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A sestion oi the extensive mand dimes at Waitorete Spit, Canterbury, Mow
Zealard, Lizs boen mined for sand over a naried of <0 yeass. Unmined dunes are
domirated by cderse siands of the otherwise wow restricted indigenous send
binder Desmoschoenus spiralis, meling thetn an asee of great conservation
valuz. Plant comrmniiies on mined surfaces of various age and on womined
dunes swere caamined Uy using classification and ordination. Clgsstficaiion
clearly distingnished communities of unmined 2ud mined dunscs respectively.
Tie principal ordisution gredients represent the typical landwarnd dune sequence
and the rained/unmined diffzrences, Althoupn there are cites on unmined dunes
that rarry vegstadon of the mined groap, there is no evidence that mined sites
have recovered comninities typicel of the wamined dunes. The coxcinsion is
that there is no sign of recovery of ths originzl dune commuritics despiie partizl
colonisation by Dasmoscheenns. Two cxplanations are offired. Adventive Am-
meophila areraria hzs invaded the older minsd dunss, displacing Desriosclioms
or excluding it from re-invading, -#hile the remaining mined ares has developed
a sparse send-plsin vogetstion, the result of lateral »:nd movznent. Iniplications
for conservation managem:ant are discussed.
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INTRODUCTION

mining typicelly causes such massive
damage to Jlancscapes and biclopicnl features
{Cown & Stocks, 1977) thai considerable restorz-
tion work needs to be unceriaken to estabiish veg-
etation witich is gererally warslatad io 1lat otigi-
rally present (Johmsca & Bradshaw, 19725, In
certain siizations, especially where substrate re-
mains, tivere is a reasonnble expestation that (he
original plani communities will at Tzazt chow scmie
natura! recovery despite the damage. One such
situ- atien is the mining of sand from coastal dune
systems {Brooks, 1970; Lewis, 1976). Certainiy,
mining severely damagss the original dune struc-
turs, bt the processes thai build dunes ave likely
1o remain: & supply of sand, wind io move it, and
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sand-binding plants. Bven if (4}l tecovery takes a
long tme, 1i might be cxpected that irends to-
wards rocovery would be deiectable.

One sand-lune system thut hag been aflecied by
mining iz that at Kaitorete Spit, Caaterbury, New
Zealand. A section of these dunes hag been mined
since 1952 ior iis cozrse-grained, angular, well-
sorted sand, The dunes ars important for sonser-
vation values, befag one of (e fow remeining sys-
ietas in New Zealsnd where ihie indigenous
saud-binding sedge, pligao Dasmescheenss spi-
ralis, stll dominates. This species has declined
considerably, initially through dsstruction of the
indigerous dune cover by Lurning and grazisg
ihat accompsvisd ihe srrival of Evropeans in

Wew Zesland 130 yenrs ago. Most dune cystems
were subsegnantly stabilised by extcusive planting

4 +

of the iniroduced saud tindsr marvam Amnopiila
arenarie, 4 speciss ihat has forther displaced mmch
of the remaining Deswioschiogius whers the two
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com= ints competiticn. Kaitorste Snit therelore
retcs as one of Mew Zealand's most bolanically
valzabie duns systeras. As well gs ihe high pro-
portion of communities dominated by indigoncus
spacics, there are endemic invertebrates and plants
{Carmichazlia eppressa, un unnamed species of As-
perula, and possibly ochers), otherwise lacalised
plants (c.g. Lustrofzstuca littoralis), and imporiant
archasological sites; the dune systum is gleo pecu-
liar in being of a dry coarse sand insisad of thea
more usual fire sand. 1t is desirable iharefore that
the mined seclion, aithovgh relavively smell, re-
covers as riach as possibie i3 veluabls bovanical
featares, Some atiempiz have been made to assist
recovery, but have cither failed compleiaiy (ve-
planting of Desmoschoeizs spizalis cuttings) or arc
of unceriain success (spreading of Desmoschozms
spiralis sezd followisg mining), becagss mining
and conseryation inierssts dispute the sffeciiveness
of the methods employed. Such claims are a lez-
turc of emotionaily ckhargsd conservation debalss.
Certainly there ic nc difference between zrezs
where rastoration has hesn claimad to have been
carrisd cut and where it has not.

Little haz been published oo the ecclogy of New
Zealand sand qunass-and their snecies. Early stud-
ies arz particolarly rare (Cockayme, 1911, 1928;
Pegg, 1914; Logan & Holloway, 1934), although
Esler {1969, 1970. 1974, 1675} producsd detailed
descriptions of some MNorth Islznd dune systzms.
Recent intcrest has Lesn prester, especialiy in the
South lzland (Juhnsca, 1982; Simpron & Mason,
1984; Sraith ot al, 1985; Sykes & Wilson, 1937,
1088, 1989), meny siudies being dalziled sxaniina-
‘iions of plant/environment interactions, Although
iiere have bean & nember of conservation reports
(e.g. Palmer, 1930} and theses (e.g. Peacs, 1975;

Helland, 1981; Crourtney, 1983) un holanicai as-
pacts of tiie Keaitorete Spit duses, litile bas been

published tific fiterature, the excopiions
being the GLriel deseripdon of Burrews (1969) and
inglusion of tivis arza in a larger sindy of vegsia-
tion/environment relalions i dunes by Sykes and
Wilon (1922). The effects of mining have not
besa specificelly addressed.

The eims of this study were twolcld: to deler-
mine 2xactly how sand mining has affectad the
plant communiiies avd o kacw wheiher thers haz
been compicte or partial recovery of ihie originai
communiiizs after mining. If racovery bas taken
plece, the processes by which this sooure zre of
great imporiance, and if not, the reascns for non-
racovery bacome sigoificant. The siedy has been

aided by a koown history of micing eneraiions, at
leasy it ==faiive tepns, at mining has iglen place
in a sysiematic weat 1D cast direclion over a nericd
of 40 veass. [iven where arsas have been reminesd
thiz is kncewn.

Nomenclature follows 'Webh et &l (1988} and
Connor and Rdgar (1987) and refersnces thersin,

STUDY SITE

Kaitorete Spit is a sand/gravel bacvier complex
that senarates brackish Lake Elissmere from the
Pacific Ocean (Fig. 1). The complex is only about
5,200-7,000 yezrs old, and the product of rapid
growth, 2e % is now 28 km long 2ad up to 3-2 b
wide at the ezsiern end (Kirk, 1289, Aion,
1974), Contiiucus sand dunss occur an 1hie sca-
ward side at an everags width of 220 1. Ar older,
maciivz, aisconiinvovs series of sand duncs oecwss
g further 100 m inland, bt iz not inchaded i the
study. The easiorn hall of the spit’s duncs bas a
stable to slowly accreting seaward margin, while
the wesiern half is sroding under wave atteck, and
2 pumber of parabolic dune hlewouic have cc-
curred. The ar=a erxnmined i this stndy is oa the
eastern half and has a stable dunc margin. Taland
of the duanes is diy grassland domiratad by intro-
duced spzcies and sspecially the grass Sipa no-
dozg. The wholzs dune gystem is subjecicd 1o fre-
quent winas [rorm both (he south ‘meist, ccol,
especizlly in winter) and ncerthwest {dry, warm,
mostly in sumnrsery. Mean annual rgiafall at Lin-
coln Uriversity, some 20 izn to the rorth, is 590
run. This, covpled with the coarse base material,
makes the ares very drought-prone.,

Sand-mining has taken place in a confined area
of ike central seciion of the dunes and w the sast
of Kaitorais Scienlific Heserve, beginning on a
small scele in 1252, Records wens staried in 1964
wiih the graniing of the first licence, and at thar
time some 6,000 m3 wers removed per annum, Re-
moval of sand peaked W 1974 when 33,000 m?
were srtracted (Pabmes, 128C). Hestriclions on
amcunts and areas availatle considerably raduced
the exiraction of sand in the 1980s. The iota!
length of dunes mined by 1990 was epproximaialy
1,300 m. Sund bag been mostly removad from the
central scotion, bui ai e posk axiended from
closz 10 the front dune almoest to the grass flzis.
Thre effecis of zand-mining on duwss stresturs ace
demonstraled by cix duas picfilss of tha aress
sampled (Fig. 2). Of ihe two unminzd sections, A




Yegetation recovery oit coastul dunes 61
N /  South Island
4\/ New Zealand

-

fithe?

| l.ate Elimn'-_e:.'.\\

‘- -

/: i e e
,x-‘-‘;"f" e

-

Fuoifico
= F ritorsis “"c";'“
v ‘ “oean
] amit J
-
'.I-\
[ -
:
A w/_.-\ -ﬂ‘ﬂfm? |7"}'
i .r"/ n1ll.gﬂzr
, ﬂ r 33
b |
" ML T Liewd
s Oceal
Fig. 1. Tecation map of the Kaitorote S5 dunes showing tiie pocition of the sis samyx: areas.
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Fig. 5. Commuyity maps of the six sample areas, A-F. The numbsrs vefer to the 20 communiiiss deseribod (1-10 = mosily
derlining indicates sites thei have been mined; 2.sh indicates mined with no vegetation;

unmined, 11-20 = mostly mined). Un

iinnk is unmired with no vegetation. Dune proiles are includzd for the centrel part of each aren,

indicziing the extent of raining.

with the maried points
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RESULTS
Community descriptions

The twenty communities discrimninzted by Cluster
Anzlysis are described below. The term frequenc

is used as a within-community characteristic,
wirle samplz site frequency is tsrmed abundance.
nterprelation is aided by Talble 1, which sum-
marices frequency and mean site abundance of the
major sgecies within the communities, and Fig, 2,
which censisis of the cormmunity maps of the six

Connumities characteristic of unminzd dines
(U1-U10)

Ul: Modzretely vegeiated Dezmoschoenus spiraliz
(25 sites). Dominated by Desmoschoenus spiralis,
but at = lower abundance ibzn any of tha cther
vmrined cemmusnities, snd tending to occur
raosily on open arsas on the steep back face of the
foredune. Characteristic specics: Desmoschoenus
spiralis, Lazurus ovates, Hypochoeris radicata and
Crlystagia zoldanella.

UZ: Desse Desmoschoeons spiralis on fiord duse
(41 sites). The typicel unmired front dune com-
munity. Characiesistic species: Decmoschosnus spi-

raiis, Lagirvs ovatus, Hyvcchoeris redicata oad

sections. Table 2 gives the number of nemined
Calystegia soldaazlla.

and mined sites within each commuaity.

Table 1. Freguoney and abandsine within the 29 commumitios
Comimurity
Species 1 2 3 4 5 6 7 8 9 W 1 12 13 14 15 % 17 18 19 20
Neo. of sites 25 41 3 31 78 20 35 31 3 35 18 40 24 21 44 24 3% B 16 1€
Acaena arripita 91 41 8] 7-2 94 F35 52 ‘ 3-1
Trifolivmm arvense + o+ 83 9-7 6-2 33 F 5-1
Zoysia pungzcns 2+ L 96 F8 31 L t L
Rytidosporma clavarum 52 95 4
Stipa nodosa + + + 73 96 +
sAira caryopiyllea + + L 51 +
Sileire gallica + +  + 21 3+ 4]
Trifoliten glomeratum 31 51 +
Bromus diardrus L L 71 62 %5 95 7-2 42 84 L 83 + + 4+
Rurex acetoszlla L &2 82 9« 93 F~7 F§ 98 24 €3 3] ¢-2 +
Dasmoschoenus F§S F8 F§ F&8 F6 ¢4 94 + 2«1 + 51 82 FI 73 93 83 903 F! Fd +
spiralis
Hypochoeris radicata  F-2 F-5 F-3 95 92 7-2 95 F6 2-3 93 41 2 91 Fdg
Lagurus ovartus 4 F6 F§ Fd4 F8 F8 F¢ FO 98§ 96 73 7-5 = 932 5] =3 4-1
Calystegia soldanelia ~ 7-2 -5 9-4 94 5. 94 13- .62 4 31 93 741
Ammopkila arenaria + L + o3 51 L 31 32 F7 51 62 6
Raoviia custralis 41 L I+ = 51 %6 62 = + 62 F2 7-3 52 0+ 4
Eroditam cicutarium L + o+ + L v 94 32 + + L 4
Cumichaelia appressa -1 52 L L L L
suehlenbeckia L L L F7 L + = & L
complexa
Melicyt:s alpinus L L +
Holeus laziatus + + + L L + +
Pog cita -1 4+ 2 5-1 i +
Preridium escidentzm E L L | + 43 F8 L
Carex brevicuinis L
Lsaudognaphaiium + 3 + 4+ 3+ +
lurecalbum
Anagellis arvensis + L
Foeniculum vulgare L
Lolium perenne ‘ L + +
Cirsiurt arvense i I +
Carex punila L i
Elymus rectigstus L I

Orly the 31 most abundani species are includad. For each spocies the first number is frequency within the corumunity (F= 1003, °
9 = 90-99%, 8 = 80-89%, eic.) and the second is mear site abundance (expreszed similarly as frequeccy in the 25 subzvadrats). 1. indicaies
Yocally ebundant, and + present but rore.



species: Desmaschoenus spiralis, Rumex acetosella,
Hypocrioeris radicata, Lagurys cvatus, Calystegia
soldanella, Zoysia pungers and Trifolium arvense.
This i3 onz of the richest communiiies,
U8: Zoysia pungens sa:nd fats (31 sites). Similar
to community U7, but on iatter surfaces at the
westernniosi two sections. Cheracteristic spacies:
Lagvrus ovatus, Hypochoeris radicata, Rumzx ace-
toselly. Zeysia pungens, Roovlia custralis, 1ri-
Jelivra arvense, Stipa nodosa and Accena agnipila.
The small sedge Carex breviculmis i3 locally ab
dant in a few sites and the cub-shrub Piseles
urvilleana is occasionaily present.
U9 Grass flats (36 sitzs). Relhind the duues aie
xisnsive grass flais thei extend beyond the sam-
nling arca. Characteristic species: Siipe nowosa,
Rytidosperma clevatum, Lagvrus svatus, Poa cite,
Acaena agnipila, Trifolium arvense, Trifoliws glor:-
erctvm, Raovlia austrelis, Hypechosric radicatc.
This is the richest of the communiiiss
10 Pteridivm  esculentun (35 sztes} Dlense
stands i Pteridium esculentim ocour on a discrete
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Tubie 2. Number of onmined and mined slies withip esal
commurity
Comzaunity Urminad Fiined
1 21 4
2 40 1
3 30
4 31
5 72 6
6 20
7 55
8 3
9 36
% a5
i~10 371 i
| 7 11
12 | 39
13 1 23
14 13 8
135 12 32
16 13 it
17 8 26
12 2 6
16 5 il
20 5 1
11-20 67 178
Bere 5 38

[J3: Dense Desmoschoenus spiralis in cextral part
of dunes (30 sites). Cecurs only in the zone be-
tween the {roat dune and back dune, or on the
single dvne crest where preseni. Characteristic
species: as for commumity U2 pins Rumex ave-
tosella and Fromus diandrus.

U4: Dense Desmoschoenus spiralis with Acaena
agnipila (31 sites). As for commurity U3, plus
Acaena agmipile, although this species is never
abundant.

U5: Dense Desmosshoenus spiralis on back curcs
(78 sites). Characteristic community of the gently
slopin g feces of back dures, except where these
are of low statore, mined, or covered in Preridium
exeulentun. Characteristic svecies: Desmoschoenus
spiralis, Lamurus ovatus, Hypochouris redicats,
Bume:: ccetaseila and Bromus diandrus.

U6: Muehlanbeckia complexa on back fuce of back
dure (29 sites). A distinct community of low-
growing woody spacies mixed ersongst community
US. Characteristic species: shrubs — Muzhien-
beckia complexa, Carmichaelic appressa; herbs —
Desmeschoenus spiralis, Laguris ovetus, Bromus
dicridrus, Rumex ccetoszlla, Eypochoeris radicata,
Aeccena agnipila and Poa cita.

U7: Desmoscheenus spiralis/Zoysia pungens aejla-
vion dures (55 sites). A community of low hum-
mocky deflation dunes at the westernmest two
sections whare back dune is zbsent. Characteristic

area of the back dunes of the two central sectioas,
the otherwize typical dune spesies all being less
common. Characteristic speciss: Preridium esculen-
turs, Lagurus ovatus, Hypochoeris radicaia, Rumex
acetosella and Fromus diandr:s.

Commaintities characterisiic of mined dunes
(A£11-4420)
M 11: Weedy sites (I8 sitzs). Spersely vsgetated
and poorly defired with low spzcies [aithfulress
and abundance, bat a largs complement of
species. Scattered (a) on recently mined sites with
little sand remaining, (b} as a weedy strand, (c) as
isoiaizd sites on reads and porking arcas. Charac-
leristic spocics: Rumex acetoselle, Laguitis ovatus
ard Calystegia soldarella.
AM12. Recently mined sites wizh sand (40 sites).
Recently mined areas of low sand ﬂ"ti-fity nears
ths back of the mined duses and rather poorly
vezataied excepl by Erodivmr cicutariom, Charac-
teristic species: Erodiurt cicutarium, Browmms dian-
drys and, with low abundanse, Desimcschoenus spi-
ralis, Lagurus ovatus and Raoulig avstralis.,
MI3: Sparsely vegztated pavement (24 sites). Pave-
ment cocurs where wind dailation leaves a stony
surfzce, this process favouring the cushion species
Raovlia australis. Characterisiic species: Raoulia
australis, Erodium cicuiarivrn and Desinoschoens
spirclis (low cover}.
M24: Sparsely vegetated pavement/dune with
Rumex aceiosella (27 sites). With 2 different com-



Vegetation recovery on coastal dlies o5

wosition o community 13, this ocours more often
on unmined arcus. Charactericiic species: Desmo-
schoenus spirelis, Hvouchoeris radicata, Lagurs
ovatus, Iumex oootoselle acd Raouiia australs.
Noiable associated rarer speciss include Awstrofes-
ticq litioralis, Asvzrvla sp. and Seoleranilas bifiorus.
Mi5: New low diies on minzd arcas of intermedi-
ate age (44 sites). New, low, hummocky dunes
fave formed in the seaward helf of the mined seo-
tous where s2nd is most active. Chacactezistic
species: Desmoschoers spirelis, Hypocheeris radi-
zate, Raoulia austrels, Loguius ovatus and Am-
mopiiin aresaria (8l low cover). A small namber
of sites form a narrow numined sirand dominated
by Carex pumilo.

MIa: New dures cn clder mined crers (24 sitis),
Mostly in arsas where denss Admwophila eveneric
i3 displacing Desmosciioenus spirzlis on the oldast
wited dunes. Alss inciedes unmined front dens
whers Anunophila areparia has spread up the front
face from itz establishment point at the stramd.
Characigristic spasies: Ammopkile creraria (dense),
Desmoschicenus gpiralis, Logurus ovatus, Hypocho-
eriz ragizata and Calvetegia soldenzila.

M17;: Aveas mined ¢ o foredune jront (34 sites).
Oecurs where mirning has both directly and indi-
rectly  {through over-sicepening’ destroyed the
‘ront dune, resvliing in new active dunes with a
sparse cover of Desmeschoenys spiralis. Character-
istic. species: Desmoschoenus spivelis, Celystegic
soldanella and 4dnvnophila areraria (all low cover).
MI8: Extremely sparze Desroscizoenys spiralis (&
siies}. Almost bars, actively moving sind near the
‘ront dune on mined zrces carries Demioschoenis
spiralis as isolaizd spasil plants, not yet building
dnres. Ammophilg areagria sorasiimes oeours simi-
laily. Characterisiic spacies: Desmoschesnis spi-
celis and Ammoghile arzaaria (low cover). ,
MIQ: Pure Desmoschocnus spirelis on joreduie
(16 wites). Mosily occurting on mingd iront dunes,
but alsc In active biowouls, with 2 moderais cover
of Desmoschoenus spirglis, but with nio sssozisted
species. Cheracterisiic  species:  Desmoschocnns
sniraliz.

220: Denre Ammophiis arsaaria /1§ sites). Virtu-
alty ali sitzs aczar 2t the cldest mined sres. There
ars few associated specics that are never abua-
dant, Charasteriziic species: Ammopirila areraria.
Pare yand (43 sites}. Exilersive bare arcas are pre-
seai where sand movernent Is tco graat to allow
establizhment, and cn over-tteepened dune facss,
especially ihe ercding rear fase of tihe foredune,
They are generaily the result of serd-niining,

Sunmary of communitics

Communiiies Ul to 1J14 form the ngimrel wn-
mined vegstation, althcugh the purt of the dune
pavemont comrmimity M14 s alto wnmiimed.
Desproschoenisy spivalis domainatss the dunse from
the front of ike frent duns to ike bask of the back
dune. Gn the front face of the front dune it typi-
cally forms conurunity T2 wich U3 ia the ceniral
sectior. The beck dune, whers prasent, has US
raixedd in with the sareh-dominated US. Whers the
back dune i absent the chrubby vegatation cccurs
on ihe back feoe of the zingle dune and there ar=
extensive hummociy deflatior dunes end zaad
fats (J7, UB) further inland. Beyond ths duaes
are grass fals (IU9), The back dunes dominatad by
Preridizin esculenives (IJ10) are an iimporiannt vari-
ant.

The mircd dnnes of commuuiies M1) 1o MZ)
have a gpavser vegetation. Desmosciioznus spiralis
is ofter: present, varying from tiny isolated clumyss
(MI8) to relatively denes (MI!9), cut never as
fenzs a8 in the unmined convmunities. Amincphiia
arencirig 15 importart, especially in 816 and M20,
whers it usnally Jominates &8 & deuss stand, Asso-
ciated gpecie: in these commuuities are variable
and unpredictable,  and thers are & number of
wesdy gpecies that seldom cenur on uomined sites,

3 mogt notzble baing Erodiur cicuturizam. Where
wind defiation occurs a Raowlic austrelis stons
paverent (14, M15) is established,

The seraration of the mined snd unminsd
groups is very clear and highly significant (2=
431, p <2-0001). The greatest number of excap-
iione are of sites in the typically mined group (i)
that ocoar on 2unined dunse, Many of theses are
on the steend (M11), natural pavement (M14), ao-
iive front faces ol the front dunes (817), or arcas
invaded by marcam (M19). Mined sites that cuiry
vegetation of typically wimined (J) cemnunitios
lees common, Bare sites are clearly mostly re-

a
are

latad to raining.

Disiribution of the communities

Af the unmined Seciion A (Fig. 2), 90% of tke
sitez carry vegetation cigssified as pert of the un-
mined group of communities (J1-U1G). IHers
there is only 2 single, but wide, duae ridge in the
canital past of the dune system. All the Deuso-
sekezws spiralis-domingted communities e well-
represented (1J1-1U3), with some Muehlenieckia
corapleza (UG) on the baskslopz. Behind thie are
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the dsflation duncs and sand flais characierised by
Zoysia pingens {7, US) erd not the grass flats of
she ceniral and =astsrn sections. Jites carrying
vagetation clessified as part of the mired group
(M) include some weedy strend areas (M13), &
large patch of dense .inwnophila erenaria on the
front duae face (Mii6). end a few cites in the east
that have been dsstabilised by adjacent sand min-
ing (M135).

At firsa B, send-mining has removed most of
the front and central secticns of the dunes, OF the
Desmoschoesus spirelis-dominated vunmined com-
munities, only the commeon US is at ail well-repre-
sented. Most notable of the mined communities
are M16€ and MZ0, both characierised Dy dense
Anmacphila erenaria, his also oscupying unrzised
foredune ramoants and some of the unminsd
backdunes as well. Behind the fradune remnanis
are extensive bure areas whers sand is extremsly
mobiie. The grouping of sites of ihe typically
recersly mined commuriity Mi2 at the eastern end
renresen:s an arsa that was remined in tire 1280s.
Eeyend the mined area, the defiation dune and
sand flat cemmunities (U7, 1J3) typical of Secticn
A are agzin weli-represented,

The mining at Section C has been far imore exten-
sive. Sites represeniing typicelly unminsd comnu-
nities are preseut only ¢n foreduns remaants (1J2),
small wamined ‘islands’ such as that iiz the eust
(U2-1J4), and Gackdunes (U3, US). Pievidiun es-
criientum (1J10) domirnatez mest of the backdunces
and spreads onio the grass flats (U9} beyond, al-
though the westsrn end is beyond e range of this
species and has sand flats (U8). The minzg area is
domirated by sparss vesgstation, especially of
communiiy M13, wkich is chsracieristic of mined
arcas of intanmediste age, most siies of this com-
munity occurring hsre, Many of these sites con-
iain Ammephiln areraris. Also well-reprosepted. is
commurriy MiZ, vlhich dominsice a lacge, de=p
hellow in the =ast, thiz being an srsn that was
remined in the 1980s. On some of the older mined
areus, erosion of sand Los resuited in Raowliz avs-
fraliz-dominated duns pavement (1416).

Foredune damage has been a feature cf the
wining at Sceiion 1. This has rasulted from over-
steencning of the backslops which has been icl-
lovzd by biowouts, to ieave large active areas b
tween small, icolaied foreduns turrets. The
distinstive community 817, with iis pressnce of
Calystegia soldenelic, pow occupivs most of the
former fcredune area aiong with many bare areas
of moving sand. The central part has community

M12, this being characteristic of iecently mined
iles where zand is accvmmlating, and comurnmnity
1413, which iz pavems=nt where sand iz eroding. Be-
hind, ibe unmined ar=a is dorinaled by Preridizu
esculontum (U710), with grass fiats {U%) beyord.
IMining at Section 1 is resirvicied to # narrow
part baiween the foreduns and backduns. Tae
foredune is madz up of imany communities includ-
ing aciive foredunes otherwise characteristic of
mined areas (M17), end boik moderats (Ul) and
densz (J2) Dasmoschoemmus spiralis. There are two
aress of community M4, sparssly vegetatyd
dune/pavement, both on urmined cdunzs. Tn the
wesi a ama!! area has been leit unmined to protect
a populziion cf thes rave dsperla sp., while an
arer in the ezsi hias Ausirofestuca littorelis. Miuch
of the mined area is bare or itas weals (M11} or
establishing dunes (:15). A nuvmber of mined
sites have the otherwise Lypicslly unminsd com-

1,

munity U5 — thess have Been invaded by many
Desmoschoznus  spirelis seedlings 2nd associated
spacics common e unmined arezs on sand of low:
sctivity. hdore typical communily US nocurs be-
hind the minad srea, aithough in the-wssl there is
some Preridium escilenivn: (U10). (Grass dats be-
hind are mostly of community US.

At Ares I, unmined comumunitics dominate, ex-
cept near the foradune front where some active
arzas have somroanity M 15, Unlike Area A, there
ars twao diziinet dune ridgez: ard o sand fgis,
Diense Degmiosciioznis spiraliz occurs throughout,
with communitics U2-US ali being weli-repre-
senisd variants. Tn the west the backsiope of the
backduae bos abundsat weody vegeigtion, espe-
ciaflly of Muyehienbeckia compizxa (UJG), whils be-
viond are gress flats (U9).

Ordination

The first two axes of iwe DCA site cidivation are
neeselited vsing scpareéie diagrars for each of two
sets of site attributss. Senarate diasrams were vsed
io avoid clutier, ¢s there were many semypling
sitee. Figure 3 divides the sites into mined versus
urmined, Thers is, in gensral, 2 geod aepsaration
of e sites both on axis 1 and especially axis 2.
The izany uomined sites on the lower Iaft ere
denscly clwnped wherees the mined sites on the
upper right are mors scatisted, those with the
Lighesi veluss oa axis 2 being vegstation domi-
psied by non-dune weeds and Erodivm cicutariun
(Fig. 4). There is, however, considzrable overlan
of mired and unmined siins a2t the lower rght.




Veguisiion recavery ov corstal dures 67/

50 ¢ Uamined

a5g -

Axis 2

[i] 50 D 150 20 280 30 350 400

Axis 1

(a)

33N | Mdiged L.
K Y
250
297

1530 I'

LG |

Axis 2

Suf

20 250 300 350 400
Axis i

(®}

@ 163 50

Fia, 3. Site oadination divided imo i) urmined ondd ) mined siz=s,

These ore dominated by Arznophila erereria zivl
occur s tiie untained fovedune where ihis speciss
his displaced Desmioschuenus spirefin, and on {ns
cldest minad arezs,

gonarates the sites by disiance from: the
sca, each diagram represeniing a 40 m sten. The
trend s from coasial (right) to ialand (=01} on axis

L0 e
4009
.;(:”"' b Mea .
- &
. ‘l.n.cux Bramie
Fieridium .
.-:- Iymusg
o~
Meliryty
'2 T.glemaraiun - vius
5‘2:: 4 @ flumas
A [
< Cucmichanbia .
-
Cuimx
Agrana
-

100 ¢ Stiea
| = Zitane
.
1, Zoyala
Ryilfcancrma *_
T.OrVERA®
Alra

[ ]

L

Hypoghtagiz
& '

1, and ftom botiom 19 iep on axis 2, with Lucrsas-
ing oistancs in'zng. The trend is more pronounced,
heweaver, on axis 1, Urnmined sites show (he trend
very cleariy while it io alre nresent, bui less well-
dafinad, in the mized areas. Mined sitez, a5 chown
in IFig, 1, ars me«{ly in tie central seaticns, laving
the sxteeraes {he moaily clearly defined groupings.

r
Lnvgslis
Somegeli

a Ero:ium
.
Girstan L
.P{-:ﬂllﬂl,'-,n inhalluiy

Faoulls
.

Mueiiandee e

Lagrrus
®

fBevmoeschoenus
.
.‘.:.Jmopi:lla_

Calystegin
.

-126 0 106

200 igd 400

Axis |1

Iz 4. Spoacics ordination showing ozly the mest importaut species {Table 1). Foeniculiin vulgare and Tlymes pectietie sie ot
chowin ns they fiad large values on gxis 2.



T. . Fartridge

68
350§ 940 m asor 120-160 =
30 adr
250t 250 L - .
oo f 200
k-
<
150 150t
AR
100 '-d‘:.:’{_ Yy . D b
e N
L1 i -5 sof
0 . . . P . o N . . . , , ,
0 sp 100 155 200 3250 3D 350 400 0 50 100 150 200 350 300 350 400
Axin 1
350 0-50 m 350 160-200 m
100 300 R
20 ) 0} .
200 - 200 ;!
1 N LI
. Pt
ot e 150 . e
- I= . et
cew v, - .o
oo s 1o st ’
LA . . sof
9 . — N . . 0 : . . . . .
0 50 100 i} 200 250 300 350 400 ¢ 50 100 (50 200 250 300 350 400
350[ 9-120 = . 350[ 200-240 m
3 | ot
250 5 250 b
200 S 00 ¢ S
15 . £ RN
: wir,e b0
100 100+ e .
S0 sof
" . . ; . o R . . ) ,
0 50 i 150 200 250 3 35D 400 ¢ 50 ) 150 200 250 300 350 400
e, 5. Site ordination divided according to dis:ance from the shoreline. Each diagram represents a 71op of 40 m.

The ordination clesrly showz two importsnt
rends within the wegetation. The typical sea-to-
land gradient iz most chvious on axis 1, while axis
2 more represents the difference bstween unmined

risted as representing

and mined vegeiation. Axis
a §

Z might also o= inier-
tability gradient, this

being very much the product of mining, bot with a
coast to inland commnonent as weall.
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DISCUSSION

Zend-mining has caused major changss to boih
the physicai siructurs and the nlant coramunities
of the Kaitorete dunes. Tic central parts of the
dunes have been hcilowed out to varying deptks,
and thosc aress mined in the 1980s and 1970s
kave suflzred the greeiest, with sand having bas
removed from: virtually the entire dwne system.
Furthermare, the sifects of mining have caused in-
siability cn some adjacent areas by over-sicepen-
mg of faese, and thirongh mining sand fiom below
mean sea lavel,

The results clearly demonsirate thai tie major
sifect of mining on the plasi comrmunities is ihe
establichment of a suite of communitics {hai ate
€35 commorn on uzmined dunes, including those
ihat are characterized by cphemeral weeds, sstab-
lishment areas of Desmosclhozrus spiralis, recenily
develeped Raowlia australis pavement and stands
of Ammopiiia crenariz. Whers these communities
do occur on unmined dupes, they mostly iend to
e on disturbed sites of active dunes including the
sirand ai thie base of the foreduns. The major ex-
certion is the stable unmined dune pavement that
clisters as one of the mined coramunities.

Mining has cccurred over 2 period of some 40
years. If the plant communitics are recovering,
then it is expzcted that there would be minad sites
that carry communities otharwise characteristic of
unmined areas, espicially on the oldsr mined
dunes. The resulis clearly demonsirate that this
Ixas not taken place. Ther= is indeed no indication
that mined aveas arz developing vegetation similer
to that on un:rined.dunes, Such {zilee was noted
by Woodhousz (1282) on the =ast coast of North
America. Although Desmoscheenus spirclis has
coicnized mingd aress it has formed aovel, sparse
communities. The failure of the dunes to racover
ineir original comimuniticz can be atixibutsd 1o two
Tactora, The first is the iavasion of much of the
cider minsd area by Arwaophile arencria. This
species has effectively halted any poteatial seoov-
sry by the devclopmeni of a dense sward thet
competitively excludes Pestoschoenus  spirelis.
The second is the dsvelupment of a coutinuous
sand pizin thai rons rarzliel to the beach frong,
ihrough the mined arca. Within this sand plain
lateral winds move zand tirrough the mined dunes
1o form a sparsely vegctated hummocky low duns
system dominated by Dasmoschozimus spivalis
along with scme erosion pavement. Such sand-
wlain vegeiaticn is characteristic of scine dune

systers in other paris of New Zegland, such as
the Manawatu (Zcler, 1363).

Amuiophile arenaria is clearly having an impor-
tent impact upor the dunes. On urmined zess
this grass establisizes probably mostly from rhi-
zome fragmenis along tie strand and spreads
stowly up the front of the foredune by vegaiative
growth (Gemmell et al, 1553), It3 establisuman: in
this zons dewonsiraies a distiner prefevence for
areas of meximum sand activity, Tt is thiz prefer-
ence for aciive siles ihatl has canged ii to become
£0 dorrnant in paris of the mined dupes. In such
ersas, mining hac cut into the stands of Am-
mopiila that had previcusly colonizad the {rowt
fece of the foreduse, thus supplying the active
areaz bshind with an abendance of sism frag-
ments. o such creas initial ¢stablishment foliow-
ing mining invelves a Jarge pumber of
Desinoschoenus spirelis seedlings anc a smaller
number of Amrophila clump: fom stem freg-
ments (comimunity #12, for instance). However,
the retio changss rapidly as (1) the Anmookila
grows and spread: at a wuch faster raie, _(2} the
Desmoscloenys is heavily grazed by subbits and
harss, and {3} Desmoschezus disappears wien the
two species come irto competition, resulting aven-
tuzlly in comxmuuity M20. The resuli is a deass
Ammophila stand with only littla Dasmoschosius
remainiig, From the buck of the minad srea, -
mophi'a slowly soreads vegetaiively on to the
dunes vehind as well, in the same way that it in-
vads: unmined foredunes.

The morz recenily mined areas have not besn
invaded by Arwwophils arenzria, Fleve the initial
establishmeit. of Desmoschoenus spirslis procesds
in two possible dirociions. Where sand accumule-
von ncocurs low. dune hummocks of Deswo-
schoemzs cstablish, but where erosion tales placs,
a sione pavament donsiualed by Haeuwiin custrelis
develops. Theie is no real sign, however, of 2 ten-
deney for Dasinoschocnus to build Ligher duass,
probably bucause the sand supply is {imited. Thers
is little prospect for suck sand becorzing available.

Mining has introducsd a sumber of other weads
to the area. These are presently vncommon, Sui
soine, mneliding Lupisus crboreus gnd Cytisus
scoparius, have the ability io spread and becoms
problems. All these species oconr closa to vahinls
tracks =nd their presence can be attributed to
introducticn by vehicles.

The back dunes of the centrel mined area have
a dense covering of Pteridium eseulentiun fern in-
stead of the Desmoschoerus spivalis and Muslion-
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beckia complexa typical of other areas. Thc
success of Pteridium cannot be attributed to min-
ing, but may be the result of fires that have gpizad
oato the dunes from the grassiand. indeed, to tie
east, Ptevidium covers the entire dunz system in 2n

rea that was. previously 2 military firing racge
and has a history of burning. Desntoschoepus spi-
ralis se=ms unable to comncie with Preridium, bui
it is not known whether the fom is incregsing its
range.

The aor-recovery of plant communities and ihe
invasion by Ammophile arenaria have important
implications for botk mining and the maragement
of thz dune botanical resources. It is clear thai
sand miniag creaies condiiions m which cemmu-
nity recevery is umlikely. Restorative plasting and
replacement of @ layer of sand seem i be having
no eficct. These nlantings of poi-grown maistiel
have been more successful than the cuitings used
earlier, bui there is so far no evidence that sur-
vival is better than in srees left unplented. Al-
ihough scme of the communities that estaohm are
dominaied by native piznts, u-ey are 1ot the same
as those removad during mining. The _mr.mg,
however, is due to czasz soon, alihough much of
the ceatrel part of Section F is plarned for sand
extrection. This pattern is in contrast to the situ-
ation in Queenslaidi, Ausiraliz (Brooks, 1975;
Pradshaw % Chadwick, 1980), where restorative
slanting on mined ¢unes has besn succseeful
Fiowever, there most of the sand has beca re-
turned to the system following removal cf rare
mincrals, ualike the sitaztion at Kaitiorels whame
virtually all the saand is removed aznd virtzelly
nons retornad,

if 1eft unchecked, it seems that Ammophila are-
naria w'l] spread over the eatire mined area and
onto ailjaceni dunes as weil. Tn the zbgence of
mining, this spocies is restricted

to along ibs
sicand, and has ooly a slew, largely manageabie
spread 1p the foredune. In only & smail number of
locaiions has it reacked & situation where ils man-

agsieent rsquires exiensive and expensive treat-
meat. If allowed to spread througheut the mined
arag, it will become 2 vast management problem.
Thke oldesi mineZ dunes have c.lreaéy reachied that
stage, but the remaining zieas where Anumophila
arenoriag is sither sparse or absent have the poten-
tial o ke saved from the invasion of ihis sper_'_e'-'
To preserve the valuzble botanical features of th
Kaitorste Spit duney, it is important that mr:l-
mining should cease, and Ammophila arenaria
spread be ccntrolled.
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