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Insul.rity. saster Island is the tri.ngular sumait of an extent

volcano rising some 14,000 ft. above

the general level of the floor of the racific (cean, at a distance

~of 2.000 miles from the nearest point on the coast of South America

~ which is the Arzuco peninsula, Chile. The nearest islands with
permanent population are ritcairn Isldnd,‘somé 1.300 miles to the
west; and das-a-tierra in the Juan Fernandez Archipielago, some
1.600 miles to the south~east. The centre of Laster Island lies in

Latitude 27° 0'S> Longitude 109° 26'est.

‘The'near?st regular shipping lines are those using the New Zealand-

Panami-ngland route which pass close to Fitcairn Island. ZIEaster
Island is visited at least once a year by ships of the Chilean Navy

it otherwise the island population, numbering “bout 1200, remains

‘largely isolated, Gn rare occasions, small open fishing craft from

isster Island have safely made the hazardous voyage of over 2500 miles

to Tahiti but'several lives have been losﬁ in such ventures.



None of the existing world air routes pusses close to tre island and
Lhe isolation ol this small community of rolynesion oripln is virtu-

ally complete,

wand_ form and geolosy. wcaster Islund'is composed entirely of volcanic

materials'which are redominently of an andesitic type. These include
. nighly ;

scoria and tuff cones and scoriacecus orf/vesicular lavas. The

triengalar shape is due to the presence of three major vents, - one

at each apex of the triangle. The broad cones of volcanic detritus

around these vents are Co@yosed of beds of sccria and tuff inter.

layered with thin sheets of lava. The southwestern cone, Rano Kao,

has a wide, deep crater with a fresh-water lake whose partially

reed-covered surface is only a few nundred feet gbove mean sea-level,

The northern volcanic centre (Terevaka) has a smaller crater (Rano

Aroi) &t an altitude of 1200 ft. which is completely covered by a

thick mat offloating reeds. The eastern cone (Maunga Foike) has

only a very small dry crater at an altitude of about 750 ft.

Another large crater (Rano Rarako) which occurs to the south-west

of roike, contains & fresh-water lake that is pearly covered ﬁith

& floating reed mat., The centre of the island is lower than the
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three apgices of the-triangle. ' For exaniple the altitude at the ap-
proximate gepgraphic centre is only 5<0 ft above sea level. This
central region is fbrmed mainly of-léva flows apparently emanating
from the northern volecanic centre. fnominént parasitic scorils cones;
of characteristic shape and sometimes with small dry craters in their
sumnits, occur in two lines radiating outward from the northern centre
of velcanic activity, There is a strong suggestion that Easter Island
formerly consisted of 3 separate isléﬁds,‘and thgﬁ the presené
islands has been formed by the later infilling of the space between
the original islands by lava and scoria. Chubb'(l) reports that the
lava from Terevaka overlaps the ash and scoria beds of Rano Kao and

similar evidence exists at the foot of Maunga loike,

The softer rocks of the three older cones have been eroded and
cliffed by thé sea, and now form high, blunt promontories, Whereas,
by contrast thé coastline of the rest of the island is low but formed
of jagge% darkgrey‘lava. Because the lava crodes relatively slowly,
there aré no méjor bays or harbours in the coastline, no large beaches,
and very few protected anchorages. Suall irregularities at ihe
fringe of the lava give rise to small bays, but it is only on the
north coast, at anakena, where a parasitic scoria cone occurs at the
coast, that a narrow‘shelving bay nas been formed and a small beéch
‘of broken calcéréous sheli has begun to accumulate. The coastline
shelves steeply to a 30 fathom platfdrm, which extends up td a mile
offshore{ and then plunges abruptly to.a depth of 10002000 fathoms

within 20 to 30 miles of the coast (2).. Consequently there is no
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seneral developuent of coral around the coast even though mean sea

0., . .
tenperatures of 70°F are probably warm enough. Some - scattered growths
of & massive forp of corul decur abt moderute depth and these corals

are harvested to make burnt lime for white-washing the houses,

dot only does uwster lsland lack beach accumulations of guartz sand,
but there is also a general scarcity of gravel and small boulders
recuired for constructional work. ‘thure is only one boulder-filled
embayment, at ana-haveaz, to the South-west of Maunga rfoike, There
.re no permanent flowing rivers on the island, and consequently no
river gravels ocecur. For major construction works, such as the
airstrip and for roads, rock crushismg machinery will be essentiel,
and for high-grade cement work quartz sand ‘will have to be brought

from the mainland in bulk quantities.

caster I§land is about 45 sq. miles in area. (1& miles along ine
longest axis and 7 miles at the widest breadth), i.e. about 30,000
acres in extent. The general landform of the island 'is best
appreciated from the sea. Fig., 3 shows the appearance of the islend,
viewed from the scuth, the west and the north. Fig. 4 shows the
laendform viewed from Ranokeo looking to the north-east across the
island, The prominent small hills are almost invarizbly formed of
andesitic scoria (Fig., 5); the gentle slopes sweeping up te higher
elevetions are tuff and scoria beds, with thin _ayers of weathered
lava, of the older volcanic centres (Fig. 6); and the lowlands are
a lava-filled plain (Fig. 7). The‘lava flows appear to have been

highly gaseous for most of this rock is exceedingly porous and
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gas-tunnels are very common. Small fissures in tne surface of the
lava usually lead into much larger underground chembers, -, an aspect
of the landscape that was put to good use during the veriod when
warfare and cannabalism was rife on the islend, In some places the
roof of a subterranecn chamber has collapsed producing a sunken
pocket in the plain;, these areas were formerly valued gaédeh sites
for here'delicate plants could be guaranteed protection from all but
the strongest winds. .here the lava over-ran tuffaceous beds, the
latter were hardened along the contact. Where accessiltle, these
flag-stone like slabs were used formerly by the Folynesians for crude
house construction, -as seen at Orongo, near the lip of Rzno Kao

¢rater,

The earliest islanders wére adept stonemasons and shaped,” fitted and
bored some of the hardest rocks. In later periods they concentrated
more on -the .ore easily worked andesitic tuff, - particularly that
forming the wall of Rano-Rarako crater where probably some 1000
'moais' were quarried. Chisels of harder fine-grained lava were
used to chip away at the tuff which is not particularly hard when
fresh but which slowly hardens on exposure. The tuff is studded with
darker coloured basalt lapillae, giving the rock a warty appearance
which mislead one early visitor to consider the monuments as moulded
from cilay and later studded with fine gravel. =ss final chiore these
statues were fitted with a cap stone quarried from red scoria in
another part of the island. Moving the statues and cap stones from

their respective quarry sites to their zppointed khu' was accomplished
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along pre~determined routes. 4 great quantity of small lava fragments
was spread over the surface of 'the ground (to even out irregularities
in the micro-relief and to provide a ‘rollingd_surface) in front of
therfecumbént statue, and gathered from behind as the statue progressed.
A by-product of this labour was an occasional carpet of loose rock

left on the plain, often subsequently used for taro glantations

because of the better moisture conditions in-the soil below the

"'stone! mulch.

Apother typoe of rock on the island which owes its displacement to
 human agency is obsidian. The main outcrop is on Meunga Orito; but
obsidian chips, spear heads, axes, stc, oceur ;lmbst everywhere on
the island. when these a.pesr in the soil profiles they help to
confirm the degree of soil movement and aistrubance that has taken
place. Obsidiaﬁ is the hardest rock on the islund andvis practically
unweathered. The tuff beds und scori are among st the softest rocks
and, in many places there have weathered to produce clay §everal feet
in depth. Heyerdahl (ibid) reports the discovery of pottery on the
island, but ths type of.clay availeble on the island would. not be
well suited for pottery manufacture and it is not surprising that
calabash containers were in general use until recent times. The
imelanesians of the small andesitic veolcanic isliends in the Fiji
arcnipielago were often forced to travel to larger islands with
sedimentary and quartz-rich rocks seeking clay suitable for pettery

manufacture. The clay of pottery unearthed by Heyerdahl on Raster

Island might have an interesting story to tell.
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To some extent, all the above mentioned rocks (except obsidian) become
thg parent material of soils. In nost ceses unweathered rock grades
smoothly into the clay weathering produéts. The thickness of this
clay varies grcatlyi It is thinnest over the wost recent lave flows
and deepest over the older scoria and.tuff beds. In many places,
however, the clay does not form the surface soil which has-a silty

or fine sandy texture. There are reazsons, discussed later, why this
.lighter and looser material cznnot bé}s;tisfactorily expiained as

a product of normal genetic soil processe;'of a soil developed from
the underlying iock, and one is forced to consider the possibility

of volcanic ash accumlation., In places the lipht-textured soils

reach a depth of overs 3 feet.

Careful 'soil examination along transects radiating-outward from the
main folcanic centfes feiled to demonstrate any regular increase or
’decrease in the light-textured materigl. Thé Lhick%st accumulations
océured on the western and northern slopes of kano Kao and llaunga
Poike; but were &lso prescnt, sporadically, on the lava plain. There
was also some thickening towards the lip of the-high coastal ciiffs.
The distributign of the batterﬁ of ﬁhis.fine ﬁaterial represents more
& general mantle of voléanic dust that has been drifted by the
prevailing easterly winds and probably forms some Qart of the top-
soils in all gectors of the island. It certainly dces not héve the
characteristics of an ash shower but resembies more a kind of'voléanic
loesg. lté_presence on ép island so very isolated appears peculiar

until one reczlls the 400-5uUN foot cliffs 6f Foike and Rano Kao
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peninsula. These cliffs are eroding rapidly, are largely devoid of
élant cover and are exposed to the easterly tradewinds., Islanders
confirm that dust clouds are commonly generated ovar ﬁhe easten apex
of tne island, and that dust pillars often arise in the centre of

tre island over areas of recently burned pasturé land., These, plus
some redistribution;by erosion during heavy rainstorms, might be
adequute to account for the distributioﬁ,p¢ttern of the light-textured

meterial, & similuar phenomenon huas been rejorted from Chatham Island,

New Zealand (3).

Climate - The climate of Baster lsland of warm end moderately humid
ty-e, not, unlike that of Racul Island in the kermadec -archigielago

(h)e

futdorologicnl records eatend over oniy some 15 years but sufficient
dale has accumuluted to establish the generel character of the climate,
Some éf the earlicst records aveilable are those of Knéche (5) who

t i
maintuined & very complete set of weather stations'from May 1911-
april 1912, - & period wiich happily proved to be fuirly close to
zvercege conditions for the island. Hhnoches'! reco;ds are the only

ones to include data on evaporation rates and soil temperatures at

various depths.

. . - o.. ; By
mean &ir tewperctures are of the order of 70 F (Raoul Island, 66 F)
s - . . - o .
with mean morining and evening temperatures falling to 66 F and midday
. i ; o] i B ;
mean te.peratures rising to 74°F., The mewn minimum'air temoerature

is 62°F (ieoul, 61°F) and the.mean meximum air tempersture is 75°F



TABLE IA -~ SUMMARY OF THE METEOROLOGICAL RECORDS FROM MAY 1911 -~ APRTIL 1912. (W. KNOCHE, ET AL).

A 1911 _ 1912 _
o _iMay i June} July] Aug.iSept.l Oct.l Nov.l Dec.i Jan.ireb. ] War,ihpr. t VAL ]
i 7 a.m, ;19,0 18,5 17,11 17.0{ 17.3} 17.4] 19.4f 21.2} 22.4f 22.8] 21.s] 19.6! 19.5}
i2 p.m. | 23.1F 20.7i 20.2i 20.3i 21.0i 20.5% 21.9i 24.0! 25.6; 27.1% 24.9; 22.6: 22.7:
AL% TEUPRRBATITURE {79 pom. § 19.2¢ 18.6; 17.5; 17.2; 16,7, 16.5; 18,1} 18.0; 21.1} 22.1} 21.4! 19.6; 12.9i
= i . : : . : : : : :

5
B4

i Maximun P 24.27 22.3; 21.41 21.3; 21.9: 21.7: 22.7: 25.2] 26.9; 29.3: 26.3! 24.3i 23.9.
i Minimun §17.08 15.9 14.7: 15.2; 15.0; 14.1i 16,1} 17.2f 19,2f 20.4} 19.9i 18,4} 16.9:

F 7a.m.; 79 i 83 i8, 18, 18 i72 178 i7l {78 79 8 ;8 : 79
REIATIVE HUMIDITY i2pm. 66 ;74 P71 {7 (66 i 62 ;68 {6 ;66 ;62 {70 {7 i 67
o ‘ 2. 3. -3 ; 2 2 A 2 ;L 3 % P -

% ! 9pm. : 78 {8 8 8 8 :78 ;8 : 8l (8 8 (8 :8 i 8l

T 7 awm. | 34.3:100.3: 51.15 34.7: 48.01 7L.0i 49.9: 6,2! 22.8: 4.6% 75.7, 97.31
3 ' g % (3 c) 3 T ¢ L H ® ; E E

TN AL  {Pem i 85TSA6 1500 5.7 4.f 25,7 2210 7. 61: 5.8 8,7 k.4 :
ke 179 pum. | 14.2¢ 91.5 19.5! 10.3! 46.6¢ 24.1] 3.1, 6.3i 30.5! 9.1:124.8; 28.7 :

17 aan.to 7 a.m.i 57.0§240.5% 91.6) 47.9% 81.4:120.9; 75.1% 14.7F 64.3: 19.5}269.55196.3§1268.7§

EVAPORATION C i 2pum. i o34.4% 25.21 27.1F 32,97 30.9% 34.5F 30.4F 39.2; 37.3 46.6; 33.1i 28.0}
. mam, i 9 p.m. § 30.7; 21.8: 30.2] 29.1F 25.6% 27.8] 26.5: 29.6} 31.7: 37.2; 29.1f 26.3 ;
{7 am.to 7 a.nm. 86.8 69,7: 78,9 82.0; 73.3} 84,6 74.8: 86,9} 83,4i1100.7: 83.9; 72.4i 977.4:

7 a.m. § 21.0; 21.7; 22.8; 19.8; 16.8] 22.8; 17.8; 17.9i 16.9; 18.1; 17.8; 18.4: :

-
3
-
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TABLE IB

- SUMMARY OF THE METEOROLOGICAL

RECORDE FROM MAY 1911 - APRIL 1912.

(W. KNOCHE, ET AL).

1911

1.9 2

May ;lJuneé July:

Aug.iSept.: Oct.: Nov.: Dec.: Jan.:

Feb.: Mer,.: Avpr.: YEAR 3

..1

tementaRIrantelonitisRIRREBE.

5.5}

6.5}

6.8

7.8}

6.9

6.3

6.9

5.6

4.9% 4.5

6.3;

i
:

6.9 |

i bam, i
L
P 7 a.um,

6.0}

7.4

7.3

7.5

7.2

6.51

7.2}

7.7;

6.9:

7.5]_ 6.6}

10 a.m. |

6.5:

7.9;

7.3}

7.4

7.0}

7.1

7.8;

6.9:

7.3%

7.3 :

iMidday

6.51

7.8

7.4}

7.7%

7.2

7.1%

7.7

6.3!

7.8:

LS
i
a

741

6.5%

8.1

6.8

7.2}

6.5:

7.0:

i

7.5

6.1:

8.5:

6.5t

7-4?

7.0}

7.5%

7.6}

7.5%
6.3:

7.9;

Tkt 6'9§Mean
Fudi iSo0il

B 5t

7.0}

5.8}

7.4}

6.5¢

7.1}

7.6}

5.8}

7.3}

6.6} - ienp.

i 2 p.m,

f 4 pan.
{6 P ¢
§ g p.m,—f

4]

6.4

5,61
uU;

6.5

6.2;

5.9:

5.0%

5.4 4.9
6.6; 5.8}
6.7: 5.9
6.51 5,8}
6.7: 6:1i
6.1 5.9
3.2; 2.8

5.4}

6.1  5.0!

ane

wemauenande

sseve

semssssmasormeve

tnasn

15.5]

15.6;

15-42

15.8} 20.6!

i 22,85 22,8;

20.7;

18.7: 18.7%

25,0}

29.1}

30,6}

i

”
3k

31.7i

f39.8] 51.%]

37.3;

39.21 34.0i22.3

15.3}

15.8:

15.3

15,86}

17.3; 1

f 20.7i 25.3; 21.5!

19.4% 18.2}

-aon-.uu.uu-unonu1

17.5:

17.3%

18,0}

18.0¢

19.3%

P 21,97 23.4%

21,4

18.8; 19.4}

21,1}

22.9;

24,93

251

28,0}

£ 32,21 41.8i

31.2%

28.9i 28,0:23,0

18,3:

19,1}

20,6

20,81

21,23

EFERETY

23.7:

20.2% | 21.5%

4

wmosbass »

TEMPERATURE

18,5}

18.8} 19.7}

{7 a.m, § 16.51 16,2}
{2 pn. § 30.2F 24,5
{9 p.n. } 16.9i 16.8]
£ 7 am. § 18.3F 17.9
£ 2 pan. § 24,68 21,3
t 9., | 20,0 18,8
£ 7 am. i 20.5i 19,1}
P2 pun, | 20,0F 19.87 18.4

i 9 pm.

{ Maximum at 9 p.m.

£ 21.9% 19.9 19.4

19.8:

F0.0

21.5}

ExEE

23.63

20,31 21.5%

NI EIY

4.2}

t 27.61 31.9

26,1}

24.4% 23.8i23.0

201 Aial 2.l

£728.4% 31.6

26.2}

i 37,27 30.5i 31.4}

34,1 37.8: 39.0%

46.3% 49.3;

33,8}

2204 23,7
350

: Minimin at 9 p.m.

1428 13,81 1207

2.9% 12.4% 12.6} !

17.0% 17.2f 16,1}

148}

i HOUR OF SUNSHIN®

Total for month

bes

P

Aa

59

L 43

¢ 35

et R

° -

5

2 4, o
s

$196.,91134.9i179.41 157.61194,.31219.1: 193.7:273.2 201.

e

PR

ES

E 6/’(

ezt 72

{5l

iy

55273.1:175.1:18/,.6;, 24434}
P46 ‘




TABLE 24 - MEAN MONTHLY METEOROLOGICAL DATa FOR EASTER ISLAND

MATAVERI STATION (LaT, 27°10'5, LONG 109926'W), 125 FT. ABOVE SEA-LEVEL

June

. _ e, Feb, Mar, Apr. _ May July  Ag. Sept. Oct, Nov, Dec, Year
iMean Temperature ¢ 23,1 §23.7 § 23.01F 215 19.9} 183} 17,8} 17.8} 181} 19.1; 20.2 | 21,81 20.4 |
iMean max. temp, °C £27.0 282 i 27,43 25.5% 23.4 % 20,9F 2143 21,5F 22.1% 23,31 24.2F 2551 24.3

Mean min, temp. 9 19.1 § 19,6 § 19.3 { 17.8 % 10,9} 151} 14.6} 14,7 % 14.5% 15.2 F 16,3 i 17.9 i 16.8
Absolute max,temp,9C 31,0 31,0 30.8 30.0 28,0 26,2 27.0 25,3 ¢ 26,0 27.5 28,0 29.3 i 31,0
Absolite min.temp, °C 12,0 § 14,0 § 15,0} 12.7§ 11,0 9.3 9.5 8.0 g,0% 10.0 ¢ 10.0{ 12,0 : 8,0
Rel, Humidity Aire % e 79 80 i 80 83 &3 &, 8 1 &l ES) 82 82 82
Cloudines (0 - 8) b5 42§ 46 E 4.9 5. 1 5.4 544 59 54ls 5. | AT 4.8 5.0 1
Wind dir. & force (mean) 3 3 {E z 3 3 iVar2 {NW3 INE 2 {NW 3:E 2 {E 3 :E 2:iE 2]}
iWind.dir. & force (max,) ! E 6 6 ivVar 51 E 7 9 INMW7:NW7 W 8 {iN 7:SE7 INAWT7iVar 6 E 9
Rainfall total (mm)  § 101.1 § 83.2 § 112.6 ; 113.8 § 117.6 } 128.5  92.0 | 89.9 76,2 | 69,7 | 1ll.4 ; 126,9 1,232.9
Rainfall 2/ hr.oax.(mm) § 160.0 § 47.3 75.0 1 59.9 % 98,0 ! 167,7 } €0.2 | 75.7 | 75.4 i 48.0 90.9 | 61,0 } 167.7i
Rainfall 24 hr.max (year)] 1919 § 1939 : 1912 § 1912 § 1942 ; 1913 { 1939 ; 1919 | 1918 | 1941 | 1913 j 1943 | 1913



TABLE 2B - MEAN MONTHLY METEOROLOGICAR DATA FOR EASTER ISLAND

MATAVERI STATION (LAT, 27210'5, LOKG 109226'W), 125 FT, ABOVE SEA-IEVEL

IDays with rain (1912/14) { 12.9 % 11.3} 14.2 } 4.1 § 14.7%F 3.6} 14.31 12.7% 4.1 % 10,2 10.7F 11,1} 153.9 i
TDays with drizzle(1937/46 - 1 0.1 0.1 i 0.5 ‘ 0.3 0.6 0.3i{ 0.4} 0.6 0.7 , 0.6 0.3 , 45
Days with fog 0.7 - F 003 04§ 041 - § - . 0ai - - ST - iosd
Days with clear 183 1.51 1.8: 1.3 f 0.5 0.4: 1.0 0.5i 07: 0.4 08 1.8:F 12.5i
Days with overcast 651 421 5.6f 8.6 § 11.61 9.81 10,81 12.6: 18.81 10.3: 10.2 { 11.3§ 113.3
Days thunderstorm T 0af 0.5) 0.2 0.2 § 0.2F 01F 0af - § 04f - § 0ai- 1.6
iPressure in millibars ‘;1015.0 31011,;631014_.1 2-1013.8 i1013.7 ;1015.0 {1016.4 }1017.7 51017.0 {1018.2 :1014.6 {1014.6 51015.4




TABLE 3A — MEAN STASQNAL METEOROLOGICAL DATA FOR EASTER ISLAND MATAVERI STATION
(LAT, 279105, LONG 109926! W) 125 FT ABOVE SEAIEVEL

N2 of
Years Summer Autunn Winter Spring VYear
i g 22.3 A 18,6 ¢ 19.1 § 20.4

926,91 25.4121.61 23,21 2,.3
18,9 | 18.0 | 14.8 1 15.3 | 16.8

31.9 ¢ 30.8 § 27.0 | 26.0 § 31.0
F12.9{ 11.0 | 8.0 8.0} 8.0

——

TEMPERATURE (9C) :Mean

Mean maximun

sase

sssesohbeesed

Mean minimun

seessdennmubanssd

Absolute maximun -

O

1-.0-.- sncewd

0O

esssndsnssafesasedoanmedonn

Absodute minimun

iRelativa Humidity Air {9 8 § 8. i 8 | 8 | 8 |

RAINFALL (mm) Total reinfall 17 $321.2 §344.0 i310.4 §157.3 11,232.9
: Maximun in 24 hrs. f12 1160.0 § 98.0 1167.7 { 90.9 {167.7

Year when 24 hrs. max. occ.i } 1919 § 1942 § 1913 { 1913 } 1913 :

4-5 500 5.4

shoss

Claudiness (0 - 8) $12

eansag
ssese
assen

542 :

assas




TABLE 3B - MEAN SEASONAL METEOROLOGICAL DATA FOR BASTER ISLAND MATAVERI STATION
(LAT, 27910'5, LONG 109926' W) 125 FT.ABOVE SEALEVEL

N? of days with-

20 000 P E0 S0000A00LOMELELIAWEESLOROTRDEIS

Yrs. Su, AU, di. . OD. Ll
Rain :11: 35,3 % 43.0 i 40.6 : 35.0 $153.9 i
Drizzle f9f 0,43 0,93 1.3% 1,9} 8.5 i
Fog i1 0,1: 0.6: 0,13i == i 0.81%
Clear (11 5,1 : 3.63% 1,9: 1,9 12.5 i
Overcast i11f 22,0 § 25.8 § 33,2 § 32,3 i113.3
Frost iT1i s - 3 e b b
Winds over Force 8 (Bft) i1l 0.1 i 0.4 : 0,3i - i 0,8:
Thunderstorm ;llg 0.6 ; 0.6 0.2 ; 0.2 1.6 :

Atmospheric Pressure (mbs) i

N i NE ! E SE. ¢ 8 SW § W i NJ i CALM i

of i o 0o} ioi o i of loi ilobf 3 gi i

(S e & § ol HER S O} HES I SR P ol :

BEeR g G v bR ol B WG L f v f hr el of b WR LM ] OB WG

H H H (&3 + O3 « O ¢ O3 s O e O s O. .

» e Pl ied fed  lm ST S £ 3 S N 7S S 5 W
Sunmer 21 7i2i19i2 4321 611 11 i1i 32 4 2 13 e 4 i
Autumn £ 20102 i10 i2i36i2 i 63i2 15 2! 512 i 8i2 i13 i-=% 7}
Winter P 2313 i2 i11 i2 116 13 £ 852 | 6 32 10 i3 il i3 18 i==: 4}
Spring t 351212 312 32 12933393 2 15 :2: 5 :i2 i 832 118 i 2 |
» 4 b . L . . . * L] - . 3 * b * . . s
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(mooul, 710F). Tue warimer month is February.and,July the coldest,
but the difference is only of ths order of 10°F, hnoche (ibid)
postuiates a decrease of about,loF foq{evefy 300 ft of altitude.
At altitudes of over 1000', the air is-notoriously cooler, even at
midday.

I

The meanfraiﬁfall is of the order of 49 inches per annum (Raoul,
594 ) andiis subjeet to narked deviations form the norm, In some
years, rainfall rises to over 70" wnd, in & feéew severe drought ycars,

has fallen as low @s 28", The number of days with some rain, in an

average year, is 154 byt rainfull is inclined to be very local, .

felling as brief, intense showers covering only & comparatiVely‘
}hnited ares of ;he islends, The-onset of reinfall is also irnclined
tg be erratic, more commﬁn with a falling barometric pressure but
not aséociated with any particular shift in wind direction. Ce-
casionelly ruiny weather for & duration of 8-i6 hours is knéwn but
this is not comwon. The highest duily-rainfall ever recorded

(dune 1913) wes 6'5 inches. There is no clear seasonal rhythm to
the rainfsll, - no regular rainy secason or dry season. Tbe.mean
monthly averzge shows d small steady increase from iierch to Jdune
(5.1", and then a gradicl decrease to o low in Uctober (2.8"), very
similar to the subdued rhythnm'experienced in Fuoul Island (maximum,

in July 6.5"; minimum in November, 2.9"), (Table I).

The mein recor ' ng station is at Mataveri, at an altitude of about
125 ft. abové sealevel. Knoche (ibid) operated 2 subsidiary rainfall

stations for & year at 960 ft and 540 ft respectively, and found
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that the higher staticn collected nearly 40 inchesvmore'rainfall than
the main stetion during the year. ?he islanders concur that the
higher parts of the isléﬁd, and also the central lowland of the
island receive wore raein than Mutaveri, and also point out that the
eastern prdmontory, foike, is considered to be the driest part of

the islénd. The sketeh map showing probable meen gnnuallrainfall

Fig. 8, incorporates these features.,

The méan relative humidity of the air is high, awounting to 82 for
the year (ncoul, 764). The air is slighily less humid in March
(79%) and most humid in Julyt(SL%). During all months except June,
July and saugust, the relativefhumidity of the eir falls below 7Q%l
at midday, end rormully exceeds'BO% throughout the night. COmmonly

there is heavy condensution of dew in the early morning.

rean cloud cover for tne year is 5/8, with the period May to October
having slightly wore cloud than the rest of the yéar. AN average

of 13 days in the year zre completely without cloud, but even on
cloudy days the clouds 2re usually moving rgéidly, end tne total
arount of direct sunshine is high, amounting to cover 20C0 hours per
anmum (i.e., over 50% of the day-light hours are sunny), Fog and
drizzle are aluost unknown., Frost, hail and snow have.never been

recorded. Even thunderstorus are rare,

The wind blows mare or leuss steadily from the east. but with only &
very moderate velocity (mean value for year, E.2). From June to

September, tnu winds tend to becowe vericble, wmoving through and are
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from nor?h-cast to north—woét;' Very strong winds are uncorion and

of short durutlon, but it 'is & distinet feature of the lSlund climate
‘thaﬁ the alr is always in motion. Calm‘days average less than 3.
wind velocities are considerably gréatér on the hills. Knoches"high
level sFatlon rucorded velocities averaging 2 to 3 tim;é those ex—
reérienced at the main station and, often were .ore than doubled.

Tbe wind velocity normalﬂ& reaches its maximum near midday, falling
for a while at dusk, rising siightly at night and falling again near

dawn.

a characteristic’ of the island climate is the very sharp difference
in air teugeratures between sun and’ shade readings. This is also-
;eflected in the soil témreratures'to‘é striking degree. dIn general
the expoééd'soii'is slightly warmer than the air in February and
siightly coolelr in'Juiy. The avera e topsoil temoeratures in tﬁe
oJen’ range between 4°F and 6°F warmer than the air; and the soils
at = depth of 4" maintain some 5O warmer then the air thfoughout

the year. Beneath heavy shade in tree plantations, soil temperatures

to & depth of 4", ﬁsually keep below 6OOF; whereas in the open,

under a sparse cover of Sporobolus pasture, temperature of over
120°F were reéorded by onc of thé authors in January (1962) for the
top 1nch of soil, and Lempcrature of over 95 F were common to a
depth of I inches. Durlng the night, 5011 temperhtures at a depth
"of 2 inches, under pasture, dropped to 75—50 F; wherees those in the
forested_501l at equivelent depth scarcely showed any. change from

their daytime reading. In 1911-12, Knoche reported mean anmal
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. . - 0. . i f £O0n
middey soil surfeace tauperatures of 95 r, falling teo 82.5°F at 2
. L o, o , o
inches depth and 77 F av 4 inches below the .surface, The maximum
mean monthly surface soil temperature recorded by anoche wes

120°F .for February 1912.

The combination of almost contemuous: air movement, reapldly changipg
cloud patterns, high insolation; brief and intermittent showery
rainfall, high secil temper.tures and virtual absence of forest cover
to check air noveuent and shade ths soil, all operate in favour of
high evaporation rates. The only mitigating factor is the he vy
dew condensation in the pre~dawn.hours, but by lO-ém. this moistures
has usuaily evaporaﬁed. The only meesurements of ;vaporation rates
ever carried out on Ldsier 1sland are those of knoche (ibid) who
snowed that, for the period day 1911 - April 1912, evaporation
amounted to 3/4 of fhe actual precipitation. During 5 @onths of the
year evaporation exceedéd‘precipitation. If these figures of evapo-
ration rates can be taken as any guide to the gffective amoisture
regime of the islind, the ncet gein to the water reserves o tho

island iay be as low as 10-15 inches per year.

Skottsberg (6) draws attention to the anomaly that 4n the Juan
Fernandez archigielego, Més-u-tierra Island has & lower rainfall

thén Zaster Island, but has abundant surface water; springs and once
had & luxurious forest vegetation. The.waterless lundscape of Faster
isliand hés often been blamed on the porous nature of the volcanic
rock, but it is more likely that Easter Island, with its low, treeless

landscape, persistent trade wind, and high insolation, loses a large
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#ert of the ruin fall through intense evaporition during the middle

of the day. To safe~-guard their cssentizl food crops, the ancient
inhabitants of the islend sought sunken arecas with natural shelter
or built stonec walls to create shelter from the wind. This, and the

use of rock strewn ground, probably were two measures aimed at

securing the maximum use of the existing soil moisture, rather:than

to counter to the physical action of the wind on plant foliagc,

Leyerdahl (ibid) sums up the island climate as a fairly equable,
semi—tropicaljclimate; Skottsberg (ibid) as a 'oceanic wearil temper-

ature climate dominated by trade winds'; and arnoche (ibid) as

.- "tropical’, with close similarity to that of ruerto Orotava, in

Teneriffe.- I would appear to be true to say.that the temperature

is equable and warm to very warm; but the .ioisture regime is erratic,

with an unusual combination of a humid pceanic air stream and hot,

dry soil’ conditions., Lven the approach of the fringe of the
Humbold current from -Scptember to tarch dees lifttle to disturd the

regular rhythm of the islend environment.

.rlant_ cover The original, netural, plent cover of Easter Island

has been the subject of some speculation. The earliest buropean

visitors were unanimous in treir comments on thie prusence of food

gardens sect in a treeless landscepe, with reference to - 'woodland (7),

..shrubs and brushwood' (&) secn. in thé.distence. -Forster (9)

reported that he saw no tree over 10 ft hign on the island, end
commented on the presence of a low forest of crooked !'toromiro"

(Sophora) trees 6~7 ft high, Lz Perouse (10) was the first, in
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.rint, to speculate upon the possibility that the island had once

been densely wooded, and once rich in springs and brooks.

Skottsberg (ibid, p 492 etc.) was the first to advance an explanation
for the treeless landscape in an envirorment quite well suited to
tree growth. He considers that it is due to the extreme isolation
of Baster LIsland and thq failufe of tree seeds to survive the long
sea journey. <he only tree fruit or seed to make the crossing
safely a.pears to have been that of Soﬁhora toromiro. . The bnly
- other shrubby woody plant was L&cium carolinian; for thé rest fhe
original vegetaticn was predominantly herbaceous.‘ Skottsberg.
suggests that the originai plant cover was a park-like savanna with
groves of trees and shrubs in sﬁeiterea depressions and on the lee
sippes of the hills, ;nd groséland on all the more exposed hilléides
and exposed plains, — an arrangement not unlike that still to be
found on the drier highlands of some of the Hawaiian Islands, and

trhe windswept uplands of the Juan Fernandez Islands,

Owing to the erratic moisture regime of the environment, vegetation
on faster Island is exceedingly suscegjtible to modifications by
burning. Tais factor, and the inroads of agriculture, probably
brought about the barren agpearance of the landscape that called
forth comment frow the- early navigators. During the first half

of the present century a single toromiro tree was still reputed to
‘be growing on the inner wall of Ranc Kao crater. This may now have

died,
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~, surprising number of plant introductions a; .ear to have been made
before the Europeans came into the racific. There is some evidence
that the coconut palm had been introduced and died out prior to the
collecting expedition of srup in 1868 (1i)., Yams, sweet potatoes,
turo, gourds, bananas, sugar cane, te (Cordyline), tumeric, sandal-
wood, and various trees <nd shrubs with & fibrous btark and other
diverse uses, (Triumfeta semitrilobata; Sapindus saponaria, nibiscus
tiliaceous, Thespia populinea, Broussonetia pepyrifera) were all
established on the’islaﬁd‘yriof to the arrivel of the first mission—
aries (12) (13) (14). Yams growing wild'still occur on the lower
siopes of Rano Kao crater and taro plants survive in various rock'
parts of ﬁhe'lowland lava plain, even though theése plants are no
longer widely cultivated for'good. Gourds, which were plentiiul

in'1911, appear 'to have died out.

The original grassland vegetation has suffered changes nc less than
the originel forest and shrub commnities. It waé Forster.{ibid)
who first recognisgd a grass that covered the land on either side
of the partially cleared paths to the food gardens as & thin,
perennial, Jamaica grass. Subsequent;y trils became Paspalum Forste~.
riamum. Skottsberg (ibid, p. 63 etc,) zlso records as evidence
grasses Sgggggglg§ indicus, Faspalum scrobicularium, Axonopus
paschalis, Stipa horridula, Danthonia paschalis, and some seven er
eight other_grasses that may have been accidentally introduced
during the past cuntury. lany of these grasses collected by Fuentes

(ibid) and Skoitsberg (ibid, have become exceedingly rare and the
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isiend hos now become aver-run by one single native species ~ Sporobolus
irdieus. Heavy grazing pressure by sheep, which first ap.eared on
the island in 1871 and were very heavily stocked on the island

between 1915 and 1936, and regeated burning of dry grass to induce

"new, tender shoots to keép the sheep alive, are the chief factors

that have wrought profound changes in the original grassland community.

The only other native plant communitvy worthy of note are the reed
swamps of the lake-filled craters, This community is dominated by

Scirpus riparius, associated with Juncus plebeius; Kyllinga breveifolia,

Polygonum acuminatum, and Cempylopus sp. and forms a thick mat of

vegetation that floats like a raft on the surface of the lake. The

mass of live roots, rhizomes and decaying vegetable material is from

L-to 6 feet in thickness: below this raft, discoloured, dark brown

water extends to the botton of. the crater,

ﬁyggggggyf zaster I'sland is a dry island in the sense that there
are no permanent flowing streams and the availablé natural fresh—
wzler reserves are represented: only by the thrée weed—overérown crﬁter'
lakes and a-few small springs along the coastline; - and even”thé,

latter do not yield truly fresh water except for a brief interval’

at low tide.

The popualdtion collect what they can of the rain which falls on the
house rcofs, and conduct this by & com.lex system of ripes and
channels to domestic tanks. - buring the uore proionged intervals

without rain the population have-to rescrt t6 the lubericus method
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of hauling weter from the neurest crater, involwing 2 climbs of gbout
1200 ft. OUnly Vaitea, the old sheep-station homestead, is served
by piped water; this is brought'about'B Km from the small crater

Ranc aroi.

From tne location -of forier settlementys, it is apparent that the
main source of domestié water for thg islanders wes formerly the
springs emerging at sea-level at various points around the coast,
Some of these syrings had been excavated apd rrovided with masonry
walls, but.undoqbtedly poteble water would_h;ve.ﬁeen afailable only
during the interval of low tide, There are nine main sea-level
springs and 'eight of these have nowlbeen cémen-te;c} over and‘ prévided
with ﬁind—mill pumps., This water is conveyed to tanks for the use
of'livesﬁock; a survey of the quality-of water on Faster Island
wes sarsied out in 1960 by solina (15) and this water, which hes

& decidedly salty taste, has & pH ranging from 6.8 to 7.1, 48 to
136 degrees of hardness; between 2000 and 5C00 milligrams per litre
of éhldfides; éﬂd between 1000 and 2000 miIligram—per litre of lime,

magnesia and potash szlts.

rBy contra&t the water from «wno sroi end liano Rurako crater. lakes

and which ié rather insi;ed to‘ﬁhe taste, has a ph of 7.0; less thaa

15 degrees oftﬁérdnéss; contains less than 500 milligrass per iitre

of chlorideé; and'abbut 2000 miiligrams pger iitre of var;ous dissolved.
salts. ﬁIn the crater, the.water'is strongiy discoloured B} organié

residues from the decaying\ﬁegetatibn'mat. In_1961} & siphon was
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installed in Rano Rarako lake and the water piped to a new storage

turk for reticulation to livestock,

There is one small coastal spring at Mataveri which is probakly fed
by subterranean leakage from the lake in Rano hao cratsr. This
spring ylelds only‘a very small flow:during very dry seasons but
has water of good quality (pH 7.0; 23 degree hardness; 760 milli-
grams per litre chlorides; 1800 milligram pér litre of dissolved
salts) and is exploited as far as .ossible for both domestic use

and for fhe animals of the pig farm nearbdy.

The water in Rano kao crater itself could be pumped to an inter-
mediate tank and then~convéyed by & tunnel and pipeline to ~ataveri,
and would grobably sufiice for the nceds of the present population
if no otﬁer source of water can be ueveloped, It'is estimated
{(..0lina, ibid, pl2) that the potable water requirement; of ihe 1200
persons on the island would be of the order ofl2000 litres per
gerson ger day, =~ or a source with a delivery of 2.8 litre per

second.

There is little doubt that « large reservoir of fresh water exists
below the islandf - baster Is;and is scarcely different from the
volecanic islands of Hawaii and Samoa (Stearns, 16, 17; Kear and Wood,
i&) and is‘probably very much better situated in respect_of ground-
water than the coral island of_kiue (Schofield, 19). -In all these
islands, there is.a groundwager cradient from a high point below the

centre of the island down the sealevel. These gradients are low
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where the islands are composed of porous rocks (of the order of 1

to 5 feet per mile) but each island has & large lens-shaped fesérvoir
of fresh water in the pores and fissur?é (voids) of the rocks, This
accumalated rain water displaces the seéwater that would otherwise
fill these volds in all situations below mean sealevel. The
theoretical situation in respect of the fresh water reserves below
ﬁaéter Island is shown in Fig._lO.' In this diagrem, it can be

seen that the thickness of the zune with fresh water in the voids
thins out rapidly near ths coastline. Lhe aforementioned springs

at sea-level are but tne leakage from the peri hery of the reservoir.
Peneath the centre of the island there is probably a depth of
several thousand feet of porous rock filled Witﬁ accumulated fresh
w.ter, fhe best .ermanent source of sweet water on the island

is to be fournd in this reservoir.

The sweet water reserve can be tap;éd by excavating or boring wells
as far inlahd ffom the co.st as is commeﬂsurate with‘the depth

which hes to be penctrated to reach the fresh water. Hdlf—é-mi%e
inland from the cdast water may perhaps be found at 50-70 ft, but

if the well is to be punped at « rats_of 2 litres‘}er second
continuously, there 1s some danger of infiltration by salt water.

It would be better to move as far inland as possible and select a
site where tue land is relatively low in resgect of sealevel, to

dig = deep well. The extra work involved is worth the effort if

one can have an assured fresh water supply at all times, irresbective

of the rate of pumping., Such localities exist near Vaitea; to the
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nortit of Meunge .arihe, near Moeiroa; and in several other places,
Here am_ le fresh wa£er supplies are likely to be enqcuntergd at a
depth of 200 ft or lesﬁl 4t the béttom of the Wellf éhort horizontal
collecting tunnels’ should be made in a radial pattefn, since thessg
will increase the rate of refilliné with fresh water when pumping
conmences., The ap, roximate sitéé for exploratory ﬁell digcing are
shown in Fig. 11. Trick lava flows.are uncommon in the structure

of the island and probably the wells can be ‘dug entirely by hand,

The walil of the well should be timbered {(and later cemented) to

prevent the ingress of loose scoria,
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B. Ihg Sils

1. The ¥road 0il Pattern: ' The solils of Eester Island have been’

r

broadly magred by Carlos Diaz V. (20) in ssven associations, in
X F O 5 )

wiiich are grouped 25 soil types.

The greater part of the island is built up of s0il derived mainly

from andesitic flow rocks and volcaslc asn, These fall into 3

r

main associations, iotu Matua, Mohai and Toro. although "voleanic

a

ash!' occurs indiséritinately throusghout soils oi these threse
associations, therec-are basic_differenCss'betWeen the three
associations wiich appeur to be correlated with differences in
_the relative ages of the lavas., asrcus where.the ‘volcanic ash"
lies more deeply are separated zs the Toromiro series.  Soils

derived nainly from scoria and volcanic tuff beds are placed in

theByraud and Roggeween series, the latter beling dsveloped

mainly on the smaller und younger parasitic cones. Four small
cones with very pale coloursd volcanic tuff nave distinctive soils
, .

which belong to the Tea-tea association.

“Athin the :@}u natua association;. Yaitea 50ils are deeper and
have fewer lava'outcraps than gigg:gggg soils which are very

snellow and rocky; occupying a strip along the centre of'the south
coast. Vaitea soils have & more inland location ‘and are probebly
subject to slightly higher rainfall.and a wore rapid rate of soil

movement. Soth solls are developed on a sloping plain of undulating
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to roiling relief, but ths genersl slope of the plain steadily
incr:ast'from 5.10% in the case of Piro-piro soils, %o over
15% for Vaitesa soils. This sfoping plain has & 'ste ped!, or
rurpled appearcance due to sucée;sire hases of surface.oooling
and sucsecquent re—flowing'of_lava. The soils of the Hotu iatua
Aissociation are dark brown in colour and comzonly of & hcavy
silt loam or silty clay loam topsoil texture, gra&ing to strong

(yeliowish) brown clay loam or silty cluy immediately in the

vecinity of the weathering porous lava (sce appendix Frofile No.l).

In the beomiro association, two distinct soils were recognised:
Rano Xao soils on tite northern flank of Rano Kao crater‘énd
Rexi-raki soils at the extreme cistern tip:of Pgike.pfomontoty.
Eoth SOiis osecur on 20-306 slopes but the Hano Kao soils occupy
a fairly sheltered northern slope and the iaki-raki SOiiS occur
in an extremely exposed position along ths top of hiéhfcliffs
confronting the trade winds. Zoth syils agp=ar to contain an
admixfure}of "volcanic ésh“, both are strongly eroded, anc both
have a characﬁarizéic orange-red colour. Raki-raki soils are
silt loams or fine sandy loams restinz oa siltr clay whereas
Rano Kso soils arc heavy fine sandy loams grading through clay
doam to silty clay at & depth of LO (see appendix, profile

No«2).

In the Zyraud association, seven gistinct soils wer:z recogniscd.

; I o, - -
The largest and nost Importent are the Kanini soils which occur.
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towards thecentre of the island in two broad strips converging

roughly at Kano aroicratsr. The relet-d duarce, .oius, Foike,

Poike roaroa und Katikuti solls are restricted to the slopeé

ol Maunga Poike; wiile samoﬁhat'lesa ElosblyAfelated soils,
Vinopa and Englert, ocecur on the north-eust slopes of Rano Kao
volcano., KXanira goils form the gentle (10-15%) slopes &t the
foot of mdny of the steep~sided scoriz cones, and appear
theﬁselVes to be of ﬁixed origin,'inéluding scoria, tuff, volcanic
ash and some outcropping lava, “Tﬁey aré deep soils, commonly
slightly stony but locally may have a mass of loose. rock strevn
over the‘sugface. They are normasly fairly heavy textured soils
(clay loams tolclays) and aPten of B pronounced reddish colour
(see appendix Profile.No.B). Poike soils are deep silty clays,
less red and nore yellowish-brown in colour, and very rarely
contain sion;s; (see appendix, Pr§file No.4). :otus soils are

very clossly relatsd to Poike soils but occur on somewhat steeper

slopes (15-20%). Poike roa-roa soil ogeur only near the swurit

ol laung= Poike and are of uoderstely stuep to gtgep relief

("\Sﬁ __l s .~ - . 2 ) . «

25% slopss). Suarez and Katikatl soils are paler in colour,
somewhat shallower than Poikc soils, and occur on slopes of
15-20f6 and 20~30%k respectively. In sorme featurcs t.ese last .
two soils rcserble the soils of the Tea-tes Associztion,

Vinapu and Znglert soils ars desp brown fine sandy  loams

developsd on the flanks of the Hino Kao crater. Eﬁgleft‘soils
are developed on rolling topography and are locally stony; -

. . . e N I
Vinapu $oils on undulating landscapes and are usually free
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of stonés (see appendix, Frofile No.5).

A4 1arge part of the dsilund is ma.ped 38 bolonging to = comgound
associstion, cailed the Hohal Jssocijtion. ‘Teds £s & corplex
ar¢a, mainly hilly.or strongly rdlling witb meny broken slopes
(slopes between G-60%) ind the soil consist muinly of close

relatives of soils belonging to the dotu Mutua, Eyraud and

| N ) .
Toggeween associztions. The Mohal compound associution has

four main facies: The Opotuw facics of the association occupies

i - »
rost of the northern zpex of the island and is predominantly

a hilly regilon with many slopes of'up to 300 and 4C0; ths
orongo facies whicn comprises the very stecp slopes of Rano Kzo
crater; the Maunzo'o facies which is a hilly region (slopes up

to 20%) to the north z2nd northwest of the Leprosarium; and the

Punivuni facics which is a somewhat.more geutly lava plain with

@

very complex and many

(4]

small scoria cones., The soil patiern 1
of the soils are excecdingly shallow. Rdck outcrops are locally

zbungant.

The Toro associution consists of soils derived from lava, most

of which appears to belong to an carlier reriod of eruptions
than th&se giving risc to the oty Matua soil association.

vilthin the Toro associstion there are four distinet soils. Mahi-
a-gnure soiis are dev.loped on a sloping plain (5-656) and are
s PV ,

generally modarat.ly d?cp ciay loams, with a good structure

and locally with a vury stony surfice. Vai-arepa soils are
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developed on flattish relief (0-5) mﬂinly clay loams and clays
with & very well developed grunular structure, (see appendix,
Frofile No.6), usually deep and only locally witﬁlloose stones
strewn on ﬁhe surface: dange pito sgiis sre developed on an
undulating pl;ih (5~10% slope) and.are mainly shallow an& rocky
loams Qith a good structure and alreddish brovn colour. [2iaveri
solls are developed onla flattish to geﬁtly undulating plain
(O-Lo slopes), very stony and with many lava ou:crops, and are
shaliow and of a light brown colour. It is suspected that the
- soll differences within the Toro association are caused by

differences in the type of rock in four different lava flows.

The ?OEEeweén Association cumprises two related soils. Ihé

- One-mea soils are developed on the moderaﬁely steep and steep
slopes of the many young scoria cones_sdattered about the island.
The typical soil (see Profile No.7 in the aprendix) is a reddish-
orown silty -clay loam grading to a reddish-yellow clay at about
18" and changing to weathered scoria at about 24". ' The other

_member of this assoclation, the Maunga-Vakakipo soils are

developed on strongly rolling to zoderately steep slopes and

are reddish-brown clys of moderate depth (about 30" to

r

weatliering scoria)s

The Tea-tea  Association comprisss two rélatively unimportant
soils derived from light coloured tuffs, Veil-a-geva soils are

pale grey fine sandyxlOams grading to'Sandy clay loam at about
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10 inches. Orito soils are dark grey fine sandy clay lozms
grading to pele pinkish grey sandy clay &t about 15 inchazs

: [
(see Profile No.8 in whe appoendix). Doth soils arye developed

.

on 15-30% slopes, the Orito solls being located near Mataveri,

and the Vai-a-geva solls on the north side of Polke promontory,

at the opposite end of the island.

The soil map (fig 12) accompunying this re,ort is that drawn by
Carlos Diaz V., in 1947, and it is about tiac best that can be

made until =zither asrial thotogracis or & proter torsograpnic map

is availavle for the accurate plotting of soil data.

There are several other interaéting soils to be found on the
isiand which do ot appearvon th@ 501l map becauss tbey cover
only vary small areas and thelr location is diffiqulﬁ to plot‘
with any surely o the . existing crudc base maps. One such soil
(see Profile No.9 in the appendix) occurs over a smali flattish
plain. below the outlet ofRano srd.crater lake. This is a
prominen£ly_gleyad soil which has been given the provisionai
name of Terevak« silty clay. This soil has a very dark grey
topsoil, chunging sharply to yellow brown at § inches depth,
and thencs grading yellowish red and pale reddish grey with
prominent whitish mottling at a depth of 18 inchss. The water-
table occurs at a depth df718—20 inches and is rerched over:i
pale_feliQW'wedﬁhered volcanic tuff., Textures are silty”élay

¥ s z
throughout the profile. This appears to be the only soil in
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the island with an abundant worm population.

$¢at soils are developed within the turee raln craters owing
ﬁo the decomposiiion of tie thick mat of floating recds. These
ére veritably 'floatiné' soils, ior they occur as a dense
fibrous peat {sce prorile No ld in the Appundix) to a depth of
about 5 to 6 fy and below this Genth they disintegrate énd-

disappear in the hunus-chirged tater of tl:e luke. They have

been provisionally named Rano aroi loamy peat.

The ooll Process . The strength and direction of the soil process

in Baster Island soils is not ezsy to evaluate., There are several
confiicting phenomena to be reconciled. For instance, the total
annual precipitation is noﬁ very heaQy, jet all the s@ils ars at
least moderately, and in some cases strongly, acid. This cguld be
taken as an indiecation that the soils arc very old. This

supposition conflicts with the widssprsad occurrence of culte decp

soils whose textures range from fin. sandy loam to silty clay loam,

-

Moreover, wit., the excertion of the soils of the oro association,
strong acidity is a general foatupe of the islend soils, It
suema urntlikely, on the ficld evidunee, that all seils on the

island are of eocuivulent wge.

’ 1 L]
Zrosion, and otiher processes of the drift regime are clearly
very active in Easter Island solls. 45 mentioned earlier,
i % |

the pressnce of matorial rusembling volcanic ash could be



- 28 -

cxpluined oy ‘wind cqoaion of the soift undecitic tuff budl

oxpos.d along the cliff face and subsegaent redistribution of

-

tigie dast by both wina gnd'water over the island larn.j-

5CiP.  The compl%te absence of any regular pattern to the
distribution of the light-tuxtured soils with clearly visible
fragrents of relitively unweathered volcuanic rincrals, combined

Q.th the EBSEECL of stratification i& the profile arc twé reasons for
postulating sccondary (loessial, or aliuvial) origin rather than
;riﬁary origin by means of a local volcanic ash shower,

|
t

foreover, many of the soil profilis show 3 sharp discontinuity
between the lightérwtextured topsoil and the clay subsoil,
witnout any‘sign'of clay skin dcvclépmbnt around‘the subsoil
aggregavss or in £he pores of the'weathering rock belovw. There

is thus no clear field cvidence of clay movem.nt down the

profile in the majority of the soils.

Spectrographic analyses of a numbcr of soil samples was carried
out by N. Jells oI tne New Lualwnd.SOil Buruau.‘ These rrovides
some very inﬂcr;sting dzta but do not resolvs any of tne above
anoralies. The sycetrographic date (tablé 2) confirm that the
soil parent metorial is predomin.ntly andesitic rather tha:
basaltic in nature., The total uimounts of* nickel ¢nd chromiun

are f;r lower tisn is normal fér soils derived from basaltic
rocks. The very high' levels éf titanium in all the Eazster Island

samples would be consistent with an origin from basaltic rock,
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' SFECTROGRAPHIC ANALYSES OF SOME EASTER ISLAND SOILS

TABIE 4 -

(Analyses by N. Wells, New ZealamSoil Bureau)
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-but there are also andesitic magmqé known to possess this feature,
and, in any case, this high levsl of titanium could be the result
of concuntration by the drift regime. The total iron content of
the soils is 2lso #cny hiéh, whereas tne 2lumina content ranges

from very low to normel.

“The levels of calciwm, magnosium, barium, znd strontium are very
low and thus in agreement with the field and chemical evidence

that the soils eére in thne main, svrongly lcached.

It is interesting that both Poike and Vinepu soils of the Byraud
Association have slightiy righer chromium, pidkel, cobalt and
coprer levels thin the soils of the otperlassociutions.v These.
are the soils associated with the broad planeze slopes of the
oldest geological formations on the island, ana the earlier
volcanic activity may well have been associated with mpre basic
andesitic magmas. 4 second feature of intcerest in the
spectrograghic analyses is tne clzar separ.tion of the extensive
flow rocks which give risc to ths Vaitea soils of the Hotu-
Matua Association, and those of the more local flows that give
rise to the various soils of the Toro Association. Not only do t
the latter soils have a much higher 'pH, but they also contain
rigier levels of barium and strontium and very low levels of

vanadium,

4s yet 'therg is ndé datu available on the noturé of the soil clay

nor on the residual ainerals present in the soils. ihen those
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aspects are investigated, some of the centradictory evidence

may be cexglained.

a lindted number of chemical analyses have been carried out
under the direction of Sr, &, Hodriguez, in the ooil Laboratory
of the Jepartment of Conservation and Technical assistance, of

the Chilean winistiry of sgriculture, are shown in table 3.

ooils of the hHotu-hatua sssociation have a high cation exchange
capacity (28-60 m.c.r) and are only moderately well supplied

with organic mattgr. kxchangeacle calcium is present in moderate
amounts (5-8 m.c.’) and exchangeable magnesium in moderate to high
amounts (2-4 m.c.p). Available potash is very high (0.03-0.15%)
and available phospghate usually low in the subsoil, moderate in
the tOySOil.‘ The gercentage base saturation is low (30%) in

the topsoil to very low in the subsoil (16%).

Soils of the myraud sssociation have a moderate to high cation
exchange capacity; moderate to low orgaric matter content; low
exchangeable calcium; medium exchangeable magnesium; high

available potash and very low available ghosphate. The % base

saturation is low to very low.

Soils of the Toro association have a moderate to high cation
exchange capacity; low to very low organic matter content;

high exchangeable calcium and magnesium; high available potash
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and high;avaialble thosphete. +The » base saturation is moderate
to high.

rron the limited chomical analyses available there would actpear
to be:confirmation th.t the soils ure at louust moderately-to-
strongly leached, and, that the soils of th: Toro association
arc not so strongly leached and have a much better buse status
than ail the other soils on the island. Thsse chemical aﬁaiyses,
taken together with the speétroscopic data, suggest that the
soils of Zaster Island are, in themezin, to be reg:rded &s

strongly weathersd and moderate-to-strongly leached soils.,

ﬁhis revresents the sum effect of tiic-action of the soil process
over an unknown interval of time, In this section of the report
we are more concerned with the dynamics ol tie situation: the
present trends and the vurying rates at walen the various
procgsses ars .robably operuting. It i1s necessary to try to
evaluate the strength of cﬁrrent soil processes in order to be
sure that any recomxendéd systems of land development, soil
rehabilitation; etc., are likely to bé in tune with congitions
actually prevailing in the soil. Jor example, we know that the
colls are alrvady leached, and we know thet ti.ere is.virtuélly
no chance of controlling this t?rough Liming because there are
no adequate sources of calcium carbonate available on‘the island.
If the curreat rate of leaching is rapid then we are faced with

a very serious agricultural problem; but if the current rate of
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Lecoiing  is slow andg the acidity of the soil has built up
slowiy ovor 2 long period of time, or is due to some

mansgement factor in the recent .criculturcl nistory of the
isiand, then the a;ricultural‘;foblcms My Ve MUCH Tore
ranagsa.;o. To evaluate successiully the strength and-direction

of the soil ,rocess is onc of the wost significant agricultural

tools in the nands of the soll surveyor,

Tazylor (1949) hrs divided the soil system, for purposcs of

analysis, into three 1nt Denacnt rarvs:~ the wasting, the

orzanic, and the drift regimes

The weiting regin: include the rocesces of botn physicsl and

bl

chewical weathering, together witn further trunsformation and

+

trensiocation of the waathoring nroducts and their eventual
concentration in wvarious soll hqrizons. On Zaster Islznd,
paysical weaticring (“COWﬁlnutloﬂ“) is crobably sinimal bocause
te-reratures nour freezing Joint are nevor experienced, and

o

sdingly Wigh -edpeiabires in Lhe absungs of

& - £

o els wolst wir ars

@

likewise unknown, Chesical weetl.oring (Mergillisation"), on the
othisr Lend, Qould'be very rapid vucause the background temperature
is consistently high (sbout 75°F) and the 2ir is consistently
nurid (over 806 rclative humidity) f}br at lezst 20 of the 24
nours very day. On Zastar Island, ex;oscd outcrops of lava

show only & trnin weathering crust but the reck porss within

are often softenad and contain arpillaceous materizl. 4s a



o 5 -

iayér bf s0il and vegetution develops the argiliisation process
accelerates rapidly. In rost arues whers there is 2 cap of 10
idehes or moru of soil, lava is rotten and decomposed to an
a;ual &cpih. Most of the lava on the island is porous, - sonme
lavas aru.excéedingly scoriaccous ('za') and in these there is

“ronounced argillisation” at depth.

Juring the argillisation‘prOCGSS, nitrates, chlorides, sulphates
become released and are traaslocated rapidly if there is any
directional movement of water through the material. Calcium,
sodium, magnesium and potassium likuewise wnd released and have a
relative nobility of 15:12:6:5 in the order shown. Oxides of
8ilica are about five timss as wmobile as oxides of‘iron, and

the latter are twice as wmobils as oxides of aluiriniz, and all

of these are essaﬁtiaily by-products of the process of urgil-
1iSation. During argillisation, .ater may re-cistribute the

end products or any of the intermediate troducts, over a varying
distance through this soil profile. T .ese asdociaté processes
include loss by solution ("lsaching") and loss by translocation
of colloids‘(”iliimuris;tion“), and both i rocess muy le.d to
eluvial or illuvial conmcentrotions th.t myy roesult in the
formation of indurated or cemented'hofizon; or 'pans'! in the soil
profile.  The rocks of Easter Island are not particularly rich
in silica’and'appeér to lack cuartz cnystalsi(no acounulations
of cuartz grains occurs anywhere on the island). Some magnetite

and titanium sand can be demonstrated by washing the soil clay,
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and, in general, it would appear that the process of argillisation
is far advanced in all soil material formed directly from the
country rock 'in situ'. The process of weathering in this material
is virtually complete, and the current rate of argilIisation of
unweathered minerals introduced into the soil is‘likely to be high.
This is an important conclusion for, on an isolated island with no
specific fertilizer deposits, a satisfactory means of improving

the vlant rutrient su vly may prove to invelve nothing more than

crushing the local rock and mixing this with the surface soil,

Nature will do the rest and bring about a release of calcium,

potash and some other elements required for plant nutrition.

The mechanism by which the weathering products are moved through
the soil involves a supply of water in excess of that needed to
simplj fill the fine pores in the soil. ©Condensation of dew at
night dampérs the surface soil but does not cause a downward
movement such as occurs when rain falls on the so.l. On Easter
Iéland the total annual rainfalliis only of the order of 50
inches, and pessibly as much as one~third of this is lost by
evaroration soon after it falls on the soil. Pratically all the
rain falls in the form of heavy 'tropical' showers and the water
does not penetrate rapidly into 'the soil, It is always assumed;
because the island consists od porous rock, that the rainfall
passes rapidly in the soil but it may be clearly observed that
after a heavy shower of only a few ~inutes duration, poolé of

water lie on the surface of the soil for several hours. The
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unper part of the soil becoves saturtted rapidly but the heavier
clay of the subsoll accepts water slowly, vartlicularly ifin a rather
dry condition previous to the a.rival of rain, In many areas,
there is more lateral than vertical movement of water, - and this
is one of the chief causes of the snectaculsr erosion which is
steadily destroving the mantle of soil on the island.e Thus, with
regard to leaching and illimerization, the cuprent processes. . are
probably not such rapid ones as might be expected, and the strong-
ly leached condition of the s0il -ust e ascribed to either age

or to some other factor. There is liitle evidence of clay

movement in the soil profiles at the present time gnd there is

no a:cumulation of weathering products in the form of soll 'pans!,

The significance of this evaluation is that, if systems of soil

manarenent involwving the use of fertilizers are avplied on the

island, losses “ye to leaching need not be serious,

lhe orsanic resime is the medium by which ensrgy is built into

the soil system. It is the introduction of life processes amongst
the chemical and phvsical processes in the feveloping soil, and,
in general, soil life struggles to mantain adequate living‘
conditions in the face of the exhaustiﬁg cf:ecﬁs of the wasting
processes, Soil 1ife not only adds carbon and nitrogen to the
soil, but tﬁese elements arc usually cgmbineg in such a way that
the organic compounds promote the retention of wrter, caﬁious;
anlous; and possibly even some gaseous compounds, =--exerting a

profound, altholch sometimes temporary, erfetect on soil aggregations,
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soll moisture and soil air, Moreover, elesments of the s0il mineral
system ecaught up in thﬁ or~anic regime are prolected from the
processes of the wasting regime for the durstion of their association,
In the case of denp—rgotnd plants and trees, the organic regime
goes further and trings elements that have alrecdy been lost from
the usper horizons of the soil back to the scil surface., One of
the most significant features of the.orghnic regime is that it
tasically depends upon the nrocess of photosynthesis in plants
growing, on the soil, and when th~ dead plant tissucs breédme incorporated
in the soil, there is/-n cnergy relrase which may condition the
procéss of argillisation and many the soll processes stemming from
argillisation. Another important aspect.ol the introduction of
life proces.es into the soil is that it promotes movements and
mixing within the soil and between sur:ace and.the soil layer
adjacent, To some extent the organic regime provides a bufier
from extremes and a protection from sudcen fluctuétion in moi§ture
and temperature. The organic regime exerts a moderating influence.
There is a close parallel, and sometimeé even a close relationship,
between the oiganiém in the soil and the Iivestock living above
the soil: a soil deficient in organic matter and with a reduced
micro-organism population is unlikely to support larse mumbers of
farm livestock. lany of these fertures are woll illustrated in

Baster Island soils,

One of the striking aspects of soil genesis on Easter Island is the

-act that the island soils have never rs far is known supported a
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dense forest vegetation, despite a climate well suited to tree
arowth, As mentioncd eariler, this is probably an-accident of -
isolation but it has exposed the soil to a long interval of
wegthering without the counter-benefits of a strong mechanism

for re-cycling plant nutrients. lost grasses are less effective
than trees in this respect, and one of the recsons why‘Enster
Island soils are so markedly leached 1s probably to be found in
this environmentel ancmaly. Not only have the soils been deprived
‘of the potentail-ameliofnting influenceg of a forest cover but

the natural grass commnities have been kept at a level of low
organic return by almost a century of poor management involviﬁg
‘excessive grazing and burning., The soils still have some organic
matter and probably have a fairly vigorous (but atypical) micro-
lpopulation; but the efficiency of the organic ﬁycle has been
gravely impaired'by unwise éoil management. At the present stagé,
over 90% of the island i; occupled by plﬁnts which neither demand
nor expect.a high level of soil fertility. Such plants = typifieq
by Sporobulos which is dominant in ‘the induced pagtures - neithér
take much.out of the soil nor return much to the soil., The
‘regular burning of the grass swnrd only serves to short-circuit the
soll organic cycle ana;convert orgrnic compounds to a soluble
mineral from which can be quickly washed away by the rain, Since
mich of the rainwater moves laterally in ﬁhe soil, thesé ?otential
vlant nutrients are larpgely lost to'agficulture. The gquantity

of hurmus annually accumulating in the soil is clearly low, but
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se Malltv o =his hamus is likely to be very poor indeed,
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kdown ia the very essence of tre organic regime,
!

ozner disastrous eflects Joilow, For one, the builering and

insulating properzies of thé soil system sre gravely weakerned.

Taster Island soils are remarksble for their high‘subsoil )
TAmpneratures {66° T at a depth of 10%, on some days). In piace

of an iasulating laver of vegetatioﬁ,-the soil has developed a

tizht sod-tound topsoeil, Hound'together with grass roots which
rarely penetrate below 8%, The subsoils are practically untépped

by plant roots and the re-cycling of nutrients becomes prorressively
weaxer with the passage of every additional year thﬁt the ovresent
svstem of soil-managemen: continues. Machanicsl mixing within the

cil is at a minimum: earthworms have long been absent in the

o

soil over mqét of the island; and as the so0ll steadily ircreases
in compaction, sore space diminishes and erosion accelerates,
This woule be serious in ény s0il but on Easter Island, Qhere most.
of ihe soils are strongly weathered and the reserve of unweathered
minerals is often very low, the net effects of a weak organic
regime is to produce a condition agproaching sveriliity. - The soils

of E

)

ster Island are not far off the voint where the main reserve
of plant rutrients is that which is being cycled in the orranic
regime. Further weakening of the latter will resuli in the

rroduction of a pedoiogic peneplain or - from the farming point

¢f viewr - a desert. Thst this has not yet already happened may,
in part, be due to some ‘récuverative influences associated with the

soil drift-rovime,
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The Arift rerime embraces the mechanical disturbance of the soil

system by inorganic agencies, 'This includes the mechanical -rocesses
of erosion (downslope movement aided by gravity, translocation by
wind and water); accumulation (motivated by gravity, air or water),
and mixing due to exwansion and contraction of the whole éoil mass

or that part near the soil surface.

Soil movement ig extremely active on Baster Isalnd, In the main,

this is due to the greatly weakened natural plant cover, but in part it
is due to the advanced stage of soil Weathering which h-3 droduced
clay mantle not readily penetrated by water. Evidence of sheet
erosion may be seen everywhefe and in many areas’tunnels and gulleys
are dissecting the landscape. Slumping and.slipping are common on

all the steeper hillsides, This high degree of instability was set:
in motion when the original.végetamlon of the island was first burﬁed,
and the erosion has steadily accelerated during the‘years 6fvover—
stocking with sheep and the frequent burning of the grass to induce
new shoots to féed-the excessively numerous shéep'pdpulation.. In
many éreas; there is little that can be done except to plant trees,

- and in some afcas (e.g. on part of Poike promontory) it is even

" troving difficult‘to establish Eucalyptus planiations. Normally

rapid erosion brings some fresh rock minerals to the soil surface

and this at.least assures an increase in the plant nuﬁrient sﬁpply

in the derived soils. This,'howeVer, does not always-occur in the
hamid tropics on landscapes Fotmed From sndositic ang more bJsic

rocks. 'The veathering processes can be so rapid-and thorough,



- 40 -

that ercsion reldéases-and distributes mainly material ‘that has
already lost most of its unweathered mineral reserves. -Although
Easter Island is not within the trdpics, the rate of soil weathering

niay well aporoximate to that of tropical seils, andiso accelerated

erosion brings little relief to the struggling vegetotilon.

There remains to be consﬂderéd the light textured often somewhat
sandy, material.that so édommonly overlies, or is intermingled with,
the clay soll mantle of the island, ricasons have been given stating
why this might be a local aeolian depbsit, és’distinct from an
actual velcanic =sh shower; and origin as dust abraded from the
naked tuffaceous cliffs has been postulated. Whatever its true
nature and origin, it is almost certainly associated with tihe soll
drift regime; - and yet its influence on the fertility of the soil
appears to be almost negligible, This may in part be due to the
fact that the tuff beds ‘exposed in the cliffs are already highly
weathgred belore they are attacked by the wind,. aqd i part due
to»the winnowing effect of the trade wind which soon drops most

of the larger particles and distributes mainly only the finer
Tractions. In soil profiles that show'a ¢lear break between the
clay subsoil and a lighter topsoil, the latter differs but little
chemically from the subsoil, apart from a slight increase in the
calcium, magnesiui, potash, and cation exchange capacity and a
decrease in available phosphate. This would be in accordance with
a slight augmentation of fine mineral particles, the wolcanic

glass portion weathering to allophanc which would raise the cation
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exchange capacity and canse increased phosphate fixation,

Enrichment of soil by efflorescence of the,watéfable ("flushing")
does not occur on Eastef Island, but there is clearly some
enrichment of the strip gleyed subsoil below the overflow from
Rano Aroi crater lake., Here are found permanently moist,

: ;
apparently fertile, soils that carry a thick grass cover (despite
the frequent burhing), and the soils have a very high earthworm
population. There are no examples of.earth movement caused by
melting and drying, or by freezing and thawing, anywhere on the
island. Mixing due to wet£ing and drying depends on the presence

of expanding clays; these are not formed in any quantity on

Baster Island.

To sum up this section on the scil processes most active on

Fastern Island:-

(1) The relativelyrapid ratd of kock 8F€8y can probably be turned
to good use to release plant nutrients from final crushed
rock mixed with the soil. This might obviate the need

for transporting lime and potash to the island.

(ii) Thg relative slow rate of leaching makeé.the uée of

’ fnitrogenous‘and phosphatic fertilizers‘feasable;
although it would be better to emply legumes to in=-
corporate nitrogen from the air into the soil, .

Phosphatic fertilizers are unlikely to be profitable

to use, unless the soil organic regime is first built up.
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(iii) +“The soil orranic regime is functioning weakly and the
highest priority should be given to the introduction
of inexpensive systems of soil management that will
rebuild the faltering soil orgenic cycle, UgPer the
environmental corditions prevailing on Easter Island

o :

the soil organic regime must alwayé be the chiel guardian

of soil fertility and plant nutrient reserves.

(iv) Erosion, so conspicuous in many parts of ‘the island, is
. I :
a result of 1ll-adapted farm management and the only
cure 1s to plant the most seriously destroyed and

potentially dangerous areas in trees.
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le cond User Sloce the year 1936 the Chilean luvy huas been resgonsible

for the administrution and _rogressive development of ~aster lsland
[ . o8 ¥

and its inhebitents., =slthough greatly restricted in scope by rigid

financial limitetions, and with inadecuate technical assistance,

the navy has vuvertheless tried very sincerely and had considerable

sucecess in improving living conditions on the island. Unfortunately,

the »avy has had less success in discovering an econoiic basis

upgon which development of the island might. be continued,

It is not surprising that sowe of the technical aspects of this task
proved to be Leyond the ingeruity of the havy to solve them, for

the problems are truly foruida:le.

From *35~2tc time the Navy have_;nvited technical experts to the .
island for brieﬂ visits, to study specific problems on the spot,

- Thus, in 1960, alarmed at the deteriorating conditions of the sheep
industry on the island, artiur Delley of the F,a.0. Technical
assistance kission 1.as invited to recort on the livestock and
.&asture .roblems. The Delley report (éB) advised numercus changed
in livestock manazewent practices and e.phasised that increasing
attention shovld be giver. to pasture and livestock improvemehts.
Similar recommendations were wmade by H;epich (24 ) of the uinistry
of mgriculture. ubsegiently tne iiinistry agreed to thé ap;qintment
of a resident agronomist to take' charge of the pasture improvement
exﬁerimenté, while the havy concurred in the appointment of a.

okilled: sracticsl .ud techniell farim mancger for the sheep ranch,
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skilled practical and technical farm manager for the_sheep.ranch.

The production of woel is the.main source of income for the island;
but in addition to comments on improvements requir?@ to maintain and
1ncreése wool production, both the above exgerts commented on the
need to guide and assist the 1islanders in the production of more use~
fal texort! cropé on their individual ferms, The recommendetions

in this field were less sgecific.but sufficient wés said to indicate
that little advdntage seemed to be taken of the unique climatic con;

.dlﬁions prevailing in this remote outpost of the Hepublic of Chile.

The earliest‘recorded systemns of land use on Laster lsland made a
considerable impression on tne darly havigators of phe‘Pacific Oceen.
zehrens (loc. cit, p 1355 mentions crops growing in fields whose
regular shage was achieved by the use of a meéSuring cord, hoggeween
,gﬁb, described the principsl plantftions and orchards as being in

the couth-west sector of the island, that is'to say in ‘the vicinity
of iano Kao and Mataﬁeri. hervé.(Zé) recdords plahtctions and

gardens of large extent, growing sugar cane, sweet poﬁatoes, taros,
-yéms, white gourds and various fibre crops. Forsten (loc. cit.)
mentions that in some areas baianas were 2lanted in holes 1 ft deep
to collect rain and conserve moisture. La Perouse (loc. cit.,

Vol 2 p. 332-333) formed a high opinion of the fertility of the

scil and estimated that only about l/lGﬁh of the island was

actually under cultivation., He also comments oﬁ the gréat skill with
which the plantations were laid out in ‘rectangles and long scuares',

end Tarmed withoat erclosure. Eeecher (loc. cit. p. 42) gives us
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some amelilicavion of the pattern of caultivation for-he states that
the islianders preferred places not diréctiy exposed to the fays of
tue scorching sun Qi.e., presumebly, the-shady sloPES.;ﬁd shaded
~side of locel depre;éions in the lava plain; and ﬁhai_they worked
the soil inﬁo.furrows at right anglgﬁ to the'élope,'the tetter to
hold the rainfall, He also mentiénes food gaerdens above the bay of
h€tu-iti, (near the north cape) where & small crater formerly
breached by the sea was planted in bananas. From these, and other
historical récords, it is apparent that the is;apders used mainly
the deeper and asore sheltered soils, but for some crops, also

emyloyed the hill slopes, and even the tops of the hills. There are

no indications im the present landscage to show exactly where these
old garden and orchard areas were located, but frecuently signs of

former cultivation are encountered in soil pits dug for soil profile

studies.

the art of éCriculture declined during earl&:part of the 19th century
when invernecine warfare and canﬂibaliém was rife on the island and
'thg earliest miséioparies recorded a. very different state of affairs
to that seen by the first european sailors (27). st this time, the
various tribal:ldands were long narrow strips running from the coast
island., salthough glearly marked along.the coast, the inner limits

of each tribes’_land-were'someWhat vague, and the centre of the
island was & sort of nomans land, - a-refuge for outcasts and sur-
vivors of vanquished{?ribes_(ZS). By 1868, the'MigsionériFs hsd.

[ . s
been succebsful in converting all the islanders to Christianity and
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in Tobs8 the Government of Chile laid clzim to the island.

Before the declaruation of Chilean sovereignity over -Easter 1sland,‘
several private indi&i*uals had purchased land in the Island and
nade & start witn agricultural development. The largest of theée
ventures was that belonging to a Society formed to develoé a sheeb
and wool industry, in the year‘1871, and comprised an area of some
2275 has., Ffrobably the animals were allowed to range over most of
tne island. These early flocks may not have greatly exceed>5000
head, but their presence on theiisland at this time sho#s that
shreep have been exerting an influence on the islands vegetation and
soil for only a little short of 100 years.
Following the deélara&ion of Chilean sovereignity over Zaster lsland,
on'9th September, leS,.the"earlier land purchases were re—examined.
but in 1895 most of the fiscul land of the island was rented to
another sheep-farming company; and on the expiry of this lease in
1915, the system wﬁs continued under a new agreement, and eventually
came under the control of a very large sheep;raisiné coicpany which
closely integrated oper.tions on the %sland wi£h various large
. properties which they owned on thé mainiand. -lt is claimed that the
sheep carrying capacitxvof the island soil was pushed up higher and
“higher towa%ds the’final years of the lease, Lvent%ally, in 1936,
‘the Chilean Navy inherited the sheep industry. HMany of their
- problems at tpe_present time spring from the earligr daﬁaging years

when natural pastures were overstocked and overgrazed. -The ex.ra--



—~ i7.-

ordinary amount of soil erosion on the island problably also dates
from this period of the island's.agricultural history.

ne of the sost dame;ing factors associapéd with sheep gfazihg has
Eeen the ase of fire 2s a4 mean of getting rid of dry, unpal;table
grass and inducing soft rreet shoots. reriodic grass fires almost
certainly comuenced with the arrival of thé first Folynesian
colonists. Grass fires were reported by early voyagers,.such as
Lisjanski, in 1812 (6), and again by Beecher in 1831 (loc. cit);

but regular and systematié burning of.ﬂhe natural pasture commenced
in earnest from 1916 bnwards; The oriéinal mixture of'grasses on
the island has steadiiy changed until only>the poorest and n@st
persistent'speciés now remain, There is now no sign of the Paspélum
referred to as 'Jamaica érass' collected by Dr. forster, Captain
Cock's Eotanist, in 1773 and many of the grass species noted by
Skottsberg in 1916 spoear to have since died out. The dominant grass
Sporobolus, is,; olant which might well rank as a noxious weed fof
all nutritional value as sheep pasture, [he situation has now
reached the sta; e where it is iupossible to keep sheep alive on ihe
island unless fregaent burning of theinatural pasture is carried
out. Thus, a highly anomalous situatioh has arisen, for baster
Lsland was deciared a hétional rark and Historic ronument as far
back as 1935.. Unless radical changes ;re ma&e in tﬁe policy of using
some fouf—fiftﬁ,of the island as sheep rénge;'thé final result will

certainly be the deliberate destruction of a declared hational ssset.
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an wdditional source of soil depletion has been unwittingly fostered
by the Chilsun Navy in their efforts to get the lsiand on & sound

. eCconomic footing. Tg sustain the pig industry, the‘havy encourages
the .rowing of maize by the island farmers, w©aize is the only

casﬁ crop available to the islanders, and as a consequehce maize is
sown repeatedly throughout thé year; ofteﬁ several successive crops
are uinen from the same area of soil. _Natqrally this leads to rapid
exhaustion of soil fertility and, since each married islander is en-
titled to only 5 hectures of fiscal land, the mofe energetic farmers
have reached the point where they have mined all the available

slant foods in their allotment and are now applying to exchange
their lénd for a new éarcel of 5 hectares. This amounﬁs, very
nearl&, to legalised shifting agriculture, and is a very bad thihg

indeed for the agricultural future of the island.

Thus the.two major forms of lahd use currently being practised on
the island are distincily detrimental to the future of the island.
The only places where the soil§ were showing reésonably maintained
fertilibty were under the orchards near the houses, and under the

gucaly tus and other plentations established during recent years.

There is no cuestion about'th? MIED for planting more trees on the
island. The climate is very weil adapted for tree growth and it‘was
ogly an accident of iSothion that prevented f@e island from having
as luxurieﬁt forest cover as Tahity or Juan Férnandez, or any of the
other :acifi; lslands in‘even coolér lstitudes., Thas was.the opinion

of rrofessor ckottsherg, who also censidered that the island probably
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originally supported a forest-savanna type of vegetation, with
considerably more forest than reported by the_first furopean visitors,
Inis opinion is supported by an examination of the soils., 1ln very
many of the soil pits, there is a thin lay;r of very fine carﬁoniszd
wood freguents immediately below the uppermost yart of the soil which
is derived-mginly from wccumulation of erosion groducts. The parbon
layer may occur &t a yarying depth in the soil srofile, depending
upon the local rate of soil accumulation, but it is so wideﬁpréad
that one is tewpted to imagine that zlmost three-guerters of the

island may once have had some type of wood shrub or forest cover.

To control erosion, and as an aid in the conservatiqn of the water
reserves of the isiémd, trees should be .lanted on 2ll slopes over
150. This policy‘might well be extended to include some of the very
rocky, lowlands areus of gentle reliequhere pasture growthlis
restricted tc less/than 50% of thevsurface owing to efflorescence'
‘of lava rocks. fucalyptus appears to be a very fést?gfowing tree
under islaﬁd ;onditions, but it wmey.not be ﬁﬁe bést‘tree with regard

to conservacion of wmoisture. OCtner tree species with lower

transpiration rates should be sought and tried out on the'islend.

SulLailg U, tne current land use problems of the island, the following
points need ailention:-
ts Sheepvfarmihg based on oPen range mansgcuert can no longer be
reconmended withdut very serious consequences for the future.
* Frevious e;periments with introduéed grasses and clovers
scuttered ambngst'the3native grass_havefshown few satisfactory

results. -
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Clearly the soilsfare no longer abie to support demanding and

- { g
nutritious spccids.withbut the assistance of fertilisers and
careful livestock maznagement. The best management system would
be to gradually withdraw the sheep industry tortwo or three
selected wreas where high cquality fertilized pastures and

adecuate shade trees can be estublished in advance,

2. ihe pig industry operated on beha{f of the island by the Nevy
is barely an economic proposition, and since it has become an
incentive for exhaustion of the soils on the family allotments

it would be better zbandoned, or drastically modified.

3. Preliminary sttempts at afforestation are very encouraging,
and this aspect of lard use needs répid expension to help in the
control of erosion and to proviae better protection of the

islands water supplies.

If the lend use policy in respect of aster Island is modified to

" conform with the above suggestions,'phere will obvieusly be very
serious repercussions to the islands;s economy. The change from
extensive to infensive sheeg farmin, must involve a reduction in
sheeJ on the island; hence & period of lower returns from wocl which
will coincide with the period when money is needed Tor pasture
establishment, fencing, tree planting, and purchase of new livestock.
+f at the same time, there is a éaycring off in the .ig industry,

it will certainly cause udded hafdshiy to the islanders. At the
moment the Chilean haﬁy is keeping the island economy close to the

break-even point, but the effects of bad land use-are curmulative,
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crd gvery year places the havy in o more difficult position,

There is wbsolutely no doubt thot « new agricultural policy is

-

urgently needed ror waster sslend, but before proceeding to consider

the lines which an apricaltur.l development orofrawme might follow,

it is veluable to consider some of the specicl features of the

island environment that must have a powerful influence on agri-

cultural development.

2, Dppecinl features of the gastbr 1sland enviremment that must influence

-
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(Togress in airport construction is delayed becuuse of the very
real difficulty experienced in laying wn adequate conecrete strip
on an island*wh;ch has no q&artz'sand, no sutisfactory gravel, .
1o good site for quarrying and inadeq@ate water sugply for part
of the time, Cement and nost of the sand and grével heve to

be shipped in the annual suypiy.ship which has severe cargo
limitetions, Lor will an airport solve the problcn of shipping
large quantities of perishable agricultural prddﬁce, as pihe-

°

apples and bananas, even if trunsport costs were subsidised.

To sup.ort & umore f;equent ship.pang service and muintein it-on

an econosiic basis likewise scems out of the question &t present,

- at leést uﬁbil such a time thet the island &achieves’a much
hlaher standard of dgrlcuLBerl broductlon. Transport limitations

v1rtuai¢y rustrlct apriculturcl proauctlon to crops that cen
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withevend ur to one year in storage in the raw condition, or

can be partially or cc..lotely processed on the
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- Tie former catepory belong dried frait, nuts, beans end
cerveln s.ice crozss. Coffee berries .night also be ir this
Lroup, rrocessecd crops included canned fruits end fish, and

sossibly ex,ressed vegetable olls and pre.ered Tibres.

and_and_*abour

valiv wddr and canned dncapoles are frecuently mentioncd ws
e

possille exoort crops (e.g. 23,24,307, but even under the wost

~

fovour.ble circumstunces & small faectory specialising in these

~roducts could not hope to compete with large established

Lo

firms outside Chile. un 2aster Isiand, condilions are far from

avouraeble since the orea of soils on which tnese crops might

L
4]

@

o’
b

grown 1s relatively insirnificant; morcover tihe abundanée

ol stone cud roch makes mechanisation all but imfoésible

in marny oreas. woreover the labour fo;cc on the island aanounts
Lo less than 300 eble-bodled men and women. Iack of suitable
laend and the s.zll lubour force available is also an argument
agalinst esteb.isning coffee plantations of ary worth-while

size.
vaber_tupplics

There is little doubt thet scarcity of woter on the isiand is

only « o, orwry problem wnd that when deey wells are dug ot
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some distance inlend tfrom the cowst, LL© sty oF Frosh watep

“ : | } . .
wlll be adequate for the humen und snimal population wor

crobably gquite adequate to supgport small irdustries, should

these eventually apiear. The iLuwmediate .ro_ ramume for luproving

water supplies should include well-digging, pipeline reticulation

and installetion of pumps.

50il Conditions

Soil ferlility. 4in genersel, the fertility of the soils of
cester Island mey be considersd to be low, rising to moderate

in the case of the soils of the Toro association. Most of

the soils in the island cannot be expected to support intensive-

farming (eithgr croy production or grazing) without some
improvement in their plant nutrient status. it is obviously
cut of the cuestion to trunsport srtificial fertilizer.in

adeguate quantity from the Chilean meinland end alternmative

'bystems will have to be devized,

The brief study made of the streng.th of the soil grocesses

operating under the island's environment suggests that

one way of replacing many of the missing plant nutrients
will be to,virtuzlly invert the soil profile by using the
crushed fock‘as « topsoll ameliorwnt. this will become
pgésibié es séon_as.rock-crgshiné faéilities are available

on the islend, oimilar experiments with 'cuarry dust' from

Jbasultic. rocks were carried out in New <Zezland duning the

last war, and, in the mein, groved successful,
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additioncl of finely crushed rock and rock dust to the top-
soil will iaprove the piant matrient status but will still
leave & deficiency of available phqsphatg:aﬁd of nitrogen,
nitrogen ca@_Ec built into the soil by maaéé of growing
.‘leguﬁ@s but it is almost certuin that the legumes will prove
impossible to establish so long us the soils contimie to
have a very low available phosphate status.. Thus, it is
very probable that some form of HhosPﬁate will na;d to be

—— -

can be solved.

It is unfortunate that the sea-birds have largely deserted

the wcaster tsiand rockeries, both on theimain island and

. on the swall rocky islets. There:is no adecuate source of

- bird gueno in the area, Since the;low .recky Délas ¥y Gomez
islets, some,BOO_mileé.to the north-east; are too lowlying,
and are lsrgely swept clean by -storm weves, thersz 1s no

guano .to be obtained from this locality either. Lany of

the underground caves of raster island gontzin an accumuilation
of organicelly rich soil on their floor.; This soil. probably
‘contains some phosphate, -but, the gquantity of cave soil avail-
-able is too limited to serve as a general'sourée of agri-

cultufél yhdsphate. The amount éf"éeawééd avaiiéble is

likeﬁise lindted and difficulf to ;écufe. fhe onlly mejor
iocal‘soarcé>of-phosphéte is in tﬂ;'fiéh‘of-the sea, énd
thereﬂno longer éxist any facilitiég }offconvertiﬁg fish

(¥ .

into fish-meal which could be asedrfor supglying phosphate
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to plints, and .rotein with phos.hate to animels. Some

30 years 4.0 & small fishfmcallplant Wus in operation on
the islaend and this, togethér with crushed bon;é from
slaughtered livestock, was added-in one fo}m or>another to
tneliéland sails. Unlesé this fish—méal industry can be
revived,‘therb wiil Be no &lternstive but to trensport
artificial ;hosphate'fertilizers te £he island, in'
sufficien@ quantity‘to act as a ;griming‘ for the
estaLlishﬁent of leguminﬁus species, lp this e#entuality
the only phosphatic fertilizer that should be considered
is the form kﬁown_as 'tfiple phogphate‘ which cafries the
highest phosyhate'co£tent per bulk deﬁsity und can be
obtuined in a cbarsely—grouna or. pélleted condition, which
will reduce the amount of ;hospﬂate lostby fixation.due to

active soil processes.

All the norncl nitrogen requirement‘ofrtheris;and soils can
be sypplied 5y'leguminbus ~lants acting in pertnership with’
soil micro—organisms.. The phosphate is needed as much by
the latter as by the legumes, but once the phosphate .
.deficiency is overcome, £he plant—miérobe éystem can be
expeéted to puild atmospheric nitroggn into the soil:
alfelfa and subterranean clovers are currently under trial,
bgt in futufe y;ars talier sub-tropical and tropical legumes,
such-as kﬁdzu,'shoulq be tried. There_is a.locéi ?ean

-

(V#cia’sp) which grows well, and which could, with advantage,

befseedeq far more widely.
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The wnole sugeess of the phosphicte and nitrogen progrimme,
hinges uyon tnd introduction of systeis of soil managenient
that will conserve and build up the soil organic regime,

r

Jnder wester islend conditions, it is sbsolutely essential

to build up the soil humus and keep the organic cycle ope-

©

rating at as high & level of activity as possible. To

avoid unnecessary destrucpioJ of soil organic mazfer by
intense insclation, the soils should be ménaged in such a
wey that they have & nearly continuous plant cover of adequat
de.th and‘thickness to give protection‘from,direct sunlight -
dnd from rapid heating. Laster Island scils should, as fér

as possible, be kept covered from the direct rays of the

sun at all t°

There is no question that, provided with & only minimum
quantity of imported phosphste fertilizer and management
aimed &t conserving soil humus, the fertility of the soils
of taster +sland would be greatly ia.roved. tiowever, they
could not be imgroved té the level where all'types of Sub;
tropical and wafm—temperated Cro.s can bé grown, Because
of the liuitetions oflthu natural soll processes there muast
alweys be soame control exerted by the soil over the type
of crbés that can be grown, =& list of potential crops
which cbuld Le grown for 'export' from the island has to
be culled to -exclude «ll crops‘whiéh demanﬁ high and

cuntimious supglies of r, N, Ce and, probably &,
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moisture. & further limiting fuctor, associated with
the soils is the sugply of adecuate moistare for éhe growing
croy.s and pusturcs, Crops which require a very high and
ainost continuous suply of soiI\moisturc‘could not be grown

econouically on saster lbldnd

raster Island soils are periodically subject to & high rate
of quyordthH to blgh 5011 tcn,eruturcs anid to periods

of drying out to dektn of 18-24 inches during e prolonged

drought., There are various weys of minimising this. The

oldest, and that used by the ancient rolynesicns in‘meny
other islands, is to keep the unused surface of the soil
covered with a 'mulch' of loose stones. rlet stones eare’

better than roand stones &nd the -surface layer should be

“at least & inches in thicikness. lMulching the soil surface

with dead orgunic residues is & better known technicues and
is better for the soil in that it leads to the incorgoraticn
of extra orgenic matter but on the island there is a dearth’
of these residues. The stone 'mulch' technique could well
be em;léyed on’ waster Islend for perﬁahent orcherd Crops.

S50 great is the need to conserve soil moisture in raster

Island s0ils that every availcble system-should be tried.

with the development of wells for exploiting subterranean
water su.plies, some irrigetion may ever become possible

! . .
on the island, and this will considerably lengthen the list

of crops that could be grown with security on‘thc island.
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Sotential cross_ard_how to stimulate production

Thc‘problem of pastorel farming is méinly one of <stablishing
good.grass—lugume swerds in.certain parts of the isiand where
adecuate water is aveilable for livestock, and managing these
units with care and intclligence. The problem of selecting
suitable uconomicICFOps is éohﬂlicdtgd by the problem of trans-
porting produce 1o the mainland and the limitat orns imposed.by
s0il and soil moisture conditions, by the limited area of

saitable soil, and by the limited labour force avuileble.

Fresn fruit have o 'ex ort' possibilities and neither does
canned fruit, unless heavily subsidised én a protected market.
Sugar cane could be grown but only in quén£ities sufficient to
support & small rum distillery. Cotton and fibre creps,{also
coffee, cocoz and tea; all need a bigger labour fgrce ard would
soon coﬁe up aéainst the problem of lack of suitablo soils for
exgansion of tﬂe industry. For maintaining soil fertility, = -
leguminous crop would be preferred. For ease pf storage until
the annuai boat arrives, a dry frﬁit such as a.nut should be
selected. Somefhing along the lines of a peamut growing industry
would be ideal but the price of this coﬁmodity is probably not
high énough to meke this industry truly economic under island
conditiéns. Also mechanization would be almost impossible in

view of the large arca with outcrops of lava reck.

Growiqg a nut crop for local cxtraction of oil has considerably -

better possibilities. Castor-oil is already under trial on the
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island and.may prove to be the best of this catcgory since it
is adapted to feirly low nutrient levels in soil. hleu:oites
(Tung 0il) is another nut crop of this group which might be
worth trying, although it needs rat%ef better soil conditions

for econonic levels of production.

High-priced spicé or essential oil crops are another fisld worth
exzloring. .Iwtmeg would probebly not succeed owing to its
soil fertility reqiirements; but high-grade ginger, tumeric,

and other root-spice crops could be grown.

Bust of 4il would be a densc-shade type of tree crop, one which
 would combine all the other desirable features. It is doubuful
if cloves would do well in .aster island soils, but tonka-bean

tfeeé siiould be tfied, even though-the'world nwrket is small.
Selecting the ideel ”exporf”.crob fofAuaster island will require

ingenuity and soule gatient experiment.

There is oniy one way to stimulate the production of the desired
selected crop:; by puwying cash immbdiatély for every sinzle lot

.Sffered: with the passage of tiLe, gua;ity can be made & ruling
factor but wt the outset; it is-producﬁion in cuantity that will

need to be encouraged,

——————— - .

in the situation outlined in the foregoing peges, and bearing in mind that

‘there are also economic  yroblems in continental “hile which preclude any
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sudden Heavy expenditure on raster Island problems, the logical suggestion
to nake is one which enviscges a slow, steady, phased programme covering

& period of say, ten, year.
The following suggestions are offered:-

- = - e - ——— - ————

10-Yeuh_ FROGiwwit 0N T, aviICJL UMAL J5ViOPRehT_OF LASTER I5LobhD

1st. rhase ~ 1962-1964 : investigation and experiment

1962 - 1, uJevelogment of Vaitea lxperimentel Station as centre of
pasture (grass and legume) trials with varying amounts of

fertilizers, winor elemnents, etc,

2) - mstablishment of forestry nursery at Vaitea.

3) Investigation of problei of sme1ll farmers; catalogue of
actual crops and tree grown; collection of data on crop
yields as index of soil fertility; list of insect and

-other pests causing diminished yields.

L) CGobservations arnd limited fertilizer experimentslwith potential
i

new crops such as Castor oil, reanuts, BEstablish a plant

introduction nursery.
5) frogramme.for improving -health of existing livestock.

6) Careful subdivision and repair of stock fences of areas

Veitea Ra:io aroi - r oike and Rano hzo.

7) wostablishment of a permanent technical committee in Santiago

to deal with agricultural development problems of taster



1963 - 1)

2)

2 3)

w B -

1siend, 7This committee should maintain radic ¢ontect with

th. resident agronomist on tie island every other month,

In the light of results obtained- during 1962 experinents,
pasture triezls should be intensified and more extensive

afeaé sown with promising;seed mixtures accompanied by
appropriate fertilizers. The cost of ﬁﬁe pasture establishment
shouid be caréfully rccofded. Jp-to 50 has. of promising

seed mixtureslshoﬁld be sown and grazéd by a special

experimental herd selected from the main island flock.

rxpansion of plant introduction nursery and introduction
of a wider range of potential econoimic plants. Secd of
potentiél crops can be gathered with thé help of FaO and

other international organizations from regions where similar

climatic and soil conditions prevail (i.e. Northern New

tealand some Facific Islands and northern islands of

Caribbean region). Concentration upon crops which can be
stored -(i.e. nut crops from which oil can be expressed as
nleourites) édible nut crops, (as peénuts, cashew, pecap};
spice crops, (as ginger, tumeric, cloves, nutmegs);‘coffeg

and possibly cocoa, Commencewent of fifstphase'i? & programme
de?igned to shéw anail farmers how to get better results

from théir land; fertilizer demonstrations, etce.

kxpansion of forest nursery and start of limited afforestation

programme on land of over 20° slope: introduction of special
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5)

7)

8)
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wind-resistent erosion control species {i.e, Ngaio, Pohutzkaws,
ete., frow sorthern Mew dealand) for eventuel planting seversly

eroded areas of Poike peninsula.

aericl photography of the island end preparation of air
mosaics with ground conﬁrol: preparation of accurate plani-
metric map of island. 4 light glane or helicopter suitably
equipped for aeriai photography could easily be carried to
the islind on the "Fintol.

Reduction or sheep population by 15k ofvprésent total, and
withdrawal of best Part of floeck to three areas (Foike,

Heno nao and Vaitea-Rano saroi) when fences have been repaired
and paddoch subdivisién carried out. higorous flock classirg

programie and inspection of‘animal health.

inspection of air photographs and planimetric map by Egs:er.
Island Technical Committee; correlation of existing soil

and other maps to determine genéral lines of zoning of
island in three land use categories; assembly of all exist-
ing data on island's natural resources; and preparation for

expedition of scientists to visit island for three months

.in 1964,

Use of air photos and vase map to plan future limits of sheep

fdrms and subdivision fences.

oelection of sites for three exploratory wells.to be sunk
towards the centre of the island to prove the depth and extent

of subterranean water supplies.
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(In this year special trensport. arrangements are recommended

to allow for expanded scientific work on the island and for the

I

completion of such technical projects as well digging and

drilling to explore the subterranean water reserves).

1)

2

3)

&)

Three-month visit to the island by members of the caster
Island Techhica} committee and co-opted members speclalising
in plant ecology, entomdlogy, parasitology, soll conservation,
foréstry; livestock selection, etc. Final selection of

three localities for intensive sheep raising. velimitation
of permanent Séundaries-for limié of sheep grazihg, for
afforestation, and for agriculbural’development by island

small farmers,

Review of experimental work carried out at Vaitea and selection

of most successful grass and legume mixtures to.be sown on

sheep far areas. wostablishment of 500 has. of improved

pasture on two of the three selected sheep farms.

"heticulation of water from central wells to town and to newly

established pastures; construction of additional fences etc.

i

Reduction of original sheep flock to}SO% of original total

and restriction of all remaining sheeﬁ to permanent farm

(ho. 3) on Foike peninsula. =at this stage all sheep 6n island
restricted tq Poike{‘and given very thérough cléss?ng and

1

veﬁting for. parasites.
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7)

8)

9)

- bl -

manding over of re-afforestation programme to Forestry
authorities; establishment of priorities for eroded areas

requiring afforestation.

Review of pldnt introduction work carried out on island and .
selection of créps which secm to have most_promising economic
future; estabilchment of fund to guarantee purchase of all
seed offering on island; prganization for collection and

distribupion Qf seed.

2xpanded aid to islard farmerF; assistance in planning family
holdings; soil survey of érea allocated for small farm
development; re-designing and expansion of areas allocated
to.small ﬁafmers where soils exhausted; prggramme Tor
rebuilding soil fertility in certain areas; estsblishment -

of better facilities for collecting and processing

texport! crops.

First step in reduction of pig industry leading to reduced
requirements of muize for pig feed; introduction of cuota
system in maize production. Exploration of alterngtive and
more nutritious crops which‘could possibly be grown as pig

focd.

Furchase of rucleous of future sheep flock for island: build

up, on continent, of sheep of good guality for dispateh to

“island in 1965.
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2nd, Fhase_~_2965-1948: uxpansion of uevelopment FProgramme

1965

hstablisnment of two new flocks of sheep on the land pre#iously

prepared at Vaitea and aano Aao;'ClGSe attention to stock

- management land livestock health; trials with conservation of

1966

1967

fodder in form of silage and hay. Continue seggregution of
remnants of former flock on rolike peninsula and begin pasture
improvement programme on this farm with sowing 100 has of

pasture and legume seed with fertiliser. Continue afforestatien

 progranme, Legislation'totally prohibiting the -lighting of un-

guthorised fires within afforestetion arez, Inauguration of
clearec fire-breaks and fire patrols, intensify small farm pro-

duction by means o6f credits and fertiliser supplies.

Continue development along same lines, Shipment.of first bulk
Yexport' crops to coincide with further reduction in maize grown

as pig feed; virtual extinetion of‘pig industry in sight.

Island Techrical Committee to review progress end invite thorough

‘economic investigation of progress of agricaltural development

in its existing stage; review of 'expori' crops in light of needs
of mdinland Chile and world markets., If favourable report, con-

tinue same programme through 1968,

-_1968-72: cmergence of Islarnd as self-sufficient ecoromic unit

o e e e e e

‘1sland ‘ecohomy now dependent upgon livestock products (wool and

meat ) from three intensive grass farming areas, plus 'exportable!
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.roduce from islander's allotments., The annual development.
to . expenditure for agriculture will probably exceed returns until

1972 since the soils will be slow to recover from their long

historical decline and will need regular treatment with ferti-
1972 lizers to accelerate their build-up. Possible development of:

poultry products and fish (tuna) canning industries.
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APEENDIX

-

DESCRIPTIONS UF BASTER ISLahd SOIL. PRCEILES

i e e il g g

PROFILL ho, 1 ¢ ValTza 51lt loam

—— - e i i — - i it

_Rellef and altltude : Level area in sloping pldln with oroad steps formed

el R S ROl Al AR e e S

by lava flows, 990 ft above sea—leve

Farent_material of 5011 :  Andesitic lava with some admlxture of -volcanic
dust.

jg tural_piant_cover : “'frobably Soﬁhora scrub

actual plant cover : Sporobolus grasslaﬁd

Soil profile
B 0-12" dark brown (7.5 YR 3/2-4/2, moist) slightly stony silt
| ioam; friéblé‘but matted with grass roots; strongly developed -
IVeri fineléngulér biocky to‘coarsé-granular sﬁfuctufe; very
:slightly stiéky and slightly to modérately plastic when moist;
ﬁoupdéry diffuse; (pH 5.0). - .

. 12—24” el Brown to dark yellowiéh brown (7.5YR j/é-lOYR 3/L, moist)
stoﬁy silty clay ioam, friable; very strongly developed fine and
very angular blécky sifucture;-very slightly sticky and moderately
plaéticxﬁheh moist; boundary mérging; véry fiﬁe fragmeﬁts of
carbon at 15%; (ph 5.2) -

34-27"  mainly strong brown (7.5 YR 5/6, moist) light clay with fragments
of pale gréy ahd.réd decomposing porous lava;vfirm; weakly
developed‘blécky ;tructﬁre noderqtely stlcky and strongly plastic

when m01st boundary irregular;: (pH 5.4),

ol s DR grey, reddlsh and strong brown decomp051ng lava
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PRUFILa  No. 2 ¢ RANO ha0 heavy fine s~ndy loam
Location of grofile : 1/2'mile South of Mataveri, on lower slopes of

Rano Kao volcano

elief =nd altitude : wsoderate planeze slope of about 703 smooth to
slightly rumpled microrelief; 140 ft above séalevgl

farent_naterisl of soil : Mainly andesjtic scoria, probably overlain with |

lj . .
10" of volcanic dust.
! .
Matural piant_covir : rrobably grassland

setunl_plant cover Sporobolus ‘yrassland

0-10" brown to reddish brown (7.5 YR - 5 YR 3, moist ) heavy fine

sandy loam; firm to friable and strongly laced with grass roots;
A : ;- <y .

{ 3 PEFIDE A

moderatély devgloped_me@ium subangular blocky stracture breaking .
to fine angular blocks #nd coarse gramiles; very slightly sticky
énd moderately plastic when moist; boundary merzing; (pH 5.9);

10-28" reddish brown (5 TR 3/L=L/k, moist) clay loam, friable to very
friable; massive breaking to vefy fine grarmules and crumbs; slight
to moderately sticky, moderately to s£rongly plastic wﬁen moist;
boundary distinet; (pH 5.8),

18-50" red (2.5 YR L/L, moist) silty clay; firm; weakly developed coarse
vlocky structure brecking to medium-sized angular blocks and
some coarse granuels; slightly s£icky, moderate to strongly plastic
when moist; bﬁundary merging; (pd 5;8)

ONa s similer material but lumps of yéllowish~red wgéthered scoria

becoming abundunt,
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23 © KaibMA_silty clay
profile ¢ 1 mile NME of Hungaroa township’
al%igg g i "strongly.rolling torrolling"foothill Llopes”(l2o)

of small scoria cone; altitude 300 ft. above sealevel.

rarent_material of soil : umainly andesitic scoria and tuff beds
daturel plent_cover @ probubly grassland
actual plant cover : ~ Sporobelus pasture

dusky red (10 R 3/?, moist) silty cley; firm; strongly developed

coarse granulaf structure bresking with difficulty to very fine

‘granules and some crumbs; slightly sticky, moderately plastic

6-2&”

when moist; boundary diffuse;'(pﬁ 5.?).

weak red (10 R'h/h,'mbisf) heé&f“élay{”Véry firm; strongly developec

coarse angular blocky structure breaking to medium blocks, coarse

and fine granules;'slight-to;moderately sticky, very strongly

plastic when moist; boundary merging; (pH 5.8&).

24=-55"

somewhat varicoloyred, mainly weak red and red (10 YR L/l and 10
IR A/B, moist) silty clay with occas:onal small fragments of
decomposing scoria, firm; weakly developed very coa;se blocky

to irregular prismatic structure breaking to strongly developed

‘coarse granular structufe;'slightly sticky, strongly plastic

'when moist; boundary merging (pH 5.7).

Olas e

siuilar material with large lumps of weaﬁhering scoria,



s Ty

siefles LOs 4 fuzha _silby eaizy loam
socution of rrofile :  nbout 1/4 mile west of summit of Maunge roike
<
o ; . ; /0
nelief ard altitude @ Small flattish area oa long, gentle (5-) planeze

‘slope of Folke volcanic centre; altitude 550 ft
above sealevel.
rarent mate izl of soil :  ainly andesitic tuff

Latural plsnt_cover ¢ almost certainly grassland

e e e R e R T e o ——

sctuel slant cover Sporobolus pasture
201l pgrofile
O-15" derk brown (7.5 Yn 3/2, moist) silty cley loam; firm-to-friszble;

strongly developed‘Veryifine sub-angular blocky and coerse granular
structure; -non-sticky and moderately plustic when moist; boundary
mefging; (pﬁ:5;1)‘

.25=30m brown (7;5 YR h/h, moist ) eitty-clay; friabls weakly developed -
medium and fine engular blocky stracture; mode;ately sticky and
‘HOQerately plastic when moist;boundary merging: {(ph 5.0)

30=~55" reddish brown (5 YR 4/k, moist) silty clay; friable but compact

'in situ'; strongly developed fine and very fine angular blocky
structure; slight-to-moderately sticky, moderate-to-strongly
plastic when moist; boundary diffuse; (phH 4.9).

55-70" veliowish-~red (5 IR 4/8, moist) silty clay; firmeto—friabie;
weekly developed medium, fine and very fine blbcky structure;
slightly sticky, moderately plastic when moist; boundery merging
(pH 4.8).

On. ., éimilar vellowish-red merging to strong brown silty clay with

small lumps of soft weathered tuff.-
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location_of profile :. about 1 1/2 miles southeast of #Mataveri

- e A -

el

Eglggg_gpg'g;titude : about halfl way up a*long planeze (70) slope-of

. Reno bhuo volecano, on broad flattish ledge; altitude

930 ft. above sealevel.

Parent material of soil : probably mainly volcenic dust overlying andesitic

7
S

D e e

tuff and scoria,

vataral plent cover possiﬁly Sophora scrub

actual plant cover : eacelyptus' plantation.

'0-12"

12-30"

-30-60!

OfN...

o ——— -

L

" derk brown to brown (7.5 YR 3/2-3/L, moist) very fine sandy loam;
friable; no well defined structure in mass but bresking to weakly
developed finesp}ocks granules-ahd crumbs; non-sticky and very

‘siightly plastic'when moist; boundary diffuse; (pE 5.4),

" dark brown to dark reddish brown (7.5 YR 3/2-5 YR 3/L, mbist)

fine sandy clay loem; very fricble; no well defined structure

in mass but crumbles readily to weakly developed minture of fine
granules and crumbs; non steady, slight to moderately piastic

when moist; boun&ary diffuse; occdsional carbon fragments at

20"; (pH 5.6},

reddish brown (5 YR L/4, moist) clay loem; very friable to friable;
no well defined structure in mass but breaks to fine granules and
crumbs; slightly stiéky, moderately plastic when moist; boundary
" alomost distinet; (pH 5.7).

reddish brown { 5 YR 4/L, moist) silty clay; firm; weakly developed
'caarse blocky structure; sticky ard plastic when moist, boundary

-not seen; {(pH 5,8).
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i, 8 Val-aRz:n__silty clay

wei s w15 miles Ni of Leproscriofl,

- o —

.. ' . ; ; o o 3 i !
wititude ¢ geutly sloping plain {cbout 37 ) with smooth to very

r
gently undulating surface; altitude 320 ft above

of _soil : _orous «ndesitic lave

s3iurel -donb_cover :  alaost certainly Sophora woodland
nfodbe wielb cOVEr i fallow ground after maize crop

PRl

~

1)

JelyM

Oless

derk trown to reddish-brown (75-5 YR 3/2, ,moist) siijhtly stony
cluy firm-to-fri.ble; very strongly develoged fine sabaniuler
blocky structureg very §lightly sni:ky) modur&tuly plastic when
wbist; boundury merging; (ph.5.6)7"

dark brow: to feddisﬁfgféﬁh (5 YR 7.5 ¥R 3/2, moist) stony fine
sandy clay iégm; friable to very friable; no clear structure

in mass but brezks to fine blécks, cranules and crumbs; slightly
sticky, slight-to-moderstcly plastic when moist; boﬁndary diffuse;
smell fra ment of éarbon‘at 18" (gH 6.3)

durk reddisk brown (5 YR 3/2, moist) stony cley loam (or heavy

fine ﬁuddy cley loam); frisble-to-firm; no distinct structure

_in the mass but breaks to granules and crumbs; slightly sticky,

moderately ploistic when moist; bourdary diffuse; (pH 6.7),
dark reddish brown (5 YH 3,2, moist) very stony clay loam grading
to silty clay at zbout 60"; firm; weahly developed'mediﬁh angular

blocky structurc; moderately sticky and _.lastic when moist;

bourndary not seen; (gh 7.0



PROFILE _io.

lLocation of

7: Ulimpion _stee.lend soil, fine sandy loum
_.rofile : sorttiern side of-.naunga +uhi
_ 0 - ;
altitude ¢ steep slope (367 ) of ruhi scoria eone, hear gentre

- ——— - . b

—----"——'-

of 1sland; altitude 8%0' cbove senlevel
erisl of soil : wndesitic scoria and tuff with some colluvial

drift containing volcunic dust

t_cover : - possibly bophora scrub

actuel rlant cover : oporobolus grassland

59"

9_1én

. 16-32"

O s

- ——

dark reddiéﬁ brown (5 YR 3/2, moist) fine sandyiloam;-friable;
strongly Qeveloped very ‘fine blocky and granular struétﬁre; non-
sticky aﬁd very slightly plastic when moist;'boundary distincf;
(H 5.2}

durk reddish b.own to reddish brown (5-YR '3/3—4/3, moist) heavy
siit ioam; friable; strongly developed very fine granalar end
crumbs sfructure; slightl& sticky, moderately plastic when moist,

boandary distinct; (pH 5.4)

. derk reddish gray (5 YR 4/2, moist) clay; firm; strongly developed

coarse ahgular blocky structure brecking to medium and fine sub-
angalar, slightly fiattened blocks (laminar fracturing); moderately
sticky, very étrongly plastic-whén moist; boundafy diffuée; (pH5.6),
varicoloured; mainlf'yelldwish-red CSLYR 3/1) and derk red (10K
3/6) heavy clay containing uﬁ to 4" blocks of weathering scoria

and tuff§ very firm, compact 'iﬁ situ'; very weakly dgyelopedﬁl
very coarse blocky structure; slight;po~"ndnr&tely sticky, moderate-
tbwptrongly'plgstic when moist; boundary-merginé;gccasional tire
carbon fragment at 17"-20"; (pH 5.7)..

muiticoloured weathering tuff.



=9
Phofele 20,8 ¢ OR1TY _fine sardy clay loam
g‘; be;ow sun.ait to ua;nga Or%to, and aorthern side
Relief andaaltitude : rognded.summit witn abou?{loo aversage sloge,
slumped and sheet eroded;vcorrugaied micro-relief;
alﬁitude, 675 ft abov¢ sealevelﬁ

varcnt_materizlis of _soil : pale-coloured andesitic tuff

o - - —— o ——— o —

Satural plent_cover: - probably grassland
. agctual plani_cover : Sporobolus grassland

o-7" reddish gruy (SLYR 5)2, moist) fine'sq¥dy cl%y léam; firm-to-

fri§ble;,¥§ry SErongly developed'very {;ne s%bangulq; tlocky
’ structure brefk;pg to 5r§nuies and crymbs, yery‘slightly sticky,
moderatelgxg}ggg%q;whgnA@Qigt;,bggpdag% gisp}nct, (pH 671)

7-18" brown (7;5 YR A{L,.moiSt)-slightly’mop}led s?;opg brown (7.5 IR
5/6), clay; friable-to~firm; weakly deve}ggeglgoarég blocky
structure breaking to’ fine granules; non-sticky and slightly
plastic when mojst; boundary distinct;w(pé‘537},

18-22" gray (10 ?R 6/_13 moist ) weathering tuff, soft and with éeneral
texture of sandy clay; firm; very faint blocky Ifractures;
slightly sticky and plastic Qhen rmoist; boundary merging; (pH 5.3)

ONya pale grey, oule.yellowish prown,'etc; weathering volcanic turl
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JRUFILE No, 9 ¢ TeRaVihI _silty cl.v
location of .rofile :° 1/4 mile south of 1lip 6f kano wuroi creter .lake

- —— - O - - ——

felief and altitude :  flat somewhat swampy plain with slightly irregular

- (humamocky ) micro-reiiefjalﬁitude 1180 ft‘above se;level
sberdal of soil : endesitic tuff
tural plant_cover : probably Sophors woodland'

Act;ﬂg;ggggg_ggygg.: induced pasture with a high proportion” of Sporobolus

and small sedges.

U=-6" derk grey (lO 1R 3/1, meist) silty clay; firm; moderstely developed
mediunm and fine blocky structure; nonféticky;‘slightly plastic
wheﬁ moist; meny worms; boundary sharp,

CB-10" strong brown (7.5 YR 5/8, moist) mottled dark grey, silty clay;
firm—to-friébie;7sffdﬁgly deVéloped’finéﬁquéky structure; slightly
sticky and moderately plastic wh%n moist; boundary mgpging,

10~-16" yellowish red (5 YR L/S; moist) silty clay; friable; moderately
developed medium and fine blocky -structure breaking to small,
crisp granules; moderately sticky and plastic when moist; bound-"
ary diffuse; moderate sized carben fragment at 12"-16" depth.

16=-30" vericoloured meinly reddish grey (1OR 5/1, moist) moﬁtled and . .
flecked grey (10 YR 6/0) very pale, brown, and'bluiéh grey, fing
‘sandy clay with weathering tuff; frisble-to-firm; no visible
str&cture:iﬁ‘the mass but breaks inio,fine Llocks &nd irreguler
granules; slightly sticky and strongly plestic when moist; bound-
_ary merging.

Gk 0 fairly hard volcanic tuff
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s faze 0. 10 ¢ Roug alQI _tibrous peat
Locchion of eorofile 3 flano Aroi crater lake
RBglief epd_altitude @ Flat reed swamp floating on surface of crater lake;

altitude 1200
rerent _material of soil : orgunic residues
Magural_and_sctual plant cover @ "Totora! reeds, rfolygonum water weed

and *Campylopsis moss

20il profile :

0-g" ve}y dark grey (5 YR 2/1, moist) {ibrous peat with dense mass
of living and dead 'totora' leaf and stem bases,

g8-60" rédaish black (5 YR 2/2, moist) fikrous loamy peat with a high
proportion of living roots

60-3C" 'pale brown peatyjloamAmingleé gith‘VerX’tﬁiqk mat of living
roots.

on... water

AC8iI/pr. ,gv. ,cm. /M_
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