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Executive Summary 

The National Wetland Trust (NWT) is proposing to build a national wetland centre at Lake 

Serpentine in the Waikato that will allow people to learn more about wetlands and their special 

qualities. I have been commissioned by the NWT to undertaken a study to assess the feasibility of 

constructing a pest exclusion fence around East Lake of the Serpentine lakes, adjacent to the 

proposed visitor centre,  and to evaluate the ecological, social, cultural and economic costs and 

benefits of creating a permanently pest-free wetland reserve.  

 

The Serpentine lakes are a remnant of the once larger Lake Rotopiko peat lake. Despite the high 

degree of modification, the Serpentine Lakes retain some high quality ecological values that are 

regionally and nationally uncommon, and worthy of protection and enhancement. 

 

The NWT is proposing to enhance the ecology of the Lake Serpentine site by reintroducing several 

threatened species that have been lost from the site over the past decades. Predation by introduced 

mammalian pests is likely to be the primary reason for the loss of several lake and wetland margin 

bird species from the Serpentine lakes, a contributing reason for the loss of indigenous reptiles and 

many invertebrate species, and possibly a factor in the loss of some native fish species. Loss of 

preferred year round habitat is likely to be an important secondary reason for their localised 

extinction.  

 

With some enhancement and enlargement the wetland habitat that remains around the margins of 

East Lake is suitable for the reintroduction of several threatened wetland bird species including 

banded rail, spotless crake, marsh crake, pateke (brown teal), and North Island fernbird, as well as a 

variety of bush margin skinks and geckos, but only if rats, hedgehogs, mice, possums, mustelids 

and cats can be permanently removed from the site. Pest exclusion fencing is the only technology 

currently available that can achieve and sustain the desired level of pest reduction at a small 

mainland site such as Lake Serpentine to allow predator-sensitive threatened native animal species 

to be reintroduced successfully.  
 

The proposed Lake Serpentine site is suitable for the construction of a pest exclusion fence. The 

terrain is such that there are no major physical constraints or serious challenges to the construction 

and maintenance of the fence. An area of about 8 to 9 ha is proposed for fencing. 
 

On a cost comparative basis, a pest fence will always be considerably more expensive than the cost 

of conventional pest control on such a small reserve, even over the 30 year or longer lifespan of the 

fence. However, conventional (or any) non-fence pest management cannot create conditions that 

will enable predator-sensitive threatened bird species to be reintroduced. An effective pest 

exclusion fence will need to be built at Lake Serpentine if the NWT wishes to go ahead with its plan 

to reintroduce predator-sensitive indigenous animal species.  

 

To obtain the benefits that a pest exclusion fence can offer, eradication of all mammalian pest 

species must be achievable. With the exception of mice, the eradication of all pest mammal species 

found at Lake Serpentine has been well proven at several fenced sanctuaries around New Zealand. 

Mice have been a greater challenge with eradication only achieved at 4 sites smaller than 66ha., 

however, the small and accessible nature of the proposed Lake Serpentine reserve makes mouse 

eradication a realistic target.  
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The small size of the proposed site to be fenced will require that a realistic balance between 

ecological requirements and tourist aspirations is established and carefully managed, especially if 

threatened species are to be reintroduced. Provided visitors to the reserve are kept away from 

sections of the wetland habitat, wetland bird breeding success should improve considerably and the 

óspill-overò of excess dispersing offspring should greatly benefit the surrounding remnant peatland 

lake habitat in the area.  
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Section A:   Introduction 

 
The National Wetland Trust is proposing to build a national wetland centre in the Waikato that will 

allow people to learn more about our wetlands and to value their special qualities. A site adjacent to 

East Lake and South Lake of the Serpentine Lakes has been chosen for the centre because of the 

high quality wetland habitat present and the accessibility of the site to a large human population. 

 

I have been commissioned by the National Wetland Trust to undertaken a study to assess the 

feasibility of constructing a pest exclusion fence around East Lake of the Serpentine lakes and to 

evaluate the ecological, social, cultural and economic costs and benefits of creating a permanently 

pest-free wetland reserve.  

 

Specifically, I have been asked to undertake the following: 

 

 Assess options for restoring the fauna ecology at Lake Serpentine, with a focus on East 

Lake and the Waipa District Council Recreation Reserve; 

 Assess the feasibility of a predator-proof fence for the site, including consideration of 

construction, materials and maintenance costs, terrain suitability, the ability to remove and 

exclude all introduced mammalian predators. 

 Compare the costs and benefits (social, ecological, cultural, economic) of pest exclusion vs 

ongoing conventional pest control at the Serpentine location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addressing the stated brief I have included the following in this report: 

 

 Information on the use of pest exclusion fencing as a tool for conservation management in New 

Zealand; 

 Description of the proposed East Lake reserve area, its topography, flora and fauna; 

Figure 1: East Lake 
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 Assessment of the restoration potential for the East Lake reserve; 

 Appraisal of the feasibility / value of creating a pest-free reserve on this site from the 

perspectives of ecological restoration, pest management, environmental education, and social 

and cultural benefits;  

 Evaluation of the physical practicality of building a pest proof fence on the site, 

recommendation for the line of the fence, and construction details and challenges; 

 Consideration of the cost estimate to build the fence provided by Xcluder Pest Proof Fencing;  

 Comments on the integration of the pest exclusion fence with the proposed visitor centre; 

 Determination of resource consent and public / neighbour consultation requirements; 

 A section on the requirements for fence maintenance and monitoring; 

 Recommendations on fence ownership, and securing land access and reserve management 

agreements with the Department of Conservation, Waipa District Council and neighbouring 

land owners; 

 Discussion of pest eradication techniques, likelihood of eradication success, estimate of cost, 

and reference to the experiences of other projects; 

 Information and suggestions on sustaining the project beyond eradication. 

 

 

The information produced in this report has been derived from ten years experience in planning and 

designing pest exclusion fences and fence projects in New Zealand and Hawaii; project 

management of pest exclusion projects at over 20 different locations; participation in large and 

small-scale pest control and pest eradication programmes over the past 25 years; and 25 yearôs 

experience as a professional restoration ecologist. 

 

I have undertaken a thorough field survey of the site and have physically walked the proposed line 

of the pest exclusion fence 
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Section B:  Pest exclusion fencing as a conservation 
management tool in New Zealand 

 
B.1 Pest exclusion fences in New Zealand 

Approximately 120 km of pest exclusion fencing have been constructed around conservation areas 

in New Zealand since 1998, providing protection to over 8000 ha. 54% of this area is on public / 

crown land although a substantial proportion is managed by community groups or trusts. Appendix 

1 shows the location of many of the countryôs pest fence projects. 

 

Three fenced areas have lakes or wetlands enclosed within their pest exclusion fences. Of these, 

Tawharanui Open Sanctuary (588 ha) has the most extensive natural wetlands, while Rotokare 

Scenic Reserve in Taranaki (230 ha) and Lake Opouahi Scenic Reserve in Hawkes Bay (32 ha) 

have significant natural wetland areas surrounding a lake.  

 

Ten years of captive animal trials and monitored pest exclusion fences in the field have provided 

ample evidence that fences can be built that can exclude all of the mammalian pests found in New 

Zealand, provided the fence design and dimensions meet the required specifications (see later 

sections). The evidence is now clear that these fences can continue to be effective and complete 

barriers to pests as long as they are regularly and thoroughly maintained. As evidence of this, the 

two fenced enclosures (35 ha and 65 ha) on Maungatautari in the Waikato have been kept 

completely free of all mammalian pests (including mice) for over 5 years despite occasional tree 

damage to the fence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B.2  Ecological justification for pest exclusion fencing as a conservation management tool 

 

Pest exclusion fencing, combined with recent advances in pest eradication methods, is currently the 

only technology available that can exclude all mammalian pests from a site for a prolonged period 

of time.  

 

Figure 2: Lake Rotokare 

showing the substantial 

wetland margins to the 

lake. The reserve is 

enclosed by a pest 

exclusion fence that 

follows the ridge line. 
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Many of our more vulnerable native bird species, such as the kakapo, saddleback, and hihi, and 

reptiles such as the tuatara, are absent from the mainland and have been confined to predator free 

islands because of their inability to persist in the presence of even low densities of introduced 

mammalian predators. Many other species, including kiwi and takahe, and a variety of marsh and 

wetland birds such as banded rail, spotless crake and fernbird, have continued to decline on the 

mainland despite intensive pest control efforts. 

 

The enclosure of sizeable, relatively healthy areas of indigenous habitat with effective pest 

exclusion fences and the eradication of all or most of the mammalian pest species within the fenced 

area can provide opportunities for ecological restoration and recovery that can otherwise only be 

achieved on pest-free offshore islands. These include: 

a) The ability to safely reintroduce threatened species that cannot be expected to survive in 

the presence of mammalian predators (saddleback, hihi, kakapo, tuatara, native frogs, 

giant weta); 

b) An increase in ecosystem productivity and therefore an increase in species carrying 

capacity; 

c) Improved indigenous animal recruitment with the potential to relocate surplus young to 

other sanctuaries and other conservation areas where pest control is being undertaken. 

d) Natural dispersal of surplus young of flighted animals to build populations in surrounding 

forested and wetland areas. 

e) Natural recovery of ecosystem function which in turn can be expected to lead to an 

increase in the abundance and diversity of less conspicuous life-forms including 

invertebrates, ground ferns, mosses, fungi and soil organisms. 

f) The potential for increased plant biomass and, therefore, increased carbon storage. 

 

Lakes, wetlands and coastal seabird breeding sites are natural areas where pest exclusion fencing 

and pest eradication over comparatively small areas can generate rapid and significant ecological 

benefits, especially in terms of bird breeding success. The large edge to core ratio of lake margin 

and wetland habitat means that the risk of predation by introduced carnivores is considerably higher 

than more uniform forest habitat; this is further accentuated because this same habitat is also used 

for breeding, exposing eggs and chicks to rats, mustelids and cats.  

 

Pest exclusion fencing is also a very useful tool to protect sensitive remnant areas of indigenous 

habitat within urban areas where the tools for animal pest control are greatly limited. Pest fencing 

can be the only effective means of excluding cats in urban areas. 

 

B.3 Pest exclusion fencing vs ómainland islandô management 

The Department of Conservationôs ñmainland islandò strategy of intensive, multi-species pest 

management, where the aim is to hold pest numbers to very low levels sufficient to achieve 

increases in the survival and recruitment of targeted indigenous animal species, has resulted in the 

recovery of a number of threatened species at several sites. However, despite the success of 

mainland islands, they : 

a) have not been able to permanently exclude all stoats,  

b) periodically (especially in seed mast years) fail to control ship rats, and  

c) have never successfully managed to control  mice (and in most sites have not targeted 

them).  

(C. Gillies and A. Saunders, pers comm.) 
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The consequences of this are: 

a) that species such as the saddleback and tuatara that are vulnerable even when very low 

numbers of predators are present have not been able to be reintroduced to mainland 

islands;  

b) periodic surges in ship rat, mouse and stoat numbers, especially in seed mast years can 

cause significant increases in bird, reptile and invertebrate mortality that can undo all of 

the gains of the period between seed-mast years.  

c) the degree to which the restoration of ecosystem function can be achieved is limited and 

inconsistent. 

 

B.4 Evidence of ecological recovery following the construction of pest exclusion fencing and 

the reduction of pests to zero or near zero densities 

 

Only nine fenced sanctuaries enclosing approximately 1300 ha have had their fences completed for 

5 years or longer and have undertaken their pest eradication programmes. Consequently, the period 

over which any ecological changes have occurred is very short, especially in terms of ecological 

time frames. Of these nine fenced areas, three have been confirmed as being completely free of 

pests (including mice) for more than two years (Riccarton Bush and the two enclosures on 

Maungatautari), one - Macraes Flat - has managed to re-establish mouse free status after suspected 

reinvasions through the shale rock substrate,  one never had any mice (Stewart Island), and three 

have removed all other pests except mice. Two of these areas have fences that cross peninsulas and 

end at or above the high tide mark, and as a consequence they experience and manage occasional 

pest reinvasion around the fence ends.  
 

As of July 2008, 36 new populations of 21 different threatened animal species had been 

reintroduced to pest exclusion fenced areas (Burns et al. 2008). Several more introductions have 

occurred since that time. Six of these species have been returned to the mainland of New Zealand 

for the first time in decades, and some to local regions for the first time in over a century. Most of 

these reintroductions are unlikely to have gained the required approval of the Department of 

Conservation (under the Wildlife Act 1953), nor to have been successful, if they were not 

surrounded by an effective pest exclusion fence and had achieved pest-free or near pest-free status.  

 

Scientific monitoring of biological recovery in fenced areas since the conclusion of their pest 

eradication programmes has been for a very limited duration at most sites. However, despite the 

limited time frame for monitoring there have been significant changes recorded at two sites: 

 

1. Maungatautari southern enclosure (65ha) 

A Landcare Research study of changes in beetle populations has been undertaken at the 

Maungatautari Ecological Island Sanctuary in the Waikato. Two forested enclosures (65 ha and 35 

ha) were surrounded by pest exclusion fencing in 2004 after which a successful pest eradication 

programme was initiated.  Before pest mammal eradication the abundance of beetles inside and 

outside the 65 ha enclosure was the same, whereas two years after eradication the beetle abundance 

inside the fenced area had increased to a level that was more than twice that found outside the 

sanctuary (Watts, 2007). Beetles make up approximately 50% of the known New Zealand insect 

fauna so the increase in insect abundance within the fenced area can be considered to be significant. 

Equally significant was the change in beetle species composition within the fence. Of the 85 species 

caught within the fence after mammal removal 50 species had not been recorded there before.  
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While this Landcare study did not compare the fenced area to another where intensive pest control 

was occurring, mice are believed to be one of the primary predators of insects and the mainland 

island experience has shown that mice cannot be effectively controlled over a large area by non-

fence means.  
 

2. Macraes Flat. 

A 22 hectare area of tussock land at Macraes Flat in Otago was surrounded by a pest exclusion 

fence in 2005 as part of a Department of Conservation experiment to understand how to arrest the 

rapid decline in the last remaining populations of the threatened Grand and Otago skinks. Feral cats 

were suspected to be the primary threat. In this trial skink abundance was recorded over a two year 

period inside the pest-free fenced area and compared to data collected from unmanaged skink 

habitat and areas where intensive pest control took place. The results showed a 33% increase of 

Grand skinks and a 66% increase of Otago skinks inside the fenced area compared to an 81% 

decline in the population of Grand skinks and no change in the population of Otago skinks in the 

unmanaged areas. Within the area where intensive pest control had taken place only the monitoring 

site at the core  ï 1.2 km from the edge of the area being controlled ï had abundance increases that 

matched or exceeded those recorded inside the pest fences.  

 

Vegetation monitoring plots have been established at a number of pest exclusion fence project sites 

but because these plots are only re-measured every 2 to 5 years no data is available to compare 

plant growth inside fenced sanctuaries with areas that are not fenced. 

 

Anecdotal observations by ecologists within the two enclosures at Maungatautari in the Waikato 

that have been pest free for nearly 3 years have noted many changes: 

a) Seed of species such as rimu and NZ passion vine now remain unconsumed on the forest 

floor for days and weeks after seedfall whereas when rodents were present the seed was 

gone within 24 hours. 

b) The regeneration of some highly palatable species such as tree fuchsia has been extensive 

and rapid.  

c) The regeneration of seedlings of canopy tree species that produce nuts as seed (eg. tawa, 

pigeonwood, mangeao, titoki) has been considerable. The absence of rats and mice must 

be suspected as the main reason for this change.  

d) The abundance and noise levels of tui in and around the enclosures and in the surrounding 

neighbourhood have been greater than locals can remember.  

 

Monitoring on several off-shore islands following the eradication of all mammalian pests have 

recorded significant, and sometimes unexpected, changes to plant and animal populations. For 

example, following the eradication of Norway rats on Breaksea Island, the seedling numbers of 

many tree and shrub species increased substantially over the ensuing 5 years (Allen et al 1994). 

 

B.5 Where is pest exclusion fencing appropriate ? 

Pest exclusion fences (and fenced reserves) are expensive to establish and require considerable and 

long term commitment of people and resources to remain functional. Careful consideration should 

be given to the potential ecological outcomes with, and without, a pest exclusion fence before 

committing to the construction of one.  
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Conservation areas enclosed by pest exclusion fences are likely to generate the greatest ecological 

returns where: 

 complete and permanent pest removal will enable ecological recovery and/or threatened 

species reintroductions to occur that would not be possible if pests, even at low densities, 

remained;  

 the on-going use of conventional intensive trapping and poisoning strategies for pest control 

is not possible. 

 full, ecosystem ï level recovery is desired. 

 when combined with one or more of the above, there are adjacent moderately healthy areas 

of indigenous vegetation/habitat that can serve as habitat for dispersing offspring (birds in 

particular).  

 

The mainland island approach to pest management is likely to be a more cost-effective and low risk 

strategy where less intense ecological recovery, or the conservation or reintroduction of less 

predator-sensitive species is the primary objective. However, at sites suitable for the reintroduction 

of threatened and predator-sensitive invertebrate, amphibian, reptile, bird and bat species, and/or 

sites where prolonged use of toxic baits and traps is not appropriate, pest exclusion fencing is likely 

to offer the greatest likelihood of threatened species survival and the greatest ecological return. 

 

 

B.6  Pest exclusion fence specifications 

Several designs of pest exclusion fence have now been installed in New Zealand, but those that 

have been shown to be effective at excluding all pests all share the same minimum specifications 

and design features. Animal behaviour research and trials (verified by field experience) show that to 

be effective as a barrier to mammalian pests a fence must: 

 Stand at least 1.9 metres high. Cats can jump to a height of over 1.7 metres unassisted. 

 Have a proven ñno-gripò cap or hood, shaped to prevent animals climbing around it, that 

extends no less than 300 mm horizontally out towards the pests from the face of the fence. This 

is to prevent climbing animals, such cats, possums, stoats, rats and mice, from climbing over 

the top of the fence, and jumping animals, especially cats, from rebounding off the face of the 

fence to reach the top.  

 Have a surface covering that has no apertures or joins that are wider than 7mm. Any gaps 

wider than this may allow juvenile mice to squeeze through.  

 Have a well pegged mammal-proof skirt that extends at least 350mm out from the base of the 

fence to prevent digging animals such as rabbits, rats and mice from burrowing under the 

fence. Trials have shown that all of our digging pests do not have the intellectual capacity to 

deliberately start digging more than 300 mm away from the base of the fence in order to get to 

the other side.  

 Sit on a level but slightly mounded platform to prevent runoff running through the line of the 

fence, and be 4 metres clear of all vegetation, buildings and other objects on the outside edge 

of the fence (fig. 5). 

 

While the design of the fence is critical to its effectiveness, it is the precision of construction that 

determines whether a pest exclusion fence is effective or not. If the objective is to exclude all pests 

all of the time then every millimetre of the fence must be pest proof. If mice are to be excluded this 

means there can be no gaps anywhere on the fence, under gates or through culverts larger than 

7mm. A 99% effective fence is of no value when permanent pest eradication is intended. High 
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quality workmanship and very close, independent supervision of construction by a pest exclusion 

fence expert is essential.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are now two commercial companies with experience in the construction of pest exclusion 

fences in New Zealand, and some others with little or no experience that advertise themselves as 

pest fence builders. Any fence builder being considered to undertake pest exclusion fence 

construction should be required to produce sound science-based trial and field evidence that their 

design is effective against all target pests, and provide references that verify their pest exclusion 

fence construction experience.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19

50 

m

m 

Figure 3: Diagram of the 

standard Xcluder® pest proof 

fence design showing the key 

dimensions and design 

specifications 

Figure 4: Examples of pest exclusion fences built by each of the two main pest fencing 

contractors in NZ. Xcluder Pest Proof Fencing Ltd fence at Maungatautari (left) and Pest Proof 

Fencing Ltd fence at Cape Kidnappers (right). 
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B.7 Earthworks and fence platform formation 

 

The formation of the platform on which the fence is built is a critical stage in the installation of a 

pest exclusion fence. If the earthworks and drainage works are not done to the required 

specifications the quality, longevity and pest excluding effectiveness of the fence can be 

compromised, and on-going maintenance costs increased.  

 

The fence platform generally needs to be at least 4 metres wide to provide room for the fence, 

passage for a tractor (during construction) and a quad bike or equivalent for fence monitoring and 

repairs after the fence has been completed, and a water-table on the up-hill side to trap surface 

runoff (fig. 5). A four metre wide zone needs to be created and maintained on the outside of the 

fence that remains free of all vegetation and any other object that a pest may be able to jump off; 

this often means that as much as 6 or 7 metres needs to be cleared at ground level to create a 4 

metre gap in the canopy of a forest. If the fenceline traverses a moderately steep slope then the 

disturbed area may have to be wider again because of the ñcut and fillò required to produce a level 

platform and because the fence posts must be driven into hard soil and not into the zone of fill.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The wire mesh used to exclude mice has apertures that must be no wider than 7mm along one 

dimension. Mesh of this configuration tends to deflect surface water runoff that can cause 

substantial accelerated erosion. Because of this all surface runoff needs to be captured in water 

tables and channelled to where it can pass under the fence in culverts. Consequently, the accuracy 

of platform formation is critical, especially in terms of forming a mound for the fence to sit on, 

providing suitable slope along the line of the fence, creating well defined water tables, positioning 

under fence culverts and selecting appropriate culvert sizes to cope with the volume of runoff in 

heavy rain, and creating suitable structures to slow down the speed of water flow and trap silt.  

 

This work can be undertaken by an experienced earthworks contractor but must be supervised on a 

day-to-day basis by an independent professional who is experienced in the construction of pest 

exclusion fencing.  

 

 

 

 

Minimum 4 metre  gap 

4 to 6 m 

platform 

Water table 

Pest fence on 

highest part of 

the platform 

 

Figure 5: Diagram to show the 

profile of the fence platform 
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B.8 Stream crossings 

 

All streams, flood channels and drains must be sealed to prevent the passage of all pests. Streams 

tend to be focal points for pest activity, and several species, including Norway rats, stoats and 

ferrets, regularly move along stream channels because of the extra cover they provide. Because of 

this the design, installation and on-going maintenance of pest excluding devices at stream crossings 

is critical. 

 

Any screen or watergate structure used to prevent pest incursions under a pest exclusion fence must 

be able to exclude all pests while also having the capacity to carry normal and flood water flows 

without clogging and without inducing flooding or erosion. Equally important is for the screens or 

watergates to remain a complete barrier to pests when there is no or very low water flow; ephemeral 

streams and flood channels are often the most vulnerable sites for pest incursion as culvert 

watergates can become wedged open with debris after flood waters recede.  

 

Where native fish species are present the pest excluding structures across streams must also be 

designed in a way that allows native fish (and aquatic invertebrates) to move freely up and down 

stream. Many of our native fish species are migratory and need to move out to sea to complete 

stages of their life cycle. One of New Zealandôs most experienced native fish ecologists, Charles 

Mitchell, has found that most of our native fish species can pass through mouse-proof woven wire 

screens with 6mm by 25mm apertures provided the water velocity (for upstream movement) is not 

too great and baffles are placed inside culverts to provide resting zones out of the force of the 

current. Most of our native species migrate in juvenile (whitebait) form so their passage should not 

be hindered by the screens and watergates currently used by at least one of the pest exclusion fence 

construction companies. Additional design features may need to be incorporated to allow adult fish 

to move through the crossings.  

 

It is recommended that any company bidding to build the pest exclusion fence at Lake Serpentine 

be required to submit documented field evidence that their stream crossing structures do allow the 

passage of native fish, and that this evidence be independently appraised before the contractor is 

appointed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: (Top) Xcluder® culvert basket with watergate on the inflow end of a 

525mm culvert, and (bottom) Xcluder® water gate in a 1.2 by 1.2m box culvert 

on the downstream end of a crossing. 
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The prevention of pest fish species, such as koi carp, catfish and rudd, from entering through 

culverts passing under pest exclusion fences while allowing the passage of adult sized native fish is 

a challenge that has yet to be resolved. More research is required to design and field test devices 

that can be installed with pest exclusion fences and perform this dual function. 

 

It is essential that the culverts installed at each stream crossing and drain are of sufficient diameter 

to carry the volume of flood flow that local rules require. Some parts of New Zealand require 

culverts to be capable of carrying flow generated by 1 in 5 year floods while others require capacity 

for 1 in 10 year floods. A capacity for at least 1 in 10 year floods is recommended because floods 

that exceed culvert capacity can cause significant and expensive damage to a pest exclusion fence.  

 

Determination of flood flow levels requires knowledge of catchment size, vegetation type, substrate 

type (ie. water absorbing capacity), stormwater volumes, and rainfall intensity.  

 

 

B.9 Access gates 

 

Public access gates can be the most vulnerable part of a pest exclusion fence. Gates are often 

deliberately or inadvertently left open and can be the target of vandalism. It is recommended that all 

pedestrian gates be of a design with an entry cage and two doors where the second door cannot be 

opened until the first is fully latched. There are proven mechanical, magnetic and electrical systems 

that ensure one gate only can ever be opened at a time. None is completely immune to vandalism 

but the likelihood of the gateway being left open to pest incursion is much lower than a single gate 

system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 : Xcluder® public 

entry cage at the 

Orokonui ecosanctuary 

north of Dunedin. 

Figure 8 : Xcluder® one-man 

entry cage for maintenance 

access at the DOC skink 

enclosure at Macraes Flat 

Otago. 
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Where the public access gates are remote, or there is a risk of vandalism, a solar powered alarm 

system can be installed that sends a message to a mobile phone if a gate is tampered with or can be 

activated if a person should become trapped in the cage or in the reserve (refer to section G 4). 

 

A cage ï double door gate system is recommended even for those gates that are used only for 

maintenance access. 

 

 

B.10 Adjoining fences  

Normally, when another fence adjoins a pest exclusion fence the pest exclusion components need to 

be elevated so that they sit at least 1.7 metres higher than the adjoining fence. This is to thwart those 

animal pests that choose to attempt to jump off the top of the adjoining fence to get into the reserve 

(fig.9). Stock fences that typically stand about 1.1 metres high would  require an ñup-and-overò 

structure the stands 2.8 metres at its highest point to be pest proof.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where deer fences or security fences abut onto a pest exclusion fence making the junction pest-

proof is more of a challenge. A deer fence stands between 1.8 and 2 metres high which would mean 

that an up-and-over structure would have to stand up to 3.7 metres high to exclude pests. Such a 

structure would be very expensive to build, visually unsightly, and a huge sail to the wind in 

exposed places. For these reasons, it is unlikely that a resource consent could be obtained for such a 

structure in many districts. Customised pest-proof adjoining fence sections can be developed for 

most situations without having to create extra large up-and-over structures but these need to be 

custom-designed specifically for each site and usually require pest exclusion components to be 

attached to both sides of the abutting fence. These structures should only ever be designed and 

installed by professionals experienced in building pest proof fences. 

 

Where a pest proof fence is constructed parallel to an existing fence, as often occurs in urban areas 

where residential sections are fenced, the vegetation-free zone between the two fences can provide 

access to would-be burglars and vandals. Where barriers have to be erected to stop such access up-

and-over structures are still required, even when spiked fence designs such as that shown in figure 

10 are used. The spikes prove to be no deterrent to cats.  

 

Figure 9: Typical 

άǳǇ-and-ƻǾŜǊέ 

structure where an 

abutting fence joins 

the pest fence 
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B. 11 Fence longevity 

A variety of materials have been used to construct pest exclusion fences. Treated wooden fence 

posts and galvanised steel poles have been used as the base structure, wire mesh made of galvanised 

coated steel, zinc-aluminium coated steel, and stainless steel (a variety of grades) has been used on 

the face and skirts of fences, and painted and unpainted zinc-aluminium, ñColorsteelò and 

aluminium sheets have been formed to produce the hood / cap on top of the fence.  

 

We can only speculate as to how long pest exclusion fences will last before they need to be 

replaced. In dry, low corrosion environments where fences are well maintained a 50 year lifespan 

may be possible, whereas in coastal locations the effective fence lifespan may be 30 years or less 

depending on the materials used. 

 

A technical comparison of the different materials used shows that there is a trade off between fence 

longevity and cost. Galvanised steel products are the cheapest and also the least corrosion resistant, 

zinc-aluminium products are more corrosion resistant and more costly, aluminium sheet material 

and aluminium chainlink are considerably more corrosion resistant and costly again, while high 

grade stainless steel (particularly marine grade stainless ó316ô) is the most corrosion resistant but 

also the most expensive. The lifespan of materials with high corrosion resistance compared to those 

with low corrosion resistance is proportionally greater where conditions are most corrosive. 

Consequently, the value of corrosion-resistant materials is likely to be at its highest, when measured 

in terms of cost per year over its effective lifespan, in high corrosion areas such as coastal locations 

and on acidic soil types. 

 

A number of factors should be considered before a decision is made about the materials to be used 

in the fence: 

1. Site corrosion potential 

Sites close to the coast, and especially those that intercept salt-laden winds, are likely to experience 

conditions that are the most corrosive to metallic materials. Marine grade stainless steel (also 

referred to as grade 316 stainless steel) is recognised as the steel most resistant to salt corrosion, and 

is widely used by the marine boating industry because of this quality.  

 

Areas with acidic and/or wet soil conditions (such as peat wetlands), high humidity or exposed to 

geothermal vents are also likely to experience high corrosion. Dry inland parts of New Zealand, 

Figure 10: Riccarton Bush 

Christchurch. Barriers were 

installed to prevent members of 

the public walking between the 

fence and backyards, however, 

none could be designed that did 

not provide a launching pad for 

Ŏŀǘǎ ǎƻ άǳǇ-and-ƻǾŜǊέ ǎǘǊǳŎǘǳǊŜǎ 

had to be built. 
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such as central Otago, experience low natural levels of corrosion. In these areas galvanised coated, 

mild steel materials are likely to remain in good condition for many decades.  

 

2. Risk of chipping or scraping 

Fence materials that are exposed to a high likelihood of physical contact can result in mesh and 

hood material being chipped which can, with some metal products, lead to accelerated corrosion. 

Zinc galvanised and zinc-aluminium coated wire and metal sheeting only have a thin outer coating 

to repel corrosion. When the coating is chipped or stripped mild steel is exposed which has very 

low corrosion resistance. In contrast, stainless steel and aluminium wire and sheeting are composed 

of the same material through the full width of the product. Chipping or scraping does not increase 

the vulnerability of these materials to corrosion.  

 

The risk of damage by chipping or scraping is likely to be greatest where fences are positioned 

beside farm or service tracks, alongside areas where the grass is commercially mown, and in contact 

with large or aggressive livestock such a bulls or feral pigs. 

 

3. Strength 

The wire strands and welds of stainless steel wire are considerably stronger, in terms of ability to 

withstand impact, than galvanised wire strands or welded galvanised mesh. While increased wire 

and weld strength may reduce the amount of maintenance that is required, the strength and 

composition of the fixings (that is, the screws and staples that hold the mesh to the posts) is more 

likely to determine the strength of the fence. 

 

4. Material incompatibility  

Any one type of metal is more inclined to react chemically with some types of metal than others, 

and this is likely to be accentuated in corrosive environments. For example, stainless steel and 

galvanised mild (ferric) steel are more likely to react than are stainless steel and aluminium or 

galvanised steel and aluminium. Stainless steel mesh in contact with galvanised steel backing wires 

and staples will cause accelerated decay of the galvanised products especially in a coastal 

environment (fig. 11). 

 

 

 

 

 

 

 

 

 

 

 

 

5. Expansion and contraction 

All metals expand and contract to some extent with changing air temperature. However, some 

metals expand and contract substantially more than others. Aluminium, for example, expands 

considerably more than galvanised mild steel and stainless steel.  

 

Figure 11: Example of 

metal incompatibility at 

Tawharanui. Galvanised 

horizontal wire and 

staples are badly 

corroded in contact 

with stainless steel 

mesh. 
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Expansion and contraction is of greatest concern in areas that experience substantial daily 

temperature range, and can cause problems at hood joints where rivets can be sheared off by the 

movement of the overlapping hood sheets.  

 

 

6. Ability to raise funding 

Many pest exclusion fence project groups initially favour the cheaper but shorter lifespan material 

options because it means that they have less funding to raise to start the project. However, almost 

all groups that I have been associated with have ultimately chosen to build their fences with more 

expensive, longer life materials. They have done so for the following reasons: 

(i) Conservation and restoration timeframes are measured in decades and centuries, so the 

best investment for pest exclusion fence projects is in materials that are the most cost 

effective when measured over periods longer than 30 years.  

(ii)  Pest proof fence projects already underway have found that it is considerably easier to 

raise initial capital funding at the start of the project than it is to procure funding for 

project maintenance after the fence is built. The suspicion is that attempts to obtain 

funding in 20 to 30 years to rebuild the fence will be a far greater challenge than at the 

start of the project. 

 

  



Lake Serpentine Restoration Potential          Pest Exclusion Fence 

  

 14 January 2011 16 
 

 

 

  



Lake Serpentine Restoration Potential          Pest Exclusion Fence 

  

 14 January 2011 17 
 

 

Section C:  Description of the Lake Serpentine ï East  
 Lake Site 
 

C.1 Serpentine lakes: background 

 

The Serpentine Lakes, located close to State Highway 3 between Ohaupo and Te Awamutu, are 

remnants of what was a much larger water body, Lake Rotopiko, prior to land development and 

drainage in the early 1900ôs. Lake Rotopiko now consists of the three small Serpentine lakes, called 

North Lake, South Lake and East Lake. The original large lake was bounded to the east by the 

Moanatuatua peat bog and the low clay Ohaupo ridgeline to the west and south. 

 

Land drainage and development has significantly lowered the water table over the years and this has 

resulted in peat subsidence as the dried peat surface layer has mineralised and consolidated. The 

consequence of this is a reduction in the surface area and depth of the lake system. The lakes are 

now poorly connected, with East Lake flowing into South Lake and the drainage waters from both 

merging with that from North Lake in shallow drains that flow northeast to Lake Rotomanuka 

South. 

 

The three lakes and their margins, covering an area of about 30 ha., are classified as Government 

Purpose Reserves (Wildlife Management) and are administered by the Department of Conservation 

(fig. 12). A Recreation Reserve has been created between South and East Lakes and SH3, and an 

Esplanade Reserve has been established around the eastern margins of East Lake, both of which are 

administered by Waipa District Council (WDC).  

 

The Serpentine lakes are considered to be amongst the best remaining examples of peat lakes in the 

Waikato Region, and in the best condition of those that remain (deWinton et al. 2007). Despite the 

high degree of modification from their original state, the Serpentine lakes retain some natural 

features that are uncommon regionally and nationally and worthy of protection. In particular, the 

lakes have well-developed charophyte and pondweed plant communities that are free of introduced 

aquatic weed species. In addition, the lakes support a diverse assemblage of water birds, including 

threatened species such as the Australian bittern, NZ dabchick, short-fin and long-fin eels, and 

common bully and common smelt populations both of which may be landlocked.  

 

A mature stand of kahikatea and pukatea trees, believed to be 80 to 100 years old, lies immediately 

to the south of East Lake within the WDC recreation reserve. This stand has been linked to the lake 

wetland area by substantial planting of wetland margin tree and shrub species. 

 

The National Wetland Trust, in conjunction with Waipa District Council, have chosen a site 

between East and South Lakes for the construction of a national wetland centre and are 

investigating the possibility of constructing a pest exclusion fence around East Lake to contribute to 

the restoration and recreation experience. The proposed location of the wetland centre and the pest 

exclusion fence can be seen in figure 13.  
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Figure 12: Serpentine Lakes showing public and private land ownership 
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C.2 Physical site description 

 

Topography 

Most of the East Lake site is of flat contour. The land beyond the esplanade reserve boundary to the 

southeast rises to Jary Road and a small clay ridge penetrates between South Lake and East Lake 

from the southwest. This is the rise on which the national wetland centre is proposed to be built. 

The land to the southwest and west of the lakes rises to the Ohaupo Road ridge. Refer to figure 12 

for land contours.  

 

Geology and soil types 

Apart from the ridge on which the national wetland centre will sit, all of the rest of the land within 

the DOC and WDC reserves that surrounds both lakes is largely composed of peat. Peat depths 

around the lake margins have been reported as being up to 4 to 6 metres (Thompson 1994, cited in 

de Winton 2007) however the peat layer is likely to be considerably shallower along the clay ridge 

margins that rise to the south, southeast and southwest.  

 

The existence of peat is of importance to the design and construction of the pest exclusion fence. 

This matter is discussed in detail in a later section. The reduced level of the lakes and water table 

means that much of the peat around the outer lake margins remains dry for much of the year and as 

a consequence the peat has mineralised and consolidated, making it less of a challenge to establish 

firmly seated posts, however, there is likely to be seasonal swelling and shrinkage as lake levels rise 

and fall. This may create some challenges for fence construction. 

 

Drainage 

East Lake is at the head of the Serpentine lakes catchment with overflow draining down a small 

surface drain at the northern end of the lake to South Lake when the lake level rises sufficiently. 

Drainage water from both lakes leaves south lake in the north and flows northeast to Lake 

Rotomanuka South.  

 

East Lake is fed by groundwater and surface runoff from the small catchment that is defined by 

SH3 to the southwest and Jary Road to the south and southeast. The small size of this surface 

catchment is probably one of the major reasons for the quality of the Serpentine lakes remaining 

relatively high compared to other remaining peat lakes; the smaller area of farmland means less 

agricultural contaminants will reach East and South lakes by way of runoff.  

 

Two main drains enter East Lake, one from the southwest that flows alongside the kahikatea-

pukatea stand, the other flows into the eastern side of the lake (see fig13). These drains are likely to 

carry the greatest manageable volumes of contaminants that enter the lake, consequently 

consideration should be given to installing wetlands to extract some of these contaminants before 

they reach the lake water. This is discussed in detail in a later section of this report. Both drains will 

need to be culverted to pass under a pest exclusion fence.  

 

The are several other locations along the eastern side of East Lake where surface runoff can be 

expected to flow through the line of the boundary fence during winter and heavy rain events. If a 

pest exclusion fence is built it may be necessary to intercept this surface runoff in a water table on 

the outside of the fence and channel it to one or more culverts that pass under the fence at 

appropriate low points.  
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Figure 13: Aerial view of East Lake showing the suggested line of the pest exclusion fence 

 

  Suggested line of pest exclusion fence (supplied by NWT) 

   

DOC Government Purpose Reserve boundary 

 

  Suggested location for visitor centre (supplied by NWT) 

   

Car park and access to visitor centre 

   

Suggested pedestrian walkway to visitor centre 

   

Major inflow drains 

   

Minor inflow surface runoff 

   

Outflow drain to South Lake 

   

Area of Waipa District Council revegetation planting 
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Vegetation 

 

Aquatic 

The Serpentine lakes are one of only three locations within the Waikato region where well-

developed native submerged vegetation exists largely in the absence of introduced weed species. 

The other two lakes occur in the Taupo volcanic zone. Nationally, only the isolated lakes of 

Fiordland and some of the dune lakes of Northland retain native dominant aquatic vegetation (de 

Winton et al. 2007). Until very recently both South and East Lakes lacked any introduced 

submerged weed species but the invasive bladderwort species, Utricularia gibba, has been reported 

in South Lake in 2009 and East Lake in 2010 (Edwards et al. 2010). This species poses an 

unknown, but potentially serious, threat to the native character of both lakes. 

 

The submerged plant communities in the Serpentine Lakes are made up of pondweeds 

(Potamogeton ochreatus, P. cheesmannii) and charophytes (Chara australis, Nitella aff. cristata). 

These species have been lost from most shallow Waikato peat lakes as a result of competition from 

introduced weed species and the impacts of lake eutrophication.  

 

Lake margin vegetation 

The lake margins contain a narrow but quite varied assemblage of native plants. The vegetation 

types present include lake edge emergent species (including Eleocharis sphacelata, Baumea 

articulata, and some Typha orientalis), Carex sedgeland, and manuka (Leptospermum scoparium) 

scrubland. Flax (Phormium tenax), manuka, karamu (Coprosma robusta), Coprosma tenuicaulis, 

cabbage tree (Cordyline australis), and kahikatea have all been planted over a number of years 

between East and South Lakes and along the western, eastern and southern sides of East Lake. The 

plantings now link the lake to the mature kahikatea and pukatea stand south of East Lake.  

 

A variety of planted (and subsequent self-seeding) introduced tree species, including silverbell 

(Halesia spp.) and blackwood (Acacia melanoxylon) exist to the west and south of East Lake and a 

wide variety of introduced weed species, especially blackberry (Rubus fruticosus), grey willow 

(Salix cinerea), crack willow (Salix fragilis) and bindweed (Calystegia spp.) can be found 

throughout. 

 

Kahikatea stand and remaining dryland areas 

The understorey of the kahikatea ï pukatea stand contains quite limited native plant regeneration 

which is probably symptomatic of the lowered water table creating alternating summer dry and 

winter wet soil conditions, the lack of a suitable nearby seed source and the influence of ñedge 

effectò.  

 

To the west of the kahikatea- pukatea stand a variety of dryland and wetland margin native trees 

and shrubs have been planted including totara (Podocarpus totara), kahikatea, ribbonwood 

(Plagianthus regius), lemonwood (Pittosporum eugenioides), karamu, flax and cabbage tree. The 

survival rate of these plantings has been variable.  

 

A large portion of the Recreation Reserve, especially the elevated ridge that lies between the two 

lakes, remains in grass that is mown. 
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Avifauna 

Fourteen species of waterfowl have been reported on the Serpentine Lakes by Greenwood in 1996 

(cited in de Winton 2007). Of these, several have a threatened species classification including the 

ñnationally endangeredò Australasian bittern (Botaurus poiciloptilus), grey duck (Anas superciliosa 

superciliosa), spotless crake (Porzana tabuensis plumbea), banded rail (Gallirallus philippensis 

assimilis) and the New Zealand dabchick (Poliocephalus rufopactus). NZ dabchick and 

Australasian bittern are known to be present around East and South Lakes but banded rail and 

spotless crake have not, apparently, been observed for some years. Marsh crake (Porzana pusilla 

affinis), brown teal (Anas chlorotis) and North Island fernbird  (Bowdleria punctata vealeae) are 

species not recorded that would have been present in this habitat in the past. 

 

 

Reptiles and amphibians 

Little is known about the indigenous reptiles and amphibians that may have existed in and adjacent 

to Waikato peat lake habitat in the past, however, the clay ridges that bound the Serpentine lakes 

will have been habitat for several indigenous terrestrial reptiles prior to bush clearance. 

 

 

Fish 

Four native fish species, common bully (Gobiomorphus cotidanus), common smelt (Retropinna 

retropinna), shortfin eel (Anguilla australis) and longfin eel (Anguilla dieffenbachii) are present in 

East and South Lakes. The smelt and bully populations are quite likely to be landlocked. If this is 

the case, they do not need to migrate to sea to compete their lifecycle.  

 

The shortfin eel population in the lakes is notable because of the very high proportion of fish of 

harvestable size - 90%. This compares to less than 5% in heavily fished populations and implies 

that the Serpentine population has been largely unexploited (de Winton et al. 2007). 

 

Black mudfish (Neochanna diversus), found in other Waikato wetlands, have not been recorded in 

the Serpentine lakes but this species and the giant kokopu (Galaxias argentus) are two species that 

would have been present in the past.  

 

Rudd (Scardinius erythrophthalmus) and catfish (Ameiurus nebulosus) are introduced pest fish 

species present in the Serpentine Lakes. Both pose a major threat to the native submerged plant 

communities and the conditions of the lakes (de Winton et al. 2007). Rudd are currently controlled 

by the gill-netting undertaken periodically by the Department of Conservation. 

Several pest fish species present elsewhere in Waikato waterways, especially koi carp (Cypinus 

carpio), tench (Tinca tinca), perch (Perca fluviatilis) and mosquitofish (Gambusia affinis), offer 

serious threats to the Serpentine Lakes if fish passage barriers are not constructed.  

Red-eared slider turtles (Trachemys scripta), commonly kept as aquarium pets, are increasingly 

being released into Waikato waterways when they become too large for their fish tanks 

(information supplied by aquarium outlets). These turtles are a major pest in Queensland, Australia 

and it is thought that it is only the cooler waters of New Zealand that are preventing them from 
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breeding in the wild here. The warmer shallow waters of the Waikato peat lakes may prove to be 

suitable breeding habitat if turtles are released there. 

 

 

Invertebrates 

Our knowledge of insect, snail and other invertebrate species that prefer peat lake and wetland 

margin habitat in the Waikato is not great however there are likely to be a range of species, some of 

which may yet to be described, that will benefit from the restoration of the lakes and lake margins. 

Examples of this include ñWhirligig beetlesò recently discovered in the adjacent Lake Rotomanuka, 

a rare moth species that lives on the threatened giant cane rush (Sporodanthus ferrugineus) at East 

Lake, and a water mite recorded for the first time in Lake Maratoto.  

 

 

Animal pests 

It is likely there are 10 or more mammalian pest species (including dogs) present on occasions 

around the margins of East and South Lakes. These include:  ship rats (Rattus rattus), Norway or 

swamp rat (Rattus norvegicus), mice (Mus musculus), stoats (Mustela erminea), ferrets (Mustela 

furo), and probably weasels (Mustela nivalis), hedgehogs (Erinaceus europaeus occidentalis), 

possums (Trichosurus vulpecula), rabbits (Oryctolagus cuniculus), cats (Felis catus) ï domestic 

and feral, and domestic dogs (Canis familiaris). Hares (Lepus europaeus occidentalis) may also be 

present on occasions.   

 

All, with the exception of rabbits and hares, are likely to be significant predators of birds, eggs and 

chicks. Rats, mice and hedgehogs will also prey upon invertebrates. Possums, hares and rabbits will 

be causing some damage to the native vegetation with rabbits and hares probably targeting planted 

and naturally germinating seedlings. 

 

The lakes are now fenced from all farm livestock, however, the eastern side of East Lake and the 

kahikatea ï pukatea bush area was open to grazing as recently as 1993 (Thompson and Champion, 

1993).   

 

 

C.3 Pre-European history 

 

Two possible pa or Maori settlement sites have been identified between East Lake and South Lake. 

NZ Archaeological Association records are not precise as to the location of either site.  

 

The pa site (ref. N65/79; old ref. S15/47) would appear to have been located on the northeast corner 

of East Lake although it is not clear exactly where. In the knowledge that the lake level was higher 

in past decades the likely location is in on the privately owned pasture northeast of where the pest 

fence is likely to be built. The location of this site appears not to have ever been field verified.  

 

Reference is also made (N65/78; old ref. S15/46) in the NZAA records to a possible pa site at the 

north-eastern end of the peninsula that rises between East and South Lakes and/ or a possible Maori 

settlement on or near the knoll of this peninsula (cooking stones, charcoal and bones were 

uncovered at the southern end of the knoll of this peninsula by a roading gang when the line of SH 

3 was changed).  
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In the opinion of qualified archaeologists at Opus, the entire ridge between East and South Lakes, 

including the proposed location for the visitors centre, is likely to have been occupied by Maori and 

it would be wise to undertake an archaeological field survey before any construction works are 

planned.  

 

 

C.4 Access and recreational use 

 

East and South Lakes are currently used by duck shooters during the duck shooting season in May 

and both lakes are open to passive recreational use through the SH 3 access at the southern end of 

both lakes. No information is available about the number of visitors to the lakes but visitor activity 

is likely to be small and confined largely to DOC field staff and volunteers undertaking planting 

and maintenance activities.  

 

The development of a national wetland centre on site will obviously increase visitor numbers 

considerably and this will necessitate consideration of parking, traffic management, walkway and 

pedestrian management issues, especially because of the close proximity of the reserve to SH 3 and 

the dangerous nature of the current entranceway off SH 3 for high volume vehicle access. The 

National Wetland Centre Serpentine Lakes (Rotopiko) Business Plan produced in March 2010 by 

Tourism Resource Consultants refers to an New Zealand Transport Agency (NZTA) limit of 100 

vehicle movements per day between SH3 and the reserve. If this is a maximum for any one day, as 

opposed to an average per day over a year, then a daily limit of 50 vehicles (each passing in and 

out) will be a serious constraint. It would be advisable for the Trust to begin to negotiate with 

NZTA for an increase to this limit or for it to be an average over a year; otherwise, an alternative 

access road off Jary Road may be necessary. 

 

 

C.5  Land designation and management 

 

The three Serpentine lakes are managed by the Department of Conservation under the designation 

of Government Purpose Reserves (Wildlife Management). A margin of between 10 and 90 metres 

beyond the waterôs edge of South and East Lake is included within the reserve (see fig 13).  A 70 

metre wide reserve section links East and South Lakes at the northern end of East Lake and the 

reserve extends a further 300 metres to the north of South Lake to include the wetland area the 

drains both lakes. 

 

The Waipa District Council (WDC) esplanade reserve adds approximately 20 metres more to the 

protected area on the east side of East Lake, which creates a buffer of between 30 and 40 metres 

between lake edge and farmland along this edge.  

 

The WDC administered Recreation Reserve includes the kahikatea ï pukatea stand (Turneyôs Bush) 

and the grass area between the two lakes and SH3 and joins them to the lake reserve.  The fenced 

boundary on the south side of Turneyôs Bush is hard up against the tree margin; this could cause 

some challenges for the construction of a pest exclusion fence (see later section). 

 

On 1 February 2002, the Waipa Peat Lakes and Wetlands Accord was signed by Environment 

Waikato, Waipa District Council, Auckland/Waikato Fish and Game Council, Iwi (Ngaa Iwi Toopu 
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Waipa) and the Department of Conservation. The purpose of the Accord is: ñTo align the activities 

of management agencies when working with landowners, tangata whenua and interested parties, 

towards the restoration and enhancement of lakes and wetlands in the Waipa Districtò. The 

objectives of the Accord are (in abbreviated form): 

 Promote the sustainable use and conservation of lake and wetland resources; 

 Encourage restoration of degraded lakes, wetlands and associated species that are in an 

unfavourable conservation status; 

 Maintain an overview of the status of lake and wetland resources; 

 Develop a regional network of experts; 

 Raise awareness of the functions and values of lakes and wetlands through education, 

information and awareness programmes. 

 

The National Wetland Trustôs initiative to develop a national wetland centre at the Serpentine Lakes 

is a significant step towards achieving the objectives set in the Accord.  

 



Lake Serpentine Restoration Potential          Pest Exclusion Fence 

  

 14 January 2011 26 
 

 

  



Lake Serpentine Restoration Potential          Pest Exclusion Fence 

  

 14 January 2011 27 
 

 

Section D:  Assessment of the restoration potential and  
 options for the East and South Lakes 
 
D. 1 Assessment of the current ecological state of East and South Lakes. 

 

The Serpentine Lakes have been highly modified from their original pre-human, and especially pre-

European, condition. The surrounding land has been cleared of natural vegetation and drained for 

cultivation. The lowered natural watertable has reduced the water level of the lakes turning one 

large lake, Lake Rotopiko, into 3 small lakes linked loosely by a wetland area. Drainage of the 

surrounding peat lands has resulted in peat mineralisation and consolidation (ie. shrinkage) which in 

turn has changed the hydrology of the surrounding landscape. The addition of fertilisers and 

livestock has elevated the pH levels of the soils and greatly increased the nutrient levels of the 

surface and shallow ground waters draining to the lakes. Elevated nutrient and pH levels have 

accelerated the process of eutrophication in the peat lakes and rendered many peat lakes unsuitable 

for the original plant and animal communities that originally occupied them. The introduction of 

plant and animal pests, especially pest fish, has further degraded the lake habitats. 

 

Despite the high degree of modification, the Serpentine Lakes retain some high quality ecological 

values that are regionally and nationally uncommon, and worthy of protection and enhancement. 

These include: 

 East and South Lakes were rated second and sixth best respectively of 33 Waikato lakes 

in a 2005 NIWA survey using the ñLake Submerged Plant Indicatorsò method. East Lake, 

with a score of 90% rated close to its best possible condition (100%) (Edwards et al. 2005 

cited in de Winton et al. 2007). 

 The lakes have native submerged pondweed and charophyte communities that are almost 

free of submerged weed species. 

 The lakes sustain four native fish species, including common smelt and common bully 

populations that may be landlocked, and a smallfin eel population that has a high 

proportion of adult sized individuals suggesting a low level of exploitation. 

 While the lakes are inhabited by the pest fish species rudd and catfish, they are free of 

other troublesome species such as koi carp, tench, perch and mosquitofish. 

 Threatened waterfowl species including the New Zealand dabchick and Australasian 

bittern are still present. 

 A reasonably healthy stand of mature (80 to 100 year old) kahikatea and pukatea exists in 

close proximity to East Lake. 

 The wetland and lake margin vegetation is more diverse and has more conservation value 

than that around most other peat lakes (Thompson and Greenwood 1997). 

 While there is a diversity of woody and non-woody terrestrial weed species present none 

are considered to be unmanageable. 
 

D. 2 Assessment of ecological threats and management options 

De Winton et al. (2007) have produced a list of categorised and prioritised threats to the Serpentine 

lakes. While I agree in most part with their priorities I have added to and reorganised the list a little 

to reflect those most important to East Lake in particular, followed by South Lake, but excluding 

North Lake which is outside the consideration of this study. 
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Prioritised threats, with ranking of Severity: high, medium, low; Likelihood of occurrence (if 

unmanaged): likely, probable, possible; and Manageability: low, medium, high. 

 

  Threat assessment  

 Severity  Likelihood Manageability 

1.  Increase in existing pest fish populations. HIGH  Likely 

Rudd have been implicated in submerged vegetation decline in studies undertaken in the 

Waikato and overseas (van Donk and Otte 1996, Clayton and de Winton 1994 cited in de 

Winton et al. 2007), and catfish are known to contribute to increased lake turbidity by 

disturbing bottom sediments.  

Manageability:  Medium 

Rudd, in particular, can be controlled by gill netting, but not eradicated because juvenile fish 

slip through the nets. The chemical, rotenone, may be a tool that could be used to improve the 

control of both fish species, however, it is also likely to have a significant impact on the native 

fish populations present within the lakes. Research is needed to determine the vulnerability of 

eel, smelt and common bully to rotenone. Unfortunately, there does not seem to be a proven, 

safe tool to eradicate rudd and catfish from the lakes.  

 
2. Peat subsidence    HIGH  Likely 

The draining and cultivation of land around the lakes inevitably leads to peat subsidence and 

mineralisation. This can lead to the loss of ñpest characterò in the lakes because humic inputs 

fall, pH rises and the important lake-margin peat vegetation disappears.  

Manageability:          Low 

Because much of the expected peat subsidence is occurring as a consequence of land 

management beyond the lake margins there is only a limited amount that can be done to reduce 

peat subsidence. However, reinstatement of better water level control devices at the South Lake 

outflow (see óLake level managementô below), and creation of wider vegetated margins so as to 

generate increased accretion of organic peat forming material may reduce the rate of decline. 

 
3. New submerged weed incursions  HIGH  Likely 

The high threat of new weed invasions is illustrated by the recent arrival of the bladderwort, 

Utricularia gibba. Absent from the Serpentine lakes in 2007, it was recorded in South Lake in 

2009 and East Lake in 2010. The greatest risk comes from those species already present in 

Waikato waterways, such as Ceratophyllum demersum, Egera densa, Elodea canadensis, and 

Lagorosiphon major (de Winton et al 2007).  

Manageability:         Medium 

Unlike U. gibba which can potentially be dispersed as fragments attached to waterfowl,  the 

weed species listed above can only be dispersed by human activities such as water craft and eel 

nets. Consequently, their exclusion is more likely where people and human activities can be 

closely managed.  

 
4. New pest fish incursions   HIGH  Probable   

Koi carp, in particular, pose a significant threat to South and East Lakes because they are 

present at Lake Ngaroto and they are known to migrate upstream as juveniles. Perch, tench and 

mosquitofish all pose considerable risk to the Serpentine Lakes and all are in close proximity. 

Dispersal can occur by eggs attached to weed fragments or fishing nets.    
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  Threat assessment  

 Severity  Likelihood Manageability 

Manageability:         Medium  

The risk of new pest fish incursions can be reduced considerably by placing a fish barrier down 

stream of South Lake, and by the close management and education of people gaining access to 

East and South Lakes.   

5.  Falling lake levels    MEDIUM Likely 

The water outlet from South Lake has been in the form of a ódrain invertô that has made the risk 

of catastrophic water level decrease high. While significant water loss resulting from failure of 

this drain invert is reversible construction of a more substantial water control structure 

(probably in association with a pest fish barrier) would reduce the risk of unnecessary water 

level fluctuations. 

Manageability:          High 

Environment Waikato had plans in 2007 to install a weir at the outlet of the Serpentine Lakes 

system to set a minimum water level for the lakes. It is not known if this weir has been 

installed. 

 
6. Loss of additional threatened species  MEDIUM Possible 

Most of the native wetland, lake and wetland margin animal species that are vulnerable to 

habitat loss and predation by introduced mammals have gone from the Lake Serpentine area. 

Spotless crake and banded rail are two species that were present 15 years ago but appear not to 

be now. Both NZ dabchick and the Australasian bittern may also disappear if more effective 

predator control is not undertaken. 

Manageability:         High 

The very large edge to core ratio of the lake habitat makes the ground dwelling and nesting 

native bird species particularly vulnerable to predation. Even a very intensive trapping and bait 

station predator control strategy is likely to have only moderate effect unless pest control 

occurs over a large buffer area around the lake habitat (research has shown that the buffer zone 

may have to be up to 1 km deep to prevent stoats reaching the target area [Reardon et al. 

2008]). With most of the surrounding land under private ownership the opportunity to create 

such a pest buffer is unlikely. 

Effective pest exclusion fencing followed by an intensive ground based pest eradication 

programme, although expensive, will rapidly improve egg and chick survival and recruitment, 

and eliminate the effects of mammalian predation. 

 
7. Increased external nutrient loads  MEDIUM Possible 

Elevated external nutrient inflows contribute significantly to marginal weed invasion, 

submerged vegetation loss and algal blooms. Intensive agricultural practices have greatly 

increased the nitrogen and phosphorus loads entering waterways and are an important reason 

for the generally poor state of health of most of Waikatoôs peat lakes. South and East Lakes 

have been spared the worst of this impact by the fact that their feeding surface water 

catchments are relatively small. The likelihood of increased nitrogen and phosphorus loads 

entering the lakes in the near future is moderately low unless there is a shift to more intensive 

farming in the catchment around the lakes. 
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 Threat assessment  

 Severity Likelihood Manageability 

Manageability:         Medium/high 

While nutrient loads are unlikely ever to return to pre-human levels the adoption of best 

nutrient management practices by surrounding farmers and the installation of nutrient  

processing wetlands along the major inflowing drains should serve to reduce the nutrient loads 

reaching East and South Lakes. The redirection of diffuse drainage waters that reach the 

wetland boundary along culverts or swales so that they flow through the processing wetlands 

will further improve the situation.  
 
8.  Terrestrial weed invasion   MEDIUM Possible 

If left unmanaged, several introduced plant species will spread rapidly and begin to exclude the 

native wetland margin species. Grey and crack willow, in particular, are likely to reinvade 

quickly if given the chance, and blackberry and a variety of other weed species are likely to 

occupy the drier areas to the east of East Lake if allowed to.  

Manageability:         High 

All of the potentially problematic weed species are under reasonable control currently and 

provided weed management effort is sustained none of these species should create great 

problems. With the systematic revegetation of the wetland and lake margins with native species 

the opportunities for other than shade tolerant species to invade will diminish. 

 
9. Native fish passage    MEDIUM Possible 

Of the four native fish species present in East and South Lakes probably only the two eel 

species are likely to rely on passage to and from the sea to complete lifecycles, assuming the 

smelt and common bully populations are land-locked. If pest fish barriers are built downstream 

of South Lake the movement of elvers back to the lakes may be disrupted unless provision is 

made in the barrier design to allow eel passage.  

Manageability:          High 

Proven designs exist that will allow eel passage but prevent pest fish passage. However, if the 

future intention is to reintroduce native fish species such as giant kokopu they may need to be 

sourced from land-locked populations because pest fish barriers are also likely to be effective 

barriers to giant kokopu.  

 

 

D. 3 Assessment of ecological restoration potential and options 

 

Restoration philosophy: building a new ecology 

A sound ecological restoration strategy for Lake Serpentine would have a primary objective of 

protecting the high value ecological aspects that already exist, and a secondary objective of 

restoring and reintroducing those elements of the ecosystem that have been lost that are still 

appropriate to the ecology of the site as it is today.  

 

The Serpentine lakes are greatly modified from pre-human times to the extent that it is no longer 

possible, nor appropriate to restore the area to any pre-human state. The reduced water table, 

consolidated peat soils, increased nutrient loads, abundance of plant and animal pests and 

completely altered vegetation in the surrounding landscape means that many of the original plant 

and animal species that once occurred at the site would no longer survive or thrive there. The 
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challenge for the restoration effort at Lake Serpentine is to determine the native plant and animal 

species that can be returned safely to the site and then to plan and develop a ónew indigenous 

ecologyô that will thrive and will complement the original elements that have been retained and 

restored.  

 

Examples of some of the new ecology elements that may be introduced are: 

 Constructed nutrient processing wetlands to intercept and extract nutrients arising from 

the surrounding farmland. These wetlands can be formed using native wetland plants but 

the species chosen and the wetland configuration used will be to maximise nutrient 

extraction not to provide peat lake margin habitat. 

 The lowered water table and improved drainage from the surrounding farmland means 

that there is now a more abrupt transition from wetland / bog conditions to dryland 

terrestrial conditions. Consequently, there is greater opportunity for the establishment of 

dry scrubland vegetation and associated fauna in some of the areas between East and 

South Lake than would have been the case originally. Species such as kiwi and takahe 

that use wetland margins but are generally considered to be dryland birds may find 

revegetated areas of the reserve suitable habitat in the future.  

 Because the threat of continued peat shrinkage and lake level reduction will always be 

present it may be appropriate to enlarge the area of peat forming plant species in certain 

areas to (very slowly) build a peat barrier or bund that will help entrap the lake waters 

and reduce risk of water loss.  

 

Balancing ecological restoration with education and recreation 

One of the more significant challenges for this National Wetland Trust project will be to establish a 

balance between the ecological and the education / recreational aspirations. Establishing a national 

wetland visitor centre and providing facilities for people to view and experience natural wetland 

habitat will conflict with optimal ecological restoration and will limit some of the options for 

species reintroductions in particular.  

 

It is important that a management plan is developed for the project that sets realistic ecological 

goals that align with the educational and recreational aspirations. This plan will need to provide a 

comprehensive evaluation of the likely impact of the educational and recreational activities on the 

plants and animals currently present at the site, and define limits to those activities beyond which 

unacceptable impact on the ecology will result. This plan will also need to evaluate which plant and 

animal species can be successfully introduced to the site without conflict with the human activities.  

 

As an example of the potential conflicts between ecological restoration and visitor education, the 

National Wetland Centre Serpentine Lakes (Rotopiko) Business Plan produced in March 2010 by 

Tourism Resource Consultants proposes a number of potential visitor experiences several of which 

will have an impact on wetland wildlife. Some activities, such as kayaking, will have a significant 

impact on birdlife, and uncontrolled numbers of visitors on the walkways may also create problems. 

All such issues can be resolved but it will require the development of a management plan that 

synchronises ecological restoration with recreation/education activities and, potentially, a lowering 

of expectations for a realistic and sustainable strategy to be developed. 
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D. 4 Assessment of management options for the restoration of the fauna at Lake Serpentine  

 

The main focus of this study has been to assess the options for the restoration of the indigenous 

fauna to the Lake Serpentine site, and to consider the merits of pest exclusion fencing as a tool to 

assist fauna restoration. The faunal restoration options and requirements are discussed below and 

the merits of pest fencing are covered in the next section.  

 

The restoration of indigenous animal life is very much dependant on the quality of the water habitat 

and the extent and composition of the vegetation on the site. I am aware that separate landscape and 

revegetation plans are being prepared for the project but I have included plant management 

commentary below as it relates to the management and reintroduction of animal species.  

 

Protection of existing ecological values 

As stated above, the primary objective with regard to fauna restoration should be to protect the 

indigenous elements that are already present. This is best done by managing and minimising the 

existing threats to them, as outlined in section D. 2 above. The existing bird, fish, reptile (if any) 

and invertebrate populations would be best protected by: 

1. Continued control of existing pest fish species and the creation of barriers to prevent 

additional pest fish species arriving. 

2. Further research into technology that may enable the eradication of the rudd and catfish 

populations in the lakes without causing unacceptable decline in the native fish populations. 

3. Maintaining and improving the quality of the freshwater habitat for the existing native fish 

species by: 

 Installing a new weir at the South Lake outlet (if not already done) to better manage 

minimum water levels in the lakes. 

 Installing nutrient processing wetlands to reduce the nutrient loads reaching the 

lakes. 

 Making every effort to prevent the introduction of any more invasive aquatic weed 

species. 

 Enhancing the lake margin indigenous vegetation. 

4. Ensuring any pest fish barriers enable the passage of eels up and down stream. 

5. Improving the effectiveness of mammalian predator control to reduce bird, reptile and 

invertebrate mortality and increase recruitment. 

6. Enhancing the quality and composition of the indigenous vegetation throughout the reserve 

to provide the year-round food requirements, breeding sites and roost sites for all fauna. 

7. Control, and where possible, eradicate all problem weed species. 

 

Management of existing fauna can be improved with a better understanding of those species that are 

present. Increased monitoring of presence and abundance of native bird and fish species, reptiles 

and invertebrates will quite likely result in the discovery of new species (especially invertebrates) 

and remnant populations of species thought to have been lost. Provided scientifically sound 

monitoring techniques are used, volunteers could undertake most of the monitoring activities. The 

information gained will serve as a useful baseline against which to measure the success of the 

restoration efforts. 
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Species reintroductions 

The secondary restoration objective of reintroducing lost fauna requires a thorough understanding 

of why each species could not persist and access to the proven tools required to change the 

conditions to a state that is more favourable. For indigenous animals their localised extinction 

usually arises because of one or more of the following causes: 

 Predation by introduced mammals 

 Clearance of preferred habitat, including necessary food sources and breeding conditions 

 Competition from introduced species 

 Removal of specific vegetation or plant species on which they have a reliance 

 Changes to environmental conditions including substrate, climate and hydrology 

 Disease 

 

The successful reintroduction of a plant or animal species requires that the causes of their extinction 

are overcome. Predation by mammalian predators is likely to be the primary reason for the loss of 

several lake and wetland margin bird species from the Serpentine lakes, a contributing reason for 

the loss of the indigenous reptiles and many invertebrate species, and a contributing factor in the 

loss of some native fish species. Loss of preferred year round habitat is likely to be an important 

secondary reason for their localised extinction.  

 

Banded rail, spotless crake, marsh crake, pateke (brown teal), and North Island fernbird are wetland 

bird species that could be reintroduced to Lake Serpentine now if mammalian pests (especially 

stoats, rats and cats) could be permanently managed at very low levels. A variety of bush margin 

skinks and geckos, including the Auckland green gecko (Naultinus elegans elegans) and forest 

gecko (Hoplodactylus granulatus), could also be introduced but only if rats, hedgehogs, mice and 

cats can be reduced to and sustained at very low levels.  Pest exclusion fencing is a proven pest 

control tool and is evaluated as an option for Lake Serpentine in the following section.  

 

The National Wetland Trust will need to work closely with the Department of Conservation to : 

 determine the sequence of species reintroductions;  

 locate appropriate source populations; 

 gain approval for each translocation from iwi; 

 obtain approval to proceed with each translocation; 

 confirm capture and release techniques; 

 comply with species Standard Operating Procedures; 

 carry out the specified post-release monitoring. 
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Section E:  Assessment of pest exclusion fencing as a tool 
for ecological restoration and education at Lake 
Serpentine 

 
E.1 Pest exclusion fencing vs. conventional pest control - comparison of ecological benefits 

 

Introduction of threatened wetland bird species 

In an area as small as the Lake Serpentine project area, with a very high perimeter to core ratio, 

effective pest exclusion fencing is the only tool available that can keep pest densities low enough 

for predator-sensitive species to have a chance of survival. If there is a desire to reintroduce 

sensitive or threatened species to Lake Serpentine then a pest exclusion fence must be built.  

 

All of the wetland bird species appropriate for reintroduction to Lake Serpentine (listed in the 

previous section) are particularly vulnerable to mammalian predation because they are 

predominantly ground dwellers and many are reluctant fliers.  

 

While rats, mustelids, possums, rabbits, hedgehogs and possibly mice could be managed at medium 

to low densities at Lake Serpentine by the use of traps and toxic bait dispensed in bait stations, the 

control effort would need to occur regularly and indefinitely to counter the expected rapid 

reinvasion of these species, especially rats, from the surrounding landscape. Stoats and cats roam 

over large distances and control of both animals would need to occur throughout a buffer zone as 

deep as 1 km (more than 300 hectares) to keep them out of the reserve. Lack of guaranteed access 

to surrounding privately-owned land is likely to rule out such extensive pest control. Domestic cats 

are likely to be significant bird predators but any attempt to control or remove cats, by traps (live or 

kill) or toxin, is likely to result in public opposition and will probably not reduce numbers to 

sufficiently low levels. 

 

Increased survival and productivity of existing and reintroduced lake and wetland species will lead 

to more young birds dispersing to the surrounding lakes and wetlands. This is referred to as the 

ñhalo effectò and is proving to be one of the greatest benefits of pest-free fenced reserves. With 

more young birds occupying habitat, moderate levels of conventional pest control in the areas 

outside the pest fence can lead to increased chick survival in these areas as well.  

 

Ability to eradicate pests 

Pest exclusion fencing is of limited ecological value if all or most mammalian pest species found 

inside the fence cannot be eradicated. When eradication is not achieved the cost of pest control 

inside a pest fence can be as high or higher than would be the case if conventional pest control was 

undertaken.  

 

The pest eradication experiences of more than 20 pest fence projects have shown that the 

eradication of possums, cats, mustelids, rats and hedgehogs is achievable even over an area as large 

as 3400 ha. Eradication is generally achieved more rapidly in smaller and more accessible fenced 

areas. Mice, however, have been a considerably more difficult challenge and eradication has only 

be achieved at 4 small fenced reserves (DOC, Macraes Flat Otago; Riccarton Bush, Christchurch; 

and the two enclosures of Maungatautari, central Waikato), the largest of which is 60 ha in size.  
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The small size (8 to 9 ha) and accessible nature of the proposed Lake Serpentine site would suggest 

that the eradication of all mammalian pests, including mice, should be achievable. If mouse 

eradication is not achieved this species could be managed at low levels without huge cost or impact 

on the project.  

 

 

Other ground-dwelling native bird species 

The project site has a sizeable area of open grassland, mostly dry scrubland and reasonably dry 

forest floor, all of which would be suitable for takahe or kiwi. Experience from the Tautari Wetland 

at Maungatautari has shown that an area the size of the proposed Serpentine reserve is sufficient to 

sustain a pair of takahe, and Operation Nest Egg activities at the pest-free Warrenheip reserve at 

Karapiro have shown that a 12 ha reserve can provide food enough for up to 20 juvenile North 

Island brown kiwi.  

 

As non-flighted, ground dwelling birds, both kiwi and takahe are particularly vulnerable to 

predation, especially as juveniles. The introduction of kiwi or takahe to the Serpentine reserve 

would only be possible (and given serious consideration by each speciesô recovery group) if the 

reserve was surrounded by a pest exclusion fence and all mustelids and cats removed.  

 

Flighted forest bird species 

The construction of a pest exclusion fence will not serve to entice any more flighted forest bird 

species than if conventional pest control is undertaken. However, complete pest eradication will 

likely lead to a greater fledging rate amongst those birds that choose to nest within the reserve; the 

surrounding landscape will benefit as increased numbers of young birds disperse outwards.  

 

Carrying capacity and translocations 

While flighted species will naturally disperse away from the project site. particularly as the fenced 

area reaches carrying capacity, non-flighted species and reluctant fliers (as many wetland bird 

species are) will need to be managed and individuals will need to be translocated away to other 

reserves when numbers approach carrying capacity. 

 

Native fish species 

Black mudfish and giant kokopu are two threatened indigenous fish species that could be 

reintroduced to the Serpentine lakes. While mammalian predators are unlikely to have contributed 

significantly to their demise, pest fish will definitely have played a part. The continued exclusion of 

pest fish not currently present in the lakes and increased effort to eradicate or control the rudd and 

catfish will improve the habitat for the reintroduction of these two native fish species.  

 

Invertebrates and reptiles 

Insects and reptiles are particularly vulnerable to predation by rodents and threatened species of 

each have, to date, received less attention for reintroduction to mainland fenced sites than birds. A 

pest-free, well-managed Lake Serpentine reserve would offer good opportunities for the 

reintroduction of a variety of skinks and geckos that would be vulnerable to predation under a 

conventional pest control regime. There may also be opportunities for the introduction of 
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invertebrate species, however, the remnant invertebrate fauna is likely to respond on its own with 

the exclusion of all rodents.  

 

Monitoring from Maungatautari has revealed a rapid and substantial increase in invertebrate 

abundance and diversity upon rodent removal. A similar invertebrate response can be expected at 

Lake Serpentine, especially in Turneyôs Bush and in the wetland vegetation around the lake margin.  

 

Reserve vegetation 

Based on the results achieved at other pest exclusion fence sanctuaries, the permanent removal of 

all mammalian pest species from Lake Serpentine can be expected to lead to a significant increase 

in native plant growth under the kahikatea ï pukatea stand canopy (tree and shrub seedlings, ferns, 

bryophytes and fungi), and quite probably in the moist wetland margins. Anecdotal observations at 

Maungatautari and in other fenced sanctuaries suggest that the germination of new seedlings and 

the growth of fungi, mosses and ferns can increase dramatically and rapidly once pests are removed. 

 

In a small way, the construction of a pest fence around East Lake may assist in reducing the risk of 

new weed invasion. Fishing and boating will, presumably, no longer be permitted inside the fence 

thus reducing the risk of weed fragments being carried in on equipment. In addition, all visitors to 

the reserve will enter through the main visitor centre entranceway where they can be educated as to 

the risks of invasive weed species.  

 

Summary 

Lake Serpentine will be the first permanently pest-free peatland habitat and one of only a few pest-

free wetland habitats on mainland New Zealand if a pest exclusion fence is constructed and the 

pests successfully eradicated. Establishment of a permanently pest-free environment will create a 

unique opportunity to demonstrate the nature of a healthy wetland environment and highlight the 

significance of the impact of introduced mammalian pests on New Zealandôs indigenous flora and 

fauna. 

 

E. 2 Pest exclusion fencing vs. conventional pest control ï cost comparison 

 

The cost of constructing and maintaining a pest exclusion fence and achieving eradication of all 

pest species will always be considerably greater than the cost of conventional on-going pest control 

when the reserve is as small as the Lake Serpentine reserve, even when the costs are compared over 

the 30 year (or longer) life of the fence. The comparison is pointless, however, because 

conventional pest control cannot achieve the intensity of multi-species pest control to match the 

effectiveness of a proven pest exclusion fence and the near zero pest levels that are necessary to 

reintroduce predator sensitive threatened species. If there is a wish to reintroduce predator-sensitive 

indigenous animal species then pest exclusion fencing is the only technology available currently 

that can achieve and sustain the desired level of pest reduction at a mainland site to allow this to 

happen.  

 

Estimates of the cost of fence construction and maintenance, and pest eradication follow in a later 

section. 
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E. 3  Recreational and educational benefits 

 

Riccarton Bush is a small 7 ha remnant of wetland kahikatea forest in the heart of Christchurch 

City. A pest exclusion fence was built around the reserve in 2004 to help restore the bush ecology 

and enhance the visitor experience. John Moore, the grounds manager, has stated that the fence has 

been very effective at making visitors aware of the importance and special nature of the reserve, far 

more effective than the spoken words of John as a guide. When visitors are confronted by the fence 

and a double gate cage entry their first questions are to ask why such a fence is needed and what it 

is protecting. With those questions, their education begins.  

 

The fence and visitor centre entry to the proposed East Lake reserve will serve the same educational 

function. Visitors will be made well aware of the importance of wetlands and especially the 

importance of the East Lake site. Visitor awareness and understanding of the significance of the 

impact of introduced mammalian predators on New Zealand ecology will also be heightened by 

their visit to the predator-free enclosure. 

 

The pest exclusion fence is likely to perform an additional person management function. Enclosing 

the reserve area with a fence and allowing entry through one gate will reduce the risks of weed and 

pest fish introduction by eliminating the ability to walk directly through the wetland areas from one 

lake to the next. Entry by one gate, and education of all visitors, will also reduce the likelihood of 

visitors walking in an uncontrolled fashion over areas of sensitive vegetation or bird breeding sites 

etc.  

 

The fence will also serve to protect any exhibits or display material that may be erected within the 

reserve. The 1.95 metre high fence is difficult to climb over (even more difficult if a surveillance 

hot wire is installed along the top) and will serve as an effective barrier to most who may try to 

enter other than through the main gate.  

 

 

E. 4  Research and monitoring 

 

The complete removal of mammalian pests from the fenced East Lake reserve, accompanied by 

other restoration practices including revegetation and nutrient stripping, will create an ideal scenario 

for comparative research and monitoring. The opportunity to compare biological changes between 

the pest free East Lake reserve and the pest controlled South Lake should be of considerable interest 

to research organisations, universities and secondary schools. The information derived from the 

monitoring will be an invaluable contribution to providing a high quality experience for visitors.  

 

To enable later comparative monitoring to be most meaningful the National Wetland Trust should 

be encouraged to invest in comprehensive pre-restoration baseline monitoring of both East and 

South Lake sites. 
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Section  F: Assessment of East Lake as a site 
suitable for the construction of a pest exclusion 
fence, plus an estimate of cost. 

 
F.1 Overview 

 

Following a detailed site survey I can confirm that the proposed line, as delineated in figure 13 and 

16, is generally suitable for the construction of a pest exclusion fence.  

 

The terrain is such that there are no major physical constraints or serious challenges to the 

construction of the fence, although there are two sections that will present moderate challenges and 

options for fence construction on these sections will need to be considered. In addition, the 

positioning of the fence relative to the proposed visitor centre will also need to be given some 

consideration. These issues are discussed in the sections below.  

 

The length of the proposed fence line, as shown in figures 13 and 16, is approximately 1380 metres. 

 

F.2 Fence line, boundary, vegetation, drainage and access considerations 

 

I have divided the proposed pest exclusion fence line into 5 sections based on construction and 

maintenance issues. These sections can be viewed in figure 16. 

 

a)  Fence section 1 

 

This fence section runs along the grass ï planted shrubland margin on the western side of the grassy 

ridge that will be where the national wetland centre building and reserve entrance is located. To stay 

clear of the planted trees along the shrubland verge the pest fence will need to be positioned at least 

4 metres out into the pasture (fig 14). The 4 metre section on the immediate outside of the fence 

will need to be mowed to prevent weed invasion. This mown strip will serve as an access path for 

fence inspection and maintenance and may be of use for visitors to gain access to South Lake view 

points. 

 

Fence construction should be reasonably straight-forward along this section. While there is likely to 

be some peat beneath the soil surface there appears to be enough dry and mineralised soil on the 

surface to provide a firm base for the posts to be driven into. As for all sections of the fence, 

construction should occur in the dry summer months. 

 

The only earthworks required will be to level the ground surface sufficiently to enable the mesh 

skirt to be pinned effectively. The amount of surface water runoff that is likely to be generated from 

the slope above the fence line is small (see fig 15) and so there is no need to form a mounded 

platform and water table along this section. Portions of this section will require no earth 

disturbance; on such sections the mesh skirt can be pinned directly onto the mown grass surface. 

The grass will grow through the mesh and bind it effectively to the surface. If the ground in 

undulating additional topsoil can be imported to lay over the skirt.  
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An alternative line for this fence section, including more of the planted shrub zone to the west, was 

considered but the moist peat soils in this zone and the need to clear a wide strip of planted native 

shrubs makes this option less favourable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Fence section 2 

 

Section 2 extends from the edge of the mown grass ridge (to the east of the intermediate sized 

kahikatea at the junction of sections 1 and 2), through the swampy junction that links East Lake and 

South Lake to the pasture margin at the northern end of East Lake. It passes through an area of 

planted trees and shrubland (karamu, cabbage tree, kahikatea, flax, swamp coprosma and manuka), 

around the edge of a stand of self-seeded blackwoods, around an intermediate sized kahikatea, 

across a swampy area that includes the exit drain that flows from East Lake to South Lake and exits 

on to pasture slightly to the south of where the farm boundary fence pinches furthest to the west. 

Seventy metres of this section ï mostly the swampy area including the exit drain ï crosses land 

administered by the Department of Conservation. The rest of this section and, potentially, most of 

the rest of the pest fence line lies on Waipa District Council administered land.  

 

Several issues need to be considered for fence construction in this section: 

 

1. Fence stabilisation on peat soils 

Most of this section lies on peat that may be as deep as 4 or 5 metres. Fence construction can be a 

substantial challenge into moist, unconsolidated peat. Fence posts can literally disappear into the 

peat when driven conventionally. To counter the lack of support of the peat substrate, and the  

 

Figure 14: View along section 1 

looking north. The pest fence will 

need to be positioned on the right 

edge of the mown strip to stay at 

least 4m clear of the planted 

totara 

Figure 15: Fence section 1 will be 

positioned on the edge of the 

grass to the middle left of this 

photo. The small catchment and 

gentle slope means no major 

platform earthworks will be 

necessary for this section. 

4 m 
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Figure 16: Aerial view of East Lake showing the suggested line of the pest exclusion fence 

KEY: 

   

Suggested visitor centre location  Nutrient wetlands 

   

Car park and access to visitor centre  Pedestrian walkway 

   

Major inflow drains    Minor inflow surface runoff 

   

Outflow drain to South Lake   Fence section ends 

   

Maintenance gate access   Public cage access 

   

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 
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seasonal swelling and shrinkage of the peat as the water table rises and falls, the pest fence posts 

will need to be braced and stabilised. This section of fence will need to be built in summer when the 

substrate is at its driest. It is possible that parts of this section will remain too wet to use a tractor to 

drive the posts.  

 

It is recommended that NWT request a post and fence stabilisation design plan from the fence 

contractor prior to construction and seek independent review of the design.  

 

Irrespective of the techniques used to stabilise the fence in this section, more than normal fence 

movement should be expected and provision made for a greater amount of maintenance than normal 

because of this. 

 

2. Vegetation clearance and replacement 

A 4 to 5 metre wide zone of vegetation will need to be cleared along this section of fenceline to 

enable the fence to be built and a 4 metre wide clear zone on the outside of the fence to be 

established. From the junction with section 1, this will include the removal of a grove of mature 

planted lemonwoods; clearance of approximately 100 metres of planted trees and shrubs (some of 

which may be able to be lifted and replanted elsewhere), and removal of 70 metres of mixed 

wetland and weed species (on the DOC land). No sizeable native trees (which are mostly kahikatea 

in this section) will need to be removed if care is taken in selecting the line. There is a zone of self-

seeded blackwoods that lie to the east of the proposed fenceline and it is strongly recommended that 

these are felled and removed at the time that the fenceline is cleared. Once the fence is built it will 

not be possible to extract any felled trees without causing considerable damage to the surrounding 

vegetation.  

 

If conditions are sufficiently dry, vegetation clearance and platform levelling will be undertaken by 

a digger (12 tonne or smaller), however, it is possible that substrate conditions may be too wet for a 

digger to operate on some parts, in which case portions may have to be handcleared.  

 

Thought will need to be given to the groundcover vegetation that is established on the 4 metre wide 

clear zone on the outside of the fence. Pasture grasses are not appropriate (and would not thrive) on 

the acid peat substrate but it is recommended that the clear-zone is revegetated with suitable native 

peat-land groundcover species to prevent reinvasion of weed species.  

 

3. Wetland hydrology and fence corrosion resistance 

It is very important that the hydrology of this entire section is not altered in any significant way. 

This section is an important area of wetland habitat, especially during the wetter seasons; water 

should be able to flow freely through this zone and not be channelized or obstructed in any way. To 

allow this to occur no elevated fence platform can be built, and there should be no significant earth 

movement and no importation of soil or fill to prepare the platform. Vegetation removal and minor 

levelling of the surface is all that should be permitted. It is strongly recommended that the design 

and construction detail are discussed and approved with the fence contractor before construction 

commences, and that construction of this section is supervised by an independent suitably qualified 

person.  

 

The swampy nature of this section means that much of it may be waterlogged and/or under water 

for periods. Consequently, it is important that the fence mesh, pins, staples and ties are all made of 

marine grade (316) stainless steel, the most corrosion resistant fencing material available. Because 
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water movement will be gentle when this section is flooded the fence mesh should not be a barrier 

to water flow, although maintenance effort will be required to keep vegetation from climbing up the 

mesh. 

 

4. Department of Conservation approval and drainage outlet crossing 

70 metres of this fence section is on DOC reserve land and their approval will be required before 

the vegetation can be cleared and the fence built. They are likely to require details of vegetation 

removal, land surface disturbance, water management, fence design and materials, fence 

construction techniques and platform revegetation before approval is granted.   

 

Included in the DOC section of land is the outlet drain channel from East Lake to South Lake. If a 

channel is to be retained (which I would recommend), as opposed to allowing diffuse water flow 

through the fence only, then a culvert will need to be installed under the line of the fence and 

mammalian pest exclusion cages or gates built onto the culvert to prevent the entrance of pests such 

as swamp rats. Careful consideration will need to be given to the design of this culvert structure to 

ensure: 

 it does not alter the drainage profile of the lake and surrounding wetlands in any way (ie. by 

lowering the water table of inducing flooding); 

 it does not facilitate increased pest fish passage; 

 it does not prevent native fish, especially eel, passage; 

 it does incorporate the capacity to manage the East Lake water levels.  

 

Development and approval of the outlet channel crossing / culvert design should be undertaken by a 

group including the pest fence contractor, a Department of Conservation or Environment Waikato 

wetland expert, and an independent hydrologist / water engineer and should only occur once a 

sound knowledge of the East Lake hydrology and drainage patterns has been determined.  

 

5. Contingency for additional cost 

The costs associated with stabilising the fence over this section of peat substrate and designing and 

installing an approved drainage channel culvert system cannot be accurately predicted until the 

relevant design work is done. Xcluder Pest Proof Fencing has suggested that a contingency of 

$10,000 be allocated to cover any additional costs for this section of fencing, however, I would 

suggest that at least $20,000 plus GST should be put aside as a contingency, especially as 

independent design and design approval may be required.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: View north to 

junction of fence sections 

1 and 2. The proposed 

zone of vegetation 

clearance is highlighted  
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6. Fence maintenance and replacement 

The corrosive nature of the acidic and waterlogged peat substrate and the likelihood of seasonal 

fence movement and flexing can be expected to increase the cost of fence maintenance and possibly 

shorten the lifespan of some of the fence materials especially at ground level. Marine grade 

stainless steel will withstand corrosion from acidic peat well under most conditions, however, if 

portions of the fence remain covered in saturated anaerobic conditions for prolonged periods the 

rate of corrosion can increase. One of the corrosion-resistant components of stainless steel ï 

chromium ï requires the presence of oxygen to produce the protective chromium oxide coating on 

the wire mesh.   

 

Provision should be made for increased maintenance and component replacement costs in this fence 

section. 

 

 

c) Fence section 3 

 

This section extends from the head of East Lake adjacent to the boundary with the Turney property 

through to the edge of kahikatea ï pukatea stand (Turneyôs Bush). To guarantee continued future 

access to the outside of the fence for fence inspections and maintenance it will be necessary for the 

pest fence to be positioned on WDC land. Consequently, the pest fence line must be positioned at 

least 4 metres on the lake side of the current stock fence (which is assumed to lie on the legal 

boundary between the WDC esplanade reserve and the private farmland).  

 

Fence construction along this section should be reasonably straight-forward. While there will be 

peat below the soil surface the line of the fence is sufficiently elevated to allow posts to be driven 

mostly into dry soil (if the fence is built in summer).  

 

The fence could be built onto the existing ground surface without need for substantial earthworks or 

the formation of an elevated platform for all or most of this section. Because the drainage catchment 

on the outside of this section of fence is small and the slope very gentle (see fig. 19) any surface 

runoff will probably be better managed if it is able to trickle through the fence as diffuse sheet flow 

rather than being collected in a watertable on the up-hill side of the fence and channelled to culverts 

located at low points. Communication with the landowner will confirm how much surface runoff 

Figure 18: View from the 

junction of sections 2 and 

3 back along section 2. The 

red arrow follows the 

suggested line of the fence 

(to fence in the kahikatea 

to the left of the arrow 

head) 


