 1.9 m tall) 
were also collected, primarily to see whether larger plants would 
survive translocation. In this case, the canes of individual plants 
were tied together for ease of transport and the root/rhizomes 
were wrapped and secured in large sheets of woven plastic 
sheeting, again with a generous amount of peat left for protection. 
The whole plants were then laid horizontally on a trailer for 
transport and heavily watered prior to planting out in the prepared 
sites.  
 
Cane rush is regarded as a species that does not tolerate much 
disturbance to its rhizomes and new shoots. Despite the initial 
transplant shock, which resulted in many of the cane rush and wire 
rush plants yellowing, preliminary observations 5 months after 
planting at both Lake Komakorau and Lake Serpentine east show 
very few losses of the younger plants (i.e. <5%). Larger plants appear to be more sensitive to transplanting 
with a higher proportion of these plants dying.   
 
Fig. 4: Mature cane rush with roots/rhizomes protected for transportation. 

 
 

4.2 Buffer zone development  

 
Adjacent to the restiad wetland recreation sites at Lake Komakorau and 
Lake Serpentine east, buffer zones of species normally associated with 
restiad wetlands have been established. Ongoing restoration work is a 
feature of both sites. Initiatives include enhancing public access so that 
the lakes and their margins can be used for recreational and education 
purposes by a wide cross-section of society. Developing buffer zones 
with appropriate native species (listed overleaf) has a number of 
benefits. Planting a mixture of shrubs and understory species will over 
time provide further habitat for native wildlife. Additional benefits 
include the ability of the plants to intercept surface run off (nutrients 
and surface sediment) from the surrounding farmland before they reach 
the lakes. As the buffer zone species selected also occur naturally on 
the margins of restiad wetlands e.g. on the western edge of the 
Kopuatai peat dome (Hauraki plains, Waikato region), there is an 
opportunity to educate the community about the diversity encountered in wetlands as well as about 
ecological processes such as plant succession.  
 
Fig. 5: Naturally occurring buffer zone, Kopuatai peat dome, Hauraki plains.   
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Fig. 6: Part of the buffer zone plantings at Lake Komakorau, November 2006. 

 
The plants selected for the buffer zone areas have previously been recorded in the regions of both lakes 
(see Champion 1993) and are also found in the plant communities adjacent to restiad wetlands.  

 
Key buffer zone species planted at both lakes include:  
manuka    Leptospermum scoparium  
tūrutu /blueberry   Dianella nigra  
hukihuki/swamp coprosma  Coprosma tenuicaulis 
karamu    Coprosma robusta   
mingimingi   Coprosma propinqua  
kiokio    Blechnum novae zelandae 
harakeke    Phormium tenax 
wheki     Dicksonia squarosa 
rushes    Baumea teretifolia  
                                                B. rubiginosa  
pūrei     Carex virgata  
                                                C. secta 

 
 

Fig. 7: Collecting Dianella nigra from Torehape peat mine, October 2006.  

“Spare” cane rush plants 

 on edge of restiad plots   

Buffer zone plants    
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5 The restiad moth “Fred the thread” 
 
Given that one of the wider aims of the project is restore the restiad wetland ecosystem, a focus on 
fauna as well as flora is necessary.  
 
A newly discovered restiad ecosystem component is a diminutive moth whose long slender larval form 
inhabits the stems of the cane rush. Nick-named “Fred the thread” for this reason, this moth has only 
recently been formally described. The scientific name is Houdinia flexilissima, which acknowledges of the 
hidden nature of the larvae. The moth is host specific, in other words because the larvae only live inside 
cane rush stems, the moth is dependent on this plant for its survival. The moth came to light in a study 
that examined insect-plant interactions in an experimental cane rush restoration project (Watts and 
Didham 2006). The initial findings in the study were that even isolating groups of cane rushes by a 
moderate degree from the source population of cane rush inhabited by Fred the thread caused a near 
complete short-term collapse in the insect-plant interactions. However, larvae populations at 
experimental sites of cane rush up to 800 m away from the source populations were able to recover over 
time. The study found that after 308 weeks, there was no significant difference in larvae populations 
between the intact wetland (i.e. source populations) and the experimental sites of cane rush.   
 
While being identified as a new species, the moth also represents a new genus, which highlights how little 
we really know about restiad wetlands and what they comprise. The inclusion of techniques to monitor 
Fred the thread populations within both of the restiad wetland recreation sites are included in this 
document. The results will add to the growing database of information on this new invertebrate.  

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

Fig. 8: Houdinia flexilissima or “Fred the thread. 

Photo: Birgit E. Rhode  
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Fig. 9: The larval form of Fred the thread that inhabits the cane rush stems. 

Photo: Birgit E. Rhode   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Egg case (small white capsule) and distinctive trail left on the cane rush stem  

Photo: Birgit E. Rhode 
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6 Restiad wetland flora monitoring methodology  
 

6.1 Overall monitoring objectives  

The primary objective of the “Recreating Rare Restiad Wetland Ecosystems” project is to quantify the best 
techniques for carrying out this activity. Additional objectives are:    

1. Determine the response of cane rush and wire rush to their transferral to a new environment and 
to assess which management approach is most successful and cost-effective for restiad 
establishment; 

2. Determine changes in wetland conditions from prior to restiad wetland recreation work, at 3 years 
and at 10 years; 

3. Determine the response of “Fred the thread”, the cane rush moth, to host species transferral and 
assess population change over time.  

 
Baseline monitoring has been carried out at both restiad wetland recreation sites. Wetland condition 
assessments were carried out prior to restiad wetland recreation activities. All results to date (March 2007) 
and general site observations are included in Sections 9.3 and 9.4 (Lake Komakorau) and Sections 10.3 and 
10.4 (Lake Serpentine east). Results from substrate and foliage analyses are still pending. Raw site data for 
both lakes are appended.   
 
The monitoring methods used at the restiad wetland recreation site at Lake Komakorau and Lake 
Serpentine east are adapted from the protocols detailed in the Handbook for Monitoring Wetland Condition 
(Clarkson et al. 2003). Using a standardised approach to monitoring wetland condition will enable the data 
from the restiad wetland sites to be entered into a national database, trends to be recorded over time and 
comparisons made with other wetlands. The overall time frame for restiad plot monitoring is 10 years, but 
as cane rush and wire rush grow quickly (up to 175 cm and 87 cm respectively within the first 2 years), 3 
years of regular monitoring should provide a clear indication of whether the plants have successfully 
established and which management approach can be recommended for future projects.  
 
Slight variations in the monitoring protocols for each of the two sites reflect the differing surface 
treatments (i.e. excavated and excavated/ herbicided pasture).  
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6.2 Key indicator components 

 
Guidelines for scoring the wetland indicator components for the Wetland Record Sheet and the Wetland 
Plot Sheet can be found in the Handbook (Tables 5 and 6, pp. 16-18 and 24). The sheets are available from 
the Handbook’s website, the web address of which is listed in the references, and by email from 
wetlanddatabase@landcareresearch.co.nz. A diagram outlining the relationship between the overall 
condition assessment and the more detailed plot level indicators is appended. 
 

6.2.1 The Wetland Record Sheet  

The Handbook’s Wetland Record Sheet is used to establish changes in wetland condition and provide 
measures for evaluating the success of restiad wetland recreation. A numerical score is given to the system 
and provides an index of natural character. This index functions as a surrogate measure for the condition 
of native biodiversity in wetland ecosystems (Clarkson et al. 2003, p. 6). 
The key wetland condition indicators are as follows:  
o Change in hydrological integrity 
o Change in physicochemical parameters 
o Change in ecosystem intactness 
o Change in browsing, predation and harvesting regimes 
o Change in dominance of native plants 

Intervals for monitoring wetland condition: Prior to wetland recreation, year 3 and year 10.  
 
 
Further measurements in the Wetland Record Sheet include: 
o Field measures (water table, pH, water conductivity and Von Post peat decomposition index) 
o Soil core analyses (water content, bulk density, pH, conductivity, total C, N and P) 
o Foliage analyses (%N, %P and %K) 

Intervals for further measurements: year 1 and year 3. 
 
 

6.2.2 The Wetland Plot Sheet  

The Wetland Plot Sheet is used to detect changes in condition at specific locations (i.e. permanently 
established plots) and provides quantitative data on biotic, physical and chemical parameters. A modified 
version of this is used to allow quantification of a further objective, namely to determine the best 
techniques for restiad wetland recreation.  
Key components are as follows: 
o Height of cane rush and wire rush  
o Canopy of cane rush and wire rush  
o Dieback of cane rush and wire rush 
o Other species present (exotic and native) 
o % covers of introduced species  
o Height of introduced species 

Interval for plot measures: 6 monthly, before weeding of the plots (See section 7).  
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6.2.3 Photopoints  

Photopoints are a useful method for documenting large- and small-scale changes in vegetation over time. 
Good quality images from a consistent view can provide a rapid overview of site evolution, without 
requiring interpretation from specialists6.  
 
A photopoint needs to be selected that will provide the best overall view of the area as well as showing 
changes, e.g. in vegetation coverage. Ease of access is an important factor along with clearly marking the 
point where the camera is placed. Consistency is vital – painting a fence post and adding arrows to mark 
the direction the camera should point in will help with taking a series of photographs that show a similar 
view. Another method to assist with setting up a camera angle is to include a feature in the photograph as 
a measuring tool, e.g. a certain tree or part of a sign or road.  
Interval for photopoint documentation: every 1-2 years. 
 

                                                 
6 Further detailed information on setting up photopoints can be found at www.wwf.org.nz/HPF/toolkit.cfm 
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7 Restiad plot weeding protocol  
 
Weeding forms a part of the overall site management strategy and is a monitored activity. The weeding 
protocols differ between Lake Komakorau and Lake Serpentine east and have been designed not 
compromise the integrity of previous restoration work. However, the protocols will still enable robust 
scientific analysis of weed competition with the restiads. A list of the other species which have colonised 
the site since the restiads were planted is appended.  
 
 

7.1 Lake Komakorau 

 
7.1.1  Data collection  

Weeded plots  Non-weeded plots  

o Height (cm) of cane rush and wire rush 
o Cover (%) of cane rush and wire rush 
o All other species present (native and exotic)  
o Height of dominant exotic species (cm) 
o Height of tallest native species other than cane 

rush and wire rush (cm)  
o Height of willow (cm)  
o Bare ground / peat (%). Note that plant litter is 

classified as cover   

o Height (cm) of cane rush and wire rush 
o Cover (%) of cane rush and wire rush 
o Bare ground / peat (%). Note that plant litter is 

classified as cover   

 
Table 1. Flora data collection at Lake Komakorau. 

 
Plants are measured at their natural height, i.e. without bending any parts straight. Height does not 
include flowering/fruiting parts, as these are seasonal and often higher than the rest of the plant.  
 

7.1.2 Physical works – ALL plots  

o Remove all grey willow (Salix cineria) seedlings from all plots (including the non-weeded plots). All 
large willows have been removed from both Lake Kaituna and Lake Komakorau in recent years but 
seeds are still blown in from nearby sources.  

o Gypsywort (Lycopus europaeus) is also targeted by the farmer for eradication, therefore it is another 
species that needs to be removed from all plots.  

o Although manuka (Leptospermum scoparium) is a native species, its presence within the plots is likely 
to compromise the long-term viability of the restiad plantings, since cane rush in particular is shade 
intolerant. In this context, manuka is regarded as a weed and removed from the plots.  

o All weeds are disposed of on site, i.e. mounded and allowed to rot down. Persistent weeds are 
removed and their roots exposed.    

Site weeding will be carried out at 6 monthly intervals, in spring and autumn.  
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7.2 Lake Serpentine east  

 
7.2.1 Data collection  

Weeded plots  Non-weeded plots  

o Height (cm) of cane rush and wire rush 
o Cover (%) of cane rush and wire rush 
o All other species present (native and exotic)  
o Height of dominant exotic species (cm) 
o Bare ground / peat (%). Note that plant litter is 

classified as cover   

o Height (cm) of cane rush and wire rush 
o Cover (%) of cane rush and wire rush 
o Bare ground / peat (%). Note that plant litter is 

classified as cover   

 
Table 2. Flora data collection at Lake Serpentine.  

 
7.2.2 Physical works – ALL plots  

o Grey willow (Salix cineria) seedlings will be removed from all plots after 3 years. Large willow are still 
present adjacent to the site.  

o Although manuka (Leptospermum scoparium) is a native species, its presence within the plots is likely 
to compromise the long-term viability of the restiad plantings, since cane rush in particular is shade 
intolerant. In this context, manuka is regarded as a weed and removed from the plots.  

o All weeds are disposed of on site, i.e. mounded and allowed to rot down. Persistent weeds are 
removed and their roots exposed    

Site weeding will be carried out at 6 monthly intervals, in spring and autumn.  
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8 Restiad site fauna monitoring methodology 
 
The first step is to determine the presence / absence of “Fred the thread” (Houdinia flexilissima). If Fred 
the thread is not present (i.e. none of the cane rush stems at the recreation sites have the distinctive 
spaghetti-like tracks), then further cane rush plants will need to be brought in from Torehape peat mine at 
a different time of year, when the larvae/eggs are present for the restiad wetland recreation sites to be 
colonised. If Fred the thread is present at the sites, then further monitoring could be carried out to 
determine whether plots with cane rush alone or plots with cane rush and wire rush together are favoured.  
 

8.1 Presence/absence monitoring  

Monitoring the presence of Fred the Thread is a straightforward process, as the tracks left by the larvae 
can be seen with the naked eye. The eggs, although only the size of a pinprick, can also be seen without 
too much difficulty on account of their contrasting colour to the cane rush stems. A photograph of an egg 
and tracks on a cane rush stem can be found in Chapter 5. Calculating the amount of tracks or damage to 
the cane rush stems by the larvae reveals the “herbivory rate” of Fred the Thread (Watts and Didhams 
2005). This rate can be used as a measure of the amount of interaction between Fred the Thread and cane 
rush in cane rush only plots and in cane rush and wire rush plots. The basic protocol to monitor Fred the 
Thread populations at both wetland recreation sites is as follows:  
 

1. Randomly select a total of 50 stems from the Lake Komakorau restiad recreation site and 50 stems 
from the Lake Serpentine east restiad recreation site (See sections 9.2 and 10.2 for details of the 
experimental designs at both lakes). Note that cane rush stems are branched, so a “stem” is 
actually made up of a thicker main stem with numerous thinner side shoots.   

2. Measure the length of the main stems and count the number of tracks made by the larvae on the 
main stems.   

3. Gauge the average amount of individual tracks (i.e. larval damage) per meter of the main stems.  
4. Count the number of eggs on each of the main stems.  
5. Cut open stems and count the number of larvae. Larvae will move either above or below the 

surface marks created on the stems. New tracks will be paler than older tracks.  
6. Count the percentage of stems damaged (i.e. with tracks).  

Monitoring interval: annually, to be carried out in November/December.  
Note that the counts need to be done as soon as possible after harvesting the cane rush stems. 
 
Results will be made available later in 2007 from this activity.  
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9 Lake Komakorau  
 

9.1 Location and general description 

 
Lake Komakorau is situated approximately 14 km northeast of Hamilton city. Lake Komakorau lies adjacent 
to Lake Kaituna and both form part of the Horsham Downs Government Purpose Reserve (Wildlife 
Management), aimed at preserving habitat and maintaining wildlife. The Department of Conservation 
administers both Lakes. The farm of Andrew and Jenny Hayes borders the lake reserve on all sides and 
their input into the restoration of the wetland margins of both lakes has been significant7. 
 

Lake Komakorau is a shallow peat lake covering approximately 8 
ha and is linked to the larger Lake Kaituna by a fenced drain. A 
mown strip within the fence functions as a public access route. 
Both lakes lie on the edge of the former Kainui peat bog.   
 
Lake Komakorau 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 natural vegetation that once grew around Lake 
Komakorau was 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. Other invasive species, 
such as the royal fern (Osmunda regalis), have also been 
eradicated. Currently, most of the catchment is in pasture with 
rushes and adventive species growing along drains, races and in 
the shallower margin areas. Drainage works into the lake all run 
through silt traps, which are cleared on a regular basis. There has 

been no recent formal sampling of water quality although algal blooms have ceased in recent years.  
 
As with Lake Kaituna, the wetland areas comprise 3 main vegetation classes, namely reedland, sedgeland 
and regenerating shrubland (from Clarkson and Wallace 2004). The wetland surrounding the lake is re-
establishing from the seed bank, although the plant species composition is indicative of a highly eutrophic8 
system. Native emergent species include Raupo (Typha orientalis) and rushes (Baumea sp.). Stands of 
manuka (Leptospermum scoparium) grow where the ground is firmer and less saturated.  

                                                 
7 See http://www.ew.govt.nz/enviroinfo/water/lakes/shallowlakes/peatlakes/kaituna.htm 
8 A system where waters are rich in mineral and organic nutrients. This promotes proliferation of plant life, especially algae, which 

reduces the dissolved oxygen content and often causes the extinction of other organisms. 
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9.2 Restiad wetland recreation trial  

 
Between September and November 2006, a restiad wetland and associated buffer zones were developed on 
the eastern edge of Lake Komakorau. Both cane rush and wire rush plants were collected from Torehape 
peat mine on the Hauraki plains, an easily accessible source of both young and mature plants. The trial 
was set up as a blocked design, which comprises 4 replicates9 of 4 different treatments based around the 
planting design and management.  

 
 

 

 

 

 

 

 

 

Table 3. Summary of restiad plot surface treatments at Lake Komakorau. 

 
9.2.1 Substrate treatment 

A shallow 11 m x 9 m basin was excavated to an approximate depth of 30 cm and backfilled with 60 m3 of 
low nutrient milled peat sourced from Torehape peat mine. The peat was raised above the surface of the 
surrounding land in order to create dome-like conditions, which would promote rain as the primary (low-
nutrient) source of water as opposed to the nutrient rich groundwater. The creation of mounds was shown 
to be successful in previous restiad revegetation trials undertaken at Torehape peat mine (see Schipper et 
al. 2002). Note that there are 2 substrate treatments for Lake Serpentine east.  
 
A total of 16 numbered plots each measuring 2.5 m x 2 m was created in the peat filled excavation. 
Walkways between plots are approximately 0.30 m wide. Figure 14 shows the site design and the layout of 
the randomised treatments for each plot. 
 

9.2.2 Planting treatments 

Each of the 16 plots contains 20 2 year old cane rushes. Eight of these contain an additional wire rushes (3 
small or 2 large plants). These two different approaches were tested with the planting design, as in 
naturally occurring restiad wetlands, cane rush co-dominates with wire rush. It is possible that the thick 
sprawling nature of the wire rush stems will help to retain moisture in the plots and thus create more 
favourable conditions for cane rush growth.  
 

                                                 
9 Note that the Action Plan (Peters 2006) describes the original site design as cleared areas within the marginal vegetation of Lake 

Kaituna. The change to a blocked design resulted from the selection of a new site (Lake Komakorau) with more suitable environmental 

conditions. 

SUBSTRATE TREATMENT SURFACE TREATMENTS 

PLANTING DESIGN MANAGEMENT 

Cane rush  Weeded  

Cane rush  Non-weeded 

Cane rush and wire rush Weeded  

 

Plots all excavated and backfilled with milled 

peat 

Cane rush and wire rush Non-weeded 
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Mature  
plants 

Windbreak 

Area outside plots for 

“spare” restiads  

Main area of buffer zone planting  Additional buffer zone planting  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Excavations backfilled with milled peat. Lake Komakorau prior to planting restiads, September 2006.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Planting restiads at Lake Komakorau, October 2006. 

Photo: Fred Lichtwark, Whaingaroa Harbour Care 
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9.2.3 Management treatments  

Two different approaches to management are used. Allowing weeds to establish will assist with 
determining the competitive ability of cane rush and wire rush. For example, Schipper et al. (2002) found 
that weed % cover diminished over time as manuka (used as a nursery crop in the Torehape experiments) 
and cane rush became established. Hand-weeding of the plots is also a labour intensive activity and if this 
can be minimised, then the overall costs of restiad wetland recreation can be lowered.  An adaptive 
management approach will be used to determine when the weeding of the plots takes place. Key factors 
determining plot weeding regimes are the speed and extent of weed growth as well as the invasiveness of 
the weed(s). Noxious weeds at Lake Komakorau, e.g. blackberry, need to be removed promptly, while 
others, such as sheep’s sorrel, are unlikely to affect the restiad wetland in the long term.  
 
Figure 13 shows the site design with the randomised treatments. There are several hundred additional 
cane rush plants adjacent to the experimental area to provide extra buffering as well a seed source and, if 
need be, spare plants to cover for any losses within the plots themselves. There is also a cluster of nine 
mature plants adjacent to the plots.   
   
Top of site: this side faces the buffer zone plantings and paddock. 
NB Numbering begins from the top LHS. 
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Bottom of site: this side faces Lake Komakorau 
 

 Fig. 13: Restiad site experimental design at Lake Komakorau. 
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9.2.4 Buffer zone planting  

The main area of the buffer zone planting is situated between the restiad recreation site and paddocks, 
and measures approximately 410 m2. A secondary area approximately 25 m2 was established to one side of 
the restiad site to provide cover for open ground resulting from earthmoving works. Before planting out 
this area was used as a farmer’s paddock, so the pasture initially present at the site was sprayed with 
herbicide. Buffer zone plants were laid out in a semi-random, clustered design at a slightly greater density 
than the standard 1 plant/m2 used in many other wetland restoration projects. Plants were staked and 
shade cloth placed around the ferns to aid establishment. No mulch or weed mats were used. A sprinkler 
watering system was created using farm water, and this services both the buffer zone and restiad area. 
The restiad wetland recreation and the buffer zone plantings are linked to wider restoration activities 
taking place at Lake Komakorau and the nearby Lake Kaituna. Further planting of both cane rush and 
buffer zone plants is likely to take place in the future to increase populations of native species.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14: Buffer zone at Lake Komakorau with watering system, February 2007.  

Restiad plots  
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9.3 Restiad monitoring results  

 
9.3.1 Wetland condition scores  

The Wetland Record Sheet overleaf details three stages of wetland condition, namely prior to restiad 
wetland recreation, at 3 years after recreation and at 10 years after recreation. As the function of the 
Wetland Record Sheet is to provide an overall index of wetland condition, scoring at differing intervals 
provides a semi-quantitative method of evaluating project success. Additionally, predicting scores for 
years 3 and 10 will provide benchmarks for the project.  
 
The overall score for wetland condition prior to commencing restiad wetland recreation was 8.16/25. The 
low score reflects the development of farmland on the area, which resulted in most of the surface area of 
the restiad wetland recreation site being under pasture. Towards the lake, some native vegetation 
remained, as this area was fenced and within the DoC reserve. In order to establish the restiad wetland 
recreation site, the fence was moved from the boundary of the DoC reserve and further into the adjoining 
paddock to encompass the recreation site. Key changes over the 3 and 10 year period are predicted to 
centre on changes in vegetation cover. Scores relating to “dryland plant invasion” and “introduced plant 
canopy / understory cover” are likely to reflect the strongest changes as restiads are planted and become 
established. The scores for “Damage by domestic or feral animals” and “Harvesting levels” (i.e. stock 
grazing) are predicted to increase strongly as the recreation site was fenced when the restiads were 
planted therefore removing any effects from stock. Higher scores are indicative of less damage.  
 
The majority of parameters within the categories “Change in hydrological integrity”, “Change in ecosystem 
intactness” and “Change in physico-chemical parameters” are likely to demonstrate either small-scale 
change or no change at all. Scored at a catchment wide level, there are many features, such as drainage 
systems, that have irrevocably changed the hydrology of the catchment to make the land more suitable for 
its current and predicted future land uses.  
 
Overall, significant changes in wetland condition are predicted to occur. During the first 3 year period 
(from prior to developing the site to 3 years after restiad wetland recreation), the predicted increase in 
condition is from 8.16/25 to 14.24/25. At 10 years after restiad wetland recreation the condition is 
predicted to increase to 16.5/25. This represents an overall doubling of condition in the 10 years from the 
start of restiad wetland recreation.   
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9.3.2 Wetland Record Sheet 

Wetland Name: Lake Komakorau   GPS/Grid ref: NZ260-S14 083895    Altitude: 40 m asl 
Classification: I System IA Subsystem II Wetland Class IIA Wetland Form 

Palustrine Permanent Fen Basin 

 

YEAR 0 (prior 

to restoration) 

YEAR 3 YEAR 10 INDICATOR INDICATOR 
COMPONENTS 

SPECIFY AND 
COMMENT 

Score 

0-510 

Mean 

score  

Score 

0-5 

Mean 

score 

Score 

0-5 

Mean 

score 

Impact of manmade 

structures 

Drains and weirs present 2 2 2 

Water table depth Water table lowered though 

stabilised by weir  

3 3 3 

Change in 

hydrological 

integrity 

Dryland plant invasion Pasture grasses present as 

site is used as a paddock 

1 

2 

2 

2.33 

4 

3 

Fire damage No evidence 5 5 5 

Degree of 

sedimentation/erosion 

Run off etc from farmland as 

whole catchment is farmed 

4 4 4 

Nutrient levels Run off etc from farmland as 

whole catchment is farmed 

2 3 4 

Change in 

physico-

chemical 

parameters 

Von Post index Peat highly degraded 

through long term farming  

1 

3 

1 

3.25 

1 

3.5 

Loss in area of original 

wetland 

Originally edge of Kainui 

peat dome  

0 0 0 Change in 

ecosystem 

intactness Connectivity barriers Significant tracts of farmland  1 

0.5 

1 

0.5 

1 

0.5 

Damage by domestic or 

feral animals 

Changes reflect fencing  1 4.5 4.5 

Introduced predator impacts 

on wildlife 

Some pest control (hares, 

possums) 

3 3 4 

Change in 

browsing, 

predation & 

harvesting 

regimes Harvesting levels Cattle browsing on pasture  1 

1.66 

5 

4.16 

5 

4.5 

Introduced plant canopy 

cover 

Pasture grasses  1 4 5 Change in 

dominance of 

native plants Introduced plant 

understorey cover 

Pasture grasses  1 

1 

4 

4 

5 

5 

TOTAL WETLAND CONDITION INDEX / 25  8.16  14.24  16.5 

 
Table 4. 10 year wetland condition indices for Lake Komakorau restiad site.  

 

                                                 
10 Degree of modification: 5=very low/ none, 4=low, 3=medium, 2=high, 1=very high, 0=extreme 
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9.3.3 Restiad plot results  

Plot data collection for Lake Komakorau took place in October 2006 and March 2007. Data collection sheets 
are appended and results are summarised in the table below. Results from the substrate and foliage 
analyses will be included later in 2007.  
 
Observations in February 2007 at Lake Komakorau show that the 2 year old sized cane rushes transplanted 
well with fewer losses than the large cane rush plants. Wire rush also survived well and has not yellowed in 
the same way the cane rush has. While the height of some plants has increased, new shoots up to 30 cm 
long are also appearing from the base of the plants. This has occurred 
even where much of the above ground vegetation has died, as Figure 14 
demonstrates. The start of the summer was cool and wet, which no 
doubt helped the plants to establish, but temperatures in January and 
February were quite high (up to 28°C). Rainfall also diminished in this 
period. The prevailing wind helps to dry out the site, hence a watering 
system was needed to aid the establishment of the plants.  
 
Much of the peat between the restiads is still bare, owing most likely its 
low nutrient status, which will exclude species such as nutrient 
demanding pasture. However, exotic plants have begun to establish on 
the damper, lower lying pathways that divide the plots, with Ludwigia 
palustris the most prevalent. Other plants colonising the restiad mounds 
are predominantly exotic, although native species are also beginning to 
appear. Natives include sedges, ground covers and shrubs such as manuka. A full species list is appended.  
  
Fig. 15: New cane rush growth amongst dead shoots at Lake Komakorau, February 2007.  

 

 Average height  Average cover 

 October 2006 March 2007  October 2006 March 2007 

Cane Rush  104 cm 120 cm  15% 28% 

Wire rush  47 cm 65 cm  5% 28% 

All plants including colonising species n/a n/a  20% 69% 

 

Table 5. Summary of plant height and cover for restiads and colonising species at Lake Komakorau in October 2006 

and March 2007. 

 

 NB. Average cover does not include paths between plots.  
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At Lake Komakorau after 6 months, cane rush and wire rush height increased by 16 cm and 19 cm 
respectively. Cane rush cover has nearly doubled from 15% to 28%, and wire rush cover has increased 
nearly 6-fold from 5% to 28%. Overall plant cover including colonising species averages 69% in all plots.  
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9.4 Pressures on the restiad wetland recreation site and buffer zone  

 
Pressures that threaten the viability and sustainability of Lake Komakorau are varied, as like all peat lakes 
in the Waikato, Lake Komakorau exists in a highly modified catchment. The pressures listed below are 
specific to the restiad wetland recreation site and to the buffer zone plantings adjacent to the restiad 
wetland site. The table below is derived from the Handbook for Monitoring Wetland Condition (Clarkson et 
al. 2003). The score of 17/35, assessed in October 2006 shows that significant pressure exists on the 
restiad and buffer zone site at Lake Komakorau. This score is unlikely to change much over time given the 
catchment-wide nature of the pressure scoring. The pressure criteria and resulting scores help guide where 
resources and efforts should be directed. Basic management recommendations are included in this section 
and these align with those detailed in the Management Plan for Lake Kaituna (DoC/ EW/ Lake Kaituna Care 
Group – undated document). Although covering the range of issues affecting the Lake Kaituna ecosystem as 
a whole, the plan is also relevant to Lake Komakorau given the close proximity of the lakes.  
 
PRESSURE  SCORE11

Modifications to catchment hydrology 4 
Water quality within the catchment 2 
Animal access 2 
Key undesirable species 1 
% catchment in introduced vegetation 4 
Other landuse threats 4 
TOTAL WETLAND PRESSURE INDEX /35 17 
 

Table 6. Pressure scores for Lake Komakorau 

 

9.4.1 Modifications to catchment hydrology 

The catchment in which Lake Komakorau is situated has undergone significant modification due to the 
conversion of the Kainui peat dome into farmland over the last century or more. Over 75% of the 
catchment has been subject to hydrological modification. A comprehensive network of drainage channels 
exists throughout the catchment, as much of the land is low-lying and flat. This has resulted in a decrease 
in lake levels and dryland plant invasion into the former wetland margins. Further decreases in lake water 
levels will directly affect the restiad wetland recreation site and may result in the site becoming too dry to 
support the restiad and buffer zone plantings. Conversely, minor increases in lake levels, e.g. through 
increasing the height of the weir, will result in the site becoming wetter and possibly creating more 
favourable conditions for restiad and buffer zone establishment. Modifications to catchment hydrology are 
also likely to contribute to the severity of flooding events, such as was experienced in the late 1990s. 
 

9.4.2 Water quality within the catchment 

The score describes a possible mild incidence of pollution within the water entering the lakes. However, 
nutrient levels within the water entering Lake Komakorau through drainage systems are likely to be 
elevated given the predominance of farming in the catchment.  

                                                 
11 Pressure scores are as follows: 5=very high, 4=high, 3=medium, 2=low, 1=very low, 0=none 
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9.4.3 Animal access 

The score given to animal access is moderate, as there is a large edge to area ratio of the restiad site and 
associated buffer zone plantings. Some control of key undesirable species is being carried out – see below.  
 

9.4.4 Key undesirable species 

The low score is based on the presence of less than 25% of key undesirable species in the catchment. These 
species are derived from the Handbook (Clarkson et al. 2003, p. 26). From this list, a number of key 
undesirable plant species are found in the vicinity of Lake Komakorau, which if not managed could 
threaten both restiad and buffer zone establishment. Gypsywort (Lycopus europeaus) is emerging as a 
serious wetland weed in the Waikato capable of smothering raupo12 (Typha orientalis) and is present in 
small quantities at Lake Komakorau. Grey willow (Salix cinerea) is another serious weed, although it has 
recently been cleared from Lake Komakorau. However, grey willow seedlings still appear, with the likely 
source being seed blown in from other plants remaining in the catchment. Species such as blueberry 
(Vaccinium corymbosum) may be accidentally introduced in the course of transferring milled peat and 
wetland plants from Torehape Peat mine. Other weeds may be introduced from propagules in nursery stock 
used for buffer zone planting. Further undesirable species may be brought in by people visiting the site, 
vehicles, etc.  
 
Hares are present at Lake Komakorau and will damage young plants through browsing. Possums can also 
cause significant damage to palatable plants and are more likely to be a threat to buffer zone species than 
to the restiads. Possum and rat predation of birds’ nests is another threat for the future as the buffer zone 
reaches maturity and begins to be used by wildlife. Dogs belonging to visitors to the site may disturb 
wildlife once the plantings have matured, as will pet cats/feral cats from adjoining properties.    
  

9.4.5 % catchment in introduced vegetation 

Pasture dominates the catchment with over 75% of the area covered. This reflects farming as the primary 
landuse.   
 

9.4.6 Other landuse threats 

A key landuse threat in the catchment is urban development. Current trends in the Waikato region (and 
nationally) show significant increases in rural land value, which frequently results in the rapid subdivision 
of farmland into lifestyle blocks (often 2– 5 acres/0.8-2.0 ha). As the lake is close to a major urban centre 
(Hamilton), increasing pressure is expected from land developers who recognise the aesthetic and 
recreational values of the lake. Direct threats from urban development include further modification to 
catchment hydrology, increased pest animal (i.e. dogs and cats) disturbance of wildlife, and weed 
incursion into wetland areas from garden species. However, a benefit of increased urbanisation is the 
ability of councils to extend riparian margins as a condition of granting consents for land subdivision. 

                                                 
12 http://www.niwascience.co.nz/ncabb/abb/2005-14/gypsywort 
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9.5 Overall management recommendations  

 
PRESSURE  CURRENT MANAGEMENT ACTION RECOMMENDATION 

Modifications to 
catchment 
hydrology  
 

o Wetland margins of lake have been widened and fenced to 
prevent entry of stock  

o Native plants have been planted as a buffer zone between 
the restiad wetland recreation site and pasture area  

o Weir has been built and lake levels are monitored 

Widen wetland margins further where possible and 
continue to plant with appropriate native species  
 
Continue to monitor lake level fluctuations and 
maintain weir structure as required 

Water quality 
within the 
catchment  

o Wetland margins of lake have been widened and fenced to 
prevent entry of stock  

o Native plants have been planted as a buffer zone between 
the restiad wetland recreation site and pasture area 

o Silt traps constructed on drains, frequent trap clearing 

Widen wetland margins further where possible and 
continue to plant with appropriate native species 

Animal access  o Pest control is being carried out 
o Wetland and buffer zone margins have been fenced to 

prevent entry of stock from paddocks  

 

Key undesirable 
species  

o Gypsywort: sprayed with Escort / Associate 
o Willow seedlings: hand-pulled / sprayed on regular basis   
o Other competitive weeds: hand-pulled, sprayed and/or 

mowed in buffer zone area  
o Possums: farm dogs and traps   
o Rats: poison 
o Cats: trapping  
o Hares: shooting 

Plants: Continue with current regime. Weed 
management will reduce in frequency as canopies of 
native plants are established. Notify DoC/ Landcare 
Research of arrival of any new weeds in restiad and 
buffer zone areas.  
 
Animals: Record numbers caught to assist with 
future laying of traps and poisoning efforts 

% catchment in 
introduced 
vegetation 

o  Wetland margins of lake have been widened and native 
plants established  

Widen wetland margins further where possible and 
continue to plant with appropriate native species 

Other landuse 
threats 

o Restoration work and retiring of farmland for future 
covenanting    

Develop covenant to protect integrity of lake and 
wetland/ restiad wetland and buffer zone areas 

 
Table 7. Lake Komakorau restiad site and buffer zone pressures, listing current management actions and recommendations.
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10 Lake Serpentine east 
 

10.1 Location and general description 

 
The Lake Serpentine complex is located within the Waipa District, 
approximately 8 km north of Te Awamutu. Drainage in the eastern 
catchment and the construction of a formed outlet channel during 
the 1920s substantially lowered water levels in what is thought to 
have then been a single lake, forming three distinct water bodies. 
These are known as Serpentine north, south and east, and 
combined they cover a total area of 11.5 ha. Lake Serpentine east 
covers approximately 1.5 ha. At present there is limited public 
access, as there are no formal tracks.  
 
The Serpentine Lakes complex form part of a Government Wildlife 
Management reserve and are administered by the Department of 
Conservation. Recently, the Waipa district council has established 
an esplanade reserve on the southern end of Lake Serpentine east. 
This links an 80-100 year old kahikatea/pukatea stand to the larger 
Wildlife Management reserve. The Waipa district council reserve is 
demarcated by a stock proof fence.  
 
Dairy farming is the predominant land use in the catchment, with 

farmland almost completely surrounding the wetland margins of the Serpentine lakes complex. Increasing 
external loads of nutrients reaching the lake from the catchment through a network of drainage channels 
has 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 collapse13 of aquatic plant 
populations. This has already occurred in other lakes in the Waikato region, e.g. Lake Waahi (late 1970s), 
Lake Whangape (1987) and Lake Rotokauri (1996/7) (see Barnes 2002).   
 
The Serpentine lakes complex was fully fenced in the early 1980s, 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.  

                                                 
13 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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10.2 Restiad wetland recreation trial  

 
Between September and November 2006, restiad wetland recreation and associated buffer zones were 
developed within the newly created Waipa district council esplanade reserve. Both cane rush and wire rush 
plants were collected from Torehape peat mine on the Hauraki plains, an easily accessible source of both 
young and mature plants. The trial is set up as a blocked design, which comprises 3 replicates of 8 
different treatments. Treatments combine substrate, planting design and management.  
 

SUBSTRATE TREATMENT SURFACE TREATMENT 

PLANTING DESIGN MANAGEMENT  

Cane rush Weeded 

Cane rush Non-weeded 

Cane rush and wire rush Weeded 

 

Plots excavated and backfilled with milled 

peat 

Cane rush and wire rush Non-weeded 

Cane rush Weeded 

Cane rush Non-weeded 

Cane rush and wire rush Weeded 

 

Plots NOT excavated and herbicide applied to 

remaining pasture 

Cane rush and wire rush Non-weeded 

 

Table 8. Summary of restiad plot surface treatments at Lake Serpentine east.  

 
 

10.2.1 Substrate treatments  

 
A total of 24 numbered plots each measuring 2.8 m x 4 m was created at Lake Serpentine ease. Walkways 
between plots are approximately 0.30 m wide. There are 2 different substrate treatments. The rationale 
behind the differing substrate treatments was that the site at Lake Serpentine east was low in nutrients 
and therefore may support restiads without the addition of milled peat. Figure 15 shows the site design 
and the randomised treatments. 
 
The first substrate treatment comprises a series of randomly placed shallow plots excavated to a depth of 
30 cm and then backfilled with a total of 50 m3 of low nutrient milled peat from Torehape peat mine. 
Resulting peat mounds are approximately 60 cm deep. The mounds were created to promote rain as the 
primary (low-nutrient) source of water as opposed to the nutrient rich groundwater. This technique was 
shown to be successful in previous restiad revegetation trials undertaken at Torehape peat mine (see 
Schipper et al. 2002).  
 
The second substrate treatment comprised no excavation and the remaining pasture was sprayed with 
herbicide. 
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Fig. 15: Plots marked out and excavation underway at Lake Serpentine east, September 2006. The lake is to the right 

hand side of the fence.    

 
10.2.2 Planting treatments 

Planting designs are similar those used at Lake Komakorau, with half of the plots planted in cane rush only 
and the other half with cane rush and wire rush together. In naturally occurring restiad wetlands, cane 
rush co-dominates with wire rush and it is possible that the thick sprawling nature of the wire rush stems 
will help to retain moisture in the plots and thus create more favourable conditions for cane rush growth. 
A total of 30 2 year old cane rushes was planted per plot, with the addition of 5 wire rush plants in the 
combined plots.  
 

10.2.3 Management treatments  

Two different approaches to management are used. Allowing weeds to establish will assist with 
determining the competitive ability of cane rush and wire rush. For example, Schipper et al. (2002) found 
that weed % cover diminished over time as manuka (used as a nursery crop) and cane rush became 
established. Hand-weeding of the plots is also a labour intensive activity and if this can be minimised, then 
the overall costs of restiad wetland recreation can be lowered. An adaptive management approach will be 
used to determine when the weeding of the plots takes place. Key factors determining plot weeding 
regimes are the speed and extent of weed growth as well as the invasiveness of the weed(s). Noxious 
weeds, such as blackberry, need to be removed promptly, while others, such as sheep’s sorrel, are unlikely 
to affect the long term health of the restiad wetland. Additional cane rush plants are planted adjacent to 
the plot amongst a cluster of 12 mature plants. These plants will provide a further seed source and, if 
need be, young plants can be used to cover for any losses within the plots themselves.  
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Top of site: this side faces the paddock and buffer zone plantings. 
NB Numbering begins from the top LHS. 
 

 
Bottom of site: this side faces Lake Serpentine east (not visible through marginal vegetation) 
 
Fig. 16: Restiad site experimental design at Lake Serpentine east. 
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10.2.4 Buffer zone planting  

The main area of the buffer zone planting is situated between the restiad recreation site and paddocks, 
and measures approximately 300 m2. Buffer zone plants were planted and staked in a semi-random, 
clustered design at approximately 1 plant/m2 in formerly grazed pasture that had not been treated with 
herbicide. The restiad wetland recreation and the buffer zone plantings are linked to wider restoration 
activities taking place at Lake Serpentine east. Further planting of buffer zone species is likely to take 
place within the DoC and Waipa district council esplanade reserve, as the Serpentine complex overall is 
regarded as a priority area.    
 
 

10.3 Restiad monitoring results  

 
10.3.1  Wetland condition scores  

The Wetland Record Sheet overleaf details 3 stages of wetland condition, namely prior to restiad wetland 
recreation, at 3 years after recreation and at 10 years after recreation. As the function of the Wetland 
Record Sheet is to provide an overall index of wetland condition, scoring at differing intervals provides a 
semi-quantitative method of evaluating project success. Additionally, predicting scores for years 3 and 10 
will provide benchmarks for the project.  
 
The overall score for wetland condition prior to commencing restiad wetland recreation was 9.71 / 25. The 
low score reflects the previous development of farmland on the area, which resulted in most of the restiad 
wetland recreation site being under pasture. However, due to the high moisture levels on the lake side of 
the site, approximately one-third contained sphagnum and Carex spp. In order to protect the restiad 
wetland recreation site, a stockproof fence was erected as a part of the district council development of 
the new esplanade reserve. Therefore key changes over the 3 and 10 year period are predicted to centre 
on changes in vegetation cover. Scores relating to “dryland plant invasion” and “introduced plant canopy / 
understory cover” are likely to reflect the strongest changes as restiads are planted and become 
established. The scores for “Damage by domestic or feral animals” and “Harvesting levels” (i.e. stock 
grazing) are predicted to increase strongly as the recreation site was fenced when the restiads were 
planted therefore removing any effects from stock. The majority of parameters within the categories 
“Change in hydrological integrity”, “Change in ecosystem intactness” and “Change in physico-chemical 
parameters” are likely to demonstrate either small-scale or no change. Scored at a catchment wide level, 
many features, e.g. drainage systems, have irrevocably changed catchment hydrology to make the land 
more suitable for its current and predicted future land uses.  
 
Overall, significant changes in wetland condition are predicted occur. During the first 3 years (prior to 
developing the site to 3 years after restiad wetland recreation), the predicted increase in condition is from 
9.71/25 to 14.33/25. At 10 years after restiad wetland recreation, the condition is predicted to increase to 
16.91/25. This represents almost a doubling of condition in the 10 years from the start of restiad wetland 
recreation. Although the condition of Lake Serpentine east was assessed as slightly higher than Lake 
Komakorau prior to restiad wetland recreation (9.71 versus 8.16), scores after 10 years at both lakes are 
predicted to be almost the same (16.91 versus 16.5).   
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10.3.2  Wetland Record Sheet 

Wetland Name: Lake Serpentine east   GPS/Grid ref: NZ260-S15 140588    Altitude: 60 m asl 
Classification: I System IA Subsystem II Wetland Class IIA Wetland Form 

Palustrine Permanent Fen Basin 

 

YEAR 0 (prior 

to restoration) 

YEAR 3 YEAR 10 INDICATOR INDICATOR 
COMPONENTS 

SPECIFY AND 
COMMENT 

Score 

0-514 

Mean 

score  

Score 

0-5 

Mean 

score 

Score 

0-5 

Mean 

score 

Impact of manmade 

structures 

Drains and weirs present 2 2 2 

Water table depth Water table lowered though 

stabilized by weir  

3.5 3.5 3.5 

Change in 

hydrological 

integrity 

Dryland plant invasion Patches of sphagnum and 

Carex spp. in pasture on site 

2 

2.5 

2 

2.5 

4 

3.16 

Fire damage  5 5 5 

Degree of 

sedimentation/erosion 

Run off etc from farmland as 

whole catchment is farmed 

4 4 4 

Nutrient levels Run off etc from farmland as 

whole catchment is farmed 

2.5 3 4 

Change in 

physico-

chemical 

parameters 

Von Post index Peat highly degraded 

through long term farming  

1 

3.13 

1 

3.25 

1 

3.5 

Loss in area of original 

wetland 

Moanatuatua Scientific 

Reserve 120 ha bog remnant 

c. 4 km away. Original extent 

c. 100,000 ha 

0.5 0.5 0.5 Change in 

ecosystem 

intactness 

Connectivity barriers Significant tracts of farmland  1.5 

0.75 

1.5 

0.75 

1.5 

0.75 

Damage by domestic or 

feral animals 

Few issues with 

hares/rabbits etc 

1 4.5 4.5 

Introduced predator impacts 

on wildlife 

Currently only informal 

predator control by farmers 

2 2 4 

Change in 

browsing, 

predation & 

harvesting 

regimes Harvesting levels Cattle browsing on pasture  1 

1.33 

5 

3.83 

5 

4.5 

Introduced plant canopy 

cover 

 2 4 5 Change in 

dominance of 

native plants Introduced plant 

understorey cover 

Pasture grasses  2 

2 

4 

4 

5 

5 

TOTAL WETLAND CONDITION INDEX / 25  9.71  14.33  16.91 

 
Table 9. 10 year wetland condition indices for the Lake Serpentine east restiad site. 

                                                 
14 Degree of modification: 5=very low/ none, 4=low, 3=medium, 2=high, 1=very high, 0=extreme 
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10.3.3  Restiad plot results  

Plot data collection for Lake Serpentine east took place in October 2006 
and March 2007. Data collection sheets are appended and results are 
summarised below. Results from the substrate and foliage analyses will 
be included later in 2007.   
 
Observations in February 2007 at Lake Serpentine east show that the 2 
year old cane rushes transplanted well, although higher losses are 
evident than those transplanted at Lake Komakorau. While the height of 
some plants has increased, new shoots up to 30 cm long are also 
appearing from the base of the plants. As with plants at Lake 
Komakorau, some of the cane rush plants have yellowed, although they 
are still producing new basal shoots. For wire rush, much of the above 
ground vegetation has died, leaving swathes of straw-coloured stems. 
However, new shoots have appeared from the base of the wire rushes.  
 
Although the start of the summer was cool and wet, which no doubt helped the plants to establish, 
temperatures in January and February were high (up to 28°C). Rainfall during this period diminished, but 
the restiad wetland site has remained moist. A simple gravity feed watering system has been installed 
should the dry weather persist and moisture levels in the peat substrate drop.  
 
At 6 months, weeds are strongly established on the excavated and backfilled plots. The initial dose of 
herbicide (Roundup) has not appeared to affect the re-establishment of sphagnum (Sphagnum cristatum), 
a highly desirable native species present at the site before the recreation activities were begun. The most 
prevalent exotic colonising plants are sheep’s sorrel (Rumex acetosella), which was most likely introduced 
with the peat. The other dominant exotic is gypsywort (Lycopus europaeus), which is present throughout 
the esplanade area. Both the sheep’s sorrel and gypsywort are shade intolerant and are therefore unlikely 
to persist once the restiads grow larger.  
 

Fig. 17: Weed growth in the restiad plots at Lake Serpentine east, February 2007. The grey tank is the gravity feed 

watering system. 
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 Average height  Average cover 

    EXCAVATED  HERBICIDE 

 October 2006 March 2007  October 2006 March 2007  October 2006 Mrch 2007 

Cane rush  104 cm 120 cm  10% 22%  10% 12% 

Wire rush  47 cm 65 cm  5% 6%  5% 7% 

 

Table 10. Summary of plant height and cover for restiads in October 2006 and March 2007.  

 
At Lake Serpentine east after 6 months, cane rush and wire rush height increased by 16 cm and 18 cm 
respectively, while cane rush cover in the excavated plots has more than doubled from 10% to 22%. Little 
increase in cover for both cane rush and wire rush has occurred in the herbicide-treated plots. Overall 
plant cover including colonising species is almost 100%.  
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10.4 Pressures on the restiad wetland recreation site and buffer zone  

 
Pressures that threaten the viability and sustainability of Lake Serpentine east are varied, as like all peat 
lakes in the Waikato, the lake exists in a highly modified catchment. The pressures listed below are 
specific to the restiad wetland recreation site and to the buffer zone adjacent to the restiad wetland site. 
The table is derived from the Handbook for Monitoring Wetland Condition (Clarkson et al. 2003), and can 
be applied to wetlands throughout New Zealand. The score of 17/35, assessed in October 2006, shows that 
significant pressure exists on the restiad and buffer zone site at Lake Serpentine east. This score is unlikely 
to change much over time given the catchment-wide nature of the pressure scoring. The pressure criteria 
and resulting scores help guide where resources and efforts should be directed. Basic management 
recommendations are included in this section, which align to those detailed in two recent reports (de 
Winton et al. 2006 and Sukias et al. 2006).   
 
PRESSURE  SCORE15

Modifications to catchment hydrology 4 
Water quality within the catchment 2 
Animal access 2 
Key undesirable species 1 
% catchment in introduced vegetation 4 
Other landuse threats 4 
TOTAL WETLAND PRESSURE INDEX /35 17 
 

Table 11. Pressure scores for Lake Serpentine east. 

 

10.4.1  Modifications to catchment hydrology 

The catchment in which Lake Serpentine east is situated has undergone significant modification due to the 
conversion of the Moanatuatua peat dome into farmland over the last century or more. Over 75% of the 
catchment has therefore been subject to hydrological modification. A comprehensive network of drainage 
channels exists in the catchment, as the former peat dome land is low-lying and flat. This has resulted in a 
decrease in lake levels and dryland plant invasion into the former wetland margins. Further decreases in 
lake water levels will directly affect the restiad wetland recreation site and may result in the site 
becoming too dry to support the restiad and buffer zone plantings. Conversely, minor increases in lake 
levels, e.g. through increasing the height of the weir, will result in the site becoming wetter and possibly 
creating more favourable conditions for cane rush and wire rush establishment.  
 

10.4.2 Water quality within the catchment 

The score reflects that there is possibly only a mild incidence of pollution within the water entering the 
lake. However, nutrient levels within the water entering Lake Serpentine east through drainage systems 
are likely to be elevated given the dominance of farming in the catchment.  

                                                 
15 Pressure scores are as follows: 5=very high, 4=high, 3=medium, 2=low, 1=very low, 0=none 
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10.4.3 Animal access 

The score given to animal access is moderate, as there is a large edge to area ratio. Some control of key 
undesirable species is being carried out – see below.  
 

10.4.4 Key undesirable species 

The low score is based on the presence of less than 25% of key undesirable species in the catchment. The 
species are derived from the Handbook (Clarkson et al. 2003, p. 26). From this list, there are a number of 
key undesirable plant species in the vicinity of Lake Serpentine east, which if not managed could threaten 
both the restiad wetland recreation site and the associated buffer zone. Gypsywort (Lycopus europeaus) is 
present throughout the wetland recreation area and buffer zone and is emerging as a serious wetland weed 
in the Waikato capable of smothering raupo16 (Typha orientalis). Grey willow (Salix cinerea) is another 
serious weed and is still present at Lake Serpentine east, adjacent to the wetland recreation site. 
Seedlings are appearing within the recreation site and buffer zone area. Species such as blueberry 
(Vaccinium corymbosum) may be accidentally introduced in the course of transferring milled peat and 
wetland plants from Torehape Peat mine. Other weeds may be introduced from propagules in nursery stock 
used for buffer zone planting. Further undesirable species may be brought in by people visiting the site, 
vehicles, etc.  
 
Hares/rabbits may be present although no damage has been observed on any of the plants. Possums are 
present and can cause significant damage to palatable plants and are more likely to be a threat to buffer 
zone species than to the restiads. Possum and rat predation of birds’ nests is another threat for the future 
as the buffer zone reaches maturity and begins to be used by wildlife. Dogs belonging to visitors to the site 
may disturb wildlife once the plantings have matured, as will pet cats/feral cats from adjoining properties.    
 

10.4.5  % catchment in introduced vegetation 

Pasture dominates the catchment, as with Lake Komakorau, and over 75% of the area is covered with 
introduced vegetation. This again reflects farming as the primary landuse.   
 

10.4.6 Other landuse threats 

The key threat in the catchment is urban development. As land values have significantly increased in the 
Waikato, farm land is rapidly being subdivided. As the lake is close to urban centres (both Te Awamutu and 
Hamilton), increasing pressure is expected from land developers. As the aesthetic, recreational and other 
values of the lake increase, so too will the value of the land. However, a benefit of increased urbanisation 
is the ability of councils to extend riparian margins as a condition of granting consents for land subdivision.    

                                                 
16 http://www.niwascience.co.nz/ncabb/abb/2005-14/gypsywort 
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10.5 Overall management recommendations  

 
PRESSURE  CURRENT MANAGEMENT ACTION RECOMMENDATION 

Modifications to 
catchment 
hydrology  
 

o Wetland margins of lake have been widened and fenced to 
prevent entry of stock  

o Native plants have been planted as a buffer zone between 
the restiad wetland recreation site and pasture area  

o Weir has been built and lake levels are monitored 

Widen wetland margins further where possible and 
continue to plant with appropriate native species  
 
Continue to monitor lake level fluctuations and 
maintain weir structure as required 

Water quality 
within the 
catchment  

o Wetland margins of lake have been widened and fenced to 
prevent entry of stock  

o Native plants have been planted as a buffer zone between 
the restiad wetland recreation site and pasture area 

Widen wetland margins further where possible and 
continue to plant with appropriate native species 
 
Develop silt traps  

Animal access  o Margins have been fenced to prevent entry of stock  
Key undesirable 
species  

o Willow has been sprayed 
o Pest control is being carried out on an intermittent basis 

by farmers only 
 

Plants: Continue with current regime. Weed 
management will reduce in frequency as canopies of 
native plants are established. Notify DoC/ Landcare 
Research of arrival of any new weeds in restiad and 
buffer zone areas.  
 
Animals: Record numbers caught to assist with 
future laying of traps and poisoning efforts 

% catchment in 
introduced 
vegetation 

o Wetland margins of lake have been widened 
o Native plants have been planted as a buffer zone between 

the restiad wetland recreation site and pasture area 

Widen wetland margins further where possible and 
continue to plant with appropriate native species 

Other landuse 
threats 

o Native plants have been planted as a buffer zone between 
the restiad wetland recreation site and pasture area. Area 
secured through reserve status 

 

 
Table 12. Lake Serpentine east restiad site and buffer zone pressures, listing current management actions and recommendations.
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Appendices 
Appendix 1: Linkages between wetland condition indicators and plot level indicators 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (from the Handbook for Monitoring Wetland Condition, Clarkson et al. 2003) 



 

42 

Appendix 2: Equipment for restiad wetland flora and fauna monitoring  

 
Assessing wetland condition in the field can be most efficiently carried out with two people. 
Recommended equipment is as follows:  
o Handbook or Tables 5 and 6 to assist with scoring wetland indicators and pressures 
o Wetland Record Sheet and Wetland Plot Sheet 
o Tape measure for plant heights (e.g. builders 5 m retractable steel measure)  
o Steel liner for taking substrate cores 7 cm diameter x 10 cm high 
o Knife with serrated edge for cutting out core (a spade may be useful where substrate is very dense as 

in the non herbicide treated rough pasture plots at Lake Serpentine east)   
o Plastic bags for cores (2 per plot) 
o Permanent markers for labelling 
o Small paper bags or envelopes for foliage samples (1 per plot) 
o Field pH meter (if available) 
o Field conductivity meter (if available) 
o Von Post scoring scale (see Appendix VI in Handbook)  

 
Photopoints  
o Camera (digital is easiest)  
o Paint to mark post  

 
Assessing populations of Fred the Thread will require the following equipment. Note that the analyses are 
an off-site activity.  
o Large plastic bags for cane rush stems (1 per treatment) 
o Permanent markers for labelling 
o Tape measure for stem lengths (e.g. builders 5 m retractable steel measure)  
o Strong magnifying glass/ microscope 
o Stanley knife for cutting open stems 
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Appendix 3: Photopoint recording form  

 
Photopoint location description:  
Angle: 
 
 
 
 
 
 
 
 
 
Day/month/year photograph was taken:   
Type of camera used:  
Photographer:  
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Appendix 4: Houdinia flexilissima (Fred the Thread) data collection sheet  

Site: 
Date:  
Field team:  

Individual stem # Length of stem # tracks   # eggs 

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

10.     

11.     

12.     

13.     

14.     

15.     

16.     

17.     

18.     

19.     

20.     

21.     

22.     

23.     

24.     

25.     

26.     

27.     

28.     

29.     

30.     

31.     

32.     

33.     

34.     

35.     

36.     
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37.     

38.     

39.     

40.     

41.     

42.     

43.     

44.     

45.     

46.     

47.     

48.     

49.     

50.     

 Total length of stem 

 

 

Total no. of tracks  

 

Total no. of eggs  

 

 Average no. of tracks/m of 

stem 
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Appendix 5: Species lists  

 

Species list: Lake Komakorau  

 

Date: 15-03-07 

Compiled by: Bev Clarkson & Monica Peters  

Species list: Lake Serpentine east  
 
Date: 15-03-07 
Compiled by: Bev Clarkson & Monica Peters  

Baumea teretifolia Baumea teretifolia 

Carex ovalis  Bidens frondosa 

Dianella nigra Carex divulsa 

Digitaria sanguinalus  Carex ovalis  

Epacris pauciflora Centella uniflora   

Holcus lanatus  Centella uniflora  

Hypochaeris radicata Cirsium vulgare  

Isolepis prolifer  Composite sp. 

Isolepis reticularis Crepis capillaris 

Juncus acuminatus  Digitaria sanguinalus  

Juncus articulatus Eleocharis gracilis 

Juncus effusis  Epacris pauciflora 

Juncus planifolius  Holcus lanatus  

Juncus roundheads  Hypochaeris radicata 

Leptospermum scoparium Isolepis prolifer  

Lobelia anceps  Isolepis reticularis 

Lolium perenne Juncus acuminatus  

Lotus pedunculata Juncus articulatus 

Ludwigia palustris  Juncus effusis  

Lycopus europaeus Juncus planifolius  

Paspalum dilatatum Juncus holoschoenus? 

Paspalum distichum  Juncus tenuis 

Plantago major  Leontodon taraxicoides  

Ranunculus repens  Leptospermum scoparium 

Rumex acetosella  Lobelia anceps  

Rumex obtusfolius  Lobelia anceps 

Sagina procumbens   Lolium perenne 

Salicina cinerea Lotus pedunculata 

Schoenus maschalinus  Ludwigia palustris  

Solanum americanum Lycopus europaeus 

Sonchus oleraceus  Mentha pulegium  

Spergularia ? Paspalum dilatatum 

Trifolium repens  Paspalum distichum  

Other Persicaria hydropiper  

Composite sp. Persicaria salicifolium?  
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 Phytolacca octandra  

 Plantago major  

 Prunella vulgaris  

 Pteridium esculentum 

 Ranunculus flammula 

 Ranunculus repens  

 Rubus fruticosus 

 Rumex acetosella  

 Rumex obtusfolius  

 Sagina procumbens   

 Salicina cinerea 

 Schoenus maschalinus  

 Spergularia ? 

 Sphagnum cristatum 

 Trifolium repens  

 Other  
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Appendix 6: Lake Komakorau data  
 Lake Komakorau Oct-06 Oct-06 Mar-07 Mar-07 Mar-07 Mar-07 Mar-07 Mar-07 Mar-07 

Plot no  vegetation management height cm cover % height cm cover % dead foliage % colonising sp  height cm  cover % Bare ground % 

            

1 Spo + Emp weed          

 Sporadanthus  91 15 110 35 3 car-ova  + 16 

 Empodisma  48 5 67 25 0 hol-lan  1  

        iso-ret?  1  

        jun-art/acu?  +  

        jun-eff  1  

        lep-sco 97 1  

        lud-pal  4  

        rum-ace  17 15  

        sal-cin 16 +  

        sol-ame?  1  

            

2 Spo + Emp NON weed          

 Sporadanthus  87 15 122 40 4 bau-ter  + 7 

 Empodisma  35 6 59 25 0 gon-mic  1  

        iso-ret  1  

        jun-eff 42 1  

        lep-sco  1  

        lob-anc  1  

        lot-ped  1  

        lud-pal 19 10  

        pas-dil  1  

        pla-maj  1  

        ran-rep  1  

        rum-ace   1  

        sal-cin 30 1  

        sch-mas  1  

        spergularia sp?  1  

        tri-rep  1  
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3 Spo NON weed          

 Sporadanthus  88 15 115 30 3 crepis?  + 52 

        emp-min  +  

        hyp-rad  1  

        iso-ret?  1  

        jun-pla  1  

        lob-anc  1  

        lot-ped  2  

        lud-pal  2  

        lyc-eur  1  

        pas-dil 23   

        pla-lan  1  

        ran-rep  +  

        rum-ace   2  

        sal-cin 12   

        sch-mas  1  

        solanum sp  +  

        tri-rep  1  

            

4 Spo weed          

 Sporadanthus  117 15 120 23 3 bau-ter  + 61 

        dig-san  +  

        hol-lan  1  

        jun-pla  +  

        lud-pal  2  

        pas-dil  3  

        ran-rep  +  

        rum-ace  5  

        sal-cin 6   

        sol-ame?  +  

        thistle sp?  +  

            

5 Spo NON weed          

 Sporadanthus  99 15 105 21 5 bau-ter  + 55 

        epa-pau  1  
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        gon-mic  +  

        jun-eff  1  

        jun-pla  +  

        lot-ped  1  

        lud-pal  5  

        rum-ace  10  

        sal-cin 15 +  

        sch-mas  +  

            

6 Spo + Emp weed          

 Sporadanthus  123 15 123 30 4 bau-ter  + 27 

 Empodisma  46 5 44 20 0 car-ova  +  

        gal-tri?  +  

        iso-pro  2  

        jun-pla  +  

        lot-ped  +  

        lud-pal  3  

        pas-dis  +  

        rum-ace  13  

        sag-pro  +  

        sal-cin 26 +  

            

7 Spo weed          

 Sporadanthus  88 15 119 27 2 bau-ter  + 50 

        gon-mic  +  

        hol-lan  +  

        iso-ret  4  

        jun-eff 51 2  

        jun-pla  3  

        lot-ped  +  

        lud-pal  5  

        sal-cin 14   

        sch-mas  +  

        son-ole  +  

        tri-rep  6  
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8 Spo + Emp non weed          

 Sporadanthus  112 15 129 40 2 car-ova  1 8 

 Empodisma  61 5 67 25 0 dig-san  +  

        hol-lan  +  

        iso-ret  2  

        juncus roundhead +  

        jun-eff  2  

        jun-pla  +  

        lep-sco  1  

        lot-ped 39 2  

        lud-pal  6  

        pas-dil  +  

        ran-rep  +  

        rum-ace  10  

        tri-rep  +  

            

9 Spo weed          

 Sporadanthus  117 15 129 25 2 bau-ter  + 58 

        composite sp?  +  

        dia-nig  +  

        gon-mic  2  

        hol-lan  +  

        jun-acu sp.  +  

        jun-eff  +  

        jun-pla  1  

        lep-sco  +  

        lot-ped 61 5  

        lud-pal  +  

        rum-ace  5  

        sch-mas  +  

            

10 Spo + Emp weed          

 Sporadanthus  90 15 114 20 3 hol-lan  + 20 

 Empodisma  31 5 69 20 0 iso-ret  +  
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        jun-acu sp  +  

        jun-eff  3  

        lep-sco 52   

        lot-ped  1  

        lud-pal  4  

        per-hyd  1  

        rum-ace 49 25  

        rum-obt  +  

        sal-cin 18   

        sch-mas  2  

            

11 Spo + Emp non weed          

 Sporadanthus  95 15 122 25 2 hol-lan  1 20 

 Empodisma  59 5 79 30 0 jun-art  1  

        jun-eff  3  

        jun-pla  1  

        lot-ped 68 3  

        lud-pal  7  

        pla-maj  +  

        rum-ace  6  

        sal-cin 42   

        sch-mas  +  

            

12 Spo non weed          

 Sporadanthus  101 15 110 28 3 cen-uni  + 27 

        cer-fon  +  

        dig-san  2  

        iso-ret  1  

        jun-pla  1  

        lep-sco  10  

        lot-ped  +  

        lud-pal  8  

        rum-ace  20  

        sal-cin 29 +  
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13 Spo + Emp non weed          

 Sporadanthus  98 15 127 24 4 lot-ped 57 12 7 

 Empodisma  48 5 49 32 0 bau-ter  +  

        car-ova  +  

        hol-lan  +  

        jun-pla  +  

        lol-per  1  

        lud-pal  6  

        lyc-eur  +  

        marchantia sp  +  

        pas-dil  1  

        pla-maj  1  

        ran-rep  3  

        rum-ace  6  

        sal-cin 25 +  

            

14 Spo + Emp weed          

 Sporadanthus  120 15 120 20 5 hol-lan  + 10 

 Empodisma  48 5 83 47 0 iso-ret  +  

        jun-eff  4  

        jun-pla  1  

        lep-sco  1  

        lot-ped  1  

        lud-pal   8  

        rum-ace  3  

        sal-cin 17 +  

            

15 Spo weed          

 Sporadanthus  107 15 131 35 2 car-gau?  1 44 

        dig-san  1  

        galium sp  +  

        hol-lan  +  

        iso-ret  +  

        jun-eff  2  

        jun-pla  +  
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        lep-sco  1  

        lot-ped  +  

        lud-pal  13  

        pla-maj  +  

        sag-pro  +  

        sal-cin 16 +  

            

16 Spo non weed          

 Sporadanthus  126 15 126 29 3 bau-ter  + 30 

        hol-lan  +  

        iso-ret  2  

        lep-sco  2  

        lot-ped 49 8  

        lud-pal  4  

        pas-dil  1  

        ran-rep  +  

        rum-ace  20  

        rum-obt  +  

        sch-mas  1  

        sol-ame?  +  

            

 20 plants Spo and 2 large/3 small Emp per plot        

 plots 2 m x 2.5 m, walkways approx 0.30 m; total dimensions of site 11m x 9 m     

            

 height of clump of Spo 177 cm (Oct 06)         

 height of clump of Spo (Mar 07)         

            

 Heights cm Total Average  Total Average    Serpentine Komakorau Total Average 

  Oct-06 Oct-06 Mar-06 Mar-06   Oct-06 Oct-06 Oct-06 Oct-06 

 Sporodanthus 1659 103.6875 192.2 120.125  Spo average  2907 1659 4566 114.15 

 Empodisma 376 47 517 64.625  Emp average 578 376 954 47.7 

            

 Cover % Total Average  Total Average        

  Oct-06 Oct-06 Mar-06 Mar-06       

 Sporodanthus  15  27.69       
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 Empodisma  5.13  28       

            

 Bare ground %   Average       

 All species     30.75       
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Appendix 7: Lake Serpentine east data  
 

Lake Serpentine east   28.9.06 28.9.06 Mar-07 Mar-07 Mar-07 Mar-07 Mar-07 Mar-07 

Plot no  substrate vegetation management height cm cover % height cm cover % dead foliage % colonising sp  height cm cover % 

1 peat Spo weed         

  Sporadanthus 124 10 153 25 2    

            

2 herbicide Spo + Emp weed         

  Sporadanthus 100 10 107 12 2    

  Empodisma  47 5 66 8 3    

            

3 peat Spo NON weed         

  Sporadanthus 116 10 154 25 1 rum-ace 44 70 

         bau-ter   

         carex-sp   

         hol-lan   

         hyp-rad   

         iso-pro   

         jun-pla   

         lyc-eur   

         pas-dil   

            

4 peat Spo + Emp weed         

  Sporadanthus 122 10 155 25 1    

  Empodisma  64 6 39 6 +    

            

5 peat Spo + Emp NON weed         

  Sporadanthus 162 10 131 22 2 gon-mic   

  Empodisma  39 5 38 5 2 hyp-rad   

         iso-ret   

         jun-acu?   

         jun-eff   

         lep-sco   

         lot-ped   

         pas-dil   
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         per-hyd   

         pte-esc 80 1 

         ran-fla   

         rum-ace  61 

         sal-cin   

            

6 herbicide Spo NON weed         

  Sporadanthus 141 10 161 25 5 carex-divulsa?   

         dac-glo   

         ele-gra   

         gon-mic   

         hol-lan   

         hyp-rad   

         jun-acu   

         jun-pla   

         lep-sco 76 1 

         lob-anc   

         lot-ped  6 

         lyc-eur  20 

         pas-dil   

         per-hyd   

         pla-lan   

         pru-vul   

         ran-fla   

         sen-bip   

         sph-cri   

            

7 herbicide Spo weed         

  Sporadanthus 142 10 142 9 9    

            

8 herbicide Spo + Emp NON weed         

  Sporadanthus 96 10 90 8 8 lob-anc   

  Empodisma  42 5 46 6 5 sph-cri   

         lyc-eur 52 25 

         hyp-rad   
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         lot-ped   

         lep-sco   

         per-hyd   

         hol-lan   

         pas-dil   

         bau-ter   

         jun-pla   

         leo-tar   

         car-div   

         ran-fla   

         sch-mas   

            

9 herbicide Spo + Emp NON weed         

  Sporadanthus 136 10 184 12 9 hyp-rad   

  Empodisma  59 5 47 6 2 leo-tar   

         lep-sco   

         lot-ped   

         lyc-eur 48 60 

         pas-dil   

         per-hyd   

         pla-lan   

         ran-fla   

         rub-fru   

            

10 peat Spo + Emp NON weed         

  Sporadanthus 110 10 131 17 1 hyp-rad   

  Empodisma  45 6 63 8 + iso-ret   

         jun-eff   

         lep-sco 44  

         lot-ped   

         lyc-eur   

         pas-dil   

         per-hyd   

         ran-fla   

         rum-ace 35 65 
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11 peat Spo NON weed         

  Sporadanthus 125 10 138 25 1 carex sp.   

         iso-pro   

         jun-acu   

         juneff   

         jun-pla   

         jun-ten   

         lep-sco   

         lyc-eur   

         pas-dil   

         per-hyd   

         rum-ace 25 68 

         sal-cin   

            

12 herbicide Spo weed         

  Sporadanthus 98 10 122 13 3    

            

13 herbicide Spo + Emp weed         

  Sporadanthus 97 10 117 11 2    

  Empodisma  44 5 56 6 +    

            

14 peat Spo + Emp weed         

  Sporadanthus 126 10 148 22 1    

  Empodisma  44 5 33 5 0    

            

15 herbicide Spo NON weed         

  Sporadanthus 119 10 119 12 2 bau-ter   

         car-div   

         cen-uni   

         cre-cap   

         dig-san   

         gon-mic   

         hyp-rad   

         leo-tar   
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         lot-ped   

         lyc-eur 24 45 

         pas-dil   

         per-hyd   

         pla-maj   

         pru-vul   

         ran-fla   

         sonchus sp?   

            

16 peat Spo weed         

  Sporadanthus 132 10 143 22 2    

            

17 herbicide Spo weed         

  Sporadanthus 113 10 143 11 2    

            

18 herbicide Spo + Emp NON weed         

  Sporadanthus 112 10 116 15 3 bid-fro   

  Empodisma  57 5 67 6 4 car-div   

         hyp-rad   

         jun-acu   

         jun-pla   

         lot-ped   

         lyc-eur 41 60 

         men-pel   

         pla-lan   

         pru-vul   

         sph-cri   

            

19 peat Spo NON weed         

  Sporadanthus 143 10 125 21 2 hyp-rad   

         lep-sco   

         lot-ped   

         men-pel   

         pas-dil   

         rum-ace 33 70 
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         sal-cin   

            

20 peat Spo + Emp weed         

  Sporadanthus 111 10 128 20 1    

  Empodisma  58 6 48 8 0    

            

21 peat Spo + Emp NON weed         

  Sporadanthus 141 10 131 19 3 hyp-rad   

  Empodisma  38 5 43 8 0 iso-pro   

         jun-eff   

         lep-sco   

         lot-ped   

         lyc-eur   

         pas-dil   

         per-hyd   

         pla-lan   

         ran-fla   

         rub-fru   

         rum-ace 34 68 

            

22 herbicide Spo + Emp weed         

  Sporadanthus 112 10 133 9 2    

  Empodisma  41 5 37 3 1    

            

23 herbicide Spo NON weed         

  Sporadanthus 113 10 123 6 6 car-div   

         hyp-rad   

         jun-acu   

         jun-eff   

         lep-sco   

         lot-ped   

         lyc-eur 46 65 

         pas-dil   

         per-hyd   

         phy-oct   
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         pla-maj   

            

24 peat Spo weed         

  Sporadanthus 116 10 143 18 1    

            

5 Emp and 30 Spo per plot           

Plots are 4 m x 2.8 m, walkways are approx 0.30 m; total dimension 34 m x 9 m       

            

Clump of large Spo hgt = 183 cm          

            

Heights cm Total All plots   Herbicide  Peat All plots  Herbicide Peat      

 Oct-06 Oct-06 Oct-06 Oct-06 Mar-06 Mar-06 Mar-06     

Spo average  2907 121.125 114.92 125.91 134.52 126.91 140     

Emp average 578 48.16666667 48.33 47.86 48.58 53.17 44     

            

Cover %  All plots     All plots  Herbicide Peat      

  Oct-06   Mar-06 Mar-06 Mar-06     

Spo average   10    11.92 21.75     

Emp average  5    5.83 6.67     

Key colonising sp 0   45.67       

            

Bare ground %    All plots        

     Mar-06       

All species      0.38       

 


