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Summary

In their technical papers on aspects of tree devedmt in coastal areas Prasetya (2006)
and Takle et al (2006) discuss a number of impoftators that determine how best to
use trees and forests to combat coastal erosiowl, avid the debilitating effects of salt
spray. The principles and techniques they descainebe used to determine not only the
most effective methods for establishing and usiagg, but are also important pointers to
the species most likely to survive and do wellucrssituations.

This paper describes an example from New Zealasé\aére coastal erosion arising
from inappropriate land use, leading to the widalescelease of partially consolidated
coastal sand-dunes during settlement of the coutdopting many of the principles

and techniques described by Takle and Prasetyketias the problem largely being over
come.

Although in this case it is likely that carelessdase created much of the problem, it
could equally have arisen as a consequence ofategetemoval via extreme drought,
fire, tsunami, or earthquake and the consequenoakivhave been the same.

An important feature of the New Zealand programshat much of the erosion

involved tribally owned lands, and through direatalvement in the restoration and
subsequent commercial forest harvesting activitieal people have gainful employment
and social and community development has occurred.

Introduction

New Zealand is a geologically young country, anthlutegradation and aggradation of
its coastline is a common occurrence at differ@mfs around its perimeter. A
combination of high mountains made up of a reldyitgh component of erodible
sedimentary rocks, steep slopes and high rainfadimthat the country’s many rivers are
constantly contributing silt and sandy debris sobiéaches.

The country is also long and relatively narrow idyacross the prevailing westerly wind
belt between 34 and 47 degrees south of the equetdrconstant onshore winds and
occasional gales from a westerly quarter are adilde.

A consequence of these two factors is that on péttse west coast of the North Island
around Himitangi, it has been estimated that overdst 20 000 years the coastal
shoreline has extended out to sea by between 18+20kl the average elevation has
increased by 3-5m as a consequence of the depositgand on the beaches and its
subsequent wind assisted drift inland. Similaratitans exist in many other areas along
the western side of the country with some hundoéddlometers of sandy coastline
typically existing.



New Zealand coastal erosion case study, August.2006

Photo 1 - Typical west coast dune system, 1965 Mife Beach, New Zealand

When European settlement commenced in the earl@si@@st of these areas were
stabilized by native grasses and shrubs, althoadi purnals of explorers such as the
naturalist Sir Joseph Banks (1769), who accompaBagtain James Cook in his great
voyage of discovery, reported seeing tall dundsaoé sand in the north of the country.
At this time the country had already been occufoegossibly 800 years by the
indigenous Polynesian people, the Maori, whose fgaitiering and cropping activities
included land clearance and use of fire and ik&y that at least some of the dunes had
been open up in this manner. However it is alsardhat as European settlement
proceeded land clearance for agricultural purposesving careless use of fire, other
inappropriate vegetation removal, and grazingwediock led to even greater disturbance
of the sand areas and wide scale drifting soonmnemenced.
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Photo 2 — Drifting sand
quickly covered
productive farmland,
lakes and forests. In thig
case over grazing and
poor farming practices
released the sand but it
could have been fire,
storms or even tsunami.

Estimates suggest that by the early 1900s up@®08 ha of drifting sand dunes were
creating major problems, including loss of valugimeductive farm land, and potential
closure of important north — south road and rakdi Areas of native forest and tall
forest shelter established to provide protecticmrag) the salt-spray laden wind were also
overwhelmed. Wendelken in a paper published imtI@ports that “dunes as high as
200m were recorded....extending for many miles albmgnbroken front”, in this case
backing onto the locality known as Ninety Mile Bbduwhich is a coastal complex of
dunes extending N - S for 140 km).

Photo 2 — Tall pine trees
overwhelmed and killed by
drifting sand.




New Zealand coastal erosion case study, August.2006

In 1903 the government passed legislation encoogeaition to control sand drift by
local authorities, but otherwise took little notickthe problem. A more comprehensive
review of the situation by renowned botanist DClockayne led to more aggressive
efforts to challenge the problem, including a sedétrials designed to replicate some of
the European experience with drifting sand sucthatsat Gascony.

In 1919 the Government set up the NZ State Forstic and from that point on
virtually all of the effort to contain the driftingand and most of the supporting research
work was undertaken by that department althouglPtiidic Works Department also had
a role for a number of years.

Important Considerations

A number of issues required consideration in thityg@ars of the NZ sand stabilization
programme;-

1. The drift of sand is continually replenished ofé theaches and during windy
periods sand quickly accumulates around and ovwephbstacles.

2. The drifting sands are driven by relatively stramgsterly winds, which has a
strong influence on what plants can be grown d&ht stages in the
revegetation process;-

a. Wind may seriously dry-out and desiccate plantisigryo establish on the
dunes. The sand has little ability to retain wéberany length of time,
although regular rainfall in winter does permit g&gion to establish and
grow.

b. Vegetation established on the dunes in the imtiases of the
revegetation process is exposed to abrasive wingbsand.

c. High levels of salinity in both the air and in thal due to the proximity
of the sea and relatively heavy surf along NZ'stveesst limits plant
species that may be grown.

d. During periods of intense sunlight sand surfaceptnatures rise well
above levels most plants can tolerate.

3. The sand has low nutrient status, being largelypmsed of small particles of
river and sea washed rock and shell.

4. Scale is very important — small trials exposedttack on every quarter are
difficult to protect from constant drift, which sest stopped at or near its source.

5. Much of the land subject to the worst drift probkewas tribally-owned (Maori or
customary land), with attendant problems of mudtiplvnership in decision
making and approval processes.

Many of the processes that have evolved to addnesge matters are the same

processes that Takle and Prasetya (loc cite) adeas in their papers on the use of

trees to control coastal erosion and provide ptme@gainst wind and salt spray.
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Coastal Processes and Erosion Control

The natural vegetation in the NZ coastal sand-c@tieng includes a number of species
which are well adapted to life in what is oftera@lfy hostile environment. Immediately
above the beach plants able to tolerate abrasna; s&gh wind and salt exposure include
a native grassSpinifex hirsutusand a species of sedd@esmoschoenus spira)jsvhich
grow at more or less the rate of sand accumulatmhhelp shape the high beach-front
sand ridge or foredune. This frontal dune in forotects more inland areas from the full
force of the wind and salt spray while its vegetatiraps sand blowing off the beach.
Over time new dunes develop around driftwood aherdebris left on the beach,
leading to a seaward migration of the shore ling)erthe vegetation on the old foredune
in turn consolidates in the shelter provided byrber rising dune in front of it.
Vegetation in the more sheltered setting is alsnesghat wind and salt tolerant but is
able to grow taller and tends to be more luxuriant.

Damage to the vegetation of the foredune can quieldd to a collapse of this system
(known as a “blow-out”) — foredune sand is ablguackly run inland covering existing
more stable vegetation and creating an openinthéfull force of salt-laden winds to
also do further damage. Blow outs of this natuag mun inland for 100s of metres.
Repairs are undertaken by building artificial bensiacross the gaps caused by blow-
outs, usually of semi-permeable materials whickvglee wind and result in sand being
deposited on their lee side.

Early barriers or fences used a thicket of tvagtghatch but more recently plastic mesh
has proven most effective and much simpler to er@stthe sand covers the first fence
another is raised above and behind it until a Sgamt barrier is once again recreated.
This is then planted with sand binding plants, hesvehe native species have not been
widely used as they are more susceptible to trangpielatively difficult to transplant
and slow growing (the preferred species has beeramagrasfmmophilla arenaria
which was introduced into NZ from Europe and isitigely fast-growing in these
circumstances). In many cases the initial extétite@coastal sand erosion problem was
so great that many kilometers of fences were redquand little other work could be
undertaken until the problem of containing the raEbkand off the beach was underway.

Photo 4 — Fences erected to catch
the drifting sand and rebuild the

foredune, preventing the deposition
of sand over more inland sites.




New Zealand coastal erosion case study, August.2006

Photo 5 — Revegetation of new
foredune to stabilise it against
further drift and to provide
permanent protection of inland
sites

Further inland drifting dunes also needed to b&edabnd after some trial and error
practical techniques were developed which enableddoareas to be quickly fixed. In
brief the stages in the process are;-

- Planting with marram grass — large nurseries ofamagrass are established on
flat, open sandy areas from where it is harvessguguan under-cutting technique.
Bundles of the grass gathered in this manner reigiart of the rhizome and
rootlets and planted at relatively close spacingr(irectangular spacing) in
winter quickly root and as it grows and spreadsatvs surface sand movement
and provides shelter for other plants.

| Photo 6 — A 6-Man marram planting machine capabj#anting 20 ha of marram grass per day. |

A year or so after planting marram grass yellow ttgin Cupinus arboreuyis
established, initially by direct surface seedinglater trials found that improved
results could be obtained where the seed wasdliill® the sand. Lupinis a
legume and typically adds significant quantitiesidfogen into the growing plant
biomass. Itis also salt and wind tolerant andtietly deep rooting so it makes
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an important contribution to consolidation of thends and provides further
shelter to other herbs and shrubs as these de(eefapgus of the genus
Coletotrichumdeveloped to more or less epidemic proportiorteén1980s and
largely eliminated yellow tree lupin from NZ’s cdakareas, and a range of other
leguminous species have been used in its placeuglthit has made something of
a recovery in more recent times).

The established thicket of lupin and other speisigganted through with the
coastal pine specieRifius radiatd about two years after lupin has been planted.
Radiata pine is relatively salt and wind toleramd grows rapidly once
established, with roots reaching more than 20nomescases in search of both
nutrients and moisture. However in the most expasastal sites growth is
slower and the tree is usually very deformed andtstl, but the shelter offered
by those in the most coast-ward areas allows ofbettser inland to grow to more
or less their full potential, providing a commetaigod source over tens of
thousands of hectares on a 30 year rotation.

Discussion

The inadvertent release of the massive sand dffitise west coast of New Zealand by
land clearance and grazing could have as easily toiggered by vegetation removal
through natural phenomenon such as prolonged dtofigh prolonged wind or tsunami
and the consequences would have been the same.

The critical factors are;-

- The continued re-supply of sand off the beached\New Zealand’s case the
beaches of the west coast are aggrading as additebris is supplied by a
number of major rivers and harbours which exit gltns coastline. The
prevailing wind carries sand off the beaches andnip the foredune in
significant quantities especially during stormsieTvegetation growing on this
area needs to be resistant to desiccating winttssay and the abrasive effects
of wind carried sand, and be able to continue tovgat least at the rate of sand
accumulation while ignoring the fact that muchtsflower parts may quickly
become submerged in sand. In bright sunshine texyes at the sand surface
can also be extremely high. A small number of ggasand sedges exist well in
these circumstances, most having high silica camtehairs, etc to resist
abrasion. Leaves are usually thickened and raédigafotect the stomata and
reduce transpiration while root systems are vetgresive tapping moisture from
considerable depths. Marram grass has been useti\viecause of its ease of
propagation and relatively rapid growth.

Low nutrient status of recently eroded and depdstnd. Recently deposited
coastal sand dunes have no organic content, nstsaditure and high
salinity/very low inherent nutrient status. Accoigly while quickly establishing
a cover crop may be the top priority high toleratecéhese difficult conditions is
a key issue. As noted above marram grass wilbeskawell and quickly if
planted into these conditions, however plantingtiisundertaken during the wet
season (winter in NZ) to ensure best chance aéirstirvival. Following planting



New Zealand coastal erosion case study, August.2006

the marram grass is fertilized with a surface agpion of ammonium nitrate or
urea (not regularly used because of volatilizaposblems) and responds well to
application rates as low as 20kg N per ha. Thass critical to the plant’s
survival — without N the plants start to die outwé-8 months.

Long term nutrient status and soil developmenth@uigh the marram grass can
be kept alive and growing reasonably well by redyladding fertilizer it has

little ability to encourage colonization by othdamts. Accordingly lupin is
planted after 12 months and rapidly develops irstiedter of the marram. As a
colonizing plant it quickly develops to occupy mosthe site, while it's thick
hairy leaves provide protection from the wind ao imoisture levels. It is again
a deep rooting species and its leguminous habiktyuadds significant quantities
of N into the system. Other wild herbs and shregtablish in its cover and
within two years a good litter layer and root ngtisually formed while the lupin
plants are 1-2 metres in height and provide godd shelter and shade.

Tree planting and salt tolerance. About 3 yeaey dlfie initial marram planting
radiata pine trees may be planted through the lopuer. Trees about 50cm tall
are planted with up to half of the tree being pthceo the ground (to maximize
access to water). The lupin provides good shadeshelter while the tree
becomes established but may need to be removesp(hying or cutting back) as
the tree grows. Radiata pine is moderately tolepastlt spray and wind but is
badly burned and desiccated nearer the coast apdenklled by full exposure
to these conditions. A number of other specie®limen tested in the most
exposed localities with quite mixed results — salvepecies have the necessary
salt and wind tolerance but are unable to adatiteavide soil moisture
fluctuations and difficult nutrient conditions. &$e include a number of native
speciesletrosideros excelsa, Olearia travejsivell known coastal species
from other countries (Norfolk Island pideaucaria excelsathe Australian
Tamarixand she-oakCasuarina equisetifolia, Pinus pinastieom the
Mediterranean, Jackpine Bimus thunbergifrom Japan all of which grow in
relatively hostile marine environments. Montergpress Cupressus
macrocarpd from the Monterey peninsula region of Califorhigs been found to
have most of the preferred characteristics anthist@d as a two row shelter
along the coastal stand edge. Radiata pine isguldrehind this shelter once it is
established allowing the development of a commkeccap from 100m or so
behind the foredune.

Photo 7 — Coastal stand
edges are badly damaged
by salt wind but where
shelter in the form of a
higher foredune, or
resistant species are
planted, commercial tree
crops can be grow
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The synergistic relationship between the pine tegeslupin established during
the sand stabilization phase is important. Itlheesn found that the N contributed
by the legume is equivalent to 200-250 kg per hchvivould otherwise need to
be added via artificial fertilizers. As the crojppine trees develops it shades out
the lupin however lupin seed is viable in the $milseveral decades when the
pines are thinned the soil disturbance and exdhd hesult in a fresh crop of lupin
appearing — providing the equivalent of a furtheselof fertilizer. Similarly a
heavy regrowth of lupin may follow harvesting oétforest crop.

Commercial enterprises and Community developmBatdiata pine established
on the dunes in this manner grows progressivelgbsatoving inland from the
coast, although where reasonably sheltered wilhlisproduce at least a
commercial crop of logs, firewood, etc. As notedier much of the eroding area
was on tribal land and the stabilization provideatkvyrogrammes for hundreds
of people — initially working in the nurseries amal the planting and sowing
machines, etc.

Photo 8 — Thinned and pruned
8 year old radiate pine growing
on recently stabilized sand-
dunes. Forest operations
provides employment
opportunities on tribal lands.

Later the developing forests required attentiothasing and pruning operations
commenced, and today sustainable harvesting opesadire proceeding in
several locations supplying world scale wood prsitesand export operations.
Pastoral farming, horticulture and cropping aciégtoccur as a matter of course
on the agricultural land once threatened by thiéimlgi sands — the shelter
provided by the tall forest provides an ideal matimate. Meanwhile activities
such as ecotourism based around the forests, anchfitoved access via forest
roads onto the beaches have provided both bettexational and employment
opportunities for local people.
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Photo 9 — Mature forest
on coastal sand-dunes
provides commercial
enterprise and protects
inland agricultural land.

Conclusions

In this New Zealand case study into the use obtteeombat the effects of coastal
erosion, wind and salt spray, the benefits of adgmoundly based techniques such as
are discussed by Takle and Prasetya (loc citejvalledemonstrated. Issues such as wind
speed and run and the use of permeable barrieeit®e deposition of wind carried sand,
use of species with high inherent salt toleranakdevelopment of shelter are addressed.
The product of the sand stabilization process leas levelopment of a successful
commercial forestry enterprise providing permaremployment for local people, while
simultaneously high quality agricultural land ha&eb returned to production and other
facilities including coastal settlements, railwaysl roads are also protected.

Photo 10 - A rebuilt foredune
providing protection of a
coastal settlement against
future storms or similar
events.
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