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INTRODUCTION.

{., GENERAL REM\RKS.

WierevER there are loose deposits of sand liable to be moved by the wind, those mounds and ridges
known as dunes are to be found. The most familiar arve those of the coast-line, but the great desorts
of the world show examples on a much vaster seale.  Were such hills of sand stable and not liable to
move, except for their peculiar physical and chemicul qualities, they would not merit any special atten-
tion. But the material of which they are composed, 8o capable of casy transport to a longer or shorter
distance according to the velocity of the wind, leads to their excessive instability, and makes o soil on
which plants can only he established with extreme difficulty, and one moreover which, driven en masse
by the prevailing wind, frequently overwhelms fertile Jands, burying not merely the meadows but even

forests and human dwellings.

Qo far as New Zealand is concerned, duney are un extremely frequent character of the sea-coast.
They also oceur inland to some extent, as in the neighbourhood of certain of the rivers of the Southern
Alps, on the volcanic plateau of the North Island, and especially néar Lake Tekapo and in Central
Otago. .
t311; is the coastal dunes, however, which are of prime moment, as, in the fivat place, they form a
natural defence to the land against the encroschment of the ses, and, in the second.place, their meverend
inland is a national concern, since through their advance much valuable Jand has been ruined in the
past, while yearly further destruction takes place, the evil at the same #ime becoming more difficult
to suppress. '

Such depredation, confined as it is o a Limited and little-visited area, and appearing to be the
affair merely of the few whom it affects, is apt to be overlooked, while the vomparative slowness of its
action tends to malke its extreme importance for mischief underestimated. Nor is it generally known
how large an ares in New Zéaland is oceupied by these more or less moving sands and virtually a desert,
but which, judging from the experiences of Europe, might be rendered not only harmless, but o source
of wealth to the nation. Roughly speaking, there are in the North Island 290,000 acres and in the South
Island 24,000 acres. TFigures such as thesc bring home at once the Importance of the dune question.
This has indeed to some extent been recognized by the passing of the Sand Drift Act of 1907, but which
has not as yet been put into force. Also, a bonus is given to such lessees of Crown dune-preas as plant
them with certain specified plants, but this arTangement as now existing is not likely to lead to any

ugeful results. ]
Towsrds the end of the year 1908 the Minister of Lands, the Hon. Mr. McNab, and a hittle later,

his successor, the Right Hon. Sir J. G. Ward, thotoughly recognizing the importance of the question,
decided that, as a preliminary to further advance, & scientific study of theé dunes of the Dominion should
be made, so that a more complete knowledge of their present condition could be gained and an examina-
tion of their capabilities mude, while, as a result of such field-work, suggestions could he offered as to
their reclamation and future treatment. For this purpose my services were engaged by the Department
of Lands and Survey. .

The field-work was commenced in November, 1908, and continued until the 8th February, 1909,
during which time the dune-areas of western Wellington and part of Taranaki were examined, as also
the Waikouaiti dunes, those near Normanby (South Canterbury), and the coastal planting carried out
by Dr. Truby King at Karitane. - .

Previously, on my own account, I had studied the dunes in many patts of New Zealand (northern
Auckland, Southland, Martin’s Bay, Stewart Island, Chatham I<and, the Auckland Islands, &c.), but
this was Tather from the botanical standpoint alone than with any idea of formulating a scheme for
their Teclamation. More in accordance with this latter was my keeping a private experiment garden
for a period of some twelve years on the dunes near New Brighton, Canterbury, at about a distance
of one mile from the sea, but for which experience 1 would never have undertaken the important duty
of preparing this report.

As the outcome of the above studies my first report on the dune question was published by the
Lands Department in June, 1909 (Cockayne, 91). Tt dealt with the scientifie agpect of the matter
only ; since it was clear, as the Under-Secretary of Tnnds (Mr. W. C. Kensington, 1.8.0.) explained in
his letter of transmission to the Minister, that “ 5 sound knowledge of general principles as well as of
local conditions is a necessary preliminary to any attempt to cope practically with the sand-drift evil.,”
So impertant, indeed, is a clear understanding of all matters pertaining to the formation of dunes,
their movements, and their occupation by plants, that it has been decided to reproduce my originul
Teport in an amended form. Thus there is under one cover, for the information of all interested, a
fairly full account of sand-dunes from both the scientific and practical standpoints. The botanical

art of the fizst report dealt only with the dunes of western Wellington. Here, on the contrary, the
whole dune-ares of the New Zealand biological region, from the Kermadec Islands to the Auckland
Group, is considered. The treatment, however, is compuratively brief, and the less-interesting details
are omitted. Part LI, dealing with the reclamation of dunes, is altogether new, and goes into the
matter with some degree of thoroughness for the first time in New Zealand.

In Deceruber, 1910, by direction of the Right Flon. Minister of Tands, 8ir J. G. Ward, my
examination of the dune-areas was continued, and I was able to visit the extensive areas of western
Auckland, as also Central Otago, Ocean Beach (Dunedin), and Southland as far east as Waikawa.
Earlier in 1910, on my own account, I had examined the Otago dunes to the south of Dunedin and
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those in the vicinity of Westport. From the above it will be seen that T have inspected nearly all
the important dune-areas of the Dominion, and am consequently in a much betfer position to make
definite statements re dune-reclamation than was the case when my former report was written.
Although certain owners of dune-areas are fully aware of the sand-drift evil, and are making brave
efforts to overcome it, these are in no few instances misdirected (see Photo No. 16). Others, again,
are doing nothing ; they recognize the need for action, but have no idea as to the methods to be pursued.
Some even hold the most stzange or dangerous views, such as that the sand did not originally come
from the gea-shore, or that & belt of shrubs will stop a wandering dune. Fwven where the best successes
have been won there has been, only a planting of marram-grass (4dmmophila arenaria) ot tree-lupin
(Lupinus arboreus), which is at most. but a maleshift, except under special cireumstances. The final
tregiment of dunes should assuredly be afforestation, and yeb by many this is thought to be impossible,
and, except in a few specially favourable localities, nothing of the kind has been attempted.
The dunes of New Zealand are of special scientific importance. Those of the Old World have
been materially changed by the many centuries of man’s oceupation. Their reclamation was for the
‘new and unnatural conditions. But in New Zealand there is an opportunity of observing what nature,
quite unhindered, has done for their fixation. The native dune-plants are also of much interest, since
sore are endemic and also of quite remarkable form, while their value as * sand-fixers * is by no means
-generally appreciated.

" During the progress of my work I have received valued assistance and encouragement from so
many that only quite a few can be specially mentioned. To all those whose names do not appear I
here tender my sincere thanks. I am also indebted $o the following gentlemen who have assisted me
Ain various’ ways, -and- but for whose aid, generously given, interesting material and observations of
-moment would-have been neglected, and I thank them most heartily : Drs. Truby King and L. Talbot ;
Mesgrs, A. W. Amon, D. L. Blyth, K. W. Dalrymple, 3. Handley, J. H. Herrold, R. Hoe, and W. Waide.
I must also specially thank Mr. H. Carse, who put his intimate knowledge of the far north of Auck-
land at my disposal; Mr. W. H. Field, M:P., for some most excellent photographs of the dunes near
‘Waikanae, and for assistance and advice; Mr. R. Speight, M.8c., F.G.8., who has contributed the.
section -on the origin and material of dune-sand ; my son, A, H. Cockayne, Government Biologist,
who has given me much assistance in dealing with the subject of grassing the dunes; and Mr. T. F.
Cheeseman, F.L.8., who gave me important information regarding the dune-flora of Auckland, and
diseussed with me various critical matters. For help from outside New Zesland I here tender my
grateful thanks to Professor J. W. Hamshberger (University of Pennsylvania), Professor L. Diels
(University of Marburg), Mr. A. 8. Hitchcock, Agrostologist (United States Department of Agriculture),
and Dr. B: T. Galloway, Chief of Bureau of Plant Industry (United States Department of Agriculture).
Finally, I must express my great indebtedness to Mr. W. C. Kensington, 1.8.0., the Under-Secretary

of Lands, who has assisted me most materially and offered various Important suggestions which are
embodied in this report.

(6.) OBJECTS OF DUNE-CULTURE.

« - It seems needful to state briefly the objects of dune culture or reclamation, since ugually in New
Zealand the only point considered is the fixing of such sands as threaten fertile land.

. In Furope the culture of dunes has been in progress for more than one hundred years. There
the first object is not reclamation at all, but the protection of the coasi-line. This is a matter which as
‘yet has received little attention in New Zealand, nor has my examination up to the present revealed
any pressing need for action in this direction. At the same time, the sea does make encroachments,
as at the Ocean Beach, Dunedin ; at various points on the coast of western Wellington (see Photo
No. 1} ; near New Brighton, Canterbury; and ‘elsewhere. When Teally close settlement fills the
Dominion the coast-line will need attention. So urgent is this matter in the Motherland that a Royal
Commission has recently dealt with the question, and issued & voluminous report, '

- Closely bound up with.cosst protection is the obstrnction of waterways. This is exemplified
by the bars of rivers and estuaries, which, although mostly of marine and fuviatile origin, are
strengthened by sand from the dumes. ‘Sandspits crowned by dunes also bear an important
relation to harbours (see Photo No. 2).

As for the dunes themselves, the damage they do is twofold. Op the one hand, at their extreme
landward boundary they bury good ground quite free from sand, adding it to the dune-area, and,
on the other, they overwhelm a great deal of fairly good low-lying land within the dune-areas them-
selves (see -Photo No. 3). Besides fertile soil, valuable flax swamps are filled and destroyed
(see Photo No: 4). Also, watercourses are choked or diverted, and the draimage of the neighbouring
country is much impaired (see Photo No. 64). . '

Finally—and to my mind this is the most important of all, nor has it been &

_ . pproached to any
degree as yet—the dune’areas themselves, now simply deserts and always a menace t0 the neighbourin
- y g

valuable land (see Photo No. 3), even when supposed to be checked by :shelter-gtrips, should be
reclaimed and made productive by afforestation. The methods to be pursued and the trees to be made
use: of, on account of economic value of one kind or another, are given in Part 1T of this report. Here
a few words will not ‘be out of place as to afforestation of dune-areas in Europe, since there is a belief
amongst many that.sea-spray is altogether antagonistic, and that afforestation, near the shore ab
any rate, is impossible.: Such forget, or.do not know, that natural coastal forests, and even dumne
forests, exist in New Zealand, and that various trees and shrubs (pohutakawa, Meirosideros tomentosa ;
Chatham Island akeake, Olearia Traversii, &c.) grow even on cliffs subject to constant wetting with
8ea-§pTay. '

TII].‘,hey best-known and always-quoted example of afforestation is that of the dunes of Gas-
cony, in France. Here the justly celobrated Brémontier, during the closing years of the eighteenth
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CamoLIiNe Bay, Timiru,

No.

UsED BY EDDY FROM FACE OF MOUND RAISLD FY

PLANTING MARRAM-GRASS.

No. 5. WIND-TROUGH CA

[Photo L. Cockayne.

[Phote I. Cockayne.

_COMPLEX INTO WANDERING DUNE, WHICH IS

ng HILLs AND ADDING TO ITS VOLUME.

No. 8. ConvERsSION oF DUNE

ESTABLICHED FOR MORE

§1778),

N oF SCOTCH-PINE (Pinus sylve

No. 7. PLANTATIO

Barric CoasT.

[From photo in Handbuch des deutschen Diinenbaues.

ADVANCING, BURYL
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JUST BEHIND ARTIFICIAL
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[Photo L. Cockayne.
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ds which have since been modified and improved, covered extensive nreas with
which have yielded large quantities-of turpentine.

 More important still, because the work has been. accomplished in the face of greater difficulties,
has been the afforestation of the German dunes. Without going into details, the various photographs
in Gerhardt’s splendid work on dune-reclamation (18) are most illuminating, as may be scen from the
one reproduced (Photo No. 7). And it must be impressed upon the reader that the climate of North
Germany is not in the same category with ours, since there the severe winter forbids the use even of
gorse (Ulew europaeus), let alone tree-lupin (Lupinus arboreus), and many other plants which are

hardy with us.

century, using metho
the maritime pine (Pimus pinaster),

{c.) PREVIOUS {NVESTIGATIONS OF NEW ZEALAND DUNES.

Tp to the time of my first report compatatively Tittle had been published as to the geclogy, botany,

0T eCONOIiG poss‘bilities of Wew Zealand dunes, 80 that a detailed account of what has heen done

wou'd be of no moment. The geological writers usually mention dunes as existing in. the locality dealt

with, but supply no details. McKay's paper (116}, however, is an excepbion, as it describes at some
length the dumncs of northern Auckland, which form such a striking feature, especialy on thu west.

Various botanical writers—Kirk, Cheeseman, Petrie, and others—have enumerated more or less fully

the dune-plants for cerfam parts of the New Zealand botanical region, and their distribution is probably

now approximately known. Between the years 1873 and 1890 a few papers dealing with the economic

aspect, but suggestive rather than instructive, were published by Messrs. Whitcombe, Crawiord, Travers,
ch he was probably

and others, Mr. Crawford giving details as o the cultivation of marram-grass, whi
the first to introduce into New Zealand. A list of the various papers in which New Zealand dunes

are mentioned, even if only casually, is given at the end of this part of the report.

) (&) THE DUNE-AREAS OF NEW ZEALAND.
(i.) AvckranD. (Area of Dunes, about 183,940 Acres.)
west at 3 miles south-east of Cape Maria van Diemen, the dunes extend south-
erards for a distance of 1.7 miles, with an average width of 1-7 miles. Then the coast is rocky to Scott’s
Point, when a vast stretch of high sandhills forms 2 belt 47 miles long, with an sverage breadth of
3 miles (1 mile to 54 miles), as far as Ahipara Bay. Reef Point then forms a break,* but south of 1t is
w small ares 3 miles long by 3 miles hroad &b the widest part. A wmall tract ties at the mouth of the
River Herekino. Betwcen the Holkianga Harbour and Whangape Harbour lies a belt 73 miles long,
o in width from % mile to 2% miles. Between Kawerua and Maunganui Bluff is & narrow
belt of dunes. North of Kaipara Feads a broad belt extends northwards for 29 miles, with a width
varying from } mile to 3} miles ; and south of Kaipara Feads is & still larger area of 30} miles long,
with ap average width of 13 miles (1 mile to 4 miles). Then comes & rocky coast to the Manukau
Harbous, south of which is & patch of considerable size near the lighthouse, and thence, with a short
breal, dunes extend for 16 miles to the mouth of the ‘River Waikato, having an average width of
1 mile. South agsin are dupe-areas at the enmtrance to Aotes Harbour; between the latter and
Eawhia Harbour, extending -6 miles, «with a width of 1 mile; south of Kav-hia is an area 24 miles
long by 13 miles in the widest patt, and on the north shore, at the enfrance to Whaingaroa Hat-
bour. On the north coast is an area & miles in length st Spirits Bay, and smaller tracts at various

places. On the east coust dunes composed of & glistening white gand extend, with one or two small

breaks, from the North Cape Tsthmus to Rangaumu Bay, having a length of 17 miles, and varying
from % mile to 2 miles wide. There is a small area ab Henderson Bay and another between Grenville
Point and Perforated Point. South from Houbers is & strip 6 miles long and averaging § mile in
width. Finally there is  leng strip on the shore of the Bay of Plenty, from Taurangs Harbour to
the Waiaua River beyond Opotiki, 92 miles in length, with an average breadth of 37 chains,

Commeneing on the

{ii.) TARANAKL (Area of Dunes, 6,333 Acres.)

‘Jrom south of the mouth of the River Mokun are scattered areas extending to New Plymouth,
with an area of about 11,621 acres. From about 8 miles north of Cape Egmont are also scattered areas
extending to Patea, having an acreage of about 4,712 acres.

{ii.) Hawrr's Bay. (Area of Dunes, 5,345 Actes.)

The dune-areas are mostly gmall. They are situated at the mouth of the River Walapu; on
the shore of Poverty Bay: at Pukenui Beach, 6 miles north of Table Cape; near the Township
of Mahia ; o strip 5 miles in length on either side of the mouth of the River Nuhaka, having
an average width of § milc ; on the beach at Waimarama, 8 miles south of Cape Kidnapper; ot the

mouth of the Porangahan River ; near Cape Tarnagain.
(iv.) WELLINGTON. {Area of Dunes, 92,270 Aczes.)

A belt extends right up the coast from Paekakarild o Patea, a distance of about 170 miles. From
the month of the River Manawatu to that of the ‘Wangaebu there is an average width of about 23 miles

and a greatest width of about 6 miles. There are also small areas on the shores of Wellington and
Porirua Harbours, and at Lyall, Haughton, and Island Bays.
{v.) NELBON. (Area of Dunes, 4,615 Acres.)
The most iroportant dune-area is at Farewell Spit, with a length of 14 miles and an average breadth

of & mile (see Napier Bell, 73). There are also small aress at West Wanganui Inlet, Cape Farewell,

Golden Bay, Tasman Bay, and for some distance north and south of Westport.

% This will not be the cagr in a few years' time, 8 the vand has crossed right over the point wnd desvended to

some distance on the northern sida.
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{vi.) MarLBOROUGH. (Area of Duncs, 1,500 Acres.)

A narrow belt extends from the Ure River, 14 miles south of Cape Campbell, for a distance of

121 miles, having an average width of 7 chains. Another narrow belt extends from the mouth of the
River (Marence for 32 miles to Walpapa Point.

(vil.) CavrerBURY. (Area of Dunes, 8,755 Acres.)
The most important area extends for a distance of 24 miles from 3 miles north of the River Ashley
to the Sumner Hstuary. Ancient dunes lie inland to the west of this belt, and divided from it by the
Avon and Styx Rivers. There are small ateas at Gore Bay, near Lake Ellesmere ; at certain bays

of Banke Peninsula ; and at aboub 3 miles south of Timaru, near the Normanby Station. Inland is
an area near Lake Tekapo.

{vii.) Orago. (Area of Dunes, 5,326 Acres.)
The most extensive dunes are scattered arcas from Taiaroa Head to near the mouth of the Taeri
River, compriging 1,310 acres. Smaller areas are at Waikouaiti, Waiteti, and Purakanui. There
are important areas in Central Otago—notably on the banks of the Clutha River, at Tarzas (700 acres).

at Lowburn (200 acres), at Cromwell (700 acres), and scattered areas between Alexandra and Clyde,
extending for about 6 miles by an average breadth of 2 miles.

{(ix.) Bouraranp. (Area of Dunes, 4,910 Acres.)

The dune-areas are—near the mouth of the Waikawa River, at Haldane Bay, between Black Point

and Waipapa Point (920 acres), from Waipapa Point to Toctaes Bay (1,390 acres), from the New River
fetuary to Orepuld (1,800 acres).

(x.) WesrLaxm,

A quite narrow belt faces the shore for mi'es in many places, but the sand-supply is very limited,
and the dunes are of little moment so far as sand-drift is concerned.

(x1.) STEwarT IsLAND.

I have no details as to areas. There are extensive dunes at Mason Bay on the west, various small

areas on the east, and a remarkable series of ancient dunes in the valleys of the Rivers Freshwater and
Rakizhua and inland from the Mason Bay dunes.

(xil.) CrarEAM Israxp.

Wherever the coast is not rocky there are dune-areas, those of the east coast especially being of
considerabie extent, and fed by an abundant sand-supply. (See Cockayne, 85.)

(xiii.) Tar SuBanrarcTIc [sLANDS.

Dunes, and these of no great extent, are found only facing the sandy shore of Enderby Islund,
near the hoat-shed for nse of castaways.

w
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PARL I—THE GROLOGY AND BOTANY OF THE DUNES.

1. GEOLOGY.
(n.) GENERAL.

In contradistinction to the infinite slowness which gel}era.lly marks the evolution O{i 18-.1:&.;5(;@8,
that of those of the dune-area is sufficiently rapid to be w_ltnessed by an observer in a hml e gnc.
A certain definite series of changes can be Tecognized, leading to a fixed goal, while at the same time
Ietlnﬁssgﬁ-faﬁdpﬁﬁeite building of dunes under patural conditions, and assisting in the work,
roes th:ir ocoupation by plants, these Lelping too, in various ways, to hold the 191;)33 ﬁ;‘.ubsi::f;.}ﬁ?;.r ;;1
%)osition and so keep the hills intact. Such va.li.-iy iromBefbren;flyt rli)r_llfi;bil: ::;) t%l;.l ;I eseﬁ; i,ime uses,

ick i i i ut such stanl
on which the erosive power of the wind bas no effect. ¥ P
i e, Ge dune-areas being for the most part maae up :
the exception rather than the ule, certaln g oz the mont B e wind,  Man

i " very scanty plant covering, and hable to be disp y the an,

(\)wfits't‘:rﬁ; ?;:fsgljfcidb yérzz'111g—ya.nima.lgr. Ileress, and methods of cultlvla;tmn,tl_lﬁms furtlaer arzsi;!f{ed to bring
i i librium he dunes and rendering them still more desert-ie. _
this about, upsetting the equilibrium of ¢ e e s

. ledee of the changes that dunes m.Ldex:go, and their ¢ \ y an itia
fmdiﬂi?:;ﬁaiﬁ;)lz: agi:\yh( scheme for dune-fixing-—that is, for modifying the process of nature in a
definite manner:

{b.) THE MATERILAL OF DUNES, AND ITS ORIGLN.
[By R. Speight, M.8c., F.Q.8., Lecturer on Geology, Clanderbury Collene.]

(i.) Origrx OF DUNE-SAND.

" 3 os on ouwr mountain-sides, where, by the
. formation of the sand of dunes commences O & : { .
(lisin'fi:ratglg action of frost, variations 1n temperature, and other oa.uett:,s,h §0111d r]ci)ck,:.s brol_cle;ntﬁzi
fragments, forming screes, and those varter débris masses locally called “ shingle-shps. Whi © the
fI‘ : ents aTe being carried seawards by the rivers mto which they fall, attrition goes on con:ha. 3;1,
ragn;.dﬂitionF to the load of the transporting streams are made uncessingly by the (,oung-ry dr:{::g
BJvnrlil'mh it passes, especially in time of flood. Materials of all gradgs of %i?less ;retﬁhui pro ‘l}‘;z,n’d ’ ’Oﬁ,
ge di i impalpable powder. oug e term
f huge dimensions down to almost impalp . _ i .‘
E;Tltlll‘;mrec;trictgd to those grains varylng in diameter between —11-(, -(1111- m:idt:f:ﬁ 1(1)1n,e ;hazz?n{; iﬁgo 1;};1&
iffere ion i d betwaen gravel and sand, the _ .
difference as far as mode of formation Js concerne e Land somd, e o e usually
i shle gradations. There 16 & difference, however, 1 P ) Bt suall
ztggflezzigis g?sminegls cemented and joined together to form a mass of Tock, while sand consists in
- i f mass,
ENLeT: the harder and more refractory units of tha .‘ B
guleg::n(g is also formed by the grosive action of th?i sea (sce P]:;Jott; No.t2r§;.1 N (1):3 rﬂﬂfﬁ, :];
1 i sar-and-tear 1s constant, material 18 H
) h- and low-water mark especlally, wear-an . s ; }
E:tv;f:ﬁ) }:Ed reduced in size by the continual fmq‘(c;on, a,(si fragme;lts aqre g:aiih:]? u:gfa(.)l:sﬁ, é‘hbf;s,t}ci :.:L
o ther by waves and by strong tides and currents. Dand 18 thus Iwr ) B
:1(':(1 :lfd {;Egrfﬁgegga‘? g-lssrpefforms an important function 1n dlstnbutuig it, hog.fw_el g h(aisdbﬁii ég;:x;(;l%
her od in d helps to form estuarime and de spogi by
'he d into the ses by streams some of the sand X ‘ - depasit
.\" }r]f ll}lglcl)gﬁwater marine depjgsits near river-mouths ; but a great deal is caught by the sh(?r:,ﬁr:un l.-;.}f‘.l
‘L:]ldsil to that produced by marine erosiof, and carried along a nurow belt a little distance from Jl:i.
‘rl]. : ph Io't,hil"l Svhich the influence of the waves on the sea-bottom is distinctly felt.  While n_l‘m.{(.
-)]G‘mcr ,bWIthe shore current, waves and tides carry & part geawards, where it forms _pr~_1:ma.nenLt {)n‘.:|.1,1n:1.
l:lonb 'tsy . they also caITy a part landward, where by the aid of prevailing winds 1t 18 BWP.Pu] V(L]}'I] '
epolfl £ th g(;a and formed into duncs. This action is more marked during storms, for then ‘ i
rembofﬁ)‘homeis affected to greator depth, and the shore current 18 11iisuai‘1y stronger, s% t.ha.‘r.tn, grc:srx’f?
Tond : and additi i og, are much greater.  This
i » brach, and wltimately to the dunes, a K i
load can be carried, and additions te the brach, Iy aith panily shelving bosch, In
is it s case when dunes are forming s the head of a bay with gent; :
lfs (itspeﬁ?-f}l}ywt:ﬁ;r( ‘gmdunlly deepening off shore scems esscntial to the formation of nXt'E'nf'}-Yre du;]fi?ﬁ
RG:, 1S(w oaeci coagt-line. The amount of gand lying at such a depth that waves an mgv(. Id.- ]i-:,? fih{\
on af -d(.\‘rptlio‘se circumstances very great, and vast quangitics are graduzlly hronght landward by b 1
1\:?;:.::’13 and ultimately form dunes, especially when thpl:‘,rer'.';eft by the ebbing tide is extensive anc
a8 ti - hefore it is coversd again by the succeeding fide. o B
e t;;’l];‘ N -dr}r:r;fc?::golfvliy:' ohstru(ztﬁ(m }):}l.{rs the course of the shore cureent and. teros it 1nto (le.ﬁ_p:.n
t ‘rl.esll'g?% is rl'r;)pl.)ﬂerl and piled up in front of the ohstrnetion. but usually with an 111terven;i]1,c,r:
tpaoe I;Lt cle'u: by eddj‘ing currents. If, howsver, waves _and currents are strong thev lﬂarryT ]:1 ]
%Pa'ce {:'Einles ‘mun)d the obstruction, and form a beach and its consequent sandhills in }Lts %e. : (Sl
e i in Caroline Bay. near Timarn. The breakwater stops the coarse gravel, hut nei s:ul_
1thr Oi(i?::;ﬂlgld th: ond. and is building ap » beach with small dunes on the northern side of the break-
&Y : end,

. 6). ‘ _ . |
Wate;f(sﬁfwfehvsfz? tN]J.(;. s}zore current crossus & shallow bay 1t formi 4 s]s}nt. dr'rhl;; 1sllat(j;.gi‘o'n‘2§n(‘v}aig
" it i allv built up, and plays its part as a beach, &nd 18 Ta y crowned with
?&L?Gl,l}xmie;; fhf;igu';s Slrlsu:lly lrﬂmintained close alongside the headland towards which the sprt

stretches, especially when there is & +idal basin of considerable area, which fills and empties through
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T the opening. Sometimes the opening is completely closed, and drainage is effacted by percolation i ) o m ) : : .

A through the bank. Spits frequently tie islands to the mainland. Excellent examples of this can be . of water round each grain, abrasion is very raptd, aund thoroughly rounded grains result from the
i seen at Ocean Besch, nesr Dunedin; at Lyall Bay, near Wellington ; and far north of Auckland, haclcward and forward drift in varying winds, or even by the constant onward drift in & preveiling
%» " where the ancient mountain-headlands lying between Cape Maria van Diemen and the North Cape #1e wind. For this reason desert-sands are always rounded. Nevertheless, it is frequently very difficuls,
F’ ' joined to the solid land near Mangonui by the hest-developed sandspit and sand-dunes oecurring in it not impossible, to decide on the origin of sand-grains, judging from their contour alore. Long-
s the Domimion. nneonsolidatzd gande carried for long distances in river or ses, also those derived from old sendstones
A by the removal of the cementing-material, will ulso exhibit this peculiarity. In fact, some of these
Fi (ii.) MaTErTAL oF Duwss, | old consolidated sandstones may have been formed from the dunes of geological ages long past, and
?[‘ The material out of which dunes are built consists for the most part of small patticles of the maore : E perha._ps represent acoumul -tions in an old Triassic desert or on the shore of an old Jurassic sea. It
i resizbent constituents of the rocks of the land surface. Quartz-grains usmally form 90 per cent. of 7 occasionally happens that such sand-grains have developed the regular outline characteristic of crystals
-'I the whole. This is due to two main causes. & while forming a pert of the solid rock, and have agsin been rounded when removed from their fixed
[ (1) Quartz is a very widely distributed mineral in rocks of the earth’s crust. It forms the : position, two ages of rounding being thus observed in the same grain.

i It may be definitely stated, in concluding this section, that sharp-edged and subangular grains

greater pazt of all sandstones, and is an important constituent of many other rocks.

(2.) Tt is a mineral not susceptible to the action of weathering-agent: ; it resists the action of alt
acids nceurring naturally, and it is extremely hard. Owing to this canse its importance is always
increazing as a constituent in the waste of the land ; other minerals suffer decomposition, or are worn
away, but quartz survives, and so ifs percentage becomes greater ns the produects of erosion are
subjected to further disintegration and weathering. .

Other minerals play an important though subordinate part in the formation of dunes-— viz.,
feldspar, iron-oxides, hornblende, augite, and limestone, and. with these oceur occasionally the rarer
minerals. zircon, Tutile, and tourmaline. Their power of resisting decomposing-ngents explains their
preseuce also. But account must be taken of the character of the rock which has furnished
the material of dunes when speaking of the mineralogicel character of the individual grains.

A sandstone or quartz Tock produces sand consisting almost wholly of quartz-grains. As the
main mountair-ranges of the North Island and of the eastern part of the South Tsland are composed
principally of sandstones, greywackes, and slates, the sands on the eastern shores of the South Island
and of the south of the North Island cortain a high percentage of quartz. Slates weather inte very
fine particles, and usually form mud. ’

Granites. gneisses, and schists produce a send with predominating quartz-grains, unless the
parent tock is of basio tvpe. Feldspar and mica are of subordinate importance, for the reason that,
althongh they may be predominant in the solid rock, they ave less nble to resist atizition and
decomposing-agents. Mica is s very important constituent of river-sand, but it becomes rapidly
shredded owt jnto thin fitms. and is finally carried away when exposed to wind-action in a dune,
Sands of this type ocour on the beach at St. Clair, derived in all probability from the Clentral Otago
schists by the agency of the Ctutha and Teieri River:, and carried north by the strong shore current
running up the coast.

The sands from volcanic rocks depend in composition on that of the parent rock. Pumiceous
and scoriaceous varieties are ertremely eommon in the North Island, and the titaniferons ironsunds
of the west coast are largely derived from the breaking-down of the voleanic rocks of Mount Egmont
and of the Central Plateau. Little or none of this sand is found farther east in Cook Strait than the
mouth of the Rangitikei River. That on the shore between there and Porirua owes its origin to the
disintegration of the quartziferous rocks of the Rushine and Tararua Mountains, and magnetite is
absent. One point should be noted here. The black sand of the Taranalki coast contains a good
des! of harnblende and augite grains, both dark in colour, but of no value as a source of iron. These
minerals have also been weatherad outi of the voleanic rocks, and at first sight are indistinguishable
frorm the magnetic ironsand, but they detract very much from its value as an ore, and will have to
be separated before it is treated metaliurgically.

Similar magnetic sands occur in smaller quantities o other stretches of coast. Small patches
of fairly pure titaniferous magnetite are to be found on some of the beaches of Banks Peninsula,
derived from its basic volcanic rocks ; and also on the west coast of the South Island, weathered out
of the metamorphic rocks and basic volcanics of Westland.

Tt is stated by P. G. Morgan (122, p. 110), “ The beach-sunds of Westland consist mainly of quartz.
Magnetitc is » noticeable constituent, whilst garnet and zrcon are fairly cummon, the former being
especially abundant on the beach near Ross. More or less fine gold is always associated with the
magnetite,” This mineral forms an important ‘constituent of thesc sands because of its hardness,
its resisbance to chemical decomposition, and its tendeney, owing 1o its welght, to accumulate in
muasses by the ordinary provess of water-concentration.

A cutsory cxswminabion of specimens of New Zenland dune-sands shows thut they are largely
somposed of quartz, with subordinate magnetite, homblends and augite, and feldspar, in that order
of importanae ; but subsequent examination may lead to a modification of this statement. Timestone
formed from shell-fiagments is very common in some places, and ab fines forms the main bulk of the
sand. Tts presence is a distinet advantuge, as it forms a valuable cementing-agent, and thus tends
to fix the position of dunes.

(iii.) Fory OF THE SAND-GRAINS.

The sand-graing of duncs exhibit ecrtuin peculivrities of form which distinguish them from
ordinary river and sea sands. The latier are ongular or subangular in shepe, as they have not been
subjected to the abrasion which dune-grains have to endure.  Although stones and gravel are invari-
ably rounded by the confinual frietion us they are rolled along by river or sea, the smaller particles
are more or less protected by an enveloping film of water, which, as they become smaller, prevents
that close contact necessary for rapid abrasion. Wowever, the corners and edges of the grains get
worn off in process of time. But when sand accumulates aa dunes, and there i no protecting envelope

rarely form part of dunes, and, even when they do, hav. been but recent addifions to the sand of which
the dunes are built.

{c.} DUNE-BUILDING ON THE COAST.

(1.} GENERAL.

On sandy beaches not completely covered with water at high tide there will be a foreshore con-
sisting of quite locse sand, into which the foot sinks at every step. This material forms the supply
out of which the dunes are built, its amount being kept up by fresh sand coniinually bronght from
the sea by the tide under the influence of the waves. )

It is only a small proportion of the sand moved by the waves which, having become dry, is finally
added to the supply of the foreshore ; the greater part is borne back to the sea, while some is deposited
between the water-marks, building up the lower shore, or the “ sea-wall,” as it is sometimes called.
Other portions are deposited in the shallow water, forming gandbanks, which may be quite bare at
low water, and over which the sea breaks. After the turn of the tide, if the weather be fine, the sand
wetted by the furthest wash of the sea at high water commences to dry, but this process is frequently
very slow, owing to the moisture of the sea wind ; and in the shsence of sunshine it will be still more
retarded, 8o that there are many days in the year when hitle or no additional send reaches the foreshore
from the sea. Until the sand is quite dry there is no movement, and it is usually but a narrow strip of
beach which is affected. The limit between the wet sand snd that which may dry is known to every
frequenter of a sandy shore, who finds there a path for walking, or for vehicles, above or helow which
the sand becomes gradually less firm and the foot sinks. '

The breadth of the belt of loose sand varies greatly at different parts of the coast. On the long
stretch of sandy shors between Ahipara and Cape Maria the sea at high water almost reaches to the
foot of the dunes. On the beach of eastern Canterbury, qu the contrary, the belt is so wide that a
well-fixed foredune has been built upon’it opposite the seaside town of New Brighton. Between the
north Kaipara Head and Mamganui Bluff the sea reaches in many places right to the foot of the cliffs,
on the summit of which the present-dunes Tie. The sand-supply thus varies greaily on many paris of
the coust, and this variability is of much moment with regard io the ease or difficully n dune-reclamaiion.

T

(ii.) MoveMENT o¥ SAND BY THE WIND.

The wind blowing inland from the foreshore carries with it, according te its velocity, more or less
sand. The sand-grains move in three ways. The coarsest are rolled along the ground ; those sorne-
what finer are Taised just above the surface for vary short intervals, but constantly fall and progress
hopping, as it were ; finally, the finest particles are blown bodily into the air. TFrom the summit of &
wandering dune during & high wind the sand may be seen rising in a great cloud just ike smoke. Such
flying sand may be cartied long distances, as in Central Otago, where the sand from the Tarras drift
is gometimes conveyed in the air for more than twenty miles. The air-borne purticles, since they do
not fall all at once in heaps, but are scattered over wids areas, usually play no primary part in dune-
building, the rolling and hopping sands being alone of moment in that regard. All the same, high
gnles may have an average carrying-power, and thus it is that sand from the Cromwell fiat is being
accumulated at certain spots on the hills across the Kawaran River. '

~ At a certain point, depending upon the velocity of the wind, the weight of the sand becoming
greater thon the wind can catry, a cerfain amount is deposited upon the ground, and hy gradual accu-
mulation a hesp ol sund-—i.e., n small dune—is formed. Very frequently, however, some obstacle,
such a8 & mass of seaweed, a piece of driftwood, a living plant, or an incipient dune itsell, arrests the
drifting sand and forms a nucleus on which the dune is built. \P;uch a hill will have a long and gentle
slope to the windvward, up which the sand is pushed, the velocity of the aiv increasing with the height:
but the leeward side is much steeper; thero is no pressure of wind down its slope; on the contrary.
there is an eddy of greater or less power, and the sand falls by gravity alone.

{Hi.) S4xD-RIPPLES.

Very frequently the sand forms ripples ag it moves—.e., small waves similar in appearance to
those so well known on the wet shore made by water-movements. The formation of sand-ripples has
been experimentally investigated by Dr. V. Cornish (7, p. 279), who in his admirable paper shows that
where the sand-grains are all of an equel size no ripples can he formed, hut that when coarser grains
are added rippling at onee commencdes if the wind be suitable. The explanation of this depends on the
fact that when the wind strikes upon a solid obstacle an eddy is formed on its lee side, anud vippling
takes place when this eddy in the lee of the larger grains is of sufficient strength to lift the smaller.
Conversely, if the wind be strong enough to lift the larger graing, so that they do not remain stationary,
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there will be no ripples, a state of affairs which frequently occurs during high winds, especially on dunes
such ag those of east Canterbury, where the graing are small and fairly uniform, On the windward
side of the large grains a long but gentle slope is formed, up which the grains travel, but at the summit
the larger ones are arvested by the eddy and build up the ridge of the ripple, while the vertical motion
of the eddy scours out a trough in the loose sand, raising the finer graing, some of which, together with
those paseing up the long slope, are blown to leeward. The ridges advance by the larger grains falling
by the influence of gravity over the crest of the ridge, thus building up a steep lee-slope af the natural
angle of rest of the particular sand-grains. Thus the ripples are continually advancing, a ridge taking
the place of a hollow, and so on. The rapidity of advance varies with the force of the wind. During

& violent east wind I have observed the ripples of an east Canterbury dune moving at the rate of an.

inch a minute. The ripples frequently merge into one another, on account of the different rate of
movement of different parts, a matter depending on the height of a ridge, the higher this being, the
slower the movement. From the above it may be seen the wind exercises a distinet winnowing or
selecting power, the sand-grains being sorted according to size, the smallest advancing fastest inland.
This sorting of grains is well shown in-the case of the ironsands, the black heavy grains forming the
ridges and the lighter-coloured ones the hollows. Ridges of black grains an inch or more above the
level of the hollow are quite common (ses Photo No. 8), and much higher ridges are formed under
certain conditions, which differ little from dunes, but the former are evanescent, while the katter, owing
to the greater amount of sand, can never be wholly moved during the period of any special wind. Also,
dunes are generally acted on by more than one wind, and are usually more or less governed by a plant
covering, .

Bpecially coarse sands, such as those of Fortrose, form very large ripples, but the most striking
ate to be found on those inland dune-areas of Central Otago, where all the sand except the coarsest has
been blown clean away by the violent westerly gales. In such cases, as Photo No. 11 shows, there are
frequently two series of ripples, one much taller than the other and not to be moved except by the
very highest wind, but otherwise to be added to and so become dune-chains in miniature.

As ripples are formed at right angles to the wind producing them, and as all further motion is
arrested by even & gentle shower, they are evidently self-registering wind-gauges of the particular
wind which scoompanied the rain, as Jentzsch has shown (18, p. 54).

{(iv.) PLanTs 4s DUNE-BUILDERS.

It is very rate indeed that s dune in ‘course of formation is quite.destitute of plant-life; indeed,
the majority owe their progress and existence to the presence of some * sand-binding ” plant, which,
in the first instance having stopped the sand-drift, assists further deposits to colleet, while at the same
time its own growth is accelerated, it and the sand rising up together. Juvenile dunes occupied by
plants are extremely common, both on the upper strand itself, on * sand-plains * within the dune-ares,
and even on decaying hills, the pingao (Sesrpus frondosus) and the silvery sand-grass (Spinifex hirsuius)
acting as dune-builders. Further details on this subject are given in the botanical ‘section.

A typical dune is a hill with a long windward slope at a variable angle (frequently about 4°) and
a steep lee side which corresponds to the natural angle of Test of the particular sand out of which the
dune is built, a matter depending on the form, size, specific weight, &c., of the sand-grains—e.g., the
“ sandfall” of a wandering dune may be at an angle of 30° or even more. Near the summit and on
the upper part of the windward slope grow sand-binding grasses and sedges, while the leeward side
may also have a plant covering or may be bare sand occasionally trickling downwards through its weight.
Shrubs also may play an important part in dune building and maintaining (ses Photo No. 22).

It is astonishing how quite a scanty plant covering checks the wind and adds to the stability of
the dune. Even where the tufts of grass or sedge are only a foot tall, and where more than two-thirds
of the surface i3 unprotected, it is Temarkably stable.

~(v.) ErFict oF OBSTACLES,
‘ (¢.) General.

An obstacle opposed to the sand-drift functions in different ways, according to its physical state.
Three main classes need mention, but they are connected by intermediates.. A knowledge of the effect
of obstacles is of grest importance in artificial dune-reclamation, for on their proper use depends the
erection of suitable protection-fences, &e.

_ _ - -(B.) Solid Obstacles.

These are very flequent, and may consist of a piece of driftwood, a cliff, the steop face of a dune
itself, a wall of any kind, &c. The wind striking on such an obstacle is reflected, an eddy is formed,
the sand at the base of the obstacle is scooped out, and the advancing sand cannot pile up against the
obstacle, but forms a heap at some distance in front (see Photo No. 9). If the wall is low—e.g., a
paling fence—the sand rises level with its swminit, and then, bevond the reach of the circumference
of the eddy, is blown over the fence, collecting on its leeward side, while contemporaneously the eddy
ceases, the hollow becomes filled with sand, the fence being finally buried and forming the nucleus of &
bare dune should the sand-supply continue. An isolated house may have the sand heaped up not only
in front but opposite ita sides, owing to the lateral eddies.

. The effect of auch obstacles as the above are very marked in any dune-ares, and lead to the
partial or complete burying of fixed dunes and other solid bodies and the cutting or forming of wind-
troughs, &e.
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No. 9. {1.) Errecr or A Sorip Omstarrs. (2.) EFrEcT oF AN INFLEXIELE
QOren OssTaCLE. (3.) EFrecT oF A Frexiste OPEN OBSTACLE, SUCH A8 A
Buxcr or MarraM-GrRASS. (AFTER (ZERHARDT.)

No. 10. Tae Crarsam Israndp Axeaxe (Olearia Traversii) PLANTED BY
Mz. Tanwocum ox THE Duxes, Oceax Bracu, DUNEDIN.

[Phote L. Cockayne.
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E NATURALLY FIXED REVERTING TO THE ACTIVE STAGE AT SUMMIT.

SuRUBs 1N Front cHiBvLY Cassinia leptophylla.

No. 12, Duni

[Photo L. Cochayne.

CromwerLr. DUNEs.
[Photo L. Gockayne.

No. 11. Winp-rrerres, PrrMary aNp SEcowpany, 1N Coimrse Sann.

No. 14. GENERAL VIEW OF WANDERING DUNE, FORMERLY (Joop GrizIng-

JIIT OF SAKD-FALL.

LAND, 3HOWING RIDGE AT Sui

crASS (Spinifex hirsutus), FORMING AN EXCELLFNT PROTECTION TO THE

No. 13. NarvriL FOREDUNE NEAR WATKANAE HELD BY ITHE SILVERY SanD-
CoasT.

[Photo L. Cockayne.

[Photo . H. Ficld.
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(y.) #lemible opcn Obsiucles,

A typical and frequently observed obstacle of this elass is 2 bunch of the pingao (Seirpus
frondosus) or of marram-grass (Ammophila arenariz). Here the sand iz blown into the calm
interior of the bunch, which it fills, but as further sand strikes from the windward it creeps over the
intevior sand sud on the leeward side of the obstacle forms a tongue-like mass. On the stony plains
between the mouths of the Wangaehu and Waitotara Rivers the long tongues of sand collected ow’
the leeward side of the small wind-swept shrubs of Coprosme acerosn are very noticeable (ser Thoto
No. 41).

(8.) Inflexible vpen Obstacles.

In this third case the wind-current is checked to some extent in passing through the obstacle ;
there is no eddy, consequently the sand is piled wp on both sides. Obstacles such as these are
formed naturally by certain stiffi shrubs, which consequently fill with sand. They wsre also uwsed
artificially for sand-catching or drift-arresting.

Tt can easily be'seen that obstacles of various kinds assist materially in dune-building, and that
when plants grow upon dunes their height may be considerably increased, while their stabilify is
maintained so long as the obstacles remain. unburied. In the case of dead obstacles this must eventu-
ally happen, also in living ones which cannot grow upwards st a rate o corregpond with their burial,
as in the case of all true sand-binding plants. Even these, when the supply of sand becomes too great,
are frequently overwhelmed and killed, the dune then becoming the sport of the wind (see Photo
No. 32).

(vi) STRATIFICATION oF DUNES.

The size of the sand-grains moved varies according to the force of the wind, which, as seen in the
cese of sand-ripples, has a distinct winnowing detion, an exceptionally strong gale moving even pebbles
and small stopes. So,'too, is there an ever-veriable transporting-power passing up the inclined plane
of the windward surfsce, 8o that the layers of sund differing in coarseness, and consequently in water-
holding power, are deposited and overlie onc another. This leads to an irvegular stratification,
plainly to be seen when a dune is so laid bare by the wind that a horizontal section is exposed. Old
soils, &c., also form layers beneath the sand, and in gome cases are important food-material for any
trees, &o., which may be planted. The sand-planter, then, should earefully examine his dunes as they
ave laid bare or cut nto by the wind.

(vii.) Errecr or CLIMATE. .

Sand, as already noted, can only move when dry, the cohesion of the perticles when wet being
oo powerful for the wind to disturb. Quite & gentle shower will fix the sand ; in tact, owing to its
great power of absorption, the heaviness of the downpour is of fittle moment, whereas the duration
is everything. It is not the rainfall of a district, bub the mumber‘of days reerly during which rain
falls, and their distribution throughout she yeax, that, besides the perennial supply of sand, governs
the magnitude of a dune-area, the wind factor being considered constant. The dunes of Enderby
Tsland, in the Auckland Group, are virtually stable notwithstanding the absence of sand-binding plants,
owing to the almost daily rain and constantly cloudy skies (see Cockayne, 86, p. 257).  The sand on the
summit of the dunes dries more rapidly than that below, and so is the first to be moved after rain,
Irregular drying of & flattish pand-surface leads to irvegular low deposits of sand extending in the direc-
tion of the wind. Wind, especially that from the south-west, is in certain parts of New Zealand
accompanied by a downpour,-and its subsequent effect is correspondingly lessened. A wet season
will lead to a general flattening and lowering of the dunes, and a dry one to their raising. Todirectly,
algo, dry weather leads to extension of dune-nreas, sines the owners bumn more of the plant covering.

Sunshine plays its part in sand-drying, summer heing more favourable for dune-building than
winter, while cloudy skies are adverse.

Wind, the most potent factor with regard to dune-development, is fully dealt with onder other
heads.

(¢.) THE FOREDUNF.

The dry send of the foreshore is -blown inland by every sea-breeze, but either through its
own weight or on account of meeting with an ohstacle, such as the driftwaod ox a strand-plant, it is
sventually piled up in a continuous ndge which follows in every case the contour of the shore-Yine, no
matter whether the prevalent wind be at right angles or oblique. This ridge is eaxly captured by
Seirpus frondosus in the southern botanical province of New Zealand, or by this sedge or the silvery
sand-grass (Spinifes hirsutus) in the northern and central.

‘Where the supply of sand is fairly uniform a very even ridge may be formed with a gently sloping
tattish top, well covered with the grass or sedge or with both. The lee side i3 generally more or less
here sand.

In some parts of the coast this front line of dunes, here called the forcdune, forms such an even,
unbroken, and well-established wall—as near Waikanae, for instance—that one might easily believe
it to be an artificial structure (see Photo No. 13).

A well-shaped and plant-fized foredune is a land-form of the greatest importance, since it not
ouly cuts off in par the sand-supply of the shore from the land, but it forms natural protection againgt
the invoads of the sex, thus safeguarding the coast. Owens and Case (47, p. 143) call attention to the
value of the foredunc for coast-protection, and point out i+ has not received the recognition in England
that it eserves, and * that, unfortunately, it is therefore necessary to look abroad if we wish to make
a careful study of the matter and henefit by the knowledge which practical expericnce alone ean give.”
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The natural foredune is not always so even as that just described, but may be cut into by
the wind or washed away by the ses, when at once destruction begins in the dune-complex, and in time
a geners] flattening takes place. Where a well-made natural foredune does not exist, in the best
European procedure an artificial one is constructed. This has been done in a few places in New Zea-
land, either by design or accident. There is one at Waikouaiti Bay, but which is not altogether atis-
factory (see Photo No. 2). At New Brighton, Canterbury, and Ocean Beach, Dunedin, are much
better examples, the former having quite checked the once very troublesome driff from the shore.

{¢.) GENERAL TOPOGRAFPHY OF A DUNE-AREA IN NEW ZEALAND.

Where there is a sandy shore with more or less bare sand at high tide the dunes will commence
at & variable distance beyond the limit of the highest tide. Where the supply of sand is small, as in
the casé of either & small belt of dry sand or a shore where there are more pebbles than sand, there
may be ouly a foredune, and this of the smallest ‘dimensions; but usually behind the foredune are
nurnerous chains of sandhills of quite irregular form, which are generally divided in places by basin-like
hollows of greater or less extent. Frequently the ridges are at right angles to the prevailing wind, but
in New Zealand there are nearly always one or two-other more or less common winds, which operate
to no small degree in tegulating the position of the hills, in altering their form, in determining windward
and leeward slopes, -and in modifying the slope-angles. There are also many openings through the
chains, hills at all stages of decay or growth, basins in process of being hollowed.out or filled up, and
comparatively flat masses of sand where the dune-chains have been destroyed. In short, there is
usually a bewildering maze, especially where winds blow from several quarters, the actual origin of
which could be traced only with the greatest difficulty and uncertainty. Such a collection of dunes
is called by Cowles the * dune-complex ”* (12, p. 194), & term well suiting the case. -

The dune-prea varies from a foredune, or merely a few low mounds of sand, to a width of several
miles, the maximum being about seven miles, between the Rivers Wangaehu and Rangitikei, in western
Wellington. . It is easy to overrate dune distances, for traversing them on foot is very laborious.

" Large tracts of land such as the above are not worthless by any means : they include Jow-lying
wettish flats clothed with nutritious grasses, streams, shallow lakes, and extensive swamps. The
hills 4hiemselves are not generally bare, but possess a plant covering varying from a few tufts of sand-
binding grass or-sedge to a close turf overlying a deposit of loam, and affording fairly good pasture.
It frequently is at the extreme inland boundary where the wandering. dunes, huge masses of bare sand
slowly moving, are encountered (see Photo No. 14). ' ' -

Generally speaking, the view from an eminence in & wide dune-ares is that of a sea of sand, the
ridges stationary billows, and the scanty vegetation showing only as small yellowish or dark patches
on the general white or greyish groundwork.

Some important dune-areas in New Zealand have no connection with the coast sand at the present
time. This is the case with those dunes which extend in many places inland from the summit of
coastal cliffs, as generally in Taranaki and between the north Kaipars Head and Maunganui Bluff
in Anckland. Here the distinction between dune chains, hollows, and &o on, is not nearly so well
marked, and in some cases does not exist. Dunes of this description were in general covered with
vegetation when the settlers arrived ; -but now some of them are wandering dunes of the worst
deseription. B _ ‘ . o

In western Auckland these present cliffi-dunes overlie ancient saudhills, now consolidated into
rock of & most variahle degree of hardness. Between the north Waikato Head and the south Manukau
Head the sea is cutting into and has removed a good deal of these ancient dunes. From Tewahia-
roa northwards the old line of dunes marks an ancient shore-line, but at the foot of this is now a mile or so
of Jow recent ‘dunes extending to the sandy shore. Between Cape Maria and Reef Point there arc
several chdins of consolidated dunes, forming the bulk of the narrow land-surface, and in some places
they extend right to the western shore. Beneath them in many places lio the remains of kauri forest
and even lignite, and this is the case also with some of the ancient consolidated dunes on Reef Point.
From the above it is evident that there have beon various changes in the sltitude of northern New
Zealand, while possibly some of the changes have been quite local ; but a consideration of these matters
would be out of place in a report dealing chiefty with the economic aspect of dunes.

The dunes differ much in height in different parts of New Zealand. The foredune may be from
8 ft. to 25 ft. high or more; but dunes more inland are very variable, those at Mason Bay, in Stewart
Island, attaining the great height of possibly 300 ft. Generally 20 ft. to 50 ft. is a common height ;
but- hills of 100 ft. and more are not infrequent, especially on the more fixed and inland dunes, whose
instability was so little suspected in the early days of settlement that some of them Taceived narnes
(Mount Amon, Mount Jacdb, &c.), and were made the sites of trig. stations.

Some of the dunes look far higher than they really ave, so far as the depth of sand goes, owing
to their being underlain by rock or by the above-mentioned ancient dunes now consolidated into varying
degrees of harduess. TFiven the great wandering dune at the north Waikato Head is in many places
quite thin, and near its summit at more than one place & stream of water trickles over the sand, coming
from the solid ground below.

. (/) MOVEMENTS OF DUNES AND DUNE-SAND.
: (i.) GENERATL, N
It ia casy to see that, built of so unstable s material as sand, a dune-area 1s In 4 constant state of

change. Just as the ridges of ripples and the hollows alternate, so do dune-ridges and sand-plains.

The dune having reached matarity, it is at once attaclked by the wind, gashes are made in its surface,
slizht depressions are chiuneed into deep sullies, plants are uprooted or buried, and high hills are finally
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No. 16. MARRAM-GRASS PLANTED TO ARREST DRIFT HAS BUTLT HITLS,
WHICH HAVE LED TO WIND-CHANNELS AND Fresy DesTRucTION IN

Here ROWTH IMPOSSIBLE WITHOUT PROTECTION:

No. 15. MARRAM-GEASS FLANTED IN A WIND-CBANNEL ForMED 3Y Tywo Hinrs
HAS BEEN KILLED,

[Phote L. Cockayne.

CONSEQUENCE.

[Photo W, H. Field.

Ixn CenTRE WRECKS

[Phote L. Cockayne.

or Scirpus frondosus Dunes.

No. 18. Wanpering DUNE IN PROCESS OF FORMATION.

[Photo L. Cockayne.

No. 17. WIND-CHANNEL BETWEEN Two HiLLs, sHowING DEsTRucTIvE EFFEcT
oF MOUNDS RAISED BY SAND-BINDING PLANTS.
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blown away. Also, as Shaler has shown, the rubbing-iogether of the sand-graing leads to the forma-
tion of dust, which will, with much very fine sand, be blown away from the dune-ares altogether {55.
But with the destruction dune-building goes hand-in-hand, new dunes prise, and fresh chaina of hills are
formed, these in turn o be destroyed.. All this round of desttuction and regeneration is the work of the
wind, modified by the plant-life.

(ii.) Wizp 45 o DESTRUCIIVE AGENT.

80 long as the wind brings s sufficient sand-supply. and fhe sgnd-binding plants form a close-
enough and even-cnough covering, will the dunes remain intact. But with increasing stability of the
surface co does the sand-supply decrease, while in any cage the tendency of the plants 1s to raise promi-
nences and hillocks, nor do they usually in a state of nature grow closely, there being many isolated
tufts or tussocks.

The wind performs a dual funetion : it transports material, and it erodes. When there is less than
o certain amount of maberial brought the erosion will predominate. Bo, too, will this he the case with
winds of abnormal intensity. Where & high wind blows over a well-fixed area it transports little, but
attacks every bare spot. ‘

A certain velocity of wind does not act everywhere with uniform power ; on the contrary, it is 4
variable factor, depending on circumstances. TFirst of all, the nature of the ground-surface is & matter
of great importance, all rregulurities tending to break the force of the wind, as the observations of
King and Olsson-Soffer have shown, the experiments of this latter author demonstrating that the
velocity of wind over @ smooth surface is ot least 347 per cent. greater than on uneven grovad (44, p. 560).
Grassy ground, then, can be seen to have a powerful influence in restraining the wind, while the effect
of vows of sticks, &e., fixed in the soil, small as it might be thought, is very great indeed, and on such
depend some of the methods of sand-reclamation discussed in Part 11 of this report. When the wind
strilces on a solid object, such as & dune, its power is greater ut the sides than iu front, while in the
lee an oddy is formed varying according to the force of the wind. Each obstacle, then—every sand-
mound andl isolated tussock or shrub—favours evosion. Still more is the erosive power of the wind
increased by the proximity of two objects, as two adjacent mounds, making a chamuel (see Photos
Nos. 16 and 17). Througll such the compressed air blows with increased erosive power, pndeing
sver-deepening cuts into the sand, until finally what were at first but bare sand-patches become gullies,
thege latter varying from merely saddles fo miniatuve gorges. In such wind-channels there is nothing
but bare sand ; the sand-binding plants are uprooted in the first place, and it is impossible for them
to gain a foothold again without shelter (see Photo No. 15).  Nor 18 it simply o direct wind-current

which operates when the wind strikes a solid obstacle : there is always the lee oddy playing a powerful
part, and there is a vertical as well as a hovizontal stream of air; in fact, an air-current is a
most complex matter (see Langley, 37). Morsover, as shown before, air-vortices are cuused by impact
npon certain obstacles. The erosive power of the wind is thexefore frequently much intensified, and
a dune unprotected, or partially protected, by vegetation is by degrees cub into deeply, and finally may
be quite blown away, the only trace of its former presence being dead rope-like rhizomes of the pingao
(Scirpus frondosus). Dunes in all stages of destruction may be seen in any area, from » tiny bare saud-
Lollow between two tussocks to a sand-plain without a trace remaining of the former dune-chain whieh
occupied the ground.

From the above it may easily be seen that the natural fixing of sundhills by tussoek-forming plants
or by shrubs may lead finally to the destruction of what one would oxpect to be stable dunes, any
irregularity of surfuce favourng the erosive power of the wind. TDregulir planting of maream-grass,
or its spontancous spreading from seed, may for the above reason not only be useless but dangerous
(see Photo. No. 5). The frequently expressed opinion that any plant is useful on the dunes is an
erroneous conception, based on ignorance of the behaviour of plants with regard to erosion. ** Well-
fixed ” summits of hills ate not infrequently a source of danger. An interesting example was afforded
in the planting of the foredune of the Kurische Nehrang (Gerhards, 18, pp. 343—44) with the Caspian
willows (Saliz cuspics), o plant which tolerates sea-spray and wind, and is an excellent sand-binder.  Tor
s numbor of years the plant grew excellently, doing all that was vequired, bub finally its frregulax,
growth led to the forming of thickets and mounds and the resulting wind-channels, so that the dune
Became subjeot to erosion, the willow causing the very destruction 1t was planted to check. In con-
sequence, ab great expense, the whole of the villows were mprooted, and a new beginuing had to be
made with vther materiel.

The srosive power of the wind leads to the forming of various land-forms in the dunes. Thus
there are the saddles and gullies mentioned above. Hills may be quite wasted away below, the plant-
covared summit remaining, mushroom-like. There may be rounding of ridges, or hills may be cut
vertically, exposing the steata. Various hollows may be cub in the sund, of which  wind-troughs
formed by eddies, as alveady expluined, are frequent (see Photo Nu. By, YWhen u strong wind is
blowing, the eddy on the steep lee side of a high dune is very powerful, whirling the sand high into the
air, scouriig ont its base, and probably increasing the steepness of the slopu.  Such eddies may be met
hy the strong crwrent of a wind-channel, when s combination of the two forees leads to the building-up
of slopes, the heaping-up of mounds, the formation of appendages to the main dune, the cotting of
chanmels, or erosion of basins, whose origin, if viewed during a period of calm or when a contrary wind
is blowing, would scem inexplicable, so complex 13 the effect of the diverse enrrents. Spots wheic
this complexity of wind-action takes place are extromely critical with regard to dume-cultures, and
the conditions require modifying artiticially hefore u suecessful plunting of sand grasses or trees call
he undertaken. The most important form perhaps is the wind-basin. Here the wind, having renoved

the dune piece by piece, continues its work of hollowing out the dry sand into a shallow basin-lile
hollow, untit finally the ground-water is neared, the sand beeomes domp, and all further erosion ceases
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as by magic. Large areas may be so eroded, the hills having been blown quite away, and flat " gand-
plains ” result. These may be seen in all stages of formation; and though it seems hard at first to
believe that comparativelr fertile plains of large extent were once the seat of dune-complexes, remnants
of hills marked chiefly by rhizomes of the pingao in some instances maxk the position of former sand-
hills (see Photo No. 18).

Owing to the proximity to the water-table, sand-plains ave fairly moist all the year round, though
during dry westher a sandy erust will lie on the surface. Tn winter, water collects in pools in many
places. Tven shallow lakes may arise, the aquatic vegetation making humus, which forms in time
a more impermeable bottom than does the sand.

Though hardly present, so far as I have noted, in the New Zealand dune-aress, & quicksand may
be formed on the sand-plain near the base of a high dune, owing to the special water-supply from this
latter being added to the subterranean water of the plam.

Sand-plains within the dune-complex may remain for many years undisturbed, as evidenced by
the age of their vegetation and the presence of a humus-layer, and in places they become occupied
by good pasture plants. But sooner or later there may be a sand-invasion, and a new dune-complex
or dune-chain cecupy thelr site.

(ii.) DUNB-WANDERING.

The wind blowing up the long windward slope of & dunce carries with it the rolling and hopping
sand to the summit, which, as before noted, falls down the leeward slope, leading to its gradual
advance. Where the incoming sand-supply is small, as is that of a dune-chain on the lceward side
of a grass-covered or * rush ”-covered soud-plain, then there is a comparatively vapid advance, the
wind carrying the sand of the windward to the leeward slope whenever it blows, and bringing no fresh
material fo supply the constant waste. CGenerally speaking, there is a gradual but ususlly very slow
advance of the unstable dunes, the sand-plains being buried at their seaward and extended at the land-
ward boundaries. The movement landwards is much checked where there are powerful nntagonistic
land winds, and it is uot unusual to see a dune advancing fu two directions. Great quantities of sand
may blow back into the sea, as 1 observed on the shore between the Rivers Manawatu and Rangitilei,
whero all day a constant cloud of sand loaking like smoke blew along the shore into the water.

The rate of movement is governed by a number of factors. The shape and height of the duue
is of ureat importance, s high dune, other things being eyunl, moving more slowly than a lower one.
Climate in general, specific gravity of the sand, size and shape of sand-grains, velocity of wind, plant
covering of the dunes, dissurbance by grazing animals—all these affect the rate of movement. Where
the dune is absolutely bare sand the question is less complex; but here the height of the hill, and
whetler its advance is checked by trees or shrubs, much affect the case. A stream, again, may stop a
dune altogether (see Photo No. 19). So far as New Zealand is concerned, there are few statistics as
to dune-advance. On the dunes of vast Canterbury I have measured a lee slope, 10 ft. high, which
moved horizontally 2 ft. in ten howrs with n very powerful east wind ; but such rapidity of movement
would onlv take place a dozen times or so in & year. Mr. Hoe, of Woodhill, in the Kaipara district,
Auckland, was able to furnish me with some accurate particulars regarding the dunes of his locality.
based on meuasurements made during certain surveys. Thus, one wandering dune, the position of
which was fixed in 1866, had advonced 132 vards by the end of 1910—.e., an advance of 3 yards a
year.

Speoking generally, my investigetions show that in certein sensons the dune-movements ave
grcater than In others, and that where a plant covaring is present they are usually very slow—perhaps
a foot ov two yearly. Foreign statistics give vory variable results. They coucern chiefly the
wandcring dune, which, uccording to them, may move in some places only a few feet and in othous
meny yards yearly.

Dune-wandering is especially dangerous, since it is slow and insidions: but in its very slowness
lies the security to those who recognize the danger, since it gives abundance of time for permanent
reclamation-work. So slow is it, indead, in certain cases that s semi-sand-binder {sec botanical section)
such as d:undo conspicua (toetoe) can gain o footing and establish itself on a dune-fall. Its presence,
however, does not indicate that the dune is stationary, as mauy suppose, but rather that the upward
growth of the grass is equivalent to the sand-supply.

(iv.) SAND-DRIFTING.

»

By sand-drifting, us opposed to dune-wandering, 1 mean the blowing of a flat layer of sand
along the ground-surface. It is sand-drifting which leads to dune-building, dune-wandering being =
secondary phenomenon.

During gales oxtensive drifts take place, the sand coming from naked dunes. and also from
hollows where the wind has full power {see Photo No. 20).  These drifts ave particukuly dreaded by
owners of sand-arcas, since when mexely an inch or two in thickness they quite destroy any grassy
gward on which they fall. The drift also, when once it has commenced. continues fo advance with
oven modetate winds, the distance reached being determined by the sand-supply. Contary to the
odvance of a wandering dune, the sand dyift is extremely rapid, aweres at o time being covered with
a layer of sand. thus killing al the grass duving one lieavy gale. Sand-drifts, though the worst-
drended form of invasion, ure of vonsiderably less moment m the long-run than dune-wandering, aul
can be much more easily stopped. It i the stopping of these whish is nearly always shown us an example
of hoaze io control dumes i gencral o quite misToad iy objeel-Tessou,
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(7.} LAND-FORMS OF THE DUNE-AREA,
{1.) Dunzs.
() Dueene ridyes.

The loredune is @ typical example of o dune-vidge, avd bas abrendy beon deseribed.  Partly
sheltered by the foredune, lie the interior dunc-ridges. These ave most irregular in form, and much
cut into and denuded by the wind. They arc the Kupsten of the German writers, a word derived from
the Lithuanian “ lkiipstas,” meaning a small hill. These chains of hills resemble miniature mountain-
ranges with their prominent or rugged peaks, rounded tops, saddles, de.p vy shallow gullies, and at
times quite precipitons faces. Frequently the parallel chains have lateral connections.  Near the
voast they are generally but semi-stable, the plant covering usually only occupying half their surface.
and in many places they are so bave as to be a transition to tho wandering dunes. Ridges absolutely
fixed by nature are to be found at the inland termination of o dune-ares, where they are frequently »
considerable distance from the shore, or erowning old consolidated dunes, though in this case it ig the
rock beneath rather than the sand above which forms the ridge or chain of hills. They are ponerally
much more rounded and offer less play for the wind than the ridges just described. Possibly in many
instances they are of considerable age, dating hack to a time when the Innd was Jower. the sea coming
farther inland.

(8.) Isolaled Hills.

Sandhills not forming chuins may be either portions of such separuted by wind-action, or they
may have originated. directly on a sand-plain, or elsewhere, after the primary hills were destroyed or
had wandered on. Sand-binding plants are chiefly responsible for the origin of these secondary hills.
Sometimes they are formed upon a decaying dune itself, which in this manner may he rejuvenated.
The curious isolated hills called ™ barchans ” are noted further on.

(y.} Mounds {(ses Photo No, 69).

The pouring of sand into o sand-plain by means of & rapid drift sometimes leads to 1 remarkable
hummocky surface, made up of numerous low mounds built through the rapid growth of silvery sand-
urass (Spinifex hirsutus). lsoluted mounds, generally formed by Seirpus frondosus, are common on
gand-plains and also on a wide sea-shore (see Photo No. 21), where in both positions they may eventu-
ally build isolated hills or dune-chains. Mounds of a more temporary claracter are formed by the aid
of the sand-coprosma {(Coprosme acerosa) and other ghrubs (see Photo No. 22).

(8.) Wandering Dunes.

The wandering dunes ave the greatest feature of the dune landscape, and the land-form to be most
dreaded. Tt is they which in populous lands have devestated the adjacent country, burying villages,
and even churches, as in Norfolk, Cornwall, Aberdeenshire, Gascony, and elsewhere. '

Wandering dunes are hroad, high masses of sand extending over many acres, so gently sloping on
the windward side a8 to be apparently flat in places, where they are quite firm to the tread. On the
leeward they are very abrupt: so much so, where absolutely sheltered from the wind, as.to merit the
title of “ sandfall,”” the extremely loose sand moving with the slightest touch, or, when wind moves
the surfacs of the dune, forming long trickles which fall to and aceumulate 23 talus on the ground. The
quite smooth swrface, destitute of alt plant-life, stretching for hundreds of yards, and more or less of »
olistening whiteness, forms a striking spectacle. The surface is hers and there traversed by wind-
troughs, or secordary dunes may -be built upon the surface, but over wide areas theve may be a quite
even surface, broken only by long lines of sand-ripples. At the augle formed by the ascending slope
and descending sandfall is often a sharp zidge, the result of the eddy {ceec Photo No. 14). 1In other
cases the angle may be rounded, a sign of contrary winds.

Wandering dunes haves twofold origin. On the primeval dune-aren they arose from the
coalescence of a number of dune-ridges (see Photo No. 8). It can be seen that this is an eisy matber;
the unequal rate of advance of contiguous dunc-ridges will bring it about, for one thing, the lowest
portions moving the fasbost and leading to a crescent-like form, the horns advancing in the same
dircction as the wind. Then, too, winds from different directions causing irregularity of the direction
of the movement play their part. A rapid undermining of plants on the windward side of a dune also
(Photo No. 23) causes an accumulation of loose sand, thus giving material for burial of plants and fill-
ing up of hollows. According to Jentzsch (18, p. 81), it takes 100 dune-chains, each 6 metres high,
to build a wandering dune 60 metres in height. With the general flattening and increase of sand-
surface there is less shelter than in the aren of sand-ridges and isolated duncs: the wind eatches the
gurface fairly, increasing in intensity as it ascends, and the natural estoblishment of cven sand-hinding
plants becomes impossible, while those present are rapidly exterminated. It s therefore nseless to
altempt artificial planting on many wandering dunes without shelter of the proper kind.

Between the true wandering dune and the dune-complex are all kinds of transitions, many of 'f'-]lb‘
dunes of the latter, although quite small, being altogether unstable, and both wandering and drifting.
A dry season, burning the vegetation, the presence of cattle—these, singly or combined, may easily
convert an unstable dune-complex into a wandering dune. 8o, too, does & breach in the fgred_une
by the sea lead to destruction of the dune-complex, whose members become undermined by the wind,
and the increased sand-supply helps to bring about a flatter condition, hollows heing filled, and exten-
give sand-drifts resulting, ial

Frequently the wandering dune is quite unconuected with the dune-complex and with the Pere{lxﬁa X
sund-supply of the shore ; in which case. 2% no fresh sand i arriving, and ag waste 1 ever present; either
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from superficial drifts, from the sand borne away high in the air, or from that kept firm by wet ground,
the dune must finally by degrees lose its power; come to rest, and be occupied by vegetation. DBut
before this can happen it buries all before it as it advances—meadow-lands, swamps, crops, and even
dwellings, if such should lie in its path——leaving behind a desolate sand-plain or an exposed rock-
surface, the buried trees, &e., being again unhcovered as it continnes to advance. .

S0 far as New Zealand is concerned, the wandering dunes as now met with inland are
not an évolutionary product of dune-change, destined when finally fixed by nature and covered by
scrub or forest to be the climax of dune-development; on the contrary, they are a reversion
from perfectly fixed sandhills, held in position not only By shrubs or grass but by loam, to the original
wandering state. Their origin is traced further on, under another head. Here it néed only be pointed
out that they are indistinguishable from the primary wandering dune, except insomuch as they are
frequently continuous with loam-fixed grassy hills. Also, as they are often quite unsheltered by con-
tiguous chains of sandhills, being cut off from the general dune-meass by wide flats covered with manuka
or grass, the wind can aftack them with full force, and their power for mischief is consequently great.

The most remarksble wandering dune in New Zealand, and one of the wonderful natural objects
of the Dominion, is that which at the mouth of the Waikato River extends from the ghore to the Maiore
Stream, a distance of about three miles, and occupies an area of nearly 3,420 acres. In its highest
part it can hardly be lower than 250 ft., but this is due to the sand overlying rock. The view from the
summit is that of an undulating tableland of bare sand as far as the eye can reach, with long low ridges
and rounded advancing parasitic hills which bave crescentric dune-falls. All is brown in colour, save
where long stripes of black mark the innumerable ripples. In some places there are long rows of huge

. secondary ripples—low ridges, in fact, giving the sand the appearance of & furrowed field. There ate

no plants of any kind. A few flies creep along the surface, and rise in the air for a short distance when
disturbed : these are the only signs of life on this desolate spot. As the actual shore is approached
there are sand hollows and gullies which contain a scanty vegetation. The sand finally pours into
the Waikato and the neighbouring swamp. o S
" Very frequently in New Zealand the wandering dune advances in more than one direction, since
it will be fully exposed to all the common winds.- o )

Tt is the fixing of wandering dunes which is the most difficult problem in dune-reclamation, and,

“gs they vary much.in character, various cases will obviously require different treatment.

fe.) Cliff-dunes. -

(8.) The Under Oliff-dune.—Whercver there is a wall-like obstacle, such as a cliff, a dune will be
built some distance in front by the eddying wind, as deseribed in section (¢). Dunes similar in origin
are formed in front of high sandhills, or even on dunes themselves. For ridges of this character I pro-
pose the name of *‘ under clifi-dune.” An excellent example of such a dune on the Taranald coast is
shown in Photo No. 24. Another well-known case ocours at Sumner, Canterbury, at some considerable
distance from the ‘actual shore. ‘

(b.) The Upper Cliff-dune.—~Dunes are very common on the summit of cliffs at many parts of
the New Zealand coast. The origin of such may be twofold. Where the cliff-face abuts on a sandy
shore the whirlwind caused by the stroke of the wind raises the sand high in the air, depositing it upon
the ledges of rock, and finally on the summit of the cliff, where a line of dunes will be formed. These
are the upper clifi-dunes. According to Jentzsch (18, p. T4) sand-grains can be raised 30 metres (118 ft.)

into the air by the strong winds of an open coast.” Cornish (7, p. 301) thus describes the phenomenon :.
-4 A cliff facing the wind deflects the current of air, which rises in a billow above the edge of the eliff.

Below the hillow is an eddy, which assists in bringing down the sand borne by the wind. Thus & cliff

- may be capped with blown sand which deposits in a position apparently exposed, but in reality well

sheltered.”” Tt seems to me very probable that many upper clifi-dunes in New Zealand had, their origin
at & time when the land was lower and the sand travelled from the shore in the usual manner, Personally
I have had no opportunity of witnessing the effect of a high wind on the foreshore at the base of cliffs.
Where there are gullies in ‘the cliff, even though very steep, the sand ascends by their aid to the summit
(see Photo No. 24), and such s ‘drift may be considered a combination of upper and under cliff-Gunes.
Reef Point, north-west Auckland, 700 ff. in height, is an excellent example of gand from the shote
covering s rocky promontory. There the southern side is almost completely covered by wandering
dunes and drifts, which pass over almost the highest point and are descending on the northern side
towards Ahipara, burying the forest in their descent. Watercourses have been dammed up, deep gullies
filled with sand, rocks fantastically cus, and the face of nature “completely changed (see Photios Nos. 64
and 81). -

¥
. (ii.) SanDspITA.

Sandspits ate of great economic importance, insomuch as they may enclose harbours, and, when
crowned by fixed dunes, prevent the drifting sand from filling up these waterways. Their origin
has already been sufficiently described. In the case of a tidal river its course may be much diverted,
a growing spit forcing the river to run parallel with the coast for a considerable distance, as in the case
of several of the rivers of western Wellingfon.

. (iii.) SAND-PLAINS.
The origin of these has been already explained, and further details are given in the botanical
section. They are the most important part of the dune-areas from the farming standpoint, and their
treatment is gone into at considerable length in Part IL.
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(iv.) QUICKRANDE. .

~ Where a stream paiges over a sand-plain, or where the wind has cut almost to the water-table,
there may be a superabundance of water and the wet mass be so Auid as to be no longer a solid, but
governed hy the laws of hydrostatics Generally, there is too little water for the formation of quick-
sands, but the water-content may be much increased by the flow from the body of a wandering dune.

Quicksands are nob at all common in the dune-arcas. The worst occur on the Aupouri Peninsula,

Auckland. So far as human beings on foot are concerned quicksands are of little moment, but when

on harsebaclk, or for horses themselves, they are dangerous enough.

{v.) SwamPs.

Swamps are formed either hy a shallow lake becoming occupiod by vegetation, or through the
natural drainage heing blocked or checked by the sand-movement. In some places there are hundreds
of acros of swamp right in the centre of a dune-area, but geuerally it i8 nearer the landward than the

sea boundary.
(vi.) Lakes avn Ponvs.

Dune-lakes originate in exactly the same manner as swamps, Deing really an eatlier stage of the
Jatter’s development Both lakes and swemps agsish in checking the sand-advance for a time, but
finally the surface becomes dry, the gand drifts over the site of the swamp, and no trace of it remains

visible.
(h.) THE VIRGIN DUNBS.

At the present time it is not altogether easy to present a picture of the virgin dunes of New Zea-
land. Excepting on the sand-grass dunes themselves, and perhaps some of the semi-stable shrub dunes,
thore are few places wherc man, his fires, and his grazing animals have not wrought great changes.
These changes have heen twofold : they have brought about a state of very much grester instability,
and they have altered the composition of many of the plant associations. This latter is most marked
in the plant covering of the stable duues, whether that be heath or grass.

The opinion expressed by many that the present instability of the duues and their wandering is
entirely the work of man, due to using the dunes as grazing-land, is certainly incorrect. HEven before
the white man arrived, the Maotis lived much among the dunes, as remains of dwellings, heaps of
shells, stones, and ancient huvial-places testify. Their presence would conduce to considerable dune-

movement.

But, apatt altogether from man, the dunes could never bave reached their present breadth had
not their wandering been of long duration. The presence also of the endemic sand-binding plant
Scirpus frondosus is significant, since its weli-being depends upon the coming of drifting sand, and its
endemism proves that such a drift has been taling place for a long period.

The distance & dune-area can penetrate intand depends upon the general topography of the coast-

line, the extent of the sand-supply, and the counteracting offect of land winds. At any Tate, a point

is finally Teached where the velocity and erosive power of the wind so much decrease that non-dune

plants can get a foothold, incredge in number, and finally absolutely fix the dune, giving it by their
decay, in course of time, a coating of loam. Thus the virgin dune-areas were well fixed and beyond -
the power of the wind to disturb, while the general plant covering of the dunes as a whole would
prevent drifting sand to a much greater degree than 13 at present the case.

(i) EFFECT OF MAN, RTC¢., ON THYE DUNES.

Apart altogether from the nstural struggle between sa:nd, wind, and plants, which_ resulte_d not
only in a steady movement of sand inland, but also in its ultimate fixation, man, by the aid of animals,
fires, and culfivation, on the one hand, has brought about most powerful dune-movements ; but, on
the other hand, he has to some extent counteracted these by the planting of various sand-fixing plants.

The eatly settlers, tempted by the nimerous extensive well-grassed sand-plains, made use of
them as grazing-grounds. Also, in order to make room for better growths, they burned the * rushes ”
and shrubs which appeared to be occupying good ground. Moreover, the cattle and sheep did not con-
fne their attention to the flats, but, as food- got scarce, wandered over the dunes, breaking the surfa.pe,
and pulling up some of the gand-binding plants. The rosult was soon manifest. The unstable hills
were turned into wandering dunes, the fertile Hats were buried with sand, and desert conditions grew
apace. Introduced plants ‘also made their appearance, bub economically were generally of a worth-

less kind. . ,

With the stable dunes it was worse. These were clud with various indigenous grasses, shrubs, and
bracken-fern, and heneath a layer of loamy gand. Burning the shrubs, &c., helped to lay bare the sandy
surface and to destroy the accumulation of humus, its most important possession. Later on, over-
stocking played its part, and, notwithstanding their guite stable character, the fixed dunes gradually

began to revert to the active conditions (see Photo No. 12). ) ) _
' +he most stable dune in motion. A sheep rubbing

Tt is quite astonishing how little will set even 1 _
its bacle, irritated with ticks, against the sutface soon lays hare a patch of sand, vc‘rhmh, attacked by
the wind, may rapidly develop into intense activity. Such a hole as that shown in the photograph
(Photo No. 26) would, if not checked, set in time the whole hillside in motion, Rabbits also work
considerable harm. It is worst of all when the damage commences in a gully, where, as shown before,
the wind has special erosive power. Such gully wounds are most difficult to heal (see Photo No. 15),
and on that account are neglected after one or $wo failures, and so the contignous slopes ate undermined,

3—C. 13.
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and in no very long time a revivified wandering dune, itself originally good ground capable of growing
rape of oats, as the photograph shows (Photo No. 35), is invading and burying land of much greater
value. At the present time the neglect of wounds in the turf by ihe farmer 18 perhups the greatest source
of danger to the adjacent fertile lands. These wounds seem trivial, but they are capable of the most
profound mischief, and their neglect must already have cost the Dominion thousands of pounds.

New Zealand is not alone in having once more set in motion the dunes fixed and made not only
harmless but valuable by nature. The moving dunes of Cape Ced, in North America, had originally
three-fourths of their area covered with trees, the destruction of which, through fire and the pasturing
of stock on the sand-ares, lod to a state of affairs endangering a most important harbour, and “ the
problem of controlling the driffing sands has concerned the municipal, State, and national authorities
for two hundred years ” (Westgate, 65, p. 10). _ _

The wandering dunes of the Kurische Nehrung, too, were forest-clad, and the felling of this forest
for timber has cost Germany vast sums of money, and u considerable annual outlay is still expended
in refixing the dunes so well fixed by nature.

Tn Holland, according to a most interesting communication from the British Vice-Congul at Flushing,
the dunes have been rendered unstable in some places through potato-growing on the sand-plains, the
grotind having been finally abandoned and left to the mercy of the wind. The Dutch dunes are also
used as a drink-wator reservoir for the many adjacent towns and villages. * Long canals traverse the
imer dunes, and the water is pumped from them into large basins and afterwards to the drink-
water towers in the bowns. All the towns near the coast get their water from the danes (Amsterdam,
Haerlem, Leyden, The Hague, Delft, Middelburg, Flushing, &c.), and the result of this water-
withdrawal is sinking of the water-table in the dune-area.”*

(4.) INLAND DUNES.

(i.) THE VoLCANIC PLATEAU.

Drifting sand made of pumice, scoria, and ash is quite a common feature of the flat, bare parts of
the voloanic platean (sce Cockayne, 89, Photo No. 24). Except where the coach-road crosses the
Rangipo desert the drifts do no harm. The dunes are low, often isolated, and frequently held firmly
by vegetation. Sometimes wide breadths of the flat surface may be slowly advancing and burying
an older surface. '

(ii.) Tae CANTERBURY PLAIN. -

Small isolated dunes or dune-chains appear in some of the wide rivir-beds or at some distance
away on an older river-bed on the plain itself, They are generally quite fixed by vegetation, and
are of no moment as agents of damage,

(iii.) CenTRAL Oraco (see Photos Nos. 46 and 63).

The dune-area of Central Otago lies in the upper valley of the Clutha, chiefly in the neighbourhood
of Alexandra, Clyde, Cromwell, and Tarras. The source of the sand is the Clutha itself, where the
terrace against which the streams abut, or did abut, has been cut into either by the river itself, water-
channels from above, or drifting sand. 'The great flood of 1878 is said tobe responsible for the main
dvifts, though doubtless, ss Park points out (129, p. 35), “ the terrace on which Cromwell is built
contains a large amount of drift-sand mixed with the gravels, and a constant supply of this sand,
derived from the terrace-faces between Lowburn and Deadman’s Point, is carried hy the wind across
Cromwell flat.” The supply at Alexandra is, I believe, considerably augmented by the dredging
operations in the Clutha. The commencement of what may become & formidable drift, if not stopped
soon, may be seen on the bank of the Rivér Kawarau, near Bannockburn, the sand blowing across
the river from the Cromwell flat having cut into the terrace. Saad and gravel drifting from the above
wound cuts deep into the soil of the flat above, which in its turn is broken up, its particles being driven
along the ground. The finer sand and dust is also raised high into the air, and is finally deposited upon
the Carrick Range. .

As for the areas themsclves, the dunes at Alexandra are tho most active. They are of true barchan
form—i.e., they are low, with a crescentic dune-fall terminating in two horns, while the body of the
dune is convex (see Beadnell, 1a, p. 386). Isolated barchans are present {(see Photo No. 31},
but generally they are joined together, and their true nature is more or less hidden. The advance
of the i?iolated dunes is in the same direction as the wind, while the united hills are at right angles to
the wind. -

At Cromwell the principal dunes are’the Tesult of high catching-fences, which they have either
buried or are in process of burying (see Photo. No. 29). As well, there are many low dunes, sand-ridges,
and deep or shallow layers of sand on many parts of the plain, there being a gpecial advance towards
the River Kawarau between Cromwell and the Bannockburn Bridge.

‘At Tarras there are few dunes, but, instead, a very powerful drift along the ground.:

Here the sand, much of it extremely coarse, came in the first instance from the broken river-terrace,
over the summit of which it was at times driven with such strong velocity that in its progress it cut
into the surface soil, exposing by degrees the stones, gravel, and sand of the old river-bed. Thus an
ever-increasing source of sand was added until, at the present time, the flat above the river, and not
the face of the terrace itself, is almost the sole supply of sand. But this supply is decreasing, since
owing to the laying-bare of the large stones and the depth of the sand beneath the surface, the upper
layer having beon removed, the power of the wind to raise the,sand has much decreased. It is drifting
sand rather than true dunes which distinguish the sands of the Clutha valley. When the powerful
westerly winds blow with their full might the drifting is excessive. Not only sand, but gravel and
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even small stones are swept along the ground or borne in the air, while the fine sand is carried for miles,
darkening the sky, and finally deposited here and there on the distant hills. Thus it may be seen that
unless there is a constant supply of sand the drifts will finally cease to be. This is the case with the
earliest sand-sweep at Tarras; its site is well marked, but its activity and power for destruction is
gone. And this seems to be heppening ot the other localities. In many places, where the ground is
not swept bare, coarse sand and gravel alane are present. The ground itself is cut into deep furrows,
while at Tarras both the present and extinct sand-sweeps are marked by their area having. almost
entirely reverted to rivir-bed (see Photo No. 30), the vegetation first, and then the surface goil, being
altogother swept away. It is most interesting, geolcgically, to see how in so short a time the face of the
landscape can be changed by a caunsc—a flocd in a river far below, which might well be thought to
have no possible relationship with the ancient flood-plain high above that it had laid down and
abandoned many thousands of years before, The three areas—Alexandra, Cromwell, and Tarras—
show three stages in the progress of the work : Alexandra, with its barchans and dune-masses, being the
youngest ; Tarras, the oldest, with its dunes almost gene, except in the sheltered lee of certain terraces,
and its active sand and gravel sweep’; and the one now extinet, its surface rejuvenated river-bed.

IT. BOTANY.

{A.) ECOLOGICAL BOTANY.
(a.) GENERAL REMARKH,

The study of the dune-vegetation is of the greatest moment with regard to the economic treat-
ment of sandhills. Nét only does it show what plant forms* and structures are most fitbed for growing
on the moving substratum, but the investigation of the evolution of a fixed dune—.e., an inquiry into
the dynamics of the plant covering—shows exactly how natare acts regarding dune-fixation, and the
methods she has applied with more or less success.

The dune-flors proper consists partly of plants specially attuned to sandhill conditions, and partly
of those found, and gometimes abundantly, in other formations, but whese “ adaptations ” fib in with
such conditions—i.e., tolerate the peculiarities of the environment. This toleration is exhibited by
different species tu a much varying degree, and so, as the dune conditions relax, does a greater number
of plants enter in. This fact must not be lost cight of, since otherwise quite a wrong conception may
be gathered as to the capabilities of dunes as a whole for reclamation, for false and dangerous generaliza-
tions may easily be made from & study of some particular sand-area. Near Paekalkariki, for example,
the tree-lupin grows well right up to the foreshore, whereas in many places in the same position it would
be overwhelmed, and a moving dune be the result. )

The flora of the unstable and semi-stable ‘dunes is remarkably uniform thronghout New Zealand,
its physiognomy being much the same from the north of Auckland 4 Stewnrt Island and the Chathams,
notwithstanding considerable differences in-climate between the extreme points. In other words, the
Jimatic factor is of less moment than the soil factor. At the same time, some species occur only in
cerbain localitics, and, although there is a eommon groundwork, additions or the contrary take place
in passing from one extreme to the other. The dunes of the Auckland Islands have a special flora of
their own, and that of the ancient dunes of Stewart Island is alse quite distinct from. that of a typical
fized dune (see Cockayne, 86).

{6.) CONDITIONS I'OR PLANT-LIFE.

fi.) GENERAL.

The conditions governing the plant-life of & dune-area are extremely severe, and bring about u
gtate of affaits very similar to that of a desert. But between this latter and the dune there is
the important economic difference that the one can be made fertile only by irrigation, whereas the other
has a sufficient rainfall, and the sand-drifting propensity has alone to be dealt with. Also, it must be
remembered that the dune region offers very dissimilar plant stations, with its wandering dunes,
naturally fixed dunes, and sand-plains, a fact hitherto altogether overlooked by Now Zealand writers
on dune-reclamation.

{ii.) Crimaric Facrozrs.
fa.}) Wind.

Wind is by far the most important of the climatic factors. According to the position of the sea-
shore with regard to the prevailing wind, so is the average intensity very different. For instance, the
oblique south-west wind ot Ocean Beach, Dunedin, is much less to be dreaded than the divect but less
intense east wind of New Brighton, Canterbury.

The effect of & sea wind is frequently counterbalanced in part by a land wind, as in the case of
the north-west, south-west, and east winds of the Canterbury coast, or the sounth-west nnd north-west
of western Wellington—a matter, if not directly connected with plant-form, affecting the distribution
of the species and the associstions. An occasional excessive velocity will cause a sudden drift, but
such is generally of less moment than is a much lighter but continuous sea wind, while a very high
wind may remove the dry upper layer, exposing the moist sand beneath, when all movement will cease.

* Tt is surprising what absurd plants have been suggested in ocrtain cases owing to want of knowledge of the life-
forms of true dune-plants and of their physiological requirements. ’
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The wind factor acts as follows :—

(1.) It moves the sand, laying bare the roots of plants, and causing damage or destruction.

(2.) It canses sond-drifts ox a dune to advance, thus overwhelming whole plant associations.

(8.) Tt makegthe surface so nnstable that none, or only & few species specially endowed, can gain
a footing,

(4.} Sand carried by wind strikes on the plants, cutfing, bruising, or otherwise damaging their
tender parts. How damaging such sand-Jaden wind can be is amply shown by its eroding and cutting
aetion on rock (as shown in Pheto No. 81, taken high up ou the dunes of Reaf Point, north-west Auck-
land). The size of ths wind-borne grains of sand 15 & matter of groat importtance, large grains being
rmuch more destructive than small ones. At Tarras, in Central Otago, an oat-crop facing the drift is
frequently cut for many feet as if with a stripper.

(5.) Plants not actually broken are hent in o direcBon contrary to the wind, and their foliage is
“ wind-shorn,” but this is 110 more marked than on non-sandy coasts or in exposed alpine localities.

(6.) The soil is conled (this frequently beneficinl), and rapid (vaporation takes place from the
ground.

(7.) Transpiration is much accelerated, thus leading to desiceation (Warming, 63, p. 38), and strong
xzerophytic structure is therchy demsnded, or plants may be whelly or in part lalled.

"(8.) Various plants depend for their pollination on the wind ; also secds ave carried in the sir or
blown with the sand-graing along the ground. This may lead to the irregular planting of tussocks, &c.,
and so indirectly to dune-movement.

The wind-sheating mentioned above is in part due to the mechanical action of the wind, and in
part to the physiological conditions induced by excessive trunspiration.

The salt gales of the coast of part of Wellington and Taranski, which ocour every few yeors, make
their effect felt at more than twelve miles inland by damaging deciduous trees, Bucalypi:, and some
conifers, while other species, especially Norfolk Island pine (draucaria exce’sa) and African bexthorn
(Lyesum afrum) are undamaged. How far the salt carried by the wind has & physiological effect T do
not know, but the chief damage is probably due to the quite abriormal transpiration from. the leaves
during such gales.

The average number of days per year during which strong gales occur on all parts of the coast
ate comparatively few ; were it not so, many of the species of the exposed dunes, where the rainfall
is not excessive, could not exigt. Tn the south of the South Island, and especially in Stewart Island
and Auckland Island, strong gales are much more numerous than olsewhere, but their effect is, to a
greater or less degree, modified by the excessive number of rainy days. o=

(B.) Heat (partly considered in Conjunciion with the Sotl).

The climate of the whole sand-area is distinguished by the absence of extremes of heat and cold.
Certainly there is a gradual decrease of temperature in passing from north to south, but even in the
Auckland Jalands the difference between winter and summer is comparatively insignificant. Auckland
and Dunedin, the latter being 630 miles south of the former, have, 2ccording to Marshall (119, p. 229),
a difference of 8:7° Fahr. in their average mean temperature. The average temperature of the hothest
month (December) in Auckland is 65-5°, and of the coldest (July) 51°; and in Dunedin the hotlest
(February) is 57-2°, and the coldest (August) 40-5°. More than a few degrees of frost are quite rare
on all parts of the coast, excepting that of Canterbury, where, owing to the cold air sinking from the
Southern Alps, the temperature may occasiopally drop to 16° Fahr. Were it not, indeed, that the
summer climate is remarkably low, if the latitude be considered, a considerable portion of the coast-
line would be truly subtropical. As it is, one can hardly apply that term to any part, unless it be to
the coast north of Hokiangs and to the Kermadec Islands. But the lack of frost in the north and
the equable climate certainly permit a considerable selection of what may be called subtropical trees
for purposes of afforestation.

Notwithstanding what is said above, sudden changes of temperature are not uncommeon in some
parts. 'This is especially the case in Canterbury, where the well-known hot wind coming from the north-
west is suddenly succeeded by a cold and violent wind from the south-west, perhape accompanied
by rain. In such a ease the température may drop in a very short time some 30°

Sand has a low specific heat. The upper dry layer becomes excessively hot under a cloudiess
sky. At Levin, on the surface of the foredune, on the 4th February, at 11.30 a.m., an ordinary mercury
thermometer registered 120° Fahr. to 127° Fahr. ; and on the black ironsand of the Nulkumaru dune-
complex, on the 16th December, at 11 a.m., the heat at a depth of 3 in. was 92° Fahr., while the air-
temperature was 66° Fahr. The daily variation roust also be considerable, since the rapidly heated
surface layer will cool very quickly when the sun goes down.

The colour of the sand is a matter of ecological importance ; the black sand of Taranaki, the yellow
sand of eastern Canterbury, and the dazsling white sand of north-east Auckland differ considerably
in their, powers of absorption and of radiation.

The wet sand absorbs heat much more slowly, and as at a depth of a few inches below the surface
the sand is always moist, the plant-roots descend into cool soil very quickly. This is a most important
matter, since it renders possible the cultivation in pure sand of quite short-rooted plants,

The heat is rendered still more powerful by the strong reflection from the sand, so vegetative parts
high sbove its surface are, during sunshine, exposed to & much greater heat and also more powerful
illumination than are denizens of a meadow with the same air-tempersture. This has an effect on
inereasing transpiration, and also on ripening fruits and sccelerating flowering.

The general dryness, in conjunction with heat and intense light, leads to rapid oxidation of all

-dead organic matter, and prevents the formation of huxoms, The common belief that all dune-plants
are © making soil ” is to some extent unwarranted.
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{y.) Light.

No data are available as to the intensity of the illumination. On the frequent cloudless days of
the north especially, and of eastern Canterbury, insolation must be powerful. The glare of the sand
a8 one walks for hours over the bare dunes iy an experience hardly to be forgotten. The yellow colour
of certain dune-plants belonging to different unrelated familics is doubtless correlated with excess of
light, and scems to me a possible example of heredity of an acquired character, Shade conditions
are virbually absent, 8o far as the open vegetation of the unstable and semi-stable dunes are concerned.
Just as with heat, so with light, there is generally a considerable decrease in the far south of the region ;
and in the south and west of the South Island, as also ju Stewart Island and the Chatham and Sub-
antaretic Islands, cloudy skies and correspondingly dull light: are frequent.

(8.) Moisture.

The rabafall aud number of rainy days of all the New Zealand dunes is amply sufficient to support
a rich forest-vegetation, but except under certain exceptional circumstonces such 18 absent.

Considerable differences in rainfall do not affect the dune-flora in the least. Martin’s Bay, on the
west coast of the South Island, with a rainfall of considerably more than 100in. yearly, has a dune-
vegetation no richer than the sandhills of eastern Canterbury, with their rainfall of some 25 in. or less,
An extreme number of rainy days combined with cloudy skies, however, does bring a change, as seen
in the low mixad forest on the lee side of the high dunes at Mason Bay, Stewart Island, and the dunes
of Enderby Island, in the Auckland Group, where there are no true sand-binding plants ; and, not-
withstanding, the sand does not drift to any extent.

Quite apart from the rainfall, at & distance of only a few inches below the surface, even onthe
summits of dunce some hundreds of feet high, and in the driest climate, the sand ig moist. This state
of affaivs has nsuelly been explained as being due to capillary attraction, but that as a full explanation
has experimentally been shown to be impossible. Jentzsch has shown (18, p. 103) that in all proba-
bility there is an internal formation of dew within the dune. The matter is thus explained : The air
Letween the grains of sand at the base of the dune, in close proximity to the water-table,is saturated
with moisture, and its absolute humidity corresponds with the yearly mean teruperature of the layer
of soil. At a depth of 60 m. (196t.} this temperature is only 2° (0. (36° Fahr.) higher than the mean
temperature of the air at the surface. Through diffusion of gases the air of the upper and colder sand-
layers becomes saturated with water-vapour, but, since these layers ore colder, their saturation-point
is lower, and dew will be deposited. The slight difference -between the two temperaturés is hardly
sufficient to account for much deposition of dew, but the dinrnal and nocturnal variations of tempera-
ture are considerable, and sufficient to cause periodical condensation of water in the sand.

1t seems to me possible to account for the perpetual moisture within the dune on the supposition
that a sandhill from its very beginning is always wet within, that the rain from time to time sinks
into the sand, wetting the upper layers as they aré formed. and that Hrying to any considerable depths
is alway hindered by the upper layer of dry sand. Bus this explanation, though it may suit the moist
climate of New Zealand, will not explain the moisture in a desert dune.

Rain-water falling upon the sand descends to a depth proportionsl to its amount ; none runs off
the surface, and so all is absorbed. But evaporation, as soon as the rain is over, dries the surface with
great 1apidity, but only for a trifling depth, since the loose surface sand acts as a dry mulch, and checks
evaporation from below to a most marked degree. After a period of drought a dune will be much
wetter than the adjacent clay land, notwithstanding the water-capacity of the one is 90 per cent. and
the other 30 per cent., or even much less. It must, howcver, be borne in mind by the dune-planter
that by no means is ol the water present available, and that sand 8t best can offer only a
scanty although a perennial water-supply. The water-content of sand plaine and hollows is quite
different to that of the hills, since the water-table is in close prozimity to' the surface, so close indeed
in some instunces as to be autagonistic to ordinary land plants.

(iii.) TeE Sorr, Facror.

This hus already been partly dealt with under some of the preceding heads. Equally with the
wind is the saod a most important factor, and to the two combined do the special dune-plants owe
their distinctive characters, and the nssociations their distzibution and physiognomy.

The rate and ease of movement of the sand by the wind depends upon its coarseness, and so also
does its water-content, coarse sand being dricr than fine, the rate of percolation increasing with the
soarseness. In any cuse, sand will hold less water than any other soil except gravel or scoria ; conse-
quently it cannot support, under ordinary circumstances, a continuous covering of meadow-grasses
or typical herbacevus plants. Flattening the dunes, if it does not increase the water-supply, decreases
gurface evaporation by reducing the wind’s drying-power, the sand remaining moist for a longer period.
Humus is frequently altogether absent, except on the surface of the sncient fixed dunes, or in certain
hollows and sand-plains. But in some places old humus soils have been buried, and such may be found
at variable depths, as evidenced by layers of datk-coloured sand. Further, where the sand covering
is shallow, Toots may penetrate to a richer or moister soil beneath.

The chemical composition, theoretically of much moment, is actually of little account so far as
regulating the occurrence of species is concerned, though a pure quartz-sand, according to Warming
(63, p. 59), is sterile, one containing feldspar, mica, or lime being more nutritions. Where broken
shells are present there is more plant-food, and the celebrated ironsand of Taranaki gshould affect the
plant covering, but in point of fact it does nothing of the kind ; while, so far as T have observed, the
same general uniformity of vegetation occurs on all the New Zealand unstable dunes, those of the
Auckiand Islunds and the Kermudcees excepted.
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Theoretically, sand contains very little available plant-food ; but from analyses of soils in general
very little is to be learnt regarding their nutritive qualities. So far as the New Zealand sands are
concerned, it is surprising, if only there be shelter, what a variety of plants will thrive, including
magsive trees, and especially if water can be supplied ; but, as shown above, there may be more nutri-
tive matier than is suspected. ) -

Maagaxt (41, pp. 156-165) lays great stress on the effect of the above-mentioned lack of nutritive
salts in producing poverty of vegetation and stunted growth of plants of sand-hollows in the Belgian
dunes, supporting his views by most careful observations and soil-analyses. His statements regarding
not only reduced growth in the land plants of the hollows, but in the aquatic plants of the dune ponds
are of great interest, and suggest detailed examination of New Zealand material. )

In the mmmediate neighbourhood of the sea there will doubtless at times be a little salt on the
surface, but 1t #s now coneidered that the salt-content of duves has been altogether overesmma‘ted,
and that the soil has no excess of salt (see Kearney, 31, and Darbyshire, 1264, p. 297). An analysis of
New Zealand sands is wanted to settle the point, so far as our dunes are concerned. Af any rate, many
meadow-plants, which could not tolerate excess of salt—e.g., the daisy (Bellis perennds), white clover
(Trifolium repens), &o.—grow on or close to the shore itself. On the other hand, the plants of dune-
hollows, where the ground-water is fresh and comes to the surface, are in part those of brackish water
and salt meadows—e.g., Leptocarpus simplez, Selliers radicans—an interesting fact, since it demonstrates
how these so-called halophytes are really not salt-demanding plants at all.

(iv.) Ter Torocrarmical FauToR.

As seen from the paragraph dealing with the general topography of the dunes in the geolagical
section of this report, a considerable diversity of stations 2re offered for plants in the hills, mm..mds,
sand-plains, and so on, so far as water-content, stability of surface, shelter, shade, and even soil are
concerned. A dune itself offers quite different conditions on the windward -and lee slopes as regards
steepness, velocity of sand-motion, exposure to wind, depth of water beneath the surface, and firmness
of the sand. The height of the hills and their relative position have, as already seen, a strong bearing
on the erosive power of the wind. The relationship of the dune-area to the sea-shore—i.e., to the
sand-supply—its position with regard to the sea, its relation to the prevailing winds, and the character
of the underlying soil ; these matters have a strong bearing upon the nature of the plant covering, and
must be especially studied when dealing with dune-reclamation.

(v.) TeE PrawT-cOVERING FacTOR.

Wherever there is a plant coveriug the force of the wind is more or less broken, though adjacent
tussocks or shrubs which are at some distance apart may lead fo a wind-channel being formed, and
consoquent denudation. Where the plants are not far apait, and occupy a patch of ground,
even though there are bare spaces between them, the sand will not move, and within the plant zone
the principal dune condition is eliminated, and xerophytes other than sand-binders can flourish. A
plant covering, too, helps to conserve the moisture, and adds a little humus to ?he soil. This is of slight
moment on the unstable dunes, hut becomes of considerable importance in the hollows, and even
on the hills after these become stationary. In fact, given a long enough period of repose, a soil is
finally developed on which mesophytic species can seftle. Generally the plants are far apart, and
their presence does not hinder the settling-down of other species; and this to some extent takes
place, various Huropean weeds, not dune-plants at all, entering into the association—e.g., Bromus
hordeaceus, Trifolium arvense, Hypochoeiis radicata, &o.

(vi.) TE ANiMar Factox.

The animal factor, except as regards ingects and their pollinating-power and birds as sead-carriers,
was & minus quantity in primitive New Zealand. Human settlement has changed all that. The
maiter, however, needs no discussion here; it has been already dealt with to some extent, and receives
further notice in more than one place. At the present time it is one of the most important factors
in retarding dune-reclamation. -

(vii.) Hezre.

Hire is dcalt with in Part 11, and its effects for evil need no emphasgizing. Tt too was a factor not

affecting the prinvitive vegetation.

(.) THE MOST GHARACTERINTIC PLANTS, THEIR GROWTH-FORMS AND ADAPTATIONS.

(i.) GENERAL.

Were it not for the instability of the dunes caused by the drifting sand, no special * adaptations ”
would be required by their plants other than those demanded by excessive wind, dvy soil, strong
insolation, &c., and which are possessed by xerophytic plants of various other formatmt_ls. )

The dune-plants proper—i.e., those which not only tolerate but benefit by o partial sand-burial
—are almost 23 highly specialized for their mode of life as lianes, which in some respect they resemble
in their great length of stem. This latter enables them to spread over wide areas, and to increasc
rapidly by vegetative means, a great advantage under conditions so antagonistic to_the ~welfare of
seedlings. But it is the special power of the shoot-apex to grow upwards as it is buried which enables
this growth-form to cope with the constant ineresse of sand. This peculiarity possessed by dune-

plants of all regions has already been mentioned under the term  sand=binding,” and is present to a
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greater und lesser degroe in different speeics, so that one may speak of inajor and miner sand-binding

plants. This “ sand-binding ” form is so admirably in harmony with the conditions of life that one
may well conclude it has risen by degrees in ordinary rhizomatous plants subject to a sand-burial,
while the presence of the form to a most intense degree in an endemic subgenus in New Zealand, an
isolated land-mass, can be better explained as au hereditary acquired character than it can by either
the principles of mutation or natural selection. All sand-binding plants are perennials.

Other dune-plants only catch the sand, or at hest can lengthen their shoots to some limited extent,
and cither are finally buried and die or the sand is blown away. These mayr be called sand-collecting
plants.  These latter may rcally seem as if adapted for the purpose, as in the case of certain lovwr-gpread -
ing shiubs resembling thick mats or cushions made of many wiry or flexible branches ; or thev may
simply arrest the sand, as do certain plants of the tussock-form (see, however, p. 33). -

Finally, there are the plants of moist hollows, which have no special dune ;).rlai)mtiuns”
—though one (Gunnera arenaria) is very characteristic of the above station—but axe merely species
of other wet or moist stations without the dune-arca.

As for the plants of the stable dunes, the heaths, swamps, and lakes, their growth-forms, &o.,
have evidently nothing to de with dune conditions, and so receive no treatment here. A brief mention
of their growth-forms is given, however, for comparative purposes, along with the more specialized
species, in the list of dune-plauts, as woll as for the information of those not well acquainted with the
New Zealand flora. Further, it is obvious that a knowledge of the growth-forms of the indigenous
plants give important suggestions as to what foreign species can be used for cultivation on the duncs.

In what follows a brief account is given of each characteristic species, there being altogether too
few to allow of generalizations as to growth-forms and plant-organs. Here it need only be said that
the New Zealand dune-plants—though several belong to geners unknown in most dune-areas of tho
world, and the leading sand-binding plant Scirpus frondosus belongs to Desmoschoenus, an endemic
section of the genus—for the most part possess growth-forms and ** sdaptations ” similar to- those
of dune-plauts elsewhere. The species peculiar to dune-arcis are marked with an asterisk,

(ii.) Trr Lwapive DuNe-rranTs,
(n.) Sand-binders.

(a.) Major.—*Spinifcz hirsutus (Gramineac); *“Seirpus frondosus (Cyperaccae); # Fuphorbiy
ylavea (BEuphorbiaceae).

(b)) Minor.—*Carce pumila (Cyperaceae); *Culystegic Soldancla (Convolvulacene); Aruido
conspicun (Gramincae).,

(8.} Sand-coll-ctors,

{a.) Major—*Coprosma aceross (Rublacene); “Pimeles. arenaria (Thymelueacoac); Cussinie
leptophylla (Compositae) ; Cassinda fulvida (Compositae) ; *Cassinia reiorta (Compositae).

(b.) Minor.—*Festuca littoralis (Gramineae); “Calmunagrostis Billardiers (Gramineac); Setrpus
nodosus (Cyperaceas). v
{(v.) Wel-grownd Plants.

Leptocurpus siniples (Restionaceae) ;' “Gunnera arenaria (Halorrhaguveau),

{iil.) Duscriritons oF PLANTS.
_{a.) Spinifex hirsutus (the Silvery Sand-grass).

Found in New Zealand in the northern and central floristic’ provinces only.  Also indigenous in
Austealias and New Caledonia.

The special sand-drift *“ adaptation ” of Spinifer hissuius is the extremely long, quickly growiny,
much-branching rhizome, which, if all the branches of an old plaut were talien, would measure many
yards; indeed, 1t seems capable of quite unlimited extension. Normally, the rhizome creeps over
the surface of the ground, putting forth roots at the nodes ; but it is soon buried by the drifting sand,
in which case its apex may again emerge, but more usually branches or lealy shoots pass upwards to
the light. Such a stem creeping on the surface is a yunncr rather than a rhizome, since it roots at the
nodes, also putting up erect shoots, each of which is virtually an independent plant. These creeping
stems, which frequently extend to the flat ground along a windward dune-slope unbranched and per-
fectly straight for many feet, are soft and juicy for their three or four apical internodes, but else-
where hard, smooth, woody, and of a pale-brown or yollowish colour. The soft portion is well
protected from damage by the strongly developed leaf-sheaths closcly pressed to the stew, the
sheaths therselves being also protected by a close almost tomentose covering of adprossed silky hairs,

The path of a subterranean stem is indicated by the bunches of leafy branches which at intervals
pierce the sand, the leaves reaching a variable height above the surface; they are not crowded
together, as are those of marram-grass (Ammophila arenaria), but sand is always visible through u
bunch of leaves. The leafy shoots may descend 20 in. or mors to the rhizome from which they branch,
and such, rooting and deeply descending, binds the sand to an extraordinary degreo. The leaves
consist of blade and sheath ; they arc of two kinds, protecting leaves and ordinary leaves, the former
having much broader sheaths and very short blades, and function as already described. An ordinary
leaf has a blade about 19 in. long and ; in. broad ; it terminates in a fine, tapering, but usually dead
point. In texturc it is flexible, coriaccous, and thick ; the marging are much ineurved, so much so
a8 to frequently make the apical half or third into a pipe. Both surfaces are thielly covered with
adpressed silky haits. The sheath is about 5in. long, pale-colonred, thick and flealyy, especially at
the base, and rather brittle. The flowers are dioecious. Freguently extensive patches are all of one
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sex, in which case probably there may be only & few plante. The male spikes are arranged in a
{erminal umbel : the spikelets ate two-flowered, and about 4 in. long. The pollen i being shed from
the middle of November to the beginning of December. The female inflorescence 18 a latge globose
head sometimes 1 ft. in diameter ; the usnally one-flowered spikelets are at the base of long sharp-
pointed spines, each about b in. long, and spreading ot radially. The roots are of gread length, and
descend deeply into the sand.

(8.) Scirpus frondosus (the Pingao). (For rhizome-development see Photo MNo. 17.)

Found only in New Zealand, occurring on dunes in all parts, except on the Kermadec and
Subantarctic Tslands.

The jmportant features of this plant with regard to drifting sand are: (1) The great power of
vegetative increase by means of the much-branching, stout, excessively long rhizome; (2) the tendcney
of the growing point to seek the surface—i.c., the light—and the rapid lengthening of the stem ; {3} the
protection afigrded to the very tender growing point, young stem, and leaves by the overlapping
of the broad leaf bases and their fastening together by a Tesinous exudation ; (4) the leaf-texfure so
quitable to withstand the sand-blast ; (5) the close packing of the inner leaves, owing to the consave
upper surface ; (6) the arching of the leaves so as fo bring the convex undersugface, which Is
strengthened by abundant stereome, into opposition with the wind.

The rhizome is stout (about & in. diameter), gomewhat. woody, stiff, much-btanching, covered
with old leaf-sheaths, and many yards in length. Normally, it creeps close to the surface of the
ground, branching near the apex into leafy shoots given off rather closely, but it is soon buried, finally
forming a complete network of rope-like stems reaching to tar down within the dune. The leaves
are in bunches, tightly bound together at the base by their sheaths, the diameter there being about
Zin., but they gradually open out, also curving gently inwards. Bach leaf consists of sheath and
blade. The sheath is about 4 in. long and 2 1in. broad at the base, somewhat triangular in shape,
moderately thick in the middle, but translucent and membraneous at the margins, and everywhere
sticky with a resinous sxudation. The blade is abont 2 ft. long by % in. broad, tapering very gradu-
ally to a long trigonous point ; the texturs is very thick, coriaceous, stiff but flexible. It is concave
on the upper surface and convex on the under. Its colour is tather dark glossy green neat the base
+nd on the undersurface, but on the upper it is frequently orange or reddish, especially above. The
branches are given off quite close together, so that the separate leaf-bunches touch, making tussocks
or lines. 'The inflorescence is 4 in. to 8 1n. long, and consists of clusters of sessile reddish-brown globose
spikelets spirally arranged Tound the stem, oach cluster subtended by a linear bract similar to the leal
above described. The Toots are of great length, very numerous, as may be seen when the wind lays
them bare, and descend deeply.

Juvenile plants. growing in hollows or sand-plains, show liftle trace of the far-creeping
rhizome, whose extreme development depends upon an abundant sand-supply.

{y.} Buphorbia glauca (the New Zealand Spusge ; Waiuatua).

Found in all parts of New Zesland along the coast, except in the Kermadee and Snbankarctic
Islands. Also occurs in Norfolk Island.

Euphorbia glauca is & tall herbaceous plant, forming considerable colonies, and capable of much
extension through its far-creeping rhizome.

The stout, terete stems gtand erect above the sand for 31t., more or less, and descend for
a variable distance. They are naked for the lower two-thirds, but marked with o0ld leaf-scars ; above
they are covered closely with lesves. The naked portion of the stem is ed or green, the former colour
depending on excess of light. The leaves are alternate, of obovate type, but differing in width, 2 in.
or 3 in. long, entire, sessile, and fleshy. All the parts are full of milky juice. The roots are long.

{5.) Calystegia Yoldanella (the Shore-convolvulus, or Bindweed).

Found on all parts of the coast-line, except in the Qubantarctic Islands; elsewhere it occurs
throughout the Temperatc Zoncs. As well as on the dunes proper, it grows on sandy and even
gravelly shores.

There is n long creeping rhizome, very variable in thickness, attaining a maximum of about £ 1in.
It is terste, brittle, brownish, and much-branching. The stems are prostrate and trailing, variable
in diameter, frequently many feet in length, very flexible amd cord-like, and branch sbundantly, the
final slender branches bearing many leaves. The leaves have long stout petioles 1in. to 3 in. long,
which Taise the blades above the sand. The blades are reniform, broader than long, being 1in long
by 2 in. broad, 'more or less. They are bright glossy green, thick, fleshy, brittle, nnd the hasal lobes
ara frequently brought close together, rendering the leaf fuonclshaped. The leaves all touch, and
together with the prostrate gtems form a close mat (see Photo No. 61) about 3.in. in depth, which
ahsolutely prevents any sand moving. Such mats arc frequently several square yards in area, and
small dunes may be guite covered, forming green OAscs absolutely stable iy a moving waste of sand.
The flowers are on stalks about equalling the leaves. The corolla is very showy, being 1in. or more
in dismeter, and pale lilac in colour, bub paler still in throat, with a band of this cotour down. the centre of
ench division of corolla, The Toofs are NUMCLOUS, and when given off from the stems help to bind them
to the eand ; but many of the trailing stoms are for the most part without such roots.

(e.) Carex pumila (the Sand-sedge).
Tound on dunes aund sandy shoves of the North and South Islands, the Chatham Islands, and
Gtewart Island. Also indigenous in Australia, ternperate South America, and eastern Asin,
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Clarex pumila iz a small sedge, which, lite other sand-binding “ grasses,” can Increasc
enormously by vegetative means. Tis low stature and the bending downwards of its leaves does not
enable it to withstand the drift of the dune proper, though vety usefal for wind-resisting, and it is
in consequence confined to the sand-plains. 1t is also possible its water-requirements mazy bo groater
than those of the preceding plants. \

Theve is a slender Thizome about % in. in dinmeter, which may extend for many feet, giving off
ginall bunches of four to six fully developed leaves at intervals. The leaves arc grass-like, sheathing
at the bage, the sheaths overlupping. The blade is thick and coriaceous, 1 . or more in length, but
fraquently less, and 4 in. or more in breadth. Tt tapers gradually to a fine point, is glancous-green
in colour, deeply concave on its upper surface, at first crect and then curving until ite apex alinost
meets the ground. The roots are long and slender. The culms are short, stout, and about 6 in. tail.

The utricle is large, turgid, and about % io. long.

(¢) Arundo conspicua (Toetoe-kakaho ; New Zealand Reed).

Found only in New Zealand, on almost all dune-areas of any magnitude. Also a very common
plant without the dunes, oceurring from sea-level to about 1,000 ft. altitude, chiefly n web ground,
including actual swamps. It is absent in the Kermadec and Subantatotic botanieal provinces.

Arundo conspioua 13 & Very tall grass, forming enormous dense tussocks after the manner of the
panpas-grass (Gynerium argenteum). There is a stout short Thizome which can grow upwards as it
is buried. The leaves are long, narrow, corisceons, flat or involute, and their nerves strongly developed.
1When in bloom the plant is very showy with its long shining yellowish-white panicle, 1 ft. to 2ff. in
ength.

(.) Coprosma aceross {the Send-coprosma).

Found only in New Zealand, where it occurs on all dunes, excepiing in the Kermadec and
Subantarctic Islands.

Coprosma acerose. is & low-growing shrub, which forms fattened cushions (see Photo No. 22),
ot thick mats, 2 ft. or so in depth and 1 ox 2 yards in length, made up of wiry, interlacing twigs, con-
spicuous through their orange or reddish eolour.

The main stems are extremely flexible and rope-like, g3 in. or more in diameter, prostrate, and
covered with thick brown bark. Such are generally buried in the gand, marking a former surface ;
or, at any rate, they are quibe concealed by the interlacing twigs. The stems forming the cushion
are very wivy, flexuous, and flexible. The branching is at Tight angles or thereabouts, and frequently
only from the flanks of the stem. The ultimate twigs are almost straight, and from } in. %o 3. or
more long. The leaves are in opposite pairs on much-reduced branchlets, pressed closely to the stem,
an equal amount of naked stem being between them. They are linear, about % in. long, thick, cori-
aceous, pale or yellowish green. The toots are extremely long, bubt short adventitious Toots are
frequently given off from the peripheral twigs, the plant in that case being able in some degree to rise
above the drifting sand. The flowers are Jicecions. 'The drupe is fleshy, globose, §in. long move
or less, transtucent, white stained with pale blue.

(..} Pimelea arens‘xria (the Send-pimelea ; Aule-loranga, Toroheke).

Found only in New Zealand ; common on dunes everywhere, except in Btewnrt Island, the Kex-
madec Islands, and the Subantaretic Islands.

Pimelen arenaria is 8 close-growing, much “hranched, low shrub, its final branchlets erect and form-
ing close masses. '

The main stems ars cord-like, but not as flexible as in Coprosma acerosa, frequently several feet in
length, thus having the faculty of lengthening as they are buried. The shrub is leafy at the periphery
only for a depth of about 2in. to 4. The prostrate branches finally give off erect, straight twigs,
which branch corymbosely t a narrow angle, thus giving & flattish top to the shrub. The ultimate
and subultimate twigs are alone leafy. The leaves are of s broadly ovate type, aboub #in. long,
closely covered beneath with appressed silky hairs, as are also the final twigs. The buds fit in with
the station, the hairs of the leaf affording special protection. T'e flowers are in close heads at the
tips of the branches, and are polygamo-dioecious. The drupe is white aud fleshy. The rocts ore
of great length, and adventitious Toots are fairly abundant from the uppermost branches, the rest
of the shrub being beneath the sand to a variable depth. J

From the preceding description it may be scen that both’ P. arencria and Coprosme aorosa arc
sand-binders to a limited degree, and can with a slow drift continue o grow upwaxds and rejuvenate
themselves, thanks to the power of putting forth adventitious roots from the subultimate twigs.

(x.) The Dune Species of Cassinia.

Cussinia ratoria, C. leptophyila, and C. fulvida ate found in the northern, central, and southern
botavical provinces respectively, but the last-named also oceurs in the centrel province. None are
exclusively dune-plants, but (. retoria is almost so, while C. fulvida ascends to the subalpine belt.
All axe readily Teproduced from seed, and have extendcd their range since the settler arrived.

Cpssinia leptophylla may be taken. as the type of the dunc casginins. It is a shrub of the evicoid
habit, from 3 ft. to B ft, tall, or even more.

The main stems ave few, naked, and not much branched at first, but above they branch abund-
antly into slender leafy twigs, which finally give off at o narrow angle flexible straight branchlets,
which are covered with & moderately Joose cottony greyish tomentom. Thesc final shoots form close
masges of leaves, but those of one branch are distinet in themselves, and do not mingle with those of
the next. The lenves are very small, narrow, lincar ox linear-spathulate, 5. to £in. long, patont
or semi-imbricating, coTiaceous and moderstely thick, bright shining green on thoe upper surface bub
S e hameath the tomentum being slightly tinged with yellow. The bud-leaves imbricate;
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they are resiny, and the tomentum of the leavos also affords protection. Theflower-heads aze numerms,
vhite, and in small terminal corymbs 1in, or more in diameter at the ends of the branches,

C. retmta sud C. fulvida are very similar fo the above ; the former hag white tomentum, and the
Jatter is almost of o golden colour from the tomentum on the undersurface of its leaves and final slender
branchleta,

% Ttis simply the xerophytic adaptations of the above shrubs which has enabled them to settle upon
tho dunes, though at the same time the stimulus of the moist sand eanses sometimes the putting forth
of adventitions roots.

(A} Festuca littoralis (the Sand Fescue-grass).

Found in all parts of the coast of New Zealand, except the Kermadec and Subantarctic Islands ;
also indigenous in temperate Australia. _

Festuea Utioralis is a “ steppe-grass,” forming close-growing tussocks about 2 ft. tall and Bin.
or 8o through at the bage.

The underground stems can lengthen upwards to some degres as buried, new roots ariging from
near the bage of the leaves, and plants may rise in this manner I ft. or more, thus *withstandin g a slow
burial. The leaves are narrow, strongly involute, green when young or in the shade, but frequently
yellowish, The leaf-sheath iz pale-coloured and thick. The lamina is 16 in. long or thereabouts, its
upper surface furrowed and waxy. The roots are numerous, wiry. brown, furnished with many short
filiform rootlets, and frequently spread out laterally for a distance of 8 . The panicle is dense, spile-
like, and the spikelets turgid. ' “ '

In cortain parts of Southland this grass builds dunes of considexable size right on the foreshore.

(#.) Calamagrostis (Deyeuxia) Billardieri.
Common on New Zealand coast, except in the Kermadec Islands and the Subantaretic Islands ;
also indigenous in Australia, . '
Calamagrostis Billardiers is s tufted perennial grass forming small green patches about 1 ft. long
by 6in. broad. '
The underground stem is pale, slender, wiry, creeping, and furnished with s great number of
slender roots about 6 in. long, The leaves are shorter than the culms, and the blade is bent outwards
from the sheath, spreading semi-vertically ; it is about 3§ in. long by -% in. broad, bright green, flat,
membrancous, and tapers to a short point. The Panicle Is 6 in. to 10 in. long, as broad as long when
fally expanded ; its branches are hair-like, arranged in whorls, and branch trichotomously.

(v.) Scirpus nodosus (the Stiff Club-rush).

Common in New Zealand, except in the Subantarctic Islands, but ot confined to the dunes ; also
indigenous in temperate Australia, Norfolk Island, South Africa, South America, St. Helena, and
Amsterdam Island.

Scirpus nodosus forms close tussocks about 30 in. tall, made up of terete, stiff, fexible, pale-green
stems arranged closely together, and given off from a short, straight, woody rhizome 2in. in diameter.

The leaves are represented by sheathing scales at the base of the stems, which lattor funetion as
leaves. The roots are wiry and of medium length. The inflorescence is a solitary globose head § in,
in diameter, of numerous crowded spikelets subtended by a rigid bract, 1in. or more in length, con-
tinuous with the stem. -

The tussock form, stiff isolateral stems, and absence of leaves fit this plant for very dry stations,
and so it is very common on the dunes themselves, but is quitc absent where the sand drifts 1o any
extent, since it has no sand-binding properties and geta buried.

{0.} Leptocarpus simplex (the Yellow Rush).

Found only in New Zealand ; common on the coast, except in the Kermadec and Subantaictic
Islands ; ovenrring principally in salt marshes and sand-plains.

Leptocarpus symplez forms dense tussocks of quite crect, slender, terote, stiff, wiry, flexible, rush-
like stems of a dull green, but more {requently reddish or yellowish colour, according to the intensity
of the light, being at times, when fully exposed, bright red or orange.

The leaves are reduced to short blackish sheathing scales clasping the stem at distances of 1 in.
to 4in. The rhizome is stout, woody, creeping. The roots are wiry and of medium length. The
flowers are diceeious, the male inflorescence panicled, and the female arranged in compact rounded
glomerules. '

(v.) Guonera arenaria (the Sund-gunnera),

Found only in New Zcaland ; extending along the coast, but confined to dune-hollows, or wet
cliffs, from the northern floristic province to Stewart Island.

Gunnera arenaria is a very low-growing herb, forming large round flat patches a yard or more in
diameter, the leaves flattened down to the ground.

The rhizome is stout and much-branching. The leaves are of the avate type, Lin. or 2in. long,
in¢luding the petiole, thick, coriaceous, and of a dull-green colour, The flowers are monoecious, The
fomale peduncle lengthens as the fruit ripens, finally becoming 2 in. or 3 in. in length, and so much
vaised above the foliage. The drupes are yellowish-red, and crowded on the upper part of the peduncle.

{d.) METHODS OF SPREADING OF DUNE-PLANTS.

The distribution of the special dune-plants takes place most likely by means of coastal currents,
for, no matter how far separated are the dunes, their typical flora has gained small dune-aress remote
from others, and isolated islands where the amount of sand is trifling. Perhaps suceulent fruits
may be carvied by land-bhirds, but these latter are rare on dunes, there being little to attract $hem,
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As for the spread of the plants on the dune-area itsclf, thig is chiefly the worl of thc‘wi,nd. Espe-
wally arve the Dall-like infrotescences of Spinifer hirsutus suitable for wind carmiage. Caught by the
breeze, these hop over the sand on their long spines as if endowed with Jife, until eventually, falling to
picces, they come to rest, and the seeds are buried ready for germivation. In this mannor originate
the embryonic duncs of the npper foreshore. < ' _

The “sceds ™ of Festuca lhittoralis, Carex pumila, Calystegia Soldanella, Coprosma acerose, and
Prisnclea arenaia are cast in great numbers near the bases of the plants, and can there germinate, or
ao mere frequently driven when dry along with the surface sand. ~ Generally speaking, however, there
are vury few secdlings on the sandhills themselves. It is in the _ht_Jllows that aseeds, even t]}nsc of the
snand-binding grasses, germinate, the seedlings of these, on receiving o sand-supply, building dunes.
On the hills seedlings are cxtremely scarce, the ncrease thore being almost altogether by vegetutive
means, which amply suffices, under favourable conditions, to cover the ground,

{e.) THI PLANT ASSOCIATIONS OF THE NEW ZBATLAND SAND-DUNIS.
(i.) GENERAL.

The words “ New Zealand ” are here used in the plant-geographical and not the political sense, and
inelude, besides the two main islends and Stewart Island, the Kermades, Chatham, and Subn.nta‘r(st?c
wroups, but the tropical appanages of the Dominion {Cook Islands, &e.) are excluded. The terin
* plant-association  is restricted to the usage proposed by Warming (63, p. 145), the a4goclations as ‘:.
whole being parts respectively of the sand-dune formations of the entire carth. This congeption
of plant-formation and plant-association seems to me seientifically sound, although, in more compli-
cated arrangements of vegetation than that of dunes, difficult, if not impossible, to wet up to in the

resent stube of knowledge. ' - .
- The comparative sint;plicity in the progress of dune-development, its rapidity, and the ease with
wlich it can be observed, as stated already when dealing with the geology of dunes, makes genetic
atudy of the vegetation of a dune-area much more easy than that of a scries of land forms whose evolution
is extremely slow. Beginuing with the foredune and ending with the fixed dune, a gradual change may
be noted in harmony with the increasing atability of the sand, a condition which is in large part the work
of the plants themselves.  Also certain stages enter in where a new class of sssociations branch off, which
may be either trangitory and doomed to obliteration, or becon_le permanent, their pemlste.npe depend{ng
upon the stability of the dune-area as a whole. The above s unportant from the economsc standpoint,
since where naiure has brought stability and wnserted shrubby associntions wn the midst of dumes oriyinully
unstable, so too can afforestaiion be artificially carried on, but with greater case, or the better land be used
without danger for certain agricultural purposes. _ o _

The various plant associations may receive either a physiographic or a botanical name, the two
exactly coinciding, each association forming a definite step in the progress of events whose final goal is
stability. The treatment also does not go into minutiae which are of hittle importance, an attempt
only being made to give a clear general ides of the associations, w‘h\lch necessarily will not be absolutely
true for everv part of the district. ) _ o o o

The associations, taking on account, of its practical significance a physiographic classification
rather than a botanical, may be divided into those of the dunes and the dune-hollows, including amongst
the latter the most extensive sand-plains, lukes, and swamps. Between the associntions as described
below thoere are all kinds of gradations, even those of dunes and dune-hollows having at times the closest
relationship.  Where the dunes abut o river mouths and estuaries there are salt meadows and marshes,
but these are here sxcluded. _ _ ‘

Many portions of the dune-ares are not typioal—i.c., there is no sand-supply from the shore, nwr
a general procession of events such as here described, which is only to be observed on the broader dune-
arcus. This arises from their being situated on clifis, while their movement is due to destruction of
fheir plant covering, Other arcas again form but a narrow belt along the share, and theto are few
evolutionary stages to be obgerved. In what follows, fuller details are given of typical dune-arens
thaw of these more ancient rejuvenated dunes; which, if undisturbed, would generally represent the
fixed dunc—i., the climax assoclation of dune-devclopment. Nor do the smaller areas Toceive mora
than a very bricf treatment at best, while many are not dealt with at all, since their cconomic importance
is tyivial.

(ii.) Dung AssociarioNs PROPER,
(«.) Sand-grass Dumes (sce Photo No. 61).

These are distinguished by theiv instability and by the presence of some sand-binding gruss or
sedge.  They ocewr along the sandy beach, where, if continuous, they build u long low nd,ge‘(th.(f Io:ru-
dunc), and extend inland for a variable distance, depending on the position of the shore with 1.cgu,1l'd
to the prevailing winds. At first they wre clothed with the pingao (Scirpus [rondosus) a,nd. the sﬂvm.}{
“sand-grass (Spintfex hirsutus), one or both, the latter occurring only on the dunes of the northern aae
central botanical provinces. The sand-grass dunes may remain ab this stage, and frequently do so
near the shore; but by degrees there come in, first, th_e nyinor sand-binders, then the sand-catchels,
many of them shrubs, mitil finaily a shrub dune is established. . oy -

Generally the sand-grass durc. uze by no means closely covered by tudts of the Spinifex ov Scirpus,
there being s many or more bare patches than vegetation. At the junction of foredune and shore
in the northern and central botanical provinces the long bamboo-like stems of the Spinifex may oxtend
over the loose sand of the foreshore, us may also the rhizomes of the Scirpus. Also, both plants not
uncornmonly build small dunes on the foreshore itself, pioncers of a new line of foredunes. Trequently
one or other of the above species 18 dominant, Spinifer giving a silvery and Sewpus frondosus » yellow
colour to the ridges. Somectimes the two plants grow side by side, but tl}ey arc usually not 111I;:f1:m1.\'cd.-
Syinifen hirsutus xarely extends inlond for auy considerable distanee, its presence heing a sign hat



il

A

ST R

7
ks

L
2B

L

B e e

B s L
gy e TR

BT e Ly ST

RN TR NT L

i

e e

=
T e )
o

T

-

e e
e

e—— D

S T

[l iy

RN ey

F— .
e e
it

: b 2
4
i
¥
&
i
E-..I

C.—18. 28

the shoe is near ; but Seirpus frondvsus is to be found wherever there is moving sand, even on the
retrogressive fixed dunes at the luidward bonudaty of the area.

Clalysteyin Soklaaclla, Buphorbia glaucn, Festuca littoralis (this actually building primary dunes
ou the shore in certain parts of Southland), Scirpus nodosus, and Calamagrostis Billardiers axe also 1n
part plants of the moving dunes, but they do not coufer such stability as the dominant sand-binding
plants. The Calystegia (Photo No. 36), with ite shining green leaves and, in their season, showy litac
Alowers, forms a refreshing contrast to the grasses or sedge. It forms dense masses on the sand, some-
times quite. covering small dunes, but, the mats being only a couple of inches deep, & heavy drift will
soon overwhelm them. All-the same, it is Temarkable for how long such closely covered dune-summits
petsist in an area where the 8. fromdosus dunes are blown flat, the absolutely covered sand defying
the wind, the dune itself creating an eddy, and a channel being formed in front of the advancing sand.
Buphorbia glouca is by no moans a common plant everywhere, but when it is present it forms colonies
of considerable size, the pale-green colour of the leaves and erect habit rendering it congpicuous.

The sand-coptosma (Coprosma acerosa) is a very early comer, and belongs to this associvtion.
Where the wind is not excessive the great tussocks of the toetoe (drundo conspicua) especially on the
Auckland dunes, are a conspienous feature ; in fact, Carse considers it the leading dune-plant in the
Mangonui County (81). The fleshy-leaved sowthistle (Sonchus litoralis), generally a rock plant, oocurs
on the sand-grass dunes of Stewart Island; and here, too, as also in Southland, are bushes of Pumelea
Lyallit Aattened to the sand, together with rosettes of the small Geranium sessiliflorum, which thrives,
thanks to its very stout, deeply descending, woody root. In Southland also several gpecies of piri piri
(dcaena novac-zealandias, -A. microphylla, A. species with sessile flower-heads), Hydrocotyle novae-
zelandiae, and Myosolis anitarcticn var. Traillit are fairly common in some places. -

The unstable dunes of Central Otago are occupied in many places by tussocks of Poa caespilose,
which becomes under these conditions a minor sand-binder. 8o efficacious ig it in this regard that it
is planted at Cromwell to stop sand-drift. '

" Juvenile sand-grass dunes are met with on the foreshore, on sand-plains, on dunes themselves, and
indeed anywhere if there is a supply of moving sand and e sand-binding * grass £ arrest its progress.
During a period of calm weather, or in gome spot where there i3 no movement, such as & moist sand-
plain, the seed of Spinifer hirsutus or Scirpus frondosus germinates, & young plant ariges, and if it can
attain a few inches in height may hold its own. Vast numbers of seedlings must perish, bub
an occasional one here and there will serve for dune-building. The young plant catches the sand,
‘which then forms a tongue on its lee side ; into this the growing rhizome extends, and, with increase of
gize of plant, through much branching of rhizome and development of leaf-branches, more and more
sand is held, this stimulating the growth of the plant. Thus grass and sandhill increase in size at the
same time, the former looking like many independent plants, and the latter acting now as the obstacle,
catch the windward drift, which is finally arrested by the leaf-branches, each tuft of leaves building
a tongue of sand on its lee side, as did the original young plant. Thus in a few years a dune several
feet in height will arise from one young plant of the Spinifez or Scirpus, which, through its extensive
branching, might well be thought o consist of a colony of separate plants.

Natural planting, such as the above, leads to the formation of mounds and ridges, and ultimately
on that account to more or less destruction of the dunes, as already explained in the geological portion.
But in an artificial plantation extending over a flat area, where the plants are regularly arranged, the
building of mounds is more or less suppressed, and a stable plant-association will result ; but where
this is subject to a windwazd supply of sand it is sometimes destroyed (ses Photo No. 32). _

The number of species present on & sand-grass dune depends entirely on the wind factor. ‘Where
strong sea winds are frequent only Spintfer horsuius and Scvrpus: frondosus are present, but where the
wind is weaker, sand-shrubs, minor sand-hinders, and sand-holders will appear, and, where weaker still,
ordinary wind-tolerating shrubs and even certain introduced plants; in short, the plant covering 15 an
exact ndex of the wind-force.

(f.) Pes caprae Dunes.

These only occur on Sundsy Island, in the Kermadec Group. They are covered with Ipomacs
pes caprae, & creeping herb with prostrate stems some feet in length which root here and there. 'The
leaves are large, 2-lobed, dark yellowish-green, and firm in texture (R. B. Oliver, 127, p. 133). Growing
amongst the Ipomaes are the grasses Imperala Cheesemanis and Eleusine adica, the stiff club-rush
(Scirpus nodosus) and the. wild celery (dpium prosiratum). These dunes are of no moment except
from the scientific standpoint.

') Dunes of the Auckland Islands.

Dunes occur only on Enderby Island. The most important feature, as I have explained else-

« where (Cockayne, 86), is a negative one—the absence of special sand-binding plants. All the same,
" the dunes were originally quite stable, owing to their surface being kept constantly wet by the almost
daily rain. The plant- covering is, however, by no means close. It consists of Pratis aremaris,

Lagenophora pumdla, Epilobium confertifolium, Crassula moschata, Ranunculus acaulis—all low creeping

herbs—and a moss of dense habit. On somec parts, especinlly where cattle have caused drift, there

is the shore-dock (Rumez neglectus), a low-growing herb with stout and far-creeping underground stems.

This plant is here to some extent a sand-binder, though elsewhere it is not a dune-plant. S

(8.) Shrub Dunes.

(a.) Sand-shrub Dunes (Photo No. 38).—Sand-shrub dunes :ve the second state of progressive
dune-evolution. They are occupied only by those shrubs which tolerate drifting sand. Leaving out
of consideration the Kermadec and Subantarctic botanical provinces, the actual shrubs vary more
or less in different parts of the botanical region. Coprosma acerosa occurs throughout. 8o too with
Pimelea arenaria, Stewart Island and perhaps Southland excepted, where there is P. Lyallii instead.
Cassinia retorta is confined to the Auckland dunes, C. leptophylia to those of the central botanical pro-
vince, while C. fulvids, though chiefly on the duncs of Canterbury, is more or less common in parts
of the central provinee also.
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As the sand-grass dunes hecome more stable they ufford sufficient ghelter for the seedlings of shrubs
Lo establish themselves ou the lee side. Thus, as already shown, shrubs occur to some extent on the
gand-grass dunes, becoming more abundant with increase of distance from the shore, until finally
they dominate, and a shrub association occupies the ground. ’

Besides capturing sand-grass dunes, the ghrubs under discussion are also dune-builders, their
form favouring the accumulation of sand. Hspeeially is this the case with the prosirate, spreading,
much-branched Coprosma and Pimeles, which function as veritable sand-ttaps (see Photo No. 22),
the sand accumulating in their interior, but eventually, if the drift continues, burying them altogether.
Tle various species of Cassinia, much taller and more erect plants than the two preceding, function
somewhat differently. Their closely branching portion is at some fest above the sand-surface. The
saud is at first held, but not strongly, by the basal stems, and as the drift continues it mounts up to
the above twiggy portion, where it accumulates more rapidly, so that the shrub may be altogether
buried, or a few twigs alone project above the sand, which, unlike those of the Coprosing or Pimelec,
cannob lengthen to any noticeable evtent. Fven in that ease the plant is not necessarily doomed,
for the loosely held sand at its buse is frequently blown away, the stiff naked stems being again exposed,
aud the shrub none the wose for its burial. On the other hand, sand held in the network of branches
of the Coprosma os Pimelea cannof agasin be removed, excopt under very special ciroumstances.
('assinics at oll stages of burial and disinterment are a common feature of the shrub dunes.

To a minor degree the sand-shrubs function as sand-binders, gince their upper branches some-
times put forth roots, thus enabling the plant to grow upwards with the drift, while the eord-like old
stems are buried deep in the dunes. DBut, generally speaking, all the indigenous shrubs of the New
Foaland dunes function s sand-kolders rather than as sand-binders, such as are certain species of
Europe or North America, whose upper stems root freely and grow rapidly—various willows (Saliz),
and dogwoods (Cornus). ,

The association is,grey or yellow in colour, according to the dominance of the Cassinia or
Coprosma, but generally both colours are in evidence. ’ ‘

Certain other indigenous plants are common in this association. More ot less Scirpus frondosus,
or Spindfer hirsutus if near the sea and according to the locality, will be present, especially on. the
lee slopes, the accumulating of sand there being favourable to their development. Tussocks of the
pale-green stems of Seirpus modosus and shining green mats of Calystegia Soldanella will be sometimes
abundant. The grass Calamagrostis Billardieri will be dotted about. Where the wind is not especially
strong Phormiusm tenaw and Arundo conspicus may enter in.  On the Southland dunes where the sand
is coarse the silvery mats of Raoulia ausiralis, so frequently a denizen of stouy river-beds, will appear
carly. There will be usually more or less introduced plants which are able to tolerate a dry station
if there be sufficient shelter, Trifolium arvense, Hypochoeris radicats, Sonchus asper, and Bromus
hordeaceus boing especially common.

As for the stability of these Cassinia-Coprosmae dunes, all depends upon their position—though
if stable they belong more properly to the nest.class—and the degree of covering, Where the shrubs
quite cover the sand—a not infrequent occurrence—and if, in addition, the dune is on the lee. side of
a well-fixed sand-plain, it is quite stable, and would remain so for years were there no advance of sand,
or did no animals or fire disturb its surface. This stability is important, insomuch as it shows that
wnder certain conditions & dune exposed to wind-tearing action may be naturally covered with shrubs and
rendered, stable without any previous preparation, except such shelter as is afforded by sand-grasses. '

(b.) Heath Dunes.—The heath dunes are the third stage towards the evolution of the fixed sand-
hill, with its loam-covered surface. They oceur at & greater distance from the sea than the sand-shrub
dunes, or even quite close to the shore where the wind strikes with less power. They are closely allied
to shrub dunes, and differ only“in being more stable and containing generally more species.

Very often one or other of the species of Cassinia is the dowminant plant. In many losalitios,
however, the manuka (Leplospermum scoparium) gives the character to the association. The appesr-
ance of this shrub is an interesting plant-geographical phenomenon, since it seems ab first thought
that, the dune-vegetation being correlated with the wind-velocity, manuka raust be to a smaller degrez
wind-tolerating than are the dune-plants proper. But it is nothing of the kind; on the contrary,
it can tolerate more wind than almost any other indigenous shrub, as I have shown elsewhere
(Cockayne, 92). On a dune-area it is clear that the presence of the manuke ts allogether dependent on
the strength of the sand-drift and on nothing else, not even on excess of sea-spray. Thus, wn selecting
shelter-planis for dune-afforestation puz poses, lolerance of drifting sand is ¢ matler of prime wmportance,
without which diought- or sali-resisting power are as nothing. o
" Besides the above shrubs, other specics may make up the association. The great tussocks of the
tootoe (Arundo conspicua) and the New Zealand flax (Phormium fenax) may be present, and in some
localitios dominant. These two can tolerate a certain amount of sand-burial. The toetoe, for instance,
prows upwards as i6 is buricd, snd thus ascends a slowly advancing lee slope, fnally possibly capturing
it and leading to its fixing (see Photos Nos. 33 and 34).. If such lee slopes were not interfered with, and
beyond the influence of cattle and burning, many which are now advancing, menacing fertite land,
would be naturally fastened. Even under the present adverse conditions stability is in some places
being established.

In Southland, so far as I have observed, ttue heath dune is absent, but Phovmaum and toctoe

(drundo conspieua) are common on many hills. There in some places the sand-grass dune gives place,
ol the immediate ridge behind, to fixed dune, which i porhaps grassed or was originally covered with

southom rata forest (Metrosideros lucida), now ropluced by a serub of species of Coprosma, &c. Hoeath -

dune scems wanbing in Stewart Island, oxcept on the ancient inland dunes.

Tn north-western and north-eastern Auckland more species enter into the heath than on the dunes
of the central botanieal province. Styphelia fasciculata, flattened close to the ground, i very commeon.
The white tea-tree {Leptospermum ericoides), of cxactly the same habit as the Styphelia, is frequent.
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Pomaderrés phylicnefolic sometimes ovcurs in this association. At a greater or logser distance from
the ses, heath 1s the ecommon feature of these northern Auckland dunes, but it is generally rather on
the very sendy soil covering the consolidated ancient hills than on the more recent, and in such o case
the Horula it much vicher.  Heath of this character is almost identical with that of the ordinury clay
Jands, so far as specics are concerned, and containg many species nob given in my list of dune-plants.
Eeologically it is more wind-swept, and various shrubs, normally erect, axe Hattened to the ground.

(s.) Figed Dunes.

“(a.) Shrubly and Grassy Dune:—Even now, short as thie time is since the Buropean fiest settled
in New Zealand, it is not casy, or indeed possible, in the mujority of cases to say what the vegetation
of the fixed dunes was exactly like. The pasturing of stock, frequent burning of the vegetation, and
the spread of introduced plants has, in most places, called into existence a plant assoeiation quite
forcigr to primitive New Zealand. But there are certain places, hore and there, more or less
undisturbed, where probably even yet all the original native species remain, though in a much different
percentage from what they were in the primeval vegetation. Heuth, as above described, would
probably be the important association of many places. Arundo conspicua and Phormsum tenax would
play an important part. In Southland certain species of piripiri (Acaena) are abundant, and there is
a considerable quantity of the round silvery patches of Raoulia oustralis, and of another species allied
to R. Monroi ; also Gentiana sezosa, Graphalivm trincrve, Pow caespitosa, and Pimelea Lyollit ave common
in certain pluces—c.g., on the dunes focing Colac Bay. Bre cleen-fern {Pieridiwirs esculinium) is generally
present in abundance, but how far heath of this character was trae agsociation in primitive New
Zoaland is certainly not known. As for turf-making grasses, Dunthonio pilosa, D. semndeniulnrs,
Dichelachne cringts, Mizrolaca stipotdes, and Zoysia pungens in the north would be preeent.

The most important part played by the primitive vegetation in the first instance, and aided
aftorwards by the introduced plents, was the formation of humus from their decay, the surface thus
getting covered by degrees with sandy loam, itself alone an excellent fixing-ngent which would render
the dune stable unless disturbed. So much so is this the case that in certain places these gtable dunes
are successfully used for growing crops of oats or rape (see Photo No. 35). But, notwithstanding
guch o usc, the greatest care has to be exercised, for if once the true sand is exposed there is a rapid
reversion not merely to semi-stable sandhills, but to the wandering dune itself (see Photo No. 14).

With burning and * stocking ” the equilibrium between the species was upset, space was opunud
up for new plants, so that various grasses, leguminosas, &e., cpme in, and at the present time o turt,
containing white clover, cocksfoot, Yorkshire fog, meadow pou, and-cven rye-grass, togethor with
many worthless weeds, covers much of the ground of many dune-areas; interspersed with a varying
quantity of the indigenous plants mentioned above, and others according to the geographical position
of the dunes in question,

(b.) Dune Forest.—Dune forest is not a very frequent feature of the coast. It ocours most
abundantly where the numbar of Tainy days is excessive. Thus, on the dunes of Chathaum Island low
forest consisting of the so-called akeake (Olearia I'raversit} and the matipo (Suifonia chathamica) was
originally common. Drifting sand has, however, destroyed this forest in many places.

Ou. the lee stope of a portion of the Magson Bay dunes, n Stkwart Tsland, there is » quite laxuriant
though low forest, consisting of the broadleaf (Griselinia littoralis) s the dominant tree, its thick lenves
being in harmony with the dry soil. In some parts the gsouthern Tata (Metrosidcros lucida) is abundant,
ite dark-green leaves contrasting with the much lighter grecu of the flat forest-roof. The other trees
are Rapanes Urvillei, Aristotelia racemosa, Nothopanas simplex, Carpodetus servatus, Pultosporum
fuscieulatum, Fuchsia excorticata, Pscudopemaz crassifolium, and Dracophyllum longifolium. {(For
further details see Cockayne, 92, p. 18.)

On the dunes of wostern Nelson, south of Westport, there is old forest consisting: of the forest-
trecs of the locality, but I have no detailed notes. It comes quite close to the sea, from which it is
soparated by the sand-grass (Setrpus frondosus) dunes.

Forest occurs occasionally in sheltered gullies on the fixed dunes of both Wellington and western
Auckland. The components consist in part of coastal trees, and in purt of inland trces found
frequently near tho coast. The following are some of the members : Karaka (Corynocarpus lacvigata),
akeake (Dodonaea viscosa), pohutakawa (Metrosideros tomcntosa—Auckland only), kawakaws (Macro-
piper excelsum), kowhsi (Sophora ieivaptera), ngaio (Myoporum lactum}, purirl (Vitex lucens—Anclidand
only), titold (dlectryon excelsum), rangiora (Brachyglotiss rependa), kohutu (Prttosporum tenasifolivem),
kohekohe (Dysowyhum spectabile), and mahoe (Melicyius rasniflor us).

The forost of the Southland dunes hus been already noted. Also in certain parts of that district,
forest, but not necessarily of the dunes, has been buried by sand, the tops of the dead trces still projecting
above the surfuce. .

(iii.} HOLLOWS AND SAND-PLAINS.
{a.) General,

It has been shown how the advancing dune-ridge leaves in its wake level sandy ground, which
continucs 30 be lowered by the wind uotil moisture, rising from the quite adjacent water-table, forbids
further removal of sand. It is obvious that such hollows are in themselves quite stable, while their
moisbute permits an altogether different class of plants to those of the dune proper to establish them-
gelves.

The final destiny of these level arcas does not depend, however, upon their own planb covering,
but on the stability of the adjacent dunes, and accerding to the behaviour of the latter so is the
subsognent history of the vegetation.

Oune of .two things may happen — there may be an invasion of sand and o reversion to duune
vonditions, certain transicnt plant associations arising only to be dustroyed ; or there may be a
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(B.) The Moist Sand-plain or Hollow.

Tn Canterbury, western Wellington, and occagionally in Auckland, the damyp sand is early oceupivd
by the curious ronnd mats, 3 ft. to 6 {t. in diameber, of Gunnera arenaria, the small, thick, pale-green
loaves flattened to the ground. When the short erect racemes of orange-colouved drupes are present
in quantity, raised well above the foliage, the plant is both pretty and conspicuous. The sand-scdge
(Carex pumile), Scirpus cermuus, Bpilobiuin nerieriondes, E. Billosdievianum, Cotale coromopifolia,
Ranunculus acavlis, and Cranizia lineate arTe morc or less common in both main Islunds. Lobelis
amceps, Myriophyllum Voteehii, and Limoselle aquadics are abundant in the northern and central
botanical provinees.

In places water lies during winter, but these are frequently quite dry in smmmer, and have at
times in western Wellington a surface temperature of 100° Fahr., and probably mere, notwithstanding
which cortain moisture-loving plants grow—e.g., Fpilobuum Billardeerionum, B. nerterioides, Cotule
covomopifolin, and Lémosclla aquetico—and remain quite healthy. Tt sceme almost incredible that
these plants, whose strueture fits shern for a wet environment, can tolerate srich extremes ; bub one
must remember that the wet sand just below the surafce is at a very much lower temperature than the
dry erust above, and that it never becomes dry.

Should the hollow continue moist—i.e., should thers be no invasion of sand—the salt-marsh
plant, Leptocarpu, simplcz, will appear and finally take complete possession, in many places uores
occurring at a time, its stiff, erect, yellowish or reddish stems 2 ft. or more tall renderiny it very con-
spicuons. It is quite well known to the scttlers under the term  yellow rush,” and they set fire
to it comstantly to make way for more nutritious plants. Other salt-meadow plants also appenr,
especially the fleshy-leaved and creeping Selliera radicans, which has generally more rourded and
smaller Jeaves than the typical form. ~Tussocks of Scirpus nodosus are also common in many localities.

On the dunes of north-western Auckland Leptooarpus in many places forms out of its rhizomes
great trunks aftér the manner of Clorex secta (the niggerhead). The rhizomes, sometimes 10 in. in
length, are bunched together and vertical in position, but branch laterally, the branches when ahove
ground curving towards the eand. Masses of Leptocwrpus, but wanting trunks, growing closely and
covering some acres, are a great feature of the Wellington dunes ; but I did not see anything of the
anmo extent on those of Auckland. Sechoenus mifens var. concinnus is very common in scme of the
hollows of Canterbury and Wellington. Elacocha:is neo-zelandica forms considerable patches, which
catch » little sand, in many parts of the western Auckland dunes, as far sout™, at any rate, as the Muri-
woi Stream. It has a moderately stout and wiry rhizome, and erect dark-green stems 2 in. or so tall.

As the sand-hollow becomes drier, and where Leptocarpus or other plants do not occupy all the
gpace, there is sometimes, on the danes of western Wellington especially, even in close proximity to
the sea, guite a number of fair fodder plants, especially white clover (Trifoliwsn vepens), 7ellow snekling
(T. dubium), some cocksfoob (Dactylis glomerata), Yorkshive fog (Holous lanatus), and meadow pon (Pos
prafonsis). The greater part of the introduced plants are, however, of little or no value — eq., the
melilot (Melilotus arvensis), marsh painted-cup (Ba: tgiee vigeosa), the toothed medie (Mendicago denticu-
luta), the sorrel (Rumez Acdosella), the soft brome-grass (Bromus hordeacews), the harestail-grass
(Lagurus ovatus), and the silver hair-grass (Airn caryophyllea). In a similar position, abubting right
on the sea-shore some miles north of Ahipara, north-west Auckland, I noted Poa pratensiz, Festucn,
bromoides, Trifolium repens, and Trifdlivm dubium—which, with various other introduced and 1ndi-
genous plants, made a close twf. In other cases where the stability of the sand-plain has been
considerable there will be heath.

{y.) Manuka-Heath.

Where the water-content is not too great, or perhaps rather where there is a certain amount of
dry sapd on the surface, there will be in many parts of the dune-areas a heath association, with the
manuka (Leptospernium scopariuin) as the dominant plant. In such a station there are frequently
small dunes, arising from sand-invasion, and the surface is quite irregular. In this case there is virtnally
little difforence between heath of this character and that of the higher hills,

In Auckland many of the erdinary heath-plants will be present, cspecially Styphelin joseiculain,
Leptospermun ericoidoes, L. lineotwin, Pomaderris phylicacfolia, Styphelin Fraser:, and Pimelen laevigaia.
Cassinia relorte will be plentiful, bat never flattened to the ground like most of the above shrubs. There
vwill probably be Phovintumn tenas and Arunds conspicu. ‘

Wetter sand-plains than the last described are common in western Wellington, where the sand-
piaing are much more oxtensive than elsewhere in New Zealand—i.e., they are in proportion to the
areater breadth of the dune-aren. Such an association will contain s fairly large number of indigenous
species, of which the following may be the most conspieuous : The manuka { Leptospermmm scoparium),
the cabbuge-tree {Cordyline australis), the common libertia (Ldbertia txtoides), the New Zealand flax
(Phormiwm, tenaz), Merisous ustulats, Hydrocotyle pevocarpa, Viola Cunninghamis, Eleocharss ( ‘-
ninghatisi, Ranvacubis macropus, Potentille ansering var. anserioides, Scirpus wnundatus, Carez secla,
Clarez ternaria, Olearin Solandrs, Macus pumilio, and Coprosma PrOPINGUE.

Tn Canterbury the heath will be almost pure Leplospormum scoparium, or there may he a good deal
of wild-ivishman (Disearia toumatou). (Sec Photo No. 37.)

I have no notes as to similar heath in Southland.

In Stewart Ieland the hollows amongst the dunes are filled with & dense shrubby growth of Senecio
rotundifolius.

This shrubby sand-pliin vegetation may arise either dircetly from baxe ground cceupied first by
Chnmers arevarie, &e., followed by Leplocarpus simplez, or it may be the concluding stage of a series
next to be nentioned, commencing with a shallow lake or pond and followed by a swamp. Af any
rabe, no matter what its origin, when it becomes drier, through the incursions of cattle chiefly, it malkes
e wengineland. and nliows 4 mood many eragses and leenminous vlants to enter the assncintion.
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(8.) Lakes and Swamps.

Tt is not always easy to trace the origin of the lakes. Although some small ones arise directly
from the sand-plain, ag already shown, the majority owe their presence to bad drainage conditions,
through streams, &c., being choked by the sand. An interesting example is that shown in Pheto
No. 64, where on the slope of Reef Point a gully with a considerable stream was first dammed
up forming a pond, and this latter is now in process of obliteration from a dune-fall. The vegetation
of swamps and lakes hardly concerns this report, except for the economic plants they may contain.
Thus the swamps are often occupied by a close growth of Phormiwm tenox. In Auckland they will
usually contain more or less of the valuable fodder grass, Isachne austrelis, so much relished by eattle.
The lakes contain various aquatic plants —to give an example from Wellington, e.g., Polomogeton
Cheesemanis, P. ochreatus, Myrophyllum elatinoides, and M. sntermedium—-ond on the margin there may
be o zone of Scirpus lacustris. Noxt, Typhe engustijolie may invade the lake, eventvally eonverting
it into a swamp, which, with decrease of water, is invaded by Phoimdum fenoz. Finally such a swamp,
a5 the vegetable matter scoumulates, may be oecupied gradually by manuka, and a manuka swamp
or even heath result, such as described above. The vegetation of these lakes, swamps, and even
manuka heaths has been most briefly dealt with, since they are associations found commonly without
the dunes, and, the last-named exrepted, do not affect to any great extent the dune economics.

{e.) Dry Hollows.

Where the hollows are dry they are sandy, and liable to drift; also, any sand falling -on them
remaing unwetted. Hollows such as these are early cccupied by the sand-sedge {Carex pusrila) (see
Photo No, 39), which increases vegetatively at a great rate by means of its far-creeping, slender rhi-
zome. The whole of a hollow is frequently so covercd, the plant building miniature dunes if there is
drifting sand. Nor is it confined to the dry sand alone, but occurs in plenty on the wetter ground,
as mentioned before, where, if invaded by the sand, it increases rapidly, fixing the drift at the same
time.

Carex pumile plays a very important part in dune cconomics in checking drifting sand, a part
which I did not find recognized by any of the settlers, who do not appear to have any speeial name
for the plant. Where it is present In quantity in a hollow there is cerbainly no need, so far as
the moving sand there is concerned, to plant marram-grass, such procedure being in many instances
unwise ; for the sand-sedge, having fixed the drift, is soon reinforced by certain introduced plants,
¢ven white clover eventuslly appeating, whereas the marram has little value as a food, and may give
rise to new dunes liable finally to “ wander.” Dry hollows where there is coarse sand, as at Fortrose,
Southland, contain an abundance of the low cushions or mats of Raoulia australis, usually a river-hed
or scovia-desert plant. This is of no importance as a fodder plant, but is a rapid former of humus, and
so of considerable economic value. The deep-rooting Geransum sessliflorum is a common Southland
and also Stewart Island plant.

(£.) Rapid Drift on to Sand-plein,

Where there is a rapid increase of blown sand Carexr pumile will be buried, but generally the
indigenous sand-grasses appear, and dune-building commences, the further progress of the hollow
towards heath or meadow ceasing. Spinifer hirsutus in some parts of the Wellington dunes builds
up hundreds of small hillocks side by side—a most curious sight. Seirpus frondosus also plays its
part, and Spinifer may be albogether absent. The sand tussock-grass (Festuca litioralis) is also a plant
of sandy hollows, constructing ephemeral dunes. Here, too, there will be Colamegrostis Billardier
end frequently Mariscus ustulatus (but not south of Nelson or Marlborough) and Seirpus nodosus.

The sand-catching shrubs also occur under these circumstances—indeed, it depends upon the
rapidity and volume of the drift whether sand-grasses or shrubs-—i.e., heath eventually—are established.
But if the deilt continue unabated, the embryonic sand-grass dunes will rise higher and higher, and
a new dune-chain come into being out of the wreck of those behind.

If the drift is on to a heath—and this is very frequently the ocase--the shrubs, heing at the
best peorly equipped as sand-binders, will soon be buried ; but Phormium tenae, and especially Arundo
conspicua, will make a brave fight and, rising up as they are buried, perhaps remain holding small
dunes for months or even years. This is especially the case not in hollows particularly, but on the
ghallow sands of the Auckland clifi-dunes, when these are set in motion by cattle, &c. There many
almost pure associations of toetoe (drundo conspicue) occupy fair-sized areas.

{n.) Stony Plain (see Photo No. 40).

In places not far from the sea, between the mouths of the Rivers Wanganui and Wangnehu, and
to the south of the River Waitotara, the cliff has been weathered flat; and a plain results, covered with
gand-cut stones of various sizes, a small yellowish gravel, and coarse sand., The remains of the rock
is still to be seen, shaped by the flying sand into tables, pyramids, or beehive-like forms, or flattened
quite to the ground. Midway between the Wanganui and Wangaehu larger portions remain, showing
the ancient surface, and covered with shrubs and stunted trecs, part of the original vegetation pro-
bably before the weathering took place. Nothing can be more desert-like than this stony plain,
especially where it extends for hundreds of ncres east of the River Waitotara, from near the sea-cliffs
to the dunes some half-mile or more distant inland.

The vegetation reminds one more of the desert near Mount Ruapehu than of that of the
dunes. Everywhere there are dotted about the shrubs Pimelea laevigata and Coprosme accrosain about
equal quantities, and both flattened to the ground. The Coprosma has long woody roofs running
parallel to the surface, a plant 7in. by 5in., having a root more than 3 ft. long. The branches are in
small wiry mats, with the thick linear leaves pressed close to the stem. In the lee of each plant is a
tongue of sand (see Photo No. 41). The Pimelec is_pale-green in colour, and conirasts with the yellow
Coprosma. The plants are about a yard apart. Here and there are cushions of the silvery Raoulio
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ausiralis, Spinifer hirsutus forms Hnes in places, as does Seirpus frondosus, but this is where the sand
is finer. The small grass Zoysia pungens forms colomies here and there, its wiry rhizome spreading
through the sand and gravel. Qther plants present are tussocks of Festruea littoralis and small yellowish
cushions of Scleranthus biflorus.” A shight breeze drives the sand along the ground, but in a gale much
flies high into the air, striking one’s face with stinging force.

The vegetation of the old land-surface, as seen on the summit of table-like hills south of Wanganui,
consists of the ngaio (Myoporwin lagtum), the mapau (Rapanes Urviller), the shrubby corokia (Corokia
Cotoneaster), the akeake (Dodonaen viscosa). All are much wind-swept, and the Myopoium, elsewhere
generally a small round-headed tree, is almost prostrate.

{iv.) Intanp Dunes.
{a.) Central Otago.

There is little plant-life on the rapidly drifting sands of Otago. As the sand advances over the
tussock-clad plain it collects in great tongues on the lee side of the tussocks of Poa caespitosa or Festuca
rubra var., as the case may be, and as the drift continues theso tussocks grow upwards, much after the
manner of marram-grass. This is the more remarkable as it is no hereditary adaptation on the part
of the tussock-form, for that is “ adapted ” for a quite different end. The fussock 15, i fact, @ potential
sand-binder.

Where the soil has all blown away, and an old river-bed once more brought to the surface, the
ground is soon thickly studded with the cushions of Reoulia lutescons, and as the sand blows away
from their sides the cushion-form becomes more accentuated. Further wind-action cuts away the
windward side of the cushions, and a few small grasses and stunted sorrel grows in their lee.

{8.) Conterbury Plain.

The low dunes near the Rivers Waimakariri and Rakais are occupied by Phormium tenaz, kowhai
(Sophora microphylla), toetoe (Arundo conspioua), Cassinia fulvida, Discaria toumatou, Scirpus nodosus,
and Poa egespiiosa. ' .
(y.) Voleanic Plateau.

A full account of the dunes of the volcanic plateau are given in my report on the Tongariro
National Park (89, p. 25). Here it need only be pointed out how certain plants with potential sand-
binding adaptations build dunes 6 ft. or more tall. The plants are various subalpine and alpine shrubs,
which grow elsewhere for the most part under quite different circumstances. When nature has made
these desert dunes stable, even the tree Nothofagus cliffortioides settles at times upon them, but of
course merely as stunted examples.

{8.) Ancient Dunes of Stewart Island.

These, again, are sufficiently dealt with in another of my reports (92, p. 26),s0 that a brief mention
will suffice. Many parts are covered with a heath ecologically equivalent to that, not of dunes alto-
gether, but Tather of the boggy or wet heath of the Auckland gumfields. An interdsting member of
their vegetation is the tiny taxad Dacrydium lazifolivm.

() Ancient Dungs near the Bluff Harbour, Southland.

Between these ancient dunes and the actual estuary there is a considerable extent of bog. The
sand is covered with a steppe or semi-steppe vegetation. Tussocks of Danthonie Raoulsi are abundant.
There is some stunted bracken-fern (Pteridium esculentvm), a heath-plant. The following plants,
few of which are found on dunes proper, are common: Helichrysum bellidioides, Blechnum pennia
maring (small creeping fern, generally subalpine), and Gaultheria perplexs. Certain heath-plants more
or less common on dunes are also present—e.g., Gnaphalium filicaule, Dichondra repens, Pimelea
laewigata, and Styphelia Frasei. The instructive feature is, from the point of view of this report, thal
fnccease of humus-content, owing lo climatz and long stability of dune, permits o non-dune vegetation to
flowrish naturally.

{B.} FLORISTIC BOTANY,

(a.) GENERAL REMARKS.

Tt i not an easy task to decide as to what species should be cited as actually belonging to the
dunes, since some occurring there are very rare indeed, and probably only temporary occupants, while
others are present only on the horder-land of the dune-area and belong perhaps to some adjacent
association.

According to my list the number of dune species is 147, of which 82 are endemic, 43 Australian,
and 15 South American, leaving out the cosmopolitan element in the two latter cases. Fifty-one
families and 104 genera are represented. The most important families are : Compositae 20 species,
Gramineae 16, Cyperaceae 12, Umbelliferae T, Myrtaceae and Campanulaceae b, Orchidaceae, Onagraccae
and Halorrhagaceae 4. ‘

With regard to the species, only about 50 are common dune-plants, of which 15 are confined, or
nearly so, to the dune-area, the remaining 97 occurring only occasionally, or being more or less local
in their distribution. Within the botanical region the distribution, according to the botanical provinces,
is a8 follows : Kermadec 26, Northern 113, Central 124, Southern 118, Chatham 58, Subantarctic 186.
But these figures refer to the distxibution generally in the botanical provinces, and not to the dune
species alone, of whose numbers the following is an approximation : Kermadee 5, Northern 100,
Central 92, Southern 90, Chatham 19, Subantaretic 6. With regard to vertical distribution, 60 species
do not ascend above 1,000 ft., of which about 42 may be considered true ¢coastel plants, 22 above 2,000 £t.,
26 above 3,000 ft., and 39 are alpine or subalpine and ocour at 3,000 ft. and upwards.

5—C. 13.
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{¢.) LIST OF NATURALIZED PLANTE OF THE NEW ZEALAND DUNE-AREAS, EXCLUDING TRIES,
1

SHRUBS, AND ORNAMENTAL PLANTS

GRAMINEAR.

Ponlcum sanjuinale L. (Rnger-grass).
Crus-galli L. (eoclcspur-grass). .

Sievotaphrum ghabrum Trin. {buffalo-grass).

Phaluris cangeiansis L. (canary -gras).

Anthozanthum odoratum L (pweet vornpl-grass).

Alapecurus proteniy L. (meadow-foxtail).

Polypogon menspeliensis Dest. (beard-grass).

Agrosite tenuis Sibth. (1. wulgarss With), (red-top}.

Agrostiz alba L. (fiorim).

Ammophile arenaria Lk (marTAm-grIss).

Lagurus ovatus L. (harestail-grass).

Holous lanatas L. (Yorkshire fog).
mollis L. (0Tt grass).

Aira ecryoplallen L. (haiv-grass).

Cymodon Ductylon Texs. {doab-grass).

Bragrostis Brownii Nees.

Briza minor L. (frembling-grass).

Dactylis glomeraia L. (cocksfont).

Cynozurus erisiatus L. {dogstail).

Pon protensis L. (mcadove-grass).

Festuca Mauros L. (barron fesoue-grass)-
bromoides L.

Bromu: sterilis T, (harren brome-grass).
hordeaseus L. {soft brome-grags). -
rocemosus Lo 0 .

 unioloides H. B. & K. (prairie-grass).

Elymis arenarsus L. (Iyme-grass).

Lolium percnne L. (zyc-grass).
italicum A, Br. (Italian Tye-grass).

Agropyron repend Beauv. (couch-grass).

Herdeum murinum L. (barlcy-giass).

" CYPRRAGEAR.
Eyllinga brevifolia Rottb.
Cypera tenclius Lot
wegetus Willd.
‘ InIpacEAF.
Irix govannies Lo (Gorman ivis}.
POLYQONACEAT.
Remes obtusijolius L. (common dock).
pricher L. (ficldle-doclk).
ervpus L. (ourled doels).
sumguineus L (red-voined doels).
arelosclia L. (soreel). :
CHENOPODIACEAT,
Chenopodivm albr L {fathen).

girnrale L . )
PHYTOLACUACEAR.

Playtolacea-ecimadiae L. (poke woed).
' S AI7OACEAT-
Mesembrianhemum edule L. (Hottentet fig).
PORTULACACEAR.
Portuloca oleracea L. ‘
: CARYOPAYLLACBAL.
Silenc amylice L (8. gallice T.. P 1067 Chooseman’s Flora),
{eabehty). ‘
Lychnic eoronaria Desv. (rose-campion). -
Clerastium viscosum L. (C. glome. abuwm Thuill.), (mouse-ear).
vulgetum L. (C. triviale Link), (latger monse-ear).
Qeellaria media Cyr. (chickweed).
Minuartic sepyilifolic (L.} (Aremaria carpyl'ifolin L.},
(sand wort}. ; ’
Sagina procumbens L. (pearlwort).
apetade L (B nrlwort).
Spe:gule wrvensis L (spurrey).
yubra J. & Q. Presl (rand-spurrey )-
Polycurpon telraphyllum L. (four-leaved =llsood).
RANUNCULACFAL.
Ranunculus agresilis T {water-butteren ). Abundant in
dune lakes of western Wellington.
Renungulvs sceleratus L. (carsed erawloot).
repens L. (creeping buttercup).
sardons Crants (hairy buttereup).
PATAVERACEAT.
Fschwholzin ealifornsca Cham.

CRUCITERAT.
Radiewle Nasturiium-oguaticin Brit. and Rend. {Nas-
syptium officinale B, Br), (watcroress).
Alysaum movitimum Lam. (sweat alysmam),
Sisymhrium officinale Seop. {hedge-mustard).
Capsella Bursa-pasioris Medic (shepherd's purse).
Coronopus didymus Sm. (wart-cress).
Lepid:nmn ruderale L. (narrov -leaved cre:3).
Cakile maritima Reop, (sea-rocket).

OT CARDENS, PLANTATIONS, ETC.

R ACBAR.
Rubus frfico.ut L (in its wide nraeptation), (Llackberry)-
Acaenr oving .\, Conu.

' Runa rabiginose L. (mweetbriny).

crnine Ta (In its wide sengo), _(llng-rnﬂn).

LEGUMINUSAT.
Lupinus arborcus Sims (trev-tupin).
Tlex curopacus L (gotse).
Oyt sus seoparius Link (broom).
enndicans Lom. (Cape broom).
Medicago bupuling L. (black modiel).
maculeis Willl. (spotter mediek):
Melilotus Petitpierreanc Hayne and Willd, (M. arnerssi
Wallr,}, (Aeld melilot). )
Tyifoliun croense L {haresfoot-aloTer).
scahrum L. (rough clover).
glomeratun. L. (clustered clover).
repens L. (whits clover).
resupinatum L. {reverzod clover)..
procumbens L {hop-trefoil).
dubiem- Sibth, {yellow guokling).
Tisin sative L. {common vebeh).
hirsuta 8. F. Gray (common farc).

FLEAZTACEAR. -
Geraniwm molle L. (soft cranesbill).
Frodium cicutarium L'Herit, {stork’s bill).
moschatun T Herit {musky storl’s bill)..
LiNACEAT.
Licum merginele A, Cunn,

'MALVACEAE.
Lavalera arberes Lo (trec-mallow).
Modve rotundifolic L. (dwart mallow).
perviflora L. .
vertictllata Lo
Modiola multifide Mocnch.
' LYTCRACRAE.

Lythrun hyssopifolin L. (hywop looseatrife).

QL AGRACTAE.
Oenothera odorada Jact. (evening primroso).

GESTIANACEAT. )
Cendarrivm  unibellatum: £15ib. (Erythrace  cenfaurium),
{centaury),
. BORRAGINACRAT.
Myosatis cacspitosa Schultz.

VRRBENACEAT,
Ferbene officinalis Y. (vervain). -
. LARIATARE.
Mentha Pulegium I. {pouny royal).
Pounella wigaric L. (self-heal}.
Mersmbium zalgare L (horq]xound).
SOLANACRAE.
Solanum sofomogum L. (Dead-sra apple).

SCROPHULARINACEAT.

¥V b cum Thapsus L. (mullein).
Verondca arvensis L. (well apeedwell}.
Bartsin viscosa Lu (marsh painted-cup)-

QROBAKCH LCBAE.
Orobanehe minc.: Suth. (hroam-rapel
PLANTAGINACEAT.
Plantago major L {greater plantain}. .
Inmeeolata L (rib-p:ras-:ﬁ).
hirtelln H. B. & K.

. CoMPOSITAT.
Frireron canadensis L. (Canadian fleabane).’
Achilinea millejoliven L. (yarrow).
‘Anthemis Cotule L. (stinking maywend).
Senecio wmdgaris Ln (ground-el). ‘
Crryplosterma calendulacerm R. Br. (Cape woed ).
Cicis laneolaius Willd. (Scoteh thistie).
Lapsana communis L. {nipplewort;.
Crepis capillaris Wallr. (0. wirens 1a) {zmonth hasw kei-
bearidt).
Hypochoeris radicala L. {oatsear).
Sonchus arvensts L. (corn sowlhistle).
aajHer,
Tararacum officinule Wigg. {dandelion).

= T
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No. 45. COARSE SAND REMAINIKG, THE FINE HAVING BEEN BLOWN AWAY. ALEXAWDRA DuNIS.

(Photo L. Cockayne.

. 46. SoURCE oF TEE CROMWELL Sanp. DUNES BELOW TerrAice oF River CLUTHA.
[Photo L. Cockayne.
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PART [E~THIE RECLAMATION OF TRI DUNES

I INTRODUCTION.
{rt.) GENER.AL.

As seen from the preceding pavt of this report, the denes of New Zealand are no longer in their
virgin condition. DLarge avcas which were firmly fixed hy nature when the ewrly settlers arrived are
now in a state of great instability, sud not only useless in themselves but daily encroach upon, and
so render valueless, the neighbouring fertile ground (see Phote No. 42).  The checking of such
cueroachinent is obvivusly the first aim of dune-reclamation in this country. But the amelioration
of the sand-areas goes much further than this, and the final goal showld be thedr improvement a5 o whole
through their ocoupation by a contdnuows plant covening that shall be of comumercial value,

The methods in vogue for the artificial fixation of dunes are based altogethor upon those which
nature herself uses, Thus a clear gragp must be gained of the following fundamental principles vhich
clearly follow from the geological and hotanieal data of Part I:—

. The motion of the surface under the influence of frequent wind is the cusential factor which
hag to be met In dune-cultivation.
. No motion of the sand can occur if the surface be altogether coverad by cither a Hving
or a dead covering.
. When the surface of tlu, gand ig we no movement is POBBlblL
. On drifting sand, only sund-binding plants can become permenently established.
. A sand-binding plant 18 a perennial which has the power of growing above the sand as
it 1s- buried, and putting forth new roots from the rising stem.
6. Where there is no drift a close covering of almost any planis will hold the surface, but
those of long life, such ag trees, are the moet efficacious. ,
7. Non-santl-binding plante such as tree-lupin and forest-trees will be buried by a drift, and
a moving naked dune will result. It follows then that before trees be planted the
drift should be stopped.
8. Two coutiguous hills will lead to the presence of a wind-channel, in which tho air is com-
pressed and has special erosive power.
9. Any prominence rising above the general level of the surface i3 lable to damage by the
wind.
Building of isolated mounds by the uneven planting of sand-binding plants may finaily
jead to their destruzetion in accordance with prineciples 8 and 9. '
11. Dunes are always moist at a few inches below the surface, so there is little fear of death
from drought by plants tolerant of dune conditions once they are established.
12, Plants which form an abundance of humus are of special value, since they noi ouly
incrcase the cohesion of the swnd-grains bul supply nutribive matter and » water-
holding mulch. N
13. Burning, grazing of animals, and indeed anything thab can dumage the plant covering
' or disturb the surface may lead to the movemoent of the sand.
14, Bivery blade of geuss, uncvenness of the surface, or obstacle of any kind helps to break
the foree of the wind. ‘
15. Average sand-duncs without any muanure whatsoever will supporé a remorlkable number
of Bpecies.”

The expavience of condiderably more than a hundred years in Eurepe, sud the more recent
sblempts to vope with drifing sund (United Stases, Cape Celony, Australasia), have proved beyond
4 doubt that the most cfficacions of sand-binding plants s marram-grass (lmmophile arencria), u
native of Europe, North Africa, and North America, and that when it is planted correctly drifting
sand, even wheve the winds are oxcoptionally violent, cun be fixed, There is thercfore no need for
the expmmu,ntul planting of other sund-binders in the first instance, exuept under exceptional cireum-
stances. Gerhardt in his most exhaustive treatise goes into the various mothods of planting marran-
grass at great length and with much detail.  Although I have drawn upon his work freely, 1 have
refrained from quoting his methods at length, sinee many details and excessive minutine would deter
those for whom this report is intended from commencing the work of sund-planting, us being too
technical and difficult. Some of the methods hercin advocated may seem crude to the Tuwopeun
planter, but, so far ag 1 can judge, they have been eflicacious in New Zealand, and possess the meris
of suﬂphclty and comparative cheapness.

Notwithstanding that certain methods ol dune-reclabation are Tecommended by me, it must nob
be concluded that success depends upon sny hard-and-fast rules. To be sure, the g ben(,m.l principles
detailed above must not be violated, but the local climate of any particulsr Joc ality, a lmowledge of
the intensity of the wind and its average direction, the degree of coarseness of the sand, the selection
of material for sand-fences, and so on—all these matters will be the concern of the locul “ sand-planter,”
while his experience and sound ]udtfmgnt will have an important bearing upon his stocesa,

b
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*1n cortain instances tluu are laycrs of more fmt.uv sml w1thm the dunes; in other cares tho dunu, :)vellu, clay,
loum, rock, & Thus & plant growing apparently in pure sand may have 'its ultimate vootlets in u much more
nourishing s,
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Fucther, there are places where planting is much cagicr than in others, and success ow thesy areas
must not be taken as measures of what are suitable elsewhere. For nstance, although buffalo-grass
(Stenotaphrum glabrum) is used with greab benefit on the duncs ncar Tewaharon, and the so-called
ice-plant (M csembrianthemum edule) grows on the foredune near Ahipara, it is cerbain that Dotl these
plants would be useless in most parts of the dunes of western Wellington, castern Canterbury, or the
norih Waikato Head. Even the great success of the tree-lupin at New Brightox, Canterbury, and at
Ocean Beach, Dunedin, does not sanction that shrub for universal use.

The New Zealand climate allows a very much wider choice of plants than do the dunes of Europe
generally or of eastern North America. The tree-lupin (Lupinus arboreus) is a case in point. It can
be grown with the greatest ease on pure sand in virtually any patt of New Zealand. Tt forms dense
thickets, grows readily from soed, and allows no sand to move where it is cstablished, thus soeming
an ideal sand-plant. And in consequence it is planted most extensively and bracketed along with
martam-grass as a plant per exoellence for send-planting. This opinion, though true enough in certain
cascs, is equally false in others. Tt therefore seems well, before dealing specifically with methods of
sand-planting, to compare the relative values of marram-grass and tree-tupin, and to explain the
correct appheation of each.

(6.) MARRAM-GRABSE AND TREE-LUPIN AS PLANTS FOR DUNE-FIXING.

(i) MARRAM-GRASS.

Masram-grass owes is cfficiency io its being @ true sand-binding plant. It possesses & fer-erecping
and branching, stout, rather rigid, underground stem which gives off, so closely together that tussocks
are formed, erect leaf-bearing hLranches. It also, but somewhat irregularly, puts oub other uunder-
ground stems of great length, which, extending horizontally, can build colonies of plants at a consider-
able distance from the psrent tussock. 'The loaves are of a greyish-green colour tinged with blue.

“Their texture is thick and somewhat hard. The blade is rolled into & BAITOW pipe, so that the upper

gurface is quite hidden ; but on moist cloudy days it can unroll and become more or less flat.* The
ander-surface is turned outwards, and is alone exposed to the wind and blowing sand. There is a
Jong leaf-sheath which protects the young bud. The tussocks are about 3 fi. tall, but may be much
gmaller. As the shoots become buried by the drifting sand new roots are put down from the nodes,
apd the plant grows upwards above the sand, provided the drift is not too severe and prolonged. If
this should happen, the leaves may be altogether buried, in which case the plant will probably die.
But this is the exception rather than the rule. The grass is thoroughly attuned to the drifting sand,
without swhich 1t canmot evist, and if the sand-supply fails altogether it~will turn yellow, and finally
guccumb. When planted at & suitable distance the grass-bunches become-sufficiently close in a year's
time to virtually stop all gurface-movement, and at the same time they will arrest the flying sand, apd
the ground-surface will be gradually Taised.

There are many other foreign sand-binding grasses or grass-like plants besides marram—ac.g., the
lyme-grass (Elymus arenorius), the Baltic marram (Ammophiia baitica), the sand-sedge (Carex arenaria),
the Chilian Distichlis thalassica, the North American Adgropyron dasytachyum. Further, there are the
indigenous sand-binders cited n Part I Elymus arcnarius is the only one of the above which has
been introduced into New Zealand, but although an admirable plant in Many Wuys it is hardly
needed where marram is available..

(it} TREE-LUPLN (sec Photo Ne. 67}

Trec-lupin (Lupinus arboreus), B native of California, where it grows on the dunes of the Duacifiv
coast, is not a sand-binder at all. | It consequently cannot ezist where caposed fo moving sand {sec Thoto
No. 43), and 4s therefore worthless as @ plant for such circumsignees. When this fact 15 generally appre-
ciated 1 New Zealand much money, time, and annoyance wilt be sawed, for the sand-planter. The tree-
upin is & much-branched shrub of derise growth 8t. tall. The older branches are stout and brittle,
the youngest slender, straight, flexible, juicy, and little-branched. The bark 1s purplish and smoootl
on branches of medium age, but finally becomes furrowed, on youny branches it is purple on the upper
und green on the under pars. The leaves are rather distant, and arc frequently borne on very ghort
lateral stems. They have long, glender, flexible stalks. The blade is digitately divided into seven
or eight linear-lanceolate leaflets, which are slightly slaucous-green in colour, and pubescent on the
under-surface. The sides of the lcaflets are frquently more or less folded together. It is by no means
long-lived. When 2 number of these shrubs are growing closely side by side they form a mogs
officacious covering to the sund (see Photo No. 70), and, MOTEOVEL, their dead twigs and leaves give
rise to a considerable amount of humus. Further, the nodules on their roots contain bacteria which
add nitrogen to the soil. Thus far tree-lupin is much better than marram-grass as & sand-fixer, and
plays exactly the same rile ag a covering of trees, which is the ideal sand-holder. But when 2 body
of sand advances, or a rapid duift sttacks the lupin thicket, the sand first of all piles up agumst and
among the marginal plants which. arrest its progress, and, rising higher and higher, by degrecs burics
them, the ultimate branchlets alone jutting out of the sand. Were these able to Tooh in the moist
sand the plant would have & fregh existence, and, Tising with the drift, would check the advance; but
they can do nothing of the kind. 1f the drift continues, the sand sdvancing will, in time, submerge

the whole plantation, pourmg over its lee a8 a naked and wandering dune.

* This statement, which 1 take from Abromeit (18, p. 207) is questioned by F W. Oliver, who has ouly notud
the rolling of the leaf after it is plucked (1204, P. 296).
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Where there is no drift, as when there is @ well-fixed nerram-ares to the windward, 1othing cun be
better than trec-lupid as o send-covering.  The ecase with which it can be raised from sced is u most
valuable property; and, in addition, the rapidity of growth of the seedlings renders it, in counbrics
where it is hardy, one of the most valuablo instruments in the hands of the gand-planter. At Ocean
Beach, Dunedin, the sand facing the sand-supply—i.e., the shore—has been woll fixed in the first place
by morTam-grass; and behind this protectton the Iupin thrives amazingly, forming, too, a perfect
vovering to the sand, until such time as it shall be replaced by forest (see Thoto No. 44).

At New Brighton, Canterbury, tree-lupin is not an pnmixed Dblessing.  Tn some places maiy
acres are well fixed through its aid; others it is rapidly being sransformed into moving dunes (see
Photo No. 67). 1t was planted some years ago, before the establishment of the artificial foredune, in
the front garden of a house facing the beach; and, in consequence, & MOVING gandhill was formed,
wfhifc-h came g0 close to the windows that the house had to be raised on piles a considerable number
of feet.

In some parts of New Zealand, especially in the neighbourhood of the River Rangitikel, the
farmers possessing sandy Yand look askance at tree-lupin, and will not use it for their duncs, fearing
that it will seize on their sandy well-grassed lollows. It undoubtedly will spread and oecupy such
land if it is allowed in the first mstance o increase ; but there is no need to permit 1t to guin o foothold,
and, even if it does so, is casily cut down, and there is mo danger of ws again growing from the slump.
Tt cortainly seems to me that a plant which can do the best of work and be established much more
cheaply than any other plant, should not be discurded without some better reason for so doing.

[i. THE PRESENT CONDITION OF THE DUNE-AREAS. -

Without an intimate aegquainbance extending ovoer many years with any special dune-area, leb
alone the whole sané region of New Zesland, it would be Impossible to make & statement of any
moment regarding s present condition as compared with that of long ago, or as to whether the
ground as a whole i8 more or less stoble than formerly. T6is certain, however, that in the days of
eatly settlement the greater parb of the wandering dunes and the drifting san ds as they now exist were
wanting, snd that in their place were hills clothed with a carpet of grass, with scrub, with waving
toetoe, stately flax and cabbage-trees, while the hollows contained food for stock in abundance. But
even in those early days drifting sand was not unknown, as evidenced by the account of the dunecs n
the neighbourhood of Wanganui published in 1849 by Lieutenant C. H. Smith and Lieutenant C.
Hutchinson, who speak of the sand blowing in their faces, and of the numerous sandhills alorg the
coagt, which were very deep and “ being drifted by the heavy gales.” (“Notes on New Zealand,”
No. 6, p. 18; 1850.) _

But, although comparative statements are of little moment, something can be said as to the
present conditions of the dunes. 1t will be remembered that the various areas differ considerably
in their topography, the extreme casts being those with a perennial supply of gand from the shore and
those on the summits of eliffs, which roceive little or nothing from the above sourue at the present time.
(onsidering the former fivst, the foredune, although sometimes in an admirable state of prescrvation
(sce Photo No. 13), is very frequently indeod much damaged, in certain cases being altogether absent
for considerable distances, as to the south of Reef Point, north-western Auckland {sec Photo No. 21).
Behind the foredune comes the arca T have called the dune-complex,” which consists of chains of
Lills, isolated hills, and sand-hollows of ;various lkinds. This area, teking the duncs of New Zealand
as a whole, is probably changing very little. Of course, it is far from stable; hills are being croded
and blown away ; bare masses of sand are slowly moving forward ; sand-hollows are being filled up.
But with the destruection goes o1 probably an almost equvalent construction ; nor 1s there, geue‘ml{y
speaking, any marked sdvance of this area inland. '

Between the dune-complex and the mosy ancient and usualty highest dunes, where the dune-area

“pusches its maximum, as in western Wellington, lie extensive sand-plains, the site of farms. These,

of course, arc being encroached upon to some oxtent, and in some cases to 2 dangerous degrec. As
for the ancient chains of dunes which abut in many cases Upon firat-class form-lands—and the sane
applies to the oliff-dunes—they were origirally admirably fixed by nature. At the preseut time many
are still perfectly stable, and afford excellent pasturage for shecp. Others, again, have been trans-
formed into typical wandering dancs with a long, flat, windward slope, and a great sandfall on the
lee 100 fb. to 200 ft. or more in depth (see Photo No. 14). They advance slowly bub surely, and bury
Il bofore them-—fertile meadow-lands, cornfields, planta.tdons, flax swamps ; ulso, their lower porbions
may be rapidly blown over the lands adjacent as a gand-drift, burying and killing the grass GOVering.

The nbove account has also its bright side. Dunes, which some time ago must have been formid-
able enough, are in process of fixation on their lee slopes by plants which have come naturally. Toctoe-
grnss (Arundo conspicua) s doing admirable work in this regard, particularly on many of the dunes
of western Auckland. Notr with regard to dune-amelioration must it be forgotten that the seitiers
{Jh(fmselves lave in many instances done o good. deal through planting-methods ; hut this is dealt with
helow.

The inland dunes of the Clutha valley, notwithstanding the work which has been expended on
themn, are still more or less troublesome. Those of Cromwell actually invaded the town, and the sand
had to be carted away at preat expense. The drift at the approach to the Bannockburn Bridge is very
troublesome, the deep cutting which leads to the bridge being constantly choked by fine sand, the
removal of which is a costly matter. At present, with the exception of the Alexandra dunes, the sand-
supply from the River (Jutha seems to have much diminished, and in addition vast guantities of fine
sand have been blown away on to the distant hills, &c., Jeaving chiefly in mauy places ouly the very
coarse sand {ses Photo No. 45). Oue drift at Tarras is altogether gone, and the present one seems
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to he losing its power, while the dunes proper are confined to the fee slops of certain terraces, to the
suurce of the sand at Sandy Point (sce Photo No. 63), and to the vicinity of the eld accommodation-
house. No sand is said to como from Sandy Point at the present time, and the presenco of ceatain
plants, especially of Epilobium melanocondon, strongly support that statoment. At Alexandra the
dunes are well developed, and more active than elsewhere in the district. Rather thun as moving
dunes, it is as fiying sand and as rapid drift that the Central Otago sand is most troublesome.  Roads
are buried, crops are demaged, vich soil is cut into and then blown away, and houses are made almost
uninhabitable when the sand-storm rages.

So far as dune-reclamation in New Zealaud goes, s good deal hag been done here and there, but
the patches are generally isoluted, while vast stretches cxist where nothing huas been attempted as
yet.  In Taranaki many clifi-dunes which drifted some years ago have been stopped.  Here, according
to Mr. Jumes Mackenzie, the sand-drifts have passed through their most dengerous state, and, with
one or two exceptions, have been overcome by the regular planting of marram-grass. In western
Wellington the younger dune-complex is, in nearly all cases, altogether unplanted. Planting has been
curied out ou the private lands to the lee of the above dune-complex, and in some instances with
marked success, especially in the case of Mr. McKelvie, who has planted some hundreds of acres {see
Photo No. 62). Here and elsewhere where trce-lupin has been used it hus been planted without a
true knowledge of its effect. Thers has been some planting on the Aucklund dunes ns Far as Whaungape
Harbour, but it is much seattered ; further north all is in the wild state.

The South Istand dunes, gencrally speaking, are of less moment then those of the.North Jaland.
Marram-grass has been plauted in many localities, but only a few examples can be cited here. At
New Brighton, where the effect of the east wind is much felt, a long foredune has been established by the
Town Council on the shore in front of the town. Trec-lupin Jras also been used with good results in many
places, and probably some hundreds of acres are thus coversd. In some places it is, however, in process
of burial, At Ocesn Beacl, Dunedin, there is to be seen the most complete and snccessful example
of dune-planting in New Zewland. Marvam wnd tree-lupin combined have been nsed, together with
2, small foredwie of marram-grass (see Photo. No. 47).  The work here does not newly approach in
difficulty many othor places on the New Zealand coust, but this does not detract {rom the excellent
manner in which it has been carzied out by the Domain Board. The Invercargill Town Council
has done some marram-planting o the reserve lear the head of the New River. This, aniortunately,
I was only able to see from a distance. A little marram and free-Tupin Bave Deen planted in Central
Otago—at Alexandra, Cromwell, and Tarras. At Cromwell the commeon tussock of the neighbourhood
has been used, and grows remarkably well, as it also does naturally ub Alexandra, but it would not
tolerate a strong drift. A little marram Las been planted near the road between Waicuru and Lake
Taupo, where it passes over the Rangipo desert. Here the grass grows well in the pumice and ash,
far from the sea. .

As for tree-planting, nothing hus been done on the younger dune-complex. There is an extengive
plantation at New Brighton, Canterbury, consisting of a good many kinds of trees. There hag also
heen much private planting, chiefly of Pinus isignas, on the mare Jandward dwics, Here comes my
former experiment-garden, where n good muany ditferent species of trees and shrubs not used clsewhere in
dune-planting are prowing vigorously (see Photo No. 48}, Trees nre now being planted on the
Dunedin dunes by the City Council under the direction of Mr. D. Tannoch, and thore is every chance
of great succoss. It is hoped ultimately to have a forest facing the beach for its entire length,  Earlier
plunting by the Dunedin Reserves lmprovement Society showed the capabilities of these dunes for
afforestation. ‘

In the North Island there has been very listle tyee-plauting on the duncs, and that mostly by
private individuals. Near Foxton cspeeially there are some fine plantations of Péns insignis.

Generally speaking, there is not much to be Iearnt from the plantivg of New Zealand dunes. A
areat deal has been carried on in easy places.  Other plantings arc being hlown away ov buried.  Somg
in difficult places appear to be successful, but they nve mostly of ne great age, and time alone will
certify us to their officacy. Ho far as the planting of broac-lupin is concemned, it has usually been yuite
futile, not bevsuse it did not grow, but because the planter did not know its vorrect application.

1L, METHODS OF RECLAMATION.
(4.) GIENERAL.

A greab proportion of the dunc-urcas 15 they at present exist are, in tho first place, a congtant
menace to the surrounding Jands, and, in the second, are themselves valuelegs.  Reclamation-methods
seek to change this state of affairs, and to render them both hurmless and profitable. This may be
brought about by clothing them with a conttnuows plaut cavering, and the ore which is most
pormancnt and will yield the best income is undoubtedly forest. DBut in many places 1t is absolutely
impossible to establish trees iu the first stance, and in other places it would be, if not impossible,

. work of the greatest difficulty, and albogether too costly to entertain. Other methods must then
frequently precede aflorestation. Further, as already pomted out, there ave many acres of fertile
land forming broad vases in the sundy wastes where there are valuable furms, and the protection of
these is imperative. In Burope generally, whence come our methods of dunc-reclamation, the protec-
tion of the coast-line and the treatment of the adjacent dune-ares is the first need, just ag it was at
Ocean Beach, Dunedin; and European methods especially refer to such work. But in New Zealand
the actual coast-line usually matters little at present.  The critical portions of the dune-oreas are where
the sand and farm-londs 1eect, and those hollows in the dunc-complex which are now grassed but lable
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at any moment to a sand-invasion~ Methods for stopping dvifiing sund as quickly as possible are then
the first requisite. Next come the harren areas, much of them Crown land. In order to cope with these,
operations on a mueh larger scale are demanded, so great indeed that it is beyond the power of private
individuals lo deal with the quostion, end becowmies one for the Stale. Neodless to say, if these nreus are
reclsimed the danger of sand-invasion would be enormously lessencd. so that the work is one of no
small value, even though the reclaimed areas should not be made specially reproductive,

Tt will be seen further on that irregnlar planting of marram-grass, &c., is considered worthless
from the theoretical standpoint, since it leads to the formation of mounds followed by erosion, by wind-
channels, and by ultimate destruction of the graes, and « revival of drifting sand.  In peint of fact,
it seems to me that such planting is better than nothing. Shiub and grass dunes, as they now exiss,
arose from irregulur planting by nature; and although a primitive dune-area was 10t exactly stable,
it was sufficiently quiescent to have allowed the formation of hollows full of vegetation, and those
soil-covered and well-grassed hills which attracted the farmer and, through his operations, have reverted
to their primitive condition. The chief objection to irregular and ill-conducied planting s thet its results
are bul transitory. It is, in fact, money thrown away, when the same cxpenditure could produce pericnent
resulis which would encournge the planter and others to continue their operations,

(5.) THE PLANTING OTF MARRAM-GRASS.

(i.) Timw or Prawrive.

Martam-grass planting must be carried on during autumn, winter, and early spring. Local
conditions must determine the actual date of commencing, and this will be regulated, too, by
the wetness or dryness of the particular year. 1t is evident that some seasons will be much more
favourable than others, as so much depends upon the frequency of violent winds.

(ii.) PrerparinGg THE PrawTs, .

If the planter has already the grass growing on his property, the supply for planting can be taken
without damage from the most luxuriantly growing clumps. It can be easily pulled up by hand from
the clumps, or taken, up with a spade or mattock. Should there be no marram on the property, it
should be procured from the nearest source. It is now grown more or less extensively on nearly all
the New Zealand dunes, excopting those of the far north of Auckland, and can usually be easily pro-
cared. But it is best when collected near at Land, for it must be as full of vigour as possible when
planted. Therefors it is well to plant preliminary patches ou any piece of sand a year or two before
extensive operations are undertaken. Also, by this means the expense of carting the grass for any
considerable distance will be avoided.

After the grass is taken from the ground it should be pulled into pieces suitable for planting, or
the pieces may be pulled directly from the growing bunch. Each plant must consist of a pioce of the
stem with the leaves attached, and the stem iust have at its base one or, preferably, two nodes {see
Photo No. 49).  Without these latter there can be no growth, since from these the roots arise.  Young
plants should be selacted ; those two years of age are the best. The preparation for planting should he
done on the spot, so as to combat the danger of the plants becoming dry, for the roots are extremely
seusitive to the drying effect of wind and sun. The individual plants must be tied with a piece of flax
(Phormium lenax) into bundles, each bundle being of such a size as to conveniently go under the arm.
No bundle must Le left bying wpon the surfacs, but oll must be heeled into the moist sand noor the scene of
operations.  Before planting, many New Zealand planters by means of a sharp spade cut off the
leaves, reducing the plants to about 1} ft. in length. The object of this is to protect the plant from
being blown about by the wind bhefore it is rooted. Transpiration is also greatly reduced during a
critical period for the plant. Also, the reduced weight of the grass-bundles makes carting somewhat
cheaper, as Mr. Dalrymple hus explained in & valuable letter he wrote, at my request, regarding his
methods of planting. This procedure is contrary to Europesn or American practico, but T have
certainly seen it followed by mast excellent results. ¥

{iii.} METHODS OF PLANTING.
(a.) Spede Planting.

Planting in New Zealand is carried out by means of spade, long-handled shovel, or plough. In
any case two or more people are needed to hest carry oub the work, though one can do so, but mich
more slowly.

With regard to spade planting, the procedwre is as follows: One man uses the spade; and makes
a hole by thrusting the blade into the ground, and working the handle backwards and forwards until
a V-shaped hole is made. The other worker (a boy may be employed), who carries the bundle
of plants, inserts about six in the hole—but the actual number does not much matter—and Hattens
out the bunch. The. first man inserts the spade in the ground just behind the hole, and pushes
the sand tightly against the grass, gives a press with his foot {or the foot alone may be used for closing
the hole), and the exceedingly simple operation is coneluded. Sand for this method must be suffi-
eiently moist, or the sides of the hole may fall in.

(A.) Long-handled Shovel Planting.

The long-handled shovel mothod as practised at New Brighton will suit any elass of sand.
There are again two workers. The onc with the shovel takes out a shovelful of sand for the first hole.
The planter places in position the small bundle of plants. The fitst man then digs a second hole, and
fills the firat hole with the snad from his shovel, and so on, the sund from one hole being nsed to fill
the preceding.  Tn each case the seeond worker presses the new grownd fightly with his foot.
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(y) Plough Planting (see Photos Nos. B8 and 66}

The plough method can only be nsed where there is sufficient room and the slope ot to0 abrupt.
Most of Mr. Herrold’s excellent planting has been done in this manner, and certainly no fault can be

found with his results. I cannot do better than describe Mr. Herrold’s procedure in his own words :—

“ The method of preparing plants is to pull out cufficient to make a bundle that can be comfortably
carried under one arm. Lay all the roots cvenly one way, then with a sharp spade the tops are ¢ut
off &t o distance of from 121in. to 15in. from the top of the Toots. The bundle is then tied up with
finx and placed in the sand, until the number of bundles to do, roughly, a week’s work at planting are
gecared. Planting with the plough is done by the ordinary plough maling furrows 1 yard or 2 ynrds,
as tequired, apart. The planters then come along, and, with the bundle of grass under one arm, pull
out plants with the disengaged hand and drop them into the furrow a yard apart, at the same time
pushing some sand over the roots with one foot. Usually within a week the wind completes the work
of filling in the furrows. The depth of the furrow 1 generally try to make is not less than 6 in., and,
45 the plant is always lying down to a certain extent, as the sides of the furrow slope, about 6in. to
¢ . would be left above ground. I find it better o be on the deep side with planting. In windy -
weather I generally pull plants, and in wet weather plant them.” -

The ehief objection to the plough method, as pointed out to me by Mr. K. W. Dalrymple, is that
the grass is planted obliquely, and S0 is in greatér danger of burial and destruction by sn excessive
drift. Oblique planting was at one time advocated amongst. European methods, in the expectation
that more roots would be rapidly. developed than by vertical planting ; but this is said not to be the
case, and the plan is how rarely adopted. The chief objéction that I see in the plough method is that
the loose covering of sand is hable to blow away and leave the plants bave, with consequently an
excessive percentage of failures. " Spade planting, on the contrary, leads to the plants being placed
ag firmly as possible in the sand. Al things considered, then, in very windy positions spade planting
or dibbling, described lower down, is to be preferred to any other method.

(3.) Germam” Methods of Plamting.

The Cermans, who have reduced marram -grass planting to almost mathematical accuracy,
distinguish between ** bunch planting > and “ line planting.” Bunch planting is divided into * round
bunch > and * flat bunch ™ planting, according ae the plants are inserted bunchéd up together in &
round hole made with a special dibble, or a V-shaped hole made also with & special spade. The number
of plants used per hole varies in different parts of their dunes from three to ten plants, and the holes
vary in distance from about 1 ft. to 14t 7in. The dibble employed for round-bunch planting is about
3 f. long, 31 in. in diameter, shod with iron for a distance of 27 it., has a rounded apex, and is furnished
with a cross-handle about 13 ft. long. The holes for planting are 1-4 it. deep.

Line planting is thus described by Gerhardt : ©* By means of moving the spade not only backwards
and forwards, but also to some extent right and left, the holes will becomie broader than the spade
itself. A spade 16 cm. (6-4in.) broad makes a hole about 20 em. (81in.) broad. On an average six
plants can be apportioned to this breadth. These plants will then stand about 5 cm. {2in.) from one
another. If a space of about 10 cm. (4 in.) is left between each hole—i.c., a distance of about 30 cm.
(121in.) from the centre of one hole to that of another-—the stems and leaves of the plants will so
spread out that a continuous line is formed.  The rows are planted at 1ight angles to the prevailing
wind, against which they offer a greater registance than do plants in holes separated from one another.”
It would be guite easy to plant in lines by the New Zealand plough method (see Photo No. 55).

A still more efficacious method of combating excessive wind, especially when it comes from several
quarters, is that called by Gerhardt “ network planting.” In this method the grass is planted in
squares like & chess-board, the squares srranged at right angles and not obliquely to the prevailing
wind. The squares are 3 m. (6it. 8in.} broad, snd within them a variable number of grass-bunches
are planted. The number of bunches to be planted on the sides of each square, and the number inside,

are varied according to the force of the wind they have to encounter.

(e.) Distance apart of the Bunches.

The distance apart of the bunches in the usual bunch-planting as practised in New Zealand should
differ according to the amount of sand likely to be brought by the wind. If the sand-supply is very
abundant and the plants are set too closely they will grow so vigorously that they will choke one
another out. At a distance of 3 ft. apart the bunches will tonch in two to three years, according to
cireumstances. The foredune-planting at New Brighton is carried on at 1ft. 6 in. apart. Probably
a good distance is 2 6. ;' but, of course, the closer the more expensive, and much more distant planting
has been efficacious on many New Zealaud dunes. The bunches should not be set one behind another,
but alternately in adjacent rows. Rows parallel to the prevailing wind should be avoided, for they lead

to wind-channels:

* (¢.) MANAGEMENT OF MARRAM-AREAS.

It is undoubtedly best if the area is fenced from stock. Still, this procedure is not ahsolutely
neeéssary, and as 1t 8o much increages the expense it may generslly be omitted. In Central Otago
rabbits cat the grass to some extent, and should it be necessary to fence with rabbit-proof netting the
oxpense of planting 18 Tery much increased. Where failures have occurred the blanks should be filled
up later in the season if possible, and, if not, then during the succeeding year. Lack of citention to o

* marram-planting s frequently the cause of s ultimate nON-SUCCESS. Burning the tussocks should never

be permitted. Certainly, they may grow again, unless overwhelmed before the new shoots appear ;
hut, in any case, the shelter they afford--one of the reasons why marram is 8o valuable—is removed,
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Marram is not planied as a foddcr plant.. Dunes cannot be turned wnto pasture through marram alone.
Although stock will feed on it when hungry, the nourishment they get is probably slight. Marram
is planted in the first plase simply and solely to fix the unstable surface ; and to do anything thai can mjure
he grass @5 to budld with one hand and pull down with the other,

(d) COST OF MARRAM-GRARY PLANTING.

Darticulars as o cost are not casy to get. Mr. Jumes Mackenzie in his manuseript report to the
Lands Department cites £1 25, 6d. to £1 10s. per acre as the price in Taranaki; but he says nothing
as to the distance apart of the bunches or the rows. Mr. J. H. Herrold, of Waipipi, Auckland, tells
me he gets his dunes planted by contract by Maori labour, by the plough methed, at 15z, per acre—
the bunches 3 ft. apart, and the rows 6 ft. For spade planting by hand, the bunches 3 ft. apart, he
pays 178, 6d. per acre. Planting at New Brighton, at 14 ft. apart in all directions, césts at the rate
of £8 per acre; but this is day-labour, for avess of a quarter of an acre or less. By contract on a larger
gseale 1t would be done for considerably less, Mr, K. W, Dalrymple informs me that in the Rangitikei
district spade planting, with the plants 3 ft. apart, costs about £1 per acre if “ the area to be planted
is fairly compact, and the plants are handy-—say, within a mile ; if the planta have to be carted much
more the cost would be s little more.” Payment by the weex Mr. Dalrymple considers more satis-
factory than contract-work'; but a reliable man must be in charge. The cost will be, in this case,
£1 per acre. The wages are ahout £1 12s.°6d. and not found, or £1 2s. 6d. to £1 Bs. and found, and
the grass is carted to the greund. Boys and young men only are employed. _

The cost of planting marram-grass upon the wandering dunes of the Kurische Nehrung is,
according to Gerhardt, from about £3 8s. to £4 B8s. per acre, but this includes collecting, delivering,
and planting; but details are no stated as fo methods or eloseness of planting,

e.) ESTABLISHING THE. TREE-LUPIN.

Establishing seedling plants is a method not to be commended. The cheapest and most easy
plan is to sow the seed. T'hds 45 best done by laying branches of lupin wpon the bare sand as soon as
the seed is ripe, or, better, just before it 18 going to be shed. The lupin-branches cover the naked sand
and prevent it moving, the seedlings germinate and grow rapidly, and before a year is past cover the
ground with & cloge growth. Of course, this method can only be applied where tke planter has an
abundance of lupin on his ground. He must, then, make a preliminary plantation by sowing the seed
on some sheltered part of his dunes, so as to have a futnre supply. Simply scattering the seed upon the
ground may also be resorted to, and good results have been gained in this manner; but the wind buries
and unburies the seed, the seedlings have no protection from sand-laden gales, and failure by this plan
is not uncommon. . Y

I can give no particulars as to cost of sowing tree-lupin per acre, but it cannot be great if the
branches are to be got close at hand, and it should in that case be easily the cheapest method of dune-
fixing. But o must not be forgotten that it 4s but o quite temporary method if there be exposure to a drifi.

{f.) SAND-FENCES AND GROUND-QOVERINGS.

(i.) GENERAL,

There are critical points in the dunes where it is extremely difficult to get even marram-grass to
grow. There are also times when it is expedient temporarily to stop a moving dune, or to raise a sand-
ridge. For these purposes obstacles that will break the fores of the wind, or fix or cateh the sand,
are required.

\ To simply fiw the sand Jor a tume, anything that can cover the sand closely and will not blow away will
sufficc. In Europe heather is used for the purpose, as it grows naturally on the dunes. In
New Zealand manuka, or “ tea-tree,” as it is often called, which is frequently abundant on many dune-
areas, ab once suggests itself. Or any of the dune-shrubs whose branches are heavy enough may be
used. Picces of manuka (Leptospermum scoparium), if laid closely upon the sand, will keop it altogether

rom drifting until such time as the twigs and leaves fall off and decay or drifting sand from the
windward covers it.  Broom, gotse, tree-lupin, Clupressus macrocarpa, and Pinus tnsignis, all of which
are frequently available, at once suggest themselves as material for dune-fixing, through laying branches
or portions of branches flat upon the sand. If the pieces are small they may be made to overlap one
another, and a small amount of sand be placed on them to hold them in position.

For gquite small areas nothing is better than covering the surface entively with soil, having first
by some means or another made the surface level:  This method has been for a long time in operation
at New Drighton, clay being used ag the covering material. The whole surface of the town proper,
formerly a badly drifting dune-complex, is now altogether stable, and but for the adjacent unreclaimed
dunes no one could suspect the original character of the ground. The shelter of houses and fences
hag alzo helped in bringing about the above state of affairs. -

Sand-fences are of the following two kinds: (1) Catching-fences, which are designed for holding
the sand and building a dune ; (2) wind-fences, which are used to break the force of the wind and hold
the sand.

7—C. 13.
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(ii.) CATOHING-FENCES.

Catching-fences can be made from the branches of mannka, pine-trees, Clupressus macrocaipa,
or the like. Fairly straight branches arc cut into pieces varying from 2 ft. to 3 f6. in length, according
to requirements. The ends, if necessary, are sharpened, or this may be done by cutting off the piece
obliquely. The side twigs are cut oft roughly. The pieces are thrust into the sand, so that about
1 ft. ig buried, side by side, in a row at right angles to the prevailing wind, and a space is loft between
each equalling its diameter. Much more claborate and espensive gand-fences, constructed of stout
posts, wire, and hrushwood, sometimes 12 ft. or more high, have been occasionally used in New Zealand,
but such great erectionms are quite needless and extremely expensive. Similar fences—just an odd
fence here and there—have been ased on the wandering dune, but are worse than useless, as they merely
get buried and are of no value as shelter-fences (sec Photo No. 68). In Central Otago where no sand
covers the ground it will be necessary to erect post-and-wire fences, but they do not need to be more

than 3 ft. or 4 ft. in height.

(iti.} WIND-FENCES.

Wind-fences are constructed out of similar material to catching-fences, but it must not be so stout.
Any straight pieces of stick will serve, and the stalks of flax (Pkormaum tenax) or toetoe (Arundo
conspicua) might be used. The picces (rods) aze seb at twice the distance of those in the catching-
fence—i.e., at twice the diameter of the rods—or, where the wind is less powerful, at a greater distance
gtill. The height above the ground should be about 1 ft., and about 6 in. beneath. Wind-fences are
arranged in chess-hoard squares (see Photo No. 52), the size of which depends upon the capacity of
the sand to drift, and may vary from 9 f6. to 12 ft. The squares should fie at right angles to the
prevailing wind.

Wind-fences are chiefly used in Furope in afforesting the dunes. They have not been employed
as yet in New Zealand, but there are certain places and conditions where their use might be very
advantageous indeed.

Wind-breaks, but of less efficacy, could be made by thrusting quite short pieces of manuka, &e.,
into the ground in Trows or SQUALSS, of by laying pieces of the same ot other scrub in squares, and
holding them in position with & little sand.  (The above is taken in part from Gerhardt {18).

(.} CHECKING SAND-MOVEMENTS,

(1) PROTECTION-BELTS.

The first need on the sand-areas, a8 already explained, is the protection of the fertile lands against
sand-drifts, wandering dunes, and the frequent combination of both. Railway-lines, roads, and at
times houses, demand similarly rapid protection.

Where the need is very urgent, as when & town is threatened—e.g., in the case of Cromwell, Clentral
Qtago—catching-fences shouwld be erected across the line of sand-movement, so as to hold the sand
hy forming an oven dune-line, which should be planted eventually with marram-grass as already
explained, the bunches being from 1% ft. to 3 ft. apart, according to circumstances. The Cromweil
dunes have not been planted as yeb except in a few scattered patches, and if the sand-supply
is sufficient they will overtop the Varriers and advance towards the town (see Photo No. 53). But
probably this will not be the case, as the sand-supply 1 certainly diminishing, and many areas on the
#at ave now either guite bare or the sand is fixed by the indigenous tussock-grass. For advancing
dunes of that kind tree-lupin is useless. Where a house is threatened, as is the case with such as stand
directly on the dunes, planting a belt of marram & fow yards broad will raise & hill to the windward
of the house, the sand which has accumulated near the house will blow away, and the house will be
socure both from the troublesonie fiying sand, which penetrates every crevice, and the danger of burial.

With regard to the invasion of fertile hollows amongst the dunes themselves, and to farm-lands
just outside the actual dune-areas, the mischief has generally been allowed to inerease to an alarming
extent before any steps have been taken or much thought given to the matter. The drift 1s, i nane
cases oul of ten, the result of some trivial damage by stock, or through burning, which, had it been attended
10 at once, would have cost but ¢ few shillings. The carly planting of all bare sand-patches which occus on
the ancient well-grassed dunes would inean the saving of thousands of pounds by preventing movements
of the sand, which in & much shorter time than is generally supposed would become both very expehsive

and difficult to arrest. Above all things, it must be urged on the farmer to permit no bare patch of
gand on his fertile land to remain untreated. These small bare patches may be covered with scrub,
in which case, probably without any further cave, the grass will return of its own accord. Or, to
make sure, some grassseed may be sown upon the patch and the sand then covered with scrub.
Should the patch be larger it should be planted closely with marram-grass, with tree-lupin or annual
lupin, as the case may require, and if it is likely to be damaged by gtock a light barbed-wire fence
ghould be put round 1. Some farmers, very wisely indeed, attend to trivial sand-wounds at present,
but the majority look wpon these wounds a8 such a very small matter that they do nothing at all.
The sand-advance is of a twofold character. It may come slowly—a few yards or so yearly—
as the lee face of a high wandering dune, or the advancing sand may be quite shallow and have blown
for a long distance during some specially heavy gale. In order to make the work permanent it is NeoesSary
1o plant the whole of the bare sand (see Photo No. 62). This may seem. s0 Jazge an order that the sand-
‘owner might well shrink from undertaking it all at once, and not wrongly consider the cure worse than
the digease. Therefore he must have recourse to protection-belts—by which T mean comparatively
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na row bands of marram at the junction of the advancing sand and the invaded ground. It must
not be forgotten that even where such belts grow and form a grags-covered ridge or yeries of vidges
theve will be & most abundant sand-supply from the naked sand o the windward ; in faut, a protec-
tion-belt of this kind is in a better position for a large sand-supply than is even the foredune, Therefore
there is no absolute safety until the whole of the sand to the windward is planted.

Planting, then, properly speaking, shonld commence at the source of the sand-supply. ‘Where
the latter is the shore an artificial foredune should be raised if the natural one is not sufficient, bub
where there is no communication with the shore, and where the area o be treated yields its own sand-
supply, planting for permanency should begin at its windward boundary.

""" A protection-belt, however, may 8erve for many years, and It can always be repaired when
damaged. Gouerally in New Zealand they are made too narrow, for the sake of choapness. Experience
wJone will tell the best width under different circumstances of wind, rainfall, and woight of sand-grains.
Tossibly u chain might suffice in many cases. The aren covered could be made much greater by the
addition of tree-lupin, without adding much to the expense. In this case a dune at right angles to the
wind should be formed by planting a belt of marram-grass, say, 12 yards wide ; another such belt, but
narrower, could be planted several chains to the lee of the last one, and other belts similarly. Between
thesc Delts tree-lupin could be sown by laying the seed-bearing hranches upon the gand, as already
directed. Possibly in many cases there would be no need for the secondary belts of marram-grass.

Where a wandering dune is slowly covering fertile land there is generally a considerable amount
of sand at its base just beneath the dune-fall. ‘This and the stecp dunc-fall (lee face) can be
vasily planted by spade. Planting the lee face is not alone sufficient, but the work must be extended
beyond the ridge for a chain or more on the windward slope of the dune.’.In Germany, exceph very
vecasionally, wandering dunes are not planted with marram-grass, but ave covered with a network of
wind-fences, trees being planted in the squares {see Photo No. 51). '

(ii.) Tas FOREDUNE.
(a.) Genmeral.

The shore being the source of all the coastal sand, and a perpetual supply being brought daily
by the sca, it is plain that in any comprehensive scheme dealing with the whole of a dune-area, such
as would be the case if afforestation of a portion of the dunes were to be attempted by the Government,
the sand blowing from the dry foreshore must be arvested and held. This is done at the present time
to some extent by the existing first line of dunes, called in this report the ** foredune.” Further, where
towns are built on the dunes, or have such in their vicinity that can damage public reserves, or where
there are harbours or navigable water Lizble to be choked by drifting sand, attention o the foredune
is imperative. On the other hand, generally speaking, such work is not the affair of a private indi-
vidual. .

In some parts the foredume is all that can be desired (see Photo No. 13), in other places it is badly
in need of repair, while in others again it is wanting, or, if present, too far from the loose sand of the
soreshore. It is therefore necessary in many cases to construet an artificial foredune. The position
of this dune must be on the upper shore at some glight distance beyond the reach of the highest tide,
The line of the dune must not conform to every indentation of the present dune-line, but must conform
to the shore-line as a whole, and be as little arched as possible. Certain parts of the artificial foredune
of Gascony extend for mniles in a virtually straight line, The summit of the foredune must be as evew
as possible ; there must be no mounds and depressions, and still less peaks rising above the general
even level. A well-constructed foredune should possess a wide bage, a low summit, and flat outer and
inner slopes.  Its function is to fix the unstable sand of the upper shote, to resist the action of the
waves, to prevent saud passing inland, and to shelter the planting in its lec. As it is subject to a
constant sand-drift, it is cvident that it can Ye fixed only by sand-binding plants.

(B.). Method of: Construction. S

The most approved method of building a foredune is to erect u catching-fenve such as lveady
degeribed, 2% f6. in height, along the line the dune is to follow, and at a distance of 8. 8in. behind
this to erect an exactly similar fence. In time, according to the sand-supply and the number of windy
days, the sand will reach the top of the fences (see Photo No. 50), since they are sufficiently open to
permit the wind o pass through, but, its velocity being decreased; the gand is drépped within and on
both sides. A second pair of fences similar to the first are now fixed I the new dune a little
%o the seawsrd side of the first, and when they are buried the planting of marram-grass will take place.
Such planting is done in Germany in squares 2 m. (6 ft. 8in.) broad on the outer side, and on the inner
gide and crown in rows which are best at right angles to-the direction of the dune. The grass, catching
the sand; gives a fairly permatent shape to the dune, with & long-gentle slope to the windward and a
steep slope on the lee.  (See Gerhardt, 18, pp. 368400, - - A

The natural foredune can be made to serve in some cisvs. 1f so, the hills rising above the general

" Jevel must be lowered by removing any vegetation and allowing the summit to blow away. Hollows

must be filled up by the employment of short catching-fenees.

According to A. 8. Hitcheook (27), who visited many of the dunc-areas of Europe on behalf of the
Government of the United States, a foredune is not made either in Hollund or in Penmark, The
British Vice-Consul at Flushing, however, writes thus: “The coastal dunes form the main protection
of the whole sca-voast ; the coast-line is receding, and during heavy storms it very often happens that
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the waves undermine the steep cliff-like slope and cause sand-slips, so that the front of the dunes is
washed away. The barven sand-slopes ere planted as soon ag possible vith sea marram-grass (dmmo-
phile arenaria). The main object of all sand-binding work is, in consequence, to keep the sca-front
of the dunes (° zecreep * it is celled) as much intact ag possible, and to protect the beach against the
sometimes heavy surf a great number of piers are made perpendicular on the coast-line.” In France
and Germany the establishment of a foredune is considered the very root of dune-improvement.

»
-

(v.) Artificial Foredumes in New Zealond.

Artificial foredunes have been formed in certain parts of the New Zealand coast—e.g., at New Brighton,
where, though not so exactly proportioned a structure as those of Europe, it has done excellent service
for more than ten years. Formerly one of the chief duties of the Town Council was to remove the sand
from the front of the garden-fences and the strects, This is s0 no longer, nor does any sand from he
shore invade the private Properties to the lee of the barrier. This dune hag been formed in part, by
merely planting bunches of marram upon the sloping upper shore, and in part by raising a dune in
the first instance by laying boughs of tree-lupin on the shore 3 £, to 4 &, in depth ; on these the sand
rapidly accumulated, and was then planted with marram-grass. It is hard to tell at the present time
the method of formation of any special part of this foredune from its appearance. It hag been the
haunt of hundreds of bathers yearly, and notwithstanding this it keeps its form remarkahly well, The
lee side is not planted. One objection to simply planting the marram on the shore is the slowness
with which the dune is built, and the consequent loss of its protection for several years, so that tree-
planting in ita rear is delayed. A secondary result of the New Brighton dune appears to have been
an actual raising of the foreshore, '

The foredune at Qcean Beach, constriicted ander the direction of Mr. Hancock, Chairman of the
Domain Board,-was first built by using a catching-fence made of a wire fence intorwoven with manulea-
scrub.  This caught the sand, on which marram wuas finally planted. This foredune has been
& conspicuous success (see Photo No, 47 ).

(k) PRESERVING DUNBE-ARBAS AS FARM-LANDS.
(i) GevErarL, 7

Were it not that within the dune-aress many ancient sand-plains clothed with excellont grasses
exigh, and that there are alsg woll-grassed cliff-duncs and aneient gandhills far from the sea, I, for one,
should vever dream of advocating forming on the dunes. But the farms are there already. Even the
dune-complex, barren as most of it ig, is used for grazing-runs, some of which are private property.
It must not be forgotten that in the early days of settlement these dune-sreas contained an abundance
of feed, and sesmed stable enough. Their plant covering, too, was atbogether the work of nature.
Now, what nature has accomplished, man should be able to do again, and-that more quickly. Thers
i, however, this material difference : Nature performed the work in the absence of grazing-animals and
burning, but the farmer wishes to carry on his work in the presence of these two destructive agencies. This,
if not altogether a vain hope, renders the task vastly mare difficult than if stock were absent, since
it was stock, together with fire, that sct most of the hills moving. Turning stock again on to dunes
which are artificially fixed and lack the covering of & humus soil that nature gave, may very probably
undo the good which has acerued from this artificial fixing, Turning sandhills fngo Pasture is certainly
a very risky procedure, which I do not think is even hinted at by any foreign writers on dune.
reclamation. Nevertheless, T believe, under certain circumstances regressing a dune mav be legiti-
mate practice.

{ii.) Burning,

Whatever may be said in favour of turning stock lovse over regrassed or primitive dunes, nothing
cau defend the too common practice of burning. Leaving the moist hollows gui of the question, there
is no plant elsewhere that is not Playing a useful part, unless it be one which, having built a mound,
18 inviting wind erosion. But fire cannot discriminate between the good and the bad.” In dry weather
it will sweep over a wide area, laying the sand bare and exposing it suddenly to the action of the wind.
The indigenous sand-binding plants, the shrubs which have gained a footing after many diffcilties,
all are swept away, and for nothing ! The mistaken idea is that they are agriculturally worthless,
taling up the place of grasses. The farmer is always expecting he will get some valuable fodder
plant that will grow on the -unstable dunes —a hope that is biologically impossible, for it is
just the qualities that make plants snitable to the sand that make them unsuitable for fodder plants.
The only ground that can grow nutritious grasses, &c., are the moist hollows and perhaps the ancient
duves. To attempt clothing the exposed hills in the dune-complex with a carpet of grasses fig for
stock is to court disaster. All that can be done in that part of the dunes is to fix the hills so that they
will not advanes on the moist hollows. Where fire is suggested for eliminating something worthless
in the plant covering, such as bracken-fern, then recourse should be had tather to overstocking. This
Is not good either, becauso it may lead to blow-outs ; but, at any rate, it does not destroy the humus
portion of the soil.

(iil) TREATMENT oF THE DUNE-COMPLEY.

. Theoretically, in order to fix the dune-complex with its hills and hollows, the tops of the Lills
should be denuded of plants, so that they could blow away and help to biiug about a fairdy level surlace,
where there should be no contiguous hills and no consequent wind-channels,  But the dune-complex
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No. 59. TREES CROWING 0N SAND AT Ociaw BeacH. DPicea Douglesii 1n CeNTRE.
[Photo L. Cockayne.

i
No. 80. Youne Iinus insignis pranten 8¥ Mz. TANNOCH AMONGST MARRAM-GRASS, OomaN BEicu.
[Phote L. Cockayne.

N l T'o face puge 58.]
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No. 61. Calystegia soldanclla. DUNE PERSISTING NOTWITHSIANDING STRONG SAND-
MOVEMENT.

[Photo L. Cockuyne.

No. 82. SucceEssFuL PLANTING OF MARBRAM-GRASS BY MR. McKeovie. Duwnes Near MouTH
OF THE ILANGITIKEL
[Photo L. Cocluyne.
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is frequently faitly stable under existing circumstances, and has been so for dozens of years, and there
are shrub danes virtually stable ; so it seems to me that, theory notwithstanding, a much greater sta-
bility still could be brought about by judicious planting (see Photo No. 66). Nor is the method here
suggested very different from that of Holland and Denmark, where hills and hollows are planted, and
whore the summits of the hills are let alone. The unstable and semi-stable hills themselves are of no
value for grassing operations ; it is the sand-hollows and sand-plains which alone serve in that regard.
These will require protection from the drifting sand ; their protection is the first demand. To bring
this about, the hollows near the bases of the hills should be planted with marram-grass. The hill-tops
must be let alone (see Photo No. 57).  Only the hills which are discharging sand info the hollows
ghould be planted in the first place; and in cases of that kind, where the drift is bad or where there is a
semi-wandering dune, & fair breadth of maram must be planted in the adjacent hollow. Tree-tupin
might be used in conjunction with marram-grass in many places, as already described ; but, of course,
@ protection-belt of marram must be arranged on the windward side of the tree-lupin.  In difficult places
the marcam is far more likely to grow evenly if planted in squares, as already directed, with a few
plants in the inside of tho square. Belts of trees would be invaluable ; but they would have to be in
the lee of the marram protection-betts. The question of the kinds of trees, &c., is dealt with further
on under another head. Planting hills and hollows with marrara and tree-lupin has succeeded admirably
at Ocean Beach, Dunedin ; but, it must be remembered, the conditions there are not severe. Photos
Nos. 55 and 56 also show how marram-grass will grow even when planted in a wind-channel and on
steep slopes exposed to violent winds, but 16 must not be forgotten that such planting is nnorthedox.

. (iv.) GrASSING OPERATTONS.
{a.) General.

At the first thought it might be considered that the formation of pusture should be the ultimate
aim of dune-fixation. This, even now, is the opinion of some who have given no thought as to the
methods by which pasture is established, or the relationship of a barren, dry, unstable, hurmus-free
soil to & plant covering, Needless, thus far in this report, to forther explain that such an idea is both
erroncous oud dongérous in neaxly every phase of sand-reclamation, Moving masses of sand must be
regarded not as potential pasture-lands, but as serious and immediate menaces to the valuable form-lands
adjacent. Were this not so, the dunes of this Dominion, extensive though they are, could well be left
in abeyance until such time as an incressed population, coupled with & scaxcity of land, rendered their
utilization imperative.

But, apart from the worst sand, there are various parts of most dune-lands that will grow grass
permanently, provided they can be kept. or made stable or protected from being overwhelmed. Sand-
plains, dunc-hollows, ancient dunes which have reverted to moving sand, and wounds in fixed pasture-
ulad dunes st once suggest themselves as stations for grassing and regrassing operations. - -

Unfortunately, vory little can be learnt from other lands, where using dunes for farming is not
generally recognized ; while in New Zealand, except in some cases to be dealt with, nothing has been
done, and fire has been usually the sole method of reclaiming & dune-hollow. 'Therefore the motheds
advocated further on must be looked upon in some cases rather.as experimental than as definite direc-
tious how to gain the object desived. As I attempt to show at the conclusion of this report, experiment
is urgently demanded so for as details a5 to sand-reclamation go wn New Zealand,

(R.) Pasturc and i's Relation to Drifting Sand.

In deuling with the formation of sand-pastures, the factors invelved and the objects to be aimed
at ure altogether different from those where afforestation is concerned. In this latter the whole object
is to keep the sand in check until the trees are well estublished, at which time, if close enough, they
will form a perfect shelter to the easily blown sand. In this case wind, the sole cause of the drifting
sund, is completely climinased so far as the soil-surface is concérned, and of that no movement can
take place. The wind, of course, may have a very prejudicial effect on the subsequent growth of the
trecs, but that is quite another matter. ‘With a sand-pasture the condition of affaivs is quite different,
for the wind blowing over the surface will always be a factor of prime smportance in opposing the forms-
tion of o thick tuxf; and in permarent pastures, wntil a thick turf is formed, the danger of the sand drifiing
will be ever presend. ' '

The cohesion of dry sand-particles, as already pointed out, is exceedingly feeble, otherwise the sand
would not move neaxly so readily. Therefore the great object to be atémined in aliempiing the grassing of
sand-areas i3 Lo ncrease the cohesion of the upper layer of sand, so that its power for registing wind move-
ment will be correspondingly increased. “The best method of getting this mncrease is by increasing
the humus-content. Dune-sand is notoriously deficient in humus. Were it possible all at once to
yemedy this deficiency in some cheap manner, the fask of forming pasture on sand would be immensely
reduced. In closely settled districts where farming is carried out on sandy soils this increasing the
humus-content is always given special prominence to, either by using large quantities of stable manure
or by the frequent employment of cover-crops for the purpose of green-manuring. This system will
probably come into operation in New Zoaland, when, with the increase of population, special crops,
auch as certain vegetables, will be laxgely grown on our st present sandy wastes. This is indeed the
case near Foxton, Wellington, at the present time, and at New Brighton, Canterbury. Generally,
Lowever, stable manure must be ruled out of the question in pasture-making, and the humus-content
will Tiave to be supplied by the plants that are sown. In the carlicr slages of pusture-making on sund
special alicnbion must be givew 10 using those plunts that are likely lo thrive and produce the maximum
amount of humus, Their value as [eed will be « point of menor consider ation.
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When once the humus-layer is sufficiently developed—i.e., whon o layer of black sand not easily
moved by the wind is formed—the best methods of inerensing the feeding-value of the pasture will
bave to be considered. Ewven if a good sward 1s finally developed, a very little bad management is
liable to eause the destruction of the pasture, for it must be remembered that the wind facior will be
ever present ready to atback a wealk spot and to undo in o few hours what it may have taken years to
aecomplish.

The milestones on the journey towards pasture-completion stand out clearly enough, but to success-
fully pass them is another matter. The first 1s the stopping of sand sweeping over its surface within
and without the ares te be grassed ; the second is the increasing of the humus and the formation of
Dlack sand-lajyer; while the third is the use of those pasture plants that can best resist the action of
the wind and form a thick and permanent turf ; finally comes the mending and regrassing of any breuks
that may oceur in the continuity of the sward.

The farmer may probably execlaim at this point, “ I don’t want to kmow anything of all this; I
went a mixture that T can sow upon my sand, and which in a season or two will produce a good sward.”
Such a demand, with the plants available in the world at the present time, it i impossible to mect. A
desert cannot, without an unremunerative expenditure, be turned ofthand mnto a grazing-ground, but
a certain succession of plant associations may be developed by degrees, whick might finally culminate
in a permanent and fairly stable pasture. The botanical part of this report has shown how nature has
acted in this regard. The former must follow the principles whick noture has clearly laid down.

(y.} Grasses, Clovers, and other Fodder Plomts for Sund-pastures.

{a.) GENERAL.

The following account of grasses and clovers for dune-planting deals only with those which arc
to be used when the main drifts have been stopped by sand-binders, &c., as already explained. Leav-
ing the vonsideration of badly drifting sands out of the question, it is hoped that the information here
supplied may be of value for those dealing with sandy soil, especially for those having the better-class
farms in the dune-areas.

(b.) Tue A¥NUAL LUPINS, AND THEIR EMPLOYMENT.

The annual lupins are not to be confounded with the tree-lupin {Zupinus wrboreus), invariably
gpoken of as “ Iupin ” in New Zealand dune-reclamation. The term * lupin * is, in fact, generic in its
use, and applied to the 170 or so species found in temperate America, Asia, and Europe, and occa-
sionally on tropical mountains.

The annual lupins—yellow lupin (Lupinus hiteus), blue lupin (L. angustifolsus), white lupin (L. albus),
all natives of the Mediterranean region—will probably prove of considerable value in the attempt to
form pasture on sand. They will be utilized chiefly in the early stages of the work. Their main
function will be to completely cover the ground on which they are sewn, and so stop all sand-move-
ment. They will be of no use to arrest rapidly drifting areas, as they are not sand-binders ; but where
any threstening drifts have heen stopped by these latter, and where there is danger of local drifts
gtarting (as in Photo No. 58), they can be employed as a temporary covering, to be replaced later
on by gragses. In afforestation-work the annual lupins will also be of value as true nurses—i.e., as
the trees grow, the luping will be wiped out, but not before they have discharged the dual functions
of nurses and drift-preventers. Also, they will have greatly enriched the soil by forming a layer of
humus, and increasing the nitrogen-content. Finally, during summer they will act as a fire-breal.

Annual luping will also be of moment in dealing with sandy fields and sand-plains which are not
too moist in winter, es ¢ crop io be ploughed in and so increase the humus-content and prepare the
soil where required for certain annual crops, such as oats and rape. After the crop is taken off annual
lupin can be again grown, and either fed off or ploughed in so as to benefit any succeeding crop.
Anmual lupin, as shown further on, will play an important part in repairing sand-breaks that occur
in permanent pasture through the effects of grazing animals or fires.

As fodder plants the annual lupins are not first-class, although they contain a larger amount of
digestible albuminoids than any other crop ; but their herbage, owing to the presence of an alkaloid,
is rather bitter, and so not palatable to catile and horses. Sheep, however, soon get over their dis-
tagte and will feed well upon is.

Again, under certain little-known conditions the green leaves, and also the hay made from annual
lupins, may contein a potsonous principle, known as lupinotoxine, and in such case are a dangerous
feed. Experiments in this regard will have to be undertaken ; and if in certain localities this poisonous
property is developed, annual lupins should not be allowed to be grazed on. They will, however, be
still valuable as sand-fixers and humus-producers. "Where poisonous and used for the above, cattle
alone will have to be grazed in their vicinity, and changed from time to time. They will not eat the
lupin if there is anything else to be procured. Probaby, however, little danger is to be anticipated
from lupin poisoning, ‘

The yellow lupin (L. fufeus) is the species most commonly cultivated as & field crop, It is an
annual with yellow flowers and ercot heiry stem 1ft. to 3 ft. tall. 'The seeds are about the size of
those of the field-pea, kidney-shaped, whitish in colour and flecked with black spots and small strealks.
Sowing may be broadcast or by drill. Probably about a bushel per acre would suffice.

' The blue lupin (L. angustifolius) is taller than the yellow, more woody, and hence not so suitable
for fodder. The seeds are rough, and about the size of & small bean-geed.

The white lupin (L. elbus) will prohably be the most valuable of all the lupins for sand-culture.
Seed does not ripen in England, und so is difficult to procure. In Portugal, under the name “ pramoso,”
it is used to suppress sorral.
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The price of annual-lupin seed varies from season to season, but is generally about 183 per bushe]
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mixture of Yorkshire fog and other humus-formers. In o P N e
' 4 : T ] . sand-pasture-making th i g
JS bj)trhprpdumng & succession of distinet plant coverings, cu]nll)ina.ting in da%.lthoenil.f?g]t?}?i PI(;?}.(S:Edg;e
anthonia-seed is generally about 11d. to 1s. 1d. per pound. D, pilosa is dearer, ag ’there E.Ie fewer

seeds to the pound. e . .
D. pilosn 500’(1;00- The numbers are, approximately, D. sendonnularis 950,000 per pound, and

Rarsratn (Sporobolys undicus).—This iz another i
. ) ‘ i ; grass with a bad name which
Ea;;u?:ij 1gr;1150éta.;1t cortllmt_l;]ent of pasture. In fact, where the wind is not Eoc; (:tlrzlrlleg Wg;ii:iﬁfé
¢ lormed without any preliminary. The leaves s 'y hay )
teeth of grazing animals; but this will alwa cur i e, owing ot ot WAy he
t ! ; AYS OCoUr 1n sand-pastures, owing to th i
getting taken up with the food, so the above is not really a serious objection. gThe pﬁZegﬁ?liﬁeojezgﬁg

about 1s. 3d. . i
ordimry sa.mpllé.:.r pound. The seed is very small. Shelled seed and unhusked are about equal in
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Ricr-arass (Miorolaena stipoides).—Thie indigenous grass will be used much as donthonia. Tt
will be specially valuable where the rainfall is highest. The seed is about ls. 3d. per pound.

Meapow-arasses (Species of Poa).—Poa pratensis is extremely valuable for fixed dunes as a final
component of the turf in conjunction with danthonia, &c. The seed is gaid to germinate badly, but
this opinion may arise from the primitive methods used to test this grass in New Zealand. Be. this
as it may, a good deal of seed is sown annually, and where used this grass soon becomes &
most important constituent of any pasture. The seed costs about 8d. per pound, and the number of
seeds render this grass one of the cheapest, provided o fair percentage germinates. Poa pratensig forms
s thick and close turf, but it does not mix well with other grasses, but occurs in patches. Canadian
blue-grass (Poa compressa), the seed of which can be imported, might be valuable. It is plentiful
already in northern New Zealand, where it is confused with P. pratensis. Texas blue-grass
(P. arachnifera) should also be tried. o '

Coucm-crass (dgropgron repens).—Weed though this may be on ordinary farm-lands, it is far
from being e on a sand-area. - Its far-creeping and powerful stems, which ramify to a great depth
benesath the surface of the ground, are just what are wanted in a loose soil the play of every passing
breeze. As & grags it yields a large amount of nutritious herbage. White clover grows with it
very well indeed—in fact, according t6 observations made.in my garden at New Brighton, it seemed
that in sandy soil white clover would gradually replacé the: conch-grass. Tts use is specially suggested
for the more difficult sand, and especially for areas within the dune-complex itgelf. ©

© (d.) CLovERs .OR CLoVER-LIKE PrLaNTs,

SaxD-cLovER (Anthyllis sulneraria).—A variety of this grows naturally on the dunés of northern
Europe. It'is a deeply-rooting perennial, and would probably be & very useful pasture plant. Its
nutritive properties approach those of red clover. S _ '

BEaveriatw Quover (Trifolivm alezandripum).—This, the famous ‘Berdin clover of Egypt, where
it gives threé green cfops in the season, each 2 ft. tall, would probably be'a-good clover for sand-hollows
in the north that are fairly moist. It is not so likely to be eaten out as red clover. - On the pure sand
it would be useless. ‘ o ' ‘ : e

SucrLING:CLOVER {Trifolium, dubium).—This should be included in all mixtures for sand-pastures.
It is an annual, but reproduces itself regularly from seed. The seed is cheap—about 4d. per pound—
and is a by-product in the cleaning of white clover (7' repens). One of the great advantages of the
yellow suckling is that it grows well with other grasses, and will fill up the bare patches where grasses
are apt to grow too tafted. -

Wurre Crover (Trifolium repens).—This is one of the most important fodder plants for dune-
culture. It thrives best on sand-plains and sheltered hollows. It is also amongst. the first plants to

appear spontaneously amongst marram-grass. On the exposed stable hills it is probably little better.

than the yellow suckling. The seed costs from 10d. to over ls. per pound: It need not be too well
dressed ; its chief impurities other than sorrel and yellow suckling are not likely to spread on sandy
land, Californian thistle (Cnicus arvensis) is, however, occasionally found. ’

Burr-cLovER (Medicago dentieulata).—This plant has, as I am well aware, the reputation of being
valueloss ; in fact, it is also considered dangerous, as its hooked burr-like seed-pods become entangled
in wool. Nevertheless, M. denticulato is an important fodder plant in Argentina and Chile, where
there are extensive aress of sand. There cattle and sheep thrive upon it ; but 1t requires yearly sowing
to keep established. It has prostrate brarches which enable it to extend over & congiderable arca.
_ Overstocking is-fatal to its spreading, as it does not then produce sufficient seed. The seed is not often
met, with commeteially, but it may be bought as “ Buenos Ayres lucérne.” The allied spotted burr-
dlover (Medicago maculaia) js never eaten by stock, so it is valueless, although- producing a large
quantity of herbage, but it would be useful for green-manuring in orchards growing on sandy soil.
Tt also grows in autumn and winter just when clover-crops are required for an orchard. "Both these
medicks might be useful on the sides of sandy roads, and here too thé useless melilots—M elilotus offi-
einalis, M. arvensis, and M. albus—might play a part.*

Birpsroor-TRuFor. (Lotus cornioulatus).—This- might be valuable for stable -'p_a,st.ures on dry
slopes. The seed is dear, often 2s. to 2s. 6d. per pound. It frequently contains a good deal of

L. uliginosus (the *“ L. major™ of Auckland farmers), but this latter is of no value for sand-culture,

ynless near lakes or swamps. L. anguslissimus may also be used..
STRAWBERRY-CLOVEE (Trifolium fragiferum)—Tlis might be used in the hollows where the sali-
meadow species decur. " T ) - T

“_1{8) The Type of Seed o be souwn.

In ordinary farming it is éood policy to sow only the highest-grade, well-cleaned seed, bub on the
dunes the cleanness of the sample is not nearly of so much account as its capacity for germination.
The weed impurities are in all probability such as will not thrive on sand, while others—e.g., sorrel
—will be & positive good. To give one instance, the following impurities will probably be present

= The King Island melilot (Melilotus parvifiora), g0 much advertised as a dune fodder-plant, is, according to
Ewart (134, p. 28), “ perhaps of some use as a humus-former on poor soils and for green manuring, is nob a good
grazing-plant, and is an unmitigated weed on good land.” !
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No. 63. Baxpy Pomnr. Sovrce oF Tarras DriFT.
[Photo L. Cockayne.

ks

No. #4. (Jurny wire SreEaM T BOTTOM, BLOCKED PY SAND, AND SMALL LAKE FORMED BY
RIVER ALSO GETTING FILLED. Refr PoiNT, NORTIH-WEST AUCKLAND.
[Phote L. Cockayne.
To face page 56.]
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No. 65, MARRAM-GRASS GETTTNG NATUBALLY REPTACED By YORKSHIRE Foo (Holcus

fenatus), Erc.

No. 66. Moving Saxn or CLIFF-DUNE HELD BY MARRAM-GRASS VrEICH HAD BEEN PUT IN

ry Prougn,

Dunes BovrH oF MANURAU HARROUR.

[Phato L. Cockoyne.

Dones Sourn or Marugar HARBOUR.
[Photo L. Cockayne.
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in white-clover seed imperfectly cleaned : sorrel, chickweed, Anthemis Cotula, 4 athemis arvensis, fathen,
Silene sps., suckling-clover, alsike, Spergula arvensis, and Plantago laneeolwtn,  Noue of the above will
be harmfnl, and several will he of valus,

{c.) The Grassing,
{a.) GENERAL.

The areas to be grassed will vary greatly in their adaptability for such treatment, according to their
position within the dune-area and to their drifting capacity. Where the drifting is excessive marram-
grass must be the primary covering, or a shelter-belt of this to the windward and then tree-lupin o
annual lupins, according to the rate of movement, these latter ouly being suitable where the movement
is comparatively slight. In any case, after sowing the annual-lupin seeds the ground must be covered
with brushwood.  TFree-lupin should be sown as already directed (see p. 49}

{b.) Guassive arren MauraM (sce Photo No. 65).

Grassing after marram depends upon the principle that this grazs dies out by degrees when the
sand-supply stops, and that its dead parts add a good deal of vegetable matter to the sand. The death
of the individual plants oceurs at different times, so that, although the bare patches will increase yearly,
there will for a time be plenty of plants remaining to break the force of the wind.

The dunes most suitable for regrassing in this manner are the cliffi-dunes or aneient stable sandhills
which have been set in motion by stock, &c., and receive no sand-supply except what romes from the
bare patch itself.- Buch an area of moving sand leaves the ground quite bare to the windward, and
may advance forward either as a rapid drift over the pasture-land in front or move slowly on to this
latter as a sandfall, Tn any case the whole of the moving sand should be covered with MATTAM-2Tass,
Planting should coramence at the windward Limit, but of course, if needful, a profection-belt may be
first of all planted at the landward margin. Probably the work of planting the marram may ocenpy
more than one season. ‘ -

When the ground is quite covered, even with one-year-old plants, or less, the force of the wind
will be so greatly reduced that, except during gales, there will be little motion of the sand. Very
soon other plants will spontaneously make their appearance. Amongst the first-comers there will
very likely be the following : Yorkshire fog (Holeus lanatus), sowthistle (Sonchus asper), catsear (Hypo-
choeris radicata), and haresfoot-trefoil (Trifolivm arvense). The indigenous wood-sorrel (Ozalfs co:-
niculaia), bracken-fern (Pteridium esculentun), and the indigenous Muehlenbeckia complers will aAppear
eatly on, the two latter having probably arisen from plants buried by the drife.

As soon as the marram commences to die out sowing may commence. The principle advocated
is to encourage the formation of humus in the first place, using for this purpose humus-forming
grasses, &o., especially Yorkshire fog and clovers, while later on these are to be gradually replaced by
the shorter and more compact turf-formers—e.g., species of Dantkonis, Poa, &. The dying marram
itself will do & great deal towards the formation of humus., Annual lupin can be used at gquite an early
stage. Seed-mixture E (see further on) may be sown in the autwmn when there is a fair amount of
bare ground, and further sowings can be made from time to time. Should a repetition of the drift
he feared, ratstail could be freely used in the north, aud in the south conch-grass (Agropyron repen.)
together with white clover, these two going vell together for a time, a8 already explained. Should
any symptoms of drifting occur while the grassing is in progress, if slight it may be checked by laying
scrub on the ground, sowing annual or'tree Iupii, &c., but perhaps tle safost plan would be to plant
marram as quickly as climatic conditions arll?w. 1

(¢.) TREATMENT OF SURFACE-WOUNDS, BLOW-OUTS, ETC.

It has already been emphasized how important it is to attend at once to any bare sand-patches
that may arise on a woll-grassed hillside. If the wound be very trivial--i.e., a few aquare yards or so
in ares—covering with a little brushwood may be all that is required, the natural pasture plants
returning of their own accord. Or, to male certain of a cure, some Yorkshire fog, ratstail-grass, finger-
grass (Panicum sanguinale), or yellow suckling may be sown. Should the damage be greater throu_gh
longer neglect, and the trampling of eatile have brought up the pure sand, so that the more cohesive
luyer of black sand is buried, then the wind can cxercise its power. The sand will drift beyond the
edges of the wound, killing out the grass as this is covered. There is an abundant sand-supply, the
the hill is burrowed into and falls in, the supply of easily blown sand gets greater and greater, and, if
neglected, we have here a wandering dune in {he making.

Tn o case like the above, if the wind is not excessive and the drift comparatively slow, sow annnal
lupin, covering the ground completely with.scrub, which had better extend beyond the bare patch,
Should the wind be more powerful, then use tree-lupin, sowing it by laying its own branches on the
ground, if at the season the seed is vipe. . To malce still more sure, a shelter-belt of marram to the wind-
ward of the lupin will be required. When the blow-out is very extensive and in the track of the full
sea wind, then the whole surface may need planting with marrara. Many at the present time use
marram for even the most trivial wdunds, but this comparatively expensive treatment is in such cases
quite unnecessary. ‘ . ‘

As the annual lupins are eaten off, the ground may be sown with a grass-mixture in the autumn.
Should the sowing turn oub a failure—and this will be known in the spring-—the ground may be again
sown with annual lupin, and another attempt made at regrassing in the autumn.

Where tree-lupin hag Deen used the procession of events will be slower, and several years will have
clapsed before patches of bare ground appear amongst the tree-lupin. Heve prairie-grasg may be

8.—C. 13,

A Al



view they shoyld he

C.—13. o8
sown.  This will attract
make space for grasg
from the decay of 4

the cattle, which, in e
-8%ed mixture on the surface

he lupin leaves ang stems,
Sowing MArram-patches has been already dealt with, and the Proce
be large or small,

encing in some cages may e necessary, in which quite 4 light temporary fence of he
ghonld be used,

88r quest of the grags, wiil break d
» NOW temporarily held by the ace

(1.} TREATMENT op SAND-rLAING AwD Homn
(1) Qeneral,

Sand-plaing and hollows amongst the stable and semi-stable hills are re
areas for grassing operations, i

Generally they are Jofs quite in their wild con
have been overstocked and ravaged hy fire for Years. Sand-plaj
coheaive sind, and theip water-content ig abundan
genoug plant covering gi

VO8 some clue to the tres
dominate (see batanical section) varigus foreign salt

OWS,

-meadow or even salt-swamp fod
h are strawberry-clover (Trifolium fmgz'femm)
Leersia oryzor s, Glyceria fluitans i .

cage, and 8andy hollo

TRAITAM-ZTass, 4 quite mistalkan and uselags Pproceeding,

(2.) Treatment of Sandy Pielis,

The treatmont, of sandy fields near homesteads is 5 matter of special Importance, Of course,

the first requisite is 4o Protect them from sand-encroachment by planting Protection-helty if necessary,
Belts of trees op the windward side would also b , willows, poplars, and alders being
suitable trees for the Purpose (see section on tree-planting and list of useful plants).

. These sandy fields oy, be put to 2 variety of uses, The object need not of necessity be permanent
pasture, but a Totation of crops. Anngal Iupin may be Ploughed in, followed by a erop of Pprairie-
grass (Brommus untoloides), fad lightly i i the following yeap, The sced-
stalks should be cut, g hj - Follow this with g erop of
rape, or, where the ground ia fairly stable i

ad excellent resyltg in a wet year by growing Potatoes on a high sandhil)
phosphate. Potatoeg ate objecti i

&y or vetches. Feed off lightly, and 4um
upin again if 4 Age been found thas the sheep thrive on i A root-crop, such ag
mangels, can then he grown if there ig

8 supply of stable manyre that can be 8pread over the field hefore
18-grass can agein follow, or the field can be Jaid i
years and then a crop of oats taken off.

WCrops for green manwy ¢,

for wintering dairy COWS, a mixture of Phalyris bulbosa and Pprairie-grags

might often be found most ugefy! in the spring, and another crop substituted,
i f course, be turned into horse-paddaclks, in which case the object

ving Poa pratensis and white clover as the

ition of couch-grass (4gropyron repens) might be made with great
 before, P. 56, regarding the uges of this grags).

! 0 1 the top layer are frequent in the dune-areas, Their origin hag
een dlscuasgd 1 the botanical gect; i iny. In attempting to cultivate
opped. _This done, their surfage will be either bure sand quite flat
80, 80 much the bettar, The Sequence of artificial vegetati
perhaps three years; then sow with g mixture of Yorkship

—ahnual lnpin for
content improves, clovers and perhaps cocksfoot may be used

e fog and Prairie-grass, As the humys-

) €8 In covering any neighbouring drifting san,
it—and 80Wing some or other of the sand-covering Brasses—e.g. Poy,
or Sporobolus c'ndicus—amongst it.

As for the actua] hillg of the

; dune-complex, T |
prepazing them for grazing poes, nothing should be

18ve already given Various reasong why, so far ag
let. alone, or, if active, planted

done ; and if tree-planting operations are not i,
with marIam-grags,

own the Tupin and
umalation 6f humus

dure is the same whether these

arbed wire

ally the only legitimate
ondition, except that they

der plants might;
» dtropis distans,

igenous plants Crantzig biveata
% arenarig are considered by Chatham Island sheep-farmers most, valuable
0 an important fodder plant,
w8 where it forms 5
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{e.) SgED-mrxTyRES.
[By A, H. .(L‘oclmyhe, Government Biologist.]
’ L (L) Generyl, B " . '
i ery little attention
* hax - lae for sced-mixtures. Very li >
is impossible down any hard-and fast formu : . o St
" 151 -lt?lli)osslllbl:lfvf;;l l;‘grfhe relative percentages in point of number oi_géantfs :s}:ll:n; eﬁ:d);g offen )
]1‘%"5 hl;'lhmf zh eg'a.r{-iities in a mixture. In conscquence too much or too 2 :%?Z the. g oo, used.
Tn order o o ; Tl ber of sceds per poun ave i
! e o e mber i hi rortant informa-
o o seoure, o wel bwla:ﬂGGd designed in order to supply this imports
' , table has been designe
should be kmown. The following
tion :—

o pe DI ] ’ " Ty el
2 le sl 2} f er Pound, and w1 DCFIife (:!e? Hl'l..b(lat‘bﬂ.: Rer) 'DLL'?JJ?, wrd 1 rice o, Uidﬂklﬂ CGHHHU‘(:
( ) Tuble TRy .Nu nber o Sefds > z . ity

Number of

Average
, . Seods | ovoruge o Avemge
Buientific and Common Name of Specica, - per Pound, - & . o
—_— = T Per Cent. v &
_ 180,000 40 L
Antlyllis vulneraria (sand-elover) o . i 56,000 gg (3} 3
Bromus uniolovdes (prairie-grass) . . - B, - - 2,000,000 0 3 0
Chloris Gayana (Rhodos gass) .. o .. ' 1’4‘00’08 .4 20
virgaln (Rhodes grass) .. " ’ o i 1,260,000 i 011
Gynodon Daciylon, (doab-grass) .. - . .- & it ) 011
LDanthonsa pz’lzﬂ . " o .. .. .- ggg’ooﬂ 70 0 G
wanularis . . ) o - s 4
Daciylis glomerata (soclcsfoot) - 5 \ 3 - T | 2 0
Holcus lanaius shelled (Yorkshive fog) .. " i 1,000,000 2 0
Lotus anguciissimus (bairy birdsfoot-trefoil T - . 480,000 9% 10
corntoulatus (birdsfoot-trefoil . ggg,goog g; G =
L"roluemsﬁpﬂ';d“ LR v . ": B - 3 n
M:iicayo lupuling - ce o - ' : ] 0 ;4 76 10
denticulate (burr-clover) .. . v - .. . 400,000 20 3 g
Paspalum dilatatum .. . " .. - ' ?Og’ggg 45 4
Phalaris bulbosa e .- o . o ; 2,100, 0 w
Pon arachnifera (Texaa bluo-grass) " : .. & 1,600,600 0 8
compressa (Canadian bluo-grass) .. » ‘ = | 1,600,000 1 13
pradensis (rough-stallked meadow-grass) i, . ; ©| 200,000 5 1/3 to 1/6
Sporobolus indicus (ratstail) .. - " : . ot 8 16
Tp%‘oﬁum ulezandrinum (Borsin clover) .. o ; 300;(‘}00 N 0 4
" fragiferum, shelled (strawberry-clover) o P 80,600 g‘f t
dubsium (suckling} .. ] .. o .. " . 1,800,000 - ‘](3 010
—— procuniiens (hop-trefoﬂ) .. .. . o ; 300,000 ;,2 &
repens (white clover) . .. o 1 . 300,000 :
subterranenin > . - ) LI
’ =——* - Not quotod.
T & Iy quotod t Gernination always higher than bests : alfow 20 per ecut. ot quotod
* Beed not usnally g

T of ealeuduts wb of Seed required.
(3.) Method of calculuting Amoun . . L 00 vt b
i res for pastures should be so caleulated as teo give 1ok ll)essoft E::ald;i?}f')%fe ge}'minatign-
Mllzlﬁiulﬁbt(}’;oi] of using the above table is to n}1)u1t1pf1}i'_ thern;?dse; or ponnd, . In oo unation
- By R : this will give the nuraber of living : . el
orcantage and divide by 100 ; this will gi mng i lants should be made. _ Thus the fo o
Eﬁ;(;vgnﬁg of 50 por cent. of the seed not developin g§2$£ of noeds per pound x gormination APpaGity . ndl
i he seeds : 00
' ) i bo applied fo cach of ¢ d th: i inate when surface-
I'Ormuld"?hoﬁl b ofpthe approximate number of sceds per pound t}};"‘t \Klﬂ fcé?ﬂ:;? ”\:'ewsilpould T
— thlfl Wlfa. (?uf’;ble conditions. Thus, in Yorkshire fog, using the above tuble,
sown under favours 18,
1,100,000 x 70 e i,
aa ] : - grass, &c., 13 required.
uuzf;_m wnd can be altered with aceuracy whexioany SP@T‘*ilﬂjﬁfgztzﬁigf %%}Pfé;'d::nt‘ Yorkshg'c fog,
secured, d At A . cont. -clover, _
r i v :er'h. of white clover, 10 per ¢ b . e B per cont.
Thus 4 nuxt-u}} gfﬁi?giezfzzszn:ulwﬁ, 10 per cent. D. pilosa, 15 p(;,(;' l(;e;lii;- \fr’ ;fl é"‘%itffswv pe
i P?fmgglltl;ld g per cent. birdsfoot-trefoil worked out on a 5,000,0 a :
rice-grass, ¢ - b

385,000 seeds per pound. In this way a properly balanced formula can be cusily

Beeda per i
“ - Seods Pc:':m? ‘:’f;cr ‘Weighit.
Nams of Plant. . required. Fgﬂlﬁ‘a

- T { Lb. o
s ‘e e 500,000 igg,ggg i, E)
oo AL . . - . . - .| 500,000 . :
Swbagdover L DL e
; l S o . . ) Y . ]
Dintonts oSt : . i . i, . .. | 500,000 | 162,500 | 3 10
Dynthonin semionnularis . 3 - 3 : 00000 | 1650 33
Danthoniu p-iloau . .. - - - N - 250,000 225,4()0 23
Pog pralensis .. . e ' " 8 - , ’ ,ro 13
Bﬂ(t[tguot‘.-tmfoil . .. .. - - - . . 50100 i
Rice-grass . . -

L

sreentage of seed
ich i i lazge tufts, the percentage of s
- sh is a rapid grower and forms | ts, | o secd
o Praime e ‘fs,u\:]‘;m orlcent., gr 4 1h., will be ample in most (aseH. \.V:l]ml]“:\'m'l g“li: of
S lwﬁ'h(‘»dg 11;?‘”1’“1&; d:&,::] I‘Z'Jb?n;lnels of seed should be used, -i()]b.d per Mt]a:f together wit _
Bﬂuﬂl-iﬁ(g%l‘gfr’e:‘:; ;nzk(e 2 Jittls bottom growth. and so keep the ground covered,

suckling-c
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I would strongly urge the caleulating of seed-mixtures somewhat alter the method I have outlined,
in preference to the ordinary guesswork formulae of the present day. -

In many cases a general mixture will not be used, but some special seed will be sown to increase
the value of the pasture in some way, cither with reference to feeding-value or to the formation of
humus, '

_ (4.} Miztures for Special Pusposes,
The following tentative mixtures are suggested :—

(4.) For sandy fields: Prairie-grass, 40 Ib.; suckling-clover, 21b. To bo Lightly fed off,
and afterwards cut for seed.

(B.) For moist hollows with standing water in winter : Trifolium fragiferum, 30 per cent. ;
Prifolium alezandrinum, 10 per cent. ; Medicago lupuling, 12 per cent.; Yorkshire
fog, 85 per cent.; prairie-grass, 2 per cent. ; white clover, 5 per cent. ; Anthyllis vul-
nerariz, b per cent. ' '

(C.) For hollows dry and liable to blow in summaer : Yorkshire fog, 40 per cent. ; prairie-

" grass, 3 per cent.; suckling-clover, 10 per ceut. : anthyllis, 10 per cent.; Phalaris
butbosa, 10 per cent.; white clover, 10 per cent.; Rhodes grass, 10 per cent.
paspalum, 9 per cent. (if used). _

(1)) General mixture for permanent pasture on stable hills : Yorkshire fog, 15 per cent. ;
Poa pratensis, 10 per cent.; Danthonia semtamnularis, 20 per cent.: Danthonis
pulosa, 20 per vent. ; rice-grass, 10 per cent. ; suckling-clover, 10 per cent. ; ratstail,
10 per cent.; anthyllis, 5 per cent. Cynodon Dadtylon, Rhodes grass, Agropyron
repens, lotus, &c., may prove useful, but require experimenting with ; and so, too,
with Paspalum dilatatum for frostless districts.

(&.) For sowing amongst marram : Yorkshire fog, 35 per cent. ; prairie-grass, 2 per cent. ;
suckling-clover, 10 per cent, ; cocksfoot, 10 per cent.; white clover, 10 per cent. ;
Medicago lupulina, 5 per cent.; annual hupin, 20 per cent.; ZLotus anguslisstmus,
8 per cent.

Finally, it must here be insisted on that it is impossible to give really satisfactory formulae until
all the grasses that are likely to succesd on send have been carefully fested,

(i) AFTPORESTATION OF DUNES.
(i.) GENERAL,

It is recognized by all authorities on dune-reclamation that a close covering of trees gives the
wost permanent stability to the sand; its establishment is the fnal goal.. Forests have been
established for many years on various dune-areas in Europe. In Glermany, generally speaking,
marram-grass is used only for the foredune, while immediately in its lee the planting of trecs takes
place without any preliminary fixing by sand-binding plants ; but the sand is first fized by a network
of sand-fences. So, too, in France extensive forest-areas, gained not by planting but by sowing seeds,
extend from just behind the {oredune inland. .

So far as New Zealand is concerned, no iree-planting of moment has been carried out under difficult
conditions. It is true that in many parts plantations have been suecessfully formed on the older dunes
and hollows at some distance from the sea, as in the neighbourhood of Foxton, New Brighton, and
elsewhere. At Ocean Beach, Dunedin, too, trees are growing very well indeed in fairly close proximity
to the shore (see Photo No. 59). -But in the absence of -definite examples of the more difficult planting
of trecs upon the New Zealind dunes, it must be nnderstood that what follows regarding dune-affores-
tation is to be considered suggestive rathor than definite. Before any extensive planting is atterpted
by either the Government or private enterprise experiments as to methods, and in some cases as to trees,
will be required, = o ) ‘ T

So far as dune-afforestation in general goes, apart altogether from the frouble with moving saud,
the climatic difficultics are usually very considerable, and these increase as the shore is neared.
Suceesses at o distance of a mile or more Jrom the sea are no measure of what can be accomplished in the
intervening space. Nor can the experience of a fairly sheltered shore or a specially moist climate
guide the would-be planter of an average New Zealand dune-area. The fear 8o commonly expressed
that duues provide too poor a soil for trees may be dismissed at once (see Photo No. 7 1). Reduce
the force of the wind, arrest, the moyving sand, and a surprising number of trees and shrubs can be
grown with eage. Even the present experience of New Zealand, notwithstanding the small amount
of dune-planting, supports this assertion. Pine-trees of many kinds, hardy Australian acacias,
eucalypti, various willows and. poplars, together with. many other arborescent plants detailed further
on, are growing excellently on apparently pure sand in various parts of the Dominion.

A most important distinction to be drawn in arranging for sand-planting is between those species
which can tolerate sea-epray and those which cannot do so. The former are obviously suited for
planting close to the shore behind the shelter of the foredune, and also in positions gpecially exposed
to violent salt gales, such as those of Taranaki. Spray-resisting trees, in short, are especially tmportant
as shelter-belts, bekind which will come the ordinary sand-tolerating trees.

That which has been already stated regarding the danger of disturbing the plant covering of the
dunes applies also to artificial dune forest. For this reason some authorities look upon dume forest
as a protecting but not commercial forest. It seems to me that this may be quite true, so far ag New
Zealand is concerned, with regard to forest close to the shore, but when it comes to our wide dune-
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No. 67. In Front WarDERING IDUNE FORMED BY SAND COVERING TREE-LUPIN, FILLING
Ur Frat, SMarr. WELL covERED BY TREE-LUPIN. PraxtaTtroN o DUwESs v DISTANCE.

Easr Conroravaz. [Photo L ‘Gockay.ne..

o

No. 68. IsoraTED CATCHING-FENCE SERVING NO USEFUL PURPOSE, AND ALMOST EURIED,
. . [Photo L. Cockayne.
Te face page 60.]



C.—13.

No. 69. Osier, Wirow (Saliz viminalis) FORMING 4 Mounp. Dunes or East CANTEREURY.

~ [PPhote L. Corkayne.

TRrEE-LUPIN, S1x MONTHS OLD, SHOWING ITS Crose COVERING To GROUND.
Dunes of East CANTEREURY.

[(Photo L. Cockeyne.
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arcas extending for some miles inlond I gan sec no reason, unless the difficulties of establishing are
too great and costly, why the commercial shonld not be the mam aspect. Teaving this aside for the
present, the demand for drue-plantations near towns, &e., and on the public reserves will inevease,
and a knowledge of the suitable trees to plant and methods of planting is distinctly a desidoratum.

(ii.) Tee MoRrE IMPORTANT TruEs AND SHRUBS ¥OR DUNE-AFFORESTATION.
Further on is given a Yt of plants specially suited for duncs, and shorb seeotnpanying nobes.

1fere cortain trees and shrubs are cited which experience has shown to be of primary importance for
purposes of dune-afforestation.
(a.) Spray-resisting Species.

{a.) Oleariw Traverss (the Chatham Island Akeake).—This is the most important tree at the
disposal of the New Zealand sand-planter for resisting sea-spray and salt gales, and its value cun hardly
be overestimated. Plants put in st Ocean Beach by Mr. D. Tannoch have overtopped all others ;
they have thriven during an abnormally dry seascl, and are the picture of health {see Photo No. 10).
Oloaria Traversii is found only in the Chatham Islands. There 1t grows naturally in most diverso
stations—viz., duncs, swamps, forest, and rocks fully exposed to the sea-spray. Asa dune-tree in the
Chathams it is from 15 {t. to 20 5. $all, but in favourable positions it grows considerably taller. When
adult it has a naked trunk 1£6 or 9 4t. in dinmeter, clothed with rough bark and possessing i rather
dense crown. The leaves are opposite, sbott 2 in. long, more or less, oblong to ovate In shape, thick
but soft, bright shiniug green on the upper surface, but the mnder-surface is clothed with an extremely
dense white mat of silky hinivs, ns are also the short lenf-stulks, young branches, and branches of the
inflorescence. Young specimens are of an erect, fastigiste habit of growth, and are branched and leafy
from the base.. Therefore, when planted in lines they make an effective wind-screen. The tree can
be raised from seed, but it grows very readily from cuttings pub i in the autumn, and this is the best

method of propagation. The timber, according to T. Kirk, 18 “ dense, heavy, firm, and compact, with
a satiny lustre when worked up. In old trees the outer portion is more or less mottled. . . . The
late Mr. Seuffert, cabinetmaker, of Auckland, raceived small parcels at various times, and valued it
highly for inlaying and special work ” (1144, p. 47).

(b.) Pinus pinaster (also kmown a8 P. maritima), (the Cluster-pine) .—P. pingster is & native of the
Mediterranean region. 1t is especially celebrated as being the tree s0 successfully cultivated upon the
dunes of Gascony, in France. Tt grows excellently on andhills in New Zealand, even where fully
exposed. Under favourable conditions it will attain a height of 60 ft. to 80 ft. The wood is soit and
contains abundance of resin, but rather than as a timber-tree is it grown for its turpentine, a mature
tree yielding 12Tb. o 16 1b. of turpentine per annum, and the tree may be tapped without mjury for
many years.

}i’znus halepensis (the Aleppo pine), a native of the castern Mediterranean region, where It grows
ot times on exposed coastal cliffs, has not been used in New Zealand ns yet for dune-planting, buat

should be a tree of great value. . Tt yields valuable timber, and also turpentine and tar.

(c.) Araucaric cxeelsa (the Norfolk Island Pine).—How far this beautiful tree will thrive on pure
sand I do not know. It is, however, of Importance a8 & coastal tree wherever it is hardy, sice 1t 18
quite undamaged by the most violent salt gales. .- '

(d.) Cupressus macrocarpa (the Monterey Cypress).—This tree, so common i cql@iva.t‘ito%l with us
as i0 need no description, is in the wild state one of the rarest trecs 1n the world, being ** limited to
two localities on the ocean-ghore ab the mouth of the Carmel River, near Monterey. The Cypress
Point grove extends along the chiffs and. low bluffs from Pescadero Point to ress Point, & distance
of two miles, reaching inland about an cighth of a mile. The Point Lobos grove is much srnller,
The trees are scattered over the summits of two headlands, and cling to the edges of the cliffs, where,
onL nucomtt of the erosive action of the ocean, they are occasionally andermined and fall into the sea.”
—W. L. Jepson {28, p. 119). Economically the wood of (J. masrocarpa 18 considered of little walue
in New Zealand, but according o C. 8. Sargent (Report on the Forests of North America, 1884, p. 170)
{ts wood is © very beautiful and of undoubted value as a cabinet wood.” But for sand-planting it 1
of importance in any case, its wind-resisting and drought-resisting power being so great, and fitbing 1%
for shelter-screens ; and, morever, it can be procured very cheaply from the nurserymen.

{c.) Pinus insignds (correetly called P. radiata), {the Monterey Pine).—This is also a tree with
an oxtremely restricted habitat locally, and yet 18 now the best-known and most widely cultivated
of all the Californian pines. It grows naturally on dry, rocky, and sandy hills near the sea, and 1
confined to a few Kmited localitics on the Californian mainland and to some smsf.ll islands off the
woash. I unhesilatingly consider it the mast imgportant of all trees for dune-afforestation. Tts cheapuess
of production, the perfect certainty of its growth with the mnimum trouble in planting, Ite extremely
rapid growth, its telerance of high winds and droughs, and, its great value as 3 most quickly produced
$imbex, if only of the second class, mark it oub as a sand-tree of prime excellence. Regarding 1ts
value for timber purposes, mpuch more is now known than was the case some years ago, when 1t wus
the fashion to speak of it slightingly. In Canterbury it was planted very largely by nrany of the carlier
gettlers, rather for shelter and ornament than for timber. But of late years many of these plantations
have been converted nto timber, and the wood is daily gaining & reputation for use where not exposed
to the woeather, and for the rougher farm-buildings. The trees which are being used, it must be
remembered, were not planted closely on forestry lines, and contain very many moto knota in the

wood than would otherwise have been the case. Mr, 'F. W. Adamg’s dictum re the timber of
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P. insignis {and I can quote no one whose words could carry greater weight) should be well considored :
“1In thinking of a future timber-supply, one naturally asks what are likelr to be the needs of
the future; and if we go to older and better-developed manufacturing countries we find that there
is a great demand for soft woods for packing-cases, wood-pulp for making paper, &c., and for these
purposes some tree or trees are required that will grow quickly and produce cheap wood. In Europe
and America the greater portion of the supply of soft woods is from the different spruces, a lesser
supply coming from poplars and willows.” All these different trees from Europe and America have
Leen introduced into New Zealand, but I venture to say that Pinus insignis will produce twice us
much timber per annum as any one of them ; cousequently, Pinus snsignis is to be preferred for planting
for the production of wood of this elass; and I speak from the experience of the growth of twenty

species of Europesn and American spruces, besides several Asiatic ones.” (Kensington, W. C., 1064,
p. 113.)

(f.) Pinus muricata (the Bishop Pine).—This pine is a native of California, and grows naturally
on low swampy hills, swampy flats, or rocky hills, and always near the ocean-beach or within a few
miles of it. In New Zealand it is preferred by many as a sand-tree to Pinus insignis, especially in the
neighbourhood of Wanganui. The wood is “ very resinous, light, hard, and rather coarse-grained.

It is sometimes used fo: piling, as the light-brown heartwood is very durable”” (Jepson, op. eil.,.

p. 74) Tt is somewhat more hardy than P. insignds, and thevefore to be preferred for shelter-belts
on the sand-drift areas of Central Otago. On some soils it is very apt to be blown over during gales.

(g.) Tamaric gallica (the Tamarisk)—The tamorisl grows very well indeed upon duncs close
to the sca. At New Brighton it is one of the few plants that are never damaged by the salt winds.
Though not the equal of Olearia Traversiv for shelter purposes, it is o valuable low tree nevertheless.
It is propagated very readily by means of cuttings, Other species of T'amariz are also suitable for
dune-cultivation. '

(b.) Lupinus arburcus (Tree—]upin).mThis, nnd its uses, &c., have becn already deals with.

(B.) Trees, &o., not usually Inlerating Sea-spray, bul growing well in Send.
{a.) Vanmrous Seecies or Evcarnyprus.

"Phe specios which can be grown will depend altogether upon the winter climate. Whexe there is
ab times 12° of frost, only the following can be relied upon : Bucalypius globulus (blue-gum), E. Gunnii
(cider-gum), B. Muellert, E. coriacea, B. viminalis, E. Stuartiana, B. urnigera, and E. coecifera.  Where
there is less frost the following may be grown : E. amygdaling, B. obligua, I. numerosa, E. regnoms, and
E. pilulaiis. There are probably many species which could be grown in northern Auckland, hut their
hardiness has not been tested as yet to any exbent so far as I know.

(L) Vortous Brercies or AdJAcA.

(L) detcin melanozylon (Lightwood ; Blackwood).-—This tree grows excellently and faixly
rapidly upon pure sand. i 15 certainly one of the most valuable trees for dunc-offoresiation. 1t forms
eventually & moderate-sized tree, and should be available for timber in thirty years. The wood is
specially usciul for ornamental purposes, such as the interior of rallway-camriages, &o., ornamental
-worle in houses, and furniture. It is hardy in any part of the North and South Island dunes. It and all
the species of Acacia are Taised casily and rapidly from sced; but this statement only applies to seed
just freshly gathered, which T have known to germinate in seven days.  Old seed, on the contracy,
germinates witl extreme slowness, and may gake o year or more.  Such seed requires goaking i nearly
boiling water for some hours just before sowing.

(8.) The various Australion Weltles—All the wattles grow well and with extreme rapidity on
sancd. They are a splendid instrument in the hands of the dune-eultivator.  Aecocia decurrens (black
wattle) is especially valuable on account of the bark for tanning purposes. . declbate (silver wattle)
grows ab an astonishing rate, Tt gives off un abundance of suckers from the roots, so that thickets
may arise in this manner covering many square yards. Damaging the roots leads also to suckers.
Drifting sand can thus be covered very rapidly with a close growth ; but if the space be at any time
required for any other purpose the eradication of the wattle would be very costly. Its use, then,
st be regulated by circumstances. . pyenuntha (golden wattle) is not so hardy as the two proceding
species. 168 bark is xicher in tannin than is that of 4. decurrens, but the yield of bark is considerably
loss.  I6 never grows very tall, and is of u shrubby habit of growth.

(3.} Other Species of Acacio.—There are o number of species of Acacin (4. longifohiu, 4. hmala,
. sabicina, 4. sophoree, 4. penavine vis, and others) which grow with the greatost rapidity on pure sand,
forming o very close growth (see Photo No. 48).  They are very omamental, especially when covered
with multitudes of soft yellow blossom. The only drawback is that the older branches are table Lo
be broken by the wind, but such damage usnally does no harm to the tree,

{¢.) Wibtows (e Pholo No.o 69),
A corsidersble number of willows grow excellently on sand, while some are actually true sand-
binding plants. A number are dunc-plants of the Northern Hemisphere., A selection of the species

.
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considered specially suitable is to be found in the ™ List of Plants for Cultivation.” The Caspian
willow (Selir caspien) will toleyate sea-spray. It is objected to in Burope hecanse it is Tiable to form
meunds, nned the sanee wouald apply to ether shvalby willows, Al the same, it and other sand-hinding
willows might with advantage Do natuealized on our duney. -Although growing exeellently Fron
catbtings, sueh should not he used i g3, but should he atruck in advanee nader Tavonrahle conditions ;
poplar-cuttings should be treated in a similar manner,

(1.} Pormans.
Hoveral kinds of poplar grow well on sand.  Populus delivides (cottonwond), (also known
P. monilifera, P. corolinensis, and . angulols), o dwie-plant  in. North  Ameriea, thougl mueh
motre froquently growing in noist soil, is perhaps the most important poplar for dune foreatry.  The
woad is light, soft, close-g mined, but not strong. 1t is used for pupee-pulp, light packing-cases, &e.
P, balsamifera (Balsam poplar) and the Lembard s poplay (P, jastigiaie) are alse cood sand-plants,

{(e.) Vanions Kisps or PN
A large number of pine-trees, besides those neted ahove, grow very wolt indeed upou sand, though
none are quite so easy G0 cstablish as those conifers ubready mentioned.  For timber purposes Pinus
lardeio (Corsican pine) is the nost eutoented of all. Tt hag hardly been grown ag yet on dunes in New
Zoaland, but it should certainly be tried, espocially as 1t ia vaed for dunes in Holland and elsewhere
in Furope. The following valuable speeies grow (uite well on duncs in New Zealand : Pénus pinca
{stone-pine), P. Conelieri (big-cono pine), P. austricen (Austrian pine), P. strobus (Weymonth pine).

) {f.) Commow ALDER {(dlauws gluling a).
The alder is an impartant tree for the moish Totlows, but it will alsa grow upon the hills themselves.
B tolortes the sen wind to o very considerable degree, and i damnged will guickly pak forth new
ahoots. 16 is thus valusble as o shelber plant,  The timber is exteetned for its darbility undor water,

(i) Murrnons or mraumissime vk Tirees.
(ﬂ'.) Guneral,

Between the planting of trees and mavvani-grass theve is the great difforence that the latber can
hold any moderato amount of flying and drifting sand, but the former cannot do so, and may be buried
or uprooted. At the same time it must be borne in mind that a sandy surface planted closely with
trees will, under ordinary circumstances, not move to any great extent, and consequently, if the wind
of the locality is not powerful, treo-planting ean take place without the providing of special shelter.
Planting of this kind can be carvied oun in the case of dunes which zre virtually stable, such as accur
frequently at some distance inland. But, in general, such a simple method will not suffice, and a8
preliminary the sand must be fixcd with either maram-grags or some inert covering. Hven whon
o sand-hollow hus ta be planted, any drifting sand from the windeard mush be stopped as a preliminary.
The plantation may be established cithér by plauting young trees or sowing soed. This latter method
has hatdly been tried in New Zealand, except with tree-tupin, hut is the common mode in France. For
planting, very small trecs one to two yoars old must be used. Where the plantation is for ornanent
2 variety of trees should be employed, but where for profit, then large stands of one spocies will be: the
rule.  But it is never aduisable to plant any avea with one species aloae, simee a disease pecubior o th
species might ensily destrogf the entive pleznietion,

(3. Hstablishing Plusdations from Secd.
() GuNERsn,

The chicf advantage of sowing would he its cheapnoss. The chiel disndvantages are uncertainty
of gormination, patchy results, and ghe diffieulty of procuring ahsolubely Teliable seed. Only thuge
species can be ruised (his manner whose seeds ge; manate very rapidly, end whose seedtags are also of
regrid genolh and can withstand the driving groins of sund. Pines of good gorminaling-capacity.
Rucalypti, Cuprassus macrocerpe, oks, aeacius, and varicties of hroem suggest themselves as suitable
[or the sowing method,

(1) Meriron: of Procepugs.

The seods may be sown cither broadeast hy nweans of a dvill, or by sevaping a very shallow hole
in the sand with some Yight instrument, or even making light depression with the foot, dropping
in the seed in the two la’ lov cases, and pushing a little sand aver i, The drill methed will be the most
guccessful for sowing on & large scale, but it can only be employed where the sand i barve and where
the saruce is not too steep.  In all cases, if a covering of marram-grass dons not clothe the ground,
the sand after sowing must be fixed by laying closely over it pieces of brushwuod, s aleady directed,
uging whatever material is most engy to procute. Should the seed eerminate well and there Ia o good
rrop of seedlings. in due comse the young plants must he thinned onf. hut it is well to leave them in

———— Y
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any case much cloger than is utended for the finnl trees.  Nature in such a station will do a great
deal of thinning cut. Broadcast sowing can also take place cithor where marram-grass has heen newly
planted or where it is dying out owing to a failing sand-supply. In France, gorse, broom, and marram-
grass seed is mixed with that of the Punus pinaster in order to supply nurse plants. Probably annual

Tapin would better serve the same purpose in New Zealand procedure, since both gorse and broom grow
with astonishing vigour on sand, and soon attain a remarkable size.

(r) T'ree—.jﬂrmmln .
{a.) GENERAT,

The young trces may be either planted without any special preparation or they may be mossed.
In cerly planting on New Zoaland dunes, and even yet where only a few trees are to be planted, good
soil was placed in the holes. Such a method is quite out of the question for wholesale planiing, since the
expense of procuting soil is too great, but otherwise it possesses certain advantages, as shown further
on. Mossing consists in wrapping fresh sphagnum moss round the roots of the plant, fastening it on
with o strip of flax, and moistening the moss before planting. This method is best for trees difficalt
to transplant—e.g., specics of Acacia, Hakea, Bucelyptus, Quothammus rosmarinifolius, Pinus laricio, &t.
Mossing, of coutse, adds to the expense. If the young trees are mossed for some time previous to
planting and then heeled into moist ground for a time, new roote will develop, and the chanee of their
growing be much increased.

More expensive still is raising plants in pots. This is done by sowing a seed or two in soil in a
thumb-pot or one Tather larger, and removing eventually all the seedlings except one. Or the plants
can be Taised in & seed-bed and afterwards potted. When almost pot-bound, the plant, earth and all,
casily comes away from the pot, and should be planted at once. Very few failures result from this
method, provided the soil round the plant is wel ai the time of planting. Pot-plants are too cumbersome,
and the method probably toe expensive, for planting on a large scale, but it may be used with great

advantage for minor plantings and for sandhill gardening, &c.

(b.) THE PLANTI¥G.

Planting may be conducted in a similar manner to that of marram-grass, using either a shovel,
spade, or dibble, one person making the holes and the other planting. If the dibble is used one person
will suffice, if necessary. A time when the sand is moist should be chosen. Qdite small plants are
the best. One-year-old Pinus snsignis, for instance, are growing quite well at Ocean Beach (see
Photo No. 60). The right age of trees for planting differs according to the species, but in many cases
one-year or at most two-year-old trees are suitable. Pinus laricio does not transplant very readily,
and perhaps should be mossed ; but generally, so far 48 pines are concerned, plants which have been
transplanted in the nursery and have plenty of fibrous roots will be suitable. The roots should on
no account be exposed to sun or wind before planting. (lose planting is an cssenital both for the pro-
duetion of economic forests and for holding the sand. The minimum might be 2 ft. spart, and the
maximum distance 33 4. Close planting, -of course, increases the expense. Before planting, if the
ground is not already planted with marram-grasz, the sand must be closely covered with brushwood.
The Gorman method of sand-fences in squares is doubtless a most excellent method of protection skl
gand-fixing, but can hardly be recommended for this country, except under very special circamstances,
on account of the great expense it entails.

(0.) Tme NATURE oF THE (JROUND TO BE PLANTED.

The ground should be as even as possible. According to the German practice the dune-complex
is fiattened, the vegetation being removed from the tops of the hills, and the wind allowed free play
until an even surface is secured. Such a practice, according to Gerhardt (18, pp. 330-331), is indis-
pensable. On the other hand, so far bs my examination of the New Zealand dunes goes, I have seen
matram-grass undamaged on hills and in wind-channels (see Photos Nos. 55 and 56), and I have seen
clumps of trees which have been for years on unlevelled sandhills. At the same time, no one can bave
been more struck than myself by the destructive effect of contiguous mounds, of peaks rising above
the general level, and of the irregular planting of sand-binding plants and shrubs. But, as said before,
many dune-complexes as & whole are not changing, construction and destruction going on glowly and
simultaneously. It seems to me, then, that with the aid of shelter-strips of marram-grass in such an
aroa the hollows, the lower hills, and the already flattened portions could be safely planted with trees.
The dune-plantations at New Brighton may be considered secure, and they are a case in point, though
hardly & cruciel one. At any rate, any dune-area which is to be planted must be considered on its
own merits. ‘

The wandezing dunes and the semi-wandering dunes, on the contrary, have an even surface, and
could be planted with trees. Many flat areas exist in the dunc-complex where the hills have been
levelled by the wind, and here, too, all is ready for orthedox afforestation.

The hollows, so long as they are not in danger of invasion, will grow trees well and easily nuless
the water-content is too great.  In that case the alder would be the best tree to use, and perbaps
certain of the willows. Hollows where Carex pumila is dominant would gencrally be very suitable,
and those still more so which are oceupied by cmbryonie dunes of Seyrpus modosus or Spindfer
hirsulus.

.upon them. JIn any national scheme of ) )
‘the Native dune-areas, most of which amil};ng:ecla-matmn the State would probably have to take over
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The question of supplying the A g —
order thaglthe orowbh OE’I;HE }% Ry :;Lnd with same of the nuteitive salts in which it is so deficient. i
D R o Tire g s . e(ieos at their early critical stage might be assisted, is of im 01:‘;; e )
O for 1t the oFL epot where the treeai];l;; :-Igher}alone or mixed vith peat, is added ;;0 the sa,ll:d bc]flrj:e
e T lomps of Em}_ or loam are oy t; }Fqin;zdf the frost further breaking up and mixing the
it retains the moiature better than the gangd j E :
! e ud alone. T jecti i
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et vatuo, aud manrial cxperonts. m;conls best by a series of tests would, however, in time ého\‘;
nvestigntionn nts, gt many others, are demanded with regard to our dune-

Not only does the soil supply salts, but

- Iv. ]:UIN]::" REC;LAMA_TION FROM THE NATIONAL STANDPOINT
at we possess Oh lea o - )
vorthlons bug)a ot menagémt; till.:n 300,000 acres of sand, the greater part of which is not only
importance. That, judging from fore; @ surrounding fevtile land, 15 a faet of no small n f:m}l
here, this great tract can be bath ml‘;:lgn €xperience and to some extent from lessons to beahll_fl?at
case some thoaght 50 be given as o ergd harmless and in large measure improved should at ti‘-ln
Native, and in part private lands w?rYs and. means. The duns-areas are in part Crown, i eagt
Reclamation methods practised b . hus there is in many localities a conflictin ov o p};‘}_rt
e i oase the Sand-drifs Ayctoilve o;:ner may -be nullified by those owning the lagnd ‘:3?:2 112'
506 that in the present state of aﬁairsaist. a,:ﬁ:aid. But as yet it. has not been put into force ngr :13:: I
knows nothing of reclamation methods could well be otherwise. The average owner of dune land

‘worth), or with the experiences of Oth(;er and even in the light of this report (whatever that may be

: 8, he i8 not convinced th i
eatment. Nothig bt coula: demonatrtion, or thesimule of . generl movamen Somards due
Much of the dune-plauting in Nevy Zceal,(lm. And in some respects this attitude is not unreason;]];l]e-
the easier areas, while a3 a rule the § and is unconvincing, much that has been snccessful >
has not been dealt with at all. As f(i_nf(;ggimplex—i.e., the cructal point of the whole under:a(jlgic;gE
away, while the conditions may not be identig;]s::’i‘éisztﬁl,;& might be said, “ They are & long distance
Dune-reclamation, the world over, }, Al

. b i - s 7 8 begn o] .

sndividual. The labour involved i} consulered rather the work of the

by private individucls. The most, sueh e’ parc e interests too diverse, for e %ﬁgcﬁilﬁ
being. : an attempt is to make their holdings secure for the time

Now, in & ‘matter such as this, it gee

Too little is known regardiig the Ga’Pabims to me the G

ng overnment should proceed wi il
. ; ; i 5 proceed with great caution.
smooass, while sill kess 18 known ae ity s ]f(:@i o(;ft 01.;1‘ du;lle-areas dfor 1mprovemsent to prec%:l;:ate an (}-?sl,lv
08t of such an undertaking. Could this barr i
. en land he

turned into forest, even were the cogt
. : - greater than th 3
aloud for its accomplishment. B at of afforestation generally, the wor :
P Ut even a profound knowledge of orgina.ry Zi’for:ﬁta.:il;{nwmo:i%:dlsy

and their expense, is of no mome i
“be b Xp » @.’(}t with regard to p[unninc work h
can be begun, experiments as to its feasibiljt g work on the dunes. Before afforestation

other experiments showi i ¥ should be carefully carried :

i lgsctxﬂessc;n flor &%S‘;&zﬁ;ﬁ I;nethods of du.ne-re_clamationyand ;]ieirottgstand'i_‘}:?ég: 5 Wni](; such,
importance with any that can be de“_’e on the dune-areas. Experiments such as these w:c:uf el
i practicalf It they e l;ﬂ}?ed on the experiment farms, and they have the mij:s’t °f Eq}lal
checking wandering duves they w l(; ow the best and cheapest methods of stoppin tidfl)' o
present Crown lands, wastes gf S;)Ed Pay handsomely., And if they should shgxgr fu.:&r;r- tlif:t ai.llld
pecuniarily remunerative but will bre.:i: Ell:eey are, can be turned into forest, which will not only bg
be returned a bundredfold. sea wind for miles along the shore, then would the cost

Regarding the site for such exparg

know]e(%ge ofgmost of the du;:;-lu?;gmﬂeut*’. I have carefully considered the question, and with s
Wellington, are speclally suitable SinE thy opmnion 15 that the dunes in the neighbourh(;o 3 of Ll ‘ a
ant e b are typical’of ?d ey -could be easily visited by those interested, n ey ;n,
o ifforent olimate. I would Foe t::ldgnz:;egs. It experiments were contemplated els’evI:le;f:: ﬁ?dﬁr
areas are, I believe, Native land. in ‘the neighbourhood of Woodhill, Auckland. Bot’h these

The present Crown lands include

| . ude much of the -

i o tion -\ ¢ worst sand-areas. Th e 2 el

;uit.e 1gm practicable-q All’:ig%f;;’i“ﬂ;gtfome_Of these for » time was considere?lyb;l;l: tbﬁﬁ?ﬁl}iﬂ ‘l‘)LS
one 1s to sce that the lessee does as little dafnage as pOSSibI:

1 would recommend that burning I g ]
ghould be encouraged, and the fu lee T};r;;mblted. Planting of marram-grass, but not of free-lupin

Trees, on she other hand, if ple neing-in any planted area might be re ' e
groups of trees. As for the &ﬂfﬁfﬁi‘g&f b.et fenced in;_ but, theregis noe (;lﬂiiciﬁ;ﬁ??sgﬁﬁi
places where it can do some good. & 16 should be in wide belts, as alread; directed, and in

" Native lands are in many i
Y Instanees a great source of danger. Usually nothing is being done

esent worth less than nothing.

9—C. 14.
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* Economic Notes on Transvaal Grasses ” ; Kew Bull., No, 3,
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41. Magsart, J, ; “ Esquisse de la Géographie Botanique de Ia Belgique  ; Bruxelles, 1910,

2. — T Biologie de 1a Végétation sur le littore] Belge”; Mém. Soc. R. Bot.” Belg.,

vol. xxxii, p. 7; 1893,
424, Mueller, F. von : Select extratropical Plants » i Tth edition ; Melbourne, 1888,
43, Nansen, F.; « Oscillations of Shore-lines ; Geog, Journ., vol. xxvi, p. 605 ; 1905,

4. Olsson-Seffer, P, : =~ Relation of Wind to Topography of Coastal Drift Sands

of the Dismaj Swamp Region ” ; Contrib, U5,

; Bot. Gasz., vol. XXxvil, p. 424 ;
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1909,

‘.6. I

ydrodynamic Factors mfluencing Plant Tife on Bandy Sea-shores ”: New Phytol,,

vol. viii, p. 39 ; 1909,

17, Owens, J. 8., and Case, G. O, : * Coast Erosion and Foreshore Protection 7 London, 1908,

48, Petrie, W, M. F.: “ Wind Action in Egypt ”; Proc. R. Geog. Soe., vol. xi, p. 646 ; 1889,
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pasture plants, some of which are indigenous or introduced in New Zealand,)

58. Warming, E. . « Halofyt-Studier ** ; Mem Acad. R. d. sc. et d. Let, 4. Danemark, Copenhague,
6me sér,, sect, d, 8¢., . viii, No. 4 ; 1897.

59, ——— “ TLehrbuch der Okologischen Pllanzengeographie ** ; Berlin, 1902.

60, ——_ « kskursionen til Fano og Blaavand ” ; Sser. af Bot. Tid., bd. xxv, I 1; 1902,

61, —— “ Der Wind als pﬂa.nzengeographischer Factor » ; Eng. Bot. Jalrh., bd. xxxi, 4, p, 556 ;
1902,

62, —— “Die Windfrage » ; Eng. Bot. Jahrh., bd. XX, p, 25 ; 1908,

. “ Oecology of Plants ” ; Oxford, 1909.

64. Webster, A. D.: * Trees and Shrubs best adapted for Planting as Shelter in the Lslands of Scot-
land **; Trans, High. and Agric. Soc. of Scot., p. 783 1890,

65. Westgate, J. M. . Reclamation of Cape Cod Sand Dunes i U8, Dept. of Agric., Bur. P, Tnd,,
Bull. No. 65; 1904,

66. Willkde, T.: “The Varietic of Trees best adapted for Shelter in the Highlands of Scotland 75
Trans, High. and Agric. Soc. of Scot., vol, v, p. 88; 1889,

3 Bot. Gag., vol, AXXIY,

wrhicle

57z,

Sy v,

Lk 2

R e ——

73 O._-13o

]
{h.) LITERATURE RELATING TO THE NEIW ZEALAND DUNES.

i 75 N.Z. Country Journal, vol. vi, p. 405 ; 1889,
: ¥ Utilization of Sandhills Reserve s N.Z vol. . -
6;. ihg]:le, RE. WU_tlEZgz;)ll)l]ez and Drifting SandN ,Z T_(_j'a.ns.t N?oéﬂfﬁl’ Yr?)ll' ;}:1\;1, %)) 2287, %ggg
68, Andrews, E. . enarta 3 NLZ. Country 4 > vol, > b: 4485 1803,
o Anonym‘ousl:y ]_?,Nnt‘(f an]f:frc;wgi;ztgfgg the Flora of the Province of Canterbury ”; Trans, N.Z,
70. Armstrong, J. B.:

Inst., vc‘m}. ;ii, p. gﬁi }’wlgsge tation o‘f the Neighbourhood of Christchurch, including Riccarton,
7l. Armstrong, P

B,y Z. Inst., vol. ii, p. 119; 187(,),. . |
Dy ]iulgll]a"nf:'Sl{ita‘,[‘];f:mf-oF'éultilfution in New Zealand; Wellington, 1884. (I have not

T according to N.Z. Joum. Se., vol. ii, p- 7.

seen this pamphlet of cight pages, _1;11’5 it contains, |
79 B"l,ﬂ? ]i:z in}a l‘l‘t i;iﬂfu};illﬁgoiillgid&:s J‘}—:)uncdin and Reserves Conservation Society ; 1910,

2. Bs (gom;ain-s' an aceount of sand-planztinlg ]fi g:,s?:]];es]%?%dﬁ)ep. AAAS, p. 479; 1891,
gi geﬁ’ .? ]Sl;‘r ;ll(;lé}:ﬁl;zﬂaﬁteﬁgl(}d' N“HA‘r Ggligical Reconnaissance of Northernmost New Zeuland » ;

5- B_HT}Mﬁ. %%B%n?.gotngii(’}lgfkgl%i cil(? g) *“ The Geology of the Parapara Subdivision, Kara-
. men, Neloon 3 N7 ?BOL %m" Bufubfm'ﬁ; T]-Ell'l';a,nlsg(g.z Tust., vol. i, pt. iii, p. 22; 1869,

] shan: : * Sketch of the Botany of Otago ” ; s, N4, , % pt. I, ‘ .
;gA Bubhmwl‘},]i;st of %1;1)13 goun; 01’? ﬁil'yp_umar Peninsula, Wellington Harbour ™ ; Trans. N.Z. Tust.,

; vol. v, p. 349 ; 1873. . . 1880
,‘ . - ew Zealand ” ; Wellington, - . _
7GB.B chanan ?heailtidllg{illgu%ﬁlaﬁsfisfo?ﬁaznz: ;Lcl):nui_ in the Northern District of the Provinee of

7. B Aucklind” ; Trans. N.Z. Inst., vol. i, p, 239 : 1870. <o 147+ T
78. Campbell, W. D.: “ On Beach Protection = ; Trans. NZ Tust., vo : ,x. . 'ﬂans l,\T 7, Tost., vol .
79. Oa,rrﬁthm:s J.: “ On the Formation of Detached Bhingle Beaches ™ ; . N.Z .

T piaT5; 1878, o e a2 1000

80. ¢ rsI:f- %’{5', “ On the Flora of the Mauku District ; Trans. N.Z. Inst., W;rol.lf;.x.l;é 1% 362 ; 190
8 ll ¢ e t)n the Flora of the Mangonui County *; Trans. 'N Z ]'_’t,xt,T vol. x i\lI]’Z Inst. vol. xix
82' Cheeseman, T. F.: “ On the Flora of the North Cape District ”; Traus. N.Z. ., vol. \

p- 333 ; 1897. o Hington. 1906,

P “ 1 of the New Zealand Flora ” ; We ngton, . o
géA'Oockmync glaﬁu& ¥ Report on the Flaxbourne Estate * ; 13th Rep. Dept. {1&1‘1(.. of N.Z., p. 400,
84 Cocl:&?x?g;a L.: “ A Sketch of the Plant Geography of %ez\ﬁiaixﬁal‘craliir;x]:\g\ire; Bszs?nl%%lamdered

' hiefly scological Point of View 7 ; Trans. N.Z. Inst., vol. xxil, . 83 ; .
85 m—bhleﬂyAhgll?of{:l g:ggﬁ'xgtuzf the Plant Covering of Chatham Island ”; Trans. N.Z. Inst.,

vol. xxxiv, p. 243 ; 1902.

86 -" A Botanical Excursion during Midwinter to the Southern Istands of Now Zealund ;
| Trons. N.Z Inst., vol. xxxvi, p. 2255 1904, - . Wellneon 1507
“ i f Kapiti Istand  ; Wellington, . ) 3
gg “ gflﬂf%%ﬁeivfgit:nlgcgi St;irev%{):stal Tl;egeta.tion of the South Island of New Zealand " ;
' . Vol iz, p. 8173 1907 o
. ’1‘1""‘*1:‘:g .Rf-%rg?)ﬂ}s’b‘]rgotanical Sll)lrvey of the Tongarire National ‘Park” ; Wel_lmgton,légté&
‘F:O o Regort on a Botahical Survey of the Wa.ipc:zla. Kauri Fores ,9 Wallington, .
0l « Report on the Sand Dunes of New Zealand  ; W::alhngtog, 190 =
91, “Report on a Botanical Survey of Stewart Island ” ; Wel].mrgton, Shalg Fuffandte
gg — Thg Ecological Botany of the Subantarctic Islands of New Zealand ; The Su. ;

-1, p. 182; 1909, . . -
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116. McKay, A.: ““ On the Geology of the Northern Part of Westland * ; Rep. Geol. Surv, for 1892-93,
p. 11; 1894,
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Truby King.)
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paper by I. Cotton re Dunes of Gascony ez Journ. R. Agric. Soc., vol. xi; 1875).
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1870.
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IT. THE SAND-DRIFT ACT, 1908, No. 169.

An Acr to consolidate certain Enactmeuts of the General Assembly relating to the Encroachment of
' - Band-drift on Land.

Br 11 ENAcrED by the General Assembly of New Zealand in Parliament assembled, and by the

‘ 1t he same, as Tollows -—
authority of the I

1. (1.) The Shnr’r. Title of this Act is the Sand-drift Act, 1908,

Fnactments consolidated.
(2.} This Act is a consolidation of the enactments mentioned in the Schedule bhereto, and with
reapect to those enactments the following provisions shall apply . —

Savings.
(n.) All Proclamations, orders, schemes, and genera.]l}" all acts of a,uthbrity W!u'ch origim:ted undgr
' the said enactments, and are subsisting or in force on the coming }nto operation (_)f this
Aet, shall enure for the purposes of this Act as fully and effectually as if they had originated
under the corresponding provisions of this Act, and accordingly shatl, where necessary, he
deemed to have so originated. ) ‘ .

(h.) All matters and proeeedings commenced .undel' the said cnauﬁn}cnts, and pending or in progress
on the coming into operation of this Act, may be confinued, completed, and enforced
under this Act.

Interprefation.

9, In this Act, if not inconsistent with the context,—

“ Loeal authority ” includes Maori Council: - ‘ .

““ Owner ” means the owner of land in feesimple; and, in the case of Crown lands of which

' there ig no occupier within the meaning of the Rating Act, 1908, or occupied as pastoral

runs or small grazing-runs, means the Crown ; and, in the case of other Crown lands, means
the léssee or licensee ; and, in the case of land owned by Maoris, means the owner or owners,

Bund-drift areas may be proclaimed.

3. (1.} The Governor may, on the petition of any local authority or of any two or more persons
interested, from time to time by Proclamation declare that the provisions of this Aet shall, on a day
named in the Proclamation, come into foree within anv specified area in New Zealand (hereinafter
referred o as “ the proclaimed area ), and may in like manner declars that any such area or part
thereof shall no longer be subject to such provisions. .

(2.) In every case, where. practicable, the proclaimed area shall be bounded by a road, river, or
other feature. . R .

{3.) Such Proclamation shall be publicly notified at least once a week for one month prior to the
day fixed for the Act coming into force within the proclaimed area. ) _ )

{4.) Where the proclaimed ares includes any land owned by Maoris such public notice shsll be
made in the Maori as well ‘a8 in the English language.

Minister of Lands to file scheme of operations and agsecsment.

4. Not later than six months after the issue of any such Proclamution the Mindster of Lands shall
file in the Magistrate’s Court in or nearest to the proclaimed ares & scheme for controlling the sand-
drilt and preventing its further encroachment, and apporticning the cost of and incidental to the
operations proposed by the scheme among the owners of land within the proclaimed area, including in
sueh cost the expenses incurred by the Minister in giving effect to this section,

Notice of secheme to be served.

5. Notice of the filing of such scheme shall be served on all owners of land within the pro-
claimed area ] _ N '

Provided that where the Minister has obtained the consent in writing of anv such owner, service
of the notice on him may be dispensed with : . _ )

Provided also that in the case of an owner who is not in New Zealand, ov whose address in New
Zealand is not known to the Minister, a notification in the Guazette that the acheme ha_s been filed in
the Magistrate’s Court as aforesaid shall be deemed to be a sufficient service of the notice.

Appeal.

6. (1.) At any time within two months of the service on him of suc.sh notice any owner may appeal
to the Magistrate against the exclusion of any lands from the proclaimed area, the inclusion of any
lands within the same, or the apportionment of the said cost as proposed by the scheme,

(2.) Such appeal shall be by summons addressed to the Minister, calling on him to show eause
why such area or apportionment should not be varied ; and the matter of such appeal shall be heard
and determined by the Magistrate and two assessors, one to be appointed by the Crown and the other
by the local authority.

(3.) The Magistrate, with the concurrence of at least one of such assessors, may—-

(@) Cite any additional patties to be parties to the appeal:

(b.) Vary the proclaimed area by striking out any lands not likely to he henefited by the scheme,

or adding others likely to be affected by drifting sand ;

{c.) Confirm or vary the apportionment.
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Scheme to bind all owners of land.
7. Subjeet to any order of the M

) agistrate, every such scheme shal] he binding on 4] OWLers of
ud within the Proclaimed areq,

8. The Minigter may delegate to any local ayt,

Provided that §

& cise may
be, shall he limited to ¢} pr

Enactments consolidated.
1803, No. 28,—The Sand-drif Act, 1903.

Approximate Cost of .Ptumr.—-Prapa.maiou, Bob give) ; Priuting (1,800 Colies), £106,

Maicray, Government, Printer, WeIlington.—],Qll.
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