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1. | NTRODUCTI ON

Waikato District Councilcommissioned Wildland Consultants Ltd prepare an
Ecological Enhancement Plan for a defined project at®art Waikato. The project
area covers approximately 414 hectares, encompassingost of the residential
dwellings in Port Waikatahe sandspito thenorthof the township, and.2 km of the
margins of theWaikato Riverto the eastRecent erosion of theudes and sandspit
area at Port Waikatbas triggered discussion between Waikato Disti@ouncil,
Department of Conservation, local iwi (MgKarewa Ndti Tahinga) and the local
Port Waikato Beacltare communitygroup These discussions have also highlighted
some ecological threatelating tothe Port Waikato village, particularly in terms of
development angest plant speciesultivated in the villagevhich havespreadinto
thedunes

Waikato District Councitequres an assessment etological threats at Port Waikato
and a longierm Ecological Enhancement Plan to guide restoration over-geten
timeframe.In collaboration withNgati Karewa Ngati Tahingand the community
beach care group, a range of goals haaenbestablished’he aim of the plan is to
provide a guide to improve the local indigenous biodiversity within both terrestrial
and aquatic habitats.

This report comprises an Ecological Enhancement Plan, including baseline
information derived from fieldsurveys, assessment of any current issues (and
potential future issues), and identificatiafi options to restore and enhance the
biodiversity of the sandspit, dunes, wetlands and waterways of Port Waikaw.
planprovidesa works strategytimeline,and indicative costs that will span over aten

year period, with a focus on pest plant management and ecological enhancement
opportunities, along with suggestions on suitable plant species for the site.

2. GOALS
Theoverarchinggoal of the project is

To significantly enhance the ecological health of Port Waikatao provide
ecological resilience to the effects of climate change.

The goal will be achieved addressing the following

Increasing theoverof indigenousspecies present throughout the project.area
Undertaking appropriateutie restoration

Reducing the density and diversity of pest animals and plants

Improving water quality

Improving the ecological values anddigenousbiodiversity of terrestrial and
aguatic habitats

= =4 =4 -8 -9
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3. OBJECTI VES

The objectives of the project are to develop an Ecological Enhancement Plan to
restore and enhance the biodiversity of the sandspit, dunes, wetlands and waterways
of Port Waikato, by providig

Guidelines on planting and maintenance of indigenous species.

1 Methods for progressively controlling and/or eradicating invasive exotic plants
and fauna.

1 Guidance on improving biodiversity and ecological values for all habitats at Port
Waikato, with a écus on the dune system and wetlands.

Methods to improve ecological resilience to climate change and erosion.
Strategies to reduce sediment and nutrient inputs into the sea and estuary.
Advice on potential ecological improvements to the surrounding catdeme

= =4 =4 A

Collection of baseline information on complementary ecological enhancement
work being undertaken in the catchment.

A monitoring network.

Plans for these activities over the next 10 years.

4. METHODS

A literature review was undertaken to identify relevant ecological information
pertaining to the site, including ecological studies for terrestrial, freshwater and
marine environments. Digital and hard copy information relating to the ecology of the
study site was compiled, together with GIS layers and digital aerial photographs.
Hard copy field maps were prepared, showing the project area boundary on aerial
photographs.

A site visit was carried out on 7 December 2015, including asitenrmeeting with

the Port Waikato Beach Care chair, Kar en
representative, Richard Tiki O Te Rangi Thompson. The history of the site and
ecological conservation efforts that have been carried out by the participants was
discussed duringhts meeting. Furthermore, aspirations and goals were discussed in
terms of ecological enhancement and restoration works being undertaken at Port
Waikato.

A walk-through survey of the site was undertaken. Vegetation types and habitats were
identified, desribed, and mapped (Figure 1), a plant species list was compiled

(Appendix 1), and the location and extent of pest plant species were recorded
(Appendix 2) and mapped (Figure 2). Incidental observations of indigenous and
exotic bird species and pest animalere also made (Appendd).
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Legend

Project boundary 14. Radiata pine forest
@ Marine sediment collected 15. Saltwater paspalum-wiwi-sea primrose-arrow grass grassland
[JVegetation and habitat types 16. Punakura-saltwater paspalum-sea primrose herbfield

1. Pampas-tall fescue-pohuehue grassland 17. Sea primrose-glasswort herbfield

2. Roadside revegetation/amenity planting 18. Tall fescue-kikuyu-pohuehue grassland

3. Raupd-Machaerina articulata reedland 19. Saltwater paspalum-pirua grass grassland

4. Ti kduka/cabbage tree-manuka shrubland 20. Reserve with exotic grasses and scattered specimen trees
5. Pampas-kikuyu-pohuehue grassland 21. Marram-pingao-sand sedge grassland

6. Mixed indigenous-exotic scrub 22. Pingao sandfield

7. Wiwi-tauhinu-lupin-pampas-pdhuehue shrubland 23. Spinifex-tauhinu grassland with shell beds

8. Pampas-lupin-tauhinu-pohuehue-wiwi tussockland 24- Arrow grass-mudwort herbfield
9. Spinifex-tauhinu grassland 25. Lupin-pampas-marram-tauhinu-spinifex shrubland

10. Spinifex sandfield 26. Pampas-gorse tussockland

10a. Spinifex sandfield with shell beds 27. Alligator weed-pohue-tall fescue herbfield
11. Tauhinu-spinifex shrubland 28. Gravel groundsel-gazania-harestail herbfield
12. Pampas tussockland 29. Pampas-wiwi-lupin-harestail tussockland

13. Pine-pampas scrub 30. Sandfields
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Aquatic surveys, including fish survépppendix 4, aquaticfreshwaterinvertebrate
collection (Appendix5) and freshwatenutrient analysigAppendix 6), were carried

out within two watercourses withithe project area; marine sediment samples were
also collected at the mouth of thvatercoursesind analysedAppendix 7). Aquatic
freshwatelinvertebratesample were preserved in ethanol urttiley wereanalysed by
theWildlands irhouse invertebrate specialigtater and sediment samples were kept
chilled and sent to Hills Laboratories Ltd, Hamilton for analysis within 12 hours of
collection.Representative sifghotographs weralsotaken in the field (Appendig).

High priority management areas were identifiEgjure 3.

5. GENERAL SI TETDBEANIRIBPACKGROUND

Project AreaDverview

The project areac(414 ha) extends from the top of the spit to just south of Maunsell
Road, and east to west from the just beyond the surf club at Sunset Beach to
2273Tuakau BridgePort Waikato Road in the east. The project area contains a
tributary of the Waikato RiverMaraetai Stream, which is located east of the main
township. There are also several smaller unnamed overland flow paths.

The project area contains most of the private residential land within the Port Waikato
township Private land was not a priority for this projgcCounci | 6s main pr
with the reserves)out recommendations regardinganagement oprivate landare

included where appropriate

The focus of this project is the sand dunes, including bothHPtre Waikato Sand
Dunes Recreation Reserve and the Ngati Karewa Ngati Tahina Trust sand dunes;
togetherthese areas cover325 ha.

The project area is characterised by coastal sand dunes with a mixture of indigenous
and exotic vegetation. The southatanes, especially those that border residential
property, are dominated by exotic vegetatimeluding a range of pest plagpecis
(Platel). Parks and reserves are characterised by mown grass and occasional large
indigenous and exotic specimen treefRoadsides are characterised by mixed
indigenousexotic revegetation plantingsewer exotic plantspecis occurto the

north, away fromthe Port Waikato townshipalthough pockets of pest plant
infestations are still present (Plate A)he eastermost etent of the project area is a

pine plantation with a small gully of indigenous bush.

In 2008, a large fire swept through the sand dunes, destroying approximately 17.5 ha
of vegetation, including habitat tenat i s
(Latrodectus katipp(Plates 2 and 3).

The spit has extended northwaualer the past 150 years; dunes on the eontkide
of the river have eroded and the river mouth has shifted nortefewdkin & Taylor
2007).
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The ownership of the spit is split from north to south, with the western side owned
and operated by Waikato District Council (Port Waikato Sand Dunes Recreation
Reserve) and the eastern side owned by Ngati Karewa Ngati Tahinga Trust.

Landforns and CoastaDynamics

The lowlying Port Waikato sand spit is characterised by sand dunes ranging in
altitude from sea level t0.20 m aslalong the rugged west coast of the North Island.
The dynamic environment that characterises the sand spit carries risk ohendi
coastal inundation that compromise the health and integrity of the ecological
functioning of the dunes, as well as the health and safety of the township. The
significant shoreline advandéat the spit has experienced over the past y8@ars
means ltat considerable caution is warranted in terms of coastal inundation. The soft
shore dynamics of thepit mean that future shoreline changes may occur; such
changes include shoreline retreat, which has occurred at Whatipu on the northern side
of the Manuka Harbour after over a century of advance, and breaching apihe
which would result in serious implications for the township at Port Waikato
(Tonkin & Taylor 2007).

Parts of the dunes are subject to active erosion and a considerable stretch gextendin
northwards from the small stream at the western end of Maunsell Road has a very
steep, and tall, eroding face on the seaward margin. This area has been subject to
active backcutting and inland retreat and has been of particular concern in the
vicinity of the surf club and associated carpark.

Vegetation Monitoring

Waikato Regional Council carries out vegetation monitoring at Port Waikato as part
of their monitoring programme that surveys the Extent of Coastal Habkstuaries
andriver mouths alorg with sixteen other estuaries within téikatoRegion.This
programme is used as a monitoring tool highlighting indicators of ecological changes
occurring in these estuariess part of this programme,recent survey of exotic pest
plantsrevealedthat over 50% of the coastal habitat at Port Waikato is dominated by
invasive species (Graeme 2005).

Water Quality and Sediment Monitoring

Water quality and trace elements in sediments are also surveyed at Port Waikato as
part of the Waikto West CoasEstuaries sampling programme by Waikato Regional
Council. The sediment at the river mouth was compriseatofjher ratio of coarse

and medium grain to fine grain sediments compared to the other three estuaries
sampled (Aotea Harbour, Kawhia Harbour andglRa Harbour). Generally, the
distribution of trace elements and nutrients at Port Waikato are relative to the grain
size of the sediments, i.gediments with larger grain size had lower concentratbn

trace elements, while finer sediment containgghér concentrations of trace elements
(Rumsby 2009). Water quality at the river moutlas generally high (i.ethe
concentratios of most trace elements were below the analytical method detection
limit with the exception of arsenic amscherichia coli (Rumsby 2009).
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Overall, Port Waikato sediments were concluded to be the most enriched by
anthropogenic and natural geothermal actiwfythe four estuaries surveyed by
Rumsby(2009. Anthropogenic activity within the catchment inclsde myriad of

|l and uses that have resulted in contamin
water by nutrients, trace elements and heavy metals. Rates of sedimentation have also
increased substantially, resulting in degraded water quality of the godrgr | onge st
and most significant river system (Waikato Regional Council 208@ny of the
contaminats andmuch of thesedimentaccumulatsin the estuary at Port Waikato.

6. ECOLOGI CAL CONTEXT

Port Waikato spit is located on the west coast of the Netéimd, almost equidistant
between the Manukau Heads and Raglan anditisin the Meremere Ecological
District. Meremere Ecological Districtc(L00,000 ha) extends from Port Waikato
along the west coast to Lake Waikare to the east, and from Mercer iorthetm
Taupiri in the south. Meremere Ecological District is within the wider Waikato
Ecologica Region, whichincludes the lowying parts of the Hauraki Plainghe
middle and lower Waikato River basirand the lower Waipa River Valje
(Department of Gnservationl996. Waikato Ecological Region is characterised by
lowland topography, intensive farming, widespread transformation of the natural
landscape, high rural population densities, large urban populations and small remnants
of indigenouswetland habitats.

Meremere Ecological District ig welldefined interior basin containirajluvial flats,
shallow lakes, andremnant wetlands, including thecologically significant
Whangamarino and Mangatawhiri wetlandBhe original forest cover onlgurvives

as scattered small remnants, barge areas ofecondaryk U n uKumzea (robusta
forest are scattered throughout #wlogical districtproviding importanhabitats for
indigenous fauna.Although over 70% of all dunelands in the Waikato Regioe
significantly modified (Waikato Regional Council 201Hetsandspit at Port Waikato
is considered to be of high natural valuEhe extensive wetlands in the upper reaches
of the estuary are alsignificant

Wider Catchment

The Waikato Riverwhich drains into the sea at Port Waikatos New Zeal an
longest and most significant rivedt has a catchment af14,456 kni and a mean

flow of 400 /s (Waikato Regional Council 2008This translates to a natural travel

time (i.e.without takinginto account delay by hydrelectric dams) of four to five

days from Tau@to Port Waikato.

The large catchment,t 6 s hi gh rai nf al |l (averaging 1,
the high flow volumes that characterise the Waikato River result itrémsportation

of relativdy high quantities of contaminants including nutrients, metals and
suspended sedimentdMany of hese contaminants end up being deposited in fine
sedimentsan the estuary at Port Waikatol'herefore, the quality of aquatic hal#a

within the project area is affesdd by theecological health and integrity of the entire
upstream catchment.
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The wider Waikato River catchment varies in ecological value from highly significant
in placessuch as the Port Waikato Spit, the headwateRuapehu and the source at
LakeT a u tp &eas with lower ecological values including ¢tig420km of eroding
streambanks on pastoral land within the catchment (Waikato Regional Council 2008).

Waikato River Riparian Protection

Asurvey carriedouti? 002 esti mated that 45% of the
length had some form of riparian vegetation other than paéiagkato Regional

Council 2008). However only ¢.30% of the total bank length of waterways that run
through pastoral land was fenced\s the survey progressed down the catchment
(i.e.from the headwaters to the Tasman Sew)dence of erosion along the banks of

stream tributags and the Waikato River itself increasedile fencing andintact

riparian vegetationecreased.

7. VEGETANIAND HABI TATS

Thirty vegetationand habitatypes were identified within the project area, ranging
from ephemeral wetlands and indigenalosninated dunelands to forest and roadside
amenity plantingsVegetation types amapped on Figur& and describedelow.

1. Pampastall fescuep huehue grassl and

Vegetation Type 1 sits at the end of Ashwell Drive at the southern end of the
NgUti Karewa NgUti Tahinga owned reser
the eastern coastline to the top. The grasslambbrisinated by exotic grasses

and herbs including pampd€ortaderia selloang tall fescue $chedonorus
arundinaceu} gravel groundsel(Senecioskirrhodon, cocksfoot Dactylis
glomeratg, fennel fFoeniculum vulgare and occasional boxthornLycium
ferocissimun) . Locally a b uMuehiembéeckia pcgnhple)ais u e (
present, as well as occasional emergenk Ju k a/ c ab Badylme t r ee
australig becoming more frequent moving away from the margins.

Exotic weeds include garden nasturtiufngpaeolum majg), canna lily Canna
indica) and agapanthug\gapanthus praecoxwhich are concentrated along the
margins where there is evidence of dumped household garden waste.

2. Roadside revegetation/amenity planting

Vegetation Type& is predominantly roadside reyatation/amenity planting
situated along Maunsell Drive and Tuakau BridRygt Waikato Road. The

pl antings compri se a range of i ndi ge
(Metrosideros excel3a karo @ittosporum crassifoliup taupata Coprosma
repen$ , m(Walioyris ramiflorussubsp.ramiflorus),t Kdu k a/ cabbage

harakeke/New Zealand flaliormium tenax , t Ajettrydn exce{susubsp.
excelsuy lemonwood PRittosporum eugenioidgs karaka Corynocarpus
laevigatu3 and Pseudopanax crassifolius P. lessonii Mixed amongst the
indigenous plantings are aldeAlifus glutinos® swamp cypressTaxodium
distichurm), phoenix palm Phoenix canariensjs and bottlebrush

‘};f:" Wﬂd]ahd © 2016 7 Contract Report No. 3872

® CONSULTANTS



(Callistemonsp.) along Tuakau Bridgeort Waikato Road, and Lombardy
poplar Populus ngra ’ltalica’), casuarina Gasuarina cunninghamiang
cotoneasterGotoneaster glaucophyllyscrack willow Salix fragilis) and grey
willow (S.cinereg along Maunsell Drive.

Along the margin®f the river agapanthuss common (plantedWwhile pampas
occurs occasionallyalong with garden nasturtium and tall fescue, as well as
alligator weed/Alternanthera philoxeroidgswatercressNasturtium officinalg

and arum lily Zantedeschia aethiopitan the damper areas, particularly along
Tuakau BridgePortWaikato Road.

3. R a u{Méthaerina articulatareedland

R a u fT¢pha orientali)Machaerina articulaé reedland ¢.1.8 hectares) is
located along Maunsell Drive at the southern extent oftigeUdtariewaN g Ut i
Tahingaowned reservéPlate 4) Within the reedhnd,M. articulata is dominant
around the edges, witaru gh@ughout the centr® r u a Bplbascheenué
fluviatilis) is presentalong the margins, as well gsampas andp @h u e
(Calystegia sepiunsubsp.roseat). There are a few areas ofeg willow
shrubandalong the margins.

4., T& QGukal cabrblGngeeshrablaree

The ridgeline between the dune system and the wetland is characterised by
abundantt x Juka/ cabbage milepwdpermum scopariym
(Plated). Wh @ickgonia( squarrosgp ponga (Cyathea dealbala and
Coprosma macrocarpare common in the sutanopy. Understorey species
include kawakawa (Piper excelsum subsp excelsuyy p @h u e énd e

C. macrocarpa Indigenous seedlingdancluding those of ponga, karp and
karaka are commonin the ground cover layetogether withmU t UPaddia (
scaberulg, rautahi Carex geminatagg.) andMachaerina teretifolia

Exotic species are commowithin this vegetation typeincluding large

infestationsof pampas,wild ginger (Hedychium gardneriaum), tradescantia
(Tradescantia fluminengisand garden nasturtiumand occasional emergent
grey willow.

5. Pampaskikuyu-p @ h u egrassland

On the landward side of Maunsell Drive is a hillside dominated by pampas and
kikuyu (Cenchrus clandestinjiswith locally abundanp @ h u eWithie the .
grassl and ar e occasional ewtle freguemt t mU n
ratstail Sporobolus africanys ripgut brome Bromus diandrus and bracken
(Pteridium esculentujn occasional woody pest plantssuch asJapanese
spindleberry Euonymus japonicisboxthorn and herbaceous species such as

fennel.

7
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6. Mixed indigenous-exotic scrub

At the southern end of the sand dunes, where Ocean View Road meets Mission
Road, mixed indigenousxotic scrub is characterised bgcasional emergent

pl ant ed p Peeudopankxa evessifolius P. lessonii and banksia
(Banksia integrifoliaand B. intermedig over a mix of exotic pest plants
including agapanthus, lupinLipinus arboreus and pampas with locally
abundant exotic gaeth escapes including rétbt poker Kniphofia praecok
Gardners geraniumGeranium gardneji and gazaniaGazania linearisand
G.rigens. Wilding Norfolk pine Araucaria heterophylla and macrocarpa
(Cupressus macrocarpaare also present, witb c casi on al pl ant e
(Podocarpus totaravar. totara), akeake Dodonaea viscodaandt KW@ u k a /
cabbage tre@Plate 1)

Otherspecieghat are more common on the landward side of the track and dune
slopes include wgking grass Briza maximg, harestdi(Lagurus ovatus , WO waQ
(Ficinia nodosa3, vetch Yicia sativg, Yorkshire fog Holcus lanatuy Japanese
spindleberry, watsonia{atsoniasp.), houparaRseudopanax lessojiinative
spinach (Tetragonia implexicoma boxthorn, bushy asparagu#sparagus
sprenger), climbing dock Rumex sagittatys buffalo grass $tenotaphrum
secundaturp cocksfoot, gravel groundseBSénecio skirrhodgn and tauhinu
(Ozothamnus leptophyllus

7.  Tauhinu-wd w@pin-pampasp @ h u eshrubkand

This vegetation typeoversa largepart of the sand dunesnd is characterised
by shrubland comprisintauhinu,w ¢ wa@d lupinwith locally abundant pampas
and scatterep @ h u eAlso @resent are small pockets lotally common
exotic grases including quaking grass cocksfoot, and locally abundant
populations of Carex testacea taupata, sand wind grass L&chnagrostis
billardierei subsp. billardierei) and gazania Around the marginsof the
shrubland spinifex is common, along witbcatteredyravel groundsel and dune
oxalis(Oxalis rubeng

At the southern end dhis vegetation typeexotic grass specieme dominant;
different species are prominent depending on the se@xdber species present

along the southern emaf the shrublandnclude ripgut broomh ar e éasd t ai |
ocasional gladioli (Gladiolus undulatus and Formosa lily (Lilium
formosanum

8. Pampaslupin-tauhinu-p @ h u ewhjuiegsockland

This vegetation type has saimilar species composition tihat of Vegetation
Type7, andis situatedon the leeward side dhe foredune It is dominated by
pampas and lupin, whiléauhinu, p @h u eahnude w o w §lightty clesu r
frequently Isolated populations of marranfAmmophila arenarip occu
occasionally throughout this unidditional species encountereatljacent to
walking tracksinclude h a r e § guakingayiads,sandwind grass,Yorkshire
fog, kUnukk@ulbahkas i sgndex with eceasionalune
oxalis
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9. Spinifex-tauhinu grassland

Spinifex is abundant on the windward face and ridge of the forethgether
with frequent tauhinulocally abundant sand wind grassi@do ¢ ¢ a s ingaa a | pQ
(Ficinia spiralis) (Plate 5) There are a few sand blowouts in this tyP&ate 3)

Near the inland marginsy 0 vadd p @ h u eate uoeally abundant and dune
oxalis ocurs occasionally.The margins are dominated byo#ic species
including pampas, lupincatsear Klypochaeris radicans and occasional
gazania Other speciespresentinclude occasional prickly pear (Opuntia
monacanthpand marram grass.

10. Spinifex sandfield

North of the spinifeauhinu grasslandn area of sandfield characterised by
frequently occurringpinifexandoccasionap ¢ n ¢Pkte6). This unit extends
to the top of the spit, where Caspian te(Aydroprogne caspipand banded
dotterel(Charadrius bicinctus bicinctusutilise the habitator nesting

a. Spinifex sandfield with shell beds

A sub-unit of this vegetation type includespinifex sandfield with shell
banks(Plate 7). In somepartsthe shell banks are more widespread and
expansive Theseareagrovide ideal dotterel breedifbitat

11. Tauhinu-spinifex shrubland

This vegetation type is dominated by tauhsiuwubland with frequent spinifex
and scatteredhawkbit (eontodon taraxacoid¢sdune oxalis, hairpirdsfoot
trefoil (Lotus saveoleny w 0 wpampasp @ h u egMuehkenbeckia australis
M. complexahybrid, sand wind grassbroomrape Qrobanche ming; sow
thistle Sonchus oleracelddupin, and exotic grassdseePlatel).

This area is in arerosionphaseresulting intauhinubeing situated at the top of
the dunes, exposed to the seaward side in some pMeaetime pine(Pinus
pinaste) and occasionafadiata pine R. radiatg are scattered along the
marginsof the shrubland.

12. Pampas tussockland
The vegetation typeomprisa the c.17.5ha of dunes thawere burnt during a
fire in 2008 (Plate8). Following the fire this area wagecolonised
predominantlypy pampasWogwg and | upin are | ocally
while Formosarlily is scattered throughout

13. Pine-pampasscrub

The pinepampasscrub (c.2-4m tall) covers a small area within the pampas
tussockland that is dominated by maritime panel occasional radiata pimath
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frequent pampasccasional kephanés ear(Alocasia brisbanensjsand lupin
and walnut (Juglans regig seedling scattered along the margins. Small
infestations of saltwater padpa (Paspalum vaginatujrand marram grasae
also presentPlate9).

14. Radiata pine forest

Along the eastern extent of the project arem,agea of radiatgpine forest
(c.15m tall) is situated on the landward side of Tuakau BriBget Waikato
Road on private propertySmall patches of remnant indigenous vegetation
dominatedbk Unuka occur in small gullies

15. Saltwater paspalumw @ veé€a primrosearrow grassgrasslandand turf
field

This gphemeral wetlands characterised bybundant saltwater paspalum and
isolated patches ofndigenousturf field, i ncl udi ng wWQ waQ,
mU a k o @aknolus (epensar. repeng and arrow grassT(iglochin striata).
Other species presentinclude purging flax Cinum catharticuny Isolepis
cernug gravel groundselcatchfly Silene gallicd, bacheloés button Cotula
coronopifolig, Centipeda aotearoanalLilaeopsis novagelandiae glasswort
(Sarcocornia quinqueflorg, Gamochaetasimplicicaulis punakura I(obelia
ancep$, sow thistle, sand wind grag3dseudognaphalium luteoalbyand alder

16. Punakura-saltwater paspalumsea primroseherbfield

This ephemeral wetlan dominated byunakuraand saltwater paspalum with

frequently occurring sea primrgsehile Isolepis cernuaw Q w 0 sand i and

sedge Carex pumila occurin lower abundance. Along the margins spinifex,
lupin, tauhinuand harestail are common, along with occasional pampas.

17. Sea primroseglasswortherbfield

This vegetation typecomprisesan ephemeral wetland dominated by sea
primrose andylasswort which hasnot yetbeeninvadedby saltwatepaspalum
(Plate 10) Marram is locally abundant along the margins and on dry islands
within the ephemeral wetland.

18. Tall fescuekikuyu-p @ h u egtassland

This unit is an ephemeral wetland dominated by exotic grasses and herbs
including tall fescue $chedonorus arundinaceus kikuyu (Cenchrus
clandestinus and p Mieblenbeckiecomplexa along with Yorkshire

fog, lotus(Lotus pedunculatysgypsy wat (Lycopus europaedsand creeping

bent (Agrostis stoloniferg climbing dock Rumex sagittatysand blackberry
(Rubus fruticosusgg.) are also presentindigenous species within ishunit
include occasional emergent & @ u kcabbage trée sea primrose kiokio
(Blechnum novaeelandiag, and spike sedggleocharis acuta

7
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19. Saltwaterpaspalump I r u a g@sslans s

A damp seepage dominated by saltwater paspalum with frequent patches of
pl rua ¢ scateredSchoerbplectus pungeralong with other exotic
grasses and herlssich arache Atriplex prostratg and tall fescueThere is a

bank around thenargins of he seepage whidls vegetated wittbuffalo grass,

tall fescueandp @ h u eAhtheewestern extent of this vegetation typatches

of alligator weedreed sweetgras$(yceria maxim@ and King Island melilot
(Melilotus indiaus) are presentwith occasionb pampas, gladioli,gravel
groundsel Isolepis cernuasow thistle and oat grasgArrhenatherum elatius
subspelatiug.

20. Mown grassand specimen trees

These areas ameserves The vegetation cover isiown exotic grassewith
scattered specimen trees nc | udi ng , ladhtarata(Rittaspaum
eugenioides t (@nddanisia.

21. Marram-p § n gana sedggrassland

This type comprisesolated patches of sandfieddo mi nat ed by poQongac
sedge being invaded bynarram (Plate 1). Elephand sear is scattered
throughout the marginsf this vegetation type near thizer, indicating it was

washed down from gardens or was dumped upriver.

22. P 0 n gandfield

A small areaof sandfield with occasiong Q0 n grallocally abundanmarram
along the magins andin isolated pockets is present throughout the eastern side
of the spit.

23. Spinifex-tauhinu grassland with shellbeds

This type comprisespiifex dominated grassland with scattetedhinuand
frequent shelbeds. Other specigsesentnclude parpas,sand wind grasand
small amounts op 0 n.goaawlp 0 n goat®are visible (Plate 12) indicating
this speciesised to be more widespread.

Shellbeds within this unit are generaliglatively urvegetated, with occasional
tauhiny w9 wapd pampas. On margins, occasional marramd ®&alnut
seedlings are present in low abundance.

24. Arrow grass-mudwort herbfield

This herbfield is dominated by arrow grass and mudwdarimosella lineata
together withtoad rush Juncus bufoniusvar. bufoniug, fleabane(Conyza
sumatrensis marram and sand sedg& mixture of indigenous and exotic
grasses, sedges and herbs including saltwater Ipaspsand sedgemarram,
penny royal Kentha pulegiun hairy birdsfoot trefoil punakura and
Lilaeopsis novaeelandiagjoin these species along the margins

e
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a. Lilaeopsis novaeelandiaedominated herbfield

A small subunit within the arrow grassudwort herbfield comprises
pocketsof locally commonLilaeopsis novaeelandiag with occasional
marram.

b. Seepage dominated bysolepis cernuapunakura sedgeland

Another subunit of the above herbfield is characterised bya damp
seepage dominated bgolepis cernuand punakura, along with toad rush,
hyssop loosestrife Lgthrum  hyssopifolipa  hawkbit, tarweed
(Parentucellia viscoga hairy birdsfoot trefoil and Gamochaeta
simplicicaulis

c. Sand sedgesedgeland

Locally common and sedgeoccurs wi t h scattered mar |
scrambling fumitory Fumaria murali3, and be ggar 6Bidens i c k (
frondosg.

25. Lupin-pampasmarram-tauhinu-spinifex shrubland

This vegetation type consists of a mixture of grassland dominated by pampas,
lupin and spinifex and tauhinedominated shrublandOther species present
include occasional emergent banksizaritime pine brush wattle,w ¢ wand

sand wind gras€xotic grasses and herpsesenincludehairy birdsfoot trefolil
tarweed, Yorkshire fogyild carrot Qaucus carot hawkbit andbroadleaved

dock (Rumex obtusifoliys

26. Pampasgorsetussockland

Pampas and gorsge cedominant on a hillside to theouth of the Port Waikato

Surf Club, together witbo c casi on al e me kagogharakekgh ut u k a
ponga (Plate 13) Agapanthus occurs frequentblong with p @h u ethllu e

fescue, buffalo grass and a mix of exotiagges and herpmcluding panahi

(Calystegia soldanella There is occasionalracken mingimingi (Leucopogon
fasciculatuy, sow thistle andlupin.

27. Alligator weed-p @ h-talkfescue herbfield

On the nortlkrn side of the pampagorsetussocklands a small streamvhich
flows throughexotic herbs and grasses including alligator cveeed tall fescuge
and al sQthersgbias presesibng the fringeinclude gravel groundsel
and pampas.
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8.1

28. Gravel groundselgazaniaharestail herbfield

In front of the Surf Club car park are stacked tyfiled with gravel and
groundselgazaniaharestail herbfieldand occasi onal sepddfgut uk aw
Ot her species present include wogw@ and

29. Pampasw Q @upin-harestail tussockland

On the seawardide of the residential houses along Ocean View Roatipas

and e wadominantwith common lupin and harestaiand frequent

emergent @h ut u k a vwWarfolk Island pine(Araucaria heterophyllpand

banksia Common &otic grasses and herbs includerkshire fog,cocksfoot,

buffalo grass, agapanthus,ivy (Hedera heli}, gaillardia Gaillardia
xgrandiflora), ice plant (Carpobrotus chilensisand C. edulig, geranium
(Pelargonium sp.), gazaniaand buffalo grass. Spinifex, p ¢ n gtaupata,

harakeke p@h u € ) @ u Kcabbage trée and Pseudopanax lessonii

P. crassifoliusare also presentith occasionab o x t h or n ,Cotyeédand s e ar
orbiculata), andnativespinach.

30. Sandfields

Open sandfields with little to no vegetation occur throughout much of the
northern and eastern parts of et These areas aligely inundated by coastal
waters duringspring tidesand freshwaters after high rainfalAs a result, they
are prone to significant sand movemeggnerally preventingvegetation
establishment

FLORA

Overview

Two hundred and seventy vascular plant species were recorded within the project
area, comprising 82 indigenous species anded&flic and naturaded speciesTwo

At Risk species (as per de Langeal. 2013)- p 0 n g a 0o -De&liningRand k
Centipeda aotearoan@ht Risk-NaturallyUncommon) were noted within the project
area.

Pongao was scatter ed fwofhthecspitgirhlow dbundalce nor t

sometimes mixed with spinifedecayedp 0 ngao roots in eroded
this speciesvas once more commorthan it is now.P 0 n g a o -pollsated and d
thereforeisolatedindividuals are not likely to be fertilise Qngao 1 s threat

competition from marram, dune stabilisation and compaction, browgargcularly
by rabbits and trampling, particularly by ofioad vehicles.

Centipeda aotearoanpopulationsare presentwithin the ephemeral wetlandscated

in damp seepages alotige southeastern side of the spithese wetlands, and their
associated species, are vulnerabledémageby pedestrians, cycles, animals and
vehicles.
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The native flora was previously more diverse. Kirk (1870) recorded the following
Euphorbia glauca(At Risk-Declining; note this species is now not known to occur
naturally in theMeremereEcological Regiorlikely due to habitat modificatignin
moist placs; Potentilla anserinoidegpreviously abundant at the fddts on the
landwardside of the spjt Callitriche muellerii and Lilaeopsis novaeelandiaein
swampy areasDlearia albidain sheltered placegsstelia banksialong the cliffs; and
Zannichellia palustrisin shallow gravellysites (Kirk 1870). None of these spegs
were encountered during tharrentsurvey.

8.2  Pest plants

Seventeerplant speciesecorded in the project area are listesl pest plants the
WaikatoRegionalCouncil Regional Pest Management PIRFPIMP, WRC 2014; an
addiional 66 specieswere identified asenvironmentalpest plard because otheir
ability to naturalise and compete with indigenous flora for haftibaise are listed in
Appendix2). The control of althese83 species is recommended within the project
area, and the monitoringf @ll of these species isecommendedwithin private
property.

The distribution and abundance RPMP pest plarg and other environmental pest
plant species present within the duaes mapped in Figura Pest plants that were
identified within privateproperty are not mapped btheir presencen adjacent
reserve/dune areabould be monitoretb ensuréhey do nospreadnto the dunesfl
any of thepest planspecieddentifiedin Appendix 2(and below)arerecordedn the
dunesthenthey should beontrolled

Pest plants are prioritised according to fhee categories in th&Vaikato Regional
Council RPMP (WRC 2014): (i) Exclusion (ii) Eradication (iii) Progressive
Containment, (iv) Sustained Control and (v) $ad A further class of plantare
identified in his report: ¥i) pest plantspecis ot currently covered by the RPMP
(WRC 2014, but for which control is recommended. Brief descriptions of the
distribution ofall pest plant species aset outbelow.

ExclusionPest Plants

Plantscla s s i f Execdl uassepo€sedt within the Waikato Regiobut have not

yet become established and therefore the classification is aimed at preventing the
establishment of tlee speciesExclusion plantsare considered to be of high potential
threat totheregion

No Exclusion PesPlant species were recorded in the project.area

EradicationPest Plants

Eradication pest plants are of limited distribution or density in the region or areas of
the region. The aim is to eradicate th@sents from known sites in the region, as
eradication from the entire region may not be practicablédRC 2014).

1 It is recognised thatontrol of weeds on private property is outside the mandate of Council. However see

Section 15 regarding community involvement.
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Figure 2. Distribution and abundance of pest plants at Port Waikato
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The twoEradicationPest Plants present in thesidentialareaof Port Waikato:

1 LantanalLantana camara
1 Mile-aminute(Dipogon lignosus

Progressivé&€ontainmenPest Plants

ProgressiveContainment Pest Plants are those that are abundant in certain habitats or
areas in the regioi.he Progressive Containment programme is aimed to contain and
reduce the geographic distriimn of the plants to an area over time (WRC 2014).

Four Progressive ContainmerRRest Plants were recordedthin the project area
during the survey:

1 Alligator weed(Alternanthera philoxeroidgs

1 Kahili ginger, wild ginge(Hedychium gardnerianum
1 PampagCortaderia selloana

1 Woolly nightshaddSolanum mauritianujn

SustainedControl Pest Plants

Sustained Control Pest Plants are those that are abundant in certain habitats or areas in
the region and can be maintained at low densities to maintain managephbtgs.

The Sustained Control programme is aimed to maintain low densiteEstdiants in

an area whertheir externality impacts are manageable (WRC 2014).

ThreeSustained ContrdPest Plants were recorded within the project area during the
survey:

1 Chinese privefLigustrum sinenge
1 Gorse(Ulex europaeus
1 Treeprivet(Ligustrum lucidump

Site-led Pest Plants

Siteled Pest Plants are those that are abundant in certain habitats or areas in the
region and are capable of causing damage to a placésamdlues. The Sitéed
programme is aimed to exclude, eradicate, contain, reduce or control plants that are
capable of causing damage (WRC 2014).

Eight Site-led Pest Plants were recorded within the project area during the survey:

BusyasparagusAisparayus sprengeyi
Centuryplant (Agave americana
Commonwalnut Juglans regia
Crackwillow (Salix fragilig)
Greywillow (Salix cinereq
Reedsweetgrass@lyceria maxima
Royalfern (Osmunda regalis

= =4 -8 _-48_-9_9_-°
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1 SaltwatempaspalumPaspalum vaginatun

Environmental Pest Plants natthe RPMP 2014-2024

Environmental pest plant species are not identisdpest plantsn the RPMP
(WRC 2014), butare having adverse ecological effects and therefore ¢batrol is
recommended. They are present in small to moderate and sometimes severe
infestations within the project area.

Sixty-five species in this category were recorded in the projectaar@an residential
areasand/or private property around Port Waikato township

Arum lily (Zantedeschia aethiopita
Banangalm (Musaxparadisiaca)*
Banksia(Banksia intermediandB. integrifolia)
Bear'sbreechesAcanthus mollig
Blackberry(Rubus fruticosuagg.)
Bottlebrush(Callistemorsp.)
Boxthorn(Lycium ferocissimuin
Brushwattle Paraserianthes lophantha
Canndlily, Indian shoot Canna indica
Cape honeysuckl& écomaria capensis
Castoroil plant Ricinus commun)$
Chinese windmill palmTrachycarpus fortunét
Climbing dock Rumex sagittat)$
Commonalder Alnus gluinosg
Coraltree Erythrina xsykesij*
CotoneastefCotoneaster glaucophyllys

Dally pine Psoralea pinnata

Elephantsars Alocasia brisbanens)s
Falseacacia, black locust, robini&¢binia pseudoacadja
Feijoa(Feijoa sellowianyt

Fig (Ficus caricg®

Formosan lily Lilium formosanum
Gaillardia(Gaillardia xgrandiflora)*
Gardemasturtium Tropaeolum majus$
GazanigGazania linearisandG. rigeng
Geranium(Pelargoniumsp.)

German ivy Delairea odorata

Gladioli (Gladiolus undulatus

Grape(Vitis vinifera)*

Ice plant Carpobrotus chilensiandC. edulig
Indianhawthorn Rhaphiolepis umbellaja

Iris (Iris sp.)

ltalian arum Arum italicun)*

A=A _0_9_9_9_9_40_92_9_9_9_92_2_9_9_92_92_2_9_9_92_9_2_9_9_-°2_-2_-2._-2_--2:-3-21-

Only present on private property within the study area, i.e. not found within the dunes.
Present only on private propestjthin the study area, i.e. not found within the dunes.
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lvy (Hedera helix

Japanese honeysuckleoficera japonica
Japanese spindleberfgyonymus japonicis
JasmingJasminum polyanthuyh

King Island melilot Melilotus indicg
Lombardy poplarRopulus nigrdltalica’)
Loquat(Eriobotrya japonica*

Lupin (Lupinus arboreus

Macrocarpg Cupressus macrocarpa
Maritime pine Pinus pinaster
Marram(Ammophilaarenaria)
Montbretia(Crocosmiaxcrocosmiiflorg
Moreton Bay fig Ficus macrophyll}
Norfolk Island pine Araucaria heterophylla
Phoenix palmRhoenix canariens)s

P i gdr €otyledon orbiculath

Prickly pear Opuntia vulgari$

Radiatapine Pinusradiata)

Raindaisy, dimorphothecasteospermum fruticosyhm
Redhot poker Kniphofia praecox
SheoalkCasuarinacunninghamianp

Silky oak Grevillea robustit

Silver poplar Populus albaNivea')
Swanplant Gomphocarpus fruticosi$
Sydney goldenvattle (Acacia longifolig
Tasmanian ngaid{yoporum insularge
Torturedwillow (Salix matsudand ortuosa’)
TradescantigTradescantia fluminensis
Tuberladder fern Nephrolepis cordifolix
Velvet groundsel Roldana petasitjs
Watsonia(Watsoniasp.)

Yucca (Yuccaelephantipep

A =8 -8_0_9_9_95_92_2_2_9_9_-92_92_29_9_929_92_92_2_9_9_92_92_492_9_929_-°2_-2_-2._-2-2-2

PestPlantsby Habitat Type

Pest plants are common throughout the southern dunes and along the margins,
particularly along the eastern coastthe spit A survey carried out byhe Waikato
Regional Counciin 2008found thatinvasive exotic species comprised 306 cover
within the coastal vegetation surrounding Port Waik@taikato Regional Council
2011).This survey supports thitnding, asapproximately half of the dunelands are
dominated by exotic species, and much & temaining duneland is not vegetated
(i.e. it comprisessandfields)Many of the pest plants encountered along the margins
and throughout the southern dunes are garden escapaseoestablished as a result
of garden waste being dumped in the dunes arveip Such specieund within the
project areanclude alder, prickly pear, geraniur@ermanivy (Delairea odorata,

ivy, jasmine (Jasminum polyanthum Japaneséioneysuckle(Lonicera japonica,

1 Present only on private property within the study area, i.e. not found within the dunes.
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agapanthusaloe (Aloe arborescens kangaroo pawsAnigozanthossp), arum lily

(Zantedeschia aethiopiga canna lily Canna indic3, gladioli, red hot poker,

Formosan lily,

gaillardia (Gaillardia xgrandiflora),
(Acanthus mollis ice plant, centurf{Agave americana

gazani a,

pi g oephand ®ar,,

bear 6s
el

everlasting pedLathyrus latifoliug, and garden nasturtiunAll of these species
compromise the ecological integrity the sensitive dune system of tRert Waikato
spit. A mapshowing the distribution and densif pest plants within thprojectarea
is provided in Figure ;2only pest planspecis of high priority for controthat are not

on private propertyare listed on the mapA full list of exotic speciesvithin the

project areas provided inAppendix2.

Pest plantgresenthat are priorities for control within the duneland systam listed
below according to their presence in respective vegetéjioes (described in the

previous section

No. Vegetation Type

Pest Plant Species

Notes

3 | Ra u pMachaerina
articulata reedland

Grey willow

Grey willow occurs
occasionally along the
margins; this is priority for
control

6 | Mixed indigenous-exotic
scrub

Macrocarpa, Norfolk
Island pine, bushy
asparagus, climbing
dock, agapanthus,
gazania, boxthorn

Occur in varying abundance;
priorities for control

11 | Tauhinu-spinifex

shrubland

Wilding maritime
pine

Scattered in abundance; high
priority for control

13 | Pine-pampas scrub

Maritime pine,

el ephant 6s

walnut seedlings,
saltwater paspalum,
marram

Saltwater paspalum and
marram occur in low
abundance throughout this unit
and should be controlled to
minimise their spread into the
northern dunes where they are
currently not present or are
present in low abundance

20 | Mown grass and specimen

trees

Banksia

Consideration should be given
to controlling all banksia within
the project area as they have
the potential to naturalise into
the dunes

22 |[Pgngao sandf i g

Marram

High priority for control as it is
abundant along the margins
and isolated pockets

23 | Spinifex-tauhinu grassland

with shell beds

Marram, walnut
seedlings, pampas

All of these occur occasionally
and are therefore priority for
control

24 | Arrow grass-mudwort

herbfield

Marram, saltwater
paspalum

Saltwater paspalum is
dominant in some places and
should be removed in a staged
manner; where marram and
saltwater paspalum are less
abundant, control should be
undertaken as a priority
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9. FAUNA
9.1 Avifauna
Twenty-two indigenous and fourteen exotic bird species were recorded within the
project area(Appendix 3) Nine of these indigenous bird species are considered
0Threatenedd or étAalt(20B3) tkekedare bsted iRTallee r t s o n
Table 1: Avifauna recorded within project area during site visit on 7 December 2016.
Species Common Name Threat Ranking
Botaurus poiciloptilus Matuku; Australasian bittern | Threatened-Nationally
Endangered
Charadrius bicinctus Tl turiwhatu; bl Threatened-Nationally
bicinctus Vulnerable
Haematopus unicolor T@Orea, t @rea p|AtRisk-Recovering
oystercatcher
Himantopus himantopus | Poaka; pied stilt At Risk-Declining
leucocephalus
Hydroprogne caspia Taranui; Caspian tern Threatened-Nationally
(Sterna caspia) Vulnerable
Larus bulleri Black-billed gull Threatened-Nationally
) Vulnerable
Larus novaehollandiae Tar Up u n piked gull e d| Threatened-Nationally
scopulinus Vulnerable
Phalacrocorax carbo Kawau; black shag At Risk-Nationally Uncommon
novaehollandiae )
Phalacrocorax varius KUr uhi ruhi; pi| Threatened-Nationally
varius Vulnerable
In addition to thespeciesobserved, the northern New Zealashokterel Charadrius
obscurus aquiloniysc | assi f i ed-Nag | @ hhard e aétkmowrstanesb | e 6 ,
at the norternend of the spit.
9.2  Terrestrial invertebrates
Dunes at the Port Waikato Spit are knowrptovide habitat fok a t iLgir@ilectus
katipo) . Kati p@ &rRsk-Detlisng Sirvid ieteatd 202k protected
under the Wildlife Act, and are iconic
systems.
9.3  Aquatic fauna
9.3.1 Fish
TheNew Zealand-reshwater Fish Databadél{VA 2016;accessed 11 January 2016)
contains records of 17 indigenous and nine exotic fish species in the lower Waikato
River catchment (Appendix 4). These records cover a large geographic area with a
wide variety of habitats and it is likely that many of the spe@esrded are ndikely
to bepresent within streamsithin the project areaDead koi carpQyprinus carpiQ
washed downstream from further up the catchment were observed on the beach close
to the Cobourne Reserve.
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Fish communities in two streamgthin the project areaere sampled using electric
fishing. The first stream reach (hereafte
adjacent to Port Waikato Road from the intersection of Port Waikato Road and
Maunsell Road Kigure ). Q n a riGalaxias maculatuy and longfin eel Anguilla
dieffenbachliwereseen n t hi s stream. The second stre
was located in an area of radiata pine forest close to the eastern extent of the project
area Figure J . Cr a nGokiombrphudbagali( and b an dGealakiask Gk o p u
fasciatu3 were recorded within this stream readd.n a ragdalongfin eel are

cl assi fi e-Declaisg(GoAdmank al2Wk4).

9.3.2 Aquatic macroinvertebrates

Kick-nets and dimets were used to collect samplédreshwater invertebrates from

the water column in Watercourses 1 and 2, in the stream bed sediments, and on
submerged vegetation and woody debris @tdrk and Maxted 2004). Samples were
preserved in ethanol for later analysis in a laboratory. Inwexties collected were
identified and counted (Appendix 5).

Watercourse 1

Eight taxa were recorded in the sample from Watercourse 1 and, with the exception of
twentyfive introduced snails from the Family Lymnaeidae and four freshwater
shrimp (aratya cuvirostrum), all were pollutiorsensitive EPT taxa. A high
diversity of EPT taxa indicates that a stream has very good water quality. The most
abundant taxon in the sample from Watercourse 1 Dasatidiummayfly larvae

(27 individuals). Deleatidium larvae have been assigned as tolerance scoré of 8
(Landcare Research 2015) and are often found in diotigmed streams with good
water quality. One taxorZg€landoperlastonefly larvae) has been assigned a tolerance
score of 10, the highest score poksib

The MCI (Macroinvertebrate Community Index) score was 130. This score is within
the fAexcellentd biological gual ity cl ass

Watercourse 2

Five taxa were recorded in the sample form Watercourse 2. Three of these taxa
(Deleatidium mayfly larvae, andCostachoremaand Helicopsychecaddisfly larvae)

are in the pollution sensitive EPT group and are again indicative of good water quality
within the sample reach. None of the taxa recorded in this sample had a tolerance
score of less the5 and this is another indication of an unpolluted stream.

The MCI (Macroinvertebrate Community Index) score was 144. This score is within
the Aexcellento biological gual ity cl ass

Ephemeroptera (mayfliedplecoptera (stonefliesaynd Trichoptera (caddisflies).
The lower the scorthe greater the tolerance of poor water quality. Scores range from 1 to 10, with 1 being
species very tolerant of pollution and 10 being species only present in clean, unpolluted freshwater.

2
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9.3.3 Maui 6s Dol phin

The west coast from Taranaki tMur i wai I S habitat for
(Cephalorhynchus hectori maui which is classified as critically endangered
according to the IUCN Red List of Threatened Species (Restvals2 0 1 3 ) . Maui 6

dolphins are known to utilise the west cost of the Porikdia spit, as well as the
Wai kat o River mouth as feeding grounds. r
the site visit.

9.4 Introduced mammals

A Norway rat Rattus norvegicyswas observed in the canal at the end of the
Maraetai Bay walkway. Europeaabbit Oryctolagus cuniculyssign was plentiful in
the dunes and brushtail possufti¢hosurus vulpecubadroppings were observed in
radiata pine forest. It is probable that the fulite of introduced mammalian predators
is present within the projectea mustelids (stoatMustela ermineaferret, M. furo;
weasel,M. nivalis vulgarig, feral and domestic caFélis catu$, house miceNus
musculu}, European hedgehogfinaceus europaelisand ship ratsRattus rattus

Horse Equus caballus sign was plentiful throughout the dunes, particularly
throughout the damfurfs and herbfields. Theseeas are likely used for exercise and
recreation by local residents.

A list of introduced animals encountered during the suiy@yovidedin Appendx 3.

10. SEDI MENT AND AWWRILER S

Assessment of the catchment within the project area included two stream tributaries to
the Waikato River, and subsequently the estuary around the Port Waikato area.
Sediment and water samples were collected at eacles# thvo tributaries in order to
detect issues affecting water quality and ecological health of the aquatic
environments. Results from the sediment and water samples re provided in more
detail below.

10.1 Sediment

Sediments within aquatic ecosystems accumuthtamical contaminants from both
natural weathering processes and huthaven changes of the surrounding terrestrial
environment. As a result of these proceskgge quantities of nutrients, metaésd
sediment can be transported into freshwater, aejand marine environmentsy
storms and floods. The result is a series of potential adverse impacts on the ecological
health and integrity of the aquatic environment including halting of biological
processes and ecosystems services. Some of the rfleshiial humardriven land

use changes that affect aquatic environments include land conversion and
development, agriculture and farming, as well as industrial activities. Therefore,
analysis of sediments from aquatic systems can provide useful infonnaatidand

use practices within the catchment.

7
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Marine sediment analysis carried out within the project area included two small
catchments within the lower reach of the Waikato River. Upper and lower intertidal
sediments were collected at each of théseations to compare the potential
distribution of contaminants along a longitudinal gradient from the tributary to the
estuarine environment. Both samples were analysed for (1) inorganic nutrients
including total recoverable phosphorus, ammonium, nitniteate and total nitrogen,

(2) heavy metals including arsenic, cadmium, chromium, copper, lead, mercury,
nickel and zinc, and (3) grain size fronm2n to 63 m.

Marine sediments have not been historically or widely studied in New Zealand, so
there is ittle background information with which to compare results presented here.
Some local authorities, including Auckland Council adikato Regional Coungil
havea marine sediment monitoring programme, the latter which includes sites at Port
Waikato. Two ofthe 19 sites tha??VRC sampled in 2008coincide closely with the

two sites selected for this project. This allows a snbai not statistically significant,
comparison between the 2008 sample and our 2015 saifipdereferenced site
locationssampled in2015 are shown in Figurd, and the results areummarised
below, with more detaih Appendix 7.

InorganicNutrients

Inorganic nutrients showed high levels of phosphorus (oventgikg dry weight) in
the western lower intertidal sample (W1), and boththe eastern samples (E1 and
E2). However, these results are lower than the WRC sites that correlate: PW9
(near W1 and W2) was 690g/kg and PW10 (near E1 and E2) was i#&fkg in
2008. High phosphorus is likely sourced from phospfatdiser usedwithin the
catchment, usually for improving growth of pasture for grazing livestock.

Nitrogen and derivatives were not elevated; these were not tested for in 2008.
Metals

Metals, including trace elements and heavy metals, were lower i5 2@hples
compared to samples collected in 2008. In 2008 the concentration of arsenic exceeded
the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
document (ANZECC 2000 Guidelines) I1S@@h guideline values at both sites,
while in 205 arsen¢ concentrations were under the guidelines levels at both the
western sites but exceeded the maximum in both the eastern samples. The elevated
level of arsenic is thought to be related to the geothermal inputs into the Waikato
River, which is unique to thiestuarine environment (Robinsetral. 1995).

Some trace element concentrations were slightly elevated, including cadmium at the
upper intertidal western site, copper at the lower intertidal eastern site, and zinc at the
same site. These correlate withe 2008 results and are likely related to the high
proportion of fine grain size. All other trace elements and heavy metals were within
the range of natural background concentration within Waikato soils (Taylor 2015).

1 This was the first sampling of the monitoring programme. Chancil intends to resample these points in

the future.
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GrainSize

Due to ongoing land use changes the most importantdaseld stressor in the New
Zealand context is sedimentation, which impacts both water clarity via increase of
suspended sediments and deposition effects resulting in adverse impacts on benthic
flora ard fauna (Morrisoret al.2008).

The results of grain size analysis were similar between 2008 and 2015 samples, with
fine grain (<63e&gm) being tadrossal sampgePbuea b unda
to the majority composition of particles being of mediand/or coarse grain size, the

Port Waikato system is more typical of a sandy river environment than-anergy

estuarine system (WRC TR0908).

10.2 Water samples

Water samples were collected from Watercourses 1 aas Bescribed abovand
tested for:

Turbidity

pH

Electrical conductivity
Total Nitrogen
Nitrate-N + Nitrite N
Total Kjedahl Nitrogen
Total Phosphorous
Escherichia coli
Heavy metals

=4 =4 -8 _9_9_9_9_2°_-2

Nitrogen and phosphorous levels were low at both sampling sites, indicating a low
level of nutrient inputfurther upstream. Arsenic, cadmium, chromium, nickel, and
zinc levels were at or below the lower threshold for detection. Copper and lead were
detected in trace amounts at both sampling sites, but levels were well below those
required for safe drinking wet.

Escherichia coli levels were high in both watercourses (60@100 ml in
Watercourse 1 and 1,1@fu/100 ml in Watercourse 2). These values would trigger a
Red Mode alert level under Ministry for the Environment guidelines (MfE 2013);
however, this &lue should be treated with caution as a courier delay meant the sample
was late in arriving at the laboratory and was above the 8°C threshold required for
accurate analysis. In addition, as these data are based eaff d@mpling it is
important to ackmwledge that water quality can vary on a daily, seasonal, and annual
basis, and with rainfall and flood events. Despite this, it is recommended that further
testing take place at both sampling sites to investigate the possibility of faecal
contamination emfring the watercourses.

Full water quality results are provided in Appendix 6.

"
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11.
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ECOLOGI CAL VALUES
Ecological values at Port Waikato are associated with the following habitats:

Dunes on the spit.

Intertidal flats in the estuary.

Aquatic habitats in thestuary.

Freshwater wetland in the village.

Riparian habitat along the estuary and lower river.
Tributary streams.

= =4 =4 -4 -8 -9

These are discussed further below.
Overview

The diversity of the project area is high, as are the ecological values. Overall, less

than 20% of endangered habitats present within the dunes, including dune hallows

and damp seepages, as well as coastal turfs and shall beds (HoddaM2Q12), are

formally protected (Leathwickt al.2003). Ecosystems on the Spit warrant additional
recognition of high natur al significance
Ri sk6 indigenous species, the -epresentedice of
habtat types), and its important shorebird habitat, particularly as a nesting site.

Some ecological values of the Spit are being compromised by pest plant infestations

and trampling. For example, the southgrart of the project area, including the

southern dunes, residential area, roadside margins and vegetation surrounding the Surf
Club at Sunset Beach, is dominated by exotic pest plants. However, small patches of
indigenousdominated vegetation are presemt at he sout hern exten
Karewa NgUti Tahinga owned | and, which in
forest.

The northern dunes are also dominated by indigenous species including spinifex and
tauhinu with locally abundant populations @ p g Asoa result of the fire in 2008,
much of the vegetation in the middle of the dunes, however, is dominated by pampas
A series of lowlying ephemeral wetlands are present in the seatiiern area of the
dunes (Plate 14) comprising a mix of wetlandigenous species, including an At
Risk species, but are generally dominated by exotic pest plants such as saltwater
paspalum.

Dunes and Dune Hollows

Protection of indigenous vegetation associated with sand dunes and wetlands is
identified as two of thefour National Priorities for protection of indigenous
biodiversity on private land by the Ministry for the Environment (2007) due to their
rarity (2007) . Dune defl ation hall ows, or
according to Holdawayet al( 2012) These ecosystems have become naturally
uncommon due to human activity and are therefore a priority for protection (Wiser

etal. 2013).

7
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Although vegetation and habitats present at the Port Waikato Spit are generally of
high ecological value, much dfhe southern dunes are becoming increasingly
compromised by intrusion of pest plants as@nage to sensitive ecosystems by
recreational vehicles. Such ecosystems include tregeesented habitat types once
characteristic of dunelands including lbying seepages and ephemeral wetlands.
Populations ofCentipeda aotearoanan At RiskNaturally uncommon specieare

found within the ephemeral wetlands located in damp seepages along the south
eastern side of the spit. Other notable species that were taifopoesent in these
areas includeEuphorbia glauca(At Risk-Declining), Callitriche muellerii and
Lilaeopsis novaeelandiag(Kirk 1870). These wetlands are of high ecological value
due not only to their rarity, but also due to the threatémidenousbiodiversity they

often host.

Extensive areas of spinifex grassland and tauhinu shrubland, and locally abundant
popul ations of pongao are present within
habitat for t wo OAt Ri €dntgedapdoteaamanaasnd e ci e s
provide important breeding and nesting g
(banded dotterel, northern New Zealand dotterel and Caspian tern). Furthermore, the
surrounding river mouth of the Waikato River is an important feednogngl for

Maui 6s Dol phin, a Critically Endangered s

Intertidal Flats in the Estuary

The intertidal flats of the Spit contain coastal turf and shell barriers (adjacent to the
turf fields and ephemeral wetlands thaim in the dune hallows) are considered to be
OCritically Endatmg20i2p dliese (andas |pa\ade &apitat for
indigenous flora and fauna, including birds and benthic macroinvertebrates.

Bird species

The intertidal flats and estuahabitats near Port Waikato are used by a wide variety
of bird species, including migratory shorebirds and indigenous wading birds.
Noteworthy fauna, as mentioned above, include banded dotterel, northern New
Zeabnd dotterel and Cagm tern, as well as wiojll (Anarhynchus frontaljsand bar

tailed godwit Limosa lapponica New Zealand Wildlife Service 1981). The sand
islands that form at high tide are utilised as roosts, while the northern end of the spit is
occupied as a breeding and nesting ground.

The estuarine areas near the river host some 31 species of birds recorded over the
years including whitdaced heronHKgretta novaehollandige variable oyster catcher
(Haematopusunicolor), Pacific reef egretH. sacrg, black swan Qygnus atratus

mallard (Anas platyrhynchgs grey duck A. supercilios® New Zealand shoveler
(A.rhynchotis variegat), spotless crakePprzana tabuensis plumbgapied stilt
(Himantopus leucocephaluand whitefronted tern $terna striatyq, as well as shags
(Phalacrocoraxspp.) and some gullsL@rus spp.; Cromarty & Scott1995). Low
numbers of the Australasian bittefAofaurus poiciloptiluy New Zealand dabchick
(Poliocephalus rufopectiisNew Zealand scauf\ythya novaeseelandipand brown

teal (Anas aucklandica chlorofifiave also been recorded occasionally.
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Benthic fauna

The intertidal sand flats and estuarine areas of Port Waikato also provide habitat for a
range of benthic macroinvertebrate species, including polychaetes, bivalves,
gastropods and crustaceans. Dataneacroinvertebrate diversity and abundance is
limited for this area, but common species likely present incAm@des oxycephala

and capitellidg(polychaete worms Austrovenus stutchburgnd mud crabsHelice
crassg. Increased sedimentation and assted pollutants including nitrogen,
phosphates and heavy metals can have adverse impacts on benthic fauna, causing
shifts of community assemblages. This results in a shift of available food resources
for migrating and wading bird species and has unknovecachng impacts on the
ecosystem. Macroinvertebrate communities within the Port Waikato intertidal flats
and estuarine areas should be monitored on a regular basis to fill this information gap.

Aquatic Habitat in the Estuary

Aquatic environments in theoR Waikato estuary are generally in good condition.
Pest plants occur within tributaries, and should be addressed, but reduce in abundance
with distance from the main Waikato River. The results of samples collected during
this survey indicate that metadsd nutrients are all below threshold levels, which is
indicative of high water quality. The exceptionEscherichia colievels, which were
elevated in both samples; however, these results should be interpreted with care as
outlined in section 10.2 andrther testing should be carried out before it is concluded
that faecal contamination of the aquatic environments is present in the Port Waikato
area. Sediment results of samples collected in 2015 translate to generally good aquatic
benthic health, with nddum to coarse grain particles dominating the composition.
Generally, metal concentrations were below threshold limits with the exception of
arsenic, cadmium, copper and zinc levels at some sites. The slightly elevated
concentration of these metals is icative of land use change within the catchment,
including artificial fertilisation, fungicide and pesticide use to improve agricultural
output as well as geothermal inputs into the Waikato River that occur naturally.

Freshwater Wetland in the Village

Ther a uNpaghaerina articulatareedland present within the village is a high value

site due to the habitat values it provides for threatened avifauna associated with
freshwater wetlands, such as the North Island fernlodvdleria punctateAt Risk-

Declining) and spotless crake. The wetland has relatively low abundance of pest plants,

and a complimentary diversity of indigenous species within the wetland including
plrua grass and associated species asse
tWGuhkBnubaulsl and with wloprdsila mapracarmped and
common in the subanopy and a diverse indigenous understorey including kawakawa

and p@huehue t oget heMachaerinateretifolast Ut U, r aut ah

Riparian Habitat Alonghe Estuary and Lower River

Much of the riparian buffer throughout the Waikato River catchment has been
degraded by farming and agriculture. However, some of the riparian habitat along the
estuary and lower river are still-tact. The riparian habitatlang the estuary and

lower river provides refugia and food resources for a variety of indigenous and
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migrating birds, benthic fauna as well as pelagic fishes and invertebrates during mid
and high tides.

Tributary Streams

The two tributary streams within the project area provide habitat for indigenous

freshwater fish and pollutiee ensi ti ve macroi nv®&etébnangs.
fish species were caught during the strea
etal2014) ; additionally, Crands bully and bar

Both tributaries had MCI scores reflecti
(Stark and Maxted 2007), as the samples were dominated by pobetisitive EPT

taxa. Theseeasults indicate high quality aquatic environments within the tributaries

that lead to the Waikato River within the project area.

12. THREATS
Overview

Despite the wide range of ecological restoration efforts being undertaken within the
sand dunes of the Wato Regionincluding reducing offoad vehicle numberghe
ecological integrity of the majority of durexosystemss still compromisedBeach
Caregroups supported by Waikato Regional Council, restoration advice provided by
the Department of Conservaii, the Dune Restoration Trust and many more grass
roots, community groups are working toward restoring dunes in the Waikato Region
through enhancement planting of indigenous species, control of pest animals and
plants, and postage of signs aiming to etkigzeople on the adverse impacts
vehicles, pedestriag, and dog in these vulnerable environments.

HumanUse andBehaviour

Ecological threats that should be addressedvithin the project areanclude the
presenceof pest plantand animalspeciesandthe use of offoad vehiclesbicycles
and horsesvithin the sensitive dune ecosyste®uccessful protection and restoration
of the Port Waikato spiwvill require a change iattitudes and behawio, in addition
to the implementation of ecological managmt techniques.Currently, signage is
posted at entranseto the Spit at Ocean View Road and Mission Recad
discouraging use of motorbikes and quadbikes on the dunes (PlatéA@8ydotal
evidence of local dune users suggest these signs have résuatddcreased presence
of motorised vehicles on the Spit (Karen Opie, pers. cord@i5.

Ongoing use of the eroding foredune face may be a factor contributing to instability,
although other factors are likely to be playing a dominant role in thesessesx

Pest Plants
Exotic species and pest plants are common throughout the southern dune system at

Port Waikato, and are dominant throughout the residential areas and surrounding
reserves. Pest plant incursions prevent establishment of indigenous spadidave
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13.

13.1

the ability to displace indigenous vegetation especially within the fragile dune system.
Furthermore,infestations and spread a@Xxotic species result in loss of natural
character and adversedffect natural dune movement and repair, ultimatebkulting

in higher risk of erosion and coastal inundatiSpecies such as gorse and pampas
can also make the dunes significantly more vulnerable toAgeauch, prioritiess to
which pest plants to target, and priordyeas for managemeate idenified in the

next section.

Pest Animals

Pest animals are also a concern within the dune system, particularly rabbits. Rabbit
sign was seen within the fragile dune wetland environmantswill bebrowsingon

a range of rabbipalatable specied.arge numbersof rabbits can be a contributing
cause to thaleclineo f pongao throughout preferred bg un e
rabbitsto spinifex in terms obrowsing (Bergin 2011) The browsing pressure of
rabbits/hares combined with the spread of pest plaetses a difficult environment

for indigenous vegetation to establish and thrive.

Direct impacts of human disturbance within the dune environmemne¢addy evident,

as shown by the presencetwfe tracks of offroad vehicles anbicycles Significant
damage to critical coastal environments, particularly coastal dunes, is caused when
processes of dune recovery and sand migratiomgggupted and/odisturbed The
interruption of dune recovery proces$ead to sand instabilityand large scale sand
migrationalong the coast (Auckland Council District Plan 2011). Evidence of coastal
erosion is visible on the western dunes of the Port Waikato spit via@me 8rop

from top of dunes to beach. The Surf Club at Sunset Beach (south end of the dunes)
has also suffered coastal erosion after a large storm in 2008 (Waikato Regional
Council 2011)

STRATEGI C MANAGEMENT
Overview

A range of ecologicabnhancement activitieagre currently being carried out within

the project area and wider catchment. The Réaikato Beach Care group carries out
regular monitoring of shore birds that frequent the dunes at Port Waikato, and erect
fencing to protect them and their nesting grounds. Additionally, the Beach Care group
hosts planting and weeding bees to improve ttidogical integrity of the Spit. Other
groups that have carried out ecological restoration projects include the Waikato River
Cleanup Trust, Waikato University, Waikato Regional Council, NIWA, Landcare
Research, Waikato Biodiversity Forum, Waikato Riverthiuity, the Waikato
Raupatu River Trusand many more.

Freshwater restoration in New Zealand has been internationally recognised as
successfully working toward targets for improving water quality in associated rivers
(Rutherford 2010). These effortseaimportant in improving ecological integrity and
resilience of the Waikato River and associated ecosystems, including the estuary and
sandspit at Port Waikato. However, more work is needed to eorept the
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ecological restoration efforts of these groupsider to prevent the loss of vulnerable
species and habitat types.

Some ‘egetation and habitat types within the project aetain a high degree of
naturalness and will respond well to selective management of key pest plant and
animal speciesalong withappropriateplanting toimprove the ecological integrity of
existing indigenous plant populationSsurthermore, riparian restoration within the
wider catchment, both within the project area and beyond, will improve water quality,
water clarityand sediment health within aquatic ecosystérhss section outlines the
managementopportunities within the project area and guidelines fotheir
implementation as well as recommendations and advice on how to improve the
ecological values of the wideatchment, particularly in terms of aquatic health

Theoverriding aim of this EcologicalEnhancemen®lanis to manage the dunes in a
way that retains and enhances their ecological values and resiliengeroarts a
safe environment for recreationalans of theSpit:

1 Managng the southern part dPort Waikato Spiback to indigenouslominated
vegetation by controlling and removing pest plant specied pest animal
browsersand planting with indigenous species where appropriate

1 Retairing the indigenousiominated nature of the northern dunes

1 Retaining and enhancing breeding habitat for indigenous fauna, including birds
andinvertebrateshy reducing predator numbessalso a priority.

Currently off-road vehicle andwalking tracks taverseephemeral wetlands and
vulnerable dune ecosystems that wef@st documented in 1870 (Kirk 1870).
Browsing by rabbits or hares are also impacting these areas which would otherwise be
dominated by turf fieldsThese wetlands are priority areas foanagement as they

will likely regenerate naturally if tramplingnd vehicle damage eliminatedand pest
plantsand animalsare controlled tanaintaincurrent levelor achieve a reduction in
extent Otherwise these wetlandscontain modeate to high edogical values,
depending on the presence of pest plants, particularly salt water paspalum.
Additionally, along theforeduneexotic vegetation dominates the southern extent of
the dunes and is encroaching northwathis isresulting in increased risk @frosion

and loss of ecological functioning including habitat for indigenous flora and fauna.
Pest plant control andemoval oflarger exotic trees, including banksia and Norfolk
Island pinejs required to ensumaturaldune processes can function

Other matters are also addressed in the Plan:

Pestanimal contrglincluding rabbits, hares, possuarsd hedgehogs
Fencingand designated accessways

Signage

Ecologicalresilience to climate change

Reducingsediment and nutrient input into aquatic envingmts
Improvement ofecological integrity of the surrounding catchment.

= =4 =4 -8 -8 -9
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13.2 High priority areas for management
Four areadiave been identifiedsa high priority for management

Management Zone -lIEphemeral dune wetlands, turf fields, and seepages.
Management Zone 2Nesting grounds at the top of the spit.

Management Zone 3Foredunes.

Management Zone 4R a u-plaghaerina articulataeedland.

These are described below andstrated in Figur8.
13.3 Management Zone 1 - Ephemeral dune wetlands, turf fields, and seepages

A series ofshallow ephemeral wetland remnaritsfs and seepages are present along
the southeastern side of the spEvidence of browsing by rabbits or hares is present
throughout much of Management Zone 1 which requires coiitinel first priority for

pest animal control is to determine whethadsbits or hares are in higher abundance as
the two species require different control approaches. A night of spotlighting by two
trained professionals to determine what species is présahe area is proposed.
Following that, two approaches are recommended: (1) if hares are present, annual
control by spotlight shooting, and/or (2) if rabbits are present, annual control by
Pindone deployment and fumigation of warrens.

For pest plant coml, Management Zone 1 hagendividedinto subunits based on
their vegetation types (described in Secfignas such, management action is taken
according to these units:

Saltwater paspalurw 0 wda primrosearrow grass grasslan@vegetation Typéel5)

One of the most serious threats to this area is vehicle and human itrelfiding
pushbikes, dogs, horses and to a lesser extent, foot trafi@ny tyre tracks were
seen through the turf fields, which ahgghly vulnerableto vehicle damage and
tramping. These ecosystems are rare and should be protected.

Sea primroseglasswort turffield (Vegetation Type.7)

Marram is locally abundant along the margins and on dry islands witlen th
ephemeral wetland This species should be controlled before iseags into
surrounding areas.The top restoration priority for this unibhowever,is to prevent
vehicles from driving on itTyre tracks were widespread throughout ¢épliemeral
wetland resulting in fragmentation of habitat addmage twegetation

Tall fescuekikuyu-p dh u e h u e (Yegeasion Typehdd

This unit borders the new subdivision and is not likelyirtgprove in terms of
ecological valueaunless significant pest plant control is carried (fotlowed by
planting accompanied by pest amincontrol) However, gn of rabbitbrowsingand
presence (scatyereobservedAs such, rabbit control is recommended.
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Arrow grassmudwort turffield (Vegetation Type4)

Although in very good condition, salater pgpalum poses a threat to the integrity of
this turf field and should be monitored to ensuteis not adversely affecting
indigenous species.

Lilaeopsis novaeelandiae dominated turfield (Vegetation Typ&4a)

A small subunit within the arrowgrassmudwort turffield consists ofpocketsof
Lilaeopsis novagelandiaedominated turfield, with occasional marram infestations.

As the marram infestations are currently relatively small, it is a high priority for
control in order to prevent furthepread. Horse tracks observed throughout this unit
have created deep depressions that take months (if not years) to return to their natural
height, as well as trampling vegetation. To a lesser degree;bfkesh are also
causing damage in this area.tBdiorses and pusbikes, along with vehicles and
dogs, should be excluded from these vulnerable ecosystems.

13.4 Management Zone 2 - Nesting grounds at the top of the spit

Nesting grounds for Caspian tern, banded dotterel and northern New Zealand dotterel
are concentrated at the north end of the spit. Simple fencing is already constructed
around the majority of these fences, along with signage. This is a sound management
practice and appears to be effective. If successful, it is possible the nesting grounds
will expand and therefore fencing should be installed at all other known nesting
grounds.Pest animal control is also recommended to reduce the number of possums
and hedgehogs that are likely present within the project area and can have adverse
impacts on asting birds. A series of DOC200s or DOC250s should be set up in a
100m grid throughout known breeding areas (which include both Management Zone 2
and the eastern side of Management Zone 1). Traps should be checked regularly
(every two weeks) throughout ghbreeding season, starting one month prior and
continuing one month after to ensure eggs and fledglings are protected (July through
March). Animal carcases should be buried in the dunes.

Signage posted at Ocean View Road and Mission Road discouragingfuse
motorbikes and quadbikes on the dunes will continue to ensure protection from off
road vehicles and foot traffic, which pose a significant threat to nesting grounds. More
signage to encourage beachgoers to keep their dogs leashed or off the nortesrn du
entirely should be erected, as dogs can easily bypass the fencing.

Revegetation activities in this area are also an option, particularly along the southern
extent. Spinifex and pongao are i mportant
re-estallish dunes after large storm events. Pest plants should be monitored and
controlled when necessary in this zone, particularly marram, and any other exotic
species that may wash down river, including alder, walnut and prickly pear, all of
which were obsendenearby.

13.5 Management Zone 3 - Foredunes

The foredunes are particularly vulnerable to erosion, especially when exotic
vegetation and pest plants are dominant. Erosion is evident along the foredunes at the
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spit where sections of sand and vegetation up5t?’ tall have collapsed on to the
beach. Large blowoutsone which is over 3,000 - occur along the foredunes,
which are continuing to erode due to the lack of appropriate vegetation cover. As
mentioned above, indigenous grasses and sedges act asirsderd to entrap sand
and build the dune system.

A diverse mixture of indigenous species are present within the dune system, which
need to be protected and encouraged to expand by controlling exotic vegetation and
pest plants that are otherwise outcompeting indigenous species. Pest plant control
should #so0 be carried out, working from the north to the south, targeting pest plants
including pampas, agapanthus, marram and gazania.

Within areas cleared of pest plants, revegetation should be carried out. Revegetation
of foredune areas, predominantly witpirgfex, would benefit the foredunePlant
schedules for foredunes and blowouts are prowvidégppendix 9 It should be noted,
however, that this approach is unlikely to address all of the erosion issues along the
foredune. The scale of erosion in thieinity of the surf club, for example, will
require a carefully planned and implemented approach to address this area and
adjacent sections of dune to the north.

13.6 Management Zone 4 - R a u gM@chaerina articulata reedland

The ra u gM@chaerina articulatareedland ¢.1.8 hectares) located along Maunsell )
Drive at the southern extent of the NgU
(Plate4) has high ecological values due to the rare occurrence of this vegetation type

and the habitat it provides for Austraks bittern Botaurus poiciloptilus and

spotless crakePprzana tabuensis tabuensisvhich are classified as Threatened
Nationally Endangered and At Ristelict, respectivelyRobertsoret al 2013).

Grey willows are present in this zone and are gsidor control to preventurther
spreading. Control of pest plants within wetland environments must be carried out
carefully as to reduce adverse impacts on the aquatic environments. All willows and
exotic trees within the wetland should be controllechgisa concentrate herbicide
such as Metsulfuron or Triclopyr in late spring or early summer using either drill and
fill* or basal spréymethodology. Spraying must be carried out in late spring or early
summer to ensure the treatment will béeetively transmitted to the cambium layer
during this period of peak growth.

All other pest planspecis should be controlled in the wetland area, working toward

the marginswhich comprie mUnuka and cabbage specime f or
prevalent along the margrinclude pampaginger, tradescantia, garden nasturtium

and royal fern.

1

Drill and filld is a herbicide @lpmpn diametdr)iare drilled ec hni qu
around the circumference of the tree at drill he{@bt c.1 m) or as low as practical; these holes are then

filled with herbicide concentrate so it is able to enter the cambium layer.

6Basal spray6é is a herbicide application technique
and applied around ¢hcircumference of the trunk of the target species, to approximately the height of the

diameter measurement of the tree.
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13.7 Other management on the Spit

In addition to the above management, the following management is redaired
improve ecological resilience at the Port Waikato .Spit

Pest Plan€ontrol

Due to the high concentration and diversity of exotic vegetation and pest plants within
the southern dunes, control of most pest pép@cis is not a practical optiomm the

short term for thisrea Instead, themmediatefocus should be on liting the spread

of those infestations northward in order to retain the high value dunes with a diversity
of indigenous dune species. Some species that occur in low abundance and/or cause
serious damage should be priority for control throughout the dimdsding the
southern areaSuch speciemclude wildingradiataand maritimepine, Norfolk Island

pine banksia and prickly pear

Species that are within the dune system that should be controlled from north to south
include marram, Formogalily, pampas, gazania, saltwater paspalum, walnut and
alder seedlingsandelephanis ear.

Other pest plants located within the margwofsthe dunes and riparian areas of
tributaries within the catchmeand/or reserves agehigh priority for control due to
their ability to spread quickly and effectivelyheseinclude alligator weed, woolly
nightshade, arum lilyandKabhili ginger.

EnrichmentPlanting

The dune flora present at the site is relatively diveRemeneration of indigenous
species willnaturally occur over time to fill the spaces left following pest plant
control Therefore thefocus of restorationeffort at Port Waikato Spishould be on
restoringthe dunego indigenousvegetation cover ankabitats. This will involve the
controlof key pest @ntspecies in order to allow indigenous speciesagenerate In

most cases wvill not be necessary to carry out extensive plantings as there is plenty
of evidence to suggest that indigenous species will rapidly regenerate following the
removal of pesplants. Planting recommendations in this report therefore tend to
favour planting clusters of indigenous species in areas that are currently dominated by
adventive plants, particularly with regards to fbeedune and midlune areasr in

areas that aretherwise devoid of vegetation including blowouts

Enrichment plantingshould be undertaken to accelerate revegetadiodigenous
speciedn areas wheréarge dense pest plant infestatiare removed exposy bare
sand, or to enhance species diversiiyhin the site, particularly in areas where
indigenous species have been outcompeted by exotRknting schedules for
blowouts, foredunesnid-dunesand backdunesare provided in Appendig.

If enrichment plantings undertaken at the site, casbould be taken to ensutigat
only ecosourcedplants are used. Allplant stockshould be sourced from seed
collected fromnatural populations occurring ithe west coastal sand dunes of the
Meremere Awhitu, or Raglan Ecological Districts.
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Planting should be carried out in consultation with local residents, and local
community dune restoratiarganisations such as Port Waikato Beach Care who have
been undertaking restoration for many years.

Sandbi nders: spinifex and pg@gngao

Spinifex, and to a lesser degree pingao, are flourishing in foredune areas that are not
affected by human disturbance. Given the abundance of spinifex, it is recommended

that this species ibe planted where foredunes have eroded or to replace plants that

have been damaged by trampling or rabbit brolB®& ngao shoul d be pl a
of 1:20 in relation to that of spinifex due to it being nalyredss common within the

dune environment.

Planting technique, planting depth and the use of fertiliserimaportant factors to

consider when planting safihding plants. Below are the planting guidelines for
spinifex and pongao t ak ebunefResionatiodrastadr t i c | e
New Zealand (2011):

Spinifex

Large numbers of containrgrownseedlings can be quickly planted on foreduses

in blow outsusing spadesSpinifex grown in root trainers can be planted quickly in
spade holes. Deep planting (sand level at least 10 cm above surface of potting mix)
will maximise root contact with msi sand horizons and result in greater survival and
better growth, especially under conditions of moderate sand scouring by wind. The
use of plants at least 60 cm high will allow deep burial.

Results from planting trials have consistently shown thatlyapy slowrelease
fertiliser at planting significantly improves early establishment and growth of spinifex
(Berginet al. 1998). Spinifex seedlings planted with fertiliser have produced several
stolons within a year of planting. The technique invoinesrporating 30 g of slow
release NPK fertiliser to the sand around the root system as the seedling is planted.

Pongao

As with spinifex, e&ep plantingpfp o0 ngao wi | | increase survi:
dynamic beaches where there is substantial saneément.

Planting pits need to be sufficiently deep to allow root collars of seedlings to be
planted at least 10 cm below the sand surfdaéls have demonstrated that planting
pongao seedlings in groups of 1 liketwdew 2 O,
plants, has been effective in starting the dune building process within six months.
Close spacing provides mutual shelter on exposed sites and application of fertiliser
promotes growth, and thus the trapping of sand.
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Application of a slowreleag NPK fertiliser (e.gMagamp, 3@ per plant,
incorporated with the sand around each seedling) does not always increase survival
but it is known to significantly increase early growth and health. Occasionally, if
there are high rates of sand accumulatbra planting site, or the sand is enriched,
there may be no immediate benefit from fertiliser. As a general rule however, it is
advisable to apply slowelease fertiliser to all plantings.

Coastal trees and other dune species

P@hut ukawa, , koapam,, harakeker pra tngaio could be planted at

5-10 metre spacings in areas left open by removahe pine, Norfolk Island pine,
banksiaand other exotic tree Ta u hi n u, w0 w0 Rimekawvilosy gandme | e a
wind grass, and New Zealand shepairge could be planted on the dunes, along with

k @ki hi in shaded areas. Tauhinu can al so

but is not a priority due to the abundance of potential seed already present within the
site. However, the focus forrayeet at i on species should be
tauhinu as these are the indigenous species which are most abundant naturally on site.

PestAnimal Control

Rabbit populations within the sand dunes are damggoplatable indigenous plants
and also potentiallydestabilising dunes through burrowingRabbis should be
controlled within the dunesto reducethe population size vighooting, warren
disturbance,and poisoning with pindondvased baits. Horses should be excluded
entirely from the dne environment ohorse riders should bencouraged tstay on
designated paths. All other livestock shoatthtinue tobe excluded frondunes and
wetlands.

Feral and domestic ca($elis catu$ and dogs(Canis familiarig, mustelids, and
hedgehoggErinaceus europaedigll pose a significant threat to ground nesting shore
birds such as oystercatchers and dotterels. Domestic dogs should be banned from any
areas where ground nesting shorebirds may be present and traps should be deployed
close to nests torptect nests from cats, mustelids and hedgeHags.traps for cats

should be deployed as outlined in the works programme (Appendix 9). These traps
should only be set when they can be checked on a daily basis (i.e., when pest plant
control is being carrik out) to ensure any domestic cats caught in the traps can be set
free. An electric wand can be used to detect chipping that most domestic cats have
fitted.

Aquatic pest fauna are likely present within the wider catchment, but were not
detected within th project area. Aquatic pest fauna including koi ca&gp(inus
carpio), catfish Amieurus nebuloysand gambusia/mosquito fiskb&mbusia affinis

are known to cause problems within the Waikato River catch@editshould be
managed upstream to reduce their spread to tributaries that have not yet been
impacted.

Fences an®esignated Accessways

Significant damage to dune vegetation can occur from heinduced disturbance,
including offroad vehicles, pushikes, horsesdogs, and pedestrian traffic during
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timesof peak beach us®ue to the hypesensitivity of dune systems to disturbance,
fencing is an effective option to protect damaged or vulnerable parts of the dune
system, particularly the ephemeral wetlanseepages and tdiélds together withthe
nesting grounds for indigenous birds.

In conjunction with fencingaccesswayshould be clearly marked and identified.
Theseincludes pedestrian accessways and walking paths to the dunes and beach, as
well as formalsed vehicle accessways for @tiad vehicles to utilise. It is important

that barriers of some form be constructed to reduce the likelihood of vehicles
accessing théoredunes, which are vulnerable to erosion.

The location of designated accesgwahould be outside places of high ecological
significance, including the ephemeral wetlands, seepages arfttlidsfdespite these
areas being favoured for afbad vehicle useOutside of such areas of ecological
significant existing informal tracksndicate preferred location of accessways, and
these can be formalised through low profdaces and signage.

Signage

Use of formalised accesswaysdspendenbn appropriate signage, in addition to

fencing and barriers discussed abdsenple signs pded at both the beach and the

landward ends od formal accessway will encourage its usaeeffectiveexample is

already in placeat the corner of Ocean View Road and Mission Reagbhasising a

widely supported Nei ghbour hood Watchdé style appr o
and quadbikes off the dun@Blate 15)

Signs are best isimple in design(i.e. a treated wooden posgnd are effective if
clearly identifiable by using colours, large text and heifleeping signage basic and

low cost reduces loss to vandalism and, if necessary, can be replaced, repaired or
lifted in the changing dune environmeBeach access siggiould also be positioned
onroads so people can easily identify where to enter théntsatdune reserve.

Signage Bould be designed and written by the community (or appear to be) rather
than by local governing authoritip increase effectivenes3his will likely gain
respect of the public whom will be more willing to abide by commubétyed
projects and effortso protect the dunethanthose promoted solely by Counat

other government departments

Ecological Resilience Climate Change

Ecological resilience to climate changePort Waikato can be improved by ensuring
that habitats are in good condition, witlyh species diversity. High species diversity
is required tosupporthigh functional diversitywhich enabésan efficient ecological
balance to be establishedwhich resource consumption and temporal stability are in
balance through population expansion and collap$eThrushet al 2013).

At Port Waikato, the importance of maintaining species diversitgléessant toboth
terrestrial and aquatiecosystems An increase in annual mean westerly winds, and
associated storms and storm surges is predicted as a result of climate change (Ministry
for the Environment 2008)and these weather conditions will increase the
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vulnembility of dunes to erosion Erosion on sand dunes is significantly reduced

when sandbinders (eg.pi ni fex and pongao) are the do
foredunes. Thereforerestoration planting of the foredunesuld help improve

ecological redience to climate change of that area.

As described above, the aquatic environments of Port Waikato are influenced by a
large catchment characterised by high flow volumes over hundreds of kilometres; as
such, management of water quality at Port Waikaquires a catchment wide
approach. Maintaining high water quality is necessary to retain high species diversity,
especially of indigenous flora and fauna, which improves ecologgsilience to
climate change. Recommendasoon how to improve water quafi are provided
below, inSection 13.3.3.

ReducingSedimentandNutrient Inputinto theAgquatic Environment

Reducing sediment and nutrient input into the sea and estuary can only be effective if
catchmentwide management techniques are carried out inaudparian restoration
(extending outat least 20 m on either side @faterways on rural propertles
minimising contaminants in point source pollution and identifying and reducing non
point source pollution.

Promotingfencingand assisting landowners with costs associated negttorationof
riparian marginsthroughout the catchmemill benefit the water quality of the
Waikato River substantiallyn 2002 over 60% of the total barkngthof waterways
present inpastoral landn the Waikato RiveCatchmentvasnot fenced, resulting in
hundreds of kilometres of eroding stream bardsd impacting on the levels of
sediment entering the waterwayéikato Regional Counci2008). One case study
carried out in a catchment in tltever Waikato River approximated a 40% increase in
bank stability improvement within a few years fehcing off stock access tie
riparian margin\(Vaikato Regional Counc#008).

In addition toimproving bank stabilisatignriparian vegetation slows waters it
entersthe waterway which allowautrients, sediment and other contaminants to be
taken upby riparian vegetation and associated habitais resultsn water of higher
quality entering the waterway. Fencing also prevents stock from entering the
waterway, significantly reducingrampling of vulnerable ripariamreas Riparian
vegetation also slows down water during heavy rainfall events, resulting in less
erosion of the stream banks and therefore less incised chiagndéhis improves
habitat avdability for indigenous fish species in terms of refuge and spawning.

Build on existing initiatives and focum the status dhe Waikato River and how it is
affected by eutrophication (i.eautrient enrichmentland sedimentationmay help
encourage pedp to implement individual actionshich improvewater quality in the
Waikato River. If key information such ake primary source of contaminants
entering the river aragriculture, dairy and farminig clearly and concisely conveyed
in the campaign, petg may be motivated to investigate alternatives or mitigation
For examplefarmersmay choose to reduce the rate at which @ygply nitrogen and
phosphorusased fertiliserso their pasturesor use effluent collected from milking
sheds to spray baanto pasture, completing the nutrient cyabe increase riparian
buffers
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14.1

14.2
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Improving Ecological Integrityof the Surrounding Catchments

The ecological integrity of the wider Waikato River catchment is contingent on the
intactness of the riparian margin of the higher and lower order tributaries. Therefore,
stock exclusion, pest plant control and restoration of appropriate indigenous
vegetation are recommended to improve the ecological integrity of the surrounding
catchmen

Riparian vegetation provides a range of ecological benefits, both to terrestrial and
aguatic environments by providing habitat for feeding, breeding/spawning, food
source and refuge for indigenous flora and fauna. Riparian vegetation also decreases
suspended sediment in the water column of associated rivers and streams, as well as
other contaminants including nutrients, metals and chemicals.

MONI TORI NG

Overview and current works

Monitoring is an important tool to ensure the succegsest plantcontrol and other
management activitieslIt is recommended that a series of strategically placed
permanent photopoints be establishethetp gaugethe success giest plantcontrol
operationslt is also recommended thadraprehensive recordse kept ofall planting
andpest plantontrol operations, track works and pest animal control, and any other
management action undertaken within the project area.

Photopoints

Permanent photopoints are used to capture images of the vegetation or landscape over
time. This is particularly useful for observing changes in growth patterns, vegetation
density, and/or, sand deposition.

Permanent photopointsould be established tamonitor planting areas significant

weed infestationsseepagesherbfields and at high points (to record representative
part of the project area)Photopoint locations may be marked with a stakdbr
plastictrail blazer or simply by recording a GR®int. The direction and focus of the
photographis determined for each photopoint prior to the initial observation, and
recorded so that it can be repeated as closely as possible for successive photographs
Each time a new photograph is taken, neesnade on the size, density, and extent

of the dominant vegetation ty{, along with other specieand other relevant
observationsincluding nesting birds or disturbances

Photopoints should be established prior to any restoration activities
commencing. Typically, photopointsare remeasured annually for the first three
years afterworks have taken place, aftethich biennial photographare generally
sufficient.  Additional photopoints to monitor particular features/management
activitiescan be establieed as required.
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Photopoint monitoring of dune erosion will also be useful but will also need to be
combined with other methods, such as aerial photography and GPS/topographical
surveys, especially in the vicinity of the surf club.

Pest plants

Regularpest plahsurveys are an important management tool for assessing the success
of control operations, identifying when follewp control is required, reviewing
priorities, and identifying any newest plantspecies and infestations that ntagve
establisled

The areas most vulnerable to reinvasion by weeds are the reserve boundaries, public
access points and tracks, estuary margins, and bare areas exposed by erosion, track
works, or previous weed controlt is recommended that a survey of these areas is
undertaken at least annually for the first five years, and a comprehensive survey of the
entire reserve is undertaken &b year intervals.

Birds

Birds could be monitored to document changes in species diversity and relative
abundance in response to teehancement of habitats, and to provide information
which could be used to promote the project and to provide interpretive material for the
benefit of visitors. Periodic walthrough surveys and records of incidental
observations would be appropriateheitjues.

OTHER PARTI ES

To maximee resourcesand foster good will it is recommended that work is
undertaken in concert with the Port Waikato Beach Care community gralpther
interested partiesséeSection 13.1)Further engagement of the local aoomity is
required due to the presence of pest plants on private land. It is therefore
recommended that public meetings are held to outline the project and ways that
landowners can help elgy allowing access for weed control.

| MPLEMENTARRIOGRAMME

The following recommendedmplementation programmes provided to guide
managemenactivities such aspest plant control, enrichment planting, pest animal
control, fening, accesswaysand appropriate signagé. detailed schedule for the
proposed works pgramme is presented in Appendix 10. An indicative outline of
costs associated with the proposed works is presented in Appendix 11.

Year 1

1 Establish monitoring within thentire project area, to include sites where active
management is planned farior to works being undertaken. A minimum of one
photopointshould be establisheith each of the management zorasd 10-15
photopoints should be establishiémloughout the project areaEachphotopoint

7

Wﬂd]ahd © 2016 42 Contract Report No. 3872

® CONSULTANTS



does not reaqiire remeasuing every year, but their eary establishmenprovides
good reference points fononitoring offuture works.

1 Determinewhere fences are required (particularly around Management Zones 1
and3) and where designated accesswaymild be established, particularly for
vehicle traffic anddesign signs that will be utilised to interact with public
regarding fencing and accessways.

1 Fell all exotic tree species within the project area including wilding ragbisie,
maritime pine, Norfolk Island pin@nd banksia. The felled material shouldédfe
in situin order to reduce adverse impacts on the dune system and provide habitat
for kati p@ and other i ndigenous invert ¢
reduce health and safety risk.

1 Control marramin Management Zones 1 and @d where pasble saltwater
paspalum in Management ZoneEotic seedlings, particularly of woody species,
should also be controlled along the eastern coast of the spit, through to
Management Zone 2. Priority species including marram and pampas should be
controlled h Management Zone 3, as well as agapanthus and gazania where
possible.

1 Controlalligator weed, woolly nightshade, arum lily aKkdhili ginger throughout
the project area.

1 Control dally pine Psoralea pinnatg coral tree Erythrina xsykesi), prickly pea
and Japanese spindleberry when encountered to prevent pthad.

1 Plant sand binders in open areas and blowouts within Management Zone 3 to
reduce erosion, with a focus on spinifex whiclkcisrently the dominantsand
bindingspeciesn the project eea

1 Monitor dune vegetation (for rabbit damaged vehicle damagearticularly in
Management Zone, hind implement control as required.

Year 2

1 Erect signs and fencing to designate vehicle and pedestrian accessways, sensitive
habitats (including seepages and turf fields in Management Zone 1) and bird
nesting grounds (Management Zone 2, and any other known areas).

1 Undertake éllow-up control on ay exotic tree species within the project that may
have been missed in Year 1, or that arspeuting.

1 Undertake éllow-up control of marram in Management Zonesntl2, and where
possible saltwater paspalum Management Zone 1; continue control of raerr
and pampas in Management Zone 3, and agapanthus and gazania where possible.

1 Undertake dllow-up control of any exotic woody seedlings that have since
established along the eastern coast of the spit.

1 Undertake sixmonthly surveillance and control pest plants working from the
top of the spit (Management Zone 2) southward in a manner that will eventually
cover the entire project arel is important to work from north to south when
controlling pest plants in the dunes because few pest plants halkségd in the
northern dunes, while the southern dunes have been colonised by a variety of pest
plants. Focus on isolated populations over large infestations.
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1 Plant sand binders in open areas and blowouts within Management Zone 3 and in
any other areasvhere pest plant control has left open sand; focus on spinifex
which is the dominant species

Remeasure photopoints established in Year 1 and reassess management priorities.
1 Monitor dune vegetation (for rabbit damage and vehicle damage) particularly in
Management Zone 1, and implement control as required

Year 3

1 Maintain fencing and update signs based on management priorities, if required.

1 Continue followup control of marram in Management Zoneantl2, and where
possible saltwater paspalum in Managenm#@mte 1; continue control of marram
and pampas in Management Zone 3, and agapanthus and gazania where possible.

1 Undertake dllow-up control of any exotic woody seedlings that have since
established along the eastern coast of the spit.

1 Undertake sixmonthly surveillance and control of pest plants working from the
top of the spit (Management Zone 2) southward. Focus on isolated populations
over large infestations.

1 Plant sand binders in open areas and blowouts within Management Zone 3 and in
any other areas lere pest plant control has left open sand; focus on spinifex
which is the dominant species

1 Remeasure photopoints established in Year 1 and reassess management priorities.

1 Monitor dune vegetation (for rabbit damage and vehicle damage) particularly in
Management Zone 1, and implement control as required; do this six monthly or
annually.

Year 4 Onwards

1 Continue to maintain fencing, particularly feehicle accessways; replace or
update signage if required.

1 Undertake surveillance and control of weedwmually within all management
zones.

1 Continue to undertake smonthly surveillance and control of pest plants working
from the top of the spit (Management Zone 2) southward. Focus on isolated
populations over large infestations until the entire projext Aas been covered.

1 Remeasure photopoints established in Year 1 biennially and reassess management
priorities as required.

1 Monitor dune vegetation (for rabbit damage and vehicle damage) particularly in
Management Zone 1, and implement control as requdedhis six monthly or
annually.
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APPENDIX 1

VASCULAR PLANT SPECIES RECORDED AT PORT WAIKATO

Key P =planted
N = natural at site

INDIGENOUS SPECIES

Gymnosperms

Agathis australigP) )
Podocarpus totaraar.t gt (R)r a

Monocot. trees and shrubs
Cordyline australigP&N)
Dicot. trees and shrubs

Alectryon excelsusubsp excelsugP&N)
Beilschmiedia taw@N)
Coprosma macrocarpsubspminor (N)
Coprosma repend&N)
Coprosma robustéiN)
Coprosma macrocarpsubsp.

minor x C. propinqua(N)
Corynocarpus laevigatudN)
Dodonaea viscosgP)
Dysoxylum spectabil@N)
Kunzea robustéN)
Leptospermum scopariuagg.(N)
Leucopogon fasciculatysl)
Litsea calicaris(N)

Melicytus ramiflorussubspramiflorus (N)

Metrosideros excels@&N)
Myoporum laetunfP&N)

Myrsine australigN)
Ozothamnus leptophyllsl)

Piper excelsursubspexcelsun{N)
Pittosporum crassifoliunfN)
Pittosporum eugenioidg®)

Pseudopanax lessoriP. crassifoliugP&N)

Pseudopanax lessor{)
Vitex lucengN)

kaqﬁ
t gt ar a

t9 kQ@uka, cabbage

t ot oki
tawa

kar aml |,
taupata
kar aml |,

karaka
akeake
kohekohe
kUnuka
mUnuk a
mingimingi
mangeao
mUh o e

kUr amur amu

kUr amur amu

pdhutukawa

ngaio
mUpou,
tauhinu
kawakawa
karo

mati pou,

tarata; lemonwood

houpara
plriri
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Dicot. lianes

Calystegia soldanell@N)
Calystegia sepiuraubsproseata(N)

Calystegia sepiurh C. tuguriorum(N)

Muehlenbeckia complexal)

Muehlenbeckia australis M. complexdN)

Ferns

Blechnum novaeelandiagN)
Blechnum parrisiag¢N)
Cyathea dealbatéN)
Cyathea medullarigN)
Dicksonia squarroséN)
Paesia scaberul@N)
Pteridium esculenturgN)
Pterismacilenta(N)

Pyrrosia eleagnifoligN)

Grasses
Lachnagrostis billardiere{N)

Lachnagrostis filiformigN)
Microlaena stipoidegN)

Oplismenus hirtellusubspimbecilis (N)

Spinifex sericeu@N)
Sedges

Bolboschoenus fluviatiliéN)
Carex dissitaN)

Carex geminatagg.(N)
Carex pumilaN)

Carex testace@lN)

Cyperus ustulatut ustulatug(N)
Eleocharis acutgN)

Ficinia nodosa(N)

Ficinia spiralis (N)

Isolepis cernudN)
Machaerina articulataN)
Machaerina juncegN)
Machaerina tenaxN)
Machaerina teretifoligN)
Schoenoplectus pungefiN)

Rushes

Apodasmia similigN)
Juncus krausswar. australiensigN)

panahi, shore bindweed
pPhue

pJdhue
p@huehue

kiokio

pukupuku
ponga, silver fern
mamaku
wheko
mUt Ut U
rUrahu,
titipo, sweet fern
leatherleaf fern

bracken

sand wind grass

pUt oto, meadow

k dwhangatara, s

~

plrua grass,
rautahi
sand sedge

toetoe upokdangata
spike sedge

wQ wWQ
pongao

oioi

Wi , \W sea

o]
s
o]

ri ce

gr as

pinifex

rush
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Monocot. herbs (other than orchids, grasses, sedges, and rushes)

Arthropodium cirraturm(P)
Collospermum hastatu(iN)
Phormium tenaxP&N)
Triglochin striata(N)
Typha orientaligN)

Composite herbs

Centipeda aotearoan@)

Cotula coronopifolia(N)
Pseudognaphalium luteoalbuagyg.(N)
Senecio lautusar. lautus(N)

Dicot. herbs (other than composites)

Apium prostratunsubsp prostratum
var. filiforme (N)

Haloragis erectasubsperecta(N)

Lilaeopsis novagelandiagN)

Limosella lineatg(N)

LobeliaancepgN)

Oxalis rubengN)

Samolus repengr.repens(N)

Sarcocornia quinquefloréN)

Tetragonia implexicoméN)

NATURALISED AND EXOTIC SPECIES

Gymnosperms

Araucaria heterophylla
Cupressus macrocarpa
Pinus pinaster

Pinus radiata
Taxodium distichum

Monocot. trees and shrubs

Agave americana
Alocasia brisbanensis
Asparagus aethiopicus
Musa? paradisiacal
Phoenix canariensis
Trachycarpus fortunei
Yuccaelephantipes

rengarenga
kahakaha
harakeke, flax
arrow grass
raup@

bachel ords button

pukatea

t | tkdda u ,
toatoa

mudwort
punakura

sand oxalis
mUakoako
ureure, glasswort

New Zeal and

k@ki hi, rengamu+t u,

ikamoana

Norfolk Island pine
macrocarpa
maritime pine
radiata pine
swamp cypress

century plant
elehants ears
bushy asparagus
banana palm
Phoenix palm

Chinese windmill palm

yucca
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Dicot. trees and shrubs

Acacia longifolia
Alnusglutinosa

Banksia intermedia
Banksia integrifolia
Callistemonrsp.
Casuarinacunninghamiana
Cotoneaster glaucophyllus
Eriobotrya japonica
Erythrina xsykesii
Euonymus japonicus
Feijoa sellowiana

Ficus carica

Ficus macrophylla
Gomphocarpus fruticosus
Grevillea robusta

Juglans regia

Lantana camara
Ligustrum lucidum
Ligustrum sinense
Lupinus arboreus

Lycium ferocissimum
Melilotus indica
Myoporum insulare
Nerium oleander

Opuntia vulgaris
Paraserianthes lophantha
Pelargoniumsp.

Populus albaNivea'
Populus nigraltalica’
Psoralea pinnata
Rhaphiolepis umbellata
Ricinus communis
Robinia pseudoacacia
Roldana petasitis
Rubussp. R. fruticosusagg.)
Salix cinerea

Salix fragilis

Salix matsudanalortuosa’
Solanum mauritianum
Tecomaria capensis

Ulex europaeus

Dicot. lianes
Delairea odorata

Dipogon lignosus
Hedera helix

Sydney golden wattle
common alder

banksia
bottlebrush
sheoak
cotoneaster
loquat

coral tree
Japanee spindleberry
feijoa

fig

Moreton Bay fig
swan plant

silky oak

common walnut
lantana

tree privet
Chinese privet
lupin

boxthorn

King Island melilot
Tasmaniamgaio
oleander

prickly pear

brush wattle
geranium

silver poplar
Lombardy poplar
Dally pine

Indian Havthorn
castor oil plant
false acacia, black locust, robinia
velvet groundsel
blackberry

grey willow

crack willow
tortured willow
woolly nightshade
Cape honeysuckle
gorse

German ivy
mile-aminute
vy
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Jasminum polyanthum
Lonicera japonica
Rumex sagittatus

Vitis vinifera

Ferns

Nephrolepis cordifolia
Osmunda regalis

Grasses

Agrostis stolonifera

Aira caryophylleasubsp caryophyllea

Ammophila arenaria
Anthoxanthum odoratum

Arrhenatherum elatiusubspelatius

Avera fatua

Briza maxima

Briza minor

Bromus diandrus
Bromus uniloides
Bromus willdenowiii
Catapodium rigidum
Cenchrus clandestinus
Cortaderia selloana
Dactylis glomerata
Ehrharta erecta
Glyceria maxima
Holcus lanatus
Lagurus ovatus

Lolium perenne
Paspalum dilatatum
Paspalum vaginatum
Poa annua
Schedonorus arundinaceus
Sporobolus africanus
Stenotaphrum secundatum
Vulpiasp.

Sedges

Cyperus eragrostis
Cyperus esculentus

Rushes

Juncus articulatus
Juncus bufonisivar. bufonius

jasmine
Japanese honeysuckle
climbing dock

grape

tuber laddefern
royal fern

creeping bent
silver hairy grass
marram

sweet vernal

tall oat grass
wild oat

large quaking grass
shivery grass
ripgut brome
brome

prairie grass
hard grass
kikuyu grass
pampas
cocksfoot

veldt grass

reed sweetgrass
Yorkshire fog
harestail

rye grass
paspalum
saltwater paspalum
annual poa

tall fescue
ratstail

buffalo grass

umbrella sedge
yellow nut grass

jointed rush
toad rush
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Monocot. herbs (other than orchids, grasses, sedges, and rushes)

Agapanthus praecox
Alisma plantageaquatica
Aloe arborescens

Aloesp.

Anigozanthosp.

Arum italicum

Canna indica
Crocosmiaxcrocosmiiflora
Gladiolus undulatus
Hedychium gardnerianum
Iris sp.

Kniphofia praecox

Lilium formosanum
Tradescantia fluminemns
Watsoniasp.
Zantedeschia aethiopica

Composite herbs

Arctotheca calendula
Aster subulatus

Bellis perennis

Bidens frondosa

Cirsium arvense
Cirsiumvulgare

Conyza sumatrensis
Crepis capillaris
Galillardia xgrandiflora
Gamochaeta calviceps
Gamochaeta coarctata
Gamochaeta purpurea
Gamahaeta simplicicaulis
Gazania linearis

Gazania rigens
Hypochaeris radicata
Leontodon taraxacoides
Osteospermum fruticosum
Senecio skirrhodon
Sonchus oleraaes

Dicot. herbs (other than composites)

Acanthus mollis
Alternanthera philoxeroides
Anagallis arvensis
Aphanes arvenis

Apium nodiflorum

Atriplex prostrata

agapanthus

water plantain

aloe

aloe

kangaroo paws

Italian arum

canna lily, Indian shoot
montbretia

gladiolus

kahili ginger, wild ginger

red hot poker
Formosan lily
tradescantia
watsonia
arum lily

cape weed

sea aster

lawn daisy
beggarsod ticks
California thistle

Scotch thistle

broadleaved fleabane
hawksbeard

gaillardia

silky cudweed

purple cudweed

spoonleaf purple everlasting
simplestem everlasting
gazania

gazania

catsear

hawkbit

rain daisy, dimorphotheca
gravel groundsel

puha, sow thistle

bear's breeches
alligator weed
scarlet pimpernel
parsley piert
water celery
orache
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Carpobrotus chilensis
Carpobrotus edulis
Centaurium erythraea
Centranthus ruber

Cerastium fontanuraubspvulgare

Cotyledon orbiculata
Daucus carota
Dysphaniaambiosioides
Foeniculum vulgare
Fumaria muralis
Galium aparine
Geranium gardneri
Lathyrus latifolius
Lavatera arborea
Linaria purpurea
Linum cathartcum
Lotus pedunculatus
Lotus suaveolens
Lycopus europaeus
Lythrum hyssopifolia
Medicago nigra
Mentha pulegium
Myosotis discolor
Nasturtium officinale
Ornithopus pinnatus
Orobanche minor
Oxalis incarnata
Parentucellia viscosa
Persicaria maculosa
Plantago lanceolata
Plectranthus ecklonii
Polycarpon tetraphyllum
Polygonum aviculare
Prunella vulgaris
Ranunculus repens
Rumex obtusifolius
Silene coronaria
Silene gallica
Solanum nigrum
Trifolium repens
Tropaeolum majus
Verbascum virgatum
Verbena bonariensis
Veronica anagallisaquatica
Vicia disperma

Vicia sativa

ice plant

ice plant

centaury

spur valerian
mouseear chickweed
pigbs ear
wild carrot

Mexican tea

fennel

scrambling fumitory
cleavers

gardners geranium
everlasting pea
tree mallow

purple linaria
purging flax

lotus

hairy birdsfoot trefoil
gypsy wort

hyssop loosestrife
bur medick

penny royal
grassland forgete-not
watercress

yellow serradella
broomrape

lilac oxalis

tarweed

willow weed
narrowleaved plantain
blue spur flower
allseed

wireweed

selfheal

creeping buttercup
broadleaved dock
rose campion
catchfly

black nghtshade
white clover
garden nasturtium
moth mullein
purpletop

water speedwell
small French tare
vetch
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APPENDIX 2

PEST PLANT SPECIES RECORDED AT PORT WAIKATO

Common Name

Species Name

Species Name Classification

Alligator weed

Alternanthera philoxeroides

Progressive containment

Arum lily Zantedeschia aethiopica Not in RPMP
Banana palm Musa xparadisiacal Not in RPMP - control on public/
reserve land
Banksia Banksia intermedia Not in RPMP
Banksia Banksia integrifolia Not in RPMP
Bear's breeches Acanthus mollis Not in RPMP
Blackberry Rubus sp. (R. fruticosus agg.) Not in RPMP
Bottlebrush Callistemon sp. Not in RPMP
Boxthorn Lycium ferocissimum Not in RPMP
Brush wattle Paraserianthes lophantha Not in RPMP
Bushy asparagus Asparagus sprengeri Site lead control
Canna lily, Indian shoot Canna indica Not in RPMP
Cape honeysuckle Tecomaria capensis Not in RPMP
Castor oil plant Ricinus communis Not in RPMP

Century plant

Agave americana

Site lead control

Chinese privet

Ligustrum sinense

Sustained control

Chinese windmill palm Trachycarpus fortunei Not in RPMP
Climbing dock Rumex sagittatus Not in RPMP
Common alder Alnus glutinosa Not in RPMP
Common walnut Juglans regia Site lead control
Coral tree Erythrina xsykesii Not in RPMP
Cotoneaster Cotoneaster glaucophyllus Not in RPMP
Crack willow Salix fragilis Site lead control
Dally pine Psoralea pinnata Not in RPMP
Elephants ears Alocasia brisbanensis Not in RPMP
False acacia, black locust, | Robinia pseudoacacia Not in RPMP

robinia

Feijoa Feijoa sellowiana Not in RPMP - control on public/
reserve land
Fig Ficus carica Not in RPMP - control on public/

reserve land

Formosan lily

Lilium formosanum

Not in RPMP

Galillardia

Gaillardia xgrandiflora

Not in RPMP - control on public/
reserve land

Garden nasturtium

Tropaeolum majus

Not in RPMP - control on public/
reserve land

Gazania Gazania linearis and G. rigens Not in RPMP

Geranium Pelargonium sp. Not in RPMP

German ivy Delairea odorata Not in RPMP

Gladiolus; gladioli Gladiolus undulatus Not in RPMP

Gorse Ulex europaeus Sustained control

Grape Vitis vinifera Not in RPMP - control on public/
reserve land

Grey willow Salix cinerea Site lead control

Ice plant Carpobrotus chilensis and Not in RPMP

C. edulis

Indian Hawthorn

Rhaphiolepis umbellata

Not in RPMP - control on public/
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Common Name

Species Name

Species Name Classification

reserve land

Iris Iris sp. Not in RPMP
Italian arum Arum italicum Not in RPMP
Ivy Hedera helix Not in RPMP
Japanese honeysuckle Lonicera japonica Not in RPMP
Japanese spindleberry Euonymus japonicus Not in RPMP
Jasmine Jasminum polyanthum Not in RPMP

Kabhili ginger, wild ginger

Hedychium gardnerianum

Progressive containment

King Island melilot Melilotus indica Not in RPMP
Lantana Lantana camara Eradication
Lombardy poplar Populus nigra 'ltalica’ Not in RPMP
Loquat Eriobotrya japonica Not in RPMP
Lupin Lupinus arboreus Not in RPMP
Macrocarpa Cupressus macrocarpa Not in RPMP
Maritime pine Pinus pinaster Not in RPMP
Marram Ammophila arenaria Not in RPMP
Mile-a-minute Dipogon lignosus Eradication
Montbretia Crocosmia xcrocosmiiflora Not in RPMP
Moreton Bay fig Ficus macrophylla Not in RPMP - control on public/
reserve land
Norfolk Island pine Araucaria heterophylla Not in RPMS

Pampas Cortaderia selloana Progressive containment

Phoenix palm Phoenix canariensis Not in RPMP

Pigbébs ear Cotyledon orbiculata Not in RPMP

Prickly pear Opuntia vulgaris Not in RPMP

Radiata pine Pinus radiata Not in RPMP

Rain daisy, dimorphotheca | Osteospermum fruticosum Not in RPMP - control on public/
reserve land

Red hot poker Kniphofia praecox Not in RPMP

Reed sweetgrass

Glyceria maxima

Site lead control

Royal fern Osmunda regalis Site lead control

Saltwater paspalum Paspalum vaginatum Site lead control

Sheoak Casuarina cunninghamiana. Not in RPMP

Silky oak Grevillea robusta Not in RPMP

Silver poplar Populus alba 'Nivea' Not in RPMP

Swan plant Gomphocarpus fruticosus Not in RPMP - control on public/
reserve land

Sydney golden wattle Acacia longifolia Not in RPMP

Tasmanian ngaio Myoporum insulare Not in RPMP

Tortured willow Salix matsudana 'Tortuosa' Not in RPMP

Tradescantia Tradescantia fluminensis Not in RPMP

Tree privet Ligustrum lucidum Sustained control

Tuber ladder fern Nephrolepis cordifolia Not in RPMP

Velvet groundsel Roldana petasitis Not in RPMP

Watsonia Watsonia sp. Not in RPMP

Woolly nightshade Solanum mauritianum Progressive containment

Yucca Yucca elephantipes Not in RPMP - control on public/

reserve land
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APPENDIX 3

FAUNA WITHIN THE
PORT WAIKATO PROJECT AREA

MAMMALS
Introduced (feral)

Erinaceus europaeus
Felis catus

Mustela erminea
Mustela furo

Mustela nivalis vulgaris
Oryctolagus cuniculus
Rattus exulans

Rattus norvegicus
Rattusrattus
Trichosurus vulpecula

BIRDS

Indigenous

Ardea novaehollandiae

European hedgehog
cat

stoat

ferret

weasel

European rabbit

kiore; Pacific rat
pouhawaiki; Norway rat
ship rat

brushtail possum

white-faced heron, blue heron

—_— — D

Charadrius bicinctus bicinctus t I t ur bandeadotterel

Charadrius obscurus tl turiwhatu; New Zeal
Chrysococcyucidus lucidus popowharauroa; shining
Circus approximans kUhu; swamp harrier

Gerygone igata

Haematopus finschi

Haematopus unicolor

Himantopus himantopusucocephalus
Hirundo neoxena neoxena
Hydroprogne caspia

Larus bulleri

Larus novaehollandiascopulinus
Limosa lapponica

riroriro; grey warbler

t rea, pied oystercatch
t drea, t@rea pango, var
poaka; pied stilt

welcome swallow

taranui; Caspian tern

black-billed gull

t ar Up u-hilgcagull r e d

bartailed godwit

Morus serrator t Ukapu, Australasian ga
Phalacrocorax carbo novaehollandiae kawau; black shag

Phalacrocorax varius varius kUruhiruhi; pied shag
Prosthemadera novaeseelandiae t 10

Rhipidura fuliginosa powakawaka, fantail

" Animal pest not seen during the site visit in December 2015, but are likely present within the project area.
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Tadorna variegata
Todiramphus sanctus vagans

Introduced

Acridotheres tristis

Alauda arvensis

Anas platyrhynchos platyrhynchos
Carduelis carduelis britannica
Carduelis chloris

Emberiza citrinella

Fringilla coelebs

Gymnorhina tibicen

Passer domesticus domesticus
Phasianus colchicus

Prunella modularis

Sturnus vulgris vulgaris

Turdus merula merula

Turdus philomelos

FISH*

Indigenous

Anguilla dieffenbachii
Galaxias fasciatus
Galaxias maculatus
Gobiomorphus basalis
Introduced

Cyprinus carpio

FROGS
Introduced

Litoria raniformis

CRUSTACEAN

Paratya curvirostris

1

p
k

ingfisher

common myna
Eurasian skylark
mallard

European goldfinch
European greenfinch
yellowhammer
chaffinch

Australian magpie
house sparrow
common pheasant
dunnock

common starling
Eurasian blackbird
song thrush

longfin eel

banded k@kopu

inanga
Crans bully

European (koi) carp

southern bell frog

freshwater shrimp

Note: For list of dlfish records for the area, refer to Appendix

itangitangsheldugkar i ;
@t sacreal kingfisher; New Zealand
k
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APPENDIX 4

FISH SPECIES WITHIN THE WAIKATO RIVER CATCHMENT

Source: New Zealand Freshwakésh Databaseaccessed 19 January 2016

Species Common Name Threat Ranking

Galaxias fasciatus Bandedk @k o p u Not threatened

Gambusia affinis Gambusia Introduced and naturalised
Cheimarrichthys fosteri Torrentfish At Risk-Declining

Galaxias brevipinnis K@ar o At Risk-Declining

Anguilla australis Shortfin eel Not threatened

Ameiurus nebulosus Catfish Introduced and naturalised
Carassius auratus Goldfish Introduced and naturalised
Galaxias maculatus Inanga At Risk-Declining
Gobiomorphus cotidianus Common bully At Risk-Declining

Mugil cephalus Grey mullet Not threatened

Retropinna retropinna Common smelt Not threatened

Anguilla dieffenbachii Longfin eel At Risk-Declining
Gobiomorphus huttoni Redfin bully At Risk-Declining
Gobiomorphus gobioides Giant bully Not threatened

Galaxias argenteus Giantk @k o p u At Risk-Declining
Aldrichetta forsteri Yelloweyed mullet Not threatened

Geotria australis Lamprey Threatened-Nationally vulnerable
Cyprinus carpio Koi carp Introduced and naturalised
Neochanna diversus Black mudfish At Risk-Declining
Oncorhynchus mykiss Rainbow trout Introduced and naturalised
Salmo trutta Brown trout Introduced and naturalised
Scardinius erythrophthalmus Rudd Introduced and naturalised
Ctenopharyngodon idella Grass carp Introduced and naturalised
Rhombosolea retiaria Black flounder Not threatened

Galaxias postvectis Shortaw k @k o p u Threatened-Nationally Vulnerable
Gobiomorphus basalis Crans bully Not threatened

Perca fluviatilis Perch Introduced and naturalised
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APPENDIX 5

FRESHWATER MACROINVERTEBRATES

WITHIN THE TRIBUTARIES SAMPLED

Order/Phyllum Family Species Status MCI Score
DECAPODA Atyidae Paratya curvirostris Indigenous 5
(shrimp)
MOLLUSCA Lymnaeidae Pseudosuccinea species Introduced 3
(snails) Lymnaea species Introduced 3
DIPTERA (flies) Chironomidae: Unidentified species Not known 5
Tanypodinae
COLEOPTERA Undescribed genus and Not known 6
(beetles) species
Conoesucidae Pycnocentrodes aeris Indigenous 5
Pycnocentria evecta Indigenous 7
EPHEMEROPTERA | Leptophlebiidae Deleatidium myzobranchia Indigenous 8
(mayflies) Gripopterygidae Zelandoperla fenestrata Indigenous 10
Heliocopsychidae | Heliopsyche albescens Indigenous 10
Hydrobiosidae Costachorema species Indigenous 6
Psilochorema leptoharpax Indigenous 8
Leptoceridae Hudsonema amabile Indigenous 6

S Wildland oo
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APPENDIX 6

FRESHWATER NUTRIENT ANALYSES

Hill

BETTER TESTING BETTER RESULTS

Laboratories

R J Hill Laboratories Limited | Tel
1 Clyde Street

Private Bag 3205
Hamilton 3240, New Zealand | Web  www.hill-labs.co.nz

+64 7 858 2000
Fax +647 858 2001
Email mail@hil-labs.co.nz

ANALYSIS REPORT Page 10f 2
' Client: | Wildland Consultants Limited Lab No 1512328 SPv1 |
| Contact:  Nick Goldwater Date Registered: | 08-Dec-2015 ‘
1 | C/- Wildland Consultants Limited Date Reported: 15-Dec-2015 ‘
| ' PO Box 46299 Quote No: 68059 }
| | Herne Bay Order No:
§ | AUCKLAND 1011 Client Reference: | Freshwater/Sediment
L ‘Submitted By: | Sarah Sue Roth ]

Sample Type: Aqueous
Sample Name: | Pam's Culvert Ansell Rd

07-Dec-2015 2:00 07-Dec-2015 3:00
pm pm
Lab Number: 1512328.1 1512328.2
Individual Tests
Turbidity NTU 9.6 10.5 - - -
pH pH Units 79 76 - - -
Electrical Conductivity (EC) mS/m 268 215 - - -
Total Nitrogen g/m3 0.36 0.31 - - -
Nitrate-N + Nitrite-N g/m3 0.054 0.029 - - -
Total Kjeldahl Nitrogen (TKN) g/m? 0.31 0.28 - - -
Total Phosphorus g/m3 0.090 0.044 - - -
Escherichia coli cfu/100mL 1,100 #t 600 # - - -
Heavy metals, totals, trace As,Cd,Cr,Cu,Ni,Pb,Zn
Total Arsenic g/m3 <0.0011 < 0.0011 - - -
Total Cadmium g/m3 < 0.000053 < 0.000053 - - -
Total Chromium g/m3 < 0.00053 < 0.00053 - - -
Total Copper g/m3 0.00173 0.00128 - - -
Total Lead g/m3 0.00019 0.00028 - - -
Total Nickel g/m3 < 0.00053 < 0.00053 - - -
Total Zinc g/m3 <0.0011 0.0016 - - -
Analyst's Comments
Please interpret this result with caution as the sample was > 8 °C on receipt at the lab. The sample temperature is
recommended by APHA to be less than 8 °C on receipt at the laboratory (but not frozen).
#! Statistically estimated count based on the theoretical countable range for the stated method.

OF METHODS

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.

Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.

Sample Type: Aqueous

W
S
‘Q//
///‘\A
g

//

RS

»

st | ANZ

ACCREDITED LABORATORY

Test Method Description Default Detection Limit |Sample No

Heavy metals, totals, trace Nitric acid digestion, ICP-MS, trace level 0.000053 - 0.0011 g/m3 1-2

As,Cd,Cr,Cu,Ni,Pb,Zn

Filtration, Unpreserved Sample filtration through 0.45um membrane filter. - 1-2

Total Digestion Boiling nitric acid digestion. APHA 3030 E 22™ ed. 2012 = 1-2
(modified).

Total Kjeldahl Digestion Sulphuric acid digestion with copper sulphate catalyst. - 1-2

Total Phosphorus Digestion Acid persulphate digestion. - 1-2

Turbidity Analysis using a Hach 2100N, Turbidity meter. APHA 2130 B 0.05 NTU 1-2
22m ed. 2012.

(ILAC-MRA\) this accreditation is intemationally recognised.

tests marked *, which are not accredited.

This Laboratory is accredited by Intemational Accreditation New Zealand (IANZ), which represents New Zealand in
the International Laboratory Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement

The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of

@E%Wﬂdland © 2016
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Sample Type: Aqueous
Test Method Description Default Detection Limit |Sample No

pH pH meter. APHA 4500-H* B 22™ ed. 2012. Note: It is not 0.1 pH Units 1-2
possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.

Electrical Conductivity (EC) Conductivity meter, 25°C. APHA 2510 B 22™ ed. 2012. 0.1 mS/m 1-2

Total Nitrogen Calculation: TKN + Nitrate-N + Nitrite-N. Please note: The 0.05 g/m3 1-2
Default Detection Limit of 0.05 g/m? is only attainable when the
TKN has been determined using a trace method utilising
duplicate analyses. In cases where the Detection Limit for TKN
is 0.10 g/m?, the Default Detection Limit for Total Nitrogen will

be 0.11 g/m®.

Nitrate-N + Nitrite-N Total oxidised nitrogen. Automated cadmium reduction, flow 0.002 g/m3 1-2
injection analyser. APHA 4500-NO3 | 22™ ed. 2012 (modified).

Total Kjeldahl Nitrogen (TKN) Total Kjeldahl digestion, phenol/hypochlorite colorimetry. 0.10 g/m3 1-2

Discrete Analyser. APHA 4500-Nory D. (modified) 4500 NH3 F
(modified) 22™ ed. 2012.

Total Phosphorus Total phosphorus digestion, ascorbic acid colorimetry. Discrete 0.004 g/m3 1-2
Analyser. APHA 4500-P B & E (modified from manual analysis)
22™ ed. 2012. Also modified to include the use of a reductant to
eliminate interference from arsenic present in the sample.
NWASCA, Water & soil Miscellaneous Publication No. 38,
1982.

Escherichia coli Membrane filtration, Count on mFC agar, Incubated at 44.5°C 1 cfu/100mL 1-2
for 22 hours, MUG Confirmation. Analysed at Hill Laboratories -
Microbiology; 1 Clow Place, Hamilton. APHA 9222 G, 22™ ed.
2012.

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.
Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of

the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the
client.

This report must not be reproduced, except in full, without the written consent of the signatory.
.

Martin Cowell - BSc
Client Services Manager - Environmental Division

Lab No: 1512328 v 1 Hill Laboratories Page 2 of 2
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APPENDIX 7

MARINE SEDIMENT RESULTS

R J Hill Laboratories Limited | Tel ~ +64 7 858 2000

¢\ Hill Laboratories ‘=& |2, %55

BETTER TESTING BETTER RESULTS Hamilton 3240, New Zealand | Web  www.hill-labs.co.nz

ANALYSIS REPORT Page 10f 2

| Client: Wildland Consultants Limited Lab No: 11512316 SPv1 I
| Contact: | Sarah Sue Roth Date Registered: | 08-Dec-2015 [
| C/- Wildland Consultants Limited Date Reported: | 05-Jan-2016
| PO Box 46299 Quote No: | 72780
Herne Bay Order No: ‘
AUCKLAND 1011 Client Reference: ; Marine Sediment
L e SubmittedBy: | Sarah Sue Roth
Sample Type: Sediment
Sample Name: | W1 07-Dec-2015 W2 07-Dec-2015 E107-Dec-2015 E2 07-Dec-2015
3:00 pm 3:00 pm 3:00 pm 3:00 pm
Lab Number: 1512316.1 1512316.2 1512316.3 1512316.4

Individual Tests

Dry Matter g/100g as rcvd 78 81# 78 64 #2 -
Total Recoverable Phosphorus mg/kg dry wt 520 510 820 520 -
Ammonium-N* mg/kg dry wt <5 5 <5 <5 -
Nitrite-N* mg/kg dry wt <1.0 <1.0 <1.0 <1.0 -
Nitrate-N* mg/kg dry wt <15 <15 16 <15 -
Nitrate-N + Nitrite-N* mg/kg dry wt <1.0 <1.0 16 <1.0 -
Heavy metals, trace As,Cd,Cr,Cu,Ni,Pb,Zn,Hg

Total Recoverable Arsenic mg/kg dry wt 9.3 109 32 28 -
Total Recoverable Cadmium mg/kg dry wt 0.024 0.030 0.061 0.076 -
Total Recoverable Chromium mg/kg dry wt 134 116 10.2 121 -
Total Recoverable Copper mg/kg dry wt 7.4 1.3 26 187 -
Total Recoverable Lead mg/kg dry wt 6.2 8.7 184 159 -
Total Recoverable Mercury mag/kg dry wt <0.010 0.016 0.052 0.051 -
Total Recoverable Nickel mg/kg dry wt 74 10.1 13.0 116 -
Total Recoverable Zinc mg/kg dry wt 54 58 80 7 -
3 Grain Sizes Profile

Fraction >/= 2 mm* g/100g dry wt 147 374# 38.3 7.8%2 -
Fraction < 2 mm, >/= 63 pm* g/100g dry wt 774 438 528 50.9 -
Fraction < 63 pm* g/100g dry wt 8.2 191 9.0 413 -
Analyst's Comments

# Two large stones were not included when subsampling for sieve because they are not representative of the sample.
#2 |t should be noted that a significant portion of the sample was comprised of worms, which broke up during the drying and
sieving process, thereby significantly altering the portion of >2mm and <2mm fractions. should be kept in mind when
interpreting these results.

SUMMARY OF METHO

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.

Sample Type: Sediment

Test Method Description Default Detection Limit |Sample No
Individual Tests
Environmental Solids Sample Air dried at 35°C and sieved, <2mm fraction. - 1-4
Preparation Used for sample preparation.
May contain a residual moisture content of 2-5%.
Dry Matter Drying for 16 hours at 103°C, gravimetry (Free water removed 0.10 g/100g as rcvd 1-4
before analysis).
2M KCI Extraction* 2M potassium chloride extraction of as received fraction for - 1-4
analysis of NH4N, NO2N and NO3N. Analyst, 109, 549, (1984).
\\ Wiy, %, This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents New Zealand in
\/ the International L y Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement
ilaem (ILAC-MRA) this accreditation is intemationally recognised.
‘/ The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of

.\.\\“\‘ ACCREDITED LABORATORY  tests marked *, which are not accredited.
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Sample Type: Sediment

Test Method Description Default Detection Limit [Sample No
Total Recoverable digestion Nitric / hydrochloric acid digestion. US EPA 200.2. - 1-4
Total Recoverable Phosphorus Dried sample, sieved as specified (if required). 40 mg/kg dry wt 1-4
Nitric/Hydrochloric acid digestion, ICP-MS, screen level. US
EPA 200.2.
Ammonium-N* 2M potassium chloride extraction on as received fraction. 5 mg/kg dry wt 1-4
Phenol/hypochlorite colorimetry. Discrete Analyser. APHA 4500-
NH3 F (modified) 22™ ed. 2012.
Nitrite-N* FIA determination of 2M potassium chloride extraction on as 1.0 mg/kg dry wt 1-4
received fraction. APHA 4500-NO;- | (modified) 22 ed. 2012.

Nitrate-N* Calculation: (Nitrate-N + Nitrite-N) - Nitrite-N. 1.5 mg/kg dry wt 1-4
Nitrate-N + Nitrite-N* Automated cadmium reduction, FIA determination of 2M 1.0 mg/kg dry wt 1-4
potassium chloride extraction on as received fraction. APHA

4500-NO3 | (modified) 22™ ed. 2012.

Heavy metals, trace Dried sample, <2mm fraction. Nitric/Hydrochloric acid digestion, | 0.010 - 0.4 mg/kg dry wt 1-4

As,Cd,Cr,Cu,Ni,Pb,Zn,Hg ICP-MS, trace level.

3 Grain Sizes Profile* 0.1 g/100g dry wt 1-4

3 Grain Sizes Profile

Fraction < 2 mm, >/= 63 pm* Wet sieving using dispersant, 2.00 mm and 63 pm sieves, 0.1 g/100g dry wt 1-4
gravimetry (calculation by difference).

Fraction < 63 pm* Wet sieving with dispersant, 63 pm sieve, gravimetry 0.1 g/100g dry wt 1-4
(calculation by difference).

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the

client.

This report must not be reproduced, except in full, without the written consent of the signatory.

Ara Heron BSc (Tech)

Client Services Manager - Environmental Division

Lab No: 1512316v 1

Hill Laboratories

Page 2 of 2
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SITE PHOTOGRAPHS

APPENDIX 8
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Plate 1: Southern end of the foredunes; characterised by spinifex-tauhinu scrub and
mixed indigenous-exotic scrub on the leeward side of the dunes. 8 February 2013.

Plate 2: Southward view with tauhinu-spinifex shrubland in the
foreground and evidence of a large fire that swept through the dunes
in the midground, now dominated by pampas. 8 February 2013.
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Plate 3: Tauhinu-spinifex shrubland in foreground with large blow out visible;
pampas tussockland to left of burned area. 8 February 2013.

Pl ate 4: Raup @Un eéndctabbage trees irt background.
Exotic trees in rear of background. 7 December 2015.
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Pl ate 5: Spinifex grassland with occasional

Plate 6: Tyre tracks through spinifexan d podngao ,gesultigs| ands
in damage to the vegetation. 7 December 2015.
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Plate 7: Shell beds within a spinifex sandfield with marram infestations
and tyre tracks. 7 December 2015.

al

Plate 8: Pampas tussockland on left and burned area
on right with emergent maritime pine. 8 February 2013.
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Plate 9: Burn area with maritime pine establishing
on both sides of the walking track. 8 February 2013.

Plate 10: Herbfield in damp seepage undisturbed by vehicle
or pedestrian traffic. 7 December 2015.
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