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¢ n YNafive Planting Survey

Executive Summary

¢ n YBe&ch Sanctuary is a farm paté&velopment on the Pleasant River Estyay Km north of
Dunedin and 5 Km north east of WaikouaittencompasseStage 2 wittl6 private house lotspaced
throughout 36 ha d communallyowned pasture landand Stage 3 a20 ha,as yet undeveloped but
with consent for 6 more house latResource Management Act consent for the farm parkgrvasted

in 2008 and stipulatethat about half ofthe communal pasture will beeplanted with native forest

and tussockAn arm of the Pleasamiver estuary that had historically been drained for paddocks was
reinstated to tidal flow. The first part of this report reviews the history and planning documents of
the project to provide background and a baseline sumniaryidentifyingfuture landmanagement
options.

Peter and Irene Walton\Naltons Ltd, the developers of thé n YBeAch Sanctuary, begatapting
native shrubsn winter 2009 Stock were removed andver fourteen thousand native plants were
planted. The second part ofttis reportdocuments the results of a survey carried out in the summer
of 2011/12 of that initial planting in 20090ursurvey sought to:

i.  measure the overall effectiveness of that first planting,
i. ARSYyGATe GKS &aLISOASa gAlGK o0Sad adz2NBAGEHE | yR
iii. recommend optimum species and places for future planting,
iv. identify management needs to accelerate restoraticho it KS O2F adl &nd F2NBad |
V. LINPOARS olaStAyS YSIadaNBa FyR YIL@A 2F LXIFyda
randomly selected subset can b#ieiently monitored in future years.

This survey is intended to meet the monitoring requirements ofdhézy SRAY /[ Al & [/ 2 dzy OA f
Consent andlso to set the benahark for further planting and for similar restoration projects.

The main findings ohe survey were:

1 Afirst tranche of planting in 2009 has establisHeBi68shrubs from36 species.

1 Some of the plants are growing very well and will need little care from now on.

9 Overall15.19ha of 29.24ha of land reserved for forest and native tussock restoratias
received some woody plants.

9 Overall survival has been low &) and patchy, mainly becausesmothering by grasses.

1 Browsing by hares and perhaps frost and accidental poisdrang alsocontributed to the
low (326) survival of the plants.

9 The ratios of plants inserted did not follow a designated ecological restoration plan

2S5 02y OfdzRS GKIFG F ANBFG adk NI KFa oSSdénsiwl RS (2
of native species is tolow and very patchy, and large parts of the existing replanted zones now will

need further enrichment planting to accelerate canopy closure. An additigh@bhaofthe¢ n Y I A
grassland await first planting of native woody vegetation or native tusgoasses in the coming

years in order to fulfil the Resource Management Act consent that created the farm park

subdivision.
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We recommend that future planting efforts incorporate the following steps

1.

10.

11.

Establish and then follow a designated plan designdthgienand reduce the expense of
FGAOFAYAY3a + FdA te& FdzyOlAz2yAy3ad AYyRAISY2dz
reversion to the original plan provided by Wildlands or incorporate significant additions)
Consolidate the more dense areas ideigtifin the heat magFHgure 18, p29)to hasten

canopy closure and create solid patches of vegetation that can then in turn shelter new
plantings on their periphery.

Concentrate on smaller moreanageable patches in new areas once the existing patches
arefortified (as in 2 hove).

Plant more of the proven successful species from this survey, but extend especial care to
release and protect important additional species that have not done so Rédlity should

be given to establishing canopy species thate identified as most likely to have been
present at Timai before clearance for farming, but are not established in large numbers so
far.

Wait until plants are more grown before planting them out so they will require less releasing

before they outstrip he grassand also become less vulnerable to hare browsing.
Establish a second tier of forest species (ones not yet able to survive) to be planted only
once the canopy has closed on several patches and the grasses eliminated.
Ensure that species which piide good nectar and fruit sources are included to attract
birds.
In generalinvest more in followup care of plants in the first-8 years after planting,
including
a. usemulchingwhere possiblgo reduce grasas a competitor for nutrients and light
andto help retain moisture in dry periods.
use one shieldon the sprayer wand when poisoning around plants.
c. use weed eaters to clear around established small shrubs to avoid herbicide
applications being brushed onto the shrubs
d. hand weed near the stem of plants to reduce competition and asoaddentaly
ring barkinga plant wherusingautomated weed eters
e. instigate a vigorous hare and rabbit shooting program to reduce browsing damage
f. LINPGSOG LI I isifficiet faré éontrdl ©dnridSoa azhieved.
Eliminate the broom colonizing the northern most point affai Beach Sanctuaas soon

02

as practicable and maintaintw® S NI @ O2y i NRBf SFF2Nla (2 ¥FfdzaK

Keep records of future planting and follewp meaurements on a stratified random
selection of the plants mapped and measured in this initial survey so that continuous

f SIENYyAY3I FTNRBY SELISNRSY Odfectivé dbasthl fohést vestotatioff in K S £ LI

the east coast of South Island.
Take phodgraphs from the same GPS paintermittently to visually record changes
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Native PlantingSurveyat ¢ n Y Beach Sanctuary

Introduction

¢nYFA . SFEOK {IyOiddz NB / 2y OS LI

¢ n YBeach Sanctuary is a farm park development situafekid north of Dunedin ath about 5km

north of the small township of Waikouaifrigure1)® G¢KS fFyR KFa 2dziaidl yRAY
GASsa FTNRBY | NRfftAy3a KAff fFyRAOFLIS NBFORKAY3IA nc)
The eastern edge of the farm park is i@@astal Landscape Preservation Area. Most of the building

LI I GF2N¥a yR GKS Y2g¢y LI & dzZNBNativé speRieslardBurréntyy & dzy R d
being planted on the hill siddopesaround the estuary and in selected areas across the tops.

Background

The land was grazed until 2009 when Waltons Ltd began the developi@tage Testored tidal flow

to the drained estuary armStage 2n the eastern side of the restored estuary arm has 16 lots which

are now sellingFigure2). Following thdarm park concept, these are smaller lots for building houses

and closer togethethan are usually permitted in a rural are@he farm park model retains productive

land in communal ownershipl'here are 16 private lots (0.36.85 ha; average 011a) surounded by

a35.6 hdot whichistobeYl yI 3SR Ay 02YY2y o6& | W. 2R@&nYI2ANLIZ2 NI
Beach Services LtéEvery purchaser is allocated a share in the ownership of that communal lot and
thereby has voting rights and responsibilgiéor maintenance of services and land management.

Funds earned from harvesting baleage from the pasture remaining on the communal lot will be used

o ¢nYlFA .SFEOK {SNWAOSa [GR (2 RSTNre NridSax IyR
supdy to individual house lof Planting of native species is a condition of the consent to develop

the projectand the developers have agreed to complete the planting within 10 years of the resource
consent being grante(therefore by 2018)

Prior to the resource consent application for the development Waltons Ltd contracted various
reports. The reports below develop the native vegetation restoration concept:

The first report by Wildland Consultants in August 2007 wascatogical Assessmauitthe Waltons

Ltd Propertydocumenting the degraded state of the land (solely pasture with practically no trees)
andof the estuary and recording the presence of flora and fauna and avifauna. The report
recommended restoring tidal flow to the [draineétuary arm; fencing to exclude stock from the
estuary; retiring the coastal hill slopes from grazing; planting indigenous species and monitoring that
planting. It also included a table of natigpecies suitable for the area (see appendiih the

1 Moller, H., and Moller, S. 1. (2012)y A NB Y YSy Gt | yR [ A TS5a & {ESosystenis@shaultantd ¢ n Y A
Report No 2012/03. 32+v pages

2Robins, M.J. (200@eotechnical Assessment for PropoSedidivisiorg Pleasant River Farm Pafkeolinkreport, GTR 56.

3Moller, H., and Moller, S. 1. (2012)y GANR Y YSy il f | yR [ATFSadefsS 1 ftdzS&a G ¢nYl A
4¢ n YBeach Sanctuary websitittp:/www.tumaibeach.co.nz accesséanuary 2013.

5Wildland Consultants (200 Bcological Assessment of the Waltons Ltd Prop&iytract Report No. 1773



¢ n YNafive Planting Survey

N
B
Palmerston. ’ /.) A
y

(r‘fpleasant River {//

{

 Tamai Beach Sanctuary

e

Waikouaiti /

®
/‘/

Karitane (

Warrington X

o
w

10 15

BN BN 2 Kilometres

Fgurel: L A2y 2F ¢AaYrA . SFOK {FyOidzd NE



¢ n YNa#ve Planting Survey

CAIdzNE HY ¢nYl A

http:// www.tumaibeach.co.nz

. St OK

B oo

Meand ritadry eOgr Haetng
v e

| I e

{yOtdzZ NB O2yOSL

by

R

S


http://www.tumaibeach.co.nz/

¢ n YNafive Planting Survey

particularhabitat of each species noted ifeeshwater swamp, estuarine strip, margin of estuary arm
or hill slopes.

Nextlandscape architect, Mike Moore, preparttk Waltons Ltd Farnhandscape Assessment Report
(28 September 2007) thatveredthe landscape values tfie 384.2ta farm before any sbdivision
proposal.lt considered two optiongnaintaining the farm as it was or ecologically enhancing the area.

In October, 2007 Mike Moore produced another report introducing the idea of a farm park on the
coastal part of the Waltons Ltd farnThis vas theLandscape Development Concept for the Proposed

Farm ParkReporfd 1S adlrdSR I 1Se O02YLRYSyild 2F (KS LINERL
significant areas of native vegetation for both environmental enhancement and to mitigate the effects
off RRAGAZ2Y It o0dzAt RAYy3Iac¢od 'S y2GSR GKIFG aodzAif RAY:

G2 AYyGSANIGS o0dzAif RAy3a oA (K He subrdarzedNi QISmying plahsS LI |
in general terms as:

1 oNative forest establishment focused tire wetter gully areas and steep slopes

1 Wetland/estuary edge planting following the coastal fringe, freshwater streams and drains and
reservoir edges

1 Native tussock on the steep dry slopes

Also in October 20Q7Wildland Consultants produced dgicologich Impact Assessment of the
Proposed Coastal Farm Parkt covers avoidance, remediation, and mitigation of potential adverse

effects of developing the farm park. It recommended a comprehensive planting plan be prepaeed.

report concluded thatthe de& f 2 LIYSYy G 61 & af A1Sfe (2 NBadzZ i Ay |

November 2007 Wildlands Consultants produéesslogical Management Plan for a Proposed Coastal

Farm Park, Pleasant River, Ot&gorhis plan coversmanagement zones, veel control, planting

guidelines plant sourcingandhabitat enhancement for terrestrial fauna and fisheries management.

It reads as a practical guide to native plant restoration for this specific. afde® report is very
sympathetic to thescale of thetask of restoration and suggests practical ways to manage this.y

order to keep plantings to a manageable size and costings at reasonablé levalsi NX O2 YY Sy Ra
planting Hha of the hillside slopes initially and in small compact groves that eventoatlyral
colonization would spread from.

Resource Consent for Waltons Ltd Farm Park was granted in June 2008.

Mike Moore prepared thé.andscape/Ecological Development and Management Plans {1&sad
Lot 23 for Waltons Ltd Farm PaikMay 2010. Thisplandetailed the plantingon eachindividual bt
1-16. For the communal Lot 2Bis plan advisethat the plant list and density recommendations from
Wildland Consultants Ecological Managemelain®e followed. This list is in thappendix

6 Mike Moore(Oct 2007)Landscape Development Concept for the Proposed Farm Park

7Wildlands Consultants (Oct 200Exological Impact Assessment of Breposed Coastal Farm Pa@ontract Report No.

1838

8 WildlandsConsultant§Nov 2007Ecological Management Plan for a Proposed Coastal Farm Park, Pleasant River, Otago
ContractReport No. 1839

9 Mike Moore (May 2010)andscape/Ecological developmamid Management Plans Lotslb and Lot 23, Waltons Ltd

Farm Park

4
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In 2009Waltons Ltd removed the causeway blocking an arm of the Pleasant River Estuary, allowing
the tide to flow again(Figure3). They removed stock frothe whole farm park andhaintaired hay
growing on terracedops and began planting native species on thiiside areas.

2009 Planting

Between Julyand September 2009Waltons Ltd boughtl4,148 plants from Oregon Nurseries in
Waitaki. The opportunity tpurchasethis many plants at a reduced price meant Waltdtd went

for a large scale approach to plantiimgpne seasonather than smaller aresbeing gradually extended
over time Planting sites were preparesixweeks earlier with glyphosate and seed retardant spraying
at 1-metre intervals.The plant® a A T &#strain&dNBbeing iroot trainersor up to 1 litre pots.

Most of the planting area wasioderate slope tcsteep hillside No records were kept of where each
species were planted, nor how many of each spews®® planted.Nor was there apparently any plan

for arranging or spreading the pladts Ly adSIFIR (KS@ 6SNB AyaSNILSR
0 NJ R fF&tNdately, the nursery was able to supply a copy of the receipts for the payment for the
plants, and these included a count of each species supplied. We therefore set out ty sundvenap

the whole area, and by difference, establish the survival rates of the original planting.

Firsty, we used a GPS to track the outline of all the long grass areas containing dlaetesulting
YL at fFyGAy3Ta 2y (Fiured) neeodisihe aréagplarited in R00%hich covered
15.19ha. The map alsimdicatesthe proposedstaging of the remaining area$hismap wasntended
as arough guide and the later plantings have been delay€&de plan is that 29.24a, equivalent to
43%0ftK S F I NI LI Ka willeveitilly bef plarteyl i pative specjesainly native forest,

WA

but includingareasof Silve TussockPoa citdA Yy WOAASGAYy I QfedasisSaQ y Sk NI G§KS

After plantingWaltons Ltdemployed workers to carrput poisonspray programmesaround the
shrubsacross althe planted areato release the native plants froitme vigorous growth of pasture
gras®s that threaten to smother the shrubs It is not known how many programmes were
undertaken but the last one was in tls@mmer of 2011/12.

Ecosystems Consultants lsdrveyed the 2009 plantings the summer of 2011/12.

This report shows the results of that survey. The survey sought to:
i.  measure the overall effectiveness of that first planting,

i. identify the specieswith S& (0 adzNBAGIEf FyR IANRBgGK 4 ¢nYlAX

iii. recommend optimum species and places for future planting,

v. ARSYdAFe Yiyl3SYSyd ySSRa i2 FOOS{SNIGS NBai:
v. LINPOARS olaStAaysS YSIadNBa FyR YILatha&a LXLIyQ

randomly selected subset can be efficiently monitored in future years.

¢tKAA ©S3SilidAz2y adaNBSeé s+ a O2yRddzOGSR LI NLifeé G2

NEBIjdANBYSyid (2 Y2yAd2NI I YR NB L2 NIHowoNR @ddBagioh 2y SO

of coastal forest is a nationally important conservation priority. Most of the east coast of the South
Island between the Catlins in the south and Kaikoura in the north are now farmland. Warm and fertile

10 peter Walton, pers. comm.
11 peter & Irene Walton, pers. comm.

5
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Figure 3: Restoring thadal flow to the southern arm of thePleasant River Estuary in 2009
The top photo shows the paddocks in the upper reach of the estuary arm before the causeway was
removed. Photos by Irene Walton
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coastal sites where biodiversity will natlisaflourish (Perley et al. 2062 are important sites for
recreation and environmental educatioiReinsertion of woody vegetation in farming landscapes

helps stabilise land, protect thmast from seawater incursions and dita changeand reduces the
amount of sedimentation and nutrient pallion of rivers, estuaries angearshore ecosystems.

Despite the national importance of coastal forest restoration, few quantitative descriptibtie

relative success and growth of native planting restoration efforts are recorded in the literatvee.
K2LJS GKFEG GKAA ONAST adz2NBSe IyR SaidlrofAaKYSyd
help guide other restoration programmes in tue.

12 Perley, C. et al. (2001).

8
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SurveyMethod

This survey of the native plantinffSigure5), began on 29 November 2011 and concluded 5 May 2012.
It took about 18 \gits, initially with a team of threebut later onlytwo or occasionallypone worker.
This teamwent through all areas which had plantings in 2009 and reedspecific information about
every plant they could find and information about the planting areAssample recording sheet is in
the Appendix

The information recorded for each plant was:

Speciesiame (botanical and common arn 2 Adie)

Height (recorded to highest alive leaves and not to higher dead branches)

Health of the plant described in a percentage

Clearance or level of smothering by surrounding grass/weeds (categoriesgA& dear B
= 10¢ 50% overgrown, C = 500% overgrown, and D = 90% to 100% smothered)

9 Location taken by GPS

i The section/aredhe plant is in (Polygon identity as taken from Planting Map 5.5.11)

1 Comments such as flowering, seeding, insect damage etc.

=A =4 =4 =

Additiond information recorded was:
1 A GPS trace of the particular polygon being map(féglre6)
91 Photos of the polygon taken from a vantage point with a GPS waypoint of this point
9 The aspect of the polygon recorded from a topographical map.

The survey of the eastern side of the estuary began with poly§imlate spring and most eastern
areas were completed by 13 Decembefhisincluded the rows of Toetoe, which were classified as
polygonWoetoe¥or our surveypurposesand not as parbf polygon Eas recorded on the planting
map. Jeff Matheson, a local contractevas beginning poisoning and the survey team needed to work
around his schedule by working either before or after when some rain had fallen to clear the poison.
Asurvey teanof threewasneeded at this stage to fight through the growth asybtematically cover

an areato find the actual plard, many of which were entirely covered with grass

Initially, poison patches were recorded where we found no plant. These wereahesie obviously

the surrounding grass had been poisoned to allow space for a plant to groaplart wasno longer

present. As the survey progressed through other sites (especially E), poison patches became less clear,
and more difficult to identify sthey were no longer recorded. The first areas that were surveyed (|,

J, K) may have been poisoned but the grass had not died at that stage. Occasional plants were found
hidden in grass that had been missedha poisoning. By the time that theesternside of the estuary

was surveyed the poisoning had taken affect and killed off most growth immediately surrounding
plantings and very few plants had been missed.

Heightwas recorded by using a wooden stick with a measuring #dfaehed This was 1.5etres
tall. If the plant was taller than the tapthen the stick would be lifted up and the rest of the plant
could be measured. The measurements would be added together to get the total height of the plant.
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Location was recorded using a Garmin GPSmap76CS x device. The GPS waypoints would be
transferred to a computeafter 1 or 2 days ofvork.

Clearance or smotheringecording had to have a defined standard. The system used was A for clear,

B for little bit overgrown, C for mostly overgrown, and D for completely smotheféis was further

refined to A for 610% clar, B for 1650% overgrown, C for 5090% overgrown, and D for 9D0%
smothered. The average height of the grass and the much less dense grass seed heads were recorded
separatelyat 10 random sites spread through each polygon

Identification was madesimpler by theprovided list from the nurserwhich supplied the plants. This
limited the possibilities. Initially, notes frofooleand Adam¥ were needed as well as visits to the
Dunedin Botanical Gardens until we had encountered most species andwedfineir identification.
David Blair confirmed the identification of some-familiarplants on day 3 of the survey. Small size,
lack of mature form and possible reactions to poison made some identification difficult.

1 Manuka (eptospermum scopariulnand Kanuka Kunzea ericoidgswere difficult to
distinguish at this young stage unless they were flowering or had seeds. Only occasionally
these factors were presentlf there was a definite identification of Manuka or Kanuka that
tended to influence how otérs around it were identified.

1 Southern Kowhai$ophora microphyllipandNorthern Kowhai Sophora tetrapterd caused
some uncertainty.A small southern Kowhai is very clear to identify with its tiny leaves and
tangledjuvenileform and a northern Kowhas also very clear to identify with it large more
oblong leaves, however there is a middle range which could be older southern Kowhai or a
continuum of hybrids toward the northern larger leaf. This confusion should resolve with
maturing.

1 Lemon wood (Pittosporum eugenioidesis usually very easy to identify but was more
challenging here as it often looked sickly.

9 Pittosporum tenuifolium colensinay have been recorded &ittosporum tenuifoliumin the
early stages of the surveas theylook very simila. Therefore they have been combineith
the results

1 Coprosma parvifloreand Coprosma propingugboth knownasMingimingi) may have been
confused at times thereforehey also have been combined in the results

1 Hebe buxifolia(Hebe odorajand Hebe elliptca may have also been confused, so have also
been combined in the results.

Healthwas recorded as a percentage where we noted the approximate amowaivefleaves to dead

branches present. If there were no dead areas but only a few live leaea®caded this as 100%

Ff A0S odzi 2FGSy O2YYSYyiSR WalLAyRfeQo W{ LAYRf&Q
height of the stem, stalk, trunk, appears low. Often tHvaleaves were only at the head suggesting

that the lower branches had died du® the smothering or poisoningr being eaten by haresWe

took account of burnt or sickly leavéis measuring alive percentagéWe alsorecorded if plants
appearedeaten. On the eastern side any eating seemed to be nibbling perhaps by hares or insects.

On the western side in late summer there was more evidence of insect damage.

BLindsay Poole and Nancy Adams (196@es and Shrubs of New Zealand

12
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We treatedthe Cortaderia richardii(Toetoe) plantingsasa separate area and did natitially take
waypoints or record height of the Toeto&his is because this is the only location Toetoe are present
(except for 1 or 2 in polygon Velhd it would have been very difficult to accurately measure the height
of the plans as they wereverylargeandclosely crowded Toetoetherefore doesnot appear on the
graphs recording heightThe plants were counted: 189 to the east of the outlet from the dam and
352 to the west of the outlet (541 in totalOther plants present in this polygon were measured an
recorded normally.Of the800 Tetoe bought,PeterWaltonsaid some plants werdst to the tideQ
because they were plantdatlow the high tide markefore the estuary had foundsnew level.Later

we went back to take waypoints of each plantestimate their overaldensity.

The height of the grasi each polygon was also measured. In early May at the end of the survey,
random readings of the grass height were takefien samples from each of the polygons were
measured (except from polygons | and W, where only 8 and 6 reamdegsctivelywere taken due

to smaller areg). The height of grass as ground cover and the height of seed head stalks were
measured and densitgstimated.

13
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Results

Qurvival rates

Of the 14,14%lants hat were purchased, only 82(4,568 had survived and been recordedurvival
varied enormously between the speciedf the 14,14&lants bought, 7,406 of them were of species
with a survival ra¢ higher than 40%, and 6,742 were of species which experienced a survival rate
lower than 20%{Figure 7. Overall survival rate was supresdeyithe failure ofa few select species
which had a high amount purchased, yet scoeedurvival rate lower than@®% (Figure 7)Kunzea
ericoides (15% survived of 1462 plantgd Nothofagus fusca (10% of 998) Coprosma
parviflora/propinqua(3%of 820) Nothofagus solandri3%of 711) There is a group of 13 species
which have a survival rate below 20%, of which 8 are below 10%, 2 beingjl@®4wo species that
scored 0% also had a small number of plants purchased compared to other spatit® other
extreme, all 18@lagianthus reiyissurvived There are only three species which had greater than 600
plants purchased and still hadsurvival rate higher than 40%ittosporumtenuifolium/colenso{56%

of 1,497 plant}, Cortaderia richardi{68% 0f800); and Podocarpus totargs9%of 640).

Cortaderia richardiiToetoe) was planted in a suitable habitat at the edge of the estuary and 541 plants
have thrived. They have grown quickly and higher than grass, crowding itSoue were
inadvertently planted below the high tide mafkwhich accounts for their68% survival which
otherwise could easiljavebeen100%.

Myoporum laetum(Ngaio) was the only species planted in a block which we have catfedNyaio
has vigorous growtland while the plants were not particularly tall they were wide (width was not
measured in the survey) artley looked very healthy Wwen surveyed on 22 April 201Zheir survival
rate was 51% when surveyedNhen this area was revisited in early summersmof the Ngaio
appeared deatf. Ngaio will tolerate a light frost but Otago did have snow to sea level that Winter
Ralph Allen in his bodkative Plants of Dunedin and its Envir@es/s of aio that "though in winter

it can withstand heavy frosts, emdight frosts in spring when the sap is rising, can cause its déath.
is still a common coastal tree in this district.”

Remaining species composition

A combination of variable numbers planted and their differential survival nagans thata few
species are far more common than othefSsigure 8. The most common speciese Pittosporum
tenuifolium/colenso{18%) Cortaderia richardi{10%9; Podocarpus totaré8%)and Cordyline australis
(899 of the plants each Altogether 36different speciediave been established in the first tranche of
planting at¢ n Y.| Thvo speciesCarpodetus serratuand Olearia avicenniifolidailed to establish
anywhere on the plat

14 Peter Walton, pers. aom.

BF2NJ 2.2y Qa f2i

16 peter Walton wonders if they were not a locally sourced species and therefore not tolerant of the climate at
¢nYl A

170n 27 July 2013, we observed that twemiye Ngaio plants had recovered fully from the earlier damage.
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Plant growth, escape from grass competition, and exposure

Most species hdian average height between 0.5 and 1.0 metagsl aly 7 species have average
higher than 1.0 metreg¢Figure 9. The average height of all species is 0.92 metres with a standard
deviation of 0.39 metres.Plagianthus regiusnd Olearia dartoniiwere by far the talleaverages
above 1.5 metres Fourspecies averagkbelow 0.5 metres, the lowest of whicklasPseudowintera
colorata(0.24 metres.

The average height of the grass is 0.54 meffagure 9 with a standard deviation of 0.17 metres,
while the grass seed heads have an average height of 1.19 metres and a stdedattn of 0.23
metres. Even the top error bar foPseudowintera coloratdoes not reach the bottom error bar for
the grass height.Most of the survivingspecies have an average height which is greater than the
average height of the grassvard However, only the top 5 species have an average which is greater
than the average height of the seed heads

Onaverage 79%f all survivingspecimensgs S NdBmphtely clea® 2 T 1136MIS &ldbEtljcleal) >
6% werehostly covere@and 3% S NdBmpketdy coveredFigure 10. Thisvarieda lot between
species.Thosefew specieghat aredoing extremely welhaveover 90% of theisurvivingpopulation
classed as completely cleaf grass, whereafur species at the opposite end of the spectrum had
less than 60% of theirsurvivingpopulationWompletelyclea® 2 ¥. I NI a a

Thirteen percent oPseudowintera colorataere Wompletely covere® = | Y R 8% ver® dadstiyK S NJ
covered2 It had the shortest height recorded aqmesented with a very short stunted form with a
dense mat of leavesThis is not its natural habit and we surmise this was due to being smothered or
knocked back by the poison and then recovering after release with a new crop of leaves starting from
ground level again.Fortytwo percent ofHebe buxifolia/ellipticavere eithermostly or completely
covered

Smothering by grass clearly causes a lack of vigour, defoliation and death of parts of some shrubs.
Three species are particulaard hit in terms ofcarrying dead shoot and leaf tissue close to the
ground: Dodonaea viscos# t dzNJ1 Jdebddade®viscosand Cassinia leptophyljaall of which had

W1 S Iséotek(gercentagef shoot judged to be alivdgelow 20% for 0.01 to 0.50 metréSigure 1).

Many species sbw a trendfor increasing health as the shrubs height increasesome species only
60% of the remaining plant was alibetween 0.01 and 0.50 metresompared to 85% forshrubs
0.51-1.00 m, and >95% for shrubs ovemgtre tall. Howeve, Leptospermum scopariufollowsthe

trend until it reaches 96% at 1.562 m, but then health drops to 65%for >2 m Pittosporum
tenuifolium/colensodoes a similar drop from 100% to 53% alive-at2m It is likely that these latter

two exceptions result from wind or salt burn as their leading shoots emerge from the protection of
the grass, but insect damage may also have contributed to defoliation, especiiléy/ratrthern end

of the western side athe restored estuary arm.
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Average height of all species, all areas, with grass comparison
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Smothered classification percentages for all species
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Percent Alive
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Figure 1. Percent of plant alive with differenheight classes, all areas
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Growth rate

The obvious evidenda the graphof smothering, and low overall survival of some species, suggests
that there is a premium for rapid growth to escape competition from grasses i theYriestoraton
project. Exposure to winds, which can be severe, cold andesihat ¢ n Y, ks An obvious potential
driver of variation in growth rate and survivaHowever, we found no evidence of associations
between the predominating aspect of each polygon ahe height of 4 most common species for
which we have adequate dat&ifures 1215).

Density of each area

Area Dand Toetoes haithe highest densitiegnore thanl.2 plants pesquare metre Figure 18. Eight
of the nineteen areas have a density whicheiss than 0.4 plants pexgquaremetre. The result is a
somewhat sparse and patchy emergence of shifidigurel?).

The heat magFigure 18 indicates that some areas are notably more successful than others. Many
of the most sucessful restoration are ifessdry, more moistgullies, others are the eastern facing
slopes These eastern facing slopes aeltered fromthe south westerly wind and Peter also
surmised that shade from the western sun would have helped their survival.
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Figure 2: Cordyline australideight with aspect Polygons are arranged in order of increasing eage height measured in degrees
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Kunzea ericoides height with aspect
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Leptospermum scoparium height with aspect
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Pittosporum tenuifolium/colensoi height with aspect
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Figure I7b: Close up photos of polygons K and LTTatY' [ A . S OK {. yOl dzZt NB HAnMH
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Figure 18: Heat rap showing most dense areas of planting
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Discussion

Foundation plantings: a promising start but  there is still a long way to go

Of thel14,148seedling shrubplantedat ¢ n Yih 2009, 32 were still alive 3 years latethen we did
this survey This has established (orestablished!,568plants of 36different speciesvhere a mixed
broadleaf and podocarp forest once stood. #h&68surviving plants argpread throughoutl5.19

of the 29.24 ha that have beendesignatedfor regenerating forest to achieve the Resource
Management Act permit targeso approxnately 52% of the target area has been partially restored.
Many of the faster growing species have now reached a size where they require little or nedpllow
care. This can be a source of considerable pride for Peter and Irene Walton, directors oh§Jal
andit represents a promising start for adding conservation value to coastal @igontracted by
the Resource Management Act consent for the subdivisibimere is every reason for optimism that
forest regrowth will eventually be successful@th Y bedause of the (i) rich agricultural soils, (ii)
absence of domestic stock, (iii) high growth rates and survival of some species already demonstrated
at¢ n Y, lank (iv) presence of forest remnants at Goodwood and Tavora within 3 Knm of froi
where birds can carry seeds.

It is difficult to say how this rates in terms eXpectedefficiency of restoration investmeriecause

no other studies have reported survival and growth of native woody vegetation in pasture in coastal
Otago. Considering the considerable effort invested by Waltons Ltd to prepare the site, do the actual
planting and then followup with herbicide spraying to release plan®% survivalmay seem
disappointing. Certainly many of the planted areas look ratherrsgaanddo not meet the aesthetic

and normal criteria by which most people would designate it agrosving forest. The surviving
woody plants are todar apart to have any prospect of closing a canopy to exchadturegrasses

even after decades. Capyclosure and elimination of the thick cover of gragsake keyecological
Wpping poinkwhere natural regeneration of a range of forest species can naturaiyeerCanopy
closure will naturally eliminate competition for light, water and nutriefitsn the vigorously growing
pasture specie’€ and allows a whole new array of native species to establish and gedimination

of the grasses allows seedling establishment, prolongs their survival and creates a whole new micro
environment where some lesggorous but lowlight-tolerant species can persist. Arrival of forest
birds will further accelerate restoration by distributing seed and colonization of bare areas under or
between existing woody shrubs.

What determined the survival of the plants?
Survizal probability was probably determined by fixed species characteristics and perhapzetzend
guality of theshruls provided by the nursery. Ability to withstand transplanting and cope with frost,
browsing mammalghares and rabbits)competition fromgrass, and having a fast growth rate to
emerge from the grass sward are all potentially importafihe more successful speciesHigure 7
correspond closely with the tallest species kigure 9(Average height with grass comparispn)
suggesting that hamg a high (vertical) growth rate to escape smothering by grass is the most
important criterion for successFor example:

1 Plagianthus regiugLowland ribbonwood) has the most successful survival rate at 100% and

is also the tallest species. Only 180la&tspecies were planted but they all survived.

18 Native Forest RestorationA Practical Guide for Landowndiisn Porteous
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9 Cordyline australisvhichhad the second highest survival rate and fourth ranking in height
such a species with a strong upward growth that is rapid.

9 At the other extreme, the sprawling growth form of sor@eprosmasnake them vulnerable
to smothering by grass and keep their succulent stems and leaves in the browsing zone of
hares and rabbits fomuch longer.

1 Similarly Pseudopanax arboreusnd P. crasifolium were the 2nd and 4th shortesand
clearly struggled taompete with the grassPseudopanax arboredsd RS a ONA O SR al &
Ay TFT2NBald NBINRPS(KE @oXBKAYIAR dzé ESKRIE AXNYNE &2
range even in the absee of competition with grass.

1 Nothofagus solandandNothofagus fuschave a tall habit but are slow growing. Their natural
KFoAldlrd Aa FT2NBad yR GKSe& KI @S adNuzZa3It SR i

Dodonaea viscosand cultivarDodonaea vi€ & S W LIdakealdd)Ndtebulliersto the correlation

between height and survival rate i.e. thegnked 4" and 3" in height but survival ratesvere only

41% and 17% respectively. We often found plarftthese species to bestablished but carrying

full load of dead or dying leaves Going Nativé® Dodonaea viscosa is describkdd G O2F a Gl f ¢
G2t SNIXYyad 27F Y2 & sceibletdhbavyiidsyssalttd vildkeRistaftkuses: tedge,

aKSt GSNE ydzNAESNE I Wether2fgré surmigeRhatihey et either kit Dyifost, or

that they wereparticularly susceptible to the poison spraysed to release the plants from grass

More of the southern varietpf kowhai,Sophora microphyllaurvived $6%cf. 13%}hanits northern
counterpart, Sophora tetraptera yet both attained similatheight (Figure9). This may reflect
adaptation of the southern species to colder climate.

Coprosma robusthad some healthyndlarge specimensut towards the end of the survey in late
summerwe struck some that appeared sickhit by some blight.Its survival is 69% whiceems low
given its name and nature

Next steps

Combating threats of smothering and browsing mamma&isiothering by grass undoubtedly the

biggest threat tdhe establas KA y 3 LJt I, ind &Valtbns Ltdhéaveé ivdrked to address this threat

with spraying programmesThe large area has meant this has been a huge fékk.vulnerability of

some species to becoming smothered by grass can be overcome in future by nectereffeleasing

2F GKS LIXIFyda GKFy 200dz2NNBR | i ¢Welspectthe pododeLILI?2 NIi
spray has adversely affected some of the plaktmcking them back for a period amtaybe Killing

others. However grass would have definitely killed them, sgrayingwas definitely thelésser of two

evilQ Applying thespray using hoods over the nozaled only in very calm conditions will reduce risk

to the native plant, but prior weeding or trimming the surroung long grass will also help by ensuring

that the poisoned grass does not blow back onto and thereby contaminate the shtulching could

0S dzaSR Fta Fy It4dSNYFGAGS (2 &LINIeAy3dgeay avYl ff

¥118F1S YSIyada WLR2ND 2N WAYTSNIAES az2Aibofondey anz2NR | YR
viscosaOlearia avicenniifoli;andOlearia traversii

201an Spellerberg and David Given (206®jng NativGrowing and using New Zealand native plants)
Canterbury University Press
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increase the rate & dzNJJA @ £ 2 y?. RINSEas? Q)9 arel taid BeZdgy. Drought resistant
plants were selected for this location but Peter Walton reports the summer immediately after planting
(when the seedlings were still vulnerable), was particularly dry andoibt caused added fatalities.

With the exception of hares, there are relatively few browsing mammals to threaten seeding survival
at¢ n Y. IPdssums are virtually absent, but may eventually become a threat once forest cover gives
them shelter for densRabbits are a potential problem in a few patches, especially in freely draining
and warmer sites and on the sandy fringes of the estuditye hares may account for more damage
than our survey could identify at this stégand are likely to be a particulgroblem in winter and
spring when they seek sugar from growing tips and stem b&Es8ategies to deal to the hares are
needed. Poisoning with 1080 threatens the pet dogs that roam aver Y, bril they are very difficult

to trap. Inviting skilled hunts to shoot them is the first response, and encouraging ¢he Y I A
residents to get a gun license and shoot them is the only practical opttas.impractical to erect

wire mesh or plastic shields around all the plants to prevent hare and rabbit br@xsept where
residents wish to establish salient plants on margins or out in the open for aesthetic reasons.

Enrichment planting in patcheBurther and more successful releasiogmulchingaroundthe small
and currently smothered specimernBigures9-11) can recoup some of the investment already made
in the planting However the most important next step to is to accelerate planting of new shrubs and
couple this with much more effective folleup releasing of the shrubs in their first three years.
Wildland Consultants advocatétithat indigenous vegetatiome established in pockets rather than
attempting broad scale planting over large areas. This strategy was recommieeckase:

T aAlG A& K2g LI IFyda ylFridNrfte SadlrofAiAak IyR

1 birds are attracted to gwves (rather than individual plants) and will nest in them and distribute
seeds to them, fostering natural regeneration;

1 the crowns of trees grow outwards, shading out competing grasses and allowing new

a LJl

seedlings to establish at the edge of the grove, idBA Y3 A G0 o0t 2Nl S2dzA Mo (

We would add that planting patches of forest is also important for building confidence and an
aesthetical appreciation for what is possibl@his approach of focusing on patches caw be
adaptedby targetingconsolidation of he denser areashat were established ithe 2009 planting
programme Figures 1& 18). Additional enrichment planting to consolidate the partially restored
areas and speed up canopy closigaow needed.

Use nurse cropd dzZNBE S ONR LJA Yl & 0S5 gradiiteks a ShalleifgifgNubitadiforl (i

native seedlings and a nurse crop would create a more suitable habitat for more vulnerable seedlings.

Tim Porteous recommends tauhin@gssinia leptophyllalso known a®©xthamnus leptophyllysas
I adzO0S & a ¥ difoccurs/neuNgilySon foril@cbastal land where it can grow as high adtsm.
does not live much beyond 15 yearBepending on the density of the tauhinu, appropriate coastal

21 Native Forest RestoratiomA Practical Guide for Landowndiisn Porteous

22 A later plantingorogramme around Lot i 2013clearlyidentified haresas significant destroyers of new
plants This planting was into mown areas so it was easy to initially check pkfior® becomingbscured
amongst tall grass. Hareipped off the leading shoots, sometiméspping themon the spot rather than
ingesting thent, a welkknown irritation that is thoughto helpthem wear down their teethwhich grow
continuously. Hareparticularly targetedOlearia odorataand cabbage treeand sometimes gnawed them
backto just leavea stump.

23 Comments on hares from Valerie Fay at Orokonui Ecosanctuary.

241n their report no. 1839.
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species such as akrialf@learia paniculatp coastal flax, taupata, cabbage tree and ngaio can be
L ' yGSR Ay 0SGo6SSy GlFdzKAydzz 2NIJ2X FYyiSR Ay 3t LA 2

Which species should be planted next?

The first plantings departed markedly from that set out by Wildlands as part of the Resource Consent
application for¢ n Y (se®e Appendix B), and the survival rates of the species varied Bidotré 7.
Accordinglythe current composition of the growirfgrest (Figure 8 is somewhat serendipitous. Next
investments in planting should follow a more structured plan that maximises the rate of achieving
OFy2Lk Oft2adz2NB FyR adlFNlia G2 dGFNBSG (GKS S@Syidz f
is to try to mimic the species composition and structure of the forest that is likely to have existed at
¢cnYFrA o0ST2NB Al 41 a OftSINBR FT2N FIFENXYAy3ao® ! LIN
composition within forest remnantsiicoastal Otag® identifies 54 spedes that probably grew at

¢ n Y Blokwhich are not included in the Wildland proposed planting gl&ppendix DTable AR

Cross reference of a high probability that a given species was originally present with a goal to have at
least 100 spamens present was used to identify the number of species for which there is adequate

2NJ AYylFRSIljdzZ S NBLINBaSy Gl A2 Yhislsimewhat ¥rbithary divisbd dzyy 7
suggests that just 6 of the original species are already adequately rgpieeER a2 YSGKSNB 2y
and that 32 of the original species are still absent or represented in too small nunBendarly, 12

of the 34 species recommended by Wildlands are now represented. There is no prospect that all these
inadequately representedpgcies can or should be planted immediately because many of them will

not survive until a forest structure is in place to eliminate the understory of grasses, break the wind,

and create new microhabitat conditions that are more typical of mature forestvelheless, we

suggest that some of the canopy species listednadequately represented so fiarAppendix D are

given priority innew planting schedulesn particular, kahikatea, houhere, miro, mapdinprosma

rotundifolia, mahoe, putaputaweta and koktuku are relatively large and erect species that are
conspicuously missing.

Twentyfoura LISOA Sa KIF @S 6SSy SadlotAakKSR 4G ¢naYEFA o6 G
in the predicted original forest composition; and 21 species have been sttatilthat were not
recommended in the Wildlands plan.

Fire resistance is an additional consideration when considering what to plant. Prolonged dry weather
Oty YI1S GKS f2y3a 3aANI&aa FNBlLa G ¢nYlFA SEGNBYS
there is a need for extreme care to observe fire bans. The fire risk from the different forest species is
reasonably well known and many of the species planted in 2009 have high flammability *atings
However, it is important to keep this risk in ppextive: the expected fire risk in broad terms is
expectedto scale (highest fire risk first) as {Bnk introduced grasses; (2) some of the large native
tussocks that build up considerable thatdB) native forest; (4) silver tussock (which does noldbui

up a thatch to fuel a firéj. The best overall strategy is to maintain a gap betweas forest and

K2 dza S& I thaintamivgbraadrbodvn perimeter.

25 Native Forest Restoration A Practical Guide for Landowffier$orteous p154
26Wilson & Alan (1991).

2TLiam G Fogarty NZ Fire Service Commisson Research Re0dit

281n litt, William Lee.
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Slow growing species withtall habit are recommended for insertioonly in a secondary tranche of
planting once the grass is almost eliminated or reduced in vigour because of restricted light. Good
examples of these second tier plants are tathofagusspecies.

The survey data gives clear information as to the most suadesiécies at n Y (Sée Figre 7) and

these are useful plants to consolidate the denser areas in future. Certain plant species can be targeted
to attract birds to accelerate natural succession towards native forest. Some species for consideration
are liged below, but this is by no means a complete list and a-tenm plan is needed

1 One species that is hoticealdgarceat this stage and which would be good to get established

is flax:Phormium tenaXNew Zealand flax, harakeke) aRtlormium cookianunimountain

New Zealand flax, wharakriki). They are propagated by division and fans can be split off from
established plants so if a source is available they can be acquired for Tieey are fast
ANRgAY3IAS YR OFy 02 agAYROfIdzRANVHS ZNFhgRS yAT 51
can compete with grassBig plants would provide wind shelter for further planting and the

flowering stalks would attraatectivorousbirds.

Ngaioare particularly suited to coastal sites and were planted on the mastvaed ridge of

¢CAYLFAZ &2 OSNBndSEdpy@ SR (2 6AYR

Plagianthus divaricatu&alt marsh ribbonwood) has a natural habitat of the estuary edge and

Oty ©6S &aSSy 3dNBgAy3d | G WhikoSaiti Rivell SnBsiuanySriead S | NP
Karitane. K & | KIF NR& LI Fyd FyR KIFa | cm: &adzNBAGI
the hillsides and will be out of place in the eventual forest settiitgis best suited to the

estuary edge where most other species wostdiggle but it thrives

Hebebuxifolia (odora)and Hebe ellipticagrow naturally on the East Otago coast in exposed

places but despite this hardiness they have a low survival rate probably due to competition

with grass for nutrients and light.

Kunzea ericoideis ideally suited to theearly stages of forest regenerationrKanuka and

al ydzZlI NS RS&ONMXOSR lofunmahagedpastlirgagdfidesdnueg @ 02 f 2
O NR3.J&anuka prefers drier and more fertile soils than ManuKasere werel462 Kanuka
seedlingsplanted at¢ n af, however is survival rate is only 15%. It is hardlte certain of

what factors have contributed to this. There may be some misidentification with Manuka

which had a 42% survival ragéend prefers more moistureThere is a warning iGo Wild-
Guidingnative restoration in Tasman Distridty Maggie Atkinson and Michael North that
GalydzZllr YR YIFydzZll Ydzad yWerecsmm@sl paiiskebck tdJ N2 2 (1 &
establishbandsofiKy dz] I G ¢AYFAZ o6dzi GKFG aLS @it t OF NE
grass competition and nurture them to the rapid emergent growing stage.

Podocarpus totarés describedy John Dawson and Rob LucaBigld Guide to New Zealand

Native Trees2 @ 0 SKI @S  Xolrfy Trees &dedfteh gekriiod tdimland owingsto
LIA2YSSNI 6SKF@A2dzNJ 6 AG 3AINRggaAa Ay (GKS 2LISy0x dzyl
LG OFy G2ftSNIGS RNRAzZAKG 02y Rhtivélydofvandhe firdt G & & dzN
LJX Iy & Ay 3 dut it i$ justbigifhhig 3o clear the ags height. Peter Walton reported

29 Going Nativdan Spellerberg and David Given.
30 Native Forest Restoratiofim Porteous.
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that the first summer immediately after planting was particularly dry and East Otago can be
very dry in summer so Totara is well suited to these conditions.

1 Together Pittosporum species offer considerable opportunity tdose the canopy and
accelerate natural regeneration.Pittosporumtenuifolium with Pittosporumtenuiflorium
colensol NE (KS Y2aid L2 uKglreBdzas thelGltaffleStspecies, thewere A
alreadybecoming visibl@bove the grasat the time of our survey Pittosporum ralphihas
alsoprovedto beK I NR& F2NJ ¢nYIlFA ¢A0GK | "jadestBoedeslf NI (S
has thicker leaves with tomentum on the undersidttosporum eugenioidas usually hardy
withvigoroldw IANR gG K odzi Fd ¢nYlF A Rssunlivalials is AeaBRNda A O ©
it is 19" in height ranking. We suspect it was affected the poisorincreased care when
spraying and use of mulch may help it establish faster

9 Olearia traversji(alsotraversiorun) (Chatham lend Akeake) is indigenous to the Chatham
Islandswhere itA & Of  aaSR Fa | GKNBIFIGSYySR aLISOASaod L
IANRPGaA Ay YARIEKSANSTR NB &in beihvandihastasunival rate of 68¥he
Dunedin City Council plants this species in very exposed situations where it grows well.

1 Olearialineatadartoniiwas the2" tallest andhad3™ highest survival rate (85%}t has long
and very narrow leaves that are needilke with rolled edgescommonly known as the twiggy
tree daisy. Itis easy to grow and is tolerant to drought, cold and windy conditions. It is widely
used in revegetation plantings

§ Olearia avicenniifoli@a O2 YY2Yy VY IYS 1 1SF1S 2NJaz2dzyidlAy ! 1S}
spreading, bushy shrub growing up to 3m high.is endemic to the lowland/mountain
scrubland throughout South Island and Stewart Island. The shiny, leathery, green, lance
shaped leavesra 5¢10 cm long, with white tomentum beneath. In autumn this tree daisy
produces sweetly white scented in much branched flower he@dsavicenniifoliavill tolerate
dry condtions£32 This plant proved a mystery to the survey teantad Yl A Y 6 So NB O2 NR
O. avicenniifoliaso either none of the 50 plants survived wraybeit was misidentified in the
survey withPittosporum ralphjiboth having tomentum under the leaves.

Elimination of invasive weed$: KS 02 & 2F NBad2 NI  ArédycedbFabJeacdlS A
of gorse(Ulexeuropaeuy, and the restriction of broonfCytisus scopariyiso the northern tip of the
sanctuary. Elimination of the broom altogether, as soon as practicable, will reduce the seed source
and slow the accumulation of a seedbank that might reinstate the plants after each control eépisode
Control should benaintaned every two years until no further regeneration is noted, and any plants
found elsewhere on the estate should be immediately destroyed.

A communal nursery for communitpllabordion: Wildlands Consultants recommended establishing
anursery at n Ydndthis was listed in the Resource Consent as an intended Stepmunity effort

can help speed the maturation of the forest once the basic forest canopy is established by the
developers, as has been promised by 2018. Cuttings are an effective and fast prapagating
native plants.Cuttings could be taken from the successfully established plagtsiaY; buk collection

of new species from the nearby Goodwood forest remnants and small patches of remnant vegetation

31 FromField GuidtoNS ¢ %S| f | Yy R Q ®awkon Jiahd2.8casy RIS S &
32T E.R.R.A.LN. Taranaki Education Resource Researcsig\aatyInformation Network
(http://www.terrain.net.nz/terrain/nome.html).
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in the seawardacing gullies of the fan just south of¢ n YWwodld help ensure local adaptation to
coastal and semarid conditions.

The value of followp monitoring: this initial surveycovered the entire area in order to find every
surviving plant from the 14,148upplied bythe nursey.The records, GPS locations of each specimen,
and the maps (Appendix C) now provide a firm baseline from which a subset of plants can be tracked
in future. We suggest that a stratified random selection of plants be earmarked-foeasurement

every 35 yeas. A minimum of 40 of each of the main species, and of some critical species for future
ecological function of the ecosystem, should be monitored. Stratification of the sample for exposure
to wind and distance from the sea would allow test of hypothesesdeterminants of gowth and

plant vigour. Longitudinal measures of the strength of flowering and fruitimgd help track the rate

of reinstatement of forest ecosystem processes. Flowering and the arrival and abundance of
pollinators are crucial nexateps for natural plant propagation. We expect increases in the diversity
and abundance of insects will be an early sign of restoration success and that this will trigger
colonisation by insectivorous birds, especially early colonisers like far®difsidura fuliginosa.

Arrival of frugivorous birds (especially silvereyes, bellbirds and tui) will herald accelerated natural seed
dispersal and the beginnings of natural ecological selection of the most successful and suitable plants
for¢ n YQraA T 2eNderaté phantindsof nectar plantsill encourage the honeyeatemnd provide

the much needed energy sources to secure a resident population of birds throughout the year.

Measurement of reinstatement of these critical processef considerableinterest for guiding
selection of species in other coastal forest restoration efforts in Southern New Zealand. Re
establishment of the highly depleted coastal forests between Kaikoura and the Catlins regions is a
O2yaSNII GA2Yy LINA 2 Mdtuag cdmmubitdesl cohgervation efforSis alpitengially
important model for coseffective and ecologically sensitive coastal development to help achieve a
nationally important conservation gdal It will also greatly increase the aesthetic appeal kmdi

value$T2NJ 6 KS NBAARSydGa 2F ¢nYFAZ &a ¢Sttt Fa LINRGJ)

surrounding ecological landscape.

34Moller & Moller (2012).
35 Moller (2012) reviewed overseas studies that showed increased prices are paid for land (sometimes by as
much as by 64%) where forest covers arobtatf of the ground.
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Conclusion®& Recommendations

I ANBFG aGFNI KFra 0SSy YIRS (2 NBaanenyk3l0@mhesl G§A TS
establishedt,568shrubs from36 species Some of the plants are growing very well and will need little

care from now on.However survival of the original plantings has been Idgcause of smothering

and other possible factorgndthe species selected did not follow a structured plan for restoration.

The resulting density of native species is too low and very patchy, and large parts of the existing
replanted zones now will need further enrichment planting to accelerate canopyrelos A

additional 14ha of the ¢ n Y grdssland await first planting of native woody vegetation or native
tussock grassem the coming yearén order to fulfil the Resource Management Act consent that
created the farm park subdivision.

We recommend thafuture planting effortsinclude the following steps

1. Establish andoilow a designated plan designed to fasten and reduce the expense of attaining
I Fdzf £t & Fdzy OGA2y Ay 3 Ay RA IS (idisdnight Oc2alrevdisionto T 2 NB 4 |
the originalplan provided by Wildlands or incorporate significant additions)

2. (onsolidate the moredense areas identified in the heat m#éBigure 18Yo hasten canopy
closureand create solid patches of vegetation that can then in turn shelter new plantings on
their periphery

3. Goncentrate on smaller mormanageablgatches in new areas once the existing patches are
fortified (as in 2 hove).

4. Pant more of the proven successfgpecies from this surveyut extend especial care to
release and protect important additional species that have not done so Weibrity should
be given to establishing canopy species that were identified as most likely to have been
present at Timai before clearance for farming, but are not established in large numbers so
far.

5. Wait until plants are more grown before planting them out so they will require less releasing
before they outstrip the grasand also become less vulnerable to hare browsing

6. Egablish a second tier of forest species (ones not yet able to survive) to be planted only once
the canopy has closed on several patches and the grasses eliminated.

7. BEnsure that species which provide good nectar and fruit sources are included to attragt bird

8. Ingeneralinvest more in followup care of plants in the first-8 years after planting, including

a. usemulchingwhere possibldo reduce grasas a competitor for nutrients and light
and to help retain moisture in dry periods.
use one shieldon the sprayewandwhen poisoning around plants.

Cc. use weed eaters to clear around established small shrubs to avoid herbicide
applications being brushed onto the shrubs

d. hand weed near the stem of plants teduce competition an@voidaccidentaly ring
barkinga plant whenusingautomated weed egers

e. instigate a vigorous hare and rabbit shooting program to reduce browsing damage

f. LINPGSOG LI | isuficient Rate KontwxanAoS e @chieved.

9. Eliminate the broom colonizing the northern most poifitThmai Beach Sanctuaas soon as
practicable and maintaintw@ S NI @ O2y iNRf STFF2NIa G2 Tt dzakK
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10. Keep records of future planting and follayp measurements on a stratified random selection
of the plants mapped and measured in thistiad survey so that continuous learning from
SELISNASYyOSa i ¢ n-affective Edhstal fdkeSt fektbrafiaizin fhé eadd foast
of South Island.

11. Take photographs from the same GPS piitérmittently to visually record changes.

38



¢nYFA . SFEOK {FyOidz NB @I f dzSa

References

Allen, R. (1994Native Plants of Dunedin and Its Envilensb 2 ® o Ay G KS W{ 2 dzi KSNY
5dzy SRAY bl lddzN> f A3G4Q CASEtR [/ f dzo o

Allen, R. B. and Wilson, J.B. (1994 Method for Determining Indigenous Vegetation from Simple
Environmental Facts, and its Use for Vegetation Restoratidiological Conservatidst: 265280.

Atkinson, Maggie and North, Michg@012)Go WildGuiding native restoration in Tasman District
Tasman District Council.

Dawson Johnand LucasRob (2012field Guide to &v Zealand Native TredSraig Potton Publishing

Fogarty, Liam GNov 2001)A Flammability Guide for Some Common New Zealand Native Trees and
Shrub Specieflew Zealand Fire Service Commission Research Répufier 20.

Metcalfe, Lawrie (2007The Propagtion of New Zealand native PlantRevised edition). Godwit,
Random House, New Zealand.

Moller, H., Moller, S. . (2012)y SANRBY YSy Gt FTyR [AFSadtetsS =+ fdzsSa |
Ecosystems Consultants Report No. 2012/03. 32+ v pages.

Moller, S.I. (2012Fhe Economic Value of Environmental Amenities and Restoration for Rural Land in
New ZealandEcosystems Consultants Report No. 2012/02, 22 + vi pages.

Moore, Mike (28 September, 200AValtons Ltd Farm Landscape Assessment Reptike Moore
Report. Dunedin.

Moore, Mike (18 October, 200Broposed Farm Park Waltons ILtandscape Development Concept
Mike Moore Report. Dunedirrpp.

Moore, Mike (May, 2010)andscape/Ecological development and Management Plans tdsahd
Lot 23,Waltons Ltd Farm Parike Moore Report. Dunedin.

Otago Regional Council (20@)vironmental Considerations for Clean Streams, A guide to managing
waterways in OtagpOtago Regional Council, Dunedin, New Zealand.

Perley, C.Moller, H, Hamilton, W.J., titcheson, J(2001)¢ 2 6 NR& &l ¥S3dzZ- NRAYy 3 b
Agricultural Biodiversity: Research gaps, Priorities and potential case Strdiesy.stems Consultants
Report23. 230pp. (2001)

Poole, A. L. and Adams, N. (1994) Trees and Shrubs of New Zaédaraadki Whenua Press. (First
published 1963).

Porteous, Tim (1993ative Forest Restoration, A Practical Guide for Landowhezen Elizabeth Il
National Trust, New Zealand.

Robins, M.J. (200G eotechnical Assessment for Proposed SubdivisRieasantRiver Farm Park.
Geolink report, GTR 56.

39



¢nYFA . SFEOK {FyOidz NB @I f dzSa

Spellerberg, lan and David Given (eds.) (2@¥®ihg Native. Growing and using New Zealand native
plants Canterbury University Press, New Zealand.

Waitaki District Council. (200¥Yaitaki District PlanOamaru. Ne/ Zealand.

Wildland Consultants Aug, 2007 Ecological Assessment of the Waltons Ltd Property, Pleasant River
Estuary, OtagowildlandConsultants Contracteport No. 1773 Dunedin.

Wildland Consultants @ctober,2007) Ecological Impact Assessment of fi@posed Coastal Farm
Park, Pleasant River Estuary, OtagbldlandConsultants Contractéport No. 1838 Dunedin.

Wildland Consultants (November, 20(&gological Management Plan for a Proposed Coastal Farm
Park, Pleasant River, Otagt/ildlandConsultans ContractReport No. 1839. Dunedin.

Wilson, Hugh D (199&)eld Guide: Stewart Island Plantanuka Press, Christchurch, New Zealand.

40



¢cnyYl A

. S OK

(I yOidd NB &It dzS &

Appendi A: Field recording shet

WayPoint and Photo Point log - Tumai vegetation survey

Page of
Date: Observers Camera Photo and direction.
A-dear B -10-50% covered (ittle bit) C- 50-90% covered (mostly) D - smothered  Polygon ID and Aspect
GPS Plants Comments/ Description
. % of plant % of plant
WayPoint No. Species el EIR Height (cm)
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Appendix B: 3

Table of Indigenous plant species suitable for establishment on the Waltons Ltd propert

Wildland Consultants

Ecological Assessment of the Waltons Ltd Property, Pleasant River Estuary, tegst 2007

Ve

EOAAT A bPI AT 6O &£ O 4.

Ve

| AE

Habitat

5 €

g _[g |ss| &

ZESLBE| 2

Species Common name Plant type E % | % g g T

Apodasmia similis jointed wire rush, oioi rush w
Carex geminatat sedge w
Carex secta pukio sedge w
Carex virgata sedge w
Coprosma crassifolia shrub w w
Coprosma propinqua mingimingi shrub w W w
Coprosma rubra shrub w w
Cordyline australis cabbage tree tree w w
Cortaderia richardii toetoe grass w
Discaria toumatou matagouri shrub w
Elaeocarpus hookerianugpokaka tree w
Ficinia nodosa knobby clubrush, wiwi sedge w
Griselinia littoralis broadleaf tree w w
Haloragis erecta herb W w
Helichrysum aggregatun shrub w w
Hoheria angustifolia narrow-leaved lacebark tree w w
Isolepis cernua slender clubrush sedge w
Kunzea ericoides kanuka tree w w
Melicope simplex shrub w w
Melicytus ramiflorus mahoe tree ) w
Myoporum laetum ngaio tree W
Myrsine australis mapou tree W W
Olearia avicenniifolia tree ) w
Olearia fragrantissima tree w w
Ozothamnus vauvilliersii|Cassinia leptophylla shrub w
Phormium cookianum [mountain flax herb )
Phormium tenax flax herb W
Pittosporum tenuifolium [kohuhu tree W ()
Plagianthus divaricata [saltmarsh ribbonwood shrub w
Prumnopitys taxifolia matai tree w w
Podocarpus totara Hall's totara tree w w
Pseudopanax crassifoliugancewood tree w w
Schoenoplectus pungengthree-square sedge W
Sophora microphylla kowhai tree ) W
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AppendixC. BaselindMaps

This section presents the location and number of plants in map férdot records the location of a
plant but does not indicate its size or healtBifferent styles of dots are used to represent different
species in the maps that need to differentiajgesies. There is an element of distortion in the scale,

as the dots representing the plants are as small as possible, but are still disproportionally large in
comparison to the area of the polygon that is reduced to fit an A4 paerefore when distribution

over all areas is shown in one A4 map it gives a false impression of ddfwity.truer impression of
density we have produced higher scale maps of adjacent polygons, but still restricted to an A4 page.

The groupings of polygons indse maps are: (A B C), (D E Toetoe), (F O) and (G H | J K L'Hmid W).
means each map subject is covered in a series of 5 maps (1 overall map of all areas and 4 close up
maps of the different polygon groupingsJhese maps give more accurate inforroation numbers

and location than photographs which cannot capture all angles and do not show plants obscured by
grass.

The maps record the following subjects:

1 All plants (Figs. 19, 221, 22, 23

1 Pittosporumthe most populous plant & n Y (Figs.24 28)

1 Podocarpus totarand Cordyline australi2" and 3% highest survival rates,3and 4" most
populous plants a¢ n Y (Figs. 29 33)

9 OleariaspeciesO. dartoniiandO. traversihave strong survival rates (Figs-38)

1 Kunzea ercoioideend Leptospemum scopariunfFigs. 3944)

Plagiantus regiugLowland ribbonwood) is not covered in a map despite its outstanding survival rate
of 100% as only 180 plants were purchased.

The area of detoe planting stands out on this map as densely red where it igqalaseveral deep
although curiously, where it is planted in a single row along the narrow strip between estuary and
road to the east, it does not show as dense despite bamgmpenetrable wall of large ToetaeThis

is due to the waypoint readings ntdking account of sizeThese detoe plants are largeabout 2
metres wide by 2 metres high with flowering stalks even higher, but the waypoint reading identifies
only one plant at that location.
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Figure 19: All plants all areas
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Figure 20: Alplants AB C
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Figure 21: All plants D E Toetoe
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Figure 24Pittosporumall areas

49



¢nYFA . SFEOK {FyOidz NB @I f dzSa

Figure 25PittosporumA B C
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