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Executive Summary

The National Wetland TrusfNWT) is proposing to buidl a national wetland centrat Lake
Serpentinen the Waikato that will allv people to learn more abowketlands andheir special
gualities.l have been commissioned by tR®V/T to undertaken a study to ass#ss feasibilityof
constructing a pest excios fence around East Lake of the Serpentine |akdgcent to the
proposed visitor centreand to evaluate the ecological, social, cultural and economic costs and
benefitsof creating a permanentlyeptfree wetland reserve

The Serpentine lakes arer@mnant of the once larger Lake Rotopiko peat l&kespite 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 decsdbson by introduced
mammalian pests is likely to be the primary reason for the loss/efaddake 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 hahtt is likely to be an important secondary reason for their localised
extinction.

With some enhancement and enlargembatwetland habitat that remains around the margins of
East Lakeis suitable for the reintroductionf several lhireatened wetland birdpeciesincluding
banded rail, spotless crake, marsh crake, pateke (brown teal), and North Island,fasnie as a
variety of bush margin skinks and geckdsit only if rats, hedgehogs, miceossums, mustelids
and cats can bpermanently removed fno the site Pest exclusion fencing is the only technology
currently availablethat can achieve and sustain thesicedl level of pest reduction at small
mainland sitesuch as Lake Serpentit@ allow predatorsensitivethreatened native animal species
to be reintroducegduccessfully

The proposed Lake Serpentine sgesuitable for the construction of a pest exclusion fefte
terrain is such that there are major physical constraints or serious challenges to the construction
and maintenancef thefence An area of about 8 to 9 ha is proposed for fencing.

On a cost comparative basispest fence wilhlways be considerably more expensive tiiencost

of conventional pest control on such a small resesven over the 30 year or longer lifespathef
fence. Hbwever, conventional (or any) ndence pest management cannot create conditions that
will enablepredatorsensitivethreatened bird species to be reintroduéedeffective pest

exclusion fence will need to be built at Lake Serpentine iNWWAT wishes to go ahead with its plan
to reintroduce predatesensitive indigenous animal species.

To obtain the benefits that a pest exclusion fence can effatication of all mammalian pest
species must bachievableWith the exception of mice, tleeadication of all pest mammaleges
found at Lake Serpentirteas been well proven at several fencaactuariesaround New Zealand.
Mice havebeena greater challenge with eradice only achievedt 4 sites smaller than 66ha.,
however, he small and@essible nature of the proposed Lake Serperggsgrvenakes mouse
eradication a realistic target.
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The small size of the proposed site to be fenced will require tiealiaticbalance between

ecological requements and tourist aspirationsaistablshedand carefully manage@speciallyif
threatened species are to be reintroduPealided visitors to the reserve are kept away from

sections of the wetland habitat, wetland bird breeding success should improve considerably and the
0 s poivlielr 0 s®&dispeesingoéfspring 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 lean 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 sitetgeaHuman population.

I have been commissioned by the National Wetland Trust to undertaken a study totlessess
feasibility of constructing a pest exclusion fence around East Lake of the Serpentine lakes and to
evaluate the ecological, social, cultussld economic costs and benefifscreating a permanently
pestfree wetland reserve

Specifically, | have been asked to undertake the following:

e Assess options for restoritige fauna ecology at Lake Serpentine, with a focus on East
Lake and the WaipaiBirict Council Recreation Reserve;

e Assess the feasibility of a predafmoof fence for the site, including consideration of
construction, materials and maintenance costs, terrain suitability, the ability to remove and
exclude all introduced mammalian gegors.

e Compare the costs and benefits (social, ecological, cultural, economic) of pest exclusion vs
ongoing conventional pest control at the Serpentine location.

Figure 1: East Lake

In addressing the stated brief | have included the following in thattep

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

e Description of the proposed East Lake reserve area, its topography, flora and fauna
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Assessment of the restoration potential for the East Lakevegse
e Appraisal of the feasibility / value of creating a pfet reserve on this site from the
perspectives of ecologicadstoration, pest managemesnyironmental educatigand social
and cultural benefits
e Evaluation of the physical practicality béilding a pest proof fence on the site,
recommendation for the line of the fepnaad construction details and challenges;
Consideration of the cost estimabebuild the fencg@rovided by Xcluder Pest Proof Fencing
Comments on the integration of thespexclusion fence with the proposed visitor centre;
Determination of resource consent and pubtieighbour consultatiorequirements;
A section on the requirements for fence maintenance and monitoring;
Recommendationsn fence ownership, and securingdaaccess and reserve management
agreements with the Department of Conservation, Waipa District Council and neighbouring
land owners;
e Discussiorof pest eradication techniques, likelihood of eradication success, estimate of cost,
and reference to the expances of other projects;
e Information and suggestions 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 ew NMealand and Hawaii; project
management of pest exclusion projects at over 20 different locapans;ipation in large and

smalls cal e pest contr ol and pest eradication pr
experience as a professional oeation ecologist.

| have undertaken a thorough field survey of the site and have physically walked the propmosed |
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 feces 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 proportismanaged bgommunity groups or trusté&ppendix

1 shows the | ocation of many of the countryos

Threefenced areabave lakes or wetlands enclosed within their pest exclusion fences. Of these,
Tawharanui Open Sanctuary (588 ha) has most extensive natural wetlands, whietokare

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 amnitoredpestexclusion 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 thieetegpecifications (see later
section$. The evidene is now cleathat 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 Matangari in the Waikato havbeen kept
completely free of all mammalian pestsdfuding mice) for over 5 yeamdespite occasitl tree
damage to the fence.

Figure 2: Lake Rotokarg
showing the substantial
wetland margins to the
lake. The reserve is
enclosed by a pest
exclusion fence that
follows the ridge line.

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

Pest exclusion femag, 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.
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Many of our more vulnerable native bird species, such as the d&akagdleback, 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 oth&pecies, including kiwand takahe, and a variety of marsh and
wetland birds such as banded rail, spotless crake and ferhlawvd continued to decline on the
mainland despite intensive pest control efforts.

The enclosure of sizeable, relatively hegplthreas 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
achievedn pestfree offshore islands. These include:
a) The abilty to safely reintroducthreatened species that cannot be expected to survive in
the presence of mammalian predators (saddleback, hihi, kakapo, tuatara, native frogs,
giant weta);
b) Anincrease in ecgstem productivity and therefore an increase in species carrying
capacity;
c) Improved indigenous animal recruitment with the potential tacetéosurplus younip
other sanctuaries and other conservation areas where pest control is being undertaken.
d) Naturaldispersal of surplus young of flighted animals to build populations in surrounding
forestedand wetlandareas.
e) Natural recovery of ecosystem function which in turn can be expected to lead to an
increase in the abundance and diversity of less conspiatedisrims 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 naturalvheraspest exclusmfencing

and pest eradicatioover comparatively small areaan generate rapid and significadological

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 pieday 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 alsovary 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 Pestexclusionfeci ng vs O6mainland islandd manageme

The Department of Conservationds n-spgdies pestnd i
management, wherthe aim is to hold pest numbers to very low levels sufficient to achieve
increases in the survival and reément of targeted indigenous animal spedies resulted in the
recovery of a number of threatened species at several Bitsgever, despite the success of
mainland islands, they :

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

b) periodically (epecially 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 sathdick 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 significanhcreases in bird, reptile and invertebrate mortality that can undo all of
the gains of the period between seedalst years.

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

B.4 Evidence of ecologicatecoveryfollowing 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 theictenpesed for

5 yearsor longerand have undertakeheir 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
pest (including mice) for more than two yearRig¢carton Bushand the two enclosures on
Maungatautari)pne- Macraes Flat has managed to 4establish mouse free status after suspected
reinvasions through the shale rock substraiee never had any micetésvart Island), and three

have removed all other pests except mice. Two of these areas have fences that cross peninsulas an
end at or above the high tide mark, and as a consequence they experience and manage occasionge
pest reinvasion around the fence £nd

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 retarttemainland 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 Wilé#i Act 1953), nor to have been successful, if they were not
surrounded by an effective pest exclusion fence and had achievdepast near pedtee status.

Scientific monitoring of biological recovery in fenced areas since the conclusion of tlseir pe
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 sty 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 abundanc
inside the fenced area had increased to a level that was maréwtica 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 chge 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 intensivetpést con
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 tussocnt 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 skinkat§eral
were suspected to be thamary threatin this trial skink abundance was recorded over a two year
period inside the pedtee fenced area and compared to data collected from unmanaged skink
habitat and areas where intensive pest control took pldmeresults 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 amghere intensive pest control had taken place only the monitoring
site at the corég 1.2 km from the edge of the area being contrallégd abundance increases that
matched or exceeded those recorded inside the pest fences.

Vegetation monitoring plotave been established at a number of pest exclusion fence project sites
but because these plots are onlyntreasured every 2 to 5 years no data is available to compare
plant growth inside fenced sanctuaries with areas that are not fenced.

Anecdotal obsemations 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 wdes 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 pragdsasrseed (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
neighbairhood have been greater than locals can remember.

Monitoring on several of§hore islands following the eradication of all mammalian pests have
recorded significant, and sometimes unexpected, changes to plant and animal populations. For
example, follomng 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 éex reserves) are expensive to establish and require considerable and
long term comntment of people and resourcesremain functional. Careful consideration should

be given to the potential ecological outcomes with, and without, a pest exclusaen éore
committing to the construction ohe.
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Conservation areas enclosed by pest exclusion fences are likely to generate the greatest ecological
returns where:

e complete and permanent pest removal will enable ecological recovery and/or threatened
specieseintroductions to occur that would not be possible if pests, even at low densities,
remained,;

e the ongoing use of conventional intensive trapping and poisoning strategies for pest control
is not possible.

o full, ecosystem level recovery is desired.

¢ whencombined with one or more of the above, there are adjacent moderately healthy areas
of indigenous vegetatidnabitatthat can serve as habitat for dispersing offspring (birds in
particular).

The mainland island approach to pest management is likelydovime coseffective andow risk
strategy where less intengeological recoveryor the conservation or reintroduction of less
predatorsensitive specieis the primary objective. However, at sites suitable for the reintroduction

of threatened and pratbrsensitive 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 andehiegirecological 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 spesificat
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:

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

e Have a pwgovew @mae or hood, shaped to prevent
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 anfronmicelimbing over
the top of the fence, and jumping animals, especially cats, from rebounding off the face of the
fence to reach the top.

e Have a surface covering that has no apertures or joins that are wider than 7mm. Any gaps
wider than this may alloyuvenile mice to squeeze through.

¢ Have a well pegged mammpitoof 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 aligging 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.

e Sit on a level but slightly mounded platform to prevent runoff running through theflthe
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 gesxclusion 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 ¢oteedh 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.

Xecluder Colorsteel

f°“edw T Figure 3: Diagram of the

330 o standard Xcluder@est proof
T fence design showing the key
i dimensions and design
Xeluder stainless steel | | Wooden specifications

6mm x 25mm wire mesh fence
post

Mesh skirt ¢~

Ground

>300mm
1000 mm

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 teertalee pest exclusion fence
construction should be required to produce sound sciemeed trial and field evidence that their
design is effective against all target pests, and provide references that verify their pest exclusion
fence construction experiea.

Figure 4: Examples of pest exclusion fences built by each of the two main pest fe
contractors in NZ. Xcluder Pest Proof Fencing Ltd fence at Maungatautari (tefeahProof
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 teqthe=d
specifications the quality, longevity and pest excluding effectiveness of the fence can be
compromised, and egoing maintenance costs increased.

The fence platform generally needs to be at least 4 metres wide to provide room for the fence,
passige for a tractor (during construction) and a quad bike or equivalent for fence monitoring and
repairs after the fence has been completed, and a-tahteron the uill side to trap surface

runoff (fig. 5). A four metre wide zone needs to be creatednamidtained 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 a forest. If the fenceline traverses a moderately steep slope then the
di sturbed area may have to be wider again bec
platform and because the fence posts must be driven into hard soil and not hotoetioé fill.

Minimum 4 metre ¢

Pest fence ot >
highest part ¢
the platform

Figure 5: Diagram to show th
profile of the fence platform

Water table

[
»

4 to 6 m

The wire mesh used to exclude mice has apertures that must be no wider than 7mm along one
dimension. Mesh of this configuration tends tofletd surface water runoff thatan cause
substantial accelerated erosion. Becausthisf 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 doespbed 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.
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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 streananhels because of the extra cover they provide. Because of
this the design, installation and-gning maintenance of pest excluding devices at stream crossings

is critical.

Any screen or watergate structure used to prevent pest incursions under alpssirefance 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 barmepésts 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 8h species arpresentthe 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 toecomplet
stages of their I|ife cycle. One of New Zeal a
Mitchell, has found that most of our native fish species can pass through-proas&oven wire
screens with 6mm by 25mm apertures provided the wateritye(6@r 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 smens 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 thany companyidding tobuild the pest exclusion fence ladke 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
appoined.

Figure 6: (Top) Xcluder® culversket with watergate on the inflow end of
525mm culvert, and (bottom) Xcluder® water gate in a 1.2 by 1.2m box cu
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 bealesd. 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 y&ards 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 alegbing 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 vandalismedbmmended 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 careebe 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® publig
entry cage at the
Orokonui ecosanctuary
north of Dunedin.

Figure 8 Xcluder® onenan
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 thereisk 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 gedtdon 4).

A cagei doulde 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 aide 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 requiiepsandover

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

Figure 9: Typical

G dadd?2 @S NE

structure where an

abutting fence joins
the pest fence

Where deer fences or security fences abut onto a pest exclusion fence making the junetion pest
proof is more of a challenge. A deer fence stands betiv@and 2 metres high which would mean

that an upandover 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 tleegeasons, it is unlikely that a resource consent could be obtained for such a
structure in many districts. Customised pestof adjoining fence sections can be developed for
most situations without having to create extra largeamgbover structures buthese need to be
customdesigned specifically for each site and usually require pest exclusion components to be
attached to both sides of the abutting fence. These streictoelld only ever be designed and
installed by professionals experienced in buddpest 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 vegetéenzone between the two fences can provide
access to woulthe burglars angandals. Where barriers have to be erected to stop such aceess up
andover structures are still required, even when spiked fence designs such as that showa in figur
10 are used. The spikes prdwebe no deterrent to cats.
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Figure 10: Riccarton Bush
Christchurch. Barriers were
installed toprevent members of
the public walking between the
fence and backyards, however,
none could be designed that did
not provide a launching pad for
Ol G a -an@2 éSINE 4
had to be built

B. 11 Fence longeity

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 galvanise
coated steel, zinaluminium coated steel, and stainlessel (a variety of grades) has been used on

the face and skirts of fences, and painted and unpaintedadina mi ni u m, nCol or
aluminium sheets have been formed to produce the hood / cap on top of the fence.

We can only speculate as to how lopgst 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
depemling 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 productsaare 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 (particul arl y ess@antbuhe gr
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 corrosimasistant magrials 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 madettaouaterials to be used
in the fence:

1. Site corrosion potential
Sites close to the coast, and especially those that intercefatdsaitwinds, are likely to experience
conditions that are the most corrosive to metallic materials. Marine grade statdesgalso
referred to as grade 316 stainless steel) is recognised as the steel most resistant to salt corrosion, an
is widely used by the marine boating ustiy because of this quality.

Areas with acidic and/or wet soil conditiof®ich as peat wetlds) high humidity or exposed to
geothermal vents are also likely to experience high corrosion. Dry inland parts of New Zealand,
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such as central Otago, experience low natural levels of corrosion. In these areas galvanised coated,
mild steel materials aléely 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, leadeferated corrosion.
Zinc galvanised and zirgluminium 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 contrasgistess 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 scrapindikely 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 ofstless 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 tin@tabthers,
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 stexdh in contact with galvanised steel backing wires
and staples will cause accelerated decay of the galvanised products especially in a coastal
environment (fig. 11).

\\ WA LR L L R T Figure 11 Example o

metal incompatibility at
Tawharanui. @lvanised
horizontal wire and
staples are badly

N E i roded in contact
W with tainless stee

5. Expansion and contraction
All metals expand and contract to some exterthwhanging 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.
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Expansion and contraction is of greatest concern @msarthat 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 initiallydar 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 | have been associated with have ultimately chosen to build their fences with more
expensivelonger life materials. They have done so for the following reasons:

) 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 wken measured over periods longer than 30 years.

(i) 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 afterelfience 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.
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Section C: Description of the Lake Serpentine i East
Lake Site

C.1 Serpenine 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 ear|l vy sist9d thedtlgee smalhIempentihe lakespdalledd n
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 Bagificantly 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 systenesTaee lak

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 aredaiit 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 ar
Esplanade Reserve has bastablished 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 cdmh 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 weltleveloped charophyte and pondweed plant communities that are free of introduced
aguatic weed species. In addition, the lakes support a diverse assemblage of water birds, including
threatened species such as the Australian bittern, NZ idébdhortfin and longfin 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 WDE€Creation 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 lexk 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 cerfteepasd t
exclusion fence can be seen in figure 13.
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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 ridgetna¢es 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

Geologyand 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 beeported 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 impanta to the design and construatiof 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 dmel ysar

a consequence the peat has mineralised and consolidated, making it less of a challenge to establist
firmly seated posts, however, there is likely to be seasonal swelling and shrinkalge lasels rise

and fall. This may create some challengesfnce construction.

Drainage
East Lake isat the head of the Serpentine lakes catchmatht 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 lakeleaves 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 smalltisizeswwfface
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 andtBdakes 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 figl3). These drains are likely to
carry the greatest manageablelumes 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. Botvilrains
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 dvants.

pest exclusion fence is built it may be necessary to intercept this surface runoff in a water table on
the outside of th fence and channel it to one wmore culverts that pass under the fence at
appropriate low points.
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Mature
kahikatea i

pukatea stand
\

Imag :'Waipa District Council

149'm N N © 2010 Whereis® Sensis Pty Ltd

Imagery Date: Nov 27, 2007 37°57'05.21" S 175°19'07.54"E elev 59 m

Figure 13: Aerial v of East Lake showing the suggested bf the pest exclusion fence
Suggested line of pest exclusion fence (supplied by NWT)
DOC Government Purpose Reserve boundary
N Suggested location for visitor centre (supplied by NWT)
Car park and access visitor centre

Suggested pedestrian walkway to visitor centre

I €

Major inflow drains
Minor inflow surface runoff
Outflow drain to South Lake

Area of Waipa District Counodvegetation 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 ithe 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
submergd weed species but the invasive bladderwort spddiasularia 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 beth lak

The submerged plant communities in the Serpentine Lakes are made up of pondweeds
(Potamogeton ochreatus, P. cheesmgnauid charophytesChara australis, Nitellaaff. cristata).

These species have been lost from most shallow Waikato peat lakessa#t afrcompetition 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 spe(including Eleocharis sphacelaiaBaumea
articulata, and somel'ypha orientali}, Carex sedgeland, and manukagtospermum scoparigm
scrubland. FlaxFhormium tena)X manukakaramu Coprosma robusfa Coprosma teunicaulis,

cabbage treeQordyline augtalis), 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. Th
plantings now link the lake to the mature kahikatea and pukatea stand south of East Lake.

A variety of planted (and subsequent saeding) introduced tree species, including silverbell
(Halesia spp. and blackwoodAcacia melanoxylgnexist to the west and south of East Lake and a
wide variety of introduced weed species, especially blackd&upus fruticosys grey willow
(Salix cinerey, crack willow @alix fragilig and bindweed Galystegia spp.) can be found
throughout.

Kahikatea stand and remaining dryland areas

The understorey of the kahikatégpukatea stand contains quite limitediwatplant regeneration

which is probably symptomatic of the lowered water table creating alternating summer dry and
winter wet soi l conditions, the | ack of a su
ef fecto.

To the west of the kahikatepukatea stand a variety of dryland and wetland margin native trees
and shrubs have been planted including tot&ad@carpus totarg kahikatea, ribbonwood
(Plagianthus regius lemonwood Rittosporum eugenioidgskaramu, flax and cabbage tree. The
survivalrate 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 than®wn.
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Avifauna

Fourteenspeciesof waterfowl have been reported on the Setipe Lakes by Greenwood in 1996
(cited in de Winton 2007). Of these, several have a threatened species classification including the
Anationall y endan g eBotawus poilomilusrgeey duck Anassuperciliodae r n
superciliosg, spotlesscrake Porzana tabuensis plumbgabanded rail Gallirallus philippensis
assimili and the New Zealand dabchickdliocephalus rufopactys NZ dabchick and
Australasan bittern are known to bpresent around East and South Lakes but banded rail and
spotkess crake have naapparently, been observed for some yelstarsh crake Forzana pusilla

affinis), brown teal Anas chlorotiy and North Island fernbird Bowdleria punctata veale@eare

species not recorded that would have been present in this halitatpast.

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 hakdtt for several indigenous terrestrial reptiles prior to bush clearance.

Fish

Four native fish speciegommon bully Gobiomorphus cotidanliscommon smelt Retropinna
retropinng), shortfin eel Anguilla australig and longfin eel Anguilla dieffenbachjiare 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 becausesofdty 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 diversyisfourd in other Waikato wetlands, have not been recorded in
the Serpentine lakes but this species and the giant kokigdaxias argentusare two species that
would have been present in the past.

Rudd Scardinius erythrophthalmysand catfish Ameiurus nebwsug 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 gilknetting undertakeperiodically by the Department of Conservation.

Several pest fish species present elsewhere in Waikato waterways, especially k@ypamps(
carpio), tench Tinca tincg, perch Perca fluviatili and mosquitofishGambusia affinig offer
serious threta to the Serpentine Lakes if fish passage barriers are not constructed.

Redeared slider turtlesTgachemys scripfa 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 olMfagkato 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 howeweré 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 AWhirligig beetl eso
a raremoth species that lives on the threatened giant cane Spsinodanthus ferrugineusit East

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

Animal pests
It is likely there arel0 or moremammalian pest speciem¢luding dog} pregent a1 occasions

around the margins of East and Soutkés. Thesenclude: ship rats Rattus rattuy Norway or

swamp rat Rattus norvegicys mice Mus musculus goats Mustela erminep ferrets Mustela

furo), and probably weasel@Vustela nivaliy, hedgehogs Hrinaceus europaeus occidentdJis
possums Trichosurus vulpecula rabbits Qryctolagus cuniculys cats Felis catu$ i domestic

and feral, and domestic dogSanisfamiliaris). Hares Lepus europaeus occidentalimay also be
present on occams.

All, with the exception of rabbits and hares, are likely to be significant pred#tbmgs, eggs and
chicks. Rats, mice and hedgehogs will also prey upon invertebrates. Possums, hares and rabbits will
be causing some damage to the native végatavith rabbits and hares probably targeting planted

and naturally germinating seedlings.

The lakes are now fenced from all farm livestookwever, the eastern side ddE Lake and the
kahikatea pukatea bush area was open to grazing as recent§98s(Thompson and Champion,
1993).

C.3  Pre-Europeanhistory

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.

Thepa 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 priyateined 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
northreasten 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 roadiggvwpan the line of SH

3 was changed).
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In the opinion of qualified archaeologisis Opus, the entire ridge betweeasEand South Lakes,
including the proposed location for the visitors centre, is likely to have been occupied by Maori and
it would be wse 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 passwereational 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 undertplanging

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 issyespecially 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 Marcty 2010 b
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\aflb€les (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, antiakerna
access road off Jary Roathy 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
beyondthewt er 6 s edge of South and East Lake i s i
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 itlctuseetland 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 fdand along this edge.

The WDC administered Recreation Reserve includes the kahikpteek at ea st and ( Tu
and the grass area between the two lakes and SH3 and joins them to the lake reserve. The fencec
boundary on t he s ashishardsup agaeinstahe trekE uargire thi$ culdBause
some challenges for the construction of a pest exclusion fence (see later section).

On 1 February 2002, the Waipa Peat Lakes and Wetlands Accord wad Bigiavironment
Waikato, Waipa District Cancil, Auckland/Waikato Fish and Game Council, (Migaa Iwi Toopu
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Waipa)andthe Department of Conservaton The purpose of the Accord
of management agencies when working with landowners, tangata whenua and interested parties,
towards the restoration and enhancement of lakes and wetlands in the WaipaoDiEhect
objectives of the Accord are (in abbreviated form):
e Promote the sustainable use and conservation of lake and wetland resources;
e Encourage restoration of degraded Bkeetlands and associated species that are in an
unfavourable conservation status;
e 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 wellemaight education,
information and awareness programmes.

The National Wetland Trustds initiative to de
is a significant step towards achieving the objectives set in the Accord.
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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 origindiyrean, 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 aawéthrea. 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 levadf 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 unsuitabl
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 retai@ Bigh quality ecological
values that are regionally and nationally uncommon, and worthy of protection and enhancement.
These include:

e East and South Lakegererated second and sixth best respectively of 33 Waikato lakes
in a 2005 NIWA survey usingthieL a ke Submer ged P EasttLaké,ndi c
with a score of 90% rated close to its best possible condition (100%) (Edwards et al. 2005
cited in de Winton et al. 2007).

e The lakes have native submerged pondweed and charophyte communities tmabstre al
free of submerged weed species.

e 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 suggestinga level of exploitation.

e 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.

e Threatened waterfowl species including the New Zealand dabchicKkastiralasian
bittern are still present.

e A reasonably healthy stand of mature (80 to 100 year old) kahikatea and pukatea exists in
close proximity to East Lake.

e 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 namody terrestrial weed species present none
are considered to be unmanageabile.

D. 2 Assessment of ecological threats and management options

De Winta et al. (2007) have produced a list of categorised and prioritised threats to the Serpentine
lakes. While | agree in most part with their priorities | have added to and reorganised the list a little
to reflect those most important to East Lake in paricubllowed by South Lake, but excluding
North Lake which is outside the consideration of this study.
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Prioritised threats, with ranking ddeverity. high, medium, low;Likelihood of occurrence (if
unmanaged): likely, probable, possible; At@hageability 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 overseawan Donkand 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, bat 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 presentithin 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 cultivationf land around the lakes inevitably leads to peat subsidence and
mi neralisati on. This can |l ead to the |l oss o
fall, pH rises and the important lakeargin peat vegetation digaears.
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, reinstatemeitetifer water level control devices at the South Lake
outfl ow (see 6Lake | evel management 86 bel ow)
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 201The geatest risk comes from those species already present in
Waikato waterways, such &eratophyllum demersum, Egera densa, Elodea canademrsis
Lagorosiphon majofde Winton et al 2007)
Manageability: Medium
Unlike U. gibbawhich can potentially & dispersed as fragments attached to waterfain,
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 pee considerable risk to the Serpentine Lakes and alhaiese 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 newpest 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 wateroutletb m Sout h Lake has been in the form o
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 catitmture
(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 © set a minimum water level for the lakds.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 amh 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 tc
be now. Both NZ dabchick and the Australasian bittern may also disappear if mateveffe
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 trappirgtand b
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 reachingrtjet 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, althagh 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 dw&svasion,
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 st attlages. &bduth lare &ést Llakeso f r
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 moddyabw 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-puenan levels e 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 olighffdrainage 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 plapécies 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 drieareas 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 presemtEast 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 locked. If pest fish barriers are built downstream
of South Lakehe 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 landbcked populations because pest fish barriers are also likely to be effective
barriers to giant kokopu.

D. 3 Assessment of ecological restomati potential and options

Restoration philosophyuilding 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 eoloectiv
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 fromiprman times to the extent that it is no longer
possible, nor appropriate to restore the area to amhymrean 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 meansahgtainthe original plant

and animal species that once occurred at the site would no longer survive or thrive there. The

14 January 2011 30



Lake Serpentine Restoration Potential Pest Exclusion Fence

challenge for the restoration effort at Lake Serpentine is to determine the native plant and animal
species that can be returned safelp t he site and then to plan
ecologyd6 that wildl thrive and wil/l compl emen
restored.

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

¢ Constructed nuient 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 ot to provide peat lake margin habitat.

e 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 isatgeopportunity 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 generallysatered to be dryland birds may find
revegetated areas of the reserve suitable habitat in the future.

e 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 fophaimgspecies 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 foistNational 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 vth 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 limitede #ctivities 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 pential 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 experienceso$eviaic

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 requthe 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 managementtmns for therestoration 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 &3 a tool
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 théaiatar

and the extent and composition of the vegetation on the site. | am aware that separate landscape anc
revegetation plans are being prepared for the project but | have included plant management
commentary below as it relates to the management artcodiction 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 amsingitie
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 totpreve
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 theuglity of the freshwater habitat for the existing native fish
species by:
e 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 naifivads reaching the
lakes.
e 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. Improvingthe effectiveness of mammalian predator control to reduce bird, reptile and
invertebrate mortality and increasszruitment.
6. Enhancing the quality and composition of the indigenous vegetation throughout the reserve
to provide the yearound food requirenrgs, 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 preseand 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 regtation objective of reintroducing lost faunaquiresa 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 loeigstion
usually arises because of one or more of the following causes:
e Predation by introduced mammals
Clearance of preferred habitat, including necessary food sources and breeding conditions
Competition from introduced species
Removal of specific vedation 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 overcme. 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 speciea, @mdributing 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 Northfé&snbird 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 Auakthgreen geckoNaultinus elegans eleganand forest

gecko Hoplodactylus granulatys 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
controltool 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;

locateappropriate sourceopulations;

gain approval for each translocation from iwi;

obtainapprovalto proceed with each translocation;

confirm capture and release techniques;

comply with species Standard Operating Procedures;

carry out the specified pestlease 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 fencings. conventional pest contrelcomparison of ecological benefits

Introduction of hreatened wetland bird spes

In an area as small @se Lake Serpentine project ayedth a very high perimeter to core ratio,
effective pest exclusion fencing is the only tool available that can keep pest densities low enough
for predatorsensitivespecies to have a chance afngval. If there is a desire to reintroduce
sensitive or threatened specied &ike Serpentinéhen 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 densitiesat Lake Serentineby the use of traps and toxic bait dispensed in bait statio&s

control effort would need to occur regularly and indefinitely to counter the expected rapid
reinvasion of these species, especially rats, from the surrounding landStzgis. and ats 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 acces:
to surrounding privatelpwned land is likely to ruleut such extensive pest control. Domestts

are likely to be significanbird predators but any attemiotcontrol 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
Ahal o effect d an df the greatpst lenefith af pdiee fenbed resemves. 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 eradcate pests

Pest exclusion fencing is of limitestologicalvalue if all or most mammalian pest species found
inside the fence cannot be eradicatéthen eradication is not achieved the cost of pest control
inside a pest fence can be as haggthigher tharwould 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 larg
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, Macrae®©tgg 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 oéll 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 grounedwelling native bird species

The project site has a satde 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 resisiens to
sustain a pair of takahe, and Operation Nest Egg activities at th&rgee$Varrenheip reserve at
Karapiro have shown that a 12 ha reserve can provide food enough for up to 20 juvenile North
Island brown Kiwi.

As nonflighted, ground dwdihg 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 <coO
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 contlundertaken. 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.

Carnying capacity and translocations

While flighted species will naturally disperse away from the project site. particularly as the fenced
area reaches carrying capacity, #ibghted species and reluctant fliers (as many wetland bird
species are) will need toe 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 Serpemt lakes. While mammalian predators are unlikely to have contributed
significantlyto 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 eradicaterot 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 dat received less attention for reintroduction to mainland fenced sites than birds. A
pestfree, wellmanaged Lake Serpentine reservavould offer good opportunities for the
reintroduction of a variety o$kinks and geckos that would be vulnerable to predatinder 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 Maungatatari 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 TurneyoaginBush

Reserve vegetation

Based on the results achieved at other pest exclusion fence sanctuaries, the permanent removal of
all mammalian pest species from Lake Serpentare be expected to lead to a significant increase

in native plant growtlunder thekahikatea pukatea stand canogree aml shrub seedlings, ferns,
bryophytesand fungi),and quite probably in the moist wetland margineeédotal observatioret
Maungatautari and in other fenced sanctuasigggest that thgermination of new seedlisgand

the growth of fungimossesnd ferns can increasieamati@lly 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, anmably, 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 rsks of invasive weed species.

Summary

Lake Serpentine will be the first permanently plesé 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 adicated. Establishment of a permanently {iest environment will create a

unique opportunity to demonstrate the nature of a healthy wetland environment and highlight the
significance of the impact of i ntr odsdlareeashd ma mn
fauna.

E. 2 Pest exclusion fencings. conventional pest contrdl 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 th@ftoshventional orgoing pest control

when the reserve is as small as the Lake Serpentine reserve, even when the costs are compared ove
the 30 year (or longer) life of the fence. The comparison is pointless, however, because
conventional pest control caot achieve the intensity of mulipecies pest control to match the
effectiveness of a proven pest exclusion fence and the near zero pest levels that are necessary tc
reintroduce predator sensitive threatened species. If there is a wish to reintrodaterpessitive
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 fencenstruction and maintenance, and pest eradication follow in a later
section.
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E. 3 Recreationaland educationabenefits

Riccarton Bush is a small 7 ha remnant of wetland kahikatea forest in the heart of Christchurch
City. A pest exclusion fence was ilitaround 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 ha
been very effective at making visitors aware of the importance and special nature ofrires fase

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 eation 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 awergs 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 predatefree enclosure.

The pest exclusion fence is likely to perform an additional persomgeament 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 bgne 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 mateaalmay 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 throughe 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 comparate 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. Thmaitidm 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 meéuittge National Wetland Trusthould
be encouraged to invest in compnesige prerestoration baseline monitoring lnbth 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 suryd 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 mmjor physical constraints or serious challenges to the
construction othe 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 adgal o 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 Fenceline, boundary, vegetation, drainage and access consitiens

| have divided the proposqekest exclusion fence line into €ectionsbased on construction and
maintenance issuef¥hese sdons can be viewed in figure 16

a) Fence section 1

This fence section runs along the gragganted shrubland margimdhe 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 it 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 gais tacBesith Lake view

points.

Fence construction should be reasonably strdaiard 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 firmase 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. Thamount 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. skir
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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.

Figure 14: View along section 1
looking rorth. 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 bg
positioned on the edge of the
grass to the middle left of this
photo. The small catchmeémand
gentle slope means no major
platform earthworks will be
necessary for this section.

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 theasture 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 sseded blackwoods, around an intermediatedskahikatea,

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 sectidnmostly theswampy area including the exit draincrosses 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 bbe 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 gastliterally disappear into the
peat when driven conventionally. To counter the lack of support of the peat substrate, and the
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Section 3

" Seéction 1

Section 4

Figure 16: Aerial view of East Lake showing the suggested line of the pest exclusion fen

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 M Public cage access
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seasonal swelling and shrinkage of the peat as the water table risedlgntid 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, aroneotinal 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 dh&hace
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
plantedlemonwoods; clearance of approximately 100 metfgalanted 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 tbe 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. Ofsre¢his 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 tonm 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 establishezl &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 thezdgearis revegetated with suitable native
peatland groundcover species to peat 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, especiallygdtiven 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 importaticof 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 contractorcbefbrection
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 impant 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 ratrbera
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 apprtvag wequired 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 revegetatiefore 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 | would recommend), as opposed to allowing diffuse water flow
through the fence only, them 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 thi stwure 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;

e it does not prevent native fish, esfly 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 ofeddeaton 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 ssociated 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 sutygkatea contingency of
$10,000 be allocated to cover any additional costs for this section of fencing, however, | would
suggest that at least $20,000 plus GST should be put aside as a contingency, especially as
independent design and design approval neaselquired.

Figure 17: View north to
junction of fence sections
1 and 2. The proposed
zone of vegetation
clearance is highlighted
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Figure 18: View from the
junction of sections 2 and
3 back along section 2. Th
red arrow follows the
suggested line of the fencq
(to fence in the kahikatea
to the left of the arrow
head)

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 fenceanaatard 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 satdaanaerobic conditions for prolonged periods the
rate of corrosion can increase. One of the corressistant components of stainless steel
chromiumi 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 kafdteai puk at ea stand (Turneydés Bush).

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 mustidreepost

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 sfi@igiard. 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 nesdldstantial 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 libygesvery gentle (see fig. 1@ny surface

runoff will probably be btter managed if it is able to trickle through the fence as diffuse sheet flow
rather than being collected in a watertable on thailigide of the fence and channelled to culverts
located at low points. Communication with the landowner will confirm havehrsurface runoff
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