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Executive summary

This report responsito a request from Marlborough District Council (MDC) for information on the coastal
environment, with a particular focus on supporting the development of a bylaw to address changes in
recreational use patterns thatave occurred sincé KS Y I A { || dzNWe p&deMt selgatinn df S
information from our earthquake recovery research that has a focusimerstanding the impactand
ongoingprocesse®f change Major impacts of the natural disaster are associated with vertical upltfief
coastal environment, although ongoing erosion and deposition processes are also important.

In addition, interactions with human activities a@raportant because thegan exert strong influences on the
reassembly of ecosystems whiclaisritical aspet of outcomes over the longeerm.

Earthquake uplift caused widespread mortality of many coastal habitats and specieslfmpssemblages

that are adapted to a relatively specific set of conditions, often associated with characteristic locations i
relation to the tidal rangeln uplifted areas the intertidal zone has moved seaward leading to a physical
widening of many beache$hishasprovided greater opportunityor off-road vehicle access to the coast and
has become particularly noticeable lmadlands and other natural barriers that were previously impassable at
high tide.

Off-road vehiclepose threats to sensitiveegetation and wildlifainless appropriately managedchieving this
is assisted by an understanding of the specific impactbitle use, whicin turn requires information on the
location of sensitive areas. To ensure the bmsgicomes forearthquake recovery there is an urgent need to
assess and respond to the nepatial patterns, and tonake plans to avoid conflicts wheregsible.

In our RECOVER (Reef Ecology and Coastal Values, Earthquake Recovery) project funded by the Ministry of
Business, Innovation and Employment (MBifd supported by the Ministrfpr Primary Industries (MPI) we

are collecting information on importd conservation values and activities. Althouglsearch is continuing, this
report provides findingshat includemapping of indigenous dune system remnangeg;ruitment of the

indigenous sandbinders spinifex§pinifex sericetss | Yy R Aidmig $pikhs) on dipliftedbeaches,

distribution of NB R { Llatiiodecdlls kaiippwithin earthquakeaffected dune systemslistribution of banded
dotterel / pohowera Charadrius bicinctus bicincjusesting pais to determine important areasand spatial
overlapswith vehicle tracking measuremenéong the coast

Takeaway messages
Based on the information collected date, key findings include

. Thereis6 NBEy3 SOARSYOS F2NJ (KS NBOSy( RSOfAYS 2F Lloy3
coastal managersig@Sy A da 02y aSNDIRSDY AyilyiBd2a alLds OAYS AW §f RN
taonga species. The overall pattern includes an apparent lack of recruitment to repladerad
Loy 32 NBYylyda GKFEG FNB dzyRSNJ GKNBIFG FNRBY 2y32Ay

Il.  Thereis aunique opportunitytohelp®a il 6f A4K Lloy3t 2 yR aLAYAFTSE Rdzy
strategic restoration approach that takes advantage of the uplifted beaches.

Ill.  To assist recovery processasd opportunities, there ia need to avoid vehicle daage to existing
dune faces and newune establishmentones (which are close to the new high tide mark),
LI NI A Odzf N @ ¢ KSNB & LJA ySimifaflyEthete 6 B reBd\d alvdidydistirisanceé NB  LINB
to reef platforms which are only slowly recovagiand are highly fragile in their current condition.




VI.

On this coastline, the forRdzy’ S T+ OS A& 'y AYLRNIFYyd FNBF F2N 1 4.
O2yaSNBIGA2Yy STF2NI A SaLISOALfte gKSNB alLl NBS @S3
This creates an aditinal reason for protecting newly develap foredunes and assisting thre-
SaitlotAaKYSyd 2F AYyRAIASYy2dza RdzyS acgaitSvyao ¢KSNB |
the coast in similar habitats due to unknown factors ethiequire further research.

The distribution of banded dotterel nesting sites includes severataedihed hotspots (clusters of
nesting sites in close proximity) that are priority areas for protection. The specific impacts of vehicle
use in these areagquire further work to determingbut there is considerable overlap with the

current pattern of vehicle tracking. Effective measures are needed to control threats from vehicle
movements through techniques such as spatial planning to ensure a separatiwedrevehicles and
nesting areas during the breeding season.

Bringing togetheinformation from studies at a variety of scalsmeeded for a comprehensive
understanding okarthquakechange and to assess theerits of new management proposals. These
needs will continue beyond the life of the RECOVER prgjace many important recovery processes
are only just beginning (e.g., new dune establishnmeard algal assemblagecovery) At the same
time, ongoing disturbance#cluding natural disasters androlite changewill continue to affect the
coast andare important aspects fdonger term monitoring.




1 Introduction

1.1 Earthquakerecovery context

The moment magnitude () 7.8Y I A { |l rtlztjliakeviak one of the most complex earthquakes recorded to
date (Clark et al. 2017; Hamling et al. 2017a; Holden et al. 2017; Jiang et al. R@&¥§ywasreleased over a
period of approximately 90exonds resulting inmultiple rupturesthat propagated in a nortieasterly diretion
andincludedoffshore faults(Hamling et al. 2017a; Wallace et al. 2018; Xu et al. 20A8®)y of thelarge
surfacelevel slips (10n or morg had not been previously mapped or were believed to be inadtiuits
(Hamling et al. 2017aYariable degreesf coastal uplift(and some areas of subsidenwedre recorded
throughout the earthquakeffectedarea. The general pattern involdeplift of up to ~6 m on the Canterhry
coastnorthof Y I A {1 I dzNJ2Y B ¢ &0 K 2 Furth¥rindvth, theMirliborough coastline experienced
uplift of up to ~3 m associated withrupture ofthe Needles faulin the area betwea Wharanui Beach and
Marfells Beacl{Clark et al. 2017; Hamling et al. 2017b; Jiang et al. 28%8pciated impacts in the coastal
environmentincludedwidespreadmortality of marine life along cd30km of coastline, mainly associated with
uplift effects(Alestra et al. 2019; Schiel et al. 2019; Schiel et al. 2B84f8rted areas includkthe nearshore
marine environment and adjacent terrestrial areas, all of which are home to characteristic habitats and
resourceon which people depend.

Recovey from natural disasters such as earthquakes highlights the impoetahmajor stegchange events in
shaping the landscapeeBponses ithe natural environmentdd animportant dimensiorto disaster recovery
contexis (Orchard et al. 2020a; Orchard et al. 2020b)this case, displacements effects have causagterm
changesa the structure ofthe environment that are important to recovery processiesaddition to their
immediate effects. De to the high levebf interaction between people and the coatite recovery ofthe
natural environmentnd resources ialsolikely to be assisted by interventis of various kinds.ndlerstanding
the nature of impacts and direction of recovery trajectories enatie idertification of opportunities and
potential issues thaarisefrom trade-offs between competingises ancheeds

1.2 Sopeand objectives

This report responds to a request fravharlborough District CounciMDQ for information on the coastal
environment with a particular focus osupporingthe development of a bylaw to address changes in
recreational use patterns that havecurred since ther I A | dadbidake. These changes were summarised
in a recentMDCreport (Marlborough District Council 2019tgnd addressedn an issuesand-options paper
prepared to supporthe bylaw procesgMarlborough District Council 2019a)he objective of this report is to
assist MDC and stakeholders in developing solutionthfEsseneedsand with a particular focus on the
proposed bylaw and relatedecision making within the wider community.

In the following sectionswve present a selection of informatidnom surveys completed within the University
of CanterlzNE Q& ¢! / 0 WRECOVER (Reel IdEogySatdiCoastalsy Blaghquake Recoverg)a
four-year research programme funded by therliditry of Business, Innovation and Employment (MBAE)!
supported by the Ministry of Primary Industries (MRt is evaluating poséarthquake recovery trajectories
in the coastal environment. Its geographic scope includes earthgatiketedcoastalareas between Oaro in
the south, and Marfells Beach in the north.

The information is presented in an easily digestible format consisting of a series of compasagsiealong
with tables graphsand site photographs to providgetail and highlight specift points.




With respect to this report, wveyscompleted orcurrently underway within the RECOVER project on the
Marlborough coastlinénclude:

1 Mapping of indigenous dune system remnants throughout the study.area

1 Recruitment of the indigenus sanebinders pinifex (Spinifex sericed$ Yy R Liiginzhisgralison
the postquake uplifted beaches.

1 Distribution ofred katigdl (Latrodectus katippwithin earthquakeaffected dune systems.

9 Distribution of banded dotterel / pohowera&Charadrius bicinctus bicincjusesting pairgdo determine
important areas along the coasind

1 Vehicle tracking measurements throughout the study area

We also providsome preliminary results frorthree longerterm beachmonitoring siteqlocated at Mussel
Point, Aerial Beach and Long Poltttpt illustrate arrrent conditions and earthquakeelated change osandy
beaches typicadf the wider coast.

Temporal aspects and limitations

It is important to note that most of our surveygere designed to support a thregear longitudinal study

aimingto characteris¢ 8 LISOG & 2F (KS WNBO2OSNE (NI 2Addiresteicld F2 NJ A YL
strategy within the RECOVER projedt 2 Sa il 6f AaK 6KSGKSNI 6KS NBO2O3SNE Aa
of data collection. In this case, the research progmacovers the perio@-5 years after the earthquake, even

GK2dzZ3K a2YS8 |aLlS0Ga 2F GKS Sy@ANRYYSy(d 4Aftpartiallyl { S Y dzOK
depend ondynamic elementshat are expected taundergoongoing change. Despite its teatimited aspects,

this research strategy can help to identify barriers to recovery and other potentially undesitednige that

could benefit from management interventioss thatthe best outcome®f recoverycan be progressed or

achieved

These aspestshould be kept in mind when interpreting the results preseritete. For some topics (e.g.

beach responses to uplift) we have been able to include information on two points in time which provides an
indication of recovery processes and/or current trenbl®wever, further research will be important to follow

continuing changes. We also provide some comments on information gaps and potential topics for further
NEaSINOK GKFG FNB y2G OdNNByidfte | RRNBaaSR gAGKAY GKS




2  Background

2.1 Chames to Marlborough beaches

Impacts of earthquake uplift are the primary focus of this report, although there are also erosion and
deposition processes that are acting on the pgatike landscape and producing important additional changes.
In uplifted areasshorelines have moved seaward, essentially creating new land above the reach of the tide. In
Marlborough, the changes have been manifested as a physical widening of many beaches that offers more
opportunity for offroad vehicle access to the coast (Rid.). This has become particularly noticeable at
headlands and other natural barriers that were previously impassable at highAtidéionally, these beach
responses are driving ecological changes in the location of key ecosystems such as sand dstoeshand
beaches. Similarly, wildlife habitat and movements have been affeatdhugh specific impacts are poorly
understood. Together, these changes confer unique challenges for coastal conservation and management in
earthquakeaffectedareas To addresthese, there is an urgent need to assess and respond to the new spatial
configuration of important values and potential threats to their recovery and-teng persistence.

{ LEGEND
- Indicative high tide line

w—— Prequake

« Postquake

showing prequake imagery (left), and posjuake imagery (right).

2.2 Reconciling recreational access amthicle impacts

Off-road vehicles (ORyesentmany possibilities for accessing remote areas where there are no formed roads

(Fig. 2.1 In mary parts of the worldDRV accesstisportedly increasingwhichmay be attributable to a

greater awareness of the access opportunities through communication chesuneh as websites and social

media In many cases, #ir cumulative effects have not been adequately manadged example Priskin (2003)

reported thatthe number of ORV access pointsihacreased by 115% between 1965 and 1888he Central

Coast of Western Australimareass A (G K I Of S| NI & aSehisohEeR obseNBAItIR® > RNA OS NE&




alongthe edge of thdormedtrack, widening the damaged aréBavenport & Davenport 2006Recent studies
from Queenslanghowedthat beach traffids often moreconcentrated on the uppébeach,but that the lower
beachisused to varyig degrees when exposed on lower tidS€shlacher & Thompson 2007)

Several studies have reported detrimental impacts of ORV#herstructure and function of sand dune
ecosysters, along with other impacts on ariety ofbeachdwelling species. For example, damage to the
foredune prevents the formation of new dunes, and beaches with ORYV traffic have dunes that amthest f
back from the high tide line than beaches closed to OR\siser et al. 2013Jmpacts of ORYV traffic include
sand compaction, erosion, and destabilisation of existing d¢Dasenport & Davenport 2006; Hosier & Eaton
1980; Houser et al. 2013 ecausalunes &t as a barrier against storm surge and-#ezl rise, damage by
ORVs can have major consequences for houses, roads, andstiihetures located behindunesystems

The potential for damage to plant communitiesis important component oORVimpactson dunesbecause

of the sandtrapping properties of dune plant§&room et al. (2007Apund much reduced densities of dune
plantswithin areas open to OHVs in comparison to nearntmaa where OR traffic was prohilted under law.

The impacts 0ORVsncluded a reductioby up to 80%n the number of plant species, making rare species
rarer and allowing dominant species to sprg@&toom et al. 2007)n general, these vegetan-mediated

impacts are additional to direct erosion effects of QRN dunes, and potentially more important in the longer
term. In New Zealand, where the invasienmophila arenarigmarram grass) has displaced native sand
binders(Hilton 2006) ORVs maglsocause a shift away from the native plant community and cause an overall
decrease in the number of plant speci@®sent(Stephenson 1999hich are important aspects for the
conservation of native dunes.

Shorebirds are among the most studied wildlife in relatioth® impact of ORVse8eral factors contribute to

their vulnerability.For exampleDRVs can crush the nests of shorehivdsich can be a particularly

problematO F2NJ aLISOASE GKIG 1 & OFY2dzFt | 3S5Btephehsda 1929y a A Y LK
Weston et al. 2012)0On Marlborougtbeaches, such species includandeddotterel 6 LJ2 K2 ¢ SNJ k { n i dzNA 6 K
(Charadriusicinctusbicinctug and South Island piedystercatchefHaematopus finschiDisturbance by

vehicles may also cause birds to reduce their feeding time, increase time awath&aorast (exposing eggs

and chicks to predars), and decrease the numbef nests(Defeo et al. 2009)Studies in Queensland found

that only 34% of ORYV drivers slowed down or changed course when encountering a shorebird, although partial

beach closings witsigns or rope did reduce the rate of egg crusltfivgston et al. 2012; Weston et al. 2014)

ORVs are also known #&ffectthe beach invertebrate community. Crustaceans, polychaete worms, and clams
all live in aeas of the beach that are regularly used by vehifEsvies et al. 2016; Schlacher et al. 2007;
Schlacher et al. 2008t ven on lowtrafficked beachege.g.,with fewer than 50 vehicle passes paay), a 30 %
reduction ininvertebrate countdas been reported in comparison tmtrafficked beachesearby(Davies et al.
2016) In New Zealand, severstudies haveeported negative associations between ORV use and the heflth
sandy beach shellfish communitieBrunton(1978 showed that bheroa Paphies ventricodaactively move to
the surface of the sand after being driven ovendgpicles. It is suspected thaitieroa confuse ORVs with
crashing wavesrdl rise to the surfae to feed, which may exposhem to predation by gull§Brunton 1978)
Other studies found that a significant percentaggusenile bheroaare crushed in areas with vehicle use,
which is inpart due to the distribution of juveniles being concentrated in the upper intertidal Zblooker &
Readfearn 1998; Moller et al. 2014; Williams et al. 2@H®pker and Readfern 1998). Similadther species
includingthe thin wedge shelllacomona liliand, cockle Austrovenus stutchburyand tuatua(Paphies
donacinaand P.subtriangulatg are found at depths10cm, and therefore susceptible to crushing by vehicles
in the intertidal zongStephenson 1999; Taylor et al. 2012)

In general, he severity oORVimpacts depends on factors such as the frequency and type of traffic,
composition and vulnerability of the biological communities present, temporal effeath as caccurrence
with nesting periods, and the precise location of vehicle tracking in relation to sensitive Erethads to




control these impacts include ardmsed measuresvhichhave been implemented in sevenzédrts of New
Zealando date. Forexample the TaurangaCity Council banned vehicle use lmachegwith some exceptions)
in 2007usinga bylawthat wassubsequently updated in 2018 to provide for a permitting system to authorise
special casefTauranga City Council 2018he WhangareiWaimakaririand KapitDistrict @uncils have also
banned vehicles from certain beaches or segments of beatagsti Coast District Council 2009; Waimakariri
District Council 2016; Whangarei District Council 2009)

In relating the thenes of the above review to ghcurrent situation in posearthquakeMarlborough, it is
important to notethe lack of objective data to quantify relevant aspects, and these include the type and
volume of beach trafficand its associated impacts. Théséormation-poor aspects areommon inNew
Zealand beach management contexts duehte relatively fewstudies that have addressaglationships
between cmservation and recreational usen many respectshe following summary from Stephenson (1999)
remains @plicable today:

G¢KS AAGdzr A2y NBIFNRAYy3I GSKAOES AYLI OGa 2y (GKS O0A2i
remains uncertain. Although previous research provides a guide for management strategies with respect to

vehicle use of sandy beacheglaivastal dunes in New Zealand at a general level, some local research is

considered desirable. Future research into vehicle impacts on the biota of sandy beaches and coastal dunes

in New Zealand should include fundamental research to further underpisiateciaking processes, and

applied research to address problems and monitor the results of management at specifiésites

Along several sections of the Marlborough coast, rocky reefalampresent seaward of sandy beaches and
theseare accessible to ¥écles on lower tidesAlthoughdriving alongareef may alleviate impacts tine beach
and dune ecosystemd is likely to hinder recovery of the alreadgverely affectedlgal communityFor
example, previous studies have shown thanpling causes significant (up to 90%) reduction in cover of the
dominant algaHormisira banksilo S LJG dzy' S Q #on bpPed intértid&) @ef platformsThisspeciescan take
severalyears to return to its undisturbed state following a single disturbance eflgéiéy & Schiel 2006; Schiel
& Taylor 1999; Tait & Schiel 201These aspects illustrate the need to develop local solutions to address
recreational access and ORV use.

»*

Fig 2.1 Off-road vehicle access has become mpppular along the earthquakaffected coast as a result of new
opportunities presented by beach upliftlote tyre tracks from the dune vegetation above high tide to low tide reefs.




3  Methodology

3.1 Dune vegetation mapping

Dune ecosystem types were mappeda@ss the entire study area in December 20&8th a follow-up survey
the following summerEach survey was conducted over falalys and covered the full coastline from the
Waima / Ure River in the south to Marfells Beach in the north.

These field surveysa two major objectivedj dzI Yy G A F@ Ay I i KRIzySSaQiol oNEBAYayK S/Ri oaue2at (RS
measuring the establishment of any new pestrthquake ecruitsof two priority indigenous santinding

speciesspinifex Gpinifex sericeds | y R HAidmig spikalls Oldldune remnants were mapped as polygons
usinghand-held GPS units in the field. New recruits were measured as point locations. Additional

measurements included the size of each colony, plant community compusitimditon andthreats.

3.2 Beach monitorindransects

Longterm monitoring sites were established at several beaches along the Marlboroughind23t8(Fig.3.1,
3.2). On sandy beachethe monitoringfocusedon beach andlune responsgto uplift effects and suveys to
support beach restoration initiatives as part of the Beach Aid collaborative project between the UC, MDC,
Department of Conservation (DOC), and East Coast Protection Group (ECPG). Additional stueesites
established on peayravel beaches sudsAirstrip Beach{Fig. 3.2bjo support other work on the spatial
distribution of nesting sites for banded dotterigbohowera Charadrius bicinctus bicincjudhis beach also
suppats a small colony of sea hollgryngium vesiculosurthat iscurrently listed asa \Hationally winerable
speciedn the New Zealand Threat Classification Systgen_ange et al. 2018)

Marfells Beach

/ Mussel Point

CAPE CAMPBELL

— Aerial Beach

\Airstrip Beach

=~ Long Point LEGEND
B Lakes
— Rivers
4 Ponds
N Ward Beach Beach transects
Reef transects
it
0 5 10 km

Fig.3.1 Location of UC beadnd reefmonitoring sites on the Marlboroughkoast.




Surveys atandy beach #&s are designed to monitor change in grarthquakespinifex dune systems to assess
their responses to earthquake impactgith the exception of the Aerial Beach site. For the latter, theylterm
transects are primarily designed to monitor the main trité $or the Beach Aid project, disere are no
remnantspinifex dunes at this site.

At each monitoring site, two shofgerpendicular sampling transects were established. An origin poirthéo

first transect (Transect 1) was established at a random point in the backdune swale within the regingak
dune system (where present\t most sites this location was in the transition zone between the dune system
and more stablaerrestrial vegetation typegtypically grassland) HE second transect was cast B0to the

south at Aerial Bach. At Missel Pait and Long Point the distance between transects wasiand 20 m,
respectively, with the closer spacing being necessary due to the se@bfdihespinifexremnantdunes that
werethe focus of the monitoring.

33 YIGALIN adzZNnpSea

A pilot survey was completed in the 2019 summer to support an evaluafitre implications of upliffor red

katipll (Latrodectus katippwith regard tothe potentialfor longer term impacts associated with dune system

changes, and more immediate restoration opparities associated witlocal initiatives such as Beach Aid.

Katipl spiders are a flagship wildlife species for beach management in New Zegldrite earthqiake

affected area is a previously reportpdpulation hotspot{Anderson & Anderson 2019; Patrick 2Q0atipl

arethe only nativevenomousspiders in New Zealand ah@ve a restricted coastal distriion mainly

associated with sandy beach ecosysg{fforster & Forster 1973; Griffiths 200There is also considerable

evidence of decline since the 197Q8ann 199Q)which contributes to theicurrentconservation status d#tl

iskcRSOfT AYAY3AQ Ay GKS bSég »%SESitvidstR.201RNS | G / £ I aAAFAOF GA 2

The particular focus of the pilstrvey was the development @ methodology fospatiallyexplicit

assessmentsf katipl abundanceo enable the comparison dfifferent areas withinsand dune ecosystemm

our casethe areas of interest includihe potential dune migration zone created/lthe uplift of sandy

beaches. fie specificobjective of thepilota dzNI3Se ¢l a (2 | &dasSaa (GKSkatpld GAFE @I
populations at four sandy beach sites to inform the design of a larger scale survey to be completed in the 2020
summerin collaborationwith localresearcher Mark Anderson. Thaur siteschosenwere Long Point, Aerial

Beach, Mussel Point, and Marfells Beach, all of which will be included lartfex scale assessment.

At each sitea survey area of 30 m50 m wasestablisied with the long axis parallel to the foredune crest

which was further subdivided into threE) m x 50 nareas representing different zones within the dune
system.The%breduneface(xonewas defined as 10 m wide belt seaward of the foredune crest,iathat

most sites includeaill or the majority of the front dune face. THeF 2 NXbaekigifaronewas defined as a

10 m wide belt landward of the same positionf 2 NB Rdzy S O NBdiurie swal€donéWas d@nkitser 0o | O
m wide band immediately adjeat to landward. The latter typically included a swale landform and/or

continuation of theforedunebackslope At all sitesthe foredune crest was readily identifiable and relativel

linear within the survey area

All of the above areas wetboroughly ®archedfor katipll webswhich have a characteristic architecture
(Griffiths 2001)and the results of Mayune surveys are presented hefidne position of all webs was recorded
with a handheld GPS and field notes, and the coordinates were subsequently checked and refined with the
assistance of 0.2 m peguake imageryKatigl occupancy was established for all webs found amtividuals
wererecordedas either juvenil@r mature, with sexalsorecorded forthe latter, as recommended in recent
studies(Costall & Dedt 2009, 201Q)




3.4 Banded dotterel surveys

Banded dotterel census surveys were completedierWaima / Ure River to Marfells Beach coastline in
Novemter 2018 and 2019. A mobile G&%lication (Gaia GPS) was eayad in the field to recordhe

location ofindividual birds and breeding paiagong withassociated attributes including bird behaviour,
presence of juveniles, and position on the beddbsting pairs were identified on the basis of tarial

behaviour. €rritorial overlapswere discriminated byhaving two observers following the movements of
adjacent breeding pair® assessheir characteristic wardike behaviourwhichA y Of dzZRSa (G KS wSa 02 NI
intruders to beyond theerritorial range in addition to distraction displays such as-rahs when irtruders are

in closer proximity to the nest or chick@/aypoints were positioned at the estimated midpoint of the territory
based m these observationand at the location of first sighting for individual birdglditional searches were
made for ness at two locations (Ward Beach and Canterbury Gully) to verify the correlation between the
above behavioural signs and the presence of nesting pairs. Four pairs of birds were tracked at each location
and in all cases either a nest or young chicks weregmtasithin the territory asdentified using the above
technique

3.5 Off-road vehicle tracking

Vehicle tracking measurements were made at periodic intervals throughout the study area during the dotterel
census survey completed 2018 and2019.At each monitoing point the cumulative width of visible vehicle

tracks (as measured in the sheperpendicular direction) was recorded to the nearest metre. This measure
reflects the distance between the tyre tracks of individual vehicles, summed across the shdee prafi the

case of heavily tracked areas, the cumulative width of the beach that was tracked. To avoid biases introduced
by the presence of recent tracks on the lower beach (below the position of high tide) which were only visible at
some sites and depelent on the state of the tide, only tracking above the high tide igneeported here

Additional notes were taken on transition points between areas of noticeably different trackiteypsifor

example where tracks were seen to fan out or convergeasponse to hrriers and topographic changesnd

at the location of turnaroundireasand access points.

o AL A DO\ LN

_~ \

Fig. 32 Beach response monitorin¢a) Beach monitoring transect BusselPoint. (b) RT4GPS survey underway at
Airstrip Beach to support UA/drone) mappingf the uplifted beach.
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4 Resultsand discussion

4.1 Dune mappin@nd recruitment

Comprehensive mapping ofd-duneremnantsin the study areahowsthat the distribution of indigenous
dunevegetationis highlypatchy for both of the prioritysand-binding pecies (spinifex andJo y* Jnlths o
section of the Marlborough coagFig4.1).

LEGEND

@ Spinifex_old-dune remnants
@ Pingao_old-dune remnants
- Spinifex_new (post-quake) recruits

X

+ Pingao_new (post-quake) recruits

0 1 2 km

Fig 4.1 Whole-coast overview showing the location oo y a@nkl &pinifex oledlune remnants andew (ost

earthquake)ecruits asrecorded in summer 201¥ote that the northern end of theurvey area was at Marfells

beach and extensive stands of spinifex are knowbag@resenturther north in Clifford Bay.
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Thesmall numbeiof LJo y #@ds Particularlynotable, with onlyold-dune remnants foundh four areasand

new recruis recorekd only at Canterbury GullyThere are also clear signs of recent decline in some of the

existing colonies, such as at Canterbury Gully where old root mats provide evidence of much greater vegetation
coverthat has since perished (Fig2h). Similar effes are apparent at Airstrip BeadFig. 4.4), where

historical photos illustraté massive decline inJo y 3 I 2in r€zeén@y/SaxsTaken together, the results

suggest a trend of ongoing declinssociatedvith NB O Sy (i LJo y &htl 2lack'd iddiuitniefdrass the
coastas a whole

Fig 4.2 Old-duneLJo Yy Ficida spiralisremnantson the Marlborough coas{a) example ofa small isoleed LJo y" 3 | 2
dune that has resisted marram invasisouth of Long Poin{b)LJo y bt Bhats are signs of recent decline at
Canterbury Gully. (c) at Airstrip Beattie LJo ¥ eblor2yis now confined totie front face of an old terracgn right)

and has declined drastically recentyears

Sinifex

Although emnant spinifex dunes are dod throughout the study areagfatively large remnants anestricted
to three main areasouth of Marfells Beach @i41). In all three areas (Long Poipoboo Stream, and
Mussel Point)old-growth spinifex is found on sandy beach terraces andgloifies that are now located a
considerable distance inlandhis illustrates the potentiaésilienceof these ecosystasin the face of uplift
events which have been relatively frequent in this ar@ageological timgOta et al. 1996)it is likely that these
colonies represent relatively old dune systems that have successfalgted marram invasion over the years.

Recruitment from the older remnants is reflectedtire presence of smaller patches at a vayief locations
across thestudy areaFig. 4.3) These are generallgcated in the vicinity of marrardominated dune$ut

have established in favourabdgeas.In nearly all caseshesespinifexpatches are located at the seaward limit
of the prequake vegetationindicative of a competitive advantage over marram in this posifitie

distribution ofthese smaller patabshas anapparentassociatiorwith proximity to olddune remnants. For
example, only two such patches are located within the large area of coastline betwesseMRpint and
Canterbury Gullyhat is also a prominent gap in the ettline distribution.
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Across the coast as a whalatotal of 262 recruitof height > 20 cmvere recordedn 2019 all of whichwere
located seaward of the prearthquakedune toe on the uplifted beache$he pattern of recruitment exhibits
strong spatial patterning thatighlightsthe role ofold-dune areas aseed source§Fig. 43, 4.4). This aspect
has likely played an important role in the persistence of spiniféldrarea over recent decadeand is
consisent with the pattern of smaller colonies that appear to have becormstlgished more recently
although in general remain very scarcehere is potential for spinifex dune expansiomreasof uplift if
spinifexrecruitment issuccessfutelative tothat of potential competitors such as marragnass

)

Fig 4.3 Examples of prearthquake spinifex3pinifex sericejiglune ecosystems on the Marlborough coast. (a) the
old-growth spinifex dune system at Mussel Point extends a considerable distance inland on the face of an old beach
terrace that has remained drynd sandy. (b) a typical small colony located north of Long Point at the position of the
pre-earthquake dune toe. These small colonies are mostly clustered arourgt@ith seed sources. (c) the

extensive oledune system in the Booboo Stream area has retdia high degree of natural character. Several large
sections of the dune system are dominated by spinifex with a considerable area in relatively unmodified condition.
Factors contributing to the resilience of these -gidwth systems are an important aent focus.
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[ spinifex_old dune remnants
©  Spinifex_post-earthquake recruits

LEGEND
[ spinifex_old dune remnants

Spinifex_post-earthquake recruits

Fig 4.4 Examples of dpifex (Spinifex sericeysecruitment patterns on M NI 0 2 \uplifiedl KeQchbs. (a) siking
recruitment pattern near the Booboo Stream afidne remnant correlated witlheingdownwind of prevailng wind
direction and concentrated close to the new pastrthquake high e mark on the uplifted beachegb) similar
downwind effects from the old@lune remnants south of Long Point in 2019.
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4.2 Beachmonitoringtransecs

This section providesreliminary results fromtransect surveys atree sandy beacmonitoring sitesLong
Point,Aerial Beach and Mussel Point. Additional details are provided for a fourth site (Airstrip Belaich)is
a graveldominated beach being investigated as a discrete caseystud

4.2.1 Long Point

The Long &int study site is characterisda a severaspinifexremnants that extend the full width of the dune
system in some placesr otherwise occupyockets betweemmarramdominated dune (Fig. 45). Many of the
spinifex remnants araterspersed with marram gras$hiswould be a good topic for additionatonitoring to
assess the potential for furthenvasion which requires better knowledge of trends over tintéoweversome
spinifex runners havextended into relatively open areas sand (particularly to the south of the study site)
indicating that ongoing dynamics are algoportantinfluences on spinifex presence and persisteh@ge
areas of intertidal reef weraplifted by up to 3 m in this section of the coast and this hasated marked
changes in the topography of the upper intertidal zqré. 45).

> - X » Wa ' v

Fig 4.5 Location of beacimonitoring sites at Long Point on the Marlborough coast

Vegetation monitoring for th0182019period showedhat the old dune systerhas ben relatively stable

(Fig. 46, 4.7). On this section of coast th@d dune systenmow extendsto edge ofa steep gravel beach profile

that occupieghe area betweerthe old dunetoe (ca. 60 non the transecs$) and aeef platform (cal00m).

Post-quake \egetationhasestablisted to ca.90 m m the transect §Fig.4.68). The new dune zone on the

uplifted beachis only spasely vegetated (< 20% cover), withetmajority of the vegetatioonsistingof early

coloniser specieanda few spinifex runners exteling into this area from the old dune toe, primarily in

GNF yaSOli mod ¢KS&S NiHzyySNBR | 002dzyi F2NJ 6KS KAIKSNI LISNEG
1 when compard to transect 2 (Fig. 4.6b), arade also reflected in the mean vegetatibright data (Fig. .6c)
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(a) Dune width (d) Shore profiles
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Fig.4.6 Prelimnary results from beach matoring at Long Point over the summers of 2018 and 2019dag width (b) percentage cover(c) meanvegetation height(d) shore profiles.
The new dune zone is fieed asthe vegetation seaward of the estimated position of the old gesgthquake) dune toe, and is split in half (new dune landward and seawagdyphs(b)
and (c).Error bars are standard error of the mean for 2 x 2 m gotveyedwithin each ara.
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This suggests the potential for spinifex dune movement to seaward and the available space being largely
determined by decision on vehicle routes in relation to its natural seaward Nfafticle tracking onhtis stretch
of beachis influenced by thealatively narrow area between the reef and dune tadich provides high tide

access on a sloping beafdre. On the new high tide beach the vehicle tracking footprint occupies at least two

thirds of the total area and hdacreasedslightly between 201816 m) and 2019 (18 m). However, a relatively

well-formed track at the edge of the reef platform is the most used vehicle route and is available for most of

the tidal rangedepending on swell conditions

; & R 2 C g - B R SRR IS LA 3 o o
Fig.4.7 Long Point beach{a)vehicle tracking on the uplifted beach showing steep shore profile.i¢m) looking
north from transect 1 (c) looking north from the fordune crest on transect 2n this area the relatively broad dune
system remains dominated by spinifeSpnifex seceug althoughit is interspersed with marramAfnmophila
arenarig). (d) spinifex runners extending seaward from the position of thegaehquake dune toe on the uplifted
beach.

4.2.2 Aerial Beach

Aerial Beach site is situated a few hundred metsesith of the Cape Campbell lighthoug€ig. 4.8)Itis
characterised by steep, dense marrafiore-dune with a sandy beadbelow. The backlune area is fenced off
from adjacent farmland and is also marratominated with no spinifex orgagao present.However, a
relatively large nevspinifex colonyca. 8 x 10 m) was already present on transect 1 in the summer of 2018,

located near the position of the posjuake high tide mark. This is likely to have become established soon after
the 2016 earthquake along with two other similar recruits to the south. Other new spinifex recruits have been
observedon this beach since 2018, some of which have not survived. The latter is possibly related t@dtying

effects, as well as the potential impaabf browsing (e.grabbits), direct disturbance (e.,gehicles) and
inundation at high tide. Since monitoring began, however, there have been no major erosion events from
storm tides or swell and this is reflected by the increase in vegetation covisreauplifted beach above the
level of typical high tides.

Vegetation monitorindn 20182019showedthat the preearthquake marram dune system has occupied the
same famtprint over this period (Fig..8a),although with some erosion of the front dune facawing occurred
ontransect 2 (Fig®@pRO® | 26 SOSNE GKS Y2ald adNAR{Ay3d NBadzZ G
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area, which has increased substantially between 2018 and 2019. This is reflected bgaesdrevegetation

cover (Fig. #b) ard mean height (Fig..8c) within this area, as well as seaward expansion of the area of new
vegdation on both transects (Fig.9a). The latter is associated with the recruitment of new plants close to the
post-earthquake high tide mark that have yet te bemoved by a storm event (but could be in the future).

Fig.4.8 Location of beach monitoring sites at Aerial Beach on the Marlborough coast. The cottages at Cape Campbell
can be seen near the top of the picture.

¢ KS Wy &éneiRkrmy Sound 40n wide on transect 2, and slightlgsson transect 1 (Fig..8a).

Vegetation cover is rapidly increasiimgthis zone especially in the seawaltwlf where it has now reached 50%
on transect 2 (Fig..@b). The increased vegetation coviemow also havig structural effects through the
trappingof wind-blown sandAccumulation of sand y (G K S Wy Saasindedmjti&aptatileznyth@ shore
profilesbetween 2018 and 201@&ig. 49d) and indicates the creation of a new dune habitat on the uplifted
beach.Furtherprogressiorof thisprocess in presence of saihding species is expected to continue building
a new dune system due to the abundance of sand supplynan impacts on vegetation (both positive and
negative) are therefore a key consideration aisttime.At present, both marram and spinifegcruits have
0502YS SaidloftAaKSR(FFgWONKS WySg RdzySQ 1 2yS

Measurements of vehicle trackirshowedmarkedlydifferent resulsfor the two transectsbetweenyears. On
transect 1 tracking increased dm 4 min 2018to 15 m2019 whereas on transect gacking wassimilar
between yearg7m for 2018 6m for 2019) These resultswhich are specific to the high tide beachpresent a
relatively small tracking footprint when compared to other study siteg(Long Point)eventhough vehicles
are frequently observed on this section of the coast. This may indicate a tendency towards usaelithe
defined tracls thatare present on the upper beacbr alternatively greater use of the lower tide beach o
combination of both). It is possible that the majority of ORV usetke Cape Campbell aréave targeted
lower tide conditions and may have come and gone within these periods since the access point at Marfells
Beach is not far awayl here is a greatazthance that vehicles travelling further south (etg.Long Point) would
encounter higher tide conditions even if this was not planned due to the greater distance and travel time
involved.
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a) Dune Width (d) Shore profiles
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Fig.4.9 Preliminary results from beach madoiing at Aerial Beach over the summers of 2018 and 2019. (a) dune width, (b) percentage cover, (c) mean vegetation heiglet p(dfiksor
The new dune zone is defined as the vegetation seaward of the estimated position of the e&hiffrguake) due toe, and is split in half (new dune landward and seaward) in graphs (b)
and (9. Error bars arestandarderror of the meanfor 2 x 2 m plotsurveyedwithin each area
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Fig.4.10 Aerial Beach(a) looking north towards Cape Campbisim transect lin 2018. (b) a similariewin early
2020 showing vegetation establishment in the new dune zone following marram control to support the Beach Aid
project. (c) view looking south from transect 2 in 2018. (d) similar view looking south in early 2020.

4.2.3 Mussel Point

Mussel Bint islocated to the east of Marfells Beach campgroumtielower beach has a more gentle profile
than the beaches south of Cape Campbell due to the sheltering effect of the(Eigpd.11)The dune system
is characterised by aanram-dominated foredune.There is also a &l defined secondary dune at the study
site which supports stands of knobby club rusgtic{nia nodosp In addition, two small patches of spinifex are
present on the foredune crest (one on each transect line)the otherwise marranrdominated system, and
there is a third patch further east near the mouth of Fishermans Creek. These are interpreted as being
relatively new colonies since there is a relatively largegsluivth spinifex dune system on the sandy kdés
behind the beach (see Fig.4) that is protectedunder aQEIl National Trust covenant

Vegetation monitoring foP0182019showedii KI & | Wy Sg RdzySQ 1 2yS 2F I NRdzyR w
on the Mussel Point beach response to earthquake uplifivhich is less than at the other study sit@sg.

4.12a) Within this area, vegetation cover him&reased at transect 1, but nat transect 2 (Fig..42b). This

reflects the growth of several spinifex runners that have extended into the new dune zmmeHe pre

earthquake dune to€Fig.4.13a),and arealsobeginning to catch sanas sen in the shore profiles (Fig.142d)

CKA& A& +faz NBTtESOGSR o6& (GKS @gS3asSalrarzy O20SNJ AyONBI
R dzy S Q,inlcé@nifa& to Aerial Beach where vegetation establishment in this zone has been greatest within

the seaward half. The latter is associated with the arrival of new recruits that have established near the

position of the new (posearthquake) high tide mark. At MuslsPoint therehas been some plant

establishment in thseawardhaf 2 ¥ (1 KS Wy S 4.13B),dayt Sumohirifigto date ahaws that

this band of vegetation has not increakappreciably since 2018 (Figl2b, ¢). Field observations have shown

that there is considerable turnover in thagsea(some plants dying and other new plants establishimd)ich

largely explains thse effects
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Fig.4.11 Location of beach monitoring sites at Mussel Point on the Marlborough coast. The access trattiefrom
t SGSNBQ FINY OFy 06S aSSy G o02GG2Y tSFio

Measurements of vehicle tracking reflect the presence of either one or two vehicle tracks within the new dune
area on the uplifted beach, btihere are typically manynore tracks visible in the intertidal ardarther down.
Themeasuredracks include some evidence of ORV users purposefully driving on the duneédacaps as a
challenge for their driving skill®bviously, this presents a threat to the development of spinifex dunes in the
dzLJ A T i S R zowe/ttBanghRmgmEtS 6n the potential expansion of runners from thegaghquake dune
system (Fig.13c), as well as the survival of new recruits @#it3d).

As with the results for vehicle tracking at Aerial Beach (section 4.2.2) there are indichtiotise majority of
ORYV traffic is travelling in the intertidal zone on the beach at Mussel Rdinth suggests that many
recreationalists have targeted lower tide conditions (and indeed may have travelled onwards to thel@ape).
combination with thesmall width of the high tide that was the focus of the monitoring reported here, these
aspects explain why the signs of vehicle trackingza less obtrusivat Mussel Point in comparison to the
peagravel beaches south @apeCampbell
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(a) Dune width (d) Shore profiles
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Fig.4.12 Preliminary results from beach monitoriag Mussel Poinbver the summers of 2018 and 2019. (a) dune width, (b) percentage cover, (c) mean vegetation height, (d) shore
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graphs (b) and (cError bars are standard error of the mean for 2 x 2 m ptotveyedwithin each area.
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Fig. 413Mussel Bintbeachd | 0 & LA YA FTSE NHzyySNBE SEGSYRAY3I Apvidw 6§ KS wy S
looking east frontransect2 showing the modest area of new beach (ca. 10 m wide) that has been uplifted above

the postquake high tide markc)vehicle N O1 Ay 3 2y GKS RdzyS te@Bpldofanévk S Wy Sg R
spinifex recruit in close proximity to vehicle tracks. Field observations have shown that the mortality of these post

quake recruits is relatively high at this site, with very few habiegpme established and grown to appreciable size

despite an abundance of seed sources neaiflhe other species present in this photo is knobby club rEginja

nodosg, which is also a characteristic coastal species often found in dunes.

4.2.4 Airstrip Bath

Airstrip Beach is located at a prominent kink in the coastline associatecawitirked change in wave

energies. The soutfacing section of coastline is more exposed to sagfiondue to a gap in the offshore reef
structure that is aligned with its sherly aspect. This has resulted in a grad@minated beachwith extensive
wood deposits that providemportant habitat for wildlife such alzards. These include th&aiharakeke grass
skink(Oligosoma aff. polychromahat is currently classified aét-riskR S O f Z&nd fs ¥ éh@racteristic local
speciegMarlborough District Council 2019blhis section of coastline hasobeen noted as a banded

dotterel nesting area (&b Peters, pers.comm) and the outer corner of the beach is an important congregation
and feeding site for a wideange of coastal bird specigacluding migrants (Mike Bell, pers. comm.).

Within the RECOVER projdtiis site is being monitored as a case study to support the wider iigagisin of
banded dotterel spatial ecologgnd to characterise potentialegetaion changes on upliftedraveldominated
beachesandother habitat-forming aspectssuchaschanges in wood deposition aredgany important
dynamicsare expected to exhibit slower rates of chariggomparison to the sandy beach sites. dddress

this, UAV (drone)surveys of uplifted beach habitatsicluding thenearbyold-dunelLJo y 3 2 , NdBevalsd y
beendoneto facilitate longer term monitoringTo date, transect surveys completed in 2018 and 2019 have
detected little change in the vegetation patterand thesea hollycolony appears to have been relatively

stable, at least over this recent periothebandeddotterel nesting case study is ongoing and has a focus on
understanding the degree of spatial overlap between dotterel nesting grounds anchtenral traffic at a
relatively fine scalésee sectiort.6). Alocationmap and recent site phos are showrfFigs. 4.14 and.45).
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Fig.4.15 Airstrip Beach(a) view looking southfrom Airstrip Beaclshowing the extensive pegravel beaches
characterised by wood depositions and dalerant shrubshat are now uplfited from their prequake positions. (b)
lookingeastalong the beacliowards a promient corner in the coast that is an important bird congregation afep
view of the lower beach atransect2 where new wood deposits are gradually accumulat{dya colony of sea holly
(Eryngium vesiculosunis located at the top of the uplifted beaaihan area of relatively stable gravels
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