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SUMMARY

The area described is approximately that which lies north of the transconti-
nental railway, west of Lakes Torrens and Eyre, and westward toward the edge
of the Nullarbor Plain,

The average annual rainfall varies from 44”-7”, Prolonged droughts are
common. The introduced and native animal populations are discussed briefly.

The rocks are mostly sedimentaries — Precambrian-Cambrian complex
(largely quartzites), Jurassic sandstones, Cretaceous shales and Pleistocene
alluvia, Recent wind-blown sands are widespread in the south. Vast plains from
200 to 500 feet above sea level dominate the topography,
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Silicification of the surface (Cretaceous) deposits occurred during the earlier
and later Pliocene, with a period between during which the resultant soils and the
Cretaceous shales were variously truncated., Further truncation of the Pliocene
soils and the Cretaceous shales occurred in the Pleistocene, resulting in exposure
of underlying Jurassic sandstones in the south. Alluvium was also deposited in
the Pleistocene,

The surface sands were stripped off the Pliocene soils in the arid Recent,
and sands formed from the exposed Jurassic sandstones were resorted. Sand-
hiils formed upon soils derived from Pleistocene alluvia and gypsum and sodium
chloride accumulated in the soils. Pedological evidence indicates four moisture
regimes during the Recent.

The type of soil formed from the Cretaceous shales depends upon the extent.
of truncation of the profiles. Over the tableland areas (preserved Pliocene topo-
graphy) the soil is a deep clay with a surface mantle of billy gibbers derived from
break-up of the siliceous B horizon of the Pliocene soil. Crabholes are developed
and the soil contains heavy gypsum but no lime,

Shallower clay soils have resulted from either Pleistocene truncation of the
deep clays or were formed during the second period of silicification from shale
exposed by the erosion which occurred in the inter-silicification period. Crab-
holes may be present in these shallow clays and the soil contains heavy gypsum
and a trace of lime, Billy gibbers again occur on the surface.

The Pliocene soils were completely removed from large areas in the Pleisto-
cene to expose bleached shale upon which a very shallow soil has subsequently
formed. Pleistocene erosion not only resulted in loss of part or all of the Plio-
cene soil but often caused complete or almost complete truncation of the Creta-
ceous shale itselfi. A very shallow soil overlying limestone hardpan has sub-
sequently formed where a shallow layer of shale remained.

Two different sandy and calcareous soils developed where the Cretaceous
beds were completely eroded away and the underlying sandstone was exposed.
The shallow sands constitute Bon Bon soil and the deeper sands constitute Wirra-
minna soil. Coondambo and Mount Eba soils have developed upon Pleistocene
alluvium. They both consist of shallow sand over red clay and contain lime and
gypsuLr:.

The biily gibbers vary considerably in their structure. Four different types
are described. Accelerated erosion has been generally insignificant,

The vegetation consists mainly of chenopodiaceous shrub steppe communities
on the heavier textured soils, and acacia woodlands on sandy soils. Two or
more associations are commonly grouped together to form association com-
plexes.

The dominant shrubs (12”-36” high) of the shrub-steppe communities vary
in their lateral spacing but are rarely touching. The woodlands, which are fairly
open, consist of trees 16 to 24 feet high. Beneath the trees there may be an
understorey of shrubs with perennial grasses dominating the ground layer, or
the shrubs may be absent, depending upon the depth of sand in the soil. Severe
tree death has occurred in the woodlands and little regeneration is taking place.
The shrub steppe areas may be uniformly bushed but in crabhole country growth
is restricted to the depressions, the shelves being too arid and too saline, During
drought times the ground between the shrubs and trees is bare.
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The trees and shrubs provide a drought reserve of feed, but in prolonged
droughts the trees are more valuabie because the shrubs become defoliated. Over-
grazing depletes the palatable species and causes thinning of the dominant shrubs
and increase in the amount of bindyl (Bassia spp.). The high protein content
of the chenopods is largely responsible for the production of large-framed sheep

and high wool yields.

Detailed floristic lists of the species occurring in the associations are given
and their relative palatabilities are rated.

The delineation of the boundaries of the different vegetation associations
alone does not give an adequate picture of the grazing potential, as it is also
necessary to indicate the state of preservation of the country. Five stages of
degeneration of bush dominant country are recognised and defined quantitatively,
and a portion of the North-West has been mapped on this basis. Two plans have
been prepared, one showing the estimated original bush densities prior to stocking
and another showing the present densities. IFrom these two plans the amount of
bush lost through grazing has been calculated.

AESTERN REETRALNA

AU FOLTA WALEST

LOCAR/TY ALAN

Py
G Y 88 B ares iy

FLLLORA

Fig. 1

INTRODUCTION

In 1943 the writer was appointed to the Soil Conservation Branch of the
Department of Agriculture to investigate matters pertaining to soil erosion
in the arid pastoral areas of South Australia and to provide data that might
guide the Government and the pastoralists in the framing of policy with re-
spect to these areas. The work reported herein is a comprehensive review
of conditions in the north-western portion of the State, the boundaries of the
area being shown in Figure 1. TField investigations were carried out during
the period 1945-1950. Prior to the commencement of this work very little
precise knowledge of the soils, vegetation and geology of this region was
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Showing routes of explorers, rainfall isohyets and distribution of certain plants.
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available. A paper dealing with the geography of the area is being published
in the journal of the Royal Geographical Society of South Australa.

The southern portion of the North-West with an area of 23,000 square
miles is used for the grazing of sheep, while the northern portion (28,000
square miles) carries cattle. Throughout these areas grazing is dependent
principally upon native plant species and considerable damage to the peren-
nial plant cover has resulted through overgrazing and other factors.
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Fig. 3
Graph of annual rainfall of South Gap station for the years 1882 to 1944,

CLIMATE

The average annual rainfall varies from about 44" in the Lake Eyre
region to 77 in the south (figure 2). However, the average figure has little
significance. Thus South Gap Station, which has an average of 652 points per
annum for the period 1882 to 1944, has varied in yearly rainfall from a mini-
mum of 168 poimnts in 1902 to a maximum of 1,730 points in 1928, The fluc-
tuations in annual rainfall for South Gap are shown in figure 3.

There is no marked seasonal rainfall as the area lies in a zone where the
limits of the southern winter rainfall and the northern monsoonal summer
rainfall systems overlfap (Table I).

Tasre 1
Average monthly rainfalls (in points)

No. of
Years Fan. Feb, Mar., Apr. May Jfune July Aug. Sept, Oct. Nov., Dec. Year
Oodnadatta ... 51 71 63 43 21 30 63 20 19 26 43 33 432 476

Tarcoola e 28 34 71 46 36 65 82 53 71 56 71 53 62 700

The southern portion of the North-West as illustrated by the recordings
for Tarcoola (Table If), has its greatest number of rainy days during the
winter months May, June, July and August and the summer months Novem-
ber and December. As shown by the Oodnadatta record, in the north the
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greatest number of rainy days occurs in the summer months (October,
November, December and February) and the winter months June, July and
August.

TasLe II
Average number of rainy days
No. of
Years Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec
Tarcoola & 2.3 31 2.1 3.3 3.4 4.4 5.1 4.5 1.8 3.0 3.4 3.8
Qodnadatta ... 4 2.5 5.3 2.3 1.3 1.5 3.0 2.8 4.0 2.3 2.8 35 4.3

Tn the southern portion of the North-West rains of greatest intensity fall
during the summer months (Table I1I). Further north the intensity of the
winter rains is also fairly high. The records for Oodnadatta are only avail-
able for a period of four years, but they might be expected to give some indi-
cation of conditions.

Tapre 111
Average rainfall per rainy day
No. of
Years Jan. ¥eb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dea
Qodnadatia .. 4 28 iz 19 16 20 21 7 5 11 16 10 10
Tarcoola 8 15 23 22 i0 19 i9 10 16 31 24 i6 io6

Jessup (1948) has pointed out that severe wind or hail storms occa-
sionally sweep through narrow strips of pastoral country causing much
damage to the vegetation. This is illustrated in Plate X111, Figures 1 and 2.

Figures indicating the temperature regime are shown in Tables 1V, V.,
VI and VII

TasLe IV
Mean monthly temperatures of Tarcoola and Qodnadatta
No. of
Vears Jsn. TFeb., Mar. Apr. May June July Aug. Sept QOct. Nov., Dec.
Tarcoola .. 18 787 785 744 649 584 519 _51.3 343 599 661 7L7 76.0
Oodnadatta ... 55 83.4 829 7%.4 701 607 551 543 S$84 666 7L1 783 835
TasrLe V

Number of days for each month when the maximum temperature is
100° ¥. or more

No. of
Years Jan. Feb. Mar. Apr. May June July Aug.  Sept. Oct. Nov. Dec,
Tarcoola g 9.5 6.8 2.1 3 0 0 0 0 G .4 3.9 6.3
Qodnadatta .. 4 16,3 11.0 1.8 ¢ 0 0 0 0 2 2.4 5.3 8.5
Tasre VI
Number of days when the minimum temperature is 40° I'. or less
No. of
Years Jan. Feb, Mar. Apr. May JFune July Aug. Sept, Oct. Nov. Decd
Tarcoola e 8 0 0 0 0 5.1 1.9 13.3 9.9 4.5 R 0 0
Qodnadatta ... 4 0 0 0 0 .3 4.3 5.0 1.0 0 0 0 a
Tasne VII

Normal mean maximum and normal mean minimum temperatures for
each month for William Creek and Tarcoola

William Creek-— Vrs. Jan. Feb, Mar. Apr. BMay June July Aug. Sept. Oct. Nov. Dec. ¥rs.
Maximum ... w38 953 96.4 89.7 80.3 714 652 645 68.1 763 g4.4 90.0 953 8L.6
Minimum ... e 39 63.8 69.6 63.5 55.0 47.4 432 407 435 49.0 56.3 62.7 67.4 55.6

Tarcoola~-—

Maximum ... e 18 93.8 94.1 89.5 79.1 Fl.8 &4.6 645 679 V4.9 §1.8 87.64 91.8 80.1

Minimum .. w18 63.5 63.0 59,3 507 45.0 39.3 37.9 406 43.0 50.5 558 60.1 50.9
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Frosts are of extremely rare occurrence at Oodnadatta, but for the six
years 1943-1948 inciusive, the following are the total days for each month
when the minimum temperature has been 32° or under at Tarcoola—May
5 days, June 23, July 26, August 9 and September 3. The other months are
frost-free.

Although Yudnapinna Station lies slightly to the south of the area dealt
with in this paper, the figures in Table V111, which shows the average
greatest daily range ol temperatures in degrees Fahrenheit for the period
1941-1948, will be representative of the North-West geserally. The greatest
daily range occurs during the summer months.

Tanre VIII

Fan. Feb. Mar. Apr. May  June July Aug, Sept. Oct. Nov. Dec.
41.0 37.9 369 35.2 33.9 32.9 34.2 37.1 40.6 41.4 41.5 43.3

Tvaporation is high and relative humidity is low, particularly during the

summer (Table (IX).

TasLe IX
No.

Yudnapinna— Vrs, Jan. Feb. Rar. Apr. May June July Aug. Sep. Oct., Nov. Dec.
Evaporation in * . 8 14.6 12.2 10,6 68 4.3 28 L0 4.1 6.5 9.1 11.4 13.3
Tarccola—

Saturation  deficit

Mean, 9.00 a.m. ... 15 513 523 441,170 167 096 100 148,239 .330 A7 518
Mean relative hu-

midity (saturation

= 100) e 39 a2 33 36 43 51 60 55 48 38 k| 30. 30

Prevailing winds are from the south-east, although the direction of the
winds tends to be variable during the winter months. On account of the
tendency of sheep to graze into the wind, the prevailing south-easterly wind
cesuits in concentrated grazing in the south-eastern corners of paddocks.
The direction of the prevailing winds must have changed since the time the
east-west trending sandhills were built up, since Bagnold (1941) has shown
that in seif dunes the long axis of the dune is aligned parallel to the direc-
tion of the prevailing wind.  Furthermore, lunettes, which are aeolian accu-
mulations, are found along the eastern margins of the salt lakes in the North-
West. They could only form in this position under the influence of prevail-
ing westerly winds. These easf-west trending dunes and lunettes are discussed in
the section dealing with geology.

SHEEP, CATTLE AND OTHER ANIMALS

The sheep carried in the pastoral couniry are large-framed, plain-
bodied Merinos (Plate XIII, TFigure 3). Fleece weight per head of sheep
naturally varies considerably according to the seasons, but a cut of 12 pounds
for grown ewes and 13 pounds for grown wethers is an average figure. The
wool has a count of 60-64's.

Blowfies are the chief pest of the sheep industyy, and to reduce the in-
cidence of fly strike the sheep are generally crutched once a year, and the
Mules operation is becoming more widely used of recent years. Recently
lice have appeared in the sheep of the North-West, and several stations are
dipping to control it. Tick are absent. Wild dogs are mow a serious pest
only on the most northerly of the sheep stations, that is, those adjacent to
the cattle country. One dingo can, however, kill a large number of sheep in
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2 short time, and their presence in the unfenced cattle country necessitates
any sheep carried there being shepherded. Shearing is carried out during
either of two periods—Iebruary to March or August to September.
. The cattle carried on the stations are Shorthorns or Herefords (Plate X111,
Figure 4).

Stockx NUMBERS

The anumbers of cattle and sheep carried fluctuate according to the
seasons, rising in good years and falling during drought times. Sheep num-
bers for the whole of the sheep country covered in this survey have fluc-
tuated from a maximum of 410,000 in 1939 to 145,000 in 1946 (Figure 4),
while cattle have varied from 13,000 in 1940 to 30,000 in 1947 in the northern
cattle country. In addition to the cattle, a few sheep are shepherded in the
cattle country. Their numbers have varied from 2,500 in 1935 to 8,000 in
1948, |
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Owing to this variation in cattle and sheep numbers according to sea-
conal conditions, the arid pastoral areas have no fixed carrying capacity per
square mile of country. Only the drought-resistant perennial vegetation re-
mains under drought conditions, and it may even be difficult to hold a flock
of ewes from which to breed when the seasons improve. On the other hand,
in good vears there is such a wealth of herbage and grass that the perennial
vegetation is scarcely grazed and sheep numbers can be greatly increased
without harm to the permanent plant cover. The danger is, of course, that at
any time a protracted dry period may set in. If sheep numbers are not re-
duced at the onset of the drought, but are held in the hope that rain will soon
fall, not only is the country damaged but eventually the stock either have
to be sold at a very low price or it may be impossible to market them, de-
pending upon conditions in the higher rainfall country to the south. Conse-
quently pastoralists now generally build up their flocks to numbers that can
be carried in an “average’ season.

E
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As indicated above, pastoral country has no fixed carrying capacity and
the fluctuations from year to year in stock numbers are great. In spite of
this it is of interest to know what stock the North-West as a whole is carry-
ing to the square mile.

It is standard practice to work out the average stocking rate per square
mile of country by dividing the average number of sheep carried by the area
of the country in square miles. If the following stations are considered on
this basis, namely, Mulgathing, Malbooma, Wilgena, Bulgunnia, McDouall
Peak, Ingomar, Mount Itba, Bon Bon, Mt. Vivian, Miller's Creek, Coon-
dambo, Wirraminna, Parakylia and Roxby Downs, with a total area of
14,500 square miles and carrying an average of 204,000 sheep for the period
1935-43, the average carrying capacity per square mile is 143 sheep. To
arrive at this iigure 200 square miles have been deducted from the total area
of the stations, since this represents the area of salt Jakes.

However, this average figure of 14-3 sheep per square mile for the 14
stations as a whole is misleading, because most of them have some areas
which are ungrazed or grazed only very lightly. Thus a total of 2,100 square
miles is made up of paddocks which do not contain any stock water. The
greater portion of this area is not grazed, while other of the paddocks carry
stock during very good seasons only, that is, when there 1s sufficient succu-
lent feed to enable the sheep to exist without water.

In addition to this unwatered country we have to consider that sheep
do not graze beyond a four-mile radius of water except after very good rains,
when surface water or succulent feed is available. Even when these favour-
able conditions prevail not all the sheep in the paddock will be grazing beyond
four miles of the water. The areas which carry the stock most of the time,
and particularly during the critical drought periods, lie, therefore, within four
miles of permanent or semi-permanent water.

If the positions of the watering points in each paddock of the 14 stations
mentioned above are considered, we find that 8,650 square miles are within four
miles of water. This area is carrying stock at the rate of 23'6 sheep to the
square mile, and the writer considers that this figure is a more accurate in-
dication of the average stocking rate of the portions of the North-West
which actually support sheep. [t does not necessarily imply that the stocking
is excessive. Until more research stations similar to Yudnapinna (Wood-
roofe, 1941) but using larger paddocks, are located in the different vegeta-
tion types of the North-West, no significant figures for carrying capacity will
be available, nor will we know what the area of paddocks should be to
balance efficient utilization of forage against economic returns.

At present many paddocks are far too big. Even when the small “hold-
ing” paddocks around woolsheds are included the total number of paddocks
in the 14 stations is only 442, giving an average size of about 32 square miles.

The total number of waters on these stations is 360. This represents
the sum of all watering points at bores, wells and dams as well as tanks along
pipelines. On an average, therefore, there is a watering point for every 397
square miles of country. To avoid damage to the bush cover through ex-
cessive tramping, it is probable that no more than about 600 sheep should
regularly water at any one point.

Rampirs
Although stock are the principal cause of the degeneration that has
occurred in the pastoral country, nevertheless rabbits have played a very
considerable part.
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Rabbit numbers fiuctuate enormously according to the seasons. Good
years result in them breeding up to such an extent that they soon reach
plague numbers and the damage they do is everywhere evident. With the
onset of hot, dry weather and drying-off of herbage and grass they die quickly
and in such numbers that the air in places becomes polluted with the smell
of rotting carcases. After a while it is possible to drive hundreds of miles -
and scarcely see any rabbits at all. While the damage done by a big rabbit
population is easily seen, the difficulty is to assess the damage caused by a
medium population.

During 1948 rabbits reached plague numbers in the North-West, but
no areas of saltbush or bluebush were actnally destroyed by them. On the
other hand, many of the bushes suffered some damage, as it was usual to
find a litter of twigs on the ground around the base of the bushes. Rabbits,
therefore, cannot be held directly responsible for death of saltbush and blue-
bush except under rare circumstances (see Plate XIV, Figure 1}. In fact, as
Ratcliffe (1936) has observed, the most vigorous bushes are often found in
and around rabbit warrens because of the extra moisture they receive. Rab-
bits have an important indirect effect upon the bush cover. Plagues only
occur in good years when there is an abundance of herbage and grass, but
enormous amounts of feed which would otherwise have been available to the
stock when conditions become dry are consumed. As a result, stock are
forced to graze bush earlier than they would if rabbits had been absent.

As soon as the feed dries off, rabbits are forced to seek moisture and
large numbers commence to die. At this stage the worst period of destruction
begins, Young shrubs and trees are ringbarked and killed to secure mois-
ture. Fven mature shrubs and trees with leaning trunks or intricate branches
are climbed and the young shoots are barked (Plate XIV, Figure 2). During
1948 when the plague was at its worst, rabbits could be seen in shrubs
throughout the North-West. Their activities could often be traced to a
height of 15 feet above the ground in the easily-climbed dead-finish (Acacia
tetragonophylle) and many rabbits died as a result of becoming caught among
the branches.

Most shrub species suffered some damage but greatest devastation oc-
curred among prickly Acacia (Acacia wictoriae), dead-hinish (A. tetragono-
phylla), mulgas (A. anewra and A. brachystachya) and species of Cassia (Plate
X1V, Figure 3). A. wictoriae, being a rapid grower, is not in danger of being ex-
terminated in spite of the fact that most of the young plants and a great many
of the mature ones were destroyed by rabbits in the 1948 plague. On the
other hand, rabbits will eventually eliminate slow-growing species such as
mulgas and myall. Not all the seedings of these trees were destroyed in
1948 but most of those that survived lost a portion of the bark from their
stems. Unless they mature before the next plague (and this is most un-
likely) the seedlings that survived will probably be ringbarked.

The numbers of warrens and consequently of rabbits varies according to
the type of country. Warrens are rarely found in the clay soils of the Arcoona,
Coober Pedy, Mt. Eba or Coondambo types, but are very common in Twins
soil and sandy and calcareous soil areas. The sandy soils are those that sup-
port trees and the greatest variety of shrubs, and it is unfortunate that the
rabbit population is highest in these areas where the perennial vegetation is
most susceptible to damage.

Tt is difficult to control and impossible to eliminate rabbits from pastoral
areas by any known technique because of the large areas involved and com-
paratively few personnel.
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NATIVE ANIMALS aND BIRDS

The essential difference in grazing habit between the native animals and
birds, and sheep and cattle, is that the former are migratory while the latter
‘are corifined to specific areas. Kangaroos (Macropus rufus) are the most
aumerous of the native species and have the greatest effect on the pastures.
During droughts they congregate wherever localized thunderstorms may have
resulted in a growth of herbage and grass. At other times they are most
numerous in paddocks which are not carrying stock, and as a result they de-
crease the benefits obtained by “spelling” country. While kangaroos are
destroyed in large numbers it is probable that they have increased since white
settlement owing to the improved water supply.

Birds like the emu (Dromaius novae-hollandice) which occurs throughout
the area, and the native turkey (Eupodotis australis) which is only seen in
good seasons, are not sufficiently numerous to have any significant effect
upon the pastures. However, galahs (Cacatua roseicapilla), which ocecur in
large numbers, undoubtedly consume large quantities of seed.

Fossil evidence of the former distribution of wombats (Lafiorhinus lati-
frons) and mallee fowls (Leipoa ocellata) is found in portions of the North-
West. Recession of these species probably occurred in the arid Recent.
Mounds (nests) of the mallee fowl occur in dense mulga country in the
southern portions of Mt. Vivian and Bon Bon Stations. This was the most
northerly cccurrence of the species in the area covered in this survey. Old
burrows made by wombats are found in calcareous soils as far north as Com-
monwealth Hill Station.

GEOLOGY AND PHYSIOGRAPHY

Considering north-western South Australia as a whole, the outstanding
feature of the geology is the presence of predominantly flat-lying sedimentary
rocks, consisting of Precambrian-Cambrian complex, Jurassic and Cretaceous
cediments and Pleistocene alluvia. Recent wind-blown sands are a wide-
spread feature especially of the southern portion. Over these vast plains
rock outcrops are uncomion, the surface generally being covered with Recent
sands, transported material, or soils derived from the underlying strata.

PrECAM BRIAN-CAMBRIAN ComMPLEX

West of the Lake Torrens depression there is a widespread occurrence
of almost horizontally-bedded sedimentary rock which have been variously
ceferred to the Proterozoic (Adelzide Series), Cambrian, or the Ordovician
systems. The sediments are largely quartzites, but include dolomites, con-
glomerates and green and brown shales. So far they have proved unios-
siliferous.

On lithological grounds the beds were originally assigned to the Ordo-
vician. Subsequently there has been an increasing tendency to link the indi-
vidual formations with various horizons of the vast sedimentary sequence
(Adelaide Series and Cambrian) of the Flinders geosyncline lying to the east
(David 1932; Segnit 1939; Dickinson 1942). Mawson (1947) has suggested
that these formations may be equivalents of the basal portion of the Adelaide
Series and agrees with Sprigg (personal communication) that some horizons
may include the basal Cambrian quartzite. In early Cambrian times the sea
is known to have transgressed the ancient land massif in the Yorke Peninsula
locality and from this it may be anticipated that a similar overlapping would
also accur further north.
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" According to Jack (1930), there are three main horizons in the tablelands
 west of Lake Torrens. The deepest members exposed are shales. Over these
were deposited sandstones which have subsquently been partly altered to
quartzites, while the uppermost formation is a limestone of sub-crystalline struc-
ture. Erosion has completely removed the limestone and exposed the more
resistant quartzite in the higher tableland areas. Upon these formations,
according to Jack, a much younger one, the Eyrian, has been laid down, the
bulk consisting of whitish and mauve clays.

Segnit (1939) gives the following sequence and age of beds:

duricrust

white and mauve clay

with  boulders  and Lower Tertiary (Eyrian)
sandstone

white clay with boulders Lower Cretaccous
sandstone Turassic?

limestone

guartzite-sandstone . .
Cambrizn-Precambrian complex

shale

while Dickinson (1942) gives the following:

duricrust

Tertiary
white pipeclay tentatively Cretaceous
sandstone
dolomitic limestone
sandstone "~ Cambrian-Precambrian complex

shale

The writer has observed that west of the tableland country some of the
bores and wells have penetrated quartzites below the Jurassic sands. These
quartzites are encountered as far west as Bon Bon Station and there are small
outcrops in the southern portion of adjacent Wilgena Station. The western
boundary of Bon Bon is the western limit, and the east-west railway line west of
Kingoonya the northern limit of the quartzites.

In addition to this large area of Precambrian-Cambrian rocks west of
Lake Torrens, there are outcrops of granites and metamorphosed rocks of
Precambrian age in the Kingoonya-Tarcoola locality and extending north-
wards to Commonwealth Hill Station. The felspar in the old granite or
gneissic granite is weathered and kaolinized as a result of the high rainfall of the
Pliocene. In addition to the kaolinization of the felspar, billy () .pebbles

() Billy is the term given to the siliceous product resulting from solution and sub-
sequent deposition of silica as distinct from laterite in which the accumulated material
consists of oxides of iron and aluminium. ’ ' )



202

(remnants of the siliceous B horizon of a Pliocene soil profile) occur on the
granites, indicating their pre-Pliocene age. These older rocks have been in-
vaded by a younger granite which is less weathered (Plate X1V, Figure 4). South
of Oodnadatta, in the Denison Range, rocks of Precambrian age form a north-
south mountain range which rises abruptly from the plain on its eastern side
( Plate XV, Figure 1).

Jurassic

Lying to the west and north of the Precambrian-Cambrian area of the
{.ake Torrens region and probably overlapping it as Segnit (1939) has indi-
cated are beds of the Great Artesian Basin of Jurassic age. The Jurassics
were the first deposits to be laid down over the ancient land surface and are
the waterbearing beds of the artesian basin. They are essentially fresh-water
deposits, the area then being a vast inland lake (Howchin 1929). "The rocks
are sandstones, sands, sandy clays and clays of various colours {white, brown,
pink, green and yellow). Many of the bore logs show that the basal beds were
arits, sandy gravel or waterworn quartz stones. DBores on Commonwealth
Hill and Mulgathing (the most westerly stations) penetrate much coarser
beds than bores further east such as in the Mt. Eba region, indicating that the
westerly stations must be near the old Jurassic shore-line.

Rock outcrops of Jurassic age are very rare, the sandstones being usually
covered by sandy soils derived from them or by Cretaceous beds. The only
outcrops are very small and are found towards the southern limit of the
Jurassic deposits, on Bon Bon Station (in the Gosse Range area), between
Lake TLabyrinth and Lake Harris on Wilgena Station and along the east-
west railway line on Coondambo Station. The outcropping sandstones are
very coarse-grained and their exposed surfaces have been silicified. West of
Wirraminna Station then, the east-west railway line coincides approximately
with the southern boundary of the Jurassic sea.

CRETACEOUS

During Cretaceous times the area in which furassic sediments were de-
posited and the Precambrian-Cambrian area west of Lake Torrens were in-
vaded by the sea. A blue shale was deposited and for a time conditions were
so cold that glacier ice was present and erratics of quartzite from the Pre-
cambrian-Cambrian and felspar porphyry, gneissic granite and granite from
the Gawler Range-Tarcoola area were deposited (Jack 1939).

The upper layers of the biue shales were bleached to a white colour under
the influence of the Pliocene climate and were also, in parts, silicified to form
jasper. Precious opal is found in the bleached Cretaceous shale at Coober
Pedy and Andamooka (Plate XV, Figure 2).

‘West of Wirraminna the east-west railway line roughly corresponds to
the southern limit of the Cretaceous shale. In this area the shallow Cre-
taceous deposits have largely been eroded away or weathered to a clay soil
which overlies the Jurassic sands. The most southerly outliers of Cretaceous
age on Wirraminna Station (isolated flat-topped hills around the shores of
Lake Hart) show a depth of 30 feet of bleached shale overlying the Precam-
brian-Cambrian rocks. Fast of Wirramanna, however, the Cretaceous shale
extended further south. In fact, while the Cretaceous beds themselves have
been weathered away, soils derived from Cretaceous shales occur in situ
along Spencer Gulf in the vicinity of Port Augusta and Whyalla.
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TERTIARY CLIMATES AND THEIR EFFECTS ON THE OLDER
(GEOLOGICAY. IFORMATIONS

The Pliocene is accepted by Whitehouse (1940) as being a period of high
rainfall and warm temperatures. Steady uniform rains prevailed for the
earlier and later portions with a period between of seasonal rains. During the
periods of steady uniform rains, laterites and allied soils formed throughout
much of Australia. However, there is evidence in the North-West which sug-
gests that there must have been a considerable time-lapse between the two
periods of silicification *) because a portion of the inter-silicification period
must have been arid. Thus some of the billy gibbers ) are a conglomerate
type and consist of waterworn pebbles and small stones resulting from break-
up of the siliceous B horizon formed during the first period of silification
subsequently cemented together by silica during the second period. The in-
teresting point is that the pebbles and stones within the billy gibbers have
red-brown ironstained surfaces similar to the gibbers themselves.

On Billa Kalina Station and north of Coward Springs there is further
evidence to support the theory that there were two periods of silicification
separated by a drier interval. Here non-fossiliferous siliceous limestones
overlie hleached zone material. Billy gibbers resulting from break-up of the
siliceous B horizon formed during the second period of silicification are scat-
tered over the surface of the limestone which has been silicified in its upper
layers by general infiltration of silica and by the formation of seams of quartz
crystals through the limestone. At Moodlampnie Hill (Plate XV, Figure 3)
on Miller’s Creek Station, the limestones are about 20/ in thickness, while
north of Coward Springs they are up to 40’ in thickness.

It is evident from the present physiography of the country that by the
Pliocene the old land surface was eroded down to a peneplain. The domi-
nant topographical features are the more or less preserved tableland areas
(Pliocene land surface) and the flat-topped residual hills at a similar height
above sea level that are scattered through what is now lower country, Under
the influence of Pliocene rainfall, temperature and physiography, silicification
of the surface (Cretaceous) deposits occurred in the earlier Pliocene, as fol-
lows:

surface sands

Cretaceous ‘
blue shale iron enriched zone (red clay soils)

bicached zone

silicesus B horizon

bleached zone

Cretaceots blue shale

() As no term has previously existed in soil literature the term silicification has
been given to the process which results in the formation of profiles similar to those
produced by laterization buf in which a silicecus (billy) illuvial horizon is formed instead
of a ferruginous one. Another essential difference between the profiles produced by
silicification and those formed by laterization is that in the former there is no mottled
zone,

(®} Gibbers is the term applied to the larger rock fragments which occur on the
surface of the soil over large areas of inland Australia.
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As a result of the change in the Pliocene from steady aniform rains {o
seasonal rains, the peneplain was dissected to varying extents. Over por-
tions of the country it remained fairly well preserved, although some of the
surface soil was removed, and break-up of the siliceous B horizon wwas
initiated. Elsewhere the soil profile was completely removed and also some
of the underlying Cretaceous shale. Then later in the Pliocene (if we accept
the theory that both periods of silicification are of this age), uniform steady
rains resulted in the second period of silicification. The result is that the
Pliocene fossil soils oceur at varying levels. There is no evidence that lower-
ing of the water table has been a factor in producing soils at the different
levels.

With the onset of a new cycle of erosion in post-Pliocene times, the
peneplain residuals from the first Pliocene silicification period were again dis-
sected to varying extents sometimes with complete removal of the soil and
elsewhere by removal of the surface soil only. Break-up of the siliceous B
horizon continued. The soils formed during the second period of silicification
were similarly truncated and there were large areas from which the Pliocene
soil was completely stripped, exposing the underlying bleached shale. To-
wards the southers limits of the Cretaceous deposits, that is, where they were
thin, the shale itself was removed and the undertying Jurassic sands and
sandstones exposed. Such was the fate of the Cretaceous sediments.

Much of this erosion probably occurred in the pluvial Pleistocene and
at the same time alluvial material was deposited. The most interesting of these
alluvial deposits is found in the Mt. Eba depression and in the watercourses
feeding into it. This alluvium (or rather the soil subsequently formed from
it) is described under the Mt. Eba soil (see soil section). Other areas of
Pleistocene alluvia are found principally around the margins of salt lakes
(see Coondambo soil).

To the south of the tablelands is a system of salt “lakes” of Pleistocene
origin (Lakes Hart, Hanson, Island Lagoon, Gairdner, Harris, Windabout,
and Pernatty Lagoon). During times of exceptionally heavy rains these
“1akes” receive run-off water from the tableland country and may then con-

tain a few inches of water over portions of their surface (Plate XV, Figure 4.

This water is driven from shore to shore depending upon the direction and
persistence of the winds, but is rapidly evaporated to leave behind the salt
which it contained in solution. '

Beneath the sait crust which varies in thickness from 37 to 37 is a thin
deposit (1" thick) of red slushy sand, with dark red-brown clay containing
gypsum crystals below. The clay continues to a depth of about 18”. Be-
low this is a layer about 1 ft. in thickness of dark-brown sandy clay contain-
ing black inclusions of ferrous iron. These deposits are distinctly laminated.
Below these alluvial horizons is red slushy sandy clay underlain by the sandy
floor of the lake.

Structures allied to lunettes consisting of powdery gypsum and some
grey siliceous sand are found along the eastern margins of the salt lakes. In
typical lunettes the steeper slope is towards the lake (Stephens and Crocker
1946), but the lunettes associated with “lakes” in the North-West have the
steeper slope on the side of the dune away from the lake. This is probably
due to the lack of stabilization of the lunette dune by vegetation. These
gypseous deposits must have been buiit up when conditions were somewhat

moister than they are today, that is, before the formation of the salt crusts,

Under present rainfall sodium chloride accumulates to form a crust over the
lakes. S R
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. When the Pliocene land surface was eroded, isolated  flat-topped hills
composed of bleached Cretaceous shale remained scattered through the lower
country (Plate XVI, Tigure 1). These features were preserved as a vesult of
their thicker billy cappings. Their flat fops are covered with billy boulders
and their uniformly sloping sides are partly covered with billy scree. The
hills, therefore, vary in colour when seen from a distance. If the slopes are
billy-covered the hills appear red-brown whiie those in which bleached shale
is exposed are white (Plate XVI, Figure 2). A shallow depth of red clay (part
of the Pliocene soil profile) may remain on top of these residuals,

The exact depth to which the blue shale was bleached under the influence
of the Pliccene climate is not known. Biue shale is never exposed in any
of the residual hills. Opal diggings at Coober Pedy (up to a maximum depth
of 90’} are located principally around the lower slopes of residual hills and
penetrate bleached zone material throughout. Logs of bores on Miller’s
Creelk Station indicate about 90 of bleached shale (white above but becom-
ing brown with depth) overlying blue shale. These bores are located in
country from which considerable depths of bieached shale have been eroded.
From the information available, then, bleaching must have taken place to the
unusual depth of at least 120/

Apart from slight iron-stainings (yeliow, red or brown) on the surface
of the weathered bleached shale fragments, indications of iron such as mott-
ling are absent. The kaolinized fragments are themselves white and smooth-
textured. Lateritic ironstone and gravel do not occur in the North-West.

While the billy on the surface of the tableland is in the form of polished
gibbers, blocks of billy up to two feet in thickness and several feet across
are found on the tops of the residual hills (Plate XVI, Figure 3). Most of the
hilly (the polished gibbers especially) has an iron-stained surface, the colour
varying from red-brown to black. On the tableland surface, gibbers which
have been irom-stained right through are occasionally found. These iron-
impregnated stones usually occur in patches. On Miller’s Creek Station
funnel-shaped pieces of billy are common, cach gibber having a curved base
coming up to a conical peak, with a circular hole through the peak. Some
of the circular cavities contain yellow ochre {limonite).

While much of the siliceous B horizon was broken up as a result of
truncation of the overlying soil, over the comparatively well-preserved Plio-
cene land surface of the non-dissected tableland areas break-up of the B
horizon must have proceeded below the soil surface, because the siliceous
horizon formed within the bleached zone. The mantle of gibbers on the sur-
face is the result of movement of the clay through alternate wetting and dry-
ing which causes the stones to be gradually moved upwards to the soil sur-
face.

The surface sands formed as a result of the Pliocene silicifications were
largely stripped off the old land surface during the arid Recent and deposited
in the surrounding lower country. The sand contributed to both the sand-
hills and the sandy plains. - A considerable thickness of surface sand must
have covered the Pliocene soils to enable extensive sand dune areas to form
within the tableland far removed from any Jurassic sandstone outcrops, the
only other source of siliceous sand. Not all the sand was, however, stripped
off or piled into these major dune areas, since there are still isolated sand-
hills superimposed upon the tableland clays in some localities.

In addition to this Recent stripping and resorting of the sands from the
old land surface, sand derived from the Jurassic sandstones was also re-
sorted. This sand  was formed from the sandstones after Pleistocene erosion
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had removed the overlying Cretaceous beds. As a result of the redistribu-
tion of the sand, the depth of the surface sands of the soils varies greatly
over a small area and this in turn causes a complex vegetation pattern.

The gypsum and sodium chloride present in the soils must have accumu-
lated after the Pleistocene since these soluble salts would be among the first
leached out. It is certainly not suggested, however, that the sodium chloride
originated as “cyclic” salt. Gypsum is particularly common in the heavier-
textured soils, that is, the Pliocene fossil soils and the soils formed from the
Pleistocene alluvia. It occurs within a few inches of the surface in the form
of spherical aggregates of micro-crystals and increases in quantity with depth
sometimes to the extent of forming crystalline lumps: Over the tablelands
of the Lake Eyre region sheets of gypsum (selenite) up to 157 in length and
5 thick protrude from the surface of very iriable “bulldusty” patches. Gyp-
sum in the form of a loosely-cemented powdery mass is of general occurrence
on the slopes of the residual hills. It has already been pointed out that gyp-
sum (kopi) dunes are associated with the margins of salt lakes. Heavy de-
posits of gypsum are encountered in the bleached Cretaceous shale in which
opals are obtained at Andamocka and Coober Pedy.

There is a correlation between the amount of gypsum in any site and the
moisture status. In the well-drained sandy soils gypsum is usually absent,
but it is heavy in the soils of the Mt. Eba depression and the Pliocene {ossil
soils where drainage is impeded and where the moisture status is compara-
tively high because of the presence of crabholes. The quantities of gypsum
become even greater in claypans and salt lakes.

During the Recent period sandhills formed upon the soils derived from
the Pleistocene alluvia in some localities, Conditions became moister fol-
lowing this period of aridity, and colonization and stabilization of the sand-
hills with mulga in the south and canegrass further north took place. How-
ever, some of the dunes superimposed upon the tableland, for example, in the
Wirraminna, Roxby Downs, Arcoona arca and some of those immediately
surrounding it are unstable, being scantily vegetated with shrubs like sand-
1ill wattle (Acacia ligulate) and hop-bush (Dodonaea attenuata), species which
precede muilgas in the colonization of sandhills. These dunes are of more
 Tecent origin, in fact were built up after the moister period when the stable
dunes were colonized with mulga, This indicates a change to somewhat
more arid conditions during very recent geological times.

The second piece of evidence in support of a theory of very recent in-
crease in aridity has already been given, namely, that under present climatic
conditions sodium chloride is acciimulating as a surface crust on the salt
s lakes whereas in the past there must have been a period when a salt crust
| was absent (see Plate XVI, Figure 4). If this were not so it is difficult to ex-
‘plain the kopi dunes around the eastern margins of the lakes because this
‘gvpsum has obviously been derived from the lake surfaces.

There remains to be discussed the origin of the lime in certain of the
soils, Lime cannot be detected in the least truncated Pliocene fossil soil
(Arcoona type) which is associated with the tableland country, but a trace
of lime can often be found in Coober Pedy soil, that is, where the clay of the
old land surface has been partly truncated. Coober Pedy soil profiles may
actually be underlain by travertine limestone. Trace to heavy lime is found
where all the clay has been removed from the Pliocene soil and bleached
Cretaceous shale is exposed. Where the Cretaceous beds have been com-
pletely or almost completely eroded away heavy accumulations of lime are a
constant feature of the soils. The amount of lime in the soils is therefore
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greater with increased truncation which is correlated with increasing soil
aridity. It has already been noted that the amount of gypsum in the soils
decreases as soil aridity increases.

In the soils with heaviest accumulations, the lime is int the form of rubble
overlying hardpan which is underlain by more rubble and friable lime. Small
iron-coated billy pebbles are scattered through the lime zone.

The presence of billy pebbles in the lime zone suggests that Crocker’s
(1946) loessial theory probably accounts for the origin of the lime in the
soils.  Jack (1921) has suggested that gypsum is formed in the Cretaceous beds
as a result of the interaction of lime and sulphates derived from iron pyrites.
The writer has already pointed out that calcium is present in the form of
carbonate in well-drained soils with lew moisture status, while more and more
of the calcium is present as gypsum in poorly drained sites, that is, gypsum
accumulates where the moisture status of the soil is sufficient to enable sul-
phates and lime to react and leaching cannot take place. This explains why
calcium can have originated as loessial lime and yet the boundary between soils
with no lime (but heavy gypsum) and those with heavy lime can be sharply de-
fined.

From pedological evidence, therefore, we can distinguish four moisture
regimes during Recent geological times. The early Recent must have been
arid because vegetation was largely destroyed. 'The desert sandhills were
built-up, the sandy A herizons were stripped from the Pliocene soils and the
surface sands in the sand sheets were re-sorted. Then rainfall must have
increased to allow colonization of the sandhills and sandplains with trees.
We have already noted that crystalline gypsum, frequently in the form of
large sheets, is found on the tableland country today. This gypsum must
have been in solution to have been precipitated in crystalline form so that
during this moister period of the Recent there must have been a fairly shal-
low water table. This moist period then gave way to a drier one, during
which the gypsum crystals were formed. In this drier period the newer un-
vegetated dunes formed on the tableland and about its margins in some
localities. Rainfall was sufficient to prevent a salt crust from forming on the
surface of the lakes,

Rainfall has continued to decline to the present day. During this period
of increased aridity salt has accumulated on the surfaces of the lakes. Ewvi-
dence from the distribution of myall (Acacia sowdenii) — see vegetation sec-
tion—suggests that rainfall is now lower than it was when tree colonization
was taking place.

PHvsSIoGRAPHIC FEATURES

The geological framework then is made up of flat-lying sediments while
topographically the North-West consists of vast gently-rolling plains mostly
between 200 and 500 feet above sea level. The highest hills are Dutton’s
Bluff {920 feet) and Mt. Gunson {850 feet), while the bed of Lake Eyre is 39 feet
below sea level.

Hills and ranges are either residuals of the Pliocene landscape (Plate XVI1I,
Figure 1) or composed of granite or metamorphosed rocks. They are usualiy
less than 200 feet above the surrounding country. Much of the area is quite
featureless, so much so that in some cases trigonometrical stations are located
on sand ridges. Faulting has played no part in the elevation of the table-
lands or residual hills, These features are due to differential erosion, the
hills in particular owing their preservation to a thicker capping of billy.

The sandy southern and western portions of the North-West have a
drainage pattern made up of short watercourses ending in “swamps’ which
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contain water only after heavy rains. Further notth the tableland country is
drained by well-defined creeks which run in an easterly direction and dis-
charge water into Lake Eyre after heavy rains. Before they reach the lake,
however, they flood out and consist of a mass of interiacing channeis and
long narrow waterholes. Practically all these “lakes” are really saltpans—
depressing flat expanses with a salt crast or saline mud surface. Portions
of the salt lakes are firm and will support a motor vehicle but elsewhere,
particularly near the mouths of watercourses and creeks, they are very boggy.
During exceptionally wet seasons which may occur one year in every ten, a
few of the freshwater “lakes,” for example Coolymilka Lake, Lake Richard-
son, Arcoona Lake and TLake Campbell contain appreciable quantities of
water. All of these lakes are depressions within tableland country. Even
the water in these becomes very brackish as they dry up.

Sandhills have an east-west trend in the southern portion of the North-
West, but in the north their trend is north-west to south-east. The sand has
been derived from two sources. Sandhills in the lower country surrounding
the tablelands have accumulated sand from Jurassic sandstones weathered
~in situ and from the Pliocene soils. The flats between them are sandy. All
the sand in the dunes which are superimposed upon the tableland has been
derived from the sandy A horizons of the Pliocene soil. If these dunes are
close together the interdune areas are sandy, but if they are scattered the flats
between them consist of gibber-strewn clay soils of the Coober Pedy or
Arcoona types.

Claypans generally occur in association with sandhills, either in the hol-
fowed-out crests or more often on the flats between the dunes. They are flat
expanses of red clay of variable shape but often roundish in outline and vary
from a few yards to several miles across (Plate XVII, Figure 2). The surfaces of
claypans are often littered with billy gibbers (Plate XVII, Figure 3), while
gypsum occurs at shallow depths within the clay. After rains they may
contain an inch or two of water, yellow in colour due to suspended clay.
Claypans are not, however, resiricted to sandhill areas, being firequently
developed in Coondambo and sometimes in Wirraminna soil areas. They
form in depressions where water containing suspended clay washed out of the
sandy soils tends to lie.

The following is a typical claypan profile:

0-18" red clay

18-24” brown clay with moderate gypsum
24-36"” (continuing) grey clay with heavy gypsum

Sorn — GroLogy RELATIONSHIPS. THE SuUrraceE DEPOSITS

The type of soil developed upon the Cretaceous rocks depends essen-
tially upon the truncation that has occurred in the profiles. Over the table-
Jand areas where the Pliocene topography is fairly well preserved, the soil
overlying the Cretaceous shale is a reddish-brown clay with a surface mantle
of billy gibbers and rare glacial erratics which have weathered out of the
parent material. The surface which is gently rolling and slopes towards
drainage lines (crecks and watercourses) is characterized by a pattern of
depressions (crabholes) with mounds (puffs) around the lower side of the
crabholes. The clay is about 10 feet in depth and is underlain by bleached

shale except in the Kingoonya region where the clay soil directly overlies

Jurassic sandstone. In this area the Cretaceous beds were very shallow and
were completely weathered to clay. The soil whose surface features are de-
scribed above, that is, the Arcoona type, is the least truncated of the Pliocene

U
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fossil soils. Morphologically it represents the Pliocene profile minus the
sandy A horizons and some clay and with the siliceous B horizon broken up.

Shallower clay soils of the Coober Pedy type have resulted from either
Pleistocene truncation of Arcoona soil or were formed during the second
period of silicification from shale exposed by erosion which occurred in the
Pliocene inter-silicification period.

The Pliocene profiles were completely removed over large areas in the
Pleistocene to expose bleached shale. The light red-brown soil subsequently
formed on the exposed shale is very shallow and has a surface cover of
bleached shale fragments and billy pebbles. This is Twins soil, Pleistocene
erosion not only resulted in loss of part or all of the Pliocene soil from Coober
Pedy and Twins soil areas but often caused complete or almost complete
truncation of the Cretaceous shale jtself. Truncation of the shale had its
most important pedological effects towards the limits of the Cretacecus sea
where the beds were thin even when first laid down. All of this lower coun-
try surrounding areas where the Pliocene landscape is more or less preserved
is characterized by soils containing large quantities of lime. A very shallow
clay loam or clay soil overlying limestone hardpan was formed in post-Pleis-
tocene times in areas where a shallow layer of Cretaceous shale remained.
The limestone hardpan may overlie Jurassic sandstone or a shallow band of
shale, depending upon the thickness of shale which survived the Pleistocene
erosion.  This, the Wilgena soil, has its surface more or less covered with
iron-coated billy pebbles.

Two different sandy soils containing large quantities of lime developed
where the Cretaceous beds were completely destroyed by erosion and the
underlying Jurassic sandstones were exposed. Not ail the sand in the soils
was formed in sity from the underlying sandstones as some it was derived
from the surface of the Pliocene soils during the arid Recent, Very
shallow sands overlying limestone rubble and hardpan (Bon Bon soil) are
present in areas from which sand was stripped during the redistributions of
the arid Recent. Where comparatively deep red sand overlies limestone
(Wirraminna soil) either the sand was not disturbed daring the Recent or
else these areas received some sand from the surface of the Bon Bon soil
areas. Turther accumulation of sand results in the formation of sandridges
and sandhills,. These aeolian accumulations may be superimposed upon a
variety of geological materials,

In the Miller's Creek-Biila Kalina area a very shallow brown clay loam
or loam soil (Miller's Creek type) has formed upon siliceous limestone. This
limestone must have originated during the inter-silicification period of the
Pliocene hecause shale that was bleached during the first period of silicifica-
tion underlies it and billy pebbles (remnants of the siliceous B horizon of
the soil formed during the second silicification period) are scattered over its
surface.

Two different types of soil have formed on Pleistocene alluvia. The Mt
Eba soil which developed principally on alluvium in the Mt. Eba depression
and along watercourses feeding into it has a shallow sandy surface overlying
red clay. A mantle of billy pebbles occurs on the soil surface and billy
pebbles are buried in the profile. As it is formed from transported parent
material, Mt. Eba soil may overlie either bleached Cretaceous shale or
Jurassic sandstone.

Coondambo soil, which also is formed from Pleistocene alluvium, con-
sists of red clay overlain by shallow sand. Unlike the Mt. Eba soil, little or
no billy is associated, Jurassic sandstone underlies the soil at shallow
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depth around the salt lakes in the southern portion of the North-West where
the largest areas of Coondambo soil are found.

Summing up, then, the following are the ages of the soils—Arcoona and
Coober Pedy soils (Pliocene); Twins, Wilgena, Mt. Eba and Coondambo
soils (post-Pleistocene) ; Wirraminna and Bon Bon soils (post-Pleistocene
with Recent distribution of surface sands); and deep red dunes (built up
during the Recent).

The distributions of the surface deposits are shown on the soil-geology
plans (IFigures 9 and 11).

Tvees or Biroy

Billy (fragments of the siliceous B horizon of the Pliocene soils) is not
uniform in structure. Four types found in the North-West are described
below. '

(1) Vitreous: This form has a vitreous appearance on freshly broken
faces. It consists of quartz sandgrains and small milky and smokey quartz
pebbles cemented together by silica. The surface of vitreous billy gibbers is
irregular because the quartz pebbles are more resistant to weathering than
the siliceous cement. Ilarge stones of vitreous billy are iron-stained on the
surface only, but the small stones may be completely iron-stained except for
the quartz pebbles and sandgrains.

The proportion of quartz pebbles and sandgrains to siliceous cement
varies considerably. If there are no pebbles and few sandgrains the stones
have a smooth surface and a characteristic fracture, breaking up into angular
pieces, Because of this quality this type of vitreous billy was commonly
used by aborigines for spear heads.

(2) Black: This form of billy is heavily iron-stained right through. It
consists of a mass of coarse quartz sandgrains cemented by varying propor-
tions of ferruginous silica and yellow and red ochre.

It has no particalar fracture but weathered surfaces are pitted because
the sandgrains are more resistant than the cementing material.  Another
characteristic of the weathering of black billy is the tendency for layers to be
irregularly removed from the surface of the gibbers due to the variation in the
hardness of the cementing materials,

(3) Grey billy: Grey billy consists of a homogenous mass of grey-white
silica which fractures irregularly, Weathering produces a fairly smooth suriace.

(4) Conglomerate billy: This consists of waterworn pebbles and
small stones of vitreous or grey billy and milky quartz cemented together by
silica.

The individual pebbles of vitreous billy within the conglomerate gib-
bers have red-brown iron-stained surfaces. This iron-staining of the pebbles
resulting from break-up of the siliceous B horizon formed during the first
period of silicification in the Pliocene indicates that conditions must have
been arid during a portion of the inter-silicification period.

The surface of conglomerate billy weathers very unevenly because the
pebbles and stones that have been cemented together are more resistant to
weathering than the siliceous cement.

THE SOILS
CLASSIFICATION
Prescott (1944) has recognised eighteen soil formations or zones in Aus-
tralia, four of which are represented in north-western South Australia. These
are
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A. Stony and rocky areas relatively free from soil: _
This formation includes ranges of the arid regions of which the Denison
Range is an example.

. Desert formations. .
Prescott suggested four desert formations three of which (desert sand-
hills, stony deserts and desert loams) are represented in the North-West.
. The “stony deserts” include a variety of unrelated - soils, but in South
Australia they are areas consisting of the Arcoona and Coober Pedy soils
described herein. It is suggested that these <oils in which the surface stone
consists of billy gibbers and which are associated with 2 partiatly dissected
tableland topography be called stony tableland soils. The term ‘desert
joam” frst used by Prescott (1931) is unsuitable for two reasons. In the
first place the surface horizons of the soils belonging to this group range in
texture from sand to clay and secondly “desert loam” soils oceur in South
Australia in areas with an average annual rainfall as high as 11-12”. As the
“desert loams” are the garthy (in contrast to the stony and calcareous) soils
of the arid regions it 18 proposed that they be called arid red earths. A
hitherto undescribed group of calcareous soils have been designated cal-
careous arid soils. These are the arid members of the calcimorphic soils
which end with the rendzinas and terra rossas.

The new classification for the arid soils occurring in the North-West 18
set out below:

U

[ —— o
Qrder Sub-order Great Soil Group Families
U PR b .
Arid red earths - - J gﬁongla)mbo
l L. a
‘ Caober Pedy
Stony tableland soils - l Arceona
Twins
Wilgena
‘ l Miller’s Creek
Pedocals - Aridsoils - Calcareous arid soils - l Bon Bon
Wirraminna
[ Wirraminna
TDeep red dunes - - l (in part)
Red sandhills
Arid ranges - - - Denison

FW—W—M—MW )

GENERAL CHARACTERISTICS OF THE SOILS

Soil horizons are not clearly differentiated and salinity is high except
in the deep sands because the soils, as they occur in the present geological
period, undergo little or no leaching.

Very shallow A horizons are a feature of all the soils except the very
sandy ones as natural erosion in low rainfall areas 1Is much greater than in
higher rainfall country and the rate of soil formation is slower. Even 1n
unstocked areas, during drought periods the soil surface is poorly protected
by plant growth.

The soils range in colour from brown to red and in texture {rom sand
to clay. They are generally poorly structured. Depending on their drainage,
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they contain either heavy lime or heavy gypsum. Billy pebbles or gibbers
are associated with all the soils of the North-West with the exception of the
acolian sandridges, but this is not a universal feature of arid soils.

TrE Soi. FAMILIES
Arcoona soil

This residual Pliocene fossil soil formed from Cretaceous shale is found
on the tableland country, that is, where the Pliocene land surface is least
eroded. The tableland is a gently-rolling plateau which is elevated 300-350
feet above the surrounding country around its southern limits.

Depressions (crabholes) with a roughly circular or irregular shape and
varying in size usually from 10-50 feet across are a feature of the soil sur-
face. The crabholes are 4-24” deep. Puffs (Plate XV1I, Figure 4) 3-12” higher
than the shelves are formed around the lower sides of the crabholes which
vary from 10-40 yards apart. The height of the puffs increases as the sur-
face slope increases. Gently-sloping gibber-covered shelves separate the crab-
holes,

Water does not normally penetrate the shelf profile to a greater depth
than a few inches, run-off water working its way between the gibbers on
the shelf surface into the crabholes. When the crabholes higher up the slope
become full of water further rain causes a flow of water to the crabholes lower
down the slope. The presence of crabholes means that water only drains
off the tableland after exceptionally heavy rains. The clay is easily dispersed
with the result that crabhole water 1s always yellowish in colour immediately
after a rain, but the suspended clay soon settles due to the presence of large
quantities of gypsum.

Shelf areas constitute a very arid and saline environment and support
only a very sparse growth of bindyis and samphire. Saltbushes (A#riplex
vesicarig and 4. rhagodioides) and the Composite Ixiolaena leptolepis are the domi-
nant shrubs in the crabholes. Due to the heavy texture of the soil, trees are
absent except along creeks and watercourses. Although Arcoona soil areas
respond quickly to rain and grow more nutritious species than the sandy
country they have a fairly low stock carrying capacity because plant growth
is practically restricted to the crabholes.

A texture profile is not developed as clay is present on the surface, but
salts are zoned according to their solubilities, Lime cannot be detected even
with acid, but gypsum is always present at shallow depth and becomes heavy
below.  Where it is heavy the gypsum is present in bands, a soil horizon
containing heavy gypsum being followed by one without gypsum. Near the
soil surface it occurs in spherical clusters of white micro-crystals, but where
it is heavy gypsum seen in a pit-face resembles the appearance that flour
woutld have if dusted across the face of the pit.

The following is a typical shelf profile:

0 - 37 brown (5 YR 6/6) ™ light clay with caked structure contain-
ing a trace of gypsum and heavy billy gibbers (boundary fairly
definite).

% — 57 reddish-brown (5 YR 6/8) structureless clay with slight gyp-
sum and a trace of billy gibbers (boundary very diffuse).

) The figures refer to the Munsell chart of soil colours. The American interpreta-
tion of these colour standards into colour terms has not been followed.

F
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5 _16” rted-brown (2.5 YR 5/8) massive clay with medium gypsum and
a trace of billy gibbers (boundary very diffuse).

16-22" red-brown (2.5 YR 5/8) massive clay with slight gypsum (sharp

boundary).

99.48" teddish-brown (5 YR 6/8) massive clay with heavy gypsum.

The laminated structure (an extreme case of “surface sealing”) of the
surface horizon of the shelf profile is interesting. Taylor (see Crocker and
Skewes 1941) considers that the mechanical action of raindrops on a wet sur-
face dispenses the surface layer of a sodism-saturated clay.

Polished brown or reddish-brown pebbles and stones (gibbers) 47 to 2 feet
across and of irregular outline more or less cover the shelf soil surface. The
bigger pieces are in the form of flat plates. The gibbers are grey-white inside
and consist principally of grey and some vitreous billy. Glacial erratics of quartz
and quartzite weathered out of the parent material are of rare occurrence.

A typical crabhole profile is given below:

0 — & grey-brown (53 YR 6/6) sand with light billy gibbers (sharp
boundary).

3 — 47 grey-brown (7.5 YR 6/6) clay with -angular cloddy structure
(boundary diffuse).

4 _16” brown (5 YR 5/6) massive clay (boundary diffuse).

16-26” brown (5 YR 5/6) massive clay with slight gypsum (boundary
diffuse).

2636”7 brown (5 YR 5/6) massive clay with heavy gypsum.

Crabholes may be gibber-free or cairy a few surface stones. Large

cracks form in the crabholes when they dry out.

The following is a typical puff profile:

0 - 1 light reddish-brown (5 YR 7/6) sand with heavy billy gibbers
(boundary definite}.

1~ 17 light reddish-brown (5 YR 6/6) irregular nutty structured clay
with heavy gibbers (very diffuse boundary). :

{ -~ 97 reddish-brown (5 YR 5/6) nutty clay with medium billy gibbers
(boundary sharp).

9 17 rted-brown (2.5 YR 5/8) coarse nutty clay with light billy gib-
bers and slight gypsum (boundary sharp).

17.24” red-brown (2.5 YR 5/8) structureless clay with light billy gib-
bers and slight gypsum (boundary sharp).

24 36 rteddish-brown (5 YR 6/8) structureless clay with heavy gyp-
SuI.

Figure 5 shows the structure of the clay and the depth at which slight
and heavy gypsum appear in the shelf, crabhole and puff profiles.

Coober Pedy soil

This is a residual Pliocene fossil soil which has been more heavily trun-
cated than the Arcoona soil. Crabholes may or may not he present, depend-
ing upon the depth of the soil. There must be at least two feet of clay over-
lving the parent material for crabholes to be formed. When they are present
they are smaller and generally more scattered than those associated with
Arcoona soil. The depressions vary from 3-40 feet across and 3-107 in depth.
Puffs are absent in flat country and emaller than those associated with
Arcoona soil on sloping land.

A shallow solomized (bleached) horizon */;, ”-17 thick is usually present within
an inch or two of the soil surface in the shelf profiles. Gypsum is always present,
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appearing at depths of 3-24”. It may be only a trace throughout the profile but it
usually becomes moderate or heavy with increasing depth. Most shelf profiles
contain a trace of lime which usually appears at depths of 6-24”. The lime is
generally only present in the profile for a few inches. While Coober Pedy soil
normally rests on bleached shale cccasional profiles are underlain by lime hardpan.

Billy gibbers §-12” across more or less cover the surface of the shelves,
or where crabholes are absent, the whole of the soil surface (Plate XVIII, Figure
1). Vitreous billy predominates but some grey billy is present, Rare quartz
and quartzite glacial erratics from the Cretaceous shale also occur on the sur-
face, the smaller pieces of billy and the quartzites having iron-stained sur-
faces. Stome in the profile varies from heavy near the surface to trace or
none below. |
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Fig, 5
Showing the structure of the clay and the depths
at which slight and heavy gypsum appear in the
shelf, crabhole and puff profiles of the Arcoona soil,

The following is a typical shelf profile:

0~ 1" red-brown (2.5 YR 6/8) slightly laminated sandy loam of finely
vescicular structure containing heavy billy gibbers (boundary
fairly sharp but irregular).

1 - 6”7 dark red (2.5 YR 3/6) angular nutty clay with a trace of billy
gibbers (boundary sharp).

6 ~14” red (10 R 5/8) nutty to crumb structured clay (boundary very
diffuse).

14-24”  lightish red (2.5 YR 5/8) angular nutty to crumb structured
clay with a trace of billy gibbers (boundary fairly sharp).

24-32"  brownish red (2.5 YR 4/8) clay of angular blocky to crumb
structure with slight lime and slight gypsum (boundary sharp).

32-40” red (10 R 5/8) massive clay with medium gypsum (boundary
sharp).
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The surface horizon varies in texture from sandy loam to clay, while
some profiles have brownish-red clay throughout the B horizons.

As indicated below, crabhole profiles are similar to those of the Arcoona
soil except that a trace of lime is usually present:

0 —-12” brown clay.

12-20/" brown clay with a trace of lime.

20-24"7 brown clay with heavy gypsum.

Coober Pedy soil areas carry saltbush (Atriplex vesicaria) as the domi-
nant species and have a fairly low stock carrying capacity. Growth is prac-
tically restricted to the crabholes where they are present, while a spatse
growth of saltbush occurs scattered over the whole surface where crabholes
are absent.

Twins soil

This residual soil developed upon bleached Cretaceous shale is charac-
terized by a very shallow profile without gypsuni. The soil surface is lit-
tered with whitish shale fragments -3 in size and iron-stained billy pebbles
3-8 across. Vitreous billy predominates but grey billy is common. In addi-
tion rare glacial erratics of quartz and iron-stained quarizite lie on the sur-
face. Jasper is present on the surface and through the profile where the
shale has been silicified.

The soil consists of light reddish-brown to light red-brown loam, clay
loam or sandy clay loam subsoil overlain by shallow red-brown sand or light
ceddish-brown to light red-brown sandy loam as illustrated by the following
profile: :
0-1” red-brown (25 YR 4/6) sand with heavy bleached shale frag-

ments and billy pebbles (boundary sharp).
3 light reddish-brown (5 YR 6/4) loam to clay loam with weak
crumb structure and containing slight lime (boundary diffuse).

3-57 light red-brown (2.5 YR 6/6) clay loam with crumb structure and

containing light lime and heavy bleached shale fragments (boun-
dary fairly sharp).

5_8” mixed brown soil, lime rubble and shale fragments. The colour

of the soil fraction is light reddish-brown.

The sand horizon may be absent and even in areas where it occurs the
sand is found principally around plant erowth. Lime is not always as heavy
s that indicated in the above profile, in fact, it is occasionally absent alto-
gether.

Twins soil carries treeless shrub steppe vegetation dominated by blue-
bush (Kochia planifolia). The poor water-retaining capacity of the soii has
resulted in widespread bush death under drought conditions even in ungrazed
paddocks, with the result that living bush is practically confined to water-
courses and slopes of undulations which recejve run-off water. Grass and herbage
only grow in large quantities on Twins soil during very good seasons.

Lo

I

Wilgena soil.

This residual calcareous soil has a shallow profile over lime hardpan.
The surface is more or less covered with billy pebbles (Plate XVIII, Figure 2).
Wilgena soil is found in country from which the Cretaceous deposits have
heen largely eroded away. The profiles may overlie shallow bleached Cre-
taceous shale or, where the shale has ali weathered to soil, Jurassic sandstone.
The Wilgena soil shows the influence of two parent materials. At the present
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time the parent material is the lime rich layer, but the billy pebbles are a
residue from the originally overlying older soil formed from shale. This older
soil has also influenced the texture of the Wilgena soil.

The surface soil is reddish-brown, light reddish-brown or light red clay
loam, sandy loam or rarely light clay. A sand horizon up to §” in thickness
sometimes occurs on the surface. The subsoil is reddish-brown or light reddish-
brown clay loam, sandy clay loam or light clay. Lime may be present from the
surface and heavy lime (rubble or hardpan) always occurs between 4 and 97.

A heavy accumulation of pebbles and stones generally 7 to 47 in diameter
occurs on the soil surface and in the top of the profile, On the tops of some
hills the billy occurs in the form of boulders up to 12-18” across. Vitreous billy
predominates but some grey and conglomerate type billy is also found, while Creta-
ceotts quartzite and milky gquartz glacial erratics are of occasional occurrence. The
smaller billy stones and the quartzite have an iron-stained red-brown surface.

The following is a typical profile:

0-1 light red (2'5 YR 6/6) clay loam with a cakey somewhat laminated
structure and containing medium Hme. The surface is covered with
billy pebbles and some lime flakes (boundary fairly sharp).

1-4” light reddish-brown (5YR 6/6) clay loam containing heavy lime
rubble. This overlies lime pan.

Wilgena soil supports a shrub community dominated by bluebush (Kochia
sedifolia), but scattered trees of mulga or myall may be associated. The ground
layer is dominated by bindyis (Bassia spp.) and grasses (principally Enneapogon
spp.). The density of bluebush is lower on this type of soil than it is on Bon
Bon soil and the growth of herbage and grass is always sparse.

Bon Bon soil

Bon Bon soil is a residual calcareous soil with a fairly shallow profile over-
lying lime rubble and hardpan. Morphologically it differs from Wilgena soil in
three ways. The heavy lime layer generally occurs at slightly greater depth, while
the soil is lighter in texture and only has a trace of stone associated with it.

Red-brown sand up to about 6” deep overlies reddish-brown or light-brown
sandy loam with light red-brown or light reddish-brown sandy clay loam or
Joam to clay loam below. The sandy loam horizon is absent in the shallowest
profiles, Lime is always present at, or within a few inches of, the soil surface
and becomes heavy (rubble and hardpan) at depths of 1-10”. Flakes and
pebbles of limestone 4”-2” across and very rare iron-stained billy pebbles
1727 in diameter are scattered across the soil surface. A trace of billy pebbles
usually occurs in the profiles.

A typical profile is given below:
0-2" red-brown {2-5 YR 5/8) sand.
2-5” light red-brown (5 YR 7/6) crumb stractured sandy loam with
moderate lime.
5-12"light reddish-brown (5 YR 6/6) structureless sandy clay loam with
heavy lime.
12-16" lime hardpan,
16-20" brown clay loam with moderate lime.
20-33" brown clay loam with moderate lime and a trace of gypsum.
33-54” light reddish-brown clay loam with light lime and slight gypsum.
54—72" brown clay loam with light lime and a trace of gypsum.

Wirraminna soil
Areas with sandy soils received sand from several different sources and the
sand has undergone considerable re-distribution during the arid Recent. Where



218

Wirraminna soil occurs i extensive sheets across the country, the sandy horizons
have largely resulted from the weathering of underlying Jurassic sandstones.
Throughout large areas of the North-West acolian sandridges alternate with
Bon Bon soil areas. Much of the sand in the ridges has been stripped from the
intervening soils. Sand from the Pliocene soil has also contributed to the sand
sheets and ridges.

" As a result of the resorting of surface sands which occurred in the Recent,
the sandy horizons of the Wirraminna soil vary considerably in depth. The
deepest sands are found in the sandridges which grade into sandhills, while with
decreasing depth of surface cand Wirraminna soil grades into Bon Bon soil.

The amount of lime and the depth at which it appears varies with the depth
of sand. Trace to light lime occurs at considerable depth in the sandridges,
while in those areas where the sand forms extensive sheets heavy lime is found
4t much shallower depth. Thus there are two variants of Wirraminna soil—
- small sandridge type of aeolian origin and the soils of the extensive sand sheets.

These variations in the depth of the surface sands result in a complex vege-
tation pattern. On the deepest sands the dominant species are mulgas (Acacia
anewra and A. brachystachya), while bluebush is absent. Where the suriace
sands are shallower and lime is present neares the surface, scattered bluebushes
(Kochia sedifolia) appear among the mulgas. Finally bluebush forms a shrub
Jayer beneath the mulgas on ihe shallowest of the Wirraminna soils.

Wirraminna soil consists of up to four feet of red sand (deepest in the
sandridge type) overlying clayey sand or sandy loam. The subsoil is brownish-
red, reddish-brown or red (the latter in the sandridge type only) sandy clay
toam. Lime is present at depths of between 8 and 50” and except in the sand-
ridge type becomes heavy with depth. Rubble overlies friable lime but hardpan
‘s also common, Some of the profiles on Commonwealth Hill station have up
to three feet of sand directly overlying limestone hardpan about two feet in thick-
ness with lime rubble below. Mine shafts at the Glenloth goldfield indicate a lime-
rich layer four feet in thickness overlying the Precambrian rocks with hardpan
varying from 3-12” thickness. Billy pebbles are absent in all but the shallowest
of the profiles and even then only a trace of stone occurs. Gypsum was found
in a few profiles at depths of 4-5 feet but can rarely be detected.

The following profile is typical of the soils of the sand sheets:

0-18” brownish-red sand.

18-23” red-brown sandy loam.

23 26" red-brown sandy clay loan.

26307 reddish-brown sandy clay loam with light lime.
30.32” reddish-brown sandy clay loam with moderate lime.
32.36" reddish-brown sandy clay loam with heavy lime.

36-45" grey-brown sandy clay loam with heavy lime.

A typical sandridge profile is given below:

0-29" red (10 R 4/6) sand (boundary diffuse).

20.40" red (10 R 4/6) sand with light lime (boundary fairly diffuse).

4041 pale red to red (2°5 YR 6/2) and (25 YR 4/6) clayey coarse sand
‘n the form of an indurated massive pan bleached through soloniza-
tion (boundary sharp).

41-53” red (10 R 4/6) massive sandy clay loam.

Miller’s Creek sou
In the Miller’s Creek - Billa Kalina area siliceous limestones formed during
the inter-silicification period of the Pliocene are exposed. They are underlain
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by Cretaceous shale which was bleached as a result of leaching during the first
period of silicification, while a siliceous soil profile formed upon the limestones
during the second period of silicification. Subsequent erosion removed the soil,
leaving only billy pebbles on the surface of the limestone upon which a very
shallow soil has subsequently formed. It is heavy-textured (clay loam or clay)
and contains lime and sometimes gypsum. Pieces of siliceous limestone 4"
across and occasional iron-coated billy pebbles $-17 in diameter occur on the
surface of the soil.

The following is a typical profile:

0-3" brown clay with light lime.
3-6" brown clay with light lime and a trace of gypsum.

Miller’s Creek soil carries bluebushes (Kochia Planifolia and K. sedifolia)
and saltbush (Atriplex wvesicaria). Tts poor water-retaining capacity is reflected
in the severe bush death that has occurred even with the extremely drought-
resistant Kochia sedifolia. The growth of herbage and grass 1s always sparse.

Mt Eba soil

Mt. Eba soil is developed upon Pleistocene alluviun mainly in the Mt. Eba
depression and in the broad watercourses which drain into it. :

The following features are typical of the soil:

surface stone—The soil surface is more or less covered with red-brown
iron-stained pebbles ranging from 4-3” in diameter, the majority being -1 in
diameter (Plate XVIII, Figure 3). These pebbles consist of vitreous and grey
billy and rare conglomerate billy, quariz and quartzite. The surface of the quartz
pebbles is not iron-stained.

Stone through the profile—Heavy accumulations of pebbles occur in the
profiles for the first few inches (sometimes up to 127}, then trace to light stone is
found to the bottom of the profiles or it may be heavy again above the under-
lying rock.

Surface soil—The surface soil is most commonly a 3” horizon of reddish-
brown or sometimes red sandy clay loam but rarely red clay loam overlies the
subsoil clay. Other profiles have shallow brownish-red sandy loam and/or

4-%" of red sand overlying the sandy clay loam.

Stbsoil—Clay subsoil occurs at depths of 4-10”, The upper portion of the
clay is generally reddish-brown in colour but it becomes red below, Trace to light
lime is encountered between 9 and 36”. The lime ustally remains trace or light
but sometimes becomes moderate with increasing depth.  Gypsum is usnally
present at depths of between 12”7 and 30”. It is often moderate and rarely
becomes heavy with increasing depth.

A typical profile is set out below :
0-3” reddish-brown sandy loan.
3-6” reddish-brown sandy clay loam.
6-9” brownish-red clay.
9-12” brownish-red clay with light lime,
12-21" brownish-red clay with light lime and light gypsum.
21-34" red clay with light lime and light gypsum.
34-42" red clay with light lime and moderate gypsum.
42-54” reddish-brown clay with bleached shale fragments,
This soil may carry mulgas but the characteristic feature of the vegetation
is the dominance of the ground layer by bindyis (principally Bassie divaricata,
B. paradoxa and B. uniflora).



220

There are two other variants of the Mt. Tba soil, The first occupies low
terraces between watercourses, that is, slightly more elevated sites than the soil
described above, and while similar in other respects has a light reddish-brown
sandy clay loam solonized (bleached) zone §-27 thick overlying the clay.

The following profile is typical of this soil type:
0-1 red (2'5 YR 4/8) sand (boundary definite).

i-1” brownish-red (2:5 YR 5/8) structureless sandy loam (boundary
irregular but fairly definite).

1-3" light reddish-brown (5 YR 6/6) somewhat domed sandy clay loam
bleached horizon (boundary very irregular).

3-117 red (10 R 4/6) clay with a nutty to angular crumb structure (boundary
diffuse).

11-20” brownish-red (25 YR 4/8) clay with irregular nutty to crumb
structure and containing light lime and a irace of gypsum (boundary
diffuse}.

20-44" brownish-red (2°5 YR 4/8) clay with irregular nutty to crumb struc-
ture and containing light lime and medium gypsum (boundary more
or less abrupt).

This soil type supports a scattered growth of bluebush (Kochia planifolia)
in addition to bindyis.

The other variant of the Mt. Eba soil oceurs in the bottoms of watercourses
in the Mt. Eba depression, that is, in the lowest sites. Red clay subsoil which is
encountered between 07 and 7”7 may be overlain by shallow red sand or red sandy
loam (or sandy clay loam) and shailow red loam (or clay loam). Lime, when it 1s
present in the profile, occurs hetween 12 and 187 from the surface. It may
become moderate or heavy in amount with increasing depth. Gypsum is
encountered between 267 and 457, This soil type has a redder surface, deeper

gypsum and lighter stone on the surface and through the profile than the other
Mt. Eba soils.

A typical profile of this type is set out below:

0-3"” red sandy clay loam.
36 red clay loam,
6-18" red clay.
18-30” ved clay with a trace of lime.
30-45" brownish-red clay with light lime.
4548 light reddish-brown clay with light lime and light gypsum.

Soil with this type of profile carries mulgas, dead finish (Acacia tetragono-
phylla) and bindyis.

A feature of the Mt. Eba soils, especially in areas tiable to fairly frequent
inundation, is the presence of “ginkholes”, small crabholes of irregular shape
with either sloping or vertical sides. The largest holes are about three feet across
and one foot deep, but holes 6-127 across and 67 deep are most COmMIMON. Pufts
are not developed around the holes nor do shelf areas separate them. The Jowest
portions of small “swampy' areas, for example, may simply have half-a-dozen
of these holes in them.

Coondambo soil

This arid red earth is formed from Pleistocene alluvium in low sites such
as around salt lakes, in watercourses and around the lower slopes of hills and
tablelands. The underlying rock occurs at depths of 6" to 4 feet.
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The following features are characteristic of Coondambo soil:

Surface soil—The surface horizon consists of red sand {-2” in thickness
except in watercourses where it is usually deeper. This is underlain by either
light red-brown to red-brown loamy sand, sandy loam, sandy clay loam or rarely
Ioam or clay loam.

Subsoil—Red clay which often becomes sandy or gritty with increasing
depth occurs between 37 and 15" from the surface. A very shallow solonized
(bleached) horizon frequently overlies the red clay. Trace to light lime is found
at depths of 14-30” and may increase to medium at greater depths. Trace to
light gypsum which often becomes moderate with increased depth appears at
12-407,

Stone—>Stone is generally absent but trace to light billy pebbles wsually not
exceeding 1” in diameter but rarely 4-5" across may be present.

The following is a typical profile:
—3" red (2-5 YR 4/6) coarse sand (boundary sharp).
+-3" red-brown (5 YR 4/6) massive loamy sand (boundary sharp but
irregular).
3447 light red-brown (5 YR 6/6) loamy sand. This bleached horizon has
a slightly domed structure (boundary sharp).
44-15"red (2'5 YR 4/6) massive light clay (boundary fairly sharp).
15-20” dark red (10 R 4/4) massive sandy light clay with slight gypsum
and light lime {(boundary fairly sharp).
20-31"red (25 YR 5/8) crumb structured sandy light clay with slight
gypsum and light lime (boundary fairly sharp).
31-45"red (2'5 YR 4/8) crumb structured sandy light clay with medium
lime and trace of gypsum.

Very shallow soil profiles of the Coondambo type which are superimposed
uponn Bon Bon or Coober Pedy soil occur on flats between sandhills in some
localities. These Coondambo soils have originated in the same way as claypans,
that is, by downward percolation through the sandhills and subsequent drainage
on to the flats of water containing clay in suspension. This downward percola-
tion and outward movement of water from the base of the dunes probably occurred
during the moist period of the Recent referred to in the chapter on geology. A
patchy cover of sand over the clay has resulted both from washing and blowing
of sand from the foot of the dunes.

Coondambo soil areas carry a very dense growth of saltbush (Aériplex
vesicaria) and bluebush (Kochia plonifolia) and have a greater stock carrying
capacity than any other type of country in the North-West.

Deep red dunes

The sandhills are aeolian formations built up during the Recent arid period.
Under subsequent moister conditions the dunes were colonized by mulgas (Acacia
lmophylla and A. ramulose) in the south and sandhill canegrass (Zygochloa
paradoxa) in the Anna Creek - Oodnadatta area, so that they are now all fixed
dunes,

The source of the sand, nature of the interdune areas and the trend of the
dunes have already been discussed. Red sand (10 R 4/6) to a depth of more
than 9 feet (the maximum depth of boring) is characteristic of the crests of the
dunes. Down the slopes variable depths of red sand (depending upon the dis-
tance from the crest) overlie red clayey sand. This clayey sand horizon has
resulted from downward persolation of water containing suspended clay.

The distribution of all the soils is shown in the soil plans (fig. 9 and 11).
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Eroston

Natural erosion of soils carrying native vegetation in arid areas is consider-
ably greater than in higher rainfall areas. Most erosion occurs during drought
years when the soil surface is not perfectly protected even where the original
bush cover is not depleted through stocking. Thus mounds of soil always
accumulate around the bushes even in unstocked country. Partly as a result of
this natural erosion, ali the arid soils except those consisting of sand accumula~
tions have shallow A horizons.

No measurements of soil loss caused by accelerated erosion have been made,
as estimates on the basis of profile comparisons are considered impracticable on
account of the natural variations in depth of the A horizons. However, it is the
general impression that accelerated erosion has been insignificant throughout most
of the North-West but moderate in a few localities.

From the point of view of erodability the soils may be divided into three
groups: (1) those with a surface mantle of stones; (2) soils with sandy A hori-
zons; and (3) Miller’s Creek soil which is heavy-textured and has little surface
stone. Included in the first group of soils are the Mount Eba, Coober Pedy,
Arcoona, Wilgena and Twins types. The surface cover of stones helps to protect
the soils from wind erosion, especially in the case of Arcoona and Coober Pedy
soils where the stones are large and the cover is more complete. While most of
the North-West is not prone to water erosion, the Arcoona and Coober Pedy
soils would be if it were not for the surface stone and the crabholes on account
of the topography with which they are associated. Of the five stony soils Twins
s0il has suffered greatest erosion.

With the exception of Coondambo soil, the soils with sandy A horizons
(Wirraminna, Bon Bon, Coondambo and deep red dune soils) carry a fairly dense
growth of trees and are therefore well protected from wind action. However,
tree death is widespread and there is little regeneration, so that eventually a severe
érosion problem can be expected on these sandy soils.

Coondambo soif with its very shallow sandy horizons overlying clay subsoit
is liable to the most serious damage by wind erosion. Maoderate sheet erosion
has occurred in some areas but most Coondambo soil is located around saltlakes
where it is difficult to obtain underground supplies of stock water, with the result
that these areas are largely ungrazed. Soil Joss from Miller’s Creek soil areas
has been moderate because widespread bush death has occurred on account of
the poor water-retaining capacity of the soil.
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THE VEGETATION
CLASSIFICATION OF THE PrLANT COMMUNITIES

In this survey the basic unit used in the classification of the vegetation is
the plant association as defined by Crocker and Wood (1947), and wherever
possible this unit has also been used in the vegetation mapping (Figures 8 and 10).
The associations and the factors determining their distribution are set out in
Table X. However, over large areas certain of the associations are constantly
grouped together and it has not been possible to map the individual associations
on the scale used in the survey (two miles to the inch). In any case, from a
practical viewpoint these association groups form definite Tand types.

TapLe X
Association Soil Geology Annual rainfall Formation
Acacia linophyHa~ deep red dunes Recent sand- 53-73" arid woodland
A. ramulesa hills
Zygochloa paradoxa  deep red dunes Recent sand- < 5% desert sclero-
hills phyllous grass-
land
Acacia aneura — Wirraminna, Recent sand 43-734" arid woodland to
A. brachystachya Bon Bon and and clay shrub-arid
Wilgena . woodland
A, sowdenii — Bon Bon and Recent sand 53-9~ shrub-arid
Kochia sedifolia Wilgena and clay woodland
Atriplex vesicaria Coober Pedy Cretaceous 5-g» shrub steppe
— Bassia spp. shale
Atriplex vesicaria Coondambo Pleistocene 5-97 shrub steppe
— Kochia planifolia alluvium
K. sedifolia Bon Bon and Recent sand 5-9r shrub steppe
. Wilgeua and clay
Acacia aneura — Mt Eba Pleistocene 53767 arid woodland
A. brachystachya alluvium
A tetragonophylla
K. planifolia — Mt. Eba Pleistocene 536" shrub steppe
Bassia spp. alluvium
Eremophila Arid ranges Precambrian — arid hill
freelingii — woodland
Acacia aneura -~
A. brachystachyva
Atriplex vesicaria Arcoona Cretaceous 539~ shrub steppe
~ Ixiolaena shale
leptolepis
A. rhagodioides Arcoona Cretaceous <547 shrub steppe
shale
Kochia planifolia Twins Cretaceous 577 shrub steppe
shale
Kochia planifolia— — Miller's Pliocene (7) 53" shrub steppe
Atriplex vesicaria — Creek Limestone .

K. sedifolia
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In past ecological studies in South Australia the “edaphic complex” (see
Crocker and Wood, 1947) has heen widely used as a mapping unit but it has been
applied to two different types of complexes. It has been used in the mapping of
areas where two or more foristically unrelated plant associations are randomly
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or regularly distributed on different soils, for example, the Zygochloa paradova -
Triodia basedowil edaphic complex of the Simpson Desert (Crocker 1946)
where the Z. paradoxa association occurs on the sandhills and the T. Dasedowii
association occurs on the sandy flats between the dunes.

Secondly, the edaphic complex has been used, for example by Specht and
Perry (1948) in the “stringybark edaphic complex” of the Adelaide Hills, in the
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sense defined by Crocker and Wood who state: . . . . We have used one feature
of the habitat, namely, allied soils, associated with related floristic composition
of species as a basis for classification. Within definite cHmatic limits, associations
on nearly related soil types and with related Aoristic composition are grouped
together as an edaphic complex.”

If the term “edaphic complex” is to have any significance it is obvious that
it should only be used in the sense of the definition, and that a new term must
be introduced into ecological nomenclature for the other type of complex. The
“association complex” is a group of two or more associations which occur on
unrelated soils and which show random distribution within an area. Each indi-
vidual association invariably occurs on the one soil so that within the complex
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each association becomes a soil indicator. The Eucalyptus oleosa - I. dumosa
association which is found on the brown solonized soil flats and the E. angulosa —
Melalewca uncinatn association which occurs on the solonetz sandhills in the Mur-
ray Maliee (Jessup 1946) form an association complex. In the North-West a
particular expression of the association complex occurs as a consequence of the
regular and parallel spacing of the sand dunes. With this type of topography,
when the contours are traversed at right angles there is a regular repetition of
associations. For convenience this particular expression of the association com-
plex has been styled an association repetition on the vegetation map.

&
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The association complexes occurring in the North-West are set out in
fig. 6 and 7.

Only one of these complexes requires further discussion. The Zygochloa
paradoxa —— Acacia anewra~ A, brachystachya —— Airiplex vesicario — Bassia spp.
association complex occurs in the Lake Eyre region where sandhills are super-
imposed upon tableland. The flats between the dunes are sandy where they are
close together or clayey (Coober Pedy soil) where the dunes are scattered.
Acacia inophylla and A. rasulosae are absent, their place on the dunes being taken
by canegrass (Z. parado: «¢). In contrast to the adjacent Simpson Desert (Crocker
1946), spinifex is absent from the sandy interdune soils which carry a modified
mulga community. Atriplex vesicaric — Bassit spp. association occurs where the
fiats separating the sandhills have clay soils.

The plant associations may be classified into five formations.

Shrub-steppe formation

This includes treeless areas dominated by shrub species belonging to the
genera Atriplex (A. wvesicaria and A. rhagodioides) and Kochia (K. planifolie
and K. sedifolic), small shrubs which grow to a height of 12-36"”. Trees are
absent because of the comparative heavy texture of the suriace soils.

The dominant shrubs vary greatly in their density of growth according to
species, associated soil and rainfail.  In ungrazed stands of bladder saitbush
(Atriplex vesicaria) and low bluebush (Kochia planifolia) there may be as many
as 170 to 180 bushes on 2/33 acre (see quantative estimates). On the other hand,
stands of bluebush (Kochia sedifolia) may have a density as low as 20 to 25
bushes on 2/33 acre.

During drought times the ground between the shrubs is devoid of growth
but in good seasocns may, depending upon the soil and also upon the density of
the shrubs, be almost completely covered with herbage and grass. Where the
growth of bush is very dense competition is so severe that even in good seasons
little herbage or grass appears between the bushes,

Arid woodland formation

Trees (Acacie spp.) form a woodland of variable density on the lighter
textured soils and normally vary from 20 to 50 yards apart. In previous litera-
ture the Acacia woodiand country has been veferred to as a scrub formation but
{lis term is misleading when applied to country in which trees are frequently
very scattered and there is a scarcity of undershrubs. Grasses, of which
Aristida spp. (A. arenaria and A. browniana) and Fnneapogon Spp. (E. poly-
phyllus and E. avenaceus) are most widespread, are most prominent in the ground
layer especially after summer rains. Bassic wniflore is common following winter
rains.

Shrub-arid woodland formation

This includes areas where an understorey of shrubs occurs beneath the trees.
The formation grades into the shrub-steppe formation on the one hand and the
arid woodland formation on the other according to the density of the trees and
shrubs.

Arid hill woodland formation
In previous literature the arid hill communities have been called scrubs but

are hetter regarded as woodlands. The formation is represented in the North-
West by the community on the Denison Range.
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Desert sclerophyllous grassland formation

The dominant species on the sandhills of the desert or near desert areas is
the sclerophyllous grass Zygochloa paradoxa (sandhill canegrass). Herbaceous
grasses are the principal associated species,

THE PALATABILITY OF THE SPECIES

The plants occurring in the communities of the North-West have been
assigned to five palatability groups: those with a palatability rating of 1 are very
palatable, 2 are quite palatable, 3 are moderately palatable, 4 are slightly palatable
and 5 are unpalatable. The palatabilities were largely assessed from observations
of selectivity of grazing around watering points.

The palatability of any plant to stock depends upon a number of factors,
which are determined by both the grazing animal and the plant species. Palata-
bility ratings given here are the preferences of mature merino sheep. The most
important factors influencing the palatability of any plant species are its growth
stage and the plants with which it is associated. The growth stage is particularly
important in the case of species which produce spiny fruits, for example, the
Bassias, and which are therefore more palatable when young than when mature.
The palatability ratings given here are an average for the whole of the life cycle.
The importance of the collection of plants available to the grazing animal is
itlustrated by the fact that even some of the unpalatable species (palatability 5)
fike Kochia pyramidata are grazed under drought conditions when nothing else
is available, in fact under extreme conditions sheep will eat dry sticks and twigs.

Palatability ratings have been given to about 170 species. Shrubs and trees
with a palatability of 1 are few in number. Very palatable trees are not destroyed
by stock because a portion of their foliage is out of reach, but the very palatable
shrubs like Cassia sturtii and Evemophila latrobei have been considerably depleted.
There are more very palatable herbaceous species (grasses being prominent) than
trees and shrubs and many of them, for example Evodium cygnorum, Chianthus
spectosus, Convolvulus erubescens, Trichintum exallotum and Eragrostis dielsi
are suppressed by grazing. Others like Stipa nitide remain of common occurrence
because they are prolific seeders.

Again there are very few shrubs and trees with a palatability of Z, but this
group includes the widespread Kochia planifolic and Atriplex wvesicaria, species
which are destroyed by heavy stocking. Herbaceous species with a palatability
of 2, among which grasses are prominent, are also few in number and most of
them are suppressed in heavily grazed country. More plants occur in group 3
than in either groups 1 or 2, and herbaceous species are more numerous than
shrubs and trees. Moderately palatable species are not often suppressed except
under conditions of very heavy stocking.

Slightly palatable species (palatability 4) are not suppressed by grazing and
more plants fall into this group than in either groups 1, 2, 3, or 5. The majority
of the shrubs and herbaceous species do not spread in heavily grazed country
hut they do persist. There are exceptions however like the free-seeding Bassia
paradoxva and Atriplex halimoides which spread on certain soil types. Genera
represented by the largest number of slightly palatable species are Zygophyllum
with Z. crenatum, Z. ammophilum, Z. todiocarpum, and Z. compressum and
Eremophila with E. scoparia, E. duttonii, E. serrulata, E. alternifolia, E. oppositi-
folic and E. maculata,

Group 5 (plants of no value) contains about the same number of species as
group 3 but shrubs are more numerous than herbaceous species. Some of the
free-seeding species like Kochia triptera var. erioclada, K. pyramidata and Bassia
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divaricata spread where competition with more palatable species has been reduced
through grazing.

The palatability ratings of species of Bassia, Kochia, Atriplex, Acuacio and
orasses occurring in the North-West are set out in Table XI.

THE PLANT ASSOCIATIONS
Acacia anewra — A. brachystachya association (“mulga country”).

The dominant species of this community are 4. anewra and 4. brachystachya,
amall trees which grow to a height of 16-24 feet. These species cannot be dis-
finguished on vegetative characters alone. Although A. anewra most commonly
has one main trunk and 4. brachystachya two or three, the reverse is frequently
found. Black (1929) gives the length of the phyllodia in 4. aneure as 3-7 centi-
metres but lengths of up to 10 centimeires are not uncommod, thus overlapping
the range for A. brachystachya which is 5-18 centimetres. Ilowever, the pods
of the two species are fairly easily distinguished and in August - September of
1946, when their distributions were determined by recontiaissatice survey, the two
species were both fruiting prolifically. The community is found on sandy soils
of the Wirraminna type, calcareous Bon Bon soil and occasionally the heavier
textured calcareous Wilgena soil.

On the deepest sands mulgas form a woodland of variable density (Plate XVIII,
Figure 4 and Plate XIX, Figure 1). They become more scattered on Bon Bon
soil and sparse (or more usually absent) on Wilgena soil. The understorey also
varies greatly. Where more than three feet of sand overlies lime rubble or hardpan
bladdes saltbush and bluebush are both absent. Bladder saltbush appears where
two to three feet of sand overlies heavy lime, while biuebush will only grow
where less than two feet of sand overlies the lime. The mulga community there-
fore varies from a fairly dense woodland with a grass layer beneath the trees to
4 shrub-woodland with scattered trees and an understorey of shrubs. All grada-
tions occur between these two extremes and because the surface sands were re-
distributed during the Recent the pattern is very complex.

The following are the chief floristic charactefistics of the association on the
three soils:

1. Mulga on Wirraminna (sandy) soil

The mulgas usually form a fairly dense woodland. Bluebush is absent from
the deepest sands but forms an understorey where the surface sands are shallower.
Prior to stocking bladder saltbush was common, but the ecotype associated with
sandy soil is easily destroyed by grazing, so that little remains in stocked country.
The ground between trees and shrubs is dominated by mulga grass (Arisida
arenaria), black heads (Enneapogon polyphyllus and E. avenaceus) and bindy1
( Bassia uniflora), which form a complete ground cover in favourable years.
Danthonia bipartita and Eragrostis eriopoda are also prominent on sandridges
with the above herbaceous species.

A wide variety of shrubs and herbaceous species are associated, the com-
monest of which are Kochia georgei (erect form), Australian boxthorn ( Lycium
australe), tomato bush {Enchylaena tomentosa), Sida virgata, firebush (Kochia
iripicra ver. erioclada), bundy bush (Cassia eremophila var, platypoda), cat tail
(Trichiniwm alopecuriodewm) and buck bush (Salsole kali). Of these species
K. georgei, tomato bush, bundy bush and cat tail are of little value to the grazier.
Australian boxthorn, which sheds its leaves under drought conditions, and Sida
virgata are moderately palatable.  Firebush is a {ree-seeding rapid growing
species which colonizes overgrazed country where competition with other species
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has been reduced. It is unpalatable, Bundy bush colonizes sandy mulga country
where the trees have been destroyed by firing. Tomato bush is always found
beneath tree canopies,

2. Mulga on Bon Bon soil

The mulgas are more scattered and the herbaceous growth is sparser as the
sandy A horizons of the soils hecome shallower, Bluebush forms an understorey
benieath the trees. The ouly associated shrubs of common occurrence are bird’s-
eye Cassia (Cassia sturtii) and Acacia kempeana, Sida virgata and the small-
leafed form of Chenopodium nitrariacewm are fairly common. Bladder saltbush
was once common but has largely been destroyed by grazing.

The chief herbaceous species are bindyi (Bassia obliguicuspis), mulga grass
(Aristida  arenarin), black heads (Euneapogon eylindricus, E. caerulescens,
E. polyphyllus and E. avenaceus), while Bassiz uniflora, B. sclevoluenoides,
geranium  (Erodiwm cygnorum) and Zygophyllum prismatothecum are fairly
common. Of these species B. obliquicuspis, B. sclerolaenoides, Enneapogon
cyhindricus and E. coerulescens are most prominent on the shallowest of the Bon
Bon soils. Where the surface sands are slightly deeper mulga grass, E. poly-
phyllus, E. avencceous and B. uniflora become the dominants.

Bird’s-eye Cassia is very palatable and although it is still of common occur-
rence has been depleted through grazing. Acacia kempeana and the small-leafed
form of Chenopodium nitrariacewm are only slightly palatable.

In addition to the mulga association, Bon Bon soil also supports myall —
blucbush or occasionally bluebush without trees (K. sedifolin association). Apart
from tree species the three associations are floristically similar when associated
with Bon Bon soil.

3. Mulga on Wilgena soil

When it supports 4. anewra—A. brachystachya association Wilgena soil
carries very scattered mulgas and herbaceous species form a sparse growth, The
bluebush understorey is often not as dense as it is on Bon Bon soil. Mulga asso-
ciation is actually rarely found on Wilgena soil. Where the mulga and myall-
bluebush association complex occurs the latter community is usually found on
Wilgena soil, while further north where myall is absent, that is, in the 4. anewra —
A. brachystachya — — K. sedifolia association complex country, Wilgena soil carries
treeless bluebush (K. sedifolia association). Apart from tree species the com-
munities are floristically similar when associated with Wilgena soil.

The mulga community on Wilgena (and Bon Bon) soil contains fewer
species than it does on deep sandy (Wirraminna) soil. Apart from bluebush,
fairly common shrubs are sagebush ( Trichinium obowatum), bird’s-eye Cassia and
Kochig triptera var. pentaptera. Dominant herbaceous species are the bindyis
{Bassia obliguicuspis and B. sclerolaencides) and black heads (Enneapogon
cylindricus).  E. caerulescens and Zvgophyllum prismatothecum are fairly com-
mon. Mistletoes { Loranthus exocarpi and L. murrayi) are common parasites on
the mulgas. A complete list of species found in the association, the soils on which
they grow and their palatabilities to stock are shown in Table XII.

Mulga death has been severe throughout the North-West. TFrom numerous
counts which were made it is estimated that about one-third of the mature mulgas
have died on the sandy soils, while on the heavier-textured soils the proportion
of dead trees is even greater. Mulga is very susceptible to death by firing,
Although the fires that occur are only “grass fires” they kill up to two-thirds of
the mulgas and those that survive never recover completely and die earlier than
unburnt trees. On the other hand, regeneration is sometimes increased and there

P —
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may be up to half as many established mulga seedlings in the burned country.as
there were mature trees prior to the fire.

Changes which have occurred with grazing

The frequency of occurrence of the species on Wirraminna soil in the mulga
country of the Lake Wirrida block, which has never heenn stocked, was compared
with adjacent stocked areas. As the shrub growth on the deep sandy soils is
comparatively sparse, stocking would be expected to cause rapid changes in the
density and floristic composition of the shrub component of the vegetation. This
is found to be the case. ‘

Common shrubs on Wirraminna soil in ungrazed country are bluebush
(K. sedifolia), saltbush (A. wesicaria), Eremophila lairobei, bundy bush (Cassia
eremophila var. platypoda), tomato bush (Enchylaena tomentosa) and Kochia
georgei (erect form). Sagebush ( Trichintum obovatum), tar bush ( Evemophila
glabre) and Sida wirgata are fairly common.

In grazed country bundy bush and tomato bush are still common because
they are rarely grazed. The erect form of K ochia georgei is only slightly palatable
but is thinned out to some extent under heavy grazing. S. wvirgala, which 1s
moderately palatable, remains fairly common because of its free-seeding habit.
Blaebush is moderately palatable but is very hard to kill by grazing. The very
palatable Eremophila latrobei becomes of very rare occurrence in stocked country,
while sagebush and tar bush, which are moderately palatable, become fairly rare.
The ecotype of saltbush associated with sandy soils is rapidly destroyed by stock.

Australian boxthorn is protected from excessive grazing by its spines and
although moderately palatable has increased. There has been a marked increase
in the amount of the unpalatable firebush.

Dominant herbaceous species in ungrazed country are mulga grass (Aristida
arenaria), Enneapogon polyphyllus, E. avenaceus and Bassia uniflora and on
sandridges Danthonia bipartita and Eragrostis eriopoda. Although mulga grass
is only moderately palatable it is an excellent drought reserve. It is not grazed
to any extent when other herbaceous feed is available, but during drought times
the dry grass is completely eaten. It has the additional advantage of producing
new growth rapidly after a dry period following light rain and provides grazing
for stock before annual herbage appears. FE. polyphyllus, E. avenaceus and
B. uniflora are much more palatable than mulga grass and are suppressed under
heavy stocking. The proportion of these species to mulga grass is the best indica-
tion of the stacking to which the country is subjected.

Mulga country as a grazing unit

Tt has been pointed out that the mulga community is most commonly asso-
ciated with sandy soils of the Wirraminna type and that shrubs are of sparse
occurrence on the deeper sands. As a consequence the bush drought reserve is
comparatively small. This can be readily seen by reference to the quantitative
map showing the present bush density of Commonwealth Hill Station (see fig. 12)
where there are large areas of mulga country not interspersed with other plant
associations. When this survey was carried out most of Commonwealth Hill
was virgin country.

However, the foliage and pods of the mulgas themselves are very palatable,
and although stock soon trim the foliage up to the height they can reach, dry leaves
are constantly shed from the trees. The dominant shrubs of the shrub-steppe
communities shed their leaves during drought times and live in a state of
ansbiosis, - The result is that the shrubs are a valuable reserve in the early stages
of drought but if the dry period is prolonged they provide little more than sticks
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for the stock to graze. The mulgas, however, continue to shed leaves {rom their
canopies, so that in a prolonged drought they are of much greater value as a
food reserve than shrubs.

After mnulga country has been grazed for some time and an equilibrium
between stocking and vegetation has been reached, the most important species in
the community to the grazier are 4. arengria, E. polyphyllus, E. avenaceus and
Bassia uniflora. Tt is not possible in practice to economically graze mulga country
and maintain the balance between stock and plants to enable the ecotype of salt-
bush found on sandy soils or the very palatable Eremophila latrobei to be main-
taired except as very rare species.

TapLe XII
List of species found in the Acacia aneura — A, brachystachye association.
D == dominant, VC == very common, C == common, FC == fairly common,
FR = fairly rare, R = rare, VR — Very rare,
Frequency
Palat- Natural in grazed Associated soil
ability frequency country
Acacia aneura - - - - 1 D 9] All three; rare on Wilgena
Acacia brachystachya - - 1 D D All three; rare on Wilgena
Atriplex vesicaria - - - 2 VC VR All three
Kochia sedifolia - - - 3 vC VC Absent from deep sands
Stipa nitida - - - - i FR FR Absent from deep sands
Enneapogon polyphylius - 1 D b All three but most on Wirra.
Bassia uniflora - - - 1 b D All three but most on Wirra.
Bassia obliquicuspis - - 3 FR ¥c Absent from Wirraminna
Bassia paradoxa - - - 4 VR R Bon Bon and shallow Wirra.
Avristida arenaria - - - 3 D D All three but rare on Wilgena
Enchylaena tomentosa - - 4 FC kEC All three
Rhagodia spinescens wvar. - 4 VR R All three
Kochia triptera var. erioclada - 5 VR FC All three, particularly Wirra-
minna; rare on Wilgena
Lycium australe - - - 3 FR FC All three
Cassia eremophila var. platypoda 4 FC FC Wirraminna only
Kochia georgei (erect form) - 4 C FC Wirraminna only
Salsola kali - - - - 2 FC FC All three
Enneapogon avenaceus - - 1 C C All three
Erodium cygnorurn - - 1 FR FR All three, particularly Bon Bon
Tetragonia expansa - - 1 R R Wirra. and Bon Bon
Tetragonia eremaea - - 1 R R Wirra, and Bon Bon
Tragus australianus - - 3 VR VR All three, partic. Wirraminna
Fuphorbia drummondii - - 4 R R All three
Portulaca oleracea - - - 2 VE VR Wirra. and Bon Bon
Sida virgata - - - - 3 C ¥C All three, particularly Wirra.
Eremophila latrobei - - 1 ¥C VR All three, particularly Wirra.
Eremophita glabra - - - 3 ¥C VR Wirra. and Bon Bon
Eremophila scoparia - - 4 VR VR All three
Acacia burkittii . - - 5 VR VR Wirra. and Bon Bon
Kochia pyramidata - - - 5 VR R Wirra. and Bon Bon
Fucarya spicata - - - 4 FC VR All three
Heterodendron oleifolium - 1 VR VR Wirra. and Bon Bon
Eremophila paisleyi - - 4 R R
Grevillea nematophylla - - 4 R R Wirra. and Bon Bon
Pentatropis kempeana - S VR VR Wirra. and Bon Bon
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Tremophiia duttonii - -
Eremophila longifolia - -
Fremophila alternifolia

var. latifolia - - ~
Sida intricata - - - -
Abutilon leucopetalum - -
Dassia divaricata - - -
Solanum ellipticum - - -
Goodenia spinescens - -
Acacia kempeana - - -
Acacia oswaldii - - -
Dodonaea microzyga -
Gumuniopsis quadrifida - -
Sida petrophila - - -
Cassia artemisioides - -
Zygophyllum fruticulosum

var. eremacun: - - -
Chenopodium nitrariaceum

{small-teafed form) - -
Bassia sclerolaenoides - -
Cassia startil - - - -
Templetonia egena - - -
Fucarya acuminata - - -
Kochia triptera var. pentaptera
Acacia tetragonophyiia - -
Kochia tomentosa - - -
Dodonaea attenuata - -
Eragrostis eriopoda - -
Danthionia bipartita - -
Eremophila serrulata - -
Trisetum pumillum - - -
Phyllanthus lacunarius - -
Chenopodium cristatum - -
Calandrinia remota - - -
Cucumis myriocarpus - -
Sywainsona burkittii - -
Triraphis mollis -
Clianthus speciosus - -
Zygophyllum ammophilﬁm
Fuphorbia eremophila - -
Trichinium alopecuroidenm -

Calotis cymbacantha - -
Aristida antlhioxanthoides -
Lepidium papillosum - -
Lepidium oxytrichum - -
Goodenia cycloptera - -
Citrullus vulgaris - - -
Stenopetalum lineare - -
Convolvulus eribescens - -
Angianthus pusillus - -
Chenopodium desertorum -

Palat-
ability
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Frequency
Natural in grazed
frequency COUNEry
VR VR
VR VR
FR R
VR VR
R R
VR VR
VR VR
VR VR
FR R
VR VR
VR VR
VR VR
VR VR
VR VR
FR FR
VR VR
¥C FC
¥C ¥R
VR VR
VR VR
FR ¥R
IR FR
VR VR
VR VR
¥C FC
FC FC
VR VR
VR VR
VR VR
VR VR
VR VR
VR VR
VR VR
R R
VR VR
VR VR
R R
FC EC
VR VR
VR VR
VR VR
VR VR
FR FR
VR VR
VR VR
VR VR
R R
R R

Associated soil

Bon Bon and Wilgena
Wirra. and Bon Bon

Wirra. and Bon Bon
Bon Bon and Wilgena
Wirra. only

Bon Bon and Wilgena
All three

All three, partic. Bon Bon
All three, partic. Bon Bon
Don Bon and Wilgena
Wirra. ounly

All three

All three

All three
Bon Bon and Wilgena

Wilgena and Bon Bon
Bon Bon and Wilgena
Wirra. and Bon Bon

All three

Bon Bon and partic. Wilgena
All three, least on Wirra.
Bon Bon and Wilgena
Wirra. only

deep sands only

Deep sands only

Al three

Wirra only

Wirra only

Wirra only

Wirra. and Bon Bon
Wirra. only

Wirra., oaly

Wirra. and Bon Ton
All three

Wirra only

Wirra only

Wirra. and Bon Bon

All three

All three

Wirra and Bon Bon
Wirra and Bon Bon
All three

Wirra. only

All three

Wirra, only
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Frequency

Palat- Matural in grazed Associated soil

ability {frequency country
Myriocephalus stuartin - - 5 VR VR Wirra. only
Didiscus glaucifolius - - — . VR VR Wirra. only
Trichinivm exaltatum - - 1 R VR Wirra, and Bon Bon
Enneapogon caerulescens -4 FC FC Bon Bon and Wilgena
Enneapogon cylindricus - - 3 FC FC Bon Bon and Wilgena
Helipterum foribundum - - 5 FR FR Wirra. and Bon Bon
Bassia eriacantha - - - 2 R VR All three
Loranthus exocarpi - - 1 C C On mulgas (parasitic)
Loranthus murrayi - - - 1 C C On mulgas (parasitic)
Zygophyllum prismatothecum- 5 FC FC All three
Dactyloctenium radulans - 2 VR VR ‘Wirra. and Bon Bon
‘Fribulus terrestris - - - 2 VR VR Wirra. and Bon Bon
Acacia aneura var. latifolia - 1 R FR All three
Atriplex spongiosa - - -4 VR VR All three
Nicotiana sp. - - - - 5 VR VR All three
Craspedia pleiocephala - - 4 VR VR Wirra. and Bon Bon
Atriplex quinii - - - 5 VR VR
Trichinium obovatum - - 3 FR VR All three
Codonocarpus cotinifolius - 5 VR VR Wirra. only

Acacia sowdenvi - Kochia sedifolia association (pl. xix, fig. 3)

In this shrub-woodland community an understorey of bluebush is present
beneath an open woodland of small trees of 4. sowdenii (myall) which vary from
16-28 feet in height. Mpyall is the most attractive tree found in the arid country
of South Australia. Prior to being grazed by stock its branches and foliage sweep
to the ground (pl. xix, fig. 2) and the new foliage produced after heavy rains has
a silvery-grey colour. Death of myall has not been as severe as mulga and
amounts to only 15-20 per cent. of the mature trees,

A, Sowdenii has a curious distribution. Both the species itself and the myall-
bluebush association occur particularly on Bon Bon but also on Wilgena soils.
There are, however, large areas of these soils normally colonized by myall from
which it is absent, for example in the country to the north-west of Kingoonya
where the A aneura — A. brachystachya —— K. sedifolia association complex occurs.
Here species normally associated with myall occur but myall itself is lacking.
Rainfall is s'ightly lower than in most of the myall country, but the species does
occur in more arid areas than this, for example, occasional myalls occur along
wadis and creeks as far north as the south branch of the Neales River and in
parts of the Denison Range.

The limited distribution of the species is probably the result of restricted
colonization. The recession of plant species in South Australia during the arid
Recent and their subsequent spread from centres of survival has been discussed
by Crocker and Wood (1947), who suggested that myall survived in the Gawler
Ranges. There were also other minor survival centres such as along creeks like
the Neales “River” and in the Denison Range. The implication of the restricted
spread of myall following the lifting of climatic stress during the Recent is that
the period of increased rainfall was of too short duration to enable the species
to migrate to all the areas it is capable of colonizing. The present rainfall is lower
than during the moist period of colonization.

The species occurring in the myall-bluebush association vary with the depth
of the sandy surface horizons of the soils. On the shaliowest Bon Bon soils and
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on Wilgena soil the herbaceous fayer is dominated by black heads {Enneapogon
eylindricus) and bindyl (Bassia obliquicuspis), the latter increasing with depletion
through grazing of the bluebush cover. E. cacrulescens and B. sclerolaenoides are
prominent. On the deeper soils E. cylindricus and Bassia obliquicuspis are again
dominants, but B. sclerolaenoides and E. caerulescens are of rare occurrence.
E. polyphyllus, E. avenaceus, mulga grass and B. unifiore are very commor,
B. paradoxe may become very common when the community suffers very heavy
grazing and bush death.

Bluebush is the dominant shrub but Cratystylis conocephala replaces it 1o
some of the southern myall country. Australian boxthorn (Lycium australe)
is fairly common, while C henopodium nitrariaceun (small-leafed form) and hre-
bush (Kochia triptere var. erioclada) are fairly rare. Complete floristics of the
association and the palatabilities of the species are given in Table xiit.

Changes which occur with grazing '

The most noticeable effects of heavy grazing are an increase in the amount
of bindyi (Bassia obliguicuspis) and sometimes B. paradova. Black bluebush
(Kochia pyramidata) and firebush may also spread. These species, with the
exception of B. obliguicuspis, are of slight or no value. At the same time blue-
bush is depleted and Enneapogon polyphyllus, E. arenaceus and Bassia untflora
are suppressed. Bird's eye Cassia and bladder saltbush were more common prior
to grazing, Overgrazing and death of bluebush containing an admixture of
bladder saltbush may, on the sandier Bon Bon soils, result in a saltbush dominant
understorey because saltbush frequently seeds heavily prior to death.

The community as @ grazing untt

The foliage of A. sowdenii is always grazed by stock to as high as they
can reach but its foliage is actually only slightly palatable, so that it is only under
drought conditions that any leaves which are shed are eaten by sheep. The
principal drought reserve of the myall-bluebush country is K. sedifolia. Apart
from bluebush the most important species in the community to the grazier are
black heads (Enncapogon polyphyllus, E. avenaceus and £. cylindricus), the
bindyis (Bassia unifiore and B. sclerolgenoides) and mulga grass ( Aristida
arenaria).

TapLe XIIT, showing a complete list of species found in the
A sowdenii— K. sedifolia association

Frequency

Species Palatability ol ocourrence
Acacia sowdenit - - - - . - 4
Kochia sedifolia - - - - - - -3 D
Bassia obliguicuspis - - - - - - 3 vC
Lycium auasirale - - - - - - - 3 EC
Chenopodium nitrariaceum - - - - - 4 R
Bassia paradoxa - - - - - - - 4 ER
Kochia triptera var. erioclada - - - - 5 R
Enchylaena tomentosa - - - - - - 4 R
Rhagodia spinescens var. deltophylla - - - 4 R
Cassia eremophila var. platypoda - - - - 4 R
Cassia sturtii - - - - - - - 1 R
Kochia pyramidata - - - - - - 5 R
Eremophila scoparia - - - - - - 4 R
Sida virgata - - - - - - - - 3 R
Atriplex vesicaria - - - - - - - 2 R
Bassia divaricata - - - - - - 3 VR
Kochia georgei (erect form) - - - - 4 VR
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Frequency

Species Palstability of oceurrence
Eucarya acuminata - - - - - - 2 VR
Eucarya spicata - - - - - - - 4 VR
Grevillea nematopliylla - - - - - 4 VR
Kochia triptera - - - - - - - - VR
Cassia eremophila - - - - - - 4 VR
Exoccarpus aphylla - - - - - - 4 VR
Templetonia egena - - - - - - 4 VR
Eucarva persicarius - - - - - - VR
Dodonaea microzyga - - - - - - 4 VR
Myoporum pfatycarpum - - - - ~ 2 VR
LIremophila duttonii - - - - - - 4 VR
Eremophila serrulata - - - - - - 4 VR
Heterodendron oleifolium - - - - - 1 VR
Acacia tetragonophylla - - - - - 4 VR
Eremophila rotundifolia - - - - - 5 VR
Eremophila alternifolia - - - - - 4 VIR
Tiremophila alternifolia var. latifolia - - - 4 VR
Acacia kempeana - - - - - - - 4 VR
Acacia oswaldii - - - - . - - 3 VR
Trichinium eobovatum - - - - - - 3 VR
Acacia burkittii = - - - - - - - 5 VR
Eremophila latrobei - - - - - - 1 VR
Eremophila paisleyi - - - - - - 4 VR
Sida intricata - - - - - - - 3 VR
Pittosporum phillyrecides - - - - - 2 VR
Eremophila longifolia - - - - - - 3 VR
Cassia artemisioides - - - - - - 3 VR
Zyeophyllum fruticolosum - - - - - 4 VR
Kochia tomentosa - - - - - - 5 VR
Kochia triptera var. pentaptera - - - - 5 VR
Enneapogon cylindricus - - - - - 3 D
Aristida arenaria - - - - “ - - 3 C
Bassia uniflora - - - - - - - 1 FC
Euneapogon polyphylius - - - - - 1 ¥C
IInneapogon avenacens - - - - - 1 FC
Zyvgophyvllum prismatothecum - - - 5 FC
Salsola kali - - - - - - - - 2 T
Bassia sclerolaenoides - - - - - - 3 R
Tetragonia expansa - - - - - - 1 R
Tetragonia eremaea - - - - - - 1 R
Erodium cygnorum - - - - - - 1 R
Fnneapogon caerulescens - - - - - 3 R
Stipa nitida - - - - - - - - 1 FR
Euphorhia drummondii - - - - - 4 VR
Chenopodium desertorum - - - - - 3 VR
Eragrostis setifolia - - - - - - 2 VR
Goodenia cycloptera - - - - - - 4 VR
Tribulus terrestris - - - - - - 2 VR
Sida petrophila - - - - - - - 4 VR
Tragus australianus - - - - - - 3 VR
Triraphis mollis - - - - - - - 3 VR
Babbagia dipterocarpa - - - - - - 5 VR
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Zygophyllum ammophilum - - - - - 4 VR
Craspedia pleiocephala - - - - - - 4 VR
Atriplex spongiosa - - - - - - 4 VR
Clianthus speclosus - - - - - - 1 VR
Zygophyllum compressum - - - ; . 4 VR
Loranthus exocarpi - - - - - - 1 VR
Toranthus murrayi - - - - - - 1 VR

Kochia sedifolia association (Plate X1X, Figure 43
Treeless shrub steppe areas dominated by bluebush are found on Bon Bon
and Wilgena soils beyond the range of myall. The floristics of the commuunity
vary according to the soil.

1. K. sedifoliz association on Wiigena s0il

K. triptera var. pentaptera is a commofl associated shrub and sagebush
( Trichimium obovatum) is fairly common. Dead-finish (Acacia tetragonophylia)
is fairly rare. The dominant Lerbaceous species are bindyis (Bassia sclerolaen-
oides and B. obliquicuspis) and Enneapogon cylindricus, while E. caerulescens,
buck bush {Salsola kali) and Bassia uniflora are fairly rare.

2. K. sedifolia association on Bon Bon soil

Soapbush (Zygophyllum fruticulosum), sagebush (Trichinium obovatuin}
and bird’s eye Cassia (Cassia sturtii) are fairly common associated shrubs.
Broombush (Eremophila scoparia) is fairly rare. The dominant herbaceous
species are bindyl (Bassia obliguicuspis) and Enneapogon cylindricus, while
E. caerulescens, E. avenaceus, E. polyphylius, Bassia sclerolaenoides and buck bush

(Salsola kali) are fairly rare. Complete floristics of the association are given in
Table XIV.
Changes which occur with grazing

Heavy grazing of the community on both Wilgena and Bon Bon soils causes
depletion of bluebush, bladder saltbush and Cassia sturtii and increase in bindyi
{ Bassia obliguicuspis). Sagebush (Trichinium obovatum) is depleted where the
community is on Wilgena soil. The grasses Enneapogon polyphyllus and
E. avenaceus and the bindyi Bassia uniflora are also suppressed under heavy
grazing.

TasLE XIV
showing complete floristics of the K. sedifolia association
Species Frequency on Frequency on
Bon Bon soil  Wilgena soil  Palatability
Kochia sedifolia - - - - - D D 3
Bassia obliguicuspis - - - - - vC C 3
Zygophyllum fruticulosum - - - - EFC VR 4
Trichinium obovatum - - - - FC IrC 3
Cassia sturtii - - - - - - FC VIR 1
Eremophila scoparia - - - - - FR VR 4
Lycium australe - - - - - R VR 3
Rhagodia spinescens var. deltophylila - VR VR 4
Enchylaena tomentosa - - - - VR VR 4
Cassiz artemisioides - - - - - VR VIR 3
Sida virgata - - - - - - VIR VR 3
Chenopadium nitrariaceumn - - - VR R 4
Sida corrugata - - - - - - VR VR 4
Sida intricata - - - - - - VR VR 3

i
i
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Species Frequency on  Frequency on
Bon Bonsoil Wilgena soil  Palatability
Casuarina cristata - - - - - VR VR 4
Eremophila rotundifolha - - - - VR R 5
Kochia tomentosa - - - - - VR R 4
Kochia pyramidata - - - - - VR —_— 5
Eremophila duttoni - - - - - VR VR 4
Acacia oswaldii - - - - - - VR VR 3
Acacia tetragonophylla - - - - VR FRR 4
Dodonaea microzyga - - - - VR VR 4
Goodenia spinescens - - - - - VR —_— 5
Eremeophila alternifelia - - - - VR VR 4
Eremophila alternifolia var. latifolia - VR e 4
Solanum ellipticum - - - - - VR VR 5
Bassia paradoxa - - - - - VR VR 4
Acacia kempeana - - - - - VR VR 4
Eremophila latrobei - - - - - VR VR 1
Bassia divaricata - - - - - VR VR 5
Kochia triptera var. pentaplera - - VR C 5
Enneapogon cylindricus - - - - D b 3
Enneapogon caerulescens - - - - FR FR 3
Bassia sclerolaenocides - - - - R vC 3
Enneapogon avenaceus - - - - FR VR 1
Enneapogon polyphyllus - - - - FR VR 1
Salsola kali - - - - - - FR FR 2
Bassia uniflora - - - - - - R FR 1
Aristida arenaria - - - - - R VR K]
Atriplex vesicaria - - - - - VR VR 2
Kochia triptera var. erioclada - - - VR VR 5
Zygophyllum prismatothecum - - - VR R 5
Vittadinia triloba - - - - - VR — 4
Stipa nitida - - - - - - R R 1
Sida petrophila - - - - - - VR VR 4
Portulaca coleracea - - - - - VR e 2
Abutilon leucopetalum - - - - VR — 5
Bleanodia trisecta - - - - - VR —_ —_
Stenopetalum lineare - - - - VR VR —
Calotis cymbacantha - - - - VR p— 3
Danthenia semiannaularis - - - - VR e 1
Lepidium oxytrichum - - - - VR VR 4
Lepidium papillosum - - - - VR VR 4
Helipterum floribundum - - - - VR —_ 5
Craspedia pleiocephala - - - - VR —_— 4
Zvgophyllum iodiocarpum - - - VR —_ 4
Erodinm cygnorum - - - - - VR VR 1
Goodenia cycloptera - - - - - VR — 4
Bassia eriacantha - - - - - —— VR 2
Santalum lanceolatum - - - - VR VR 1
Euphorbia drummondii - - - - VR VR 4

Aecacia linophylla — A, ramulose association (Plate XX, Figure 1)

These two species, which grow to a height of 9-14 feet, are the dominants
on the sandhills in the southern portion of the North-West. Black oak {Casuarina
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cristata) is of common occurrence with the acacias on the sandhills south of the
east-west railway line, North of the railway line black cak is of rare occurrence
on the dunes but pine (Callitris glawca) partly or completely replaces the acacias
on some of the sandhills (pl. xx, fig. 2). Shrub species, with the exception of
Cassia eremophila var. platypoda which is very common on Roxby Downs Station,
are of rare occurrence in the community. Aristide browniana is the dominant
herbaceous species. Commonly associated with it are Plagiosetum refractiom,
Ennecapogon polyphyllus, E. avenaceus, Salsola kali and Atriplex vellutinellum.
Triraphis mollis is fairly common. The following species are common after
winter rains: parakeelya (Celandrinia remota), Rlennodia conescens, Stuart’s
daisy (Myriocephalus stuartii), Angianthus pusillus, Calotis cymbacantha and
Helichryswm semifertile.

Practically all of the dunes in the southern sandhill country carry this stable
climax community, but some of the dunes superiniposed upon the tableland and
immediately surrounding it are unstable. Primary colonizers of these unstable
dunes are Salsola kali, Atriplex wvelutinellym, Crotalaria dissitiflora and Myrio-
cephalus stuartii, The first shrubs to appear are sandhili wattle (Acacia ligulata)
and hop bush (Dodonaea attenuata).

Complete Horistics of the association are given in Table XV,

The sandhills as a grazing unit,

The dominant acacias have unpalatable foliage and shrubs are practically
absent, so the sandhill country is of little value in drought times. Further, the
dominant herbaceous species (Arisiida browniana) 1s a coarse unpalatable grass.
The community is most valuable to the grazier following winter rains when a
dense growth of ephemeral species is produced. However, if the preceding
summer rains have been heavy the growth of grass, particularly A. brownaiana, is
irequently so dense as to allow little space for annual species.

Tasre XV
showing complete floristics of the Acacia lnophylla—A. ramulosa association,
Species Frequency of
Palatability cccurrence

1

Acacia linophylla - - - 4 D
Acacia ramulosa - - - - 4 D

Casuarina cristata - - - 4 C
Callitris glatica - - - - 5 C
Cassia eremophila var. platypoda - 4 ¥
Acacia ligulata - - - - 5 VR
Heteredendron oleifolivm - - 1 R
Dodonaea attenuata - - - 4 VR
Abutilon leucopetalum - - - 5 R
Eucarya spicata - - - - 4 VR
Duboisia hopwoodii - - - S VR
Eremophila paisleyi - - - 4 i
Pittosporum phillyreoides - - 2 VR
Kochia triptera - - - - — R
Enchylaena tomentosa - ~ - 4 R
Hakea leucoptera - - - - 5 VR
Sida intricata - - - - 3 VIR
Grevillea nematophylla - - - 4 R

Myoporum miontanum - - - e VR
Phyllanthus fuernrohrii - - -

o
=
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Species Frequency of
Palatability occurrence
Cassia sturti - - - - i VR
Phyllanthus lacunarius - - - 5 'R
Bassiza unifiora - - - - 1 R
Eucalyptus pyriformis - - - 5 VR
Bossiaea walleeri - - - - 5 VR
Aristida browniana - - - 4 D
Plagiosetum refractum - - - 3 C
Enneapogon polyphyllus - - 1 .
Enneapogon avenaceus - - - i C
Salseola kali - - - - - 2 C
Atriplex velutinellym - - ~ 5 C
Triraphis moliis - - - - 3 FC
Stipa nitida - - - - - 1 R
Citrullus vulgaris - - - - 5 R
Cucumis myriocarpus - - - 4 R
Didiscus glaucifolius - - - — R
Aristida arenaria - - - - 3 FR
Euphorhia drummeondii - - 4 R
Fuphorbia eremophifa - - - 3 VR
Lepidivm oxytrichum - - - 4 VR
Lepidium papillosum - - - 4 VR
Zygophyllum iodocarpum - - 4 R
Crotalaria dissitilora - - - 4 VR
Convolvulus erubescens - - 1 R
Clianthus speciosus - - - 1 VR
Calandriniz remota - - - 1 FC
Biennodia canescens - - - 2 FC
Myriocephalus stuartii - - - 5 IrC
Angianthus pusillus - - - 4 FC
Calotis cymbacantha - - - 3 FC
Helichrysum semifertile - - — ¥C
Tetragonia expansa - - - 1 R
Tetragoniay eremaea - - - 1 R
Trisetum pumillum - - - — VR
Nicotiana sp. - - - - 5 VR
Goodenia cycloptera - - - 4 R
Zygophyllum ammeoephilum - - 4 R
Stenopetalum lineare - - - — VR
Atriplex spongiosa - - - 4 R

Zygochloa paradoxa associgtion (Plate XX, Figure 3)

Sandhills in the Lake Eyre region are completely covered with scattered
plants of sandhill canegrass (Zygochloa paradoxa formerly Spinifex poradoxus),
a sclerophyllous grass which is more akin to the hard-leaved shrubs than the
usual soft-leaved herbaceous grasses. It has a palatability rating of 4, In the
adjacent Simpson Desert the crests of the dunes are bare (Crocker, 1946).
Herbaceous growth is always much sparser than on the Aeacia spp. sandhills
further south.

Shrub species which commonly occur with the canegrass are sandhill wattle
(Acacia ligulata) and hop bush (Dodonaea aftenuata), while Trichiniom obova-
twm and Phyllanthus fuernrolrii are fairly common. Common herbaceous species
are caltrop (Tribulus terrestris), Aristida browniona and Crotalaria dissitiflora,

H
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while the following are fairly common: mulga grass, bur grass (Tragus ausira-
lianus), buck bush, Plagiosetum refractum, M yriocephalus stuartii and Euphorbia
drumsmondii, Complete floristics are given in Table XVI.

The sandy flats between the dunes carry a modified mulga community.
Spinifex (Triodia basedowii), which is the dominant species between the dunes
in the Simpson Desert (Crocker, 1946), is absent. The mulgas are very scattered.
Hop bush, sandhill wattle, Eremophila duttonii and needlebush (Hakea leucop-
fera) are the most common chrubs. Canegrass sometimes extends onto the flats
where the sands are very deep. Mulga grass is the dominant herbaceous species
on the sandy flats. Typical associated species are FEnneapogon polyphylius,
E. avenaceus, Citrullus vulgaris, Cucumis myriocarpus, Abutilon leucopetalum,
Euphorbia drummondii, Crotalaria dissitiflora and button grass (Dactyloctenivm
radulans).

‘ TasLe AVI
showing the specics present in the Zygochloa paradoxa association

Freguency of

Species oceurrence
Zygochloa paradoxa - - - - - - D
Acacia ligulata - - - - - - - C
Dodonaea attenuata - - - - - - C
Trichinium obovatum - - - - - - FC
Phyllanthus fuernrohrii - - - - - ¥C
Eremophila sp. - - - - - - - ¥R
Acacia aneura - - - - - - - VR
Acacia brachystachya - - - - - VR
Sida virgata - - - - - - VR
Sida petrophila - e VR
Gumniopsis quadrifida - - - - - - VR
Tribulus terrestris - - - - - - C
Aristida browniana - - - - - - C
Crotalaria dissitiffiora - - - - =~ C
Aristida arenaria - - - - - - - FC
Tragus anstralianus - - - - - - FC
Salsola kali - - - - - - - - FC
Plagiosetum refractum - - - - ¥C
Myriocarpus stuartii - - - - - - FC
Fuphorbia drummondii - - - - - BC
Phylianthus lacunarius - - - - - TR
Triraphis mollis - “ - - - - - FR
Portulaca oleracea - - - - - - TR
Enneapogon polyphylius - - - - - FR
FErnneapogon avenaceus - - - - - FR
Cucumis myriocarpus - - - - - - TR
Atriplex spongiosa - - - - - - R
Abutilon leucopetalum - - - - - R
Trianthema crystallina var. clavata - - - VR
Trichodesma zeylanicum var. sericenm - - VR
Nicotiana sp. - - - - - - - VR
Tragrostis eriopoda - - - - - - VR
Zygophyllum howittii - - - - - - VR
Aristida anthoxanthoides - - - - - VR
Citrullus vulgaris - - - - - - VR

Tetragonia spp. - - - - - - - VR

R TR L
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Eremophila freelingii— Acacia aneura~ A. brachysiachya association.

‘The Denison Range south of Qodnadatta supports a hill-woodland com-
munity dominated hy E. freelingii and mulgas (Acacia anewra and A. brachy-
stachya). .

Acacia onewra— A, brachystachya - A. tetragonophylla association
(Plate XX, Figure 4)

These species are the dominants of the association found in watercourses
and “swamps” on transported soils in the Mount Eba depression. Shrubs are
generally not conspicuous, the community being an arid woodland. Prickly
acacia (Acacia wiciorice) and Sida wirgate are fairly rare, while T¥ichinium
obovatum, Eremophila rotundifelia, Rassia divaricate and cotton bush (Kochia
aphylla) are rare,

The dominant herbaceous species are mulga grass (Aristida arenaria) and
bindyi (Bassia paradoxc), while button grass (Dactyloctenium radulans) and
B. uniflora are fairly rare. Salsola kali, Eragrostis falcata, Enneapogon poly-
phyllus and E. avenacens are rare. Complete floristics are given in Table XVIL.

TasrLe XVII

showing the species present in the 4. agneura— A. brachystachya -
A. tetragonophylle association,

Frequency of

Species Palatability occurrence
Acacia aneura - - - - 1 D
Acacia bhrachystachya - - - 1 D
Acacia tetragonophylla - - - 4 D
Bassiz paradoxa - - - - 4 C
Bassia uniflora - - - - 1 FR
Acacia victoriae - - - - 3 FR
Sida virgata - - - - - 3 R
Trichinium obovatum - - - 3 R
Eremophila rotundifolia - - - 5 R
Bassia divaricata - - - - 5 R
Kochia aphyila - - - ~ 4 R
Cassia sturtii - - - - - 1 VR
Kochia pyramidata - - - 5 VR
Eremophila paisleyi - - - 4 VR
Zygophyllum fruticulosum - - 4 VR
Santalum lanceolatum - - - i VR
Eremophila longifoliza - - - 3 VR
Pittosporum phillyreoides - - 2 VR
Exocarpus aphylla - - - 4 VR
Eremophila duttonii - - - 4 VR
Rhagodia spinescens - - - 4 VR
Sida intricata - - - - - 3 VR
Bassia eriacantha - - - - 2 VR
Eremophila serrulata - - - 4 VR
Cassia artemisioides - - - 3 VR
Cassia desolata - - - - 4 VR
Cassia phyllodinea - - - - 4 VR
Heterodendron oleifolium - - 1 VR
Acacia oswaldii - - - - 3 VR
Eremophila scoparia - - - 4 VR
Eremophila maculata - - - 4 VR
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Frequency of

Species Palatability " pccurrence
Bassia patenticuspis - - - 2 VR
Enchylaena tomentosa - - - 4 VR
Solanum ellipticum “ - - 5 VR
Bassia sclerolaenoides - - - 3 VR
Atriplex vesicaria - - - ~ 2 VR
Kochia lobiflora - - - - - VR
Aristida arenaria - - - - 3 D
Dactyloctenium radulans - - 2 FR
Salsola kali - - - - - 2 R
Eragrostis {falcata - - - - 3 R
Inneapogon avenaceus - - - 1 R
Enneapogon polyphyllius - - 1 R
Sida petrophila - - - - 4 VR
Stenopetalum lineare - - - — VR
Zygophyilum ammophilum - - 4 VR
Abutilon letncopetalum - - - 5 VR
Zygophyllum compressum - - 4 VR
Stipa nitida - - - - - 1 VR
T.epidium papillosum - - - 4 VR
Blennodia trisecta - - - - — VR
Teucrium racemosum - - - 3 VR
Helichrysum cassinianuam - - e VR
Erodium cygnorum - - - 1 VR
Minuria leptophylla - - - 4 YR
Eragrostis setifolia - - - 2 VR
Marsilia drummondii - - - 4 VR
Rhagodia nutans - - - - 3 VR
Goodenia cycloptera - - - 4 VR
Phyllanthus lacunarias - - - 5 VR
Eragrostis dielsii - - - - 1 VR
Atriplex spongiosa - - - 4 VR
Citrullus vulgaris - - - - 5 VR
Aristida anthoxanthoides - - 3 VR
Portulaca oleracea - - - - 2z VR
Cucumis myriocarpus - - - 4 VR
Euphorbia drummondii - - - 4 VR
Tetragonia expansa - - - 1 VR
Tetragonia eremaca - - - 1 VR
Convolvulug erubescens - - - 1 VR

. Tribulus terrestris - - - - 2 VR
Enneapogon cylindricus - - 3 VR
Clianthus speciosus - - - 1 VR
Eulalia fulva - - - - 1 VR
Ixiolaena leptolepis - - - 4 VR
Helipterum floribundum - - 5 VR

Kochia planifolia — Bassia spp. association (Plate XXI, Figure 1).

This shrub steppe community is also found on transported soils in the Mount
Eba depression but on slightly more elevated sites than the Acacia aneura —
A. brachystachya— A. tetragonophylle association. It is associated with low
terraces between watercourses. Kochia planifolia 1s always of sparse occurrence
on Mount Eba soil. Because of this low natural density of low bluebush grazing
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causes rapid destruction of the bush cover. Further, fairly heavy bush death
occurs on this soil under drought conditions even when stocking is light.

The association is generally devoid of trees but scattered mulga (Acacia
aneura and A. brachystachya) and dead finish (A. tetragonophylla) may be
present. In addition to low bluebush, Bassia paradoxa and B, divericata are very
common species. Dominant herbaceous species are Bassia eriacantha, B. uniflora
and mulga grass. Complete floristics are given in Table XVIII.

Small crabholes are a common feature of the country and here, in addition
to species mentioned above, the following occur: cotton bush (Kochia aphylia)
is a dominant shrub, while Jxiolaena leplolepis is very common and Atriplex
vesicoria is common., Eremophila maculata is fairly common. Eragrostis falcota
is a common grass in the crabholes,

Changes which occur with grazing:

The A. anewra—A. brachystachya— A. tetragonophylle and Kochia plani-
folia — Bassia spp. associations form an association complex and are best discussed
together. Heavy grazing results in increase in the amount of Bassia paradoxa
and B. divaricate, while B. uniflora and B. eriacantha are suppressed. Low
bluebush and biadder saltbush are depleted under grazing. The free-seeding

rapid growing prickly acacia (A. wictoriae) has spread in the watercourses during
the last few years,

The association complex as a growing wnit:

Due to the common occurrence of clay very near the soil surface the her-
baceous cover is fairly patchy, even in good seasons. During drought years much
of the country is completely devoid of plant growth. However, the community
occurs in low lying sites and is particularly valuable to the grazier in good seasons.
The principal drought reserve is now mulga, low blucbush having practically all
been destroyed through grazing. Many of the most common shrubs are of little
or no value. Most important species in the pasture are Bassie uniflora, Acacia
victoriae, Sida virgate, mulga grass, button grass and Bassic eriacantha.

TasLe XVIII
showing the species found in the K. planifolia — Bassia spp. association.

Frequency of
Species Palatability occurrence

Kochia planifolia - - - - 2 D
Bassia eriacantha - - - - 2 D
Bassia paradoxa - - - - 4 D
Bassia divaricata - - - - 5 D
Bassia unifiora - - - - 1 D
Acacia aneura - - - - 1 R
Acacia brachystachya - - - 1 R
Acacia tetragonophylla - - - 4 R
Atriplex quinii - - - - 5 FC
Trichiniom obovatum - - - 3 FR
Bassia brachyptera - . - 4 R
Eremophila rotundifolia - - - 5 R
Eremophila dattonii . - - 4 R
Atriplex vesicaria - - - - 2 R
Cassia sturtii - - - - - 1 VR
Kochia pyramidata - - - - 5 VR
Sida virgata - - - - - 3 VR
Pittosporum phillyrecides - - 2z VR
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Frequency of

Species Pzlatability occurrence
Cassia eremophila - - - -4 VR
Kochia triptera var. pentapiera - 5 VR
Bassia obliquicuspis - - - 3 VR
: Sida intricata - - - - 3 VR
i Cassia artemisioides - - - 3 VR
Acacia oswaldii - - - - 3 VR
Enchylaena tomentosa - - - 4 VR
Bassia tricuspis - - - - 5 VR
Exocarpus aphylia - - - 4 VR
I Eremophila alternifolia - - - 4 VR
Solanum ellipticum - - - 5 VR
. Eremophila paisleyi - - - 4 VR
Twiolaena leptolepis - - - 4 VR
Bassia lanicuspis - - - - 3- VR
i Cassia desolata - - .- 4 VR
Cassia phyllodinea - - - - 4 VR
Eremophila latrobel - - - 1 VR
i Daodonaea microzyga - - - 4 VR
i Aristida arenaria - - - - 3 D
Salsola kali - - - - - 2 FR
_ Enneapogon polyphylius - - 1 R
Enneapogon avenaceus - - - 1 R
it Angianthus pusilius - - - 4 VR
Stenopetalum lineare - e e e VR
Portulaca oleracea - - - - 2 VR
Nicotiana sp. - - - -~ - 5 VR
Zygophylium ammophilum - - 4 VR
Lepidium oxytrichum - - - 4 VR
Stipa nitida - - - - - 1 VR
] Babbagia dipterocarpa - - - 5 VR
X Lepidium papillosum - - - 4 VR
Blennodia trisecta - - - - 5 VR
Helichrysum cassinianum - - — VR
1 Erodium cygnorum - - - - ! VR
Goodenia cycloptera - ~ - 4 VR
Panicum decompositum - - - 3 VR
Dactyloctenium radulans - - - 2 VR
Euphorbia drummondii - - - 4 VR
Tribulus terrestris - - - - Z VR
Enneapogon cylindricus - - - 3 VR
Clianthus speciosus - - - - 1 VR
Fulalia fulva - - - - - 1 VR
Helipterum floribundum - - - 5 VR
Fuphorbia eremophila - - - 3 VR
Astrebla pectinata - - . - 3 VR
Tragus australianus - - - 3 VR
Kochia aphylla - - - - 4 D
Eremophila maculata - - - 4 R
Bassia echinopsifa - - - - - VR
Bassia ventricosa - - - - 3 VR
Eragrostis falcata - - - - 3 C
Rhagodia nutans - - - - 3 VR
Chloris acicularis - - - - 3 VR
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Kochia planifolia association.

This shrub steppe community is associated with Twins soil. Low bluebush
is the dominant species but bladder saltbush is of common occurrence. These
species may be uniformly distributed (Plate XXI, Figure 2) but over wide areas
orowth is restricted to slight depressions where the soil is an inch or two deeper
and where the moisture status is somewhat higher (Plate XXI, Figure 3).

Sagebush ( Trichinium obovatum) and Aizoon gygophylioides are shrubs of
fairly common occurrence, while broombush (Evemophila scoparia) and native
pittosporum ( Pittosporum phillyreoides) are fairly rare. The principal herba-
ceous plants in the community are buck bush (Salsolg kali), button grass (Dacty-
loctenium radulans) and Aristide anthoxanthoides. Fairly common are Ennea-
pogon cylindricus and Trianthema crystallina var. clavata. Complete floristics are
given in Table X1IX.

The communily as a graging unil.

The K. planifolia association has a lower carrying capacity than any other
community in the North-West. The density of low bluebush and bladder salt-
bush is generally fairly low even where the community is well preserved, Further,
the poor water-retaining capacity of the soil has resulted in widespread bush death
under drought conditions, with the result that living bush is restricted to water-
courses and slopes of undulations over much of the country. Due to its greater
regeneration capacity there is a teandency for bladder saltbush to become the
dominant species in place of low bluebush.

During most seasons the growth of herbage and grass is extremely sparse,
large areas where shale is exposed being devoid of growth.

Tapie XIX
showing the species present in the K. planifolic association,

. Frequency of
Species Palatability occurrence

Kochia planifolia - - - - 2 D

Atriplex vesicaria - - - - 2 vC
Aizoon zygophylloides - - - 5 FC
Trichinium obovatum - - - 3 FC
Pittosporum phillyreoides - - 2 FR
Eremophila scoparia - - - 4 FR
Acacia tetragonophylla - - - 4 R .
Kochia tomentosa - - - - 4 VR
Rhagodia spinescens var. deltophylla 4 VR
Solanum ellipticam - - - - 5 VR
Sida corrugata - - - - 4 VR
Eremophila rotundifolia - - - 5 VR
Eremophila oppositifolia - - 4 VR
Atriplex quinii - - - - 5 VR
Bassia patenticuspis - - - 2 VR
Acacia oswaldii - - - - 3 VR
Bassia divaricata - - - - 5 VR
Kochia aphylla - - - - 4 VR
Kochia pyramidata - - - - 5 VR
Bassia eriacantha - - - - 2 VR
Bassia lanicuspis - - - - 3 VR
Bassia biflora - - - - - — VR
Heterodendron oleifolium - - i VR
Santalum lanceolatum - - - 1 VR



. . ' Frequency of
Species Palatability OCCUTTENCE

Enchylaena tomentosa - - - 4 VR
Bassia obliquicuspis - - - 3 VR
Bassia uniflora - - - - 1 VR
Bassia paradoxa - - - - 4 VR
Kochia triptera var. pentaptera - 5 VR
_ Arthrocniemum sp. - - - - 5 VR
! Kochia eriantha - - - - 1 VR
Chenopodium nitrariacenm  (small
teafed form) - - - - 4 VR
Sida virgata - - - - - 3 VR
Bassia sclerolaenoides - - - 3 VR
Lycium australe - - - - 3 VR
Eremaphila alterniiolia - - - 4 VR
Cassia sturtii - - - - - 1 VR
Zygophyllum apiculatum - - 5 VR
Eremophila lengifolia - - - 3 VR
Zygophyllum fruticulosum -~ - 4 VR
Salsola kali - - - - - 2 C
Dactyloctenium  radalans - - 2 C
Aristida anthoxanthoides - - 3 C
Enneapogon cylindricus - - - 3 EC
Trianthema crystallina var. clavata e FC
Chloris acicularis - - - - 3 FR
Aristida arenaria - - - - 3 I
Portulaca oleracea - - - - 2 R
Enneapogon avenaceus - - - 1 R
Enneapogon polyphylius - - - 1 R
Tribulus terresiris - - - - 2 VR
Lotus australis var. parviflorus - 4 VR
Zygophyllum prismatothecum - 5 VR
: Tetragonia eremaea - - - 1 VR
Stipa nitida - ~ - - - i VR
: Euphorbia drummondii - - 4 VR
; Convolvulus erabescens - - - 1 VR
Euphorbia eremophila - - - 3 VR
Tragus australianus - - - 3 VR
Sporobolus actinocladus - - - 1 VR
Panicum decompositum - - - 3 VR
‘Babbagia dipterocarpa - - - 5 VR
Zygophyllum ammophilum - - 4 VR
Frodium cygnorum - - - 1 VR
Bassia brachyptera - - - - 4 VR
Chloris truncata - - - - 3 VR
Sida petrophila - - - - 4 VR
Trichinium erubescens - - - e VR
Atriplex vesicaria - Kochia planifolia association (Plate XXI, Figure 4).
b This shrub steppe community is associated with Coondambo soil. The
dominant species are bladder saltbush and low bluebush. Scattered trees of mulga
(Acacia anenra), umbrella mulga (A. brachystachya) or myall (A. sowdenii)
are occasionally present. Coondambo soil is characterised by light-textured
A horizons overlying clay at shallow depth. However, watercourses which drain
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Coondambo soil areas frequently have deeper sandy A horizons overlying the
clay. On these soils little K, planifolia 1s associated with bladder saltbush.

Star bush (Gumniopsis quadrifida) is a common associated shrub, while
Bassia wentricosa, B. decurrens, broombush (Eremophila scoparia) and Sida
virgate are fairly rare. The dominant herbaceous species are Enneapogon poly-
phyllus, E. avenaceus, Bassia uniflora and mulga grass (Aristide arenaria), while
button grass (Dactyloctenium radulans) and neverfail (Eragrostis dielsii) are
fairly common. Complete floristics are given in Table XX.

The community as a graging unit:

The A. wesicarie— K. planifolic association has a greater stock carrying
capacity than any other plant community found in the North-West. Bladder
saltbush and low bluebush are both palatable species and constitute an excelient
drought reserve. In this association they form a very dense bush stand in
ungrazed areas and competition for moisture is so severe that even in favourable
seasons little herbage and grass appears among the bushes. Some thinning of
bush is necessary to enable herbage and grass to appear in the community and
thus increase its grazing value,

Gummiopsis quadrifida is the most important associated shrub to the grazier.
All of the common herbaceous plants are very valuable species.

Changes which occur with grasing:

Bladder saltbush and low bluebush are both grazed to about the same extent
but saltbush is not as resistant to grazing as bluebush, so that heavy grazing
resuits in alteration of the proportion of saltbush to bluebush in favour of blue-
bush. However, saltbush is a more prolific seeder and regenerates much more
readily than bluebush, so that spelling or reduced stocking of country which has
been heavily grazed restores the original proportion of saltbush and bluebush.
Under heavy grazing the herbaceous species Enmeapogon polyphyllus, E.
avenaceus, Bassia wniflora and Eragrostis dielsii are suppressed. All these species
are quite palatable and together with button grass and mulga grass constitute the
principal pasturage. Bassia paradova, which is of little value, colonizes sand
mounds where scalding has occurred. On the exposed clay of the scalded areas
Bassia divaricata, B. wventricose and B. obliquicuspis are common.

Tarre XX
showing the species present in the A. wesicaria — K. planifolia association.

L Frequency of
Species Palatability OCCUITENCE

Atriplex vesicaria - - - - 2 D
Kochia planifolia - - - - 2 D
Gummniopsis gquadrifida - - - 2 C
Bassia uniflora - - - - 1 C
Bassia ventricosa - - - - 3 FR
Sida virgata - - - - - 3 FR
Eremophila scoparia - - - 4 FR
Bassia decurrens - - - - 3 FR
Bassia lanicuspis - - - - 3 VR
Kochia tomentosa var. appressa - 4 VR -
Kochia pyramidata - - - - 5 VR
Bassia paradoxa - - - - 4 VR
Kochia aphylla ~ - - - 4 VR
Cassia sturtii - - - - - 1 VR
Eremophila duttonii - - - 4 VR
Bassia obliquicuspis - - - 3 VR
Bassia divaricata - - - - 5 VR



254

i Frequency of
Species Palatability nccurrence

Kochia triptera var. eriociada - ~ 5 VR
Kochia ciliata - - - - - — VR
Heterodendron oleifolium - - i VR
Acacia burkittii - - - - 5 VR
Goodenia spinescens - - - 5 VR
Solanum ellipticum - - - - 5 VR
Dodonaea microzyga - - - 4 VR
Eremophila alternifolia - - - 4 VR
Acacia tetragonophylla - - - 4 VR
Pittosporum phillyreoides - - 2 VR
Kochia triptera var. pentaptera - 5 VR
Eremophila longifolia - - - 3 VR
; Sida intricata - - - - - 3 VR
o Sida corrugata - - - - - 4 VR
' Trichinium obovatum - - - 3 VR
Cassia phylloedinea - - - - 4 VR
Fuphorbia eremophila - - - 3 VR

Eaneapogon polyphyilus - - 1 D

Enneapogoen avenaceus - - - 1 D

Aristida arepmaria - - - “ 3 D

Dactyloctenium raduians - - z FC

Eragrostis dielsii = - - - - 1 FC

Tragus australianus - - - 3 FR
1 Salsola kali - - - - - 2 R
i Portulaca oleracea - -~ - - 2 FR
Atriplex spongiosa - - - - 4 FR
Erodium cygnorum - - - 1 FR

] Fuphorbia drummondii - - - 4 R
Triraphis mollis - - - - 3 VR
1 Zygophyllum crenatum - - - 4 VR
Convolvulus erubescens - - - 1 VR
: Zygophyllum ammophilum - - 4 VR
Zygophyllum compresstim - - 4 VR
Tribulus terrestris - - - - 2 VR
Lepidium papillosum - - - 4 VR
Enneapogon cylindricus - ~ - 3 VR
Tetragonia eremea - - - - 1 VR
Enneapogon caerulescens - - 3 VR
Trianthema crystzlling var. clavata — VR
Chenopodium cristatum - - - 4 VR
Stipa nitida - - - - - 1 VR
Stenopetalum lineare - - - —_— VR
Lotus australis var. parviflorus - 4 VR

Craspedia pleiocephala - - - 4 VR
Helipterum floribundum - - - 5 VR
Clianthus speciosus - - - - 1 VR

Atriplex halimoides var. condupli-
catum - - - - - 4 VR
Citrullusg vulgaris - - - - 5 VR
Bassia brachyptera - - - - 4 VR
Babbagia dipterocarpa - - - 5 VR
Angianthus pusillus - - - 4 VR
Bassia sclerolaencides - - - 3 VR
Brachycome iberidifolia var. glan-

dulifera - - - - - 4 VR
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Atriplex wesicaria — Bassia spp. association (Plate XX1I, Figure 1).

This shrub steppe community, whose occurrence at Yudnapinna station has
previously been described by Crocker and Skewes (1941), is associated with
Coober Pedy soil. Growth is practically restricted to the crabholes where they
are present, while elsewhere a sparse growth occurs over the country as a whole.

A. wesicaria and Bassio spp. are the dominant shrubs. Of the Bassias,
B. ventricosa is common while B. paradoxe and B. tricuspis are fairly rare.
B. dwaricato and B, lanicuspis are rare. In addition to these cotton bush (Kochia
aphylla) and low bluebush (K. planifolia) are of fairly rare occurrence. Domin-
ant herbaceous species are Eragrostis falcata, button grass (Dactyloctenium
radulans), Enncapogon polyphylius, and E. avenaceus. Mitchell grass (Astrebla
pectinata) is common, while the following are fairly common: Awistide anthos-
anthoides, pop saltbush (Atriplex spongiosa), sugar grass (Eulalic fulva) and
Bassia brachyptera.

Changes which occur with grazing:

Even in ungrazed areas the density of bladder saltbush is low on Coocber
Pedy soil, so that under drought conditions the bush that is present is subjected
to heavy grazing. Little saltbush therefore remains in most of the stocked pad-
docks. 1If, however, the country is spelled while sufficient seed-producing plants
remain, regeneration during favourable years is fairly rapid as the ecotype of
saltbush associated with these clay soils is a prolific seeder and a vigorous plant.

Bindyis, particularly Bassia paradoxa and B. diwaricata, but also B. ventricosa,
tncrease under heavy grazing, Annual species like pop saltbush (Atriplex
spongiosa) also spread. At the same time the black head grasses (Enneapogon
polyphylius and E. avenaceus) become thinned out.

Tasreg XXI

showing the species present in the A. vesicaric ~ Bassia spp. association.
Frequency of

Species Palatability occurrence
Atriplex vesicaria - - - - 2 D
Bassia ventricosa - - - - 3 C
Bassia paradoxa - - ~ - 4 ¥R
Bassia tricuspis - - - - s FR
Bassia divaricata - - - - 3 R
Bassia lanicuspis - - - - 3 R
Kochia aphylla - - - - 4 I'r
Kochia planifolia - - - - 2 R
Atriplex quinii - - - - 5 VR
Sida intricata - - - - - 3 VR
Ixiolzena leptolepis - - - 4 VR
Sida virgata - - - - - 3 VR
Minuria denticulata - - - - 4 VR
Trichinium obovatum - - - 3 VR
Kochia pyramidata - - - 5 VR
Bassia eriacantha -~ - - - 2 VR
Bassia tricornis - - - - —_ VR
Eragrostis falcata - - - - 3 D
Dactyloctenium radulans - - 2 D
Enneapogon polyphyllus - - i D
Enneapogon avenaceus - - - 1 D
Astrebla pectinata -~ - - - 3 C
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Frequency of

Species Palatability ogecurrence
Aristida anthoxanthoides - - 3 C
Atriplex spongiosa - - - - 4 C
Fulalia fulva - - - - - 1 C
Bassia brachypiera - - - - 4 C
Bassia uniflora - - - - 1 FR
Salsola kali - - - - - 2 FR
Portulaca oleracea - - - - 2 FR
Trianthema crystallina var, clavata — FR
Panicum decompositum - - - 3 FR
Aristida arenaria - - - - 3 R
Minuria leptophylla - - ~ 4 R
Sida corrugata var. trichopoeda - 4 VR
Lotus australis var. parviflorus - 4 VR
Convolvulus erubescens - - 1 VR
Euphorbia drummondii -~ - - 4 VR
Tragus australianns - - - 3 VR
Babbagia dipterocarpa - - - 5 VR
Sporobolus actinocladus - - - 1 VR
Enneapogon cylindricus - - - 3 VR
Erodium cygnorum - - - 1 VR
Iseilema wvaginiflorum - - - 2 VR
Goodenia cycloptera - - - 4 VR
Frankenta serpyllifolia - - - 5 VR
Rhagodia nutans - - - - 3 VR
Zygophyllum ammophilum - - 4 VR
Tetragonia eremaca - - - 1 VR
Atriplex halimoides var. condupli-

catum - - - - - 4 VR
Cucumis myriocarpus - - - 4 VR
Citrullus vulgaris - - - - 5 VR
Epaltes cunninghamii - - - — VR
Marsilia drummondii - - - 4 VR
Chioris acicularis -~ - - - 3 " VR

Atripley vesicaria — {xiolaena leptolepis association (Plate XXI1, Figure 2).

This community is found on Arcoona soil in the tableland country west of
Lake Torrens. Murray (1931) has described the vegetation of a portion of the
tablelands and called the community the “saltbush association”, It is advisable,
however, to retain the name Airiplexr wesicaria association for the saltbush
dominant community found in north-eastern South Australia, where saltbush
occurs almost to the exclusion of other tree or shrub species (Wood 1937).
Murray (1931) includes bluebush (Kochia sedifolic) and black bluebush
(K. pyramidaie) in the tableland vegetation. These species are constituents of
other plant associations and are never present in the A. wesicaria - 1. leptolepus
association of the tableland proper.

The habitat is a gently rolling plateau characterised by the complete absence
of trees and tall shrubs except along creeks. Most of the vegetation does not
exceed a height of 18”. There are really two habitats, the crabholes where most
of the vegetation is found and the more arid and saline shelves which are prac-
tically devoid of growth.

The dominant species are 4. wesicarie and 1. leptolepis. Minuria leptophylla
is usually associated. Common shrubs and under-shrubs are samphires (Arthroc-
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nemum letostachyum and Pachycornia tenuis) and Psoraleq sp., while Minm’i_a
denticulata, Sida corrugata var. itrichopoda, Abutilon halophilum, Bassie wventri-
cose, Atriplex halimoides and A. halimoides var. conduplicatym are fairly com-
mon. The most prominent herbaceous species are the grasses Eragrostis setifolia
and E. falcala. Very common are mitchell grass (Astrebla pectinata), Panicum
decompositum, ray grass (Sporobolus actinocladus) and Lotus australis var.
parviflorus, while Paspalidivin sp., Swainsona stipularis, Bassia brachyptera,
Evodium cygnorum, Eulalia fulva, Atriplex spongiosa, Helipterum strictum and
Goodenia cycloptera are fairly common.

The gibber-covered shelves between the crabhaoles are either devoid of plant
growth or carry a very scattered growth of Bassia ventricosq and B, brachyptera.
-Less common on the shelves are Arthrocnemen leiostachyum, Pachycornia tenuis,
B. dwaricate and Kochia tomentosa var. appressa, while B. sclerolaenoides and
K. eriantha are very rarely present.

In addition to the species listed above for the tableland, there are other plants
which are only associated with creeks, The following small trees and shrubs are
typical of tableland creeks: Acacig brachystachya, A. aneura, A. tetragonophylla,
A. rigens, A. oswaldis, Eremophila altermifolia, L. serrulate, E. duttonii,
E. oppositifolia, E. glabra, Pittosporum  phillyreoides, Santalum lanceolatwn_,
Hakea lewcoptera, Dodonaea lobulata, Prostanthera striatifiora, Cassia sturti,
Heterodendron oleifolium and Casuaring cristata, Commonly occurring smaller
shrubs and undershrubs are Enchylaena tomentosa, Rhagodia spinescens, Kochia
aphylla, K. spongiocarpa, Atriplex vesicaria, Sida virgata, S. petrophila and more
rarely K. planifolia and Bassig limbata,

Herbaceous plants typical of creek beds are Aristide witidula, Isotoma
petraea, Morgania glabra, Trichinium erubescens, Cucumis myriocarpus, Citrullus
vulgoris, Evagrostis australasica and rarely Psoralea patens, Helipterum flori-
bundum, Bassiac wuniflora, Aristida anthoxanthoides, Orobanche australiona,
Thysanotus baueri and Abutilon lewcopetalum,

Following the exceptionally heavy rains of 1946 and 1947 Coolymilka Lake,
which is a depression in tableland country, contained about 20 feet of water at
its deepest part. By October 1947 the water level had fallen about five feet.
Near the waterline Erythraca australis, Epaltes cunninghamii, Calotis hispidula,
Atriplex spongiosa, Trigonella suavissima and Heliotroptum curassavicumn were
recorded. The lake is fringed by ti-trees (Melalewca pubescens and M. pauperi-
folia).

In addition to the normal crabholes of the tableland some large depressions
occur which are best regarded as swamps. Canegrass (Eragrostis australasica)
is usually the dominant species, but occasionally Chenopodiusm nitrariacewm and
Muehlenbeckia cunninghomii occur as dominants, Associated species are Calotis
hispidula, Trigonelle suawissima, Teucrium racemosum, Erythraea australis,
Ranunculus parviflorus and nardoo (Marsilig drusmmmondit)., Around the fringes
of these swamps species typical of the 4. vesicario— I, leptolepis association are
found.

The community as a grazing unii:

The tableland country has a fairly low stock-carrying capacity because much
of the area is occupied by gibber-covered shelves largely devoid of plant growth.
However, the presence of crabholes into which water drains from the surround-
ing shelf areas ensures some grazing for stock after most rains. An outstanding
feature of the wool from sheep grazing on tableland country is its cleanliness.
This is due to the mantle of gibbers on the soil surface,

With the exception of 4. vesicaria most of the common and fairly common
shrub spec’es wre only slightly palatable. Bladder saltbush is therefore the prin-
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cipal drought reserve. Grasses (Kragrostis setifolia, E. fdlcata, Sporobolus
actinocladus, FEulalic fulva, Astrebla peciinata and Panicum decompositum) are
the most valuable members of the community to the grazier, '

Changes which occur with grasing:

With intensive grazing of the crabhole vegetation the bindyis Bassia divari-
cata, B, ventricosa, B. paradoxa and B. tricuspis spread. Apart from B. ventricosa
these species are of little or no value. Competition with other plants in ungrazed
and lightly grazed crabholes restricts the bindyis principally to the crabhole fringes
and the arid shelves. Heavy grazing also causes an increase in annual or un-
palatable species like Atriplex spongiosa, Trianthema crystalling and the poisonous
Lotus australis var. parviflorus. A. wvesicaria tends to be replaced by the less
palatable and less drought resistant A. halimoides and A. halimoides var. con-
duplicaium,

TasLe XXII
showing the species occurring in the A. wvesicaria -~ I. leptolepis association.
Natural Freguency in
Species ) Palatability frequency grazed country
Atriplex vesicaria - - - - - 2 D D
Ixiolaena leptolepis - - - - - 4 D D-
Minuria leptophytla - - - - - 4 C VC
Pachycornia tenuis - - - - - 4 C C
Arthrocnemum letostachyum - - - 4 C C
Psoralea sp. ~ - - - - - - 3 C C
Minuria denticulata - - - - - 4 FC FC
Sida corrugata wvar, trichopoda - - - 4 C C
Abutilon halophilum - - - - - 4 FC FC
Atripiex halimoides - - - - - 4 R FC
Atriplex hzlimoides var. conduplicatum - 4 R FC
Bassia divaricata - - - - - 5 R FR
Bassia ventricosa - - - - - 3 FR FC
Bassia tricuspis - - - - - - 5 VR FR
Bassia paradoxa - - - - - 4 R FR
Acacia rigens - - - - - - 4 R R
Kochia aphylla - - - - - 4 R R
Bassia brachyptera - - - - - 4 FC FC
Kochia georgei (low form) - - - - 2 VR VR
Kochia planifolia - - - - - 2 VR VR
Kochia spongiocarpa - - - - - — VR VR
Kochia ciliata - - - - - - —_— VR VR
Kochia tomentosa var. appressa - - - 4 VR VR
Bassia biffora - - - - - - — VR VR
Bassia lanicuspis - - - - - - 3 VR VR
Sida intricata - - - - - - 3 VR R
Sida corrugata - - - - - - 4 VR VR
Atriplex fissivalve - - - - - — VR VR
Sarcostenma australe - - - - - 5 VR VR
Kochia eriantha - - - - - - I VR VR
Eragrostis falcata - - - - - 3 VC vC
Eragrostis setifolia - - - - - 2 vVC VC
Astrebla pectinata - - - - - 3 VC vC
Panicum decompositum - - - - 3 VC vC
Sporobolus actinocladus - - - - 1 vV VC
Lotus australis var, parviflorus - - - 4 C VC
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Natural Frequency in |

Species Palatability frequency grazed country
Paspalidium sp. - - - - - - FC ¥C
Swainsona stipularis - - - - - FC FC
Erodium cygnorum - - - - - ¥FC . FC
Eulalia fulva - - - - - - FC FC
Helipterum strictum - - - - - FC ¥C
Goodenia pinnatisecta - - - - ¥C EC
Trianthema crystallina - - - - R FR
Dactylocteninm radulans - - - - FR FR
Atriplex spongiosa - - - ~ - FR FC
Eragrostis australasica - - - - FR FRr
Trigonella suavissima - - - - FR FR
Eriochloa longifiora - - - - - FR FR
Euphorbia eremophila (leafless form) - FRrR ¥R
Calotis hispidula - - - - - - FR FR
FR FR

Plantago varia - - - - - -
Stipa nitida - - - - - - -
Babbagia dipteracarpa
Enneapogon avenaceus - - - -
Daucus glochidiatus - - ~ - -
Aristida anthoxanthoides - - - -
Mesembryanthemum aequilaterale - -
Frankenia serpyllifolia - - - - -
Teucrium racemosum - - - - -
Ranunculus parviflorus - - - -
Marsilia drummondii - - - - -
Marsilia hirsuta - - - - - -
Chloris truncata - - - - - -
Helipterum floribundum - - - -
Epaltes cunninghamii - - - - -
Eragrostis dielsii - - - - - -
Lepidium oxytrichum - - - - -
Zygophyllum fruticulosum wvar. eremaeum
Zygophylum ammophilum - - - -
Zygophyllum compressum - - - -
Tetragonia eremaea - - - - -
Erythraea australis - - - - -
Bassia uniflora - - - - - -
Tragus gustralianus - - - ~ -
Portulaca oleracea - - ~ - -
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Bassia sclerolaenoides- - - - - VR VR
Trichinium erubescens - - - - VR VR
Anacampseros australiana -~ - - - VR VR

- - - " VR VR

Iseilema wvaginiflorum -

Atriplex rhagodioides association (Plate XX1II, Figure 3).

On the Arcoona soils of the tableland country west of Lake Eyre a shrub
steppe association dominated by silver saltbush (At?’iplex_?”h@gommd“)_ is found,
This community is floristically similar to the A. wesicaria— 1. leptolepis associa-
tion which occurs on similar soils further south, but a few of the southern species
are absent. Most of the growth is restricted to the crabholes.

Chenopods are prominent among the shrubs. Common species associated
with A. rhagodioides are flat-topped saltbush (4. halimoides and A. halimoides
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yaf. conduplicatum) and Bassia wentricosa, while Abutilon halophilum, Sida
corrugain var. trichopoda, cotton bush (Kochia aphylla) and Ixiolaena leptolepis
are fairly common. The most prominent herbaceous species are grasses of which
Eragrostis falcate, E. setifolia, flinders grass (Iseilema vaginiflorum), mitchell
grass (Astrebla pectinata), Aristida_anthoxanthoides and ray grass (Sporobolus
actinocladus) are most common. Fairly common are Panicum decomposituim,
Buassia brachyptera, pop saltbush (Atriplex spongiosa), Threlkeldia proceriflora,
sugar grass ( Eulalia fulve) and Swansona stipularis,

There are several interesting differences between this association found n
the northern tableland country and that occurring west of Lake Torrens, Afriplex
rhagodioides replaces A, vesicarin as the dominant species and Ixiolaena leptolepis
is not as common as it is further south. Samphires (Arthrocnemum letostachyum
and Pachycornia tenuis) are of less frequent occurrence, but Kochia aphylla is
much more conspicuous, The common grasses are the same in both associations
except that flinders grass (Iseilema vaginifiorum) is much wore common in the
Iake Eyre region than further south., Canegrass ( Eragrostis australasica), which
is present in the crabholes of the southern tableland country and which gives a
characteristic facies to the vegetation, is not present in the crabholes further north,
The community as ¢ graging unii;

The A. rhagodiodes association has a very low stock-carrying capacity.
Apart from the absence of growth on the shelves between the crabholes, areas of
highly gypseous soils totally devoid of plant growth are common and the rainfall
of the habitat is the lowest recorded in Australia.

A, rhagodioides is unpalatable, so that Bassia species do not invade heavily
grazed crabholes as they do in the 4. vesicaria — I, leptolepis association,

TapLe XXIII

‘showing the species present in Atriplex rhogodioides association.
: Frequency of

Species ' occurrence
Atriplex rhagodioides - - - - - i)
Atriplex halimoides - - - - . C
Atriplex halimoides var. conduplicatum - C
Bassia ventricosa - - - - - C
Abutilor haliphilum - - - - - FC
Sida corrugata var, trichopoda - - - 7C
Kochia aphylla - - - - . - FC
Ixiolaena leptolepis - - - - - FC
Arthrocnemum lefostachyvum - - - FR
Pachycorniz tenuis - - - - - ~FR
Bassia divaricata - - - - - - FR
Atriplex vesicaria - - - - - - R
Bassia paradoxa - - - - - - R
Minuria leptophylla - - - - - R
Kochia eriantha - - - - - - VR
FEragrostis falcata - - - - - - Vi
Eragrostis setifolia - - - - - vVC
Iseilema vaginifiorum - - - - - VO
Astrebla pectinata - - - - - vVC
Aristida anthoxanthoides - - - - vC
Sporobolus actinocladus - - - - vV
Panicum decompositumn - - - - FC
Bassia brachyptera - e - - - FC

" Atriplex spongiosa - - - - . FC
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Frequency of

Species occurrence
Threlkeldia proceriflora - - - - FC
Eulalia fulva - - - - - - FC
Swainsona stipularis - - - - - FC
Enneapogon polyphyllus - - - - R
Enneapogon avenaceus - - - - - R
Euphorbia drummondi - - - - R
MarsiHa drummondii - - - - - R
Salsola kali - - - - - - - R
Dactyloctenium radulans - - - - R
Portulaca oleracea - - - - - VR
Trianthema crystallina var. clavata - - VR
Chleris acicularis - - - - - - VR
Babbagia dipterocarpa - - - - - VR
Tragus australianus - - - - ~ VR
Goodenja cycloptera - - - - - VR
Calotis hispidula - - - - - - VR
Erodium cygnorum - - - ~ - VR
Trigonella suavissima - - - - - VR
Paspalidium sp. - - - - - - VR
Daucus glochidiatus - - - - - VR
Aristida arenaria - - - - - - VR
Lotus australis var, parviflorus - - - VR
JAtriplex quinii - - - - - - VR
Frankenia serpyllifolia - - - - - VR
Bassia lanicuspis -~ - - - - - VR
Bassia unifiora - - - - - - VR
Sarcostemma australe - - - - - VR
Lepidinm oxytrichum - - - - - VR

Kocha planifolia — Atriplex vesicaria — K. sedifolia association.

K. planifolia is a species which grows upon soils with a clay subsoil at
shallow depth, while K. sedifolia is associated with soils containing heavy lime.
Both heavy textured and calcareous soils are suitable for the growth of 4. wesi-
carie.  As a consequence these three species are the codominants of a shrub
steppe community on the heavy textured calcareous Miller’s Creek soil.

Very few shrubs are associated with the dominants, the following being the
only ones recorded: Trichinium obowatum, Kochia towmentosa, Sida corrugata
and very rare Acacia oswaldii, Heterodendron olesfolium and Side wvirgata.

The principal herbaceous species are bindyis (Bassic obliquicuspis and
B. sclerolaenoides), Enneapogon cylindricus, Zygophyllum prismatothecum and
Salsola kali. Of rare occurrence are 7. glaucescens, E. caerulescens, Goodenia
cycloptera, Evodivm cygnorwm, Tribulus terrestris and Conwvolvulus erubescens,
while the following are very rare: Euphorbia drummondii, Bossia uniflora,
Citrullus vulgaris, Cucumis myriocarpus, Enneapogon avenaceus and FE. poly-
phyllus,

The community as a grazing unit:

Severe bush death has occurred through grazing and droughts on the Miller’s
Creek soil even among the very hardy K. sedifolia, with the result that there is
now little drought reserve. Further, even in good seasons the growth of herbage
and grass is very sparse, so the community has a very low stock-carrying capacity.

The plant communilies associated with swamps, watercourses and creeks.
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Mulga Swasmps ,

Small depressions liable to inundation following heavy rains are a feature
of the mulga and myall woodlands. A well-defined drainage pattern is lacking, the
“swamps” being merely the result of very local drainage. They are characterized
typically by a dense thicket of mulgas (4. anewra and A. aneura var, latsfolia)
and umbrella mulga (4. brachystachya). Chenopodium nitrariacewm comimonly
forms an understorey with nardoo (Marsilia drummondii) as a groand layer.
Lignum (Muehlenbeckia cunninghawmii) is found occasionally, Epaltes cunmng-
hamii and Eragrostis falcate are not as prominent as nardoo in the ground layer
but are usually present. Chenopodium mitrariaceum replaces mulgas in the centre
of swamps which have a larger water intake.

Many species are found around the fringes of the swamps where the mulgas
are less dense. Sometimes broombush (Melalewca wuncinaia) or ti-tree (M.
pubescens) form a ring around the mulga thicket. The following shrubs are of
general occurrence around the fringes: Australian boxthorn (Lycium australe),
dead finish {Acacia tetragonophylla), Bassia paradoxa, tomato bush (Enchylaena
tomentoso) and Rhagodia spinescens. More rarely Iwiolaena leptolepis, Kochia
triptera var. erioclada, K. triptera var. pentaptera, Sida intricate and B. obligui-~
cuspis are found.

Very rarely broombush (Eresmophila scoparia), Santaluwm lanceolatum, B.
divaricata, B. tricuspis, bullock bush (Heterodendron oleifolium), Cassia artemi-
sioides, Trichinium obovatum, Acacia ligulate, A. oswaldii, Kochia planifolia,
K. pyramidata, Atriplex vesicaria, Grevillea mematophylla, Eucarye acuminala,
Zygophyllum glaucescens, Z. fruticolosum, Acacia burkittii, Eremophila serrulata,
E. alternifolia and Sida wirgate are found.

The three herbaceous species characteristically found in the centre of swamps
are Marsilia drummondi, Epalies cunninghamii end Evagrostis falcata. Com-
posites are very conunon in the area surrounding the centre of the swamps where
the following plants were recorded: Euphorbia drummondii, Eragrostis dielsi,
Calotis hispidula, Tetragonia expanse, T. eremaco, Atriplex spongiosa, Brachy-
come iberidifolic var. glandulifere, Dactyloctenium radulans, Celotis cymba-
cantha, Chenopodium cristatum, Goodenia subintegra, Craspedia pleiocephala,
Helichrysian cassinignum, Stipa nitida, Aristida avewnaria, Lepidium popillosum,
L. oxvirichum, Gunephosis cyathopappa, Teucrium racemosum, Rutidosis helichry-
soides, Brachycome ciliaris var. lanuginosa, Gnaphaliwm hiteo-album, Helipterum
semifertile and H. strictum.

Of rarer occurrence are Stenopetalwm lineare, Convolvulus erubescens, Tvi-
raphis wmollis, Lotus australis var. parviflorus, Salsola kali, Erodium cygnoriom,
Euphorbia eremophile, Enneapogon avenacews, E. polyphyllus, Cucumis myrio-
carpus, Erythraea austrahis, Rhagodia nutans, Aristida anthoxanthoides, Emex
australis, Bassia uniflora, B. sclevolaenoides, Blennodia canescens, Danthonia
semiannularis, Vittadinia triloba, Clianthus speciosus, Portulace olergcea, Stipa
eremophila and Chenopodium murale.

Melalewca spp. swamps.

Some of the larger swamps carry broombush (Melaleuca uncinata) and
ti-tree {M. pubescens) as the dominant species. In other cases M. uncinaie 18
found throughout the centre of the swamp surrounded by a ring of M. pubescens
or the reverse may occur. These swamps generally have a larger water intake
than the mulga swamps, being fed by weli-defined watercourses. Ti-tree indicates
more saline soil conditions due to intake of more saline waters than broombush.
As a result the two species are a useful surface indication of the quality of the
ground water, better stock water being obtained by boring in broombush rather
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than ti-tree swamps, On Ingomar station the red sandridges around the clay
carry M. wncinata, Bamboo Swamp on Billa Kalina station, whicl
claypan carrying some canegrass, is fringed by M. uncinaiq,
Atriplex nummularia {old man saltbush) swamps,

The only A. mumnularia swamp in the sheep country of the North-West is
on Miller’s Creek station in a small depression in tableland country (fig. 2).
A. nummularia 1s found on saline soils of floodpiains and along some of the creek
channels in the vicinity of Coward Springs. The principal associated species are
nitre bush (Nitraria schoberi) and samphire (Arthrocnemum sp.).

pans
1 1s a large

Canegrass (Eragrostis australusica) swamps.

The largest swamps are characterised by the absence of mulgas and Mels-
lewca spp. except in the fringes, There are three zones in the vegetation., In the
centre, that is in the area most frequently flooded, canegrass is the dominant
species.  Around the canegrass is a zone dominated by Chenopodium nitrariacewm,
while mulgas and a number of shrub and small tree species occur around the
margins.

The only shrabs associated with canegrass in the centre of the swamps are
lignum (Muehlenbeckia cunninghamat) and Chenopodium nitrariacewm. The fol-
lowing herbaceous species form a sparse ground cover: Teucrium racemoswm,
Avistida anthoxanthoides, neverfail (Eragrostis dielsu), nardoo (Marsilia drum-
mondit), button grass {Dactyloctenium radulans), pop saltbush (Atriplex spon-
giosa), bur grass (Tragus australianus), munyerco (Portulaca oleracea) and
Trianthema crystalling var. clavate. Native clover (Trigonella suavissima) grows
in a few of the swamps.

Apart from the dominant species the most characteristic plants of the
Chenopodium nitrariaceum zone are Eragrostis falcata and Teucrium racemosum.
Associated herbaceous species are the same-as those found in the fringes.

Arvound the margins of the swamps scattered Chenopodium mifrariaceun
occurs with a variety of small trees and shrubs. The most characteristic of these
are mulgas (Acacia aneurg, A. aneura var. lotifolia and 4. brachystachya), dead
finish (A. tetragonophylle), prickly acacia (A. wictorige), button bush {Kochia
aphylia), and tar bush (Eremophila glabra). Occasional native plum trees (San-
talumm lanceolatum), broombush (Melalewca wicinata), Muehlenbeckia cunning-
hamat, Grevillea nematophylle and Sida ntricate are also present. Herbaceous
species are Eragrostis falcata, Teucrium racemosum, Avistida arenaria, A. anthox-
anthoides, Salsola kali, Bassia obliquicuspis, B. lanicuspis, Dactyloctenium radu-
lans, Euphorbic drwmmondii, Trianthema crystalling var. clavata, Portulaca
oleracea, Atriplex elachophyllum and Morgania glabra. Frankenia serpyllifolia
is found around the margins of the more saline swamps,

Smaller watercourses and creeks in shyub steppe areas,

The watercourses and smaller creeks which run through Twins and Coober
Pedy soil areas are lined by mulga (Acacia anewra) and umbrella mulga
(A. brachystachya) and a number of shrub species, some of which are absent
from the surrounding country. Conmnonly occurring shrub and small tree species
are dead finish (Acacia tetragonophylia), native pittosporum (Pittosporum
phillyreotdes) and saltbush (Atriplex wvesicaria).,  Associated with these are
Eremophila scoparia, E. duttonii, E. longifolia, Atriplex quinii, Kochia planifolic,
K. pyramidata, Enchylaena tomentosa, Rhagodia spinescens var, deltophylie, San-
telum lanceolation, Lycium australe, Trichinium obovatum, Heterodendron olei-
folium, Side intricata, Selanum ellipticum, Acacia wvictoriae, A. oswaldii, Cassia
artemisioides, Abutilon leucopetalum, Bassia paradoxa and B. divaricata. Some
of the crecks carry Hucalyptus oleosa (Plate XXIT1, Figure 4).
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Herhaceous species are Enneapogon polyphyllus, E. avenaceus, Dacty-
locteniwm radulans, Fulalia fulva, Chloris acicularis, C. truncaia, Bassia patenti-
cuspis, B. lanicuspis, B. obliquicuspis, B. uniflora, Zygophyllum ammophilum,
Paspalidium gracile, Evagrostis falcata, E. dielsii, Convoloulus erubescens, Aristida
arenaria, A. anthoxanthoides, Euphorbia drummondi, Tetragonia ervemaeda, T.
expansa, Tragus australianus, Trianthema crystalling var. clavata, Cucumis myrio-
carpus, Citrullus wvulgaris, Goodema cycloptera, Rhagodia nutans, Themedd
avenacea and Chenopodiwm cristatumm, '

Larger watercourses and crecks in shrub steppe areas.

The larger creeks consist of one or two main channels with occasional long
narrow waterholes, but where they flood out they assume more the characteristics
of watercotirses and consist of numerous interlacing channels with a few water-
holes (Plate XXIII, Figure 1). The main channels and waterholes are iringed by
coolibah trees (Eucalyptus coolabah)—Flate XXIII, Figure 2——and sometimes
mulga (Acacia anewre and A. brachystachya). In and between the channels the
characteristic shrub species are canegrass (Eragrosiis australasica), cotton bush
(Kochia aphyll), lignum {Muchlenbeckia cunninghamii) and Bassia bicorms.
The following are comparatively rare: [xiolaena lep tolepis, Santalum lanceolatum,
Hakea leucoptera, Evemophila glabra, Acacia victorige, dead finish (A. tetragono-
phylla) and Minuria leptophylla.  Rarely creeks are found carrying Broughton
willows (Acacia salicing) and A. stenophylia.

Associated common herbaceous species are Eragrostis falcata, Murray lily
(Crinum  pedunculatum), pop saltbush (Atriplex spongiosa) and Portulaca
oleracea. Of rarer occurrence are Dactyloctenium radulans, Chloris acicularis,
nardoo (Marsilia drummondin), Epaltes cunninghamit, Teucriivm racemosum,,
Frankenio serpyllifolia, Bassia divaricata, B, ventricosa, Enneapogon polyphyllus,
Aristida anthovanthoides, Cucwmis myriocarpus, Citrullus vulgaris, Chenopodinm
cristatum, Movgania glabra, Erogrostis dielsi, Lavatera plebeja, Astrebla pec-
tinate, Plantago warie, Erodiwm cygnorum, Calolis hispidula, Iseilema vagini-
florum, Euphorbia drummondii, Paspalidivm gracile and Goodenia cycloptera.

Creeks of the northern tableland country.

The tableland country west of Lake Eyre is drained by a large number of
creeks which have their origin in tableland “ranges”, that is, in high tableland
areas or among residual hills. In addition some of the crecks, like the Douglas and
Umbum, rise in the Denison Range south of Oodnadatta, that is among hills con-
sisting of Precambrian rocks.

Numbers of small creeks originating near the western margin of the table-
fand link up as they progress in an easterly direction and form very large creeks
the most important of which are The Neales, Peake, Margaret and Warriner
crecks and the Macumba creek which more or less separates the tableland country
from the sandy Simpson Desert. The creck beds are sandy or stony in their
upper reaches and clayey in the flood plains around Lake Eyre. Unlike the creeks
which reach Lake Eyre on its eastern side, those draining the tableland on the
western side of the Lake frequently discharge water into it after heavy rains.

Red gums (Ewucalvptus camaldulensis) iringe the main creek beds in their
upper reaches where the soils are sandy and stony. Here the soil moisture is
less saline and the moisture-status is considerably higher than further down the
creeks because water flows in their upper reaches after rains which are not suffi-
cient to cause a general flow, Apart from an occurrence on Hlizabeth and
Pernatty creeks red gums are restricted to creeks in the far north, the most
southerly gums being on Anna and Evelyn creeks. Red gums are restricted to the
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main creek beds, the subsidiary creeks carrying mulgas (Acacia anenra and
A, brachystachya), Eremophila freelingii and A. gilesiana in the western portion
and E. freelingii and gidgea (Acacia cambagei) in the eastern portion of the
North-West.

Red gums are confined to the upper reaches of the creeks. Further down
they carry coolibah (Eucalyptus coolabah) with mulga in the western portion
and gidgea in the eastern portion of the North-West. The most southerly gidgea
creek is the so-called Mulga Creek south of Coward Springs. This is an isolated
occurrence, the nearest gidgea being on Douglas Creek about 60 miles north of
Mulga Creek. Along the north-south railway line the most southerly gidgea
creek is north of Edward’s Creek railway siding. In the western portion of the
North-West gidgea is not found far south of The Neales, while its most westerly
occurrence is at Gypsum Bore about 50 miles west of Oodnadatta. Throughout
the area where gidgea and coolibah occur on the creeks the main channels carry
more coolibah than gidgea, while subsidiary creeks carry gidgea alone (pl. xxiii,
fie. 3). South of the gidgea country the creeks are fringed by coolibah either
alone or with mulga. The most southerly coolibah i1s on Miller’s and Birthday
Creeks.

Associated shrubs and small trees are Acacia stenophylla, lighum (Muehlen-
beckia cunninghamit) prickly acacia (A. wictoriae), A. salicing, A. telragono-
phylla, Rhagodia spimescens var. deltophylla, Grevillea nematophylia, Dodonaea
attenuata, Cassie sturtii, Solanwm ellipticum and Ixiolaena leplolepis. Nitre bush
(Nitraria schoberi) is common on the floodplains.

QUANTITATIVE ESTIMATIONS ANp Mapping oF Busm Density

The dominant shrub species, that is the bluebushes (Kochia sedifolia and
K. planifolia) and saltbush (Atriplex vesicaria), are very important constituents
of arid pastures. Although sheep cannot exist for long periods on any of these
species, when they are partly defoliated under drought conditions and when no
herbage or grass is available, they are extremely valuable as a drought reserve
and play a very important role in minimising soil erosion. The presence of these
quite palatable and highly drought-resistant perennials means that fluctuations
in sheep numbers due to seasonal conditions are much smaller than in areas
where shrubs are absent and grazing is dependent on herbage and grass.

When this survey was commenced it was recognised that some rapid method
of estimating the density of shrub dominants and of mapping pastoral areas on
this basis would have to be developed. The delineation of the boundaries of the
different vegetation associations alone does not give an adequate picture of the
grazing potential. It is also necessary to indicate the state of preservation of the
country. To enable the large areas involved to be traversed a method depending
upon visual estimations of density was used but at the same time the method
had to give a sufficiently detailed picture to enable station managers to see what
bush losses had occurred through grazing on the properties under their control,
and to enable significant changes in bush density that might occur in the future
to be measured.

Certain fairly well-defined stages of degeneration of shrub dominant vegeta-
tion can be recognised and the following categories were adopted:

Stage 1 Unstocked country or country which has suffered only slight bush
thinning.

Stage 2 Noticeable bush thinning but the country still very well preserved.
Slight increase in the amount of Bassia spp.

Stage 3 Marked bush thinning. Pronounced growth of Bassia spp.





