WAIWHAKAREKE

NATURA RITAGE PAR

B gh h&_‘\
;fJ " AL N




Waiwhakareke Natural Heritage Park 2@2round
Truthing

ERI Report Numbdr67

by
DrRachel E. Nepia

Client report prepared for

Hamilton City Council

June 2023

Email: rachel.nepia@waikato.ac.nz

Te Tumu Whakaora Taia&nvironmental Research Institute
Division of Health, Engineering, Computing & Science,
University of Waikato, Private Bag 3105,
Hamilton 3240, New Zealand

THE UNIVERSITY OF ( Te T_umu Whakaora Taiao
% Environmental

Research Institute




Cite report as:

Nepia, RE. 2@ Waiwhakareke Natural Heritage Park 202Ground
Truthing. Environmental Research Institute Report N&x. Client report prepared for
Hamilton City CouncilEnvironmental Research Institute, Faculty of Science and
Engineering, The University of Waikat@niilton.59 pp.

Cover picture Vegetation at WaiwhakarekeCaptured at Waiwhakareke Natural
Heritage ParkSeptember 2022Photo: Rachel Nepia.

Reviewed by: Approved for release by
O/ M

Bruce Clarkson Charles Lee

Professor AcademidCoDirector

TheUniversity of Waikato Environmental Research Institute



Executive Summary

This report presents the findings of routine monitoring of Waiwhakareke Natural
Heritage Park (WNHP) in preparation for enrichment and infill plantir2p23

to 2024. The monitoring was carried out duritg@eptember2022 and included

44 plots across 10 pggons in landforms designated as kauri forest, rimu/tawa
forest, swamp shrublandpukateakahikatea forestand kahikategpukatea
swamp maire forest. Plot size and number in each polygon were selected to
represent a sample area of 5 % of the total polygoeaaln each plot the plants
were counted by height class, and a percentage of canopy cover was estimated.
Vegetation composition, canopy openness, regeneration and plant mortality are
discussed in the report. These observations were considered with reeoiea
planting plans generated by the WNHP planting tool, and changes were
recommended to provide finalised planting plans. We recommend that this data
is regularly fed back into the tool to refine recommended planting plans based

on observed patterns ofusvival.
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Introduction

Located in Hamilton, New ZealaMlaiwhakareke Natural Heritage Pg¥KNHP)s an award
winning urban restoration projectoccupying65.6 hectares ofand that wasonce wholly a
working farm Through the combined effts of community volunteers, Hamilton City Council,
tertiary education institutions and community groups, Waiwhakarekbeing transformed
from pasturelandinto an urban biodiversity hot spotn addition to its biodiversity value,
Waiwhakarekehas beenopen to the publicsince 2019, with functioning gths, lakeside
boardwalks, carparking, and toilet facilitiegkat make the park a valuable community
resource for recreation and teachingurther development is underway to create a new
carparkand walkwayihking the Hamilton Zoo with WNHP.

Waiwhakareke Natural Heritage Park is sectiomgd land units based on landform,
and each land unit is assigned a goal vegetation type according to what vegetation was
historically characteristic of that landform in the Waikato Region (Figure 1). Each vegetation
type has a typical species complemewtich wasgenerated by a planting design software
tool based on land area and successional st@gnversion from pasture to native vegetation
occussin sections Annualplantings are carriedut by community volunteersachArbor Day
and by smaller gngps of community volunteers regularly during the yedrimary
successional plants are plantédst into open pasturewith species that argenerally shor
lived (decades)hardy and fasgrowing to form a canopySpecies such dseptospermum
scoparium,Kunzea ericoides.l. and Phormium tenavare part of this primary successional
complement that transform the harsh, open pasture environment, creating conditions that
are more stable in temperature and humidity, and less prone to high winds and frosen Wh
thesestable and sheltered@onditions are reachedenrichment planting occie where mid
successional species are added into the plantiggroximatelyl0 yearsafter primary
successional plantingdVid-successional speciesre more tolerant of shade, and more
dependent on the shelter of a developed canopliese include species suchBaslschmiedia
tawa andDacrydium cupressinurivlid-successional species domglived (centuries) and an
important part of the canopy and eemngent layer of the vegetation. With further
development of the vegetatiolate successional species will be plantacexpected to return
on their own, such as epiphytes and ferhate successional species in forests require moist

and shaded conditiongnd, in the case of epiphytes, establish on existing host trees.



In 2018 a review of the planting methodologientified a need for an intermediate
planting stage between primary succession planting and enrichment plathtiago survival
rate of some light-loving but frost sensitive speciesThis intermediate planting was
RSaA3Iyl (&R is Wiunbanieditdl Mtermediate stagehat assistswith canopy
development.During infill lightloving species are planted which are taet of the exposed
conditions present in the early stages of forest development but would benefit from some
wind and frost protection.These species are often later successional canopy species such as
Agathis australisand Phyllocladus trichomanoidefor a ridge, andKnightia excelsand
Dacrydium cupressinufior a hill slopePlanting earlier in the successional sequence gives
these canopy species an opportunity to utilise the high light levels and get a headrstart
of canopy closureSnce2018infill has beerusedbased on the percentage ghps and occurs
within the first ten years of pioneer planting.

Ground truthing occuras required prior to enrichmentand infillplanting, to ensure
the vegetation is on a trajectory toward thargetvegetation type, and to provide guidelines
for the volunteers performing the plamtgs.Early groundruthing monitoring identified poor
survival of many species that was not accounted for in the initial version of the planting tool,
resulting inless than optimaénrichment planting lists. In 2018 the tool was adapted to allow
for a mked planting list approach, suggesting a range of primary anesuddessional species
for enrichment based on the percentage of canopy closure in the area to be pléDtedes
and Wallace, 2018)rhis ensures that suggested plang lists are suited to the degree of
canopy closure in each polygon. The toolrusan input the area of the polygon, and the
degree of canopy closure (>40 %;4D %, or <20 %). For example, when canopy closure is
<20 % a species list will be suggesthdttincludes a mixture of both primary and mid
successional plant&nrichment planting lists the current reportwere generated using the
updated tool.This report summarises the findings for the ground truthing carried o202

for the enrichment pntings scheduled fd2024
Methods

Planting plans were generated using tiaiwhakareke planting tool based on three key
parameters: polygon area, vegetation type, and degree of canopy closure. The canopy
openness estimate allows the tool to present a planting plan with a mixture of primary

successional and misliccessional spexs that would be appropriate for the polygomhe



only species excluded include ferns, which will return autonomously, and poisonous plants
which pose a health and safety risk, suclUatsca ferox.Groundtruthing wascarried out to
assess the recommendgdianting plan against the ethe-ground conditions of each polygon.

Ground truthing occurred for each polygon scheduled for enrichment or infill
Vegetation plots weremeasured to give an account of current speaigersity, density,
regeneration,and canopy openness. Plot size was calculated to represent approximately 1 %
of actual polygon area, and plot number generated a sample area of approximately 5 % of
total polygon area (see Table 1. each plotplantswere counted, and recorded ineight
classs of <15 cm, 185 cm, 4675 cm, 76105 cm, 106135 cm and >135 cnkor species
appearing in the >135 cm height class percentage of canopy cover was estimated. At each
polygon comparison was also made between the current species complement, and
recommendedspecies complement generated by the planting tool.

Detailed planting plans are presented showing the species recommended by the tool,
and recommended numbers based on the degree of canopy openness. Any changes that have
been made are indicated on the ta&blPlanting numbers are generally kept at approximately
1,000 plants per hectardor enrichment Current species numbers are also given as an

extrapolation based on calculated density of each species in the measured plots for each

polygon.

Tablel: Sampling intensity

Vegetation Type Zglryl/ Polygon Size (he Plot Size (m) No. of Plots
Kahikategpukateaswamp maire 54 0.04 2x2 5
forest

57 0.4 5x5 8
Kauri forest 61 0.02 2x2 3
63 0.3 5x5 6
PukateaKahikatea forest 56 0.27 5x5 5
59 0.12 5x5 2
Swamp Shrubland 55 0.16 5x5 3
58 0.18 5x5 4
Rimutawa 60 0.14 5x5 3
62 0.99 10x10 5
Total 2.62 44
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Figurel: A map oWaiwhakareke Natural Heritage Park, showing polygon numbers and outlines,
with their corresponding landform and vegetation type. Polygons for enrichment (black circles) and
infill (grey circles) are shown.



Polygons for enrichment

Kauri Forest

Figure2: Samples of vegetation in thauri forest type:vegetation in polygon 61 adjacent to the
walking trackTop);edge vegetation in polygon 63 (Bottom).

Table2: Summary of polygorfer enrichmentwithin the kauri vegetation type
Polygon No. Landform Area (Ha)

61 Ridge 0.02
63 Ridge 0.30
Total 0.32

Target Vegetation Description

Ridge top vegetation at Waiwhakareke Natural Heritage Park is planned to reflect the
historical vegetation oHamilton and its environs. This vegetation type is described in the
Waiwhakareke Natural Heritage Park Operative Management @amilton City Council,

2011) It is dominated byAgathis australigkauri)andPhyllocladus trichomanoidésnekahg



in the canopy, with other broadleaved canopy species includieidschmiedia tawdtawa)

and Knightia excelsgrewarewg. Understory shrubs characterising this vegetation type
include Leptecophylla juniperina subsp. juniperir(@rickly mingimingi), Leucopgon
fasciculatugmingiming), and Cyathea dealbatésilver ferr) and Dicksonia squarros@vheki

tree ferns. The ground tier is composed of sedges, grasses, ferns, and occasional kauri grass.

At the primary stage of plant@ the original tool recommendediensely planted
species includeCoprosma robustayeronicastricta, Hoheriasexstylosa Kunzearobusta
Leptospermum scoparium and Myrsine australitoderate density ofAgathis australis,
Leucopogon fasciculatus, Knightia excedsal Pittosporum tenuifoliunwas also prescribed,
with sparse occurrences @armichaelia australis, Coprosma rhamnoides, Coriaria arborea,
Lygodium articulatumandOlearia raniTherevisedversion of the planting tool assumes that
sufficient numbers of these species are surviving so the enrichment phase does not include
these specieddowever,many ofthe dominant target species in thiggetation type either
died or were not planteénd are arrently not sufficiently represented.For this reasoywe
recommend thanclusion of species from tH20-40 % canopy openness list for infill to ensure
we include species that should be within the land use type that were not planted or did not
survive n earlier plantings.

During the enrichment phase of planting, the planting tool recommends addition of
species such ag#lectryon excelsus, Beilschmiedia tawa, Coprosma arborea, Coprosma
grandifolia, Dacrydium cupressinum, Geniostoma ligustrifolium sulgsistiifolium, Olearia
rani, Pittosporum eugenioides, Rhabdothamnus solandri, Alseuosmia quercifolia, Melicope

ternataandMyrsine salicina

Polygon 61
Polygon 61 consists oo smallbandsof vegetation either side of the main walking track at
the northern edge of the park. Part of the polygon area is unplanted as the buffer area of the

park.The dominant species recorded includanzea robustand Leptospermum scoparium.

Polygon 63

Polygon 63 is an area of vegetation accessible from a clearing on thevwal&ing track. There
are grass tracks bounding each side of the vegetation which also assist with acceSdleility.
dominant species observed here includétlinzea robusta, Leptospermum scoparium,

Myrsine australisnd Coprosma robusta.



Canopy Openness

Canopy opennessn average of24 % open (see Tabl®) in Kauri Forespolygons Canopy
species representing a large percentage of cover inckidiezearobustg Veronica stricta,
Leptospermum scopariunand Myrsine australissee Tablet). Polygon 6lhad the highest

degree of canopy closure.

Table3:Summary of canopy openness in polygons wéhri vegetatiortype

Polygon Min Cover % Max Cover % Average Cover ¢ Average Open 9
Kauri forest 70 95 86 24
63 70 95 83 17
61 95 95 95 37

Table4: Average percentage cover for species over 135 cm tall in kauri ridgeifopedygon3 and
61.

Species/Polygon 63 61
Kunzeaobusta 41 85
Veronicastricta 10 80
Leptospermum scoparium 35 8
Myrsineaustralis 14
Coprosma robusta 9
Phormium tenax 5

Melicytus ramiflorus 5
Pittosporum tenuifolium
Veronicastricta (dead)
Hoheria sestylosa
Hedycarya arborea
Cordyline australis

Nestegis lanceolata
Melicytusramiflorus (dead)
Phyllocladus trichomanoides
Alectryon excelsa

gl
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Regeneration
Regeneration was minimal in Polygons 61 an(sé8 Tabl&). Solanum mauritianunfwoolly

nightshade) and Myrsine australiswere the only species detecteds seedlings. The

understory in many areas of polygon 61 and polygon 63 was predominantly exotic grass

species, preventing regeneratioRolygon 63 also had some dense areakKufizea robusta
that left the understorydark and dry, minimising regeneration.
Table5: Density and diversity of seedlings (less than 45 cm in height) in kauri vegetation polygons

Polygon 63 61
Sample area () 150 10




Total Seedlings 4
Density (seedlings/ iy 0.027
Species 2

0
0
0
Diversity(species/ M) 0.02 0

Table6: Counts of naturally regenerating seedlings located in Kauri fof@&notes nornative
species.

Species Polygon <15cm 1645cm 1675 cm Total
Solanum mauritianum* 63 3 3
Myrsineaustralis 63 1 1
Total 3 1 0 4

TreeMortality
Kauri ridge vegetation demonstrated mortality Melicytus ramiflorusand Veronica stricta
as shown in Table ¥eronica stricta has eelatively shorter expected life spans than other

species, anthis mortality is to be expected where planting occurred over 10 years previous.

Table7: Percentage of deadersus livingplants for species with incidence of mortalitykawuri ridge
vegetation

Species/Polygon 61 63

Melicytus ramiflorus 0 % 100 %

Veronica stricta 0% 67 %

Recommendation®r planting activities

Polygon 6lis accessible from the main trackidtan etremely small areao care should be
taken to make volunteers aware of the planting limitsie plantingdol recommends planting
one or two ofa wide range of species. However, reeommend focusing on planting larger
numbers ofa few key speciesOver time, regeneration foa wider range ofspecieswill
naturallyoccur fromadjacent seed sources.

Polygon 63s accessible by the main track. Two grassed tracks run either side of the
main area of vegetation, and a large, grassed area is adjacent, making access for plemyt deliv
and volunteer coordination easy. Polygoni63 larger area of vegetatidhan Polygon 61,
and as suchgan handle a wider range of speciéhere are some large open patches where
volunteers should be directed to plant ligltving species. Someeas of the polygon have

dense stands dPhormium tenathat may be difficult for some volunteers to navigate.

Dense canopy dfunzea robustan some areas of Polygon 63 may need to be thinned,

or canopy gaps engineered to allow for effective growth giitioving enrichment species.



Dense canopy cover creates favourable microclimate conditions (stable temperatures and
humidity) for the youngest stage of mid/late successional enrichment seedling germination
and growth (<45 cm tall). However, older juvesil(>45 cm tall), are less sensitive to the
microclimate and require more light for growth. Engineering of canopy gaps-(iglig) can
facilitate growth of any enrichment species approximately 45cm or taller. This is an
acceleration of the natural succgenal processes that occur when the shiwved early
successional tree species reach their life spans and senesce. Care should be exercised to keep
canopy gapssmallto prevent resurgence of herbaceous groundcover weeds. Hvigiit
creation should not owur until after enrichment species are planted (but within several
months of the planting occurring). Prior ecological research in urban forest restoration
suggests creation of sparse light wells approximately 12 in diameter to allow 2d0%
canopy openmss as isolated lightells where sudoving latesuccessional species need to

be established (e.gAgathis australiskauri). This can sometimes be achieved by thinning the
canopy cover layers by removing a few branches, rather than completely openiogrtbpy.

Entire trees can be, but should rarely be, removed. Pruned material (i.e. branches) should

always remain on the forest floor nearby as it provides important nutrient cycling and habitat.

Changes to the recommended planting list in Polygon 61 weaimly based on the
small size of the area to be planted. The tool recommended one of a wide range of species to
be planted. We suggest selecting a few key species to add and planting higher numbers of
those. The species selected incluligathis australi€ a key canopy species for ridge forest
type ¢ as well as Alectryon excelsus, Coprosma arborea, Dacrydium cupressinum, Hoheria

sexstylosandKnightia excelsa.

Similarly severalchanges have been recommended to the planting list for Polygon
63 suggested by the planting tool. We recommend reducing or removing a few species
which are already well established and abundant, includingrosma robusta, Kunzea
robusta, Leptospermum gparium,andVeronica strictaConversely, some species have not
had evidence of survival in this area, and we recommend waiting for anoth@érygars
before planting for better planting conditions, including greater humidity and shelter. These
species inludePhyllocladus trichomanoideand Beilschmiedia tawa&Some other species
that have not had good survival in the past but are still recommended if planting sites can

be carefully selected, includ@acrydium cupressinum, Knightia excetsa] Agathis



australis. These specieshould have plenty of lighteither by planting on the margins of

the polygon, or in generous light welllseuosmia macrophylend Alseuosmia quercifolia
are unlikely to survive at this stage, and difficult to propagate, socsogl would be an

issue. These should be reassessed in 10 yPadocarpus totara, Coprosmiaamnoides

and Coprosma rigidhave been increased due to observations of good growth and survival
in other areas of ridgéype forest.Podocarpus totaraould al® be increased further P.

laetusis unable to be sourced.

In general, we recommend a minimum number of 5 individuals per species for

logistical reasons, and some species have been increased in number to reach this threshold.
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Table8: Recommende@nrichmentplanting listfor Polygon 6 based on a combination of the teploduced 2640% gaps list and <20% gaps list. Suggested changes are given based on on
the-ground observations of the polygons and per polygon planting numbers are given.

Scientific name 50% <20 20% >40 30% 2640 Totall ha| P61 0.02 Ha Changes P61 Adjusted] Comments
Agathis australis - 0 10 11 0 5 5 Long lived speciekey for this forest type
Alectryon excelsus 54 - 38 92 2 4 6

Alseuosmia macrophylla - - 26 26 1 -1 -

Alseuosmia quercifolia 36 - 26 61 1 -1 -

Beilschmiedia tawa 27 - - 27 1 -1 -

Carmichaelia australis - 23 - 23 0 -0 -

Coprosma arborea 36 23 26 84 2 4 6

Coprosma grandifolia 71 - 51 122 2 -2 -

Coprosma lucida - 46 51 98 2 -2 -

Coprosma rhamnoides - 23 - 23 0 -0 -

Coprosma rigida - 23 26 49 1 -1 -

Coprosma robusta - 92 103 195 4 -4 - Abundant
Coprosma spathulata - - 26 26 1 -1 -

Cordyline banksii - 23 26 49 1 -1 -

Dacrydium cupressinum 18 - 13 30 1 4 5 Long lived species
Gahnia pauciflora - - 26 26 1 -1 5

Geniostoma ligustrifolium subsp. ligustrifoliu 36 - 26 61 1 -1 -

Hoheria sexstylosa - 92 - 92 2 3 -

Knightia excelsa - 35 38 73 1 4 5 Long lived species
Kunzea robusta - 46 - 46 1 -1 5 Abundant
Leptecophylla juniperina subsp. juniperina - 23 26 49 1 -1 -

Leptospermum scoparium (dry variety) - 46 - 46 1 -1 - Abundant
Leucopogon fasciculatus - 46 - 46 1 -1 -

Libocedrus plumosa - 17 - 17 0 -0 -

Melicope ternata 36 - 26 61 1 -1 -

Myrsine australis - 92 - 92 2 -2 -

Myrsine salicina 36 - 26 61 1 -1 -

Nestegis lanceolata - - 19 19 0 - -

Olearia rani 36 - 26 61 1 -1 -

Phyllocladus trichomanoides - 1 10 11 0 - -

Pittosporum eugenioides 36 23 26 84 2 -2 -

Pittosporum tenuifolium - 46 - 46 1 -1 -

Podocarpus laetus - 17 19 36 1 -1 -

Pseudopanax arboreus - - 26 26 1 - -

Pseudopanax crassifolius - 23 26 49 1 -1 -

Raukaua anomalus - - 26 26 1 -1 -

Rhabdothamnus solandri 36 - - 36 1 -1 -

Veronica stricta - 11 - 11 0 0 - Abundant
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Scientific name

50% <20 20% >40 30% 2640 Totall ha

P61 0.02 Ha Changes P61 Adjusted

Comments

453 774 761 1,988

40

-7

32

Table9: Recommended enrichment planting list for Polygon 63 based on a combination of thgrécliced 2640% gaps list and <20% gaps list. Suggested changes are given based on on
the-ground observations of the polygons and per polygtanting numbers are given.

Scientific name 70% <20 20% >40 10% 2640 Totallha| P630.3Ha Changes P61 Adjusted | Comments

Agathis australis - 0 3 4 1 19 20 None found in polygon.

Alectryon excelsus 75 - 13 88 26 - 26

Alseuosmia macrophylla - - 9 9 3 -3 - Unlikely to survive

Alseuosmia quercifolia 50 - 9 58 17 -17 - Unlikely to survive

Beilschmiedia tawa 37 - - 37 11 -11 - Wait for better conditions

Carmichaelia australis - 23 - 23 7 2 9 Currently space for more in open areas
Coprosmaarborea 50 23 9 81 24 - 24

Coprosma grandifolia 99 - 17 117 35 - 35

Coprosma lucida - 46 17 63 19 - 19

Coprosma rhamnoides - 23 - 23 7 4 11 Species currently doing well in Ridge forest
Coprosma rigida - 23 9 32 9 3 12 Species currently doingell in Ridge forest
Coprosma robusta - 92 34 127 38 -38 - Abundant

Coprosma spathulata - - 9 9 3 2 5 Minimum of 5 of a species per polygon
Cordyline banksii - 23 9 32 9 - 9

Coriaria arborea - - - - - - -

Dacrydium cupressinum 25 - 4 29 9 - 9 2 dead plants found

Gahnia pauciflora - - 9 9 3 2 5 Minimum of 5 of a species per polygon
Geniostoma ligustrifolium subsp. 50 - 9 58 17 - 17

Hoheria sexstylosa - 92 - 92 28 - 28

Knightia excelsa - 35 13 47 14 - 14

Kunzeaobusta - 46 - 46 14 -14 - Abundant

Leptecophylla juniperina subsp. juniperit - 23 9 32 9 - 9

Leptospermum scoparium (dry variety) - 46 - 46 14 -14 - Abundant

Leucopogon fasciculatus - 46 - 46 14 - 14

Libocedrus plumosa - 17 - 17 5 5 10 Quite hardy

Melicope ternata 50 - 9 58 17 - 17

Myrsine australis - 92 - 92 28 -28 - Well established

Myrsine salicina 50 - 9 58 17 - 17

Nestegis lanceolata - - 6 6 2 8 10 Doing well, good location to plant more
Olearia rani 50 - 9 58 17 - 17

Phyllocladus trichomanoides - 1 3 4 1 -1 - High mortality. Wait fobetter conditions.
Pittosporum eugenioides 50 23 9 81 24 - 24

Pittosporum tenuifolium - 46 - 46 14 - 14

Podocarpus laetus - 17 6 24 7 - 7

Podocarpus totara - 10 10 Species currently doing well in Ridge forest
Pseudopanax arboreus - - 9 9 3 2 5 Minimum of 5 of a species per polygon
Pseudopanax crassifolius - 23 9 32 9 - 9
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Scientific name 70% <20 20% >40 10% 2640 Totallha| P630.3Ha Changes P61 Adjusted | Comments
Raukaua anomalus - - 9 9 3 2 5 Minimum of 5 of a species per polygon
Rhabdothamnus solandri 50 - - 50 15 - 15
Veronica stricta - 11 - 11 3 -3 - Well established
634 774 254 1,661 498 -68 430
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Rimu/tawa forest

Figure3: Samples of vegetation in the rimu/tawa forest typegetation from polygon 6€Top); area
of densekanukaPolygon62 (bottom right); vegetation in Polygon 6@ottom left)

Tablel0: Summary of polygorfer enrichment within the rimu/tawa vegetation type
Polygon No. Landform Area (Ha)

60 Hillslope 0.14
62 Hillslope 0.99
Total 1.47

Target Vegetation Description
The target vegetation type for hillslope landform polygons is rimu/tawa forélse vision for

rimu/tawa forest includes a canopy dominated Beilschmiedia tawawith emergent

14



interspersed Dacrydium cupressinum, Prumnopitys ferruginea, Dacrycarpus dadealio
Podocarpus totaragnd Metrosideros robustaOther widespread broadleaved species in the
canopy will includeAlectryon excelsus, Elaeocarpus dentatus, Knightia exaaiskl aurelia
novaezelandia. In the understorey small trees, shrubs, and treen$eincludingMelicytus
ramiflorus Hedycarya arborgaand Cyathea dealbatastand over a ground layer of ferns and
grasses such afsplenium bulbiferumBlechnum discolor, Hymenophyllum demisswang
Microlaena avenaceaDuring initial planting, the toolacommended densely plantingoheria
sexstylosa, Kunzea robusta, Leptospermum scoparmth Myrsine australiswith moderate

densities ofCoprosma robusta, Pittosporum tenuifoliuamd Weinmannia racemosa.

Polygon 62
Polygon 62 is the largest polygon scheduled for enrichment. It is accessible from the main
track andis bisected by a grass trackhe dominant species recorded incluldeptospermum

scopariumPhormium tenaxKunzea robustand Coprosma robusta.

Polygor60

Polygon 60 is an area of rintawa forest accessible by the main track, and adjacent to
Polygons 61 and 59. It includes a narrow strip of vegetation on one side of the track, and a
larger tract of vegetation on the other side of the track. The serastern edge of the polygon

is bordered by a grass track that is partially egeswn. These tracks make for easy access to
the polygon. The dominant species recorded in Polygon 60 intlep®spermum scoparium,

Pittosporum tenuifoliunand Cordyline austrad.

Canopy Openness

Canopy openness was generally high across the polygons, with an aved&f# ajpen (see
Table 12). Canopy species representing a large percentage of cover ihejpispermum
scoparium, Pittosporum tenuifolium, Phormium tenax andz€anrobusta(see Table 13)
Polygon62 had the highest degree of canopy closuwneth large areas of dende scoparium

andK. robustahat may require thinning to ensure successful enrichment.

Tablell:Summary of canopgpenness in polygons with rimu/tawa vegetation type

Polygon Min Cover % Max Cover % Average Cover 9 Average Open 9
Rimu / tawa forest 50 95 84 16
62 75 95 88 12
60 50 95 77 23
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Tablel2: Average percentage cover for species over 135 cm tall in rimu/tawa forest in pol§gons

and 60.

Species

Polygon62 Polygon60

Leptospermum scopariur
Phormium tenax

Kunzea robusta
Pittosporum tenuifolium
Cordylineaustralis
Coprosma robusta
Veronicastricta (dead)
Coprosma robusta (dead
Solanum mauritianum
Hedycarya arborea
Veronicastricta

Melicytus ramiflorus
Plagianthus regius
Sophora microphylla
Podocarpus totara
Myrsine australis
Alectryon excelsa
Plagianthus regius (dead
Alectryon excelsa (dead)
Lophomyrtus bullata
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Regeneration

Rimu/tawa forest polygons had among thighestseedling density and diversity, compared

with other forest types Hoheria sexstyloswasthe most commonly regenerating species,

followed byMelicytus ramiflorusand thenSolanum mauritianunfsee Table 14). Polyg@®

had the most speciose seedling regeneration, and greatest density of seedlings per unit of

area (see Table 19Regeneration was low in some areas of Polygon 62 where dense canopy

growth inhibited light and encouraged dry ground tier conditions.

Tablel3: Counts of naturally regenerating seedlings located in Rimu/tawa fofasérisk indicates

non-native species.

Species

Polygon <15cm 16-45cm 46-75cm Total

Hoheria sexstylosa
Melicytus ramiflorus

Solanum mauritianurh
Berberis glaucocarpa
Ligustrum sinenge

Myrsine australis

60
62
60
62
60
62
60
62
60
62

80
19
15
2
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3

7
3
2
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Species Polygon <15cm 16-45cm 46-75cm Total

Diplazium australe 62 1 1 2 4
Cordyline australis 62 1 1
60 1 1
Kunzea robusta 62 2 2
Plagianthus regius 60 1 1
Rubus spi. 60 1 1
Pittosporum crassifoliun 60 1 1
Grand Total 143 36 17 196

Tablel4: Density and diversity of seedlings (less tii&mem in height) in rimu/tawa vegetation

Polygon 60 62
Sample area (A) 75 500
Total Seedlings 122 74
Density (seedlings/#n 1.6 0.148
Species 10 9

Diversity (species/ B) 0.1 0.018

TreeMortality

Hillslope rimu/tawa vegetatioexhibitedmortality of Alectryon excelsus, Coprosma robusta,
Cordyline australis, Dacrydium cupressinum, Plagianthus regidsVeronica stricta as
shown in Table 16. Percentage of dead plants was greateBt. fapressinum, V. strictand

C. robustaBothC. robustandV. strictahave relatively shorter expected life spans than other
species, and this mortality is to be expected where planting occurred over 10 years previous.
Mortality of D. cupressinunis more oncerning as this species is intended to be a major
canopy species of this forest type.

Tablel5: Percentage of dead plants for species with incidence of mortality in hill slope vegetation
Species/Polygon 60 62 Total

Alectryon excelsus 17% 17%
Coprosma robusta 60% 38% 46%
Cordyline australis 20% 20%
Dacrydium cupressinur 100% 100%
Plagianthus regius 0% 25% 20%
Veronica stricta 100% 50% 57%

Recommendations for planting activities
Polygonss0 and 62 are easily accessible for volunteePolygon 60 is bisected by the main

track. It is also accessible from an overgrown grass track down the southeast side of the
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polygon. Polygon 62 is also accessible via grassed tracks thttrough the centre of the
polygon and on the southeast side. Polygon borders are not clearly visible, and care should
be taken to communicate these to volunteers.

The planting plasoutlined in Tak#s 16 and 18how several species which we have
recommended not be included in the plantings at this stage for various reasons. These should
all be tracked in the database (once developed) to ensure that they are planted once the
vegetation is more suitable. Due to reent low humidity conditions, we recommend
precludingBeilschmiedia tawaAlseuosmia macrophylla, Alseuosmia quercifolia, Coprosma
spathula, Geniostoma ligustrifolium subsp. ligustrifoligmd Coprosma grandifoliaOther
species have beereduced orremoved due to current high abundance, suchGaprosma
robusta, or dense natural regeneration, su@s Melicytus ramiflorus We recommend a
cautious approach with.ophomyrtus bullatas it is one of the most susceptible species to
Myrtle rust, a destructivelant disease in the Myrtaceae fam{i@mith et al., 2019)Though
this species has already been planted in some areas of the park, limiting density of
Lophomyrtus bullatacould help to prevent spraehof the disease through the park in the
future. Mida salicifoliahas been removed as it is more suited to ridge type vegetation, and

the tool should be reviewed to ensure correct classification of species such as this.

We have also recommended an increaseome species numbers for various reasons.
For exampleDacrydium cupressinumas not planted in the previous infill for Polygon 60 and
we recommend planting more. Care should be taken with where to plant thessure that
there is a sufficiently larg light well. Croposma rigidéhas also been recommended for
increased density as it has demonstrated good survival and growth in other similar areas of

WNHP.

In general, we recommend a minimum number of 5 individuals per species for
logistical reasons®me species have been increased in number to reach this threshagld
Fuchsia excorticatand others have been removed, particularly if there is some doubt as to

sourcing and survivag.g.,Raukaua anomaluand Rhabdothamnus solandri.
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Table16: Recommended enrichment planting lfst Polygon 6Qusing a combination of <20% gaps;& gaps and >40% gaps. Changes to thebmgdd recommendations are given

based on orthe-ground observations of the polygons anergolygon planting numbers are outlined.

Scientific name

60% of <20 20% of >40% 20% of 2640 Total 1 ha Tool 60 Changes 60

Comments

Alectryon excelsus
Alseuosmia macrophylla
Alseuosmiayjuercifolia
Aristotelia serrata
Beilschmiedia tawa
Brachyglottis repanda
Coprosma arborea
Coprosma grandifolia
Coprosma lucida
Coprosma rigida
Coprosma robusta
Coprosma spathulata
Cordyline australis
Dacrydium cupressinum
Dianella nigra
Elaeocarpus dentatus
Fuchsia excorticata
Geniostoma ligustrifolium subsp. ligustrifoliu
Hedycarya arborea
Hoheria sexstylosa
Knightia excelsa
Kunzeaobusta
Leptospermum scoparium (dry variety)
Leucopogon fasciculatus
Litsea calicaris
Lophomyrtus bullata
Melicytusramiflorus subsp. ramiflorus
Metrosideros robusta
Mida salicifolia

Myrsine australis
Myrsine salicina
Neomyrtuspedunculata
Nestegis lanceolata
Olearia rani
Phyllocladusgrichomanoides
Piperexcelsum
Pittosporum eugenioides
Pittosporum tenuifolium
Plagianthus regius
Podocarpus totara
Prumnopitys ferruginea

22
14
14
0
44
0
14
14
0
0
0
14
0
0
29
29
14
29
29
0
0
0
0
14
11
0
29
11
14
0
14
14
11
14
0
29
14
0
0
0
22

0
0
0
34
0
0
22
0
22
22
45
0
45
22

16
11
11
16
0
11
11
11
11
11
21
11
21
16
0
21
11
0
21
0
8
0
21
11
8
11
21
8
0
43
11
0
8
11
0
21
11
0
21
8
16

19

38
25
25
50
44
11
47
25
33
33
66
25
66
38
29
50
25
29
50
90
25
45
66
25
19
33
95
36
14

133
25
14
19
25
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50
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45
66
25
38
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Unlikely to survive
Unlikely to survive

Wait for better conditions.
Minimum of 5

Too early

Will thrive both under canopy and in open spac
Abundant

Too early

Abundant

None planted in infill

Minimum of 5

Minimum of 5
Too early

Regenerating naturally
High mortality

Abundant
Abundant

Myrtle rust risk

Abundant

More suited to ridge areas

Not right areas for planting within this polygon

Not right areas for planting within this polygon

Abundant



Scientific name 60% of <20 20% of >40% 20% of 2640 Total 1 ha Tool 60 Changes 60 Comments

Pseudopanax arboreus 29 0 21 50 7 0 7

Pseudopanax crassifolius 0 22 11 33 5 0 5

Raukaua anomalus 0 0 11 11 1 -1 0  Minimum of 5

Rhabdothamnus solandri 14 0 0 14 2 -2 0 Minimumof5

Rhopalostylis sapida 14 0 11 25 4 -4 0 Not right areas for planting within this polygon
Schefflera digitata 14 0 11 25 4 -4 0 Not right areas for planting within this polygon
Streblus heterophyllus 0 0 11 11 1 -1 0 Minimum of 5

Veronica stricta 0 11 0 11 2 -2 0  Minimumof5

Weinmannia racemosa 22 0 16 38 5 0 5

559 747 557 1,862 261 -95 165
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Tablel7: Recommended enrichment planting lfst Polygon 62ising a combination of <20% gaps;& gaps and >40% gaps. Changes ttatllebased recommendations are given

based on orthe-ground observations of the polygons and per polygon planting numbers are outlined.

Scientific name 60% of <20 20% of >40% 20% of 2640 Total 1 ha Tool 62 Changes 62 Comments

Agathis australis 0 0 20 20  As per 202@roundtruthing.

Alectryon excelsus 80 36 39 39 -39 0 Good survival of infill suffient.
Alseuosmia macrophylla 53 24 26 26 -26 0 Unlikely to survive.

Alseuosmia quercifolia 53 24 26 26 -26 0 Unlikely to survive.

Aristotelia serrata 168 80 16 16 0 16

Beilschmiedia tawa 73 62 61 -61 0 Wait until conditions improve.
Brachyglottis repanda 53 5 5 25 30 None plantedyet. Focus oredges andargegaps
Coprosma arborea 112 53 24 31 31 20 51  None plantedn early planting phases.
Coprosma grandifolia 53 24 26 26 -26 0 Too dry.

Coprosma lucida 112 53 11 11 0 11

Coprosma rigida 112 53 11 11 29 40  None plantedyet. Focus oredges andargegaps
Coprosma robusta 225 107 22 22 -22 0 Abundant

Coprosma spathulata 53 24 26 26 -26 0 Too dry.

Cordyline australis 225 107 22 22 0 22

Dacrydium cupressinum 112 80 14 14 -14 0 Wait until conditions improve.
Dianella nigra 48 41 41 0 41

Elaeocarpus dentatus 107 48 52 51 0 51

Fuchsieexcorticata 53 24 26 26 0 26

Geniostoma ligustrifolium subsp. ligustrifoliu 48 41 41 -41 0 Too early.

Hedycarya arborea 107 48 52 51 0 51

Hoheria sexstylosa 450 23 23 0 23

Knightia excelsa 84 40 8 8 12 20  Low survival. Focus on edges dadje gaps.
Kunzea robusta 225 11 11 -11 0 Abundant

Leptospermum scoparium (dry variety) 225 107 22 22 -22 0 Abundant

Leucopogon fasciculatus 53 24 26 26 0 26

Litsea calicaris 40 18 19 19 0 19

Lophomyrtus bullata 112 53 11 11 -11 0 Avoid myrtle rust

Melicytus ramiflorus subsp. ramiflorus 225 107 48 63 62 -32 30 Regeneraingnaturally.

Metrosideros robusta 84 40 18 24 24 0 24

Mida salicifolia 24 20 20 -20 0 More suited to ridgetype vegetation.
Myrsine australis 450 214 44 44 0 44

Myrsine salicina 53 24 26 26 0 26

Neomyrtus pedunculata 24 20 20 0 20

Nestegis lanceolata 40 18 19 19 0 19  Focus oright wells

Olearia rani 53 24 26 26 0 26

Phyllocladusgrichomanoides 0 0 0 As per 202@roundtruthing.

Piper excelsum 107 48 52 51 0 51

Pittosporum eugenioides 112 53 24 31 31 0 31 Only plant if eco sourced
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Scientific name 60% of <20 20% of >40% 20% of 2840 Total 1 ha Tool 62 Changes 62 Comments

Pittosporum tenuifolium 225 11 11 -11 0 Abundant
Plagianthus regius 225 107 22 22 0 22
Podocarpus totara 84 40 8 8 22 30 Low survival.
Prumnopitys ferruginea 80 36 39 39 0 39
Pseudopanax arboreus 107 48 52 51 0 51
Pseudopanax crassifolius 112 53 11 11 19 30 Plantin light wells and edges
Raukaua anomalus 53 5 5 0 5
Rhabdothamnus solandri 24 20 20 0 20
Rhopalostylis sapida 53 24 26 26 0 26
Schefflera digitata 53 24 26 26 0 26
Streblus heterophyllus 53 5 5 25 30 None planted in 2810
Veronica stricta 56 3 3 -3 0 Abundant
Weinmannia racemosa var. racemosa 80 36 39 39 0 39

3,735 2,784 931 1,261 1,248 -216 1,033
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Kahikategopukateaswamp maire forest

Figured4. Samples of vegetation in tth@hikateapukateaswamp mairgforest type:vegetation from
polygon 54(Top);vegetation inPolygon 5{bottom)

Tablel8: Summary of polygons for enrichment within the kahikgte&ateaswamp maire
vegetation type

Polygon No. Landform Area (Ha)

54 Basin 0.04
57 Basin 0.4
Total 0.44

Target Vegetatioescription

Kahikategpukateaswamp maire forest isa type of semiswamp forest that was once
common in the Hamilton Basin. This vegetation type is also well represented in theelomg
vision for WNHP. The canopy is dominated by species that can outtemibers in water

logged and swampy soilBacrycarpus dacrydioides, Laurelia nozatandiag andSyzygium
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maire. In the understory broadleaved trees are more diverse including species such as
Cordyline australis, Leptospermum scopari@aprosmaenuicaulis, Pennantia corymbas
Fuchsiaxcorticataand Schefflera digitataThe ground tier is dominated lyarexsedges and
Phormium tenax with ferns such asBlechnum novaegelandiae and Pneumatopteris

pennigeraalso common.

Polygorb4
Polygon54is a strip of vegetatiopartially bisected by the main patfithe dominant species
recorded includePlagianthus regius, Carex secta and Coprosma propirifjua polygon

appears to be only recently planted argchot in need of enrichment.

Polygorb7

Polygn 57 is an unusually shaped area of vegetation surrounding polygon 58. The boundaries
of the polygon can be very difficult to delineate as the vegetation is similar to adjacent
polygon 58, 59 and 5@.he dominant species recorded here incl@arex sectaPhormium

tenax, Coprosma propinquand Leptospermum scoparium.

Canopy Openness

Canopy openness wagry highin Polygon 54vith an average 099 % open (see Table 12).
In Polygon 54 few species reached over 135 cm tall as most were young pld&dky.gm 57
canopy openness was 14 % on averagespeties representing a large percentage of cover
includad Carex secta, Phormium tenax, Coprosma propirapdleptospermum scoparium
(see Table 13)

Tablel9:Summary of canopgpenness in polygons with kahikatpakateaswamp maire vegetation
type

Polygon Min Max Average Average
Cover % Cover % Cover % Open %
Kahikateapukateaswamp 1 100 63 42
maire forest
54 1 2 2 99
57 60 100 86 14

Table20: Average percentage cover for species over 135 cm tall in kahipategeaswamp maire
forest in polygon®4 and 57

Species Average % Covétolygon 54 Polygon 57
Carex secta 1 48
Phormium tenax 26
Leptospermunscoparium 9
Melicytus ramiflorus 7
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Species

Average % Cové@olygon 54 Polygon 57

Coprosma propinqua
Solanum aviculare
Dacrycarpus dacrydioide
Coprosma tenuifolium
Plagianthus regius

1 10
5
4
4
2

Regeneration

Kahikategpukateaswamp maire forest polygons hddwer than averageseedling density

and diversity, compared witlother forest polygons.Melicytus ramifloruswas the most

commonly regenerating species (see Tali®. Regeneration data forPolygon 54 is

misleading, asll the species in this polygon are planted but occupy smaller height classes.

Data for polygon 57 illustrates true regeneration. It is encouraging to see regeneration of

ferns such a€yathea dealbatand Dicksonia squarrosia Polygon 57.

Table 21: Counts of naturally regenerating seedlings located in Kahikatkateaswamp maire
forest. Asterisks indicate nenative species.

Species Polygon <15cm 1645cm 46-/5cm Total
Melicytus ramiflorus 54 11 12 5 28
57 6 22 9 37
Diplazium australe 57 3 3
Prunusserrulata* 57 2 2
Coprosma tenuicauli 54 2 2
Phormium tenax 54 1 1
Cyathea dealbata 57 1 1
Dicksonia squarrosa 54 1 1
Cordyline australis 54 1 1
Coprosma robusta 57 1 1
Grand Total 18 40 20 78

Table22: Density and diversity of seedlings (less tii&rem in height) in kahikatepukateaswamp

maire vegetation

Polygon 54 57
Sample area (A) 20 200
Total Seedlings 34 44
Density (seedlings/fn 1.7  0.22
Species 6 6
Diversity (species/ & 0.3  0.03

Tree Mortality

Basin kahikatepukateaswamp maire vegetation demonstrated mortaligf Coprosma

propinquaand Cordyline australisas shown in Tab[21.
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Table23: Percentage aflead plants for species with incidence of mortality in hill slope vegetation
Species/Polygon 54 57 Total

Caqrosma propinqua 25% 0% 20%
Cordyline australis 0% 25% 20%

Recommendations for planting activities
Polygon 54 is not recommended fenrichment. The planting appears to be very young and
has not developed to a stage that will allow for the planting of enrichment species.

Polygon 57s an unusual shape, and both accessibility aadgationof this polygon
may be difficult for volunteers some places. The main section of polygon 57 may be planted
by volunteers, as this is easily accessible from the track. However, the narrow arm of this
polygon might be better suited to planting by WNHP staff who are familiar with the park and
can use BS to navigate the polygoXolunteers should take care as the drain can obscured
by vegetation in places, and difficult to see.

We have recommended to increase humberafexvarieties to be planted in drain
areas that are currently dominated by exagiasses. We have also recommended an increase
in numbers forCoprosma tenuicaulis, Hoheria sexstylosa, Myrsine ausaradi®lagianthus

regiusas species that will thrive here and contribute to canopy closure.

We have recommended reduon or removal of some species based on conditions.
Coprosma grandifolia, Coprosma spathulate, Schefflera digitated Geniostoma
ligustrifoliumare examples of thisMida salicifoliais more suited to ridgéype vegetation
and has been recommended formeval from the planting listMelicytus ramiflorusis

showing signs of healthy regeneration and has been removed for this reason.
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Table24: Recommended enrichment planting Ifst polygon 57using a combination of <20% gaps;ZW gaps and >40% gaps. Changes to thebmsdd recommendations are given

based on orthe-ground observations of the polygons and per polygon planting numbers are outlined.

Scientific name 70% of <20 10% of >40% 20% of 2040 Total 1 ha Tool57 Changes 57 Comments

Brachyaglottis repanda 0 14 13 27 11 0 11

Carex geminata 0 0 0 0 0 64 64 To out compete grasses in the drain

Carex secta 0 28 27 54 22 28 50 To out compete grasses in the drain

Carex virgata 0 28 0 28 11 39 50 To out compete grasses in the drain

Carpodetus serratus 0 14 13 27 11 0 11

Coprosma areolata 0 14 13 27 11 0 11

Coprosma grandifolia 25 0 13 38 15 -15 0 Tooearly

Coprosma propingua 0 28 27 54 22 0 22

Coprosma rigida 0 28 0 28 11 0 11

Coprosma robusta 0 28 27 54 22 0 22

Coprosma rotundifolia 25 14 13 52 21 0 21

Coprosma spathulata 49 0 27 76 30 -30 0 Tooearly

Coprosma tenuicaulis 0 28 54 81 33 32 65  Will survive well here

Cordyline australis 0 28 0 28 11 0 11

Dacrycarpus dacrydioides 0 21 0 21 8.2 -8 0 Very well established within the polygon

Dianella haematica 25 0 13 38 15 0 15

Elaeocarpus hookerianus 25 0 13 38 15 0 15

Fuchsia excorticata 49 0 27 76 30 0 30

Geniostoma ligustrifolium subskigustrifolium 49 0 0 49 20 -20 0 Tooearly

Hedycarya arborea 25 0 13 38 15 0 15

Hoheria sexstylosa 0 14 0 14 55 30 35 Good species to use to shade out flax

Knightia excelsa 0 10 10 20 8.1 0 8

Laurelia novaeelandiae 74 0 40 114 46 0 46

Leptospermum scoparium (wet variety) 0 28 27 54 22 -22 0 Abundant

Leucopogon fasciculatus 25 0 13 38 15 0 15

Melicope simplex 25 0 13 38 15 0 15

Melicytus ramiflorus subsp. ramiflorus 25 14 13 52 21 -21 0 Regenerating on its own

Mida salicifolia 25 0 0 25 9.8 -10 0 More suited to ridgetype vegetation

Myrsine australis 0 14 13 27 11 9 20  Will thrive here.

Neomyrtus pedunculata 25 14 13 52 21 0 21

Nestegis cunninghamii 18 10 10 39 15 0 15

Pennantia corymbosa 49 0 27 76 30 0 30

Plagianthus regius 0 28 27 54 22 28 50 Good species to use to shade out flax

Prumnopitys taxifolia 0 10 10 20 8.1 7 15 Will do well here.

Schefflera digitata 49 0 27 76 30 -30 0 Too early

Syzygium maire 74 0 40 114 46 -16 30 Consider myrtle rust and only plant along the dra
655 409 580 1644 658 66 724
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Swamp shrubland

Figure5: Samples of vegetation in te&amp shrublandorest type:vegetation from polygon 55
(Top);vegetation in Polygon 5@ottom)

Table25: Summary of polygons for enrichment within the swamp shrubland vegetation type
Polygon No. Landform Area (Ha)
55 Waterlogged 0.16
58 Waterlogged 0.18
Total 0.34
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TargetVegetation Description

The target vegetation type for waterlogged landform polygons is swamp shrubland fotest.
vegetation type generally occurs on the margins of streams and drainage channels, and near the
lake edge where the ground can get wategged and often flooded. In these wetland areas the
emergent species includgyzygium maire, Leptospermum scopariangCordyline australiwith

the occasional tree fern. These are scattered over a shrubby understory comprised of species such
asCoprosma propinqua, Coprosma rigida, Coprosma tenuicand€;oprosma rotundifolial he

ground tier is dominated by sedges, herbs, and rushes and grasses SimteasBaumea, Astelia

and Gahnia During initial planting, the tool recommended densely planti@heria sexstylosa,
Kunzea robusta, Leptospermum scopariamg Myrsine austrak, with moderate densities of

Coprosma robusta, Pittosporum tenuifoliuamd Weinmannia racemosa.

Polygorb5

Polygon 55 israareaof vegetationaccessible from the main track and bordering polygons 54
and 56. There is a drainage channel going throughpblygon and can be damp in places.
The dominant species recorded includehormium tenax Leptospermum scoparium,

Coprosma robustand Dacrycarpus dacrydioides

Polygorb8

Polygorb8is an area of vegetation that has no track access points. As suahidtie difficult
for volunteers to locate and access without supptiris bisected by a stream that is obscured
by vegetation in placesVegetation is dominated byhormium tenax Leptospermum

scoparium, Coprosma robusaad Dacrycarpus dacrydioides

Canopy Openness

Canopy openness was generddiy across the polygons, with an average26f% open (see
Table 12). Canopy species representing a large percentage of cover ihejpispermum
scoparium,Carex secta, Phormium tenard Coprosma robustésee Table 13Polygon 58
had the highest degree of canopy closure, including dense are®&s tehaxthat can be

difficult to navigate through. Polygon 55 also had some dense ard2stehax.

Table26:Summary of canopy openness in polygons with swamp shrubland vegetation type

Polygon Min Cover % Max Cover % AverageCover % Average Open 9
Swamp shrubland 60 95 80 20
55 65 90 78 22
58 60 95 81 19
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Table27: Average percentage cover for species over 135 cm tall in swamp shrubland forest in polygons
55 and 58

Species Polygon 55 Polygon 58
Leptospermum scopariur 48 30
Carex secta 39
Phormium tenax 48 23
Coprosma robusta 30

Melicytus ramiflorus 15
Coprosma tenuicaulis 5 20
Dacrycarpus dacrydioide 5 5
Coprosma propinqua 3

Regeneration

Swamp shrubland forest polygons had among the lowest seedling density and diversity,
compared withother vegetationtypes Melicytus ramiflorusvas, again, the most commonly
regenerating species, followed Byplazium austral¢see Tabl@5). Polygorb8had the most
speciose seedling regeneration, and greatest density of seedlings per unit of area (see Table

26). Areas of dense flax coverage in Polygon 55 may have attributed to this.

Table28: Counts of naturally regenerating seedjilocated in Swamp shrubland forest

Species Polygon <15cm 1645 cm 46-75cm Total
Melicytus ramiflorus 58 3 1 4 8
Diplazium australe 58 2 2
Cyathea dealbata 58 1 1
Coprosma tenuicauli 55 1 1
Coprosma areolata 55 1 1
Solanumaviculare 58 1 1
Grand Total 4 2 8 14

Table29: Density and diversity of seedlings (less tfi&rcm in height) in swamp shrubland
vegetation

Polygon 55 58
Sample area (A) 75 100
Total Seedlings 3 12
Density(seedlings/ ) 0.04 0.12
Species 3 5

Diversity (species/ & 0.04 0.05

Tree Mortality
Waterlogged swamp shrubland vegetation demonstrated mortadityfCarpodetus serratus
and Dacrycarpus dacrydioide@able 28). Percentage of dead plants was greatest for

Carpodetuserratus at 50 %.
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Table30: Percentage of dead plants for species with incidence of moiitalitaterloggedvegetation
Species/Polygon 55 58 Total

Carpodetuserratus 50% 50%

Dacrycarpus dacrydioide 25% 0% 14%

Recommendations for planting activities
Theplanting tool recommends a selection of swamp shrubland species for Polygons 55 and
58 that reflect the wet conditions in these polygons. We recommend a few departures from
the recommended list based on dhe ground observationsLeptospermum scopariurar
scopariumshould be removed as it is already very abundant in both Polygon 55 and Polygon
58. Care should be taken when planti8yzygium mairéo ensure it is planted in areas that
are damp but also sheltered as this species can be prone to frost.

It was suggested that large numbers (density of2 of moundforming species such
asCarexspecies be planted out in areas where exotic weeds are currently dominating. We
recommend staying close to the recommended enrichment density of tbravoid turning

the swamp shrubland into a grassland.

31



Table31: Recommended enrichment planting lfst Polygon 55 (0.16 halsing a combination of <20% gaps;4®% gaps and >40% gaps. Changes to thebaedd recommendations are
given based on cthe-ground observations of the polygons and per polygon planting numbers are outlined.

Scientific name 55% of <20 20% of >40% 25%o0f 20-40 Total 1 ha Tool55 Changes 55 Comments

Carex geminata - 48 - 48 8 0 8

Carex lessoniana - 24 - 24 4 0 4

Carex maorica - 48 - 48 8 0 8

Carex secta - 267 293 559 89 0 89

Carex virgata - 267 - 267 43 0 43

Coprosma propingua - 48 73 121 19 0 19

Coprosma rigida - 48 73 121 19 0 19

Coprosma rotundifolia 220 48 73 341 55 0 55

Coprosma tenuicaulis - 97 146 243 39 0 39

Cordyline australis - 97 - 97 15 0 15

Cyperus ustulatus - 48 - 48 8 0 8

Dianella haematica - - 37 37 6 0 6

Gahnia xanthocarpa - 24 73 97 16 0 16

Juncus edgariae - 48 - 48 8 0 8

Laurelia novagelandiae 83 - - 83 13 0 13

Leptospermum scoparium (wet variet - 48 73 121 19 -19 0 Abundant

Pennantia corymbosa 110 - 37 147 23 0 23

Syzygium maire 83 - 27 110 18 0 18 Plantin protected wet areas
495 1,162 904 2,561 410 -9 401
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Table32: Recommended enrichment planting lfst Polygon 58 (0.18 hasing a combination of <20% gaps;4®% gaps and >40% gaps. Changes to thebaedd recommendations are
given based on cthe-ground observations of the polygons and per polygon plantinglmers are outlined.

Scientific name 15% of <20 60% of >40% 25% of 2640 Total 1 ha Tool58 Changes 58 Comments

Carex geminata - 145 - 145 26 0 26

Carex lessoniana - 73 - 73 13 0 13

Carex maorica - 145 - 145 26 0 26

Carex secta - 800 293 1092 197 0 197

Carex virgata - 800 - 800 144 0 144

Coprosma propingua - 145 73 218 39 0 39

Coprosma rigida - 145 73 218 39 0 39

Coprosma rotundifolia 60 145 73 278 50 0 50

Coprosma tenuicaulis - 290 146 437 79 0 79

Cordyline australis - 290 - 290 52 0 52

Cyperus ustulatus - 145 - 145 26 0 26

Dianella haematica - - 37 37 7 0 7

Gahnia xanthocarpa - 73 73 146 26 0 26

Juncus edgariae - 145 - 145 26 0 26 Needs to be planted in the drain.
Laurelia novagelandiae 23 - - 23 4 0 4

Leptospermum scoparium (wet variet - 145 73 218 39 -39 0 Abundant

Pennantia corymbosa 30 - 37 67 12 0 12

Syzygium maire 23 27 50 9 0 9 Must be planted in wet protected areas

135 3,487 904 4526 815 - 39 775
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Pukateakahikatea Forest

Figure6: Samples of vegetation in tipeikateakahikateaforest type:vegetation from polygo62
(Top); area of dendeanukaPolygon62 (bottom right); vegetation in Polygo62 (bottom left)

Table33: Summary of polygons for enrichment within fhekateakahikateavegetation type
Polygon No. Landform Area (Ha)

56 Toeslope  0.27
59 Toeslope 0.12
Total 0.39

Target Vegetation Description
The target vegetation type faioeslopelandform polygons ipukateakahikateaforest. Semi

swamp forest was once one of the most widespread vegetation types in the Hamilton Basin. This
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vegetation type is well represented in the loteym vision for WNHFKahikategpukatea Forest

is dominated by Dacrycarpus dacrydioideand Laurelia novaeelandiae. Other species
interspersed in the canopy includ@acrydium cupressinum, Prumnopitys taxifolia, Elaeocarpus
hookerianus,and the occasionaCordyline australisThe understory is comprised @yathea
dealbat, Myrsine austrasi, Geniostoma ligustrifolium var. ligustrifolium, Coprosma areolata, and
Strebls heterophyllusln the ground tier species such gmenophyllum demissumsplenium
bulbiferum Astelia fragrans, Astelia grandis, and Microlaena avenag#labe found.During
initial planting, the tool recommended densely plantiftpheriasexstylosa Kunzea robusta,
Leptospermum scopariurand Myrsine australiswith moderate densities o€oprosma robusta,

Pittosporum tenuifoliumand Weinmannia racemosa.

Polygorb6

Polygon56 is a central area of vegetation which is bisected by a path, with two prohgs
vegetation that stretcharound the edge of Polygon 62he dominant species include
Leptospermum Scoparium, Carex seata Phormium tenaxThe average canopy openness
is 59%.

Polygorb9

Polygon 40 is marrow, zigzaggingarea ofpukateakahikateatoeslopeforest. It is accessible
via the main track Vegetation is dominated by.eptospermum scopariumylelicytus
ramiflorus and Phormium tenaxThe canopy has opesreas anchas an average af5 % of

open canopy in the sampled areas.

Canopy Openness

Canopy openness was generally high across the polygons, with an aveB&f# apen (see
Table 12). Canopy species representing a large percentage of cover i@duebe secta,
Leptospermum scoparium, Melicytus ramiflorus, Phormium temaxCoprosma tenuicaulis

(see Table 13)olygons59 had the highest degree of canopy closure.

Table34:Summary of canopy openness in polygons itkateakahikateavegetation type

Polygon Min Max Average Average
Cover % Cover % Cover % Open %
PukateaKahikatea 40 90 64 36
Forest
59 60 90 75 25
56 40 70 59 41
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Table 35. Average percentage cover for species over 135 cm tglukateakahikateaforest in
polygons39, 40 and 45

Species Polygon 59 Polygon 56
Carex secta 40
Leptospermum scopariur 25 22
Melicytus ramiflorus 28 3
Phormium tenax 10 22
Coprosma tenuicaulis 13
Kunzea robusta 5 10
Cordyline australis 5

Coprosma robusta 5 4
Dacrycarpus dacrydioide 5 3
Sophoramicrophylla 2
Coprosma rigida 2
Plagianthus regius 2

Regeneration

Melicytus ramifloruswas, again, the most commonly regenerating specdreukatea
kahikatea forest typésee Tabl&2). Polygorb9had the most speciose seedling regeneration,
and greatest density of seedlings per unit of af@athis vegetation typésee Tabl&3).

Table36: Counts of naturally regenerating seedlings locateldukateakahikateaforest.

Speies Polygon <15cm 1645 cm Total
Melicytus ramiflorus 59 8 3 11
56 3 1 4
Diplazium australe 59 1 1
Myrsine australis 56 1 1
Coprosma robusta 56 1 1
Carex secta 56 1 1
Cyathea dealbata 59 1 1
Grand Total 1 12 7 20

Table37: Density and diversity of seedlings (less tii&rem in height) ipukateakahikatea
vegetation

Polygon 56 59
Sample area (A) 125 50
Total Seedlings 8 13
Density (seedlings/ & 0.064 0.26
Species 5 4

Diversity(species/ )  0.04 0.08
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Tree Mortality

Toeslopepukateakahikateavegetation demonstrated mortalitpf Cordyline australignd
Dacrycarpus dacrydioideas shown in Tabl@5. Percentage of dead plants was greatest for
Cordyline australisat 33 %.

Table38: Percentage of dead plants for species with incidence of mortatiestopevegetation
Species/Polygon 56 59 Total

Cordyline australis 33% 33%
Dacrycarpus dacrydioide 17% 0% 14%

Recommendations for planting activities
Polygons 56 and 5&e easily accessible for volunteers from the main tr&ttiwever, their
unusual shape means that polygon borders are not easily discernedsi@arkel be taken to
instruct and guide volunteers to plant recommended species in appropriate locations within
the polygon borders

We have recommended that several species be removed from the planting list due to
lack of canopy development and humiditypciuding Beilschmiedia tawa, Coprosma
grandifolia, Geniostoma ligustrifolium var ligustrifoliurand Schefflera digitata.Other
species have been reduced or removed based on current abundance, sueptaspermum
scoparium,or abundant naturalregeneratian, such asMelicytus ramiflorus.We have
recommended increasing numbers Dacrycarpus dacrydioideiie to good conditions for
growth and evidence of successful establishment of existing individbida salicifoliais
more suited to ridgeype vegetation and has been recommended for removal from the
planting list. Though this species has already been planted in some areas of the park, limiting
density ofLophomyrtus bullataould help to prevent spread of the diseabeough the park

in the future.
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Table39: Recommended enrichment planting lfst Polygon 5@ising a combination of <20% gag8-40% gapsind >40% gapshanges to the toddased recommendations are given
basedon onthe-ground observations of the polygons and per polygon planting numbers are outlined.

Scientific name 60% of 15% 25% of 20 Total 1 Tool Changes 56 Comments
Aristotelia serrata - 34 38 72 20 0 20
Beilschmiedia tawa 20 - - 20 6 -6 0 Not enough humidity.
Carpodetus serratus - 34 38 72 20 0 20
Coprosma areolata 27 17 19 63 17 0 17
Coprosma grandifolia 27 - 19 46 12 -12 0 Not enough humidity.
Coprosma robusta - 68 77 145 39 -39 0 Abundant within polygon not necessary to plant
Coprosma tenuicaulis - 17 19 36 10 0 10
Cordyline australis - 34 - 34 9 0 9
Dacrycarpus dacrydioides - 51 - 51 14 0 14
Dacrydium cupressinum - 26 29 54 15 0 15
Fuchsia excorticata 27 - 19 46 12 0 12
Geniostoma ligustrifolium subsp. ligustrifoliu 41 - - 41 11 0 11
Hedycarya arborea 27 - 19 46 12 0 12
Hoheria sexstylosa - 34 - 34 9 0 9
Laurelia novaeelandiae 82 - 58 139 38 0 38
Leptospermum scoparium (wet variety) - 34 - 34 9 -9 0 Abundant within polygon not necessary to plant
Leucopogoriasciculatus 27 - 19 46 12 0 12
Lophomyrtus bullata - 17 19 36 10 -10 0 Myrtle rustrisk.
Melicope simplex 27 - 19 46 12 0 12
Melicytus micranthus 27 - 19 46 12 0 12
Melicytus ramiflorus subspamiflorus 54 34 38 126 34 -34 0 Abundant and naturally regenerating
Mida salicifolia 27 - - 27 7 -7 0
Myrsine australis - 34 38 72 20 0 20
Nestegis cunninghamii 20 13 14 47 13 0 13
Plagianthus regius - 34 38 72 20 0 20
Prumnopitys taxifolia - 26 29 54 15 0 15
Pseudopanax crassifolius - 17 19 36 10 0 10
Rhopalostylis sapida 54 - 38 92 25 0 25
Schefflera digitata 27 - 19 46 12 0 12
Sophora microphylla - 34 - 34 9 0 9
Streblus heterophyllus - - 38 38 10 0 10
Weinmannia racemosa var. racemosa 20 - 14 35 9 0 9
535 560 697 1,792 484 -118 366
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Table40: Recommended enrichment planting lfst Polygon 5490.12 hajusing a combination of <20% gaps;4®% gaps and >40% gaps. Changes to thebaedd recommendations are

given based on cthe-ground observations of the polygons and per polygon planting numbers are outlined.

Scientific name 30% of <20 20% of >40% 50%o0f 20-40 Total 1 ha Tool59 Changes 59 Comments
Aristotelia serrata - 46 77 122 15 - 15
Beilschmiedia tawa 10 - - 10 1 -1 - Wait until canopy is established.
Carpodetus serratus - 46 77 122 15 - 15
Coprosma areolata 14 23 38 74 9 - 9
Coprosma grandifolia 14 - 38 52 6 -6 - Wait until canopy is established.
Coprosma robusta - 91 154 245 29 -29 - Abundant, no need for more to be plantes
Coprosma tenuicaulis - 23 38 61 7 - 7
Cordyline australis - 46 - 46 5 - 5
Dacrycarpus dacrydioides - 68 - 68 8 4 12 Lots of open areas with wind protection
Dacrydium cupressinum - 34 58 92 11 - 11
Fuchsia excorticata 14 - 38 52 6 - 6
Geniostoma ligustrifolium subsp. ligustrifoliu 20 - - 20 2 -2 - Wait until canopy igstablished.
Hedycarya arborea 14 - 38 52 6 - 6
Hoheria sexstylosa - 46 - 46 5 - 5
Laurelia novaeelandiae 41 - 115 156 19 - 19
Leptospermum scoparium (wet variety) - 46 - 46 5 -5 - Abundant, no need for more to be plante:
Leucopogoriasciculatus 14 - 38 52 6 - 6
Lophomyrtus bullata - 23 38 61 7 -7 -
Melicope simplex 14 - 38 52 6 - 6
Melicytus micranthus 14 - 38 52 6 - 6
Melicytus ramiflorus subsp. ramiflorus 27 46 77 149 18 -18 - Naturally regenerating
Mida salicifolia 14 - - 14 2 -2 - More suited to ridgetype vegetation.
Myrsine australis - 46 77 122 15 - 15
Nestegis cunninghamii 10 17 29 56 7 - 7
Plagianthus regius - 46 77 122 15 - 15
Prumnopitys taxifolia - 34 58 92 11 - 11
Pseudopanax crassifolius - 23 38 61 7 - 7
Rhopalostylis sapida 27 - 77 104 12 - 12
Schefflera digitata 14 - 38 52 6 -6 - Wait until canopy is established.
Sophora microphylla - 46 - 46 5 - 5
Streblus heterophyllus - - 77 77 9 - 9
Weinmannia racemosa var. racemosa 10 - 29 39 5 - 5
267 747 1,394 2,408 289 -74 215
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Infill Plantings

Polygons 85, 88, 89, 90 and [#dve been recommended for infill planting to fill gaps caused
by mortality ofprimary successional speciasd to supplement species that were left out of
primary plantings due to plant availabilitfhe goal vegetatiotype for polygors 85,88,89,

and 90is Kahikategpukateaswamp maire forest, and for polygon 91 is swamp shrubland
type. Infill planting is designed to replace species with poor survival, and supplement the

species complement with primary successional species that may heese ihissed at the

Figure7: Sample of vegetation at infill polygons

original planting.

Table41l: Summary of polygons for infill

Polygon Landform Goal Vegetation Type Area
No. (Ha)
85 Basin Kahikategpukateaswamp maire forest 0.99
88 Basin Kahikategpukateaswamp maire forest 0.91
89 Basin Kahikategpukateaswamp maire forest 1.05
90 Basin Kahikategpukateaswamp maire forest 1
91 Waterlogged Swamp shrubland 0.3

Total 4.25
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By plygons85, 88, 89, 90 and 94 path bisects the area, making access very easy. The
vegetation looks in generally good condition, and some infill appears to have happened in
places where there are new plants on the borders. There are some areas where planting is
sparse and infill of pmary species is required, unless the area is being reserved for
infrastructure or art. Some areas of the infill section are boggy and wet and volunteer planters
should wear appropriate footwear.The boundaries between the polygons are
indistinguishable, heever asthevegetd 2y (& LJSa I NB I NBSte& (KS
issue. Care should be taken to point out boundaries for Polygon 91 where the vegetation type

is different.

Species identified in the infill planting sections incl@prosma robustaCordyline australis,
Plagianthus regius, Dacrycarpus dacrydioides, Coprosma tenuicaulis, Coprosma rigida,
Coprosma propinqua, Leptospermum scoparium, Kunzea robusta, Phormium tenax, Myrsine
australis, Aristotelia serratand Carex secteSeveral of thesspecies were flowering which is

a positive indicator of health and developmebicrycarpus dacrydioidésis some mortality,

but also some individuals looking very healthlyrsine australi@nd Aristotelia serratavere

all in poor health and do not appetw be thriving in this area.
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Conclusions and Recommendations

Waiwhakareke Natural Heritage Park has benefited from addition of two permanent staff at
the park and their contribution isvidentin theincreasedveed management that is occurring,
and the generalimproved condition of the park. In addition, the WNHP staff made a
significant contribution to the ground truthing this year, including identifying key species and
suggesting amendments to thplanting lis generated by the tool. Because of their
contribution minimal changes were needed to the supplied plant lists.

The work detailed in this report highlighted some areas for future discusgien
undertaking enrichment planting a lorterm visionis required. Waiwhakareke Natural
Heritage Park is a muigjenerational project, and the vegetation trajectoriase dynamic.
Hence, when the vegetation conditions are not conducive for the enrichment species which
will form the key components of the canopy to itre, we have time to wait for the vegetation
to develop further Toassisthis, findings on the survival of plantings should be fed back into
the tool to improve the success of future enrichment plantings, especially for-lioed

canopy species.
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AppendixOne Species Listindicates exotic species)

Scientific Name Common name Life form
Alectryon excelsus titoki tree
Aristotelia serrata wineberry/makomako tree
Berberis glaucocarpa barberry tree
Carex secta pukio sedge
Carpodetus serratus putaputaweta tree
Coprosma areolata thin leaved coprosma shrub
Coprosma propinqua mingimingi shrub
Coprosma rigida shrub
Coprosma robusta karamu tree
Coprosma rotundifolia round-leaved coprosme shrub
Coprosma tenuicaulis swamp coprosma shrub

Cordyline australis
Cyathea dealbata
Dacrycarpus dacrydioides
Dicksoniasquarrosa
Diplasium australe
Veronica stricta
Hedycarya arborea
Hoheria sexstylosa
Knightia excelsa

Kunzea robusta
Laurelianovaezelandiae
Leptospermum scoparium
Ligustrum sinenge
Lophomyrtus bullata
Melicytus ramiflorus
Muehlenbeckia australis
Myrsine australis
Nestegis lanceolata
Phormium tenax
Phyllocladus trichomanoide
Pittosporum crassifolium
Pittosporum tenuifolium
Plagianthus regius
Podocarpus totara
Prumnopitys taxifolia
Prunusserrulate*

Rubus sp.

Solanum aviculare
Solanum mauritianurh
Sophora microphylla

cabbage tree
silver fern
kahikatea
wheki

Koromiko
pigeonwood

long leaved lacebark
rewarewa

kanuka

pukatea

manuka

chinese privet
ramarama

mahoe

LJI K dzS K dzS
mapou

white maire

flax

tanekaha

karo

kohuhu
ribbonwood, manatu
totara

matai

Japanese hill cherry
blackberry
poroporo

woolly nightshade
kowhai

monocot tree
fern
tree
fern
fern
shrub
tree
tree
tree
tree
tree
tree
tree
shrub
tree
climber
tree
tree
monocot
tree
tree
tree
tree
tree
tree
tree
climber
tree
tree
tree
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Appendix TwoPolygon Aerials
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