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Tmne ranges renresenting T'leistocens ceoastlines in the
Aouth-East of South sustralis are most distinet in County
fiove, where they form & cechronoseguence, within this area
the rredominant scosystem is dry sclerophyll forest

containing Jucalyrtus baxteri om deepn podsclized sands, ©On

the basis of the occurrence of about & hundred srecies, this
vegetation consists of environmentally controlled
agsoclations, of which there are about %en depending on the

method of analysls emxloyed,

sssocletion-unalysis, proposed by wWilliews and Lemberi
(1959-1961) for use with an electronic computer, is
rreferred to the manuul intersrecific correlation method of
Goodall (1953}, This is because the former iz bused on the
most strongly associated srecies, which is more meaningful
in detecting local vegetation and habitat differerces than
is the most frecuent srvecies, Furthermore, the latter only
produces & limited number of associations, and the analysils
ig influenced by choice of significance level, levertheless
results obiained by the twe methods are not dissimilar, and

a@ecordingly some further comparative studies are suggested,
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AN ANALYSIS OF THE VEGETATION ON SOME STRANIDED COASTAL LUNE

RAFGES 1IN THE LOWIR SOUTH-EAST, SOUTH AUSTRALI.

Tart I, INTRODUCTION

A, The Ircblems Studilec

The clearing of scrub for land asvelcpment is considerec,
by those who would preserve & rational balance between
natural and artificiucl vegetaution, to be excessive in many
parts of iustralia, This is certeinly the case in thé
lLower fouth-Fast of South Australia, since the sarea hes
& reletively high agricultural rotential, The author was
stationed @3 & forester at Tenola in the South~-East in 1963,
and one aspect of this problem which seemes worthy of stucy
was the need for & srecific record of the vegetation in its
naturcl state, prior to its ultimate disaprearance in
wany rlaces, In the area studied, the remaining vegetation
occuries & series of habitats which is regarded as unique in
the world, wnd thus & record sesmed particularly desirable,
Te this end & survey for the collection of suituble dota

was the initial object of this research project.

The analysis of the dutea sugzested two further probulens

for study. The first was the elucidation cf species



associction and the distributicn of any homogeneous groups
of species in relaticn to habitat factors, In rarticular,
it was thought thut the effect of time on vegetution might
te tested, since there were & number of distinct habitats
which apreared to be of different ages, nauwmely dune ranges
rerresenting varicus strended coastlines of the
Pleistccene, The second rroblem wus the determinotion of
the best method of anclysing the data, Of the numerous
methofls in the literature, 1t was decided to compere twe
contemporury approaches and teo briefly examine & thirg,

with particular regard to their validity end their usefulness

relative to the resources needed for the anaulyses, The
three specific research objectives are discusseé in

Section ¢ below,

The area studied iz substantially thatl of County
Robe, which tegether with Counties MacDonnell wnd Grey
make ur the Lower Zouth-Zast, & geographical rrovince
within the volitical boundary of south Australis, This
province is part of the Murray end Otway Sedimentary Dasine,
and as such the country rock is predominantly level-bedded
Mid-Tertiury murine limestone, and the topography is fiat
(Figure 1). The mean annual reinfall of the province,
from 21 to 33 inches, is high by “outh .ustralisn standarcs,

Thus, despite the marked summer drought tyrical of the



Mediterranean-tyre climete, the province claims nearly
half of the stute's top-dressed pastures, and suprorts teefl,
dairy, wocl, and softwood industries, The ecclogy and

land-ugse of the urovince are well covered in the literuture,
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B, Literature jeview

This review of scme fifty publications relating to the
ecology of the area studied and the measurement of vegetation
has been divided for convenience under three heudings: the

Lower South-Tast, the dune renges, the date and its analysis,

1, The Lower South-Tast: (a) geography & climate,

This province is defined es the portion of Scuth
sustralia south of latitude 36 degrees 3¢ minutes, 4As such
it comprises the three counties mentioned above and covers
an are. of some 3,746,000 acres, The region known as the
South-Fast is & bresder area describec by Fenner (1%30)

&s grading into the mallee areas to the norih, and
distinguished therefrom in terms of climate, ecology, and
production, The 1€ ineh rainfall isohyetl might be taken to

delimit the scuth~Tast and the Murray Mallee,

The topecgrarhy of the Lower South-wast is generally
flat becoming undulating towards the coast, and with seven
main ridees intersecting the ares parallel to the coagt
(Figure &), These ridges, although only & hundred feet
high und & mile wide, are so rrominent in contrest te the
lew-lying flats between them th.t they are known as durie

ranges, The elevaticn of the areu is slight, the highest

reint being the extinct veolcune Mount Burr 802 feet ubove

sea level, Disregarding the curne ranges, the country slopes



gently westward to sea~level from 200 feet at the Victorian
berder, a waximum distance of some 70 miles (Figure 7), and
in sddition from Dismul Swamp (250 feet) northwest through
Haracoerte (19¢ feet) tc the Murray tidal lakes 200 miles
distunt, and from Dismal Swamr scuth through Mount Gambier
(140 feet) to Fort Macdonnell 40 miles distunt, Genexally
speuking, the dure ranges are distinct in the centre of the
arew, County Kobe, but tend tc coalesce in the north-sloping
srea of (County MacDonnell, and in the Mount Burr area of

rounty Grey.

The lLower South-Esst is an ares of poor drainage since
the natural flow of rainwaters is impeded by the dune ranges,
7he heavy winter rainfall, and the emptylng of ithe Morambro,
flaracoorte, and Mosquitc Crecks into the Naracocrte FPlains
result in ccnsiderable spring flooding, in marked contrast
tc the late summer drought, This situaticn is being
relieved by a system of deer drains tec carry floodwaters
through the ranges {o the sea, &nd by the use of surplemeniary
summer irrigation with underground water, Prior te the
advent of the drains in 1864 (williams, 1964), natural
érainage was achleved largely by the percolation of water
through the country roek or szimkholes and caves therein to

coastal and submarine springs, In addition there was &



",
slugsish wovement of floodwater northwest alorng the inter-
dune flats to the Coorong area, anéd southeast from Dismal
swamp tc the Glenelg River in Victoria, The system of
artificial dr.ins is now extensive, bui seasonal flocding
inland of ssch dune range, rermunent lukes inland of ihe
tanunda Pange, and the seasonal flow of springs are still

common features,

Land-use in the lLower South-Zeast hes received much
attention in literature, and the activities of the varicus
government and other orgunisaticns in the urea are well
documentec, 4 convenlent sunmary is that of Hagerstrom
{156%) who rresents tables of agriculturel preducticn on
the three most extensive so0il tyres: rendzina, solonetzic,
and podsolic, Tor example on the {podsolic) decp sunds of
the renges there is bore water adequate in quality anc
quantity at from 30 to over 5C feet, and main production is
sheer and beef on lucerne-phalaris pasture tor-dressed with
surerphosrhate,

rotash, and trace elements, (ther iteus on
the average 1500 acre farms s«re oats and pines, and there
is some rotential for increused production, The arca
develored Ior agricultural production in County Robe over &

decade,
1953: 1,046,166 acres (&£4%)
1862: 1,135,971 acres (907)
adequately represents the rate of development in the province,
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The porulation of the lLower South-Last is (1963) about
42,000 most of whom live in County Grey, &nd most of whom
live near the main towns of the province, for éxumpla Mount
Gambier (15,400}, Naracoorte (4,500), and Killicent (3,400},
Communications are good although in the area studied access
tc undeveloped scrub is often difficult by cuar, esrecidlly
in spring due to excess surfoce water, Bitumen reads connect
the main towns, and the ubiquitous rough ané ready all-
weather limestone roads serve most farms, Maps of the Scuth-
Tast are plentiful, runging from varicus roasd and tourist
rublications, to those of the specialized organisations
rresenting geography, geology, soils, agriculture, forests,
and éthers; mars showing land subkdivisions and serial

rhotographs are available {from the Lands Derartment,

The climate of the Lower South-Fast is well known and
general descriptions may be found in numerous rublicaticons
dealing with the justralian enviromment, Climetic date are
available from the Commonwealth Buresu of Meteorology which
has & recording station at Mount Gambier, and various date
and descrirtions are rresented in the introductions to
Crocker (1944), sprigs (1952), and Rlackburn (1659), (1¢64),
The ares is within the temperate zone and is subject tc &

succession ol subtroricel anticyclones which largely
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determine the weather in their rassage sastwards across
Australia, gince the Lower South-Zast is entirely within
100 miles of the Southern Cceun, there is some coastal
influerice on the weather, The net result is hot dry
summers with meximum daily temperatures occasicnally
reaching 100 degree¢s Fahrenheit, and colé wet winters with
nunmerous frosts, 7The mean annual rainfdll for the areca
studied is about 25 inches faliing mainly in the six winter
months foliowing marked opening rains in april (Pigure 4),
and the growing season in which ruinfall is effective is
about & months, Mean annusl temperatures for the province
are 56 tc 5B degrees; the uverage daily temverstures for

the twe main towns are shown:

it, Gambier Naraccorie

cah, Jul. Jarn, Jul,

max, 74 56 82 57
min, 54 42 56 4G

The wind roses (¥igure %) indicate scuthwesterly prevailing
Winds with rrominent winter northwesterlies, which would be
expected from the northerly migration in winter of the path

of the anticyclones,



1. The Lower South-Tast: (b} geologzy.

The lower South-East coincides geclogicelly with the
gambier Surklands which mey be defined as that porticn of
the Ctway Basin in South Austrelias)y The Surnklaendés have &
sirilar history of relatively undisturbed marine and
terrestrial sedimentation to that of the rewt of the Murray
and Otway Basins, However they differ in the degrec of
Mesozcic lacustrine deposition, and in the degrec of
preservation of strunded Fleistocene coastlines, Sprigg
(1952} gives a comprehensive descripticn of the geology

¢ the rrovince,

The stratigraphy of the lower South-Hast has been
determined largely from beres, due tc the absence of outerors
in the yrovince, The predominant country rock is the Mide
Tertiary marine Gambier lLimestone, several hundred feet
thick, and its equivalents, 7This is underlain by several
thousand feet of terrestrial Mesozoic zediments on the
Paleezolic sediments and metusediments which form the floor of
the basin, The Gambier Limestone is regarded by Ludbrook
(1963) as Middle and Unper Oligocene to lower Miocene in
ege, based on a study of plunktonic foraminifera; she does
however emphasize the uncertainty of the Oligo-iiocerne

boundary. The formation oceurs to a varying degree over
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the whole of the Murruy and Otway Basins, a toial extent of
some 1005000 square miles, since it was laid in warm shallow
seas of the Murravian Gulf {Figure 1), The rock, which
consists largely of the harc remains of coraline bryozca anc
foraminifera, is thus perous and almost pure calcium carboriate;
it 1s mined for building stone and lirme, and carries ihe
groundwater which is & local source of dorestic supplies
(Ward, 1941}, within the Otway Basin the Gambier Linmestone
gredes in purity, thickness, and depth; 4t is clayey and
less porous, ané gener.lly thimner, tc the north-east, For
example, on the Padthaway Horst dividing the Murray anc
Otway Basins it 1s 20C feet thick, at Mount Gambisr 600 feet,
anc at portland 2300 feet; at Mount Sambier & particularly
pure deposit outerors for about & square mile, arc is the

source cof the familiar bullcing stone,

Overlaying the Gambier Limestone are various veolcanic,
aeollian, and sedimentary deposits, for example Pliocene
basalt in Western Victeria (Symposium, 1964) and sheli beds
in the Lower South-Fast (Crocker anc Cotton, 1946);
rlelstocene dune ranges in the ares studied and lagoon and
estuarine deposits in the inter-dune fluts and elsewherc,
Immediately below the limestone the Lower Tertiary Enight
sands and Clays represent paralic conditions rreceding the

Mid-Tertiary merine transgression, and similar sedimentation
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in coastal swamrs and estuaries with periodic incursions of
shallow sea water wlsc cbtained in the Cretucecus,

Jurrussic argllliaceocus sandsiones 300C te¢ 5GCC feet thick
indicate vef& replid sedimentation in w deep lanfilocked fresh
water basin, They form the bulk of the sediments in the
Otway Basin, especially in the 3outh sustralian section -

the Gambiler cunklands,

Tectonic activity in Soutlern sustralis may be considerec
as either Valaeo-fiesczoic or Cainozoic, 7The first resulted
in uplift of the granitic Padthauway Horst, downwarp of the
Murray Basin tc w derth of 1000 feet, and downthrow of the
Gambler sunklands to a depih of some 400¢ feet, Cainczoic
activity is reflected in the present topography. There was
an earlier period forming Bass Strait and the Older Basults
of eastern Victoria, but the later period was the main one
and has been called the Kesiovsko Epoch {Fenner, 1930),
since the Great Dividing Range resulted, Uplift commernced
in Upper liocene times following stable Lower Teriiary
pensplain conditions, and « long period of steady uplift
caused the Mid-Tertiary seas to gradually retreuat,

Adctivity still continues today, but was emphasised in the
Upprer Pllocene when the Newer Basalts, 1 to 200 feet thick,
were extruded ic form the 9GUC square mile Basalt Pleing of

western Victoria (sSymposium, 1564) with which the Burr-
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MeIntyre vulcanism is associated,

The lower South-Tast w.s relatively unaffected by ihe
Eosiosko Tpoch but there weas some bedrock Block-faulting
and reglonal warping, The block-faulting was Plio-
Fleistocene ccinciding with the Burr lave flows, with dclomite
and springs in County fGrey indicating some faulting anc
folding, The faults arc contentious, Hossfeld (1950)
calling the structures narine cliffs; rrobably they are both,
Regionul warping was Pleistocene-~Recent causing the land to
111t downwards from the Cape Banks .ixis (Gambier Unwarp) in
the Dismal Awamp area, The degree of downwarping is
measured in one area by Sprigg (1952), and vindicatec in the
Murray leakes area by De Mooy (1859), although Tindsle (1959)
censiders that in the Coorong arce downwarping is less than
generally supposed, and that progressive shallowing cf the
Coorong lagoen is due to rrecipitaticon of dolomitic
limestones, Assoclated with the warping waes Gambier-sichenk
volcunism occcuring about 500C years sgo, and as such
producing wsh and tuff, since Newer Basalt activity in the
last 15,000 yeurs wus explosive in nature, The very mild
rerercugsions of the Koslosko eroch in the Lower South-East
resulted in enough progressive uplift of the Zanbier
Limestone te allow formation of distinct coast.l dunes in

serarate Fleistccene ses-level stages, ané to subsequently



strand them above sea-level, but not enocugh tc destroy them,

The topography of the yrovince is & result not only of
tectonic wetivity (or lack of it), but alsc of changes in
scu~level in the Cainozoic, Zeuner (195¢) Guotes varicus
authors who consider that worldé-wlde ses~level has been
centimuously falling in the Cainczoic to the extent of 10CC
fect in all, of which w <20 foot full has ceccurreé since the
Fliocere due to unknown causes but possibly oce.nic crustal
subszidence, If this is cerrect, the retreat of Mid-tertiary
seas from the Murravian Gulf was due only in part tc regicnal
warring and gentle uplift in the Fesiosko ¥poch; i,e, the
fall in sea-level was both eustatic and isestatic (Sprizg,
1852}, MNevertheless, irrespective oi the cause, the sea had
retreated to the position of the Haracocrte Henge by the
stari of the Fleistccene and stopred there long encugh to
Yorm shell beds and sand dunes, 4t this tine the Mount Burr
region formed a prominent peninsule in .n otherwise sweeping
coastline stretching in a HN# direction from Mount Gambier
through Naracoorte (Figure 2), Subsequent sustatic
fluctuations in sea-level have left & number of other stranced

ccastline remrants which, associated with siliceocus sands

(Pigure 3), largely determine torograrhy ir the wurea studied,



19,

1., The lower South-Fast: (e¢) soils,

There &re abrupt boundauries betwecn the scil types of
the province, since they ars centrolled by parent matericl
and torography rather than climate, There is & nunber cf
miscellaneocus soils, but the four muin tyges, with their
anrroximate extent in County FRobe, are as ¢llows:

dune range solls formed [rom calcareous beach sancs -
podscl (268 of Co. Robe);
terra rosse (79);
intercdure flut soils formed {rom lecustrine and estuurine
devosits - groundwater rendzins ({389},
solodised solonetz & solod (2%59).
The former two will be discussed in some detail below, as
they are the solls concerne¢ in the vegstation survey, while
the lettear two are
the latter two are discussed here, Relevunt references are
the general description of Crocker (1944), the more detuiled
C.8.1.,H.,C, investigutions oi Blackburn (1955 andé 1964), snd

the solls manual of oteprhens (1962},

The groundwater rendzine is a shallow heavy-textured black
soil over calcareous material on the plains, It is generally
flocded in syring, und mey set haerd wnd ersck in sunmer. It
is the most extinsive soil tyre in the Lower Scuth-East where
it suprorts improved pastures, e.g. on the Naracoorte Flaing,

and Indeed is not knowr to occur commonly elsewhere in



sustralis, There is litile profile development, generally
asbout 12 inches of tlack friatle lime~free clay of pH £.,0
over limestone ané marl, ané less commonly & variable depth
of grey limey loam, The rendzina itself, a dark brown well

drained soil of similur origin, is not common,

The solonetzic soils are these which have a moderate

depth of light-textured grey soil, pH wbout &, over & subscil

of compact brown clay with lime at depth, occurring on
higher vlains than the rendzinas, The solodizec solonet:
is the less mature form, and is more extensive, esyeciully
in the ncrth; its forsoil is shallower &ndimore acid, and
lire anéd soluble salts are more frequent &t shallower depihs,
while the subsoil has a characteristic columnar structure
and & veneer of white silica, On the other hand the more
mature sclod lacks this structure, and has & layer of
irenstone gravel wbove the subscil, The Kalangadoo 3anc

in County Grey is termed a meudow podsol by sterhens el al,
(1%41), but Blackburn (1959) considers it tc be & solod on

genetic grounds,

A mumrber of locally impertant minor soils cccur in
the Lower Scuth-Tast on a variety of parent materials, The
volcanic areas of County Grey have some fertile krusnozens,
and some chernozems und black earths containing small

arounts of volecanic dust, In the nerth-sast there are grey



soils of heavy texture (*gilgae”} on the higher plains, anc
saline soils where dreinege is impeded, On limestone rises
in the solod are&a shallcow red-brown earths occur which are
similar tc terra rossas, ané are used for wine growing (at
toonawarra) and pastures (at Kongorong), Various swampy
scils, including peat, cccur irregularly throughout the
ares, esrecially inland from the coustul calcarecus

seolian sands which are discussed with the soils of the

ranges,

ar,
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1, The Lower South-Fast : (d) vegetation,

Vegetation boundarles in the province are controlled
largely by soils, and as such are abrupt, Nevertheless,
Wood (1939) describes ectones between the two mein formaticns
in the ares studied, dry sclerophyll forest and savannah

woodland, 4 typlecal sequence shows Eucalyptus baxteri forest

on the rodsols grading through E, huberiana to E, lsucoxylon

and Cusuarine stricta on the terra rossus, and through

E._cvata «nd heauths to E, camaldulensis woodland on ihe
solods, Woecd (1937} has giv;n a general account ol the
vegetation communities, while Black (1943-1957) and Ewart
{19%0) have conpiled flora, the former in the process of
revision by Dr Fichler of the State Herbarium of South
Australia, fhe standard account of lLower South-Zust ecology
is by Crocker (1%44), who describes four vegetation
categories: dry sclerorhyll forest and heath (q,v, vegetuticn
of the dune ranges); savannubl communities and other compunie-

ties,

savannah communities extenc from those on shallow red
sandy-loams of the ranges to those on black cluys of the

flats, Melaleuca pubesecens occurs on the terra rossaz of

the ranges, and similar soils on raised porticns of the
flats, especiully near the coust, €,g, on the Woakwine Range,

The comrunity is very open with introduced grusses anc
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clovers or scattered annual and perennial herbs and shrubs

such as Bursarla srinosa; leucorogon parviflorus &nd icacis

Sophorae are common near the coast, and mallee rerlaces the
dominant tree to the north, Shecke, yacka and bracken
predominate on the deeper soils, such as on Hurper's Range

inmland, The F, camuldulensis community occurs extensively

in the province, largely on meadow podscls (i,e. solods of
Blackburn, 1959) such as the FKalangeioco Sand, HNative grasses
with eccasional shrubs have now been largely replaced by
sub-clover, perrenial rye, cocksfool, and phaluris, and the
s0ll subjected to cultivution and drainage, 4 number of
transitienal types oceur: rushes, bludey gresses, and other
monocots may replace the normal understory, end Banksia
marginate, sheoke, hill gum, or blue gum mey replace the
dominants, Rendzina soils typically carry the Gahnie

trifide - cladium filum community which is treeless excent

for B, marginats, and for E, ovatu with yacka, on solls

grading to meadow podsel,

Gther cemmunitier in the lower South Tast are those of
the volecanle hills, swamps, and mallee nreas, Volecanic

aresus are limited to County Grey, and are gererully farmed

L
or supyort cpen E, ovata, 4, melanoxvlen arnd Ly Mearhisii,
Swanry «reas of various degrees of scil texture, drainage, and

salinity are frequent; they are 1little studied, but
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comrmenly suvrori Melaleuca #,.3, M. halmaturorum =nd 4, oraria,

Mallee arecas are these which contain sucslypt species with
& churacteristic corpice habit, little understery, «nd
solonized brown soils (Crocker, 1946), Thus the vegetution
of the Uprer South-fast is regarded as transitionsl beiween
true mallee and sclerophyll forest, since in mcddition tc the
sucalypts there is &« sclerophyllous understory and the scils
are =olodized solecnetz., The formution is known as mallece-
heath (wood, 1937); it is distributed extensively on the
siliceous sands which obscure Pleistocene zseolianite in the
Uprer Jouth-East {(Figure 3), anéd its imrortance in the ares
studied is discussed in the section on vegetation ¢f the

dune vanges,

The vegetation of the Lower Scuth-past hes afifinities
#ith that of Festern sustralia (Crocker, 1944}, 1n contrast,
other aress in the state such as the gulf regions have an
eq¢ual mixture of srecies from both the east and the southe
west, the two areas of species vrroduction ang Gispersal
(wood, 1930), This situatien is suggested as being due
largely to disjunction of & pan-sustralian flors in the
Upper Tertiary, and to the pattern of recclonization after

a Recent arid period {Crocker and Weod, 1%47),



as.
By Mid-Tertiary the iustrulian element was predominant

across southern iustralie (Wood In Keast, Crocker, anc
Christiun, 1859), FPrior tc this & broad-leaf mesic fiore
conteining species of sintaurctic and Indo-Melanesian origin

such «s Nothotagus, Podocarpus, Flindersia, and palms had

develored under stable reneplain conditions, fhese
conditions followed & msjor eroch of folding and the
trunsgressicn of Cretaceous seas, which marked the biclogical
isolatien of susirulia from asia, Mid-Tertiury seas
destroyed large areas of vegetatdon and initiated the
disjunction into east and west, Retreat of the seas in the
Tucla and Murray Besins coincided with the uplift of the
Flinders-Lofty$Olary Runge, but the timing of these events
was such that for & short time in the Upper Terti.ry there
was & virgin area from Port suguste to Portland, This time
was the last opportunity for the mixing of esst and west
before the uplift of the ranges and the corrcsronding
downthrow of the gulfs were completed, Similar migriticon
took place from the east to the area studied while the seas
retreuted and the Great Divide was urlifted, Vegetation

at the close of the Tertiary was similar te that of tobay,
although Proteacece was more rrominent, since Pleistocene
fluctuations in temperature and humidity apjear to huve hud

little overall effect,
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The rresent comrosition of the vegetution of the lLower
south-fast in terms ¢f eastern and western species is thought
to be due in large measure to the effects of KMid-Recent
aridity, This Zreat aAustrelian arid Period or Fost-Glacial
Thermal Meximum occurred some 4CUG-60G0 years ago, and

aprarently was contemroraneous with the inadarc (arcs)

trecezia beds of the South-East and the Climatic Optimum of
the northern hemisphere, see Crocker and Wood (1947},
symposium (1964), sprigg (1852), zeuner (19%G), Tindale
(1$33), and other references therein, widespread destruction
occurred becuuse the climute, although only slightly more

het and dry than toduy, was severe relative to the ralny
glacial reriods; in addition, the onset of aridity was
sudden, However, some plants were able to contract their
areas and survive the arid pericd in refuges such &s
meountaing and large rivers, Such plants were the colonizers
of bare areas, uron the return of slightly more humid cond-
itions, mainly by migration along suitable continuocus
habitats such as the siliceous dunes and sheets 8f the Southe
Past, 4is & result the vegetation on the sunds of the Lower

gsouth~fust show affinities with that of western Victoria; in

fuct, according to Crocker (1944), two thirds of local species

also occur exclusively in the esst, none in the west, and &

quarter is common to both, It must be emphasised that the
above history 1is based on conjecture rather thun fossil

evidence, of which, at least in the {uaternary, very little
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exists (Dr N,M, wace, pers,comm,),

Bibliographiles of the efifects ¢i fire on vegetation and
soils have been collected by Coopee (1963) and ithe Jociety of
american Foresters, Forest Fire Division (1$63);

Mr D,R. Douglus of the &, Aust, Woods wnd Forests Department
also has & comprehensive list of references, IlLong term
effects of fire on vegetation tyres are discussed by Gilbert
{1962), and the course of pyric succession in eucalyptus
scleroprhyll forest by wWood (1837) und Jarrett and retrie
(1929}, Gilbert roints out that firc is to be regarded as a
major ecologlical factor in the long term sense, but that

after fire ; howevar, bracken is iduced
existing vegetution regenerutes rupidlyﬂby frequent burning
of B, regnans and I, obliqua forests, Wood, referring tc the
¥, oblique - E, baxteri associatiion, states that fire affects
only the understory, and that return to its originel
floristic state is wccemplished in & very few years,

fireweed Ixioda achilleoides being replaced by teatres,

leptospermum myrsinoides, ut from three monthe to three

years aftexr fire, Jurrett and Petirie in the I, amygéalin. -

E, oblique assoclaticn in victoria point out that bracken,

pteridium aguilinum, where present originally, wili be & foct

or so higher in the spring following & winter fire than the
Cessinis which is usually prevalent after fire, They also

emphasize the importance of fire in stimulating the growth of



2
other rhizomatous srecies and of the seedlings of eucalypts and
acacias, The normal floristic composition of understory
species seems Lo be re-gstablished in about two or three yeurs,
The author's observaticns on this subject, of some importance
in choosing sites for the survey, are discussed in Part 11,

below,



Eigures 2-5,
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2, The dune runges: (a) general description,

The stranded couslal dune ranges of the Lower South-
Tast are the most important torograrhicael feature in the area
studied, They have been Ifrequently described, from about
1867 by the eurly geographers and geologists (see Tindale,
1933) to the present, by workers interested in various aspects
of the province such as groundwater (Ward, 1941), ecology
{Crocker, 1941), and shell fauna (Crocker and Cotton, 1940),
and have been vuariously called stranded ses beaches, beach
ridges, =hé comstal remnants, strandlines, and raised beaches,
The most comprehensive accounts are those of Tindale (1947),

Hossfeld (1%%0), and sprige (1952},

The nature and dispositicn of the ranges may be compiled
avpreciated from Figures 2,3,6,7, and Table 1 which were
comriled lergely from Sprigg. There are about thirty ranges
in al1l, varying in length from 10 to 200 miles as distinct
ranges, und consideraibly longer s remnants cbscured¢ by sarth

and other procasses ; @9
movements &%ehthe slexandrina Fenge which disappears
gradually under thet lake (I'e Mooy, 1959), and the "Tintinare
Bay"” near Keith caused by the Naracoorte strand being tiec
to granite outerors during its formation (Tindale, 1559),

The mouths of the Murray and Glenelg ("Mundi®) Rivers breached

this and other ycunger strands «t various times (Hossfeld,



1950}, and subsequent coastal erosion has affected the
Woukwine, Cununda, and other postulated offshore ranges,
Tindale (19247) describes the ranges in some detail, staling
that their length is ur te 200 miles, e.g, the woakwine
extends from east of the Zlenels Hiver tc lake slexandrine.
He also stresses the somplexity of the HNaracoorte Range,
suggesting its continuity with the Marmon Jabuk Kange easti
discauntad

cf Murrcy Rridge - this suggestion 1z édsewewsed by Bluckburn

et ul,,(1%65)- and describes the 20 foct arce (ansdars)

beach, suggesting its indication of recent warmer seas, He
attributes the Bakers, ardune, und Fast Avenue Fanges all tc
one "terrace”, i,e, veriod of dune formstion, ané the Westi

Avenue and Reedy Creek to another,

4 section of u dune runge reveals thut it consists of
two materials, rmmely weolianite limestone and siliceous

gands (Figure 7c}. The aeolianite is consolidated calcarecus

24,

beach sand composed of fragments of shells and micro-organisms,

stratified and of verying hardnes:z according to age; it is

used widely &as road metal, It has been alsc culled calearenite,

travertine, dune limestone, and described as cemented,

lithilied, and indurated¢ by various suthors, This rock occurs

throughout the world, but is particularly evident en the
southern coast of sustrulia (Sympesium, 1964), Kunkar, a

hurd secondary limestone of illuvial erigin, frequently
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occurs as & veneer on the aseolisnite (Blackburn st al,,
1965), while fossil #0ils may be intercalated(Hills, 1939
Crocker, 1946; aymposium, 1¢64), In the area studlied ot
least, the aeclianite is not fto bs regarded as & solidd
deposit: there iz, in fact, only & muntle of mcre or less
consolidated rock over unconsolidated calcareous sancs,

which suggests how the original coastal structure w.s

preserved,

The siliceous sands are alsc of wseoliun origin, bul
lurgely not contemporaneocus with the seolianite limestone,
The sands heve & history of le.ching, resorting, and watle:
erosion (Coulson, 1940), and are the parent material of the
rresent podsols, known loeally ws deep sands, which supnort
the predominant sclerorhyll forest vegetation on the dune
ranges, The sands constitute the bulk of each runge,
oceurring up to several miles wide, and in the Upper Scuth-
tast &= sheets extending some 20C miles tc the Big wnd
1ittle Deserts of Vieteris; thus, north of the arsa studied,
seolianite is not evident superficially, and typical dune

ranges are not formed,



2. The dune range=: (b) corigin,

Pespite the contrury suggestion of Hilils (1539), it is
generally accerted that the dune ranges murk the position of
ccustlines during variocus worlid-wide high ses=-levels of the
"leistocene reriod (Figure £}« This period was one of
alternute gleciation and deglaciation, high sea~levels
occursing in the interplacial phases, and in werm interstuciels
within sach glaciaul phase (Zeursr, 195¢; Daly, 1934),
However, the actual age of the dune raliges, and some asyects
of their history, wre yet to be agreed wpon, in particulaer o
the source of the siliceous sunds (Figures 7¢,3). But,,
whatever their erigin, the sands are thought te have been
considerubly winnowed, resorted and redenosited by wind
before being fixed ard rodsolized in their present position,
Therefore, the sands of & particular range .y not

necessarily be asscciuted #enetically with that range,

Bustatic sea-lovels, due to successcive advances and
retreats of the sesa during the Tleistocene, were sugsested
us the cause of the ranges by Tindale (1833), and this hes
been subsecuently correborated by others (Blockburn et al,,

" ) i ther sugpestions were: &
1965; Ward and Jessup, 1965), o0&t
simrle orderly recession in the fiecent (pre»?indala), and
intermitient regional urlift (ward, 1%41), By comparing

fossil fauna and other characteristics, Tindule tentatively
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correlates the ratiges with interglaciul terraces on the
gsouth~east coust of imeriea, concluding that the ranges are
succegsively younger toward the coast, Srprige (165%2) and
most others agree with this, although Hossfeld (15%0) has
adéuced evidence to the contrary, Srrigg, on the grounds cf
relative altitude and volume, correlates the ranges with
Turopean terraces, which huve themselves becn atiributed to
specific vhases of the Pleistccene by Jeuner (1959), Zeuner
alsc discugses the actual axze of the terruces on the basis

of the astronomical theory of Milankovitceh, which relates the
glacial and inter-glacial rhases %o fluctuations in the amounts
of solar rudiction received by the eurth, and which provides
the best available estimate (Table 1), Tindale (1947)
reviews the literaturc and discusses Pleistocene chronology
@s it relates to fouth .ustralia, BSuch altempts to correlate
locul cumne ranges with overse.g terraces are based on
circumstuntial evidence, and ignore lectonic efiects,

accerding to Blackburn gt sl, (1965),

There is little reuson to suprocse thut the original
coustul dunes, now rerresented by seoliunite, were very
different from modern dunes, Srrigg (1652) considers thut
they were tyrical cpen occe.n coastel backshore dunes,
sirilur to those on the Cocrong beach today. However, it

hus been thought that inland migration of submarine offshore
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bars (Jchnson, 19 €} is relevani to the Scuth-Fast (Tincule,
1647), 7Tossible origins of the origin.l calcarescus oure
meterisl are the Hiver Murr.ey heavily laden with calcarecus
sults, currents {rom the west laden with shellfish food, «nd
the grinding acticn ef the cren ocean {Tindale, 1933)., Howevar
Wodern “oulh-Fast beach sunds contuin 77 celcium carbenaie,
which du¢ te its relative softness cennot be transported, whd
which sccordingly 1s largely derived loeally (Sprigg, 152},
Therefore if the original cocestel sands are to be regarced as
similar (Crocker, 1946}, the calcureous fraction of seclianite
is derived ultimulely from remains of loeai shellfish
pepulations, These must have been prolific in merine flst
coriitions, auch as okituin today ¢n the wide continental

zhell of'f' the Cocrong beach,

initial preservation of the Pleistocens dunes wes
enhianced by their calecurecus nature, which enabled rapid
consolidation and thus fixation, This ddes wus sugpested
by Tindule (1923), and became ithe classical leaching theory
{Crocker, 1941) which purpertes te account for the origin not
only ol aeoliunite, but alsc of the siliceous sands, and of
travertine limestone in mallee soils {Crocker, 1%946),
sceording te the theory, each dune was rarticlliy leached for
an indefinite time after its formaticn, causing the

iliuviation and redercsition of lime, The results were
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twolold:

1. & B-horizon of lime cerented sand now known as aeciianite,

and whose degree of develerment reflects its age according

to 2i1) (Symposium, 1964); and 2, & residuwl s-herizon,
becoming progressively more leuched, arnc thus silicecus,
throughout ihe Pleistocene, Ths question ol loes:z ard nallee
so0ils is contentious, and is in any case irrelevant to ihis
thesis, sc¢ will not be discussed, Lewuching is supposed to

have continued until the Great arid Feried, during which the
i-horizon wes wind-sroded and redercsited as parent material

of the present rodsois,

The leaching theory is Renerally accected in principle,
but reservations are exprressed with regard tc ihe siliceous
sunos questicn, The source, timing, and method of crigin of

the sands are unproven, and the leaching theery is certainly

not entirely correct in this respect (Blackburn et ol

1965}, nmuggested sources are lulseozoic grenite culcrors or
Tower Tertiary paralic szunds by timpiled) ercsion of the
continent.l shelif {Sterhens et al,, 1941}, andé Jurassic
scdiments deresited by the Glenely River near one of its
ancient outlets (Hossfeld, 1450 and pers, comm,}. Variocus
times in the Quaternary have beesn nroposed for the
deposition of the sands, one [easible suggesticn being during

arid cycles within otherwise warm-humig interglacials

(De Mooy, 1959), Denudation of sand dunes near Pertland to a
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fluviatile plain is reported by Coulson (1%40), and similer
precesses arce known te have affected the Hangwarry Sunds, but
otherwise & deflationary origin for the siléceous sande is
not impugned, Sprigg (1959) szuggests that aridity as a fucior
ir the erosion and deposition wus not as important as the
westerly winds greater than 15 knots prevailing in the
Pleistocene, He nlsc discounts the importance of lsaching in
the original dunes, since meolianite cccurs et the Murray
lekes despite & progressive decreuwse to the north in lire
content of modern beach sunds, However this decrease apjears
te have been wrongly deduced, and in &ny case the meodern and
Pleistocene situations are not necessarily similer in this
resrect, Therefore, substantiully, the process of lsuching
and depositicn of lime in ithe origzinal coleureous dunes is
vindicated, but the subsequent strijping of & siliceous

residue is not,

The uniqueness of the dune runges of the Lower Scuthie
Fast lies in the faect thet they represent & whole series of
Fleistocene coastlines, shich are guite distinet fer consider-
avle distances, The roies of rrogressive warping in stranding
the original dunes, and ef partial leaching of lime in their
initial preservation have been indiceted, Subszequernt
rreservation is due to absence of significant river eyosion,
since there are ne highland cetchments ang undergrounc

drainage largsely obvictes the need for rivers,



¢, The dure renges: (c) soils,

In the wrea studied, prodsol, terra ross., ané cealcarecus
sunds are the three solls wsscciated with the renges; as
zuch their common rerent material is calcarecus beach sand,
Generwl descrirtions wre tc be found in the refersnces cited
wbeve, while more srecific investigaticns are those of
stephens et al, (1941} who present details of the podsols newr
rercla Verest, and Blackburn el ol, (1%65) whe consider the

development of the range soils in detail,

The pedsol is the predominant scil of the ranges anc
occuries aboul & quarter of the area studieda, It is
develoring on siliceous sands, which are themselves largely
the result of Cuaternary leaching and aeolian sorting of
celecareous beuch sands, although Blackburn states that scre
rodsols are residunl, i.e, not resorted, The soclum is three
to ten feet thick, and the rarent material of the order of
X feet; both generully consist of louse infertile ucid
guartz sand with little wattégble irfluence, The profiles

detualls are,

A: 3-8 feet of loose white or light grey sand or sahly
loam pH 6,1, grey with iree rocts and organic metiler
pH 5.B-€,2 ut the surfuce;

B: ofariable iron-organic illuvial horizon, iypically
2 fect of compact yellow and brown sand or sandy
ioam pH 5,9

C: deer yellow sand,



Tertility is generzlly low, for exemrle in the lep six inches
total nitrogen may be 0,19, and vrhosphorus (HC1 exirect)
$.,01¢; chemical analyses by the ¢,5,I,K,0, wre gresented in
articles by Bluckburn and by Sterhens (see Bibliography).

The origin, vepetation, and land-use of the rodsol zune are

discussed e¢lsevwhere,

The groundwater (humus) rodsel occurs cormmonly within
the normel podsol zone where land 1s low-lying or drainage
otherwlse impreded, Such conditicns obtain betlween dune
range and interdune [lat, and in the flottened sand dejposits
in the Hundreds of HNangwarry and Coles, such areas are
known &5 heathlands because of the typieul shrubly treeless
vegetation, The s0il is & heuvily leached white infertile
gana, pH 5.3, but iz nevertheless waterlogged in winter cue
to ithe bleck or brown iron-orzanic hardpan at sbout three
feest known &s coifec rock, Gther variantz of the podsol are
the transiticnals to terrs rossa end to solonetz, coinciding

respectively with changes in parernt material and climate,

The terra rossa and culcarecus sand together occury
about 127 of the wrea studied, The former is cevelored on
curkar or aeolianite limestone, the latter on unconsclidated
coastal calcareous dunes, The calcareous sand is an aaonel

soil since there 1s no significant rrofile develorment,
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rerely & darkening of the surface with organic nmatter;
although this =01l covers ithe Canunda Rangze, it wes nct
concerned in the vegetation survey, The terrea rosse on the
other hand cceurs on wli the ranges centigucus to the jpodsol,
and is the cnly soil develored on the actual Pleistocere
coastal June material, viz, seolisnite., The soil is &
shallow s.nd to clay-loam, typically 6-18 inches of sandy
loam, re¢d te red-brown depending on drainage which iz usualls
godd, The scill is of low to mederate fertility, pH 71.0-7.2,
surrerting improved rastures, arabls ercps, horticulture,
and forestry unless very stony. Varients arc the red-brown
carth mentiored elsewhere, and the terra rossas influenced by
agclian uwccession of materidl from the lacustrine~-estuarine

rlains, especially oif silt,



2. The dune ranges: (d) veszetation,

Iry sclerorhyli ferest is the rredopinant formoticn on
the ranges in the area studied, where itz distribution is
controlled by soil tyres, The mozt important asscciation is
that oi the stringybark eucalypt L, buxtggg onn the podsols,
and Crocker (1644} recognises twe other associations,

E. obliqua und B, huberiana, beth on shallevwer scils, wWood

{1937} regards «li three associations as peri of a single
ciimax wasocl.ticn, the first twe being called “conscciations"®,
where one or cther dominant is lccully preponderant, and the

third the E, baxteri - E, hubkeriana ecolonie; hig

clugsificution is probably more realistic, but not as sinrle,

and will not be followed here,

The L, baxteri associition hus an oren esanory at 40-50
feet; it is usuully pure but occurs occasionally in mixed
stands with most ef ilhe other eight or so eucaly;ts in the
aréc, netably E, vitrea, 4 sporadic subcanory of t.11 shrubs

anc trees includes Bunksis marginatae, scacie welanoxylorn,

Exocarros curressiforris, and Bursarie spinose., Over a

half of the srecies of the abundant scleroyhyllous undersicry
of smaull shrubs and undershrubs belong tc the Iive grours
Troteucene, Eracridacese, Cyrersceae, Myrtaceas tribe
Podalyriae, and .coele secticn fhylledineue, sboutl &

hundred srecies are rresent in this stratum, notubly
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leptospermum myrsinocides, Fteridium acuilinum, Xanthorriacew

australis, scacia myrtifoliu, Frueris irjpressa, Brechylomw

ciliatum, leucorogon virgutus, Calytrix teiragona, wic

fdibbertia sericea., variations in density an¢ {leristics in

this stratum are difricult to characterise wnd usu:lly reflect
g0ll differences, purticulariy in drainage, This is the cuse
with Iteridium which requires o light textured soil; thie
specles has become widespread due Lo the increcsed Lighl and
decreased competition which have followed cutting, turning

ar cleurins overations {see Giltert, 1%67), The sporadic

ground stratum consiats of annuals €.&. sahlenbergia,

perenniuls e,z, Hélichrysum, and grasses, The L, baxteri
aszocliation grades impercertibly into heath, ciscusscd below,

urder certain conciticns,

E, obliqus is un asb eucalyrt but with & somewhetl siringy
bark, The associution is similar in appewrence tc the above,

but with pcacie pycnantha and LGy meurnsii wore rrominent,

and many sclerorhyll shrubs, particularly lertospermum, rare,

It occurs within & restricted climatic end edaphic range,
viz, rainfall above 24 inches und surface soil pH higher then
b, which conditions are met on the deeper terra ressas and
the shallower volcanic $0ils, Thus in the area studisd the

wgsoclation is transitionsl between L. buxteri anc the

savannch assccivtions of Melaleuca pubescens, &, leucexylon,




and Casuarine stricta, another community which grades between

M, pubescens end E, baxieri is that of E, fesciculosa,

contuining Xanthorrhoes semiplan., Hibbertis stricta,

Tetrathecs ciliata, Hakes rostrata, Olearia, .nd Leucorogon

parviflorus, and occurring extensively on skelet.l terra.

rossas where the rainfull is akove 25 inches, The

e

£, huberians associ.tion geherally occurs as a transition

between I, baxteri forest on the rodsols and 5, camsldulensis

woodland on the solods, and is intermediate in topography,
so0il tyre, and aprearunce between the itwe formeticns, This

associaticn contuins scattered sc, pycnantha, ac, wmelanoxylon,

Ac, mearnsii, end Ponksie marginate over a number of shrubs

end undershruts, narticularly bracken,

The treeless heuth formation occurs on the humus podsol
and to & lesser extent the solodized sclonetz, It is liksly
to occur between the range and the {lat in lieu of

I. huberians in areas where the siliceous sands have been

flatterned and spread more ithan usual, 7Thus the bourdary

b
mey not:hbrupt between sclerorhyll forest with sucalypte and
bracken, and heath without either, In some situatiions

lertosrermum juniperinum and janthorroes semiplene will

revlace 1, myrsinoides and %, sustralis which are typical of
the podsols, tefore Z, baxteri Cisapjears; in others a

shrutby form of I, huberiana occurs at the bouridary., The




species are very similar to those of the sclerorhyll forest,

with legumes, eracrids, meluleucsas, and hakeas more promivesit,

Two assoclaticns deserve menticn, viz, %, austrelis - Heke.

rugosa on sandy rises, with RBanksia ornate common where ithere

is & cleypan, and I, gvaia whers the soil becomes solodized;

and Kelaleuc. gibbosa - H, restrate with Qesuurine pusille

in wetter situations, E, baxteri is frecuently found¢ on

sand flats adjecent to a range,

The mallee-heath formuticn is rerresented in the lower

South-¥ast by the I, diversifolis sub-climax sa3sociction,

41.

which grades into the vegetation on the podsols, hurus podsols,

and terre rossas of the dune ranges in the area studied.
Maiden rogercs this sreocies as & variety of I, baxteri with
which it is associcted in County MacDonnell, particularly on
Feedy Creek, Woolumbool, and Feacock Ranges (wWood, 193C),
Here it has grey fibrous bark and large fruits, while the

baxterli is extremely stunted, and grounc cover is Astrolons
DO

humifusum, Derwinie microretalsa, Fhyllota pleurandroides,

sdenanthos terminulis, and Grevilles ilicifoiia, By contrasi,

on the woakwine Fange, &t its uprer reinfall limit of 25«30
inches, it has smooth bark and small fruits and is asscciuted

#ith %, fasiculosa; the soil is the charucteristic shallow

terre ressa of thal range, and other syecles are those of the

heath and sclerorh$ll forest with native currant Leucopogon
farviflorus und coustul wattle ic, sorhorae,




Figures 6-7,

Takle 1 .
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Table 1.
SOME STATISTICS OF THE DUNE RANGES

representing stronded Pleistocene coasHines in the Lower

South-East,  Seources: Sprigg (1252), and Zevner (1959),
RANGE SIZE = AGE REMARKS |
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5, The data and its analysis: (&) general considerations,
Methods of measuring the behavior of individual plant
species are fully discussed in the manual of Cain ané Castro
(1959}, ©ollection and analysis of duta is deseribed
rertaining to the problems of pattern, number, anc
dominance, which are the basic criteria of syecies behavior,
The assoclation of srecies into grours with common attributes,
end detection and characterisation of such association, is

discussed by Greig-smith (1957).

Pattern is departure from rundom distribution of planis
in srace, Such derarture is the rule in nature, and is cdue
to habitat diversity and reprcductive behavior, Fattern
in the strict sense refers to individuals within & speclies,
but is revertheless basic to &n understanding of groups of
srecies, since such species being reluted will tend to be
¢istributed similarly, and thus be associzied, Intensity
of pattern is the degree of nen-randomnesa, which is usually
measured by deviation of a rorulation from the Foisson
distribution, The several tests for this all involve
frequercy, i,e. the rroprortion of quadrats cccuplied by &
specles, and such duta is most commonly ecllected because
it is convenient ang comprehensive, but it is however liable
tc misrepresentation under certain conditicns, particularly

when quadrat size is not suitable,  This effect of quadrat



2,
size i3 used to indicate the scale of puttern, (reig-Smith
stresses the importance of pattern in describing the
occurrerice of plants, and the significance of quantitative

measures thereof in solving ecological problens,

The imporiance of & srecles in & community cannct be
adequately exrressed without measures of number and
c¢omirence, The counted number of individuuls per sres is
the density of a species, and when estimated is called
abundance, This index is most meaningiul when asscciated
with some irdiecuticn of height, diameter, or 1life-iorm,

The term dominence is not specific, wund its precise

weaning must often be inferred from the contexi; for ex mple,
cover, cancry, volure, biomass, density, height, or crown
pesiticn may be variously implied, Cover, i,e, the vertical
projection of the lexf mosaic cnte the ground, is & common
index measured by point-quadrat or line-intercept methods or
else esiimuted, The combinaticn of coker and frequency is
more valld in detecting patiern und smsseceiation thun
frequency alone (Fershaw, 1957, 1960), 4 vhysically
dominunt species does nct necessarily exert any ecclogic.l
control on & commurnity, althouzh such control is usUally

implied,



Sampling technique, in purticular the size, shape,
nurber, and docation of gusdrats, is discussed in the
ranual and by Grelg-omith, The stratified random multiple
plot method 1s censidered toweffect the best compromise
betweern: the convenience and precision of gystematic
layouts, and the measures of disrersion obtainable with
rundom layouts, The imrortance of using correct guadrat
sizes when collecting frecuency data is stressed at length,
Tor example, & too large guadrat is likely tc overr.te
raere species with low intensity smell zcule pattern, and
underrate common srecies with intense large scule pattern,
Also, # large quadrat pay not detect nesitive srecies
egzocistion, whereus & toc small quadrat will show an

agszociation 45 negative,

Selection of correct quadrat slze is &«n arbitrary or
trisl-and-error matter, However, some degree of objectivity
can be achleved by observing the graph of number of species
gcored x areu of quadrut in the situ.ticn concerned,

Cain (1932) as a result cf his experience sugvests that

each synusia should have separute quedrut sizes as fellows:

herbaceous layer 1 square netre,

shrubs 4 ¥ * 3
low trees 16 . "
tall trees 106G s e

On the other hand, Curtis (1959) considers th.t the

difficulty of net using separute quadrat sizes is ofi'set Ly



4.
difficulty of not using serarate cuadrat sizes is offset Ly

the similar behavior patiernz of trees anc grouna vegetation,
4 sinzle quadrat size is considerably nore convenient, anc
has been widely used. For examrle Goocall (1853) used w

<5 sq, metre quadrat in the Victorian mallee, although
Orelg-smith (1957} wonders whether this was large enough to
include the largest scale of patiern, OCne may conclude

that quadrut size must be determined arbitrerily, but with

considerable discreticn,

The role of swpecies, not as individuuls but as members
of & vegetation comrunity, is discussed by Greig-imith (1957} .
He states that vegetation iz of a continuously varisble
nature, modified by the much commoner occurrence of certain
variants, A number of objective tut necesasarily arbitrery
meihods 1s preszented, by which to dlstinguish the comron
variants, i,e. communities, from the less common, i,s,
ecotones, Curtis {1959) also stresses the continuous
nature of vegetation, and that hierarchical associsctions are
for convenience only, «nd must be delimited on arvitrary
buses, Distincticn between communities may be based on
relative pattern, number, or dominance of the associated
srecies, according to the degree of refinement required,
Veasurernent of differences between potenti.l communities is

objective, but the interprret.tion of such differences in
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clas:ifying vegetation is subjective, ¥#loristic compositicn
iz the obvious initiul arrroach te zuch classificaticon
(Goodalli, 1953), but consideration of quantities, e.z.
product morent correlation coefficient of densities, 1is
gsocunder, especl.lly if a set of stands includes o wide

range of floristic tyres, Factor anulysis of estimates of
cover by the method of rrincirle sxes is & most rrecise but

laberiocus process, described in detall by Greig-smith,

Having set ur communities, they must be suitably descr-
ibed so that further stands may be assigned to them,
dith a given degree of overlap in the communities us
defined, the risk of misclussification of sztands can be
rminimised using aprropriate techniques, rhysiognomy is
the result of relative perfcrmance of species of different
life~forms; 1t can be measured, but is of vulue only in
describing communities of & high order such as the formaticn,
Species with u high degrec of rresence in one community
relative to others, are said to have & high Fidelity or
exclusiveness to thut community, and are known as faithful,
preferential, churacteristic, or indicator syecies; their
use will probably continue in porularity, Gespite Curtis'
{1959) contention that fidelity must be rejected statisticully,
His data shows thut species of high fidelity are usuelly

rare within the community, and contends thut therefore



56,
sumprling is likely tc be invalid, Greig-Smith describes
several other quuntitative methods, for examrle the
continuum analysis of Curtis, which is similar to factor
analysis but less precise, less laborious, and of different
arrlicaticn; Curtis used & combinution of fidelity and
importance value, the lutter itself a useful index since it

is the sum of relative frequency, density, and basal area,

Various tests for the correlaticn of vegetation and
hatitat &re sug-ested by fGrelg-Smith; for examrle,
depending on the type of dats and the informstion required,
Chi-squarsd, anclysis of vauriances, or regression analysis
might be used, This thesds is concerned with the effect of
the factor time on vegetation with regard to the guestion
of succession (Clements, 1915), so thut particular attenticn
was paid to simlilar studies off sand dunes in Mew South
Wales (Durgess and Drover, 1953), and on volcanic mud flows
in californis (Dickson and Crocker, 1853), The luotter study
recorded frequency, cover, and basal ares of the Five
conifer forest types, wnd changes in mass, carbon/nitrogen
ratio, and pH of the forest floor and superficial soll;
it was concluded thut these characteristics remain relative-
1y stuble after about 500 years, Burgess (1960} suggests
that sirmilar stebility, i,e, climex formations, obtains on

the K,8,%, dunes at 240 years, and in .frican troplicul forest
at 5C ysurs,



Variation in soils with age of the lané surface is
shown by terrea rossa characteristics such as depth of soil,
thickness of kurkar, and occurrence of ferruginous
concretions and sclution pipes (Blackburn et al,, 196%),
further variation in the terra ross:é may be shown by cutans,
which are features of the surface of structural sggregeates
in certuin heavy-textured =cils (Brewer, 1960), They arc
superficiul concentrations of ithe clay minersls and other
minerals, and are loosely termed clay skins; their effects
on-rrof'ile develorment und plunt growth may be considerable,
Cutans are forwed by illuviatlon and deposition, and there
is evidence that, in general, their formution beccones

rrogressively more dominant as soil rrofiles become older,

Thickness of both 4 and B horizons apjears to ircrease
with age in residual podsols in the South-Eest (Blackburn
et al,, 1965}, However, it is difficult to determine
whether a podsol is residucl or secondary, and since the
rrecise orilgin and history of the siliceous sands are not
known, few conclusions can be reached, Nevertheles: the

deduction that podsols are more likely to be residual in
<elevatred
wibdward

LY

situaticns is probably valid, The age of some
mature podsols is thought to be 1200-1500 years under
conifers in Sweden, and 4000 yeurs on the Helo, dunes

(Rurgess, 1960),



2« The data and its anulysis: (b) intersrecific correlaticn,
Distinction between vegetaticn communities, by the
rethod of Goodall (1953}, is bused on associatiocn of species

with & simllar pattern of distribution, The raw date is
rresence or sbsence in numerous quudruts, i,e, actual
frequency, «nd subdivision is carried ocut by consideration
of the correlated species with the highest frequency at
each step of the process, Huadrat duta representing absence
of the srecies is *"rocled", i,e, discarded and later

combined with c¢ther similar data to be further subdivided,

Acceording to Cocdall, vegetation may be described ag
heterogeneous if, subject to consider.tions of chance, the
digtribution of individuals in quadruts is not uniform., is
discussed earlier, this situation generally is due to
havitat diversity, causing twe or more srecies to be
ussociuted, Thus interspecific correlution provides &n
index of heterogeneity; for the sake of simplicity only
pesitive correlations are used, although it is recognised
thut negative correlations are equally meaningful, ané that
their cmission could render the method less valic, On
this basis, & set of quadruat data is considered not uniform
if the number of positive interspecific correlations
exceeds the number sxyected by chance, The data is

arranged in 2 x 2 contingency tables &nd correlations



tested by chi-squared, a significunce level of G,05,
qualified by number of guadrats, being used throughout, If
the data is edge-punched ontc cards, & visual appreciation
of frequency quickly indicates combinations suitable for

testing,

Subdivision has s its object the assigmment of
gquadrats into as few &s rossible grours which are homo-
geneous, 1l,e, without internal correlations, The procedure
is to eliminute heterogeneity by first taking as a poténtially
homogenecus group, all quadratis containing one of the two
wost frequent corrclated species (e.g. species 4); all
other quadrats are discarded temporarily, This potential
group is then tested for correlation between 4 and other
srecies, and further divided on the nmost frequent correluted
species (e.g. B); B-absent quadrats are discarded as
above, and rooled with the i-absent, roténtial group
AB-present is similarly tested and discards peoled, This
yrocess continues until a homogeneous group of quadrets is

attained, whereupon the entire pool of species-absent quadrats

is subjected to the original procedure,

In this manner, & number of homogeneous grours will be
erected, However, these groups arc regarded as discrete

only if they each survive the test of showing significant



association upon recombination with every other group,
i.e, causing the reap:earance of rositive interspecific
correlation, This stipulation does not of course apply to
the grour separated lasi, since this necessarily consists
entirely of species-absent quadrats., votentially
homogeneous grours might equally well consist of cuadr.is
containing none, both, or either of the two most irequent
correlated species, However, the proce«dure described is

empirically the most efficient,

o ,



€1,

%e The data and its enalysis: (c¢) association-analysis,

Pistinction tetween comrunities, by the method of
Williams and lambert (195%-1961), is based on doete similer
to that used by ZJocdall, However, subdivision is carried out
on the srecles with the highest index of association,
summed chi-squared, A4lso, wbsence dutu is not pooled, but
treated as au distinct rath of subdivision, and processed in

the sare way &3 corresponding presence data,

Accerding te wWilliams and lLambert, a porulaticn is
described as & multivariate system 1if associations between
units of the pepulution are not all indepencent, That
arecles asscociations constitute & multivariate system is the
basis of asscciuticon-analysis, This method seeks to
subdivide the plant population in the most efficient manner,
leaving the least amount of significant association,
Ccombinations of all species in pairs are testedé for
significunce, and the algebraic sum of the chi-squared
values of & specles is deemed the ussocintion index of that
species, Yates' correction for discontinuity is applied, but
for the sake of =zimplicity the use of Fisher's exact method
with small frequencies is not recommendec, Species with
frequency les:z than 2¢ are ignored, «lthough it is recognised
thut the omission of species of evén very minor occurrence

can have & serlous effect on the results, Hon-gignificant
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and indeterminate chi-squared values are treated as zero;

&n indeterminate value occurs when either or voth species are
present or absent in &1l quadrats, Such species do not
manifest pattern within the scope of the quudrats, so are
discarded; in practice, species with frequency greater than
26f sre regurded as indeterminate, When « large number of
syecles combinaticns is to be tested, the use of an electrénic

computer is indicated,

4n association index is used to assess the ecologic.l
importance of successive orders of subdivision, and of sach
greup of srecies, Severt]l possible indices ure discussed,
and in the selecticn of corrected chi~squared, prineciple is
compromised for the sske of simplicity, since strictly
speeking Yates' correction renders this index inaprrorricte,
Furthermore it tends to alter the path of subdivizion at
lower levels, and to generate ambiguities such us & class
with only one non-zerc chi-squared value because &ll others
have been treated as zero, On the other hand, uncorrecied
indices only change the degree of subdivision; also
ambiguities arc unlikely, and neither important nor
irrevocable, Such indices are 1, the quotient of chi~sguared
on number of quadrats, and 2, the aquare~-roct of this
quotient, The latter is suggested as being more aprropriate,

and the results obtained using it are comparec with those
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using chi-squured, Since there is littie difference, it is
concluded thal maximum summed corrected chi-sguared hus the
right prererties for the ussociation index, albeit for the

Wroeng reasons,

Subdivision might equally well be effected by a pooling
process such as used by floecdall, or by a hierarchical
process, i,e, not pooling, Willilams and IL.ombert compared
the twe processes, and found the latter preferable, because
the relative imvortance of the groups at swch step is
arrarent, By contrast, with rocling the route of subdivision
is meaninglesc, only the groursz themselves being avallable
Tor éxamination, and in any case the computution is longer,
Certainly the final groups are similur to the hier.rchical
grouprs, but are not necessarily definuble stutistically by

rresence or absence of key apecies, Term

Terminatien of subdivision is generally by reference to
& standard significance level of 0,05, corresponding tc &
chi-squared of 3,85, However, the major subdivigions are
of most imrortance in situations where associvtion-anulysis
analysis is aprropriate, viz, the elucidation of basic
pettern in complex ecological situations., Therefore in
order to suve resources, Willlums «nd Lumbert selected an

5

arbitrary maximur chi-squared (27°x number of quudr.ts) at

which to terminate subdivision, «nd this expedient they



called *"short division®,

lecombination of finwl grours is inherently likely to
recreate significant associition when an assccistive
parameter is used, therefore recombinstion testing is usually
pointless, Yowever, twe special situaticns mey occur b
when it is not se¢, First, very smull groups ey combine
indiscriminantly, Indlcating a significance level too low
to detect associution, Second, if muny of the possible
agsociations are indeterminate, recombination may not
recreate association, This mecond situation is meaningful
but rure, and not discussed excert te suggest that here
the criterion of non-significance has become less impeortant

than that of indeterminacy, which is norm:lly not the case,



7« The data und its anelysis: (4) cluster snulysis,
Classilicution of variable vopuletions, as outlined

by “meath (1962) and detuiled by =okal and Sneath (1963},

is baused on overall similurity of numerous characters,

The method seeks not subdivision inte groups, but merely

representation of &l1 species rslationships to provide o

bugis for their subjective interpretaticn, Vvarious ne&Esures

of similarity suited to presence-absence data are sugzested,

Suitable selection and expression of the ropuleation, its
taxonomic units, e,g, srecies, und their tuxonomic
characters wre basic to the vilidiiy of the an.lysis, These
&specis ure stressed since the method is applicable
generally, not only to ecolegy, There should be as Mty
characters as possible, at least © 50, and thesc should be
ascribed equal weight, each contributing cne item of
additicnal information ubcut the species, sc¢ that no
attribute is overemphasized; seec wlse Diver {(1%40), In
this way all knowlédga about each species can be assessed,
and, if an index of similurity is &vallable, relationships
between srecies cuh be exrressed in s rhenetic, i,e,

"nutural"”, classification,

Beveral methods for estimutiing overall gimilarity are

rresented, of which the most useful are thought tc¢ be the
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ceefficients of associuticn, One of these, suited to
coding cf characters in two cetegories such w«s plus ahd
minus, is 5 = u/(a + b + ¢), where &,b,c are numbers of

characters according to the table,

species 4

-

+
+ & [+
srecies B:

- c a
This 1ndex for the suke of simplicity ignores negutive
agsociations, such as entry *d", § vilues may be exrressed
@5 & percentuge in which case 1007 indicates complete
zimilerity, The vesult of testing avery combination of
species, for which an electrénic comruter is necessary, is
& similerity matrix tabulating the 8 value of each species

ralir, to suy the neazrest per cent,
fluster anslyasis itself is the method for identifying

of svecies with high mutual similarity, =etsbul.tion of
the matrix is the first step, listing speclies pairs
mecording to thelr similurity at intervals of say 107, By
insvection of this tuble, ussociations between species at

each level may be determined,

Such association may be exrressed disgrammstically in

the form of & "dendrogram”, such as Figure 16 of this thesis,



é.
For example, if species A & B associate at 5 = $0% or
higher they form & eluster at that level, given an
intervel of 104, Next, suppose C & D form & separate
cluster; then these clusters will fuse at any one level
&t which all four species asscciate, In pructice however,
€& D will rarely assoclate with both A & B «t one level, so
th.t @ criterion to determine the fusicn of clusters - and
in the same wuy the fusion of single species ~ must be
decided, The simplest, although not the most valid,
critericn is to allow fusion at the highest similority of
#ny srecles pair between clusters, Within & cluster,
&ffinity will be indicated by presenting specles in order of

their entry to the cluster,

Fatterns of assoclation are revesled in the cendrogram,
ané these must be appraised subjectively mccording to the
the irformutien required from the anulysis, If some clusters
a&re thought tc be of vualue, they can be described in terms
of constant characters, and diegnostic keys prepared, Une
important asrect of this numeric.l tyre of analysis is that
the proportion of character maiches to mis-mateles between
twe syecies should be a sprecific value, deviation rom which
is due to experimental error, Conseqguently sejarcte studies
on the sume meterial should produce substantially the same

result,



. Research Qbjectives

This ancliysis of the dry sclerophyli forest on dune

ranges in and near County Hobe had three objectives:

l. 70O RECORD disaprearing vegetation,

The existence of scattered remrants of hithertc
extensive natural vegetation, and the likelihcod of its
ultimete disupresrance, inticated the expediency of making
&« permanent botanical record for its intrinsic value, with
this initial objective in mind, the survey was planneé tc
determine what srecies were present, anc in what guantitics,
and how they were associated, Such information had not
been collected quantitatively before, although severdl

genersl descrintions were available,

e TO CORFIL.TE vegetation and habitat,

The rresence of & secuence of distinct habitats of
differing eges sugrested the second ocbjective which was to
correlate any heterogeneity in the vegetation with
difierences in the environment, particulariy with respect
to one fuctor - time, Other factors were to¢ be held
constant by careful selection of sampling sites with respect
to soil, aspect, and rainfall and thus it was hoped that

sore evidence be.ring on the question of primery plant



succession would be found,

Je TQ COMP'ARE analytical rmethods,

Having decided on the various asspects of sempling andé
reasuring the vegetation, the problem of adequate
presentation of & lurge mass of presence-absence duta wrose,
This siltuaiion sugrested the thirg objective; to comtiale
results obtualned using the rescently rroposed associuwtion-
analysis of wWilliams anc lambert, with those using the well
known positive intersrecific correlation methoc of Gootsll,
In zddition an examination wus planned of the eluster
analysis method of Sneath, It was intended thut thess
investigations would yield useful information about

technicues of vegetation analysis,

@9,



Plate 1,
TERTIARY GAMBIER LIMESTONE I3 THE COUNTRY ROCK IN THE SOUTH-EAST.

(2) It is pnear the surface to the south: (b) It is flat-bedded and not penetrated

open~cut building stone cuarries by water~coursea: river red gum near
neer Mouni Gambier. (Photo, Penole encoursged by sessonsl
"Cemera Techna"). flooding.

(¢) It relieves flooding by graduslly (@) It carries local ground-water supplies:
sbsorbing excess winter rainfall: the lekes, Mount Gembier, looking
sink-hole near Carocline. north-weat; alaso leck of vegetation

in this erez is apparent. (Photo,
de '?(-"%mtt) '






Plate 2.

AFROLIANITE LIMESTONE RUPRESENTS PLEISTOCENE COASTLINES.

() Possilised dune structure: Yerrnsmbool, (b} lentle of seolianite over less
Yictorin. consclidated eslcareous meierial:

haker's Zange neaP Lucindsle.

(¢) Terra rosss soil 2nd solution pilpes: (a) #odern cosstal erosion of seolianite
closc~up of (b)e. lergely refleciz sea-level
Pliuvciuations: Woskwine liange near

Yount Gambler.






Plate 2&

4

SILICEOUS SANDS ARE ASSOCIATED WITH AROLIANITE IN THE A#EA STUDIED: THEIR ORIGIN IS OBSCURE.

(a) Sands overlie seclisnite to form & dune (b) Deep artificisl drains through the
renge: West larecoorte Range, looking rnnges rallieve seseonel Flooding:

south from Narscoorte, (Photo, J.Pratt). Drain X, West Avenue Range.

(¢) The ssnds support dry sclerophyll forest: (a) The sands have become podsolised:
Tescocr Range cast of Lucindale. Bakers %ange near Callendale.
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Part 11, WETHOD .ND RUSULTS
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Ao, Collection of Iute

1, The sites: {(a) reconnaissance.

County NHobe w.s chiosen flor study because the dune ranges
are most distinet in this area. 7To the scuth, the runges
coalesce in the Mount Burr ares, and are largely without
natural vegetu.ticn near Mount Gambier; +tc¢ the north, they
coalesce due to rrogressive regional Gownwarping towerds the
Murray lakes, and in any cuse are obscured by silicecus
sands suprorting mallee~heath vegetation, fThus the study
was initially ccnfined to Lhe dune ranges of County Hoke,
&lthough subseguently extended to includé ad Jacent Hundreds

in order tov ocbisin more data,

Initial reconnaissance was undertaken in the winter
and srring of 1963, Enquiries of government and tourist
agencies rroduced & number of mars of the area, and
information relating to location of and sccess to the renges
was trensvosed onto & Lands Devartiment may, and supjplemented
by weeckend excursions by car Irom Fenols Forest and
numerous local enquiries, it the same tire, and subsequently,
& systemstic survey was undertaken tc determine the nature

anc extent of vegetuticn on any ridges which apjeared to be

b

part of & dune range was ®e %, provideé that disturbance



from earthworks or nastoral activity was not too great,
This coarse information wee to provide & busis on which to
checse sites for quantative sampling,
on

At first, only scrub which covered #%ke entire range
frem west tc eust was considered, However, this requirement
was found tec be far too stringent since mosti serub cecurred
in ratches, or wlon; rcadsides, or in sirips running norih
&nd south, Therefore this idea was abandoned, thereaiter
any area greater than about an mcre being considered,
Location wus determined from cbservation, enquiry, anc, in
the case of Huracoorte Range, from merial phetos, Aericl
rhotos &re of course ideal for locating scrub areas, but
since they are usually several yeurs 0léd, and since scrube-
clearing is sc¢ prevalent, they could act only as & guide in
this particular survey, Mr &, Blackburn of the CeSel R0,
Division of Soils, and Mr D, Raglass of the Sehe Derartment
of Africulture provided useful helpr in locating suitable

serub,

Sketches were made of each rotential site; 1locaticn,
extent, cwnership and history of cutting, grazing andg
burning being recorded where known, Colour and texture of
surface soil were noted and rrofile degth'determined by

enquiry; asrect and topography were noted and vegetation
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tyre recorded, Srecies rresent were noted in detail
z H

particularly Iucalyrtus and Pteridium, Number «né height of

the varicus eucalyrts ;:githQUght to give w good indication
of the tyre of site particularly with regard to drainage,
and it was thought that this might be important in selecting
copvarable sites, whilst the presence or absence of brackern
reflects locul drainage, its quantity apvears to indicate
the degree of humarn interference of the natursl vegetation;
although largely sreculation, this nevertheless proved a

goecd rule-of-thumt,

Two main facts emerged from this reconnaissance,
Pirstly, although there was an area of rerhaps 300 square miles
of scrub left on the dune ranges in the area studied, most
of this had been interfered with, DIeliberate or gccldental
burning oi the understory were evident, although these
appeared to have had little lasting effect on the sclerorhyll
shrub species, On the other hand, sporadic or controlled
light grezing, also common, had exerted consicderable
influence; furthermore, wildlife must surely have been
concentrated atter clearing inte the rermaining scrub arsas,
a&nd this rust have had & similar effect, It would aprear
that bracken is favoured ky such activity, particularly
after & fire, It seems that the other srecies are either

eaten cr trampled, und that once brucken is able to form
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& canopy the other srecies cannot become re~e¢stwblished ;

about twe-thirds of the scrub examined was in this cutegory,
Secondly, most of the scrub was dry scleroprhyll forest on

deep sunds, with I, buzteri and Leptospermum myrsinoides

predominant, The terra rossas were largely cleared and
cultivated excert on roadsides, although transitionsl soils

carrying E, fasciculosa, 5, obligua, and E, leucoxylon were

not uncommon, Thus the survey was to be restricied to

sclerophyll forest, in & more or less unnatural state,
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1. The sites; (b) final selection,

Since one object of the survey was to test the effects
of time on vegetation, every asttemrt wes mude to hold
other factors of the environment constant, It was thought,
that the sands of the ranges might reflect the fact that
underlying acolianite was fcormed at & specific time, Thus
vegetation on these sands might similarly reflect the age
¢f the seclianite, These coriglderaticns, anc the aveilability
of natural scrub, determined the comparakility of zites, It
was not rossivle to keep climate, scils, parent material,
topography, and bicta strictly uniform, so that some compromises

had to be mude in selecticn of sites,

It was agsumed that climate, with the excerticn cof
rainfall, was constunt over the area studied, This
assumpticn was necessary because of the limitations of this
project, although it is probakly not correct; for example
wind and insolation at Kingston and Penolsa no doubt differ
to some extent, On the other hand, immediate coastal
influences were eliminated, since the Woakwine and Canurdea
Ranges were not surveyed, for reasons discussed elsewhere,
Reinfall varies from about 22 to 30 inches, so, where
roseible, sites were chosen so that each range had gites
receiving 23, 25, and 27 inches mean annuzl r.infall, in

examination of Figures 4 and 6 indicates that this was
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rossible only to & limited extent; Ardune and Hyram Ranges
were excluded as they are toc short, It was &lsc assumed
that the pattern of ruinfaull haes remained constant

throughout the juaternary,

Becuuse the remaining scrub occurred mainly on
rodsolised sands, it was decided for the sake of simplicity
to restrict the survey entirely to such habitats, Thus
3ites with terra rosse and other shallow soils over
limestone were not penerally acceptable, preference being
given to those with yellow and grey sands; HKHowever, some
of the vegetation on rink sandy terrs rosse traensitionals
was included at some sites, Woakwine, west Iuiry, and
Harpers Ranges consist largely of limestone with skeletal
soils, «nd accordingly were excluded from the survey;
Canunca Range is mostly covered with modern calcareous
sands and was similarly excluded, Soil and parent material

were thus thought to be reasonably uniform,

Particular attenticn was paid te uniformity of
topography. Blackburn et &l, (1965) suggest thut if the
deer: sands do vary with age of land surface, this effect
will be most pronounced in the residual roGasols, These
cannot be readily distinguished, but are likely to cccur on
the crest of & range, i,e. ad jacent to the terre rossas,
Thus it was hoped to restrict samrling to the crests,

.S‘ . L LS " e
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However, such sites adjoin the agriculturally more valuable

terra rossus which were oi'ten clear of vegetation; also

roads with their usscciated vegetation are not usually made
on the crest, Therefore it wes not possible to restrict
sampling to the cresis, sc instead, vegetation on any

sandhill was included, so that «t least areinege was uniform,

The biota factor was assumed uniform, except with
respect to man's activity, vVegetution which showed the
usualsigns of grazing was excluded; on the other hang ,
disturbance due to other than very recent cutting was
considered to be unimportant, Areas where bracken Was
predominant, toc the detriment of other species, were
excluded from the survey; this wes not only because such
areus may have been disturbed by man, but also on rractical
grounds, It seemed pointless to recordé brucken as the sole

understory species with perhars Hibbertia sericec arnd

Astroloms conostephiodes, since any measurements of

frequency would be indeterminate, and the vegetalion would

not ranifest any differences in pattern,

Veget.tion recently burnt was excluded from the survey,
because the originﬁl species, although present agein
shortly after & fire, do not for some time manifesti their

rrevious relative frequencies., 1In order to obtain an
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indication of this tire, the amuthor examined seven hundrede
&cre scrub blocks on Tenole Porest, Hundred of Nangwarry,
3ection 28, north of Bocker's Lane, These blocks are
periodically -~ about every four years - burnt as & fire
preotection measure, and vegetation could be seen 1,2,4,6,
and more-lhar-l0 years ufter burning, 4is & general
stutement, ai one year bracken and pioneer comvosites
predominate, with little at the soil surface except ash
and some bryorhytes, By the second yesr many originul species
are evident, mainly as coppice shoots or scedlings;
scattered composites and much bracken are still rresent,

At four and six years, aprearance of the scrub ie similar,

The eucalyrt stems are still black, but composites &re
ubsent, ash occupies only 104 of the ground surface, und
the understory aprears to have reverted to its original
state. The scrub aut more than ten years differs from this
only in having no charcoal on the eucalypt stems, ané no
«sh on the ground, This information was used as & guide in

excluding &ll scrub which had been burnt within four Yeurs,

initially it was intended to sample vegetation at a
humber of sites on each range, However, it wus found
difficult to replicate adequately, since there was not
enough scrub left suitably distributed te represent each

range., After excluding vegetution unduly disturbed by man,



in the ways Jjust described, the number of sites wes small,
Yhe result (see FPigure 6, and Aprendix 4) was & total of

33 sites on nine ranges,

8,
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2. The species: (a) reconnaissance,

while looking for suituble vegetation on the ranges, &
collection of plants wus made, with the object of compiling
a coitwrehdnsive list of species likely to occur in the sres
studied, &bout & hundred plants were collected &t this
stage, and sent tec the state Herbarium for identification,
fince 1t seemed likely that some species would be missed,
due to limited tire being available for collection, &he
advice of four local botanists was sought, and these people
rrovided many srecimens, Collections were made in WYestern
Vietorie and the Upprer Zouth-Eust, in case species from

these areas should occur in the arc studied,

In this way, and with the use of Black (1843-1957),
Ewart (1930), and Crocker (1944), information on species
likely to occur was obtainéd, 4 reference herbarium of
several hundred arpecies was compliled, and many of these were
mounted in & fleld book with notes for identification, in
order tc aveid errors during the survey, Turing the
reconnaissance the first recording in South iustralia of

Dillwynie cinerascens m was made,



2. The species: (b) final selecticn,

The 150 species finally selected for sanpling are shown
in Tables ¢ and 3, Many of these had not been collected
during reconnuissance (and subsequently nearly half wers
found to have a frequency less than one per cent,) but they
wer. included for the suke of completeness, Nevertheless,
several common svecies were overlooked, notably anthosle

pusilis Bunge,, £, dissects Hook,.f., and Pimeléa flave H.Br,

Voucher specimens of wll except about ten of the species are

lodged with the Herbarium,

a considerable amount of time was spent ensuring correct
identification from vegetutive ms well as floral specimens,
because circumstances of employment necessitatec the survey
to be carried out in winter, The various Flora, local
advice, and discussion and study at the Herbarium supplemented
the author's observations, and resulted in the annotated

field reference specimens, Calytrix tetrugona and Bankeis

margineta were both divided inte two varieties for ithe
rurpose of the survey, g.,v, Teble 2, These *varietiesg”,
rarticularly of the Banksia, are not to be regarded as such
taxonomically, although their habit and hsbitat differences,
seemed to warrant their being treated as statistical

entities,
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Eastern and western affinities of the species used in

this project are suggested by the following appraisal, The
informution is from wood (1930).

Occurring in S.A, and eastern ausirelie only: 62 srecies

- and western Australi. only; 2 »

2 and both e.st and wesi: 26 "

= only: 1 "
Not mentioned: 3 %
Total: 15C species

& complete list of species, and the number toc which they

will be referred in the text, follows as Tebles 7 and 3,



Tuble 2.
STECIES 1187 1
Lighty srecies scored o frequency of .t lsast one

rer cent and were used in the whalyses, 7The quacrats
cccuy ied by ihese species wre shown in appendix B,

MYRTWCEAR

I lepteosrermum Juniverinum sm, gyn.l, scorerium ver
Junerinur Bwart,

< leplosyermum ;ukescens Lamk, zyn, L, lonigerum gm,

S leptospermum ryrsincides Schlecht,

4 kelaleuce oraris ¥Bluck,

% Tueulyrtus baxteri (Benth,) Meiden et Elekely,
6 Iucalyrtus obligua I'Herit,

1 Fucalyrtus huberians Faudin,

aprroximales ., viminulis Iabill, x R.arcmsphleis
Fryor et willis,

&€ Tucalyrtus fasciculeoss Fvi,

& Fucalyptus lsucoxylen Fvh,

10 Calytrix tetragors Tlabill,
variety ®"avw, leaves rubescent; [lowers generally
red, flowering for & limitec tine,

11 Calytrix tetragona Labill,
variety "B, leaves glabrous oy 3ub§1ubrcus;
flowers pink or white, Flewering most of the year,

12 Thotskye alrestris (1indl,) Druce,

I2 Kunzeu romifers Fvit,

14 Darwinia microretala (Fvii] Benth,

{continueg overleafl)

8s.
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TPACRIDACTAE

15 Lpucris impressa Iabill,

1€ acrotriche serrulete (labill) R,Br. wnd ,, affinis L,C,
17 .strolom&a humifusum (Cav,) R,Br.

18 astrolome humifusum var, denticulatum (BR.Br,) Black,

e

astroloma ccnosterhioides (=end,}Fvy,
<C Leucopogon collinus (labill.) E,Br,
21 Leucopogon virgutus (Labill,) R,Br,
<2 Teucopogon woodsii FyM,

<3 Leucopogon ericoides (om,) H,Er,

24 Honotoca scoparis (sm,) H,Br.

<5 Brachyloma ciliatum Tenth,

26 I'ruchyloma ericoides {schldl,) sond,
27 Styphelia adscendens FeEr.

FROTEACTUAR

<€ Banksis marginate Cav,
variety "A", shrudb or tree 2«5 m, high; leaves
¢, IC mm, broad; spike 10x4 cm;

<% Banksie warginata Cav,
variety "B", ihrub 1-2 m, high or postrate;
leaves Sum, broad; scike 4 x 3 Chig |

20 Banksia ornate ¥vM, ex Meisn,

51 Hskea vittatu R,Pr,

32 Hukes nodoss HeBr,

23 Hakea rostrata ¥vM, ex teissn,

>4 Grevilles ilicifoliwc {F.Br,) #,Br,

3% Persoonis Junirerina Lubill,

-0 idenanthes terminalis HaBr,

37 Isorogon ceratophyllus ¥, By,

JE& Conospermum patens schleé%.



LEGUMINOGAT
5% scacle spinescens Henth,
40 Ascacia myrtifoiia (sm,) willd,
4] Acucia pyenantha Benth,
42 scacla melanoxylon E,Br,
43 scacis verticilluta (L'Herit) willd,
44 scacia oxycedrus gieb,
5 scecla sorhorae (Labill) R,br,
46 acacis mearnsii de Wwilld, syn.i, mollissima willdg,
47 scaucia suaveolens willd,
48 Iuviesla btrevifolis 1ingl,
49 Possiuea cinerea 1, Br,
30 Gompholobium scostatum Euchel, M8, SYi. G, minus Stag
51 Fultenaec yrostrate Benth,
5?7 Fultenwes tenuifolis 1, By,
B3 Pultenseu wcercsa K, Fr, includes vur. wciculuris
H,B, will iemson,
54 FPhyllotu rleurundroides Tvi,
billwyniu floribunda Sm,
Dillwynia peduncularis Benth,
Bogsiuea prostruta Benth,
Kennediu prostrata P Br,

AS RN BN B ]
M -~ ot W

OTHER PaMILIES

59 Pittosporaceae : Bursaria spincse dav,

60 Casuurinaceae - Casuarin.g reludosa zieb, includes
var recbusta Macklin,

(31 » ¢ Casuarine pusille Macklin,

62 Supindeceae : Dodonues viscosa Jacq,

€3 santulaceae Txecearres curressiformis 3abill

€4 Thymeleaceae ; Fimelea gl-uca R, Er,
(continued overleuf)

87,
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OTRER FaMILIES (contd,)
65 mesticnaceae . : Hyrolaers fastigiata R, Br,
66 Tuphorblacese : impersa xiphoclade {sieb,) Druce,

67 nuteceae ! Boronia coerulescens FvM,

6t " ! Jorrea reflex. (lubill,) Vent, var,
reflexa,

6¢ Fhamnacece © gpyridium vexilliferum var, lstifolium
Eenth,

10 Phytoluccuceas: Jyrostemon sustrelesicus {1oy,)
Helimerl,

71 rilleniuceae : Hibbertia serices (H,Br.) Xenth,
includes varieties with leaf-margins
not reaching midrib; leaves silky,

'y . ¢ Hibbertia siricta H Er, includes
varieties with leuf-murgine reaching
miarib; leaves usually not silky,
but glubrous to pubescent; includes

, H.&ustrelis wukerield,

73 " ? Hibbertis virgata HoEr,

T4 ® : Hibbertia virguts var, crassifolis
(Benth) Bleck,
75 . ¢ Hibbertis fasciculatiw R.,Br., ex 1,

76 Bterculiacewe : Thomasis ret.loculyx FvM,

77 Tremendraceac ¢ Tetratheca ciliats Lincl,

78 filiaceae > Xanthorrhoe. cuadrangulete FvM,
79 . Zanthorrhoes semivluna FvM,

80 " Xanthorrhoes australis g, pr,




Table 3.
SPECIES LIST 1I
Seventy specles either (a) scored a frequency

of less than one per cent,, the occupied guadrats
being shown below, and were not used in the analyses,
or (b) did not cccupy any guadrats, although known,
from cbservation or information, to occur locally,

MYRTACEAE

Basckew behrii (schlecht,) FvM,

Leptospermum laevigatum {Gaertn,) FvM,

Helalesuce wilsonii IvM,

Melaleucu decussata R Br.

Melal®uca sguamea labill,

Melaleuca lanceoluts Qtto syn. M, pubescens Schau,
Helalsuca uncinats B, Br, ,
Melaleuca gibbosa Labill,(occcurs site B4 quadrat 3, Ell-1}
Eucalyptus vitres R,7. Baker,

Euealyptus diversifolia Bonpl, (RC3-7)

EYACRIDACIAE

Lissunthe strigesa (SM,) R.Br. (sC3-1)
scrotriche cordate (lLabill,) &,Br. (7EN2-2)
Leucorogon clelandii Cheel, (raig-2)
Leucopogon parviflorus (.ndr,) Lindl, (RC1-5)
lLeucorogen attenuwtus Tute

lLeucorogen rufus 1indl,

Styrhelia exarrhens FvM,

sprengelia incarnuta Sm,

Brachyloma daphnoides (Sm,) Benth,
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VROTEACEAD

Hokea ulicina var latifolie Black (wp3-9)

Hekee rugosa B, Br,

Hakea muellerians Black

Greville. lavandulace. Schlechi, (wP3-5, WP3-T7)
Conosrermum mitchslll Meisn,

LEGUMINGSAE

Acweiu armate H,Br, (RCl-5, RCZ-Z)
hcacia rhetincdes gchlecht, includes ver orariax Flack
seacie ligulate o,Cunn,

teacia farinose Lindl,

Deviesis ulicinu sm, (RC1-9)

Daviesiu ulicins var ruscifolia Benth,
Daviesisn corymbosa s, Cunn,

Fultenzeu teretifolic H,B, Williamson
Multences stricte Sims

Pulteraes pedunculate Hook,

Fultenaea rubescens H,B, W#illiamson
Pultensea humilis Benth,

Pultenuea densifolia Fvli,

Tultenae. cansliculata VM,

Pultensea graveolens Tate

Pillwynia hispide Lindl, (B2-6, B2-8)
4llwynia cinerascens R, Br,

Swainsonu lessertifoliu 1o,
Indigofera australis willg, (wNl-1)
Gompholobium huegelii Benth,

(continued overleaf)



Srheeroloblium vimineur sm,

Platylobium obtusangulum Hook,

Platylobium triangulere R, Br,

Eutuxie micrephylle {R,Er,) Black,

Goodia lotifelie Halisd,

Viminarie juncea (Schrad,) Hoffmgg, syn V.denudate sm,(Wal-2)

OTHER FAMILIES
Rutaceae : Boronla pllosa Lubill, (EN2-3,8A2-1)
" Boronia filifoliu PVvM,

L 2]

Sterculiaceae : Lasiopetalum discolor Hock,

" ! Lausioretalum behrii FvM,

» ¢ Laslopetulum buueri Stee:z,

. ! Lasiopetalum schulzenii yvM,
Thymeleuceae : Pimeles srathulsta labill,

{EN2~5, RC1=%9, TRCI-T)

. : Plmele. serpyllifolia K,Br, (B2-6)

" : Pimelea octorhylla R,Br, (RC2-6)
Casuarinacese : Casuarinu stricta iit, (EN3-S, RC1-1)

N : Casuarina muelleriuna Mig, (Waid4-1)

Euphorbiaceas : asdrians kiotzschii (Fvl,) Muell, AYG,
Compositae ¢ Olearis ramulosa (Labill,) Benth,
thamnaceae ¢ Spyridium parvifolium (HOOK,) PvM,

N Spyridium subochrectum laxiusculum Black
Fhytolaccucewe: Didymothece thesioides Hook, f,
Loganiaceae : logania linifolis (wWPe-10)Schiecht.

L 2]
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J¢ The parameters,

The parameter Frequency accounts for most of the deta
collected in this survey, carried out in winter 1964
this was measured in terms of presence or abserce of 15C
species in 320 guadruts, Occurrence of the B0 srecies with
&« frequency of at least ore per cent, is rresented in
Appendix B, &nd of the remaining 70 species in Table 3,
wvhile totul actual and rercentage Irequency figures for the
former species are shown in Table 4 and in Table 6,
Density of 1€ srecies was measured in 33 subjectively
chosen quadrats, one to represent each site, Choice of
these species was arbitrury, with the thought that changes in
guantities of reluated species, e,.g, E, baxteri and
E, obliqua, might reflect changes in habitat, Cover of

these and other species was alsc measured; detuils of
method and results of cover and density measurements are

given in arpendix C,

S0il samples were taken from two subjectively chosen
representative quadrais at each site, 4 wedge of
approximately 6 x 3 x 1 inches of the tor three¢ inches of
soil was dug with a spade, litter and humus having been
removed, It was intended that rhesphorus and organic carbon
contents would be determined, in crder to assess differences

between asites, However, circumstances did not permit
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the snalyses tc be made, and accordingly the 66
saumples are stored in plastic bags &t the Botany Lepartment,

University of adelaids,

At each of the 33 sites, ten Srequency saumples were
tuken, These were locuted randomly as far as possible,
usually stratified within a limited area, In &he case of
the seversl roadside sites, the samples cannot be said to
be distributed randomly since there was often barely srnough
vegetation to be saumpled., In another sense also, the
samples are surely not representetive of natural veget.tion
on the ranges, since scrub-clearing itself is not & rancom
rrocess, and certain areas will have had prefersnce,

Sketch macs with estimated position of samples is shown in

Apprendix sz,

Considerations of quadrat nurber, size, and shape &are
often somewhat contentious, Jjudging from the literature, 1t
was decided thatl a large number of quadrats wes necessary in
crder to adequately sample the nine ranges; 330 was the
number used, Size &nd shape were decided after several trial
runs had bsen made, using long rectangular quadrate 22 square
yards in aresa, Clrcular guadrats of 20 gsqguare metres were
used for the actual survey, and proved to be most convenient

in the field, and sutisfactory statistically,
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E analysis of Frequency Data

1, Interspecific correlation: (a) application,

Goodall in 1953 proposed a simple method of detecting
association between srecies which has becore well known
and which wus used in this project, The method reguires at
each stage of subdivisicn knowledge of the frequency of euch
species, and the significance of ussoci.tion between sach
of several frequent species and &« nurber of others, The
prohlbitively laborious computation implied is avoided by
transferring rresence-absence dete inte a card-sorting

aystem which renders the method rracticable manually,

Initially, one quadrat was represented by two cards
containing & total of 160 numbered Boles Lo which the 150
species were assigned, The hole relating to & srecies
rresent in the guadrat was punched out, =z¢ that the card
would fall durins sorting; this runching was done manually,
ard was itself « guite tedious process of some 100 men-
heurs, later it wes found thet sorting with two cards rer
quadrat wus irpracticable, so the date relating to the &¢
species present in three or more cuadrats wers transferred
to one curd (see ippendix ), that of the repcining 70
species being lgnored, sssignment of species to new holes
wag mace according to cenvenience, and herice their haphszard

numbering; this srecial edge-punchied card notution is



9s.
shown in the second column of Table 4 and in the introduction

tc appendix i,

During the transfer an errer was made, resulting in

omission of lukes vittats, H, nodoss, i, rostrata, anc

Grevillea ilicifoliu, Total frequency of these species is

negligible, excert of rostrata which is <?%. However,
inspection of Tuble 4 will show for examrle, thut even though
this species occupies 43 of the Grour C quadr.ts, there are
rany other species which have & greater freguency in thut
group, Therefore the error is regarded as of little

congsequence,

Subdivision invélved testing & number of specieg pairs
for significant assoclaticn, then subdividing the quadrats
on the most frequent correlated srecles, according to the
distribution of chi-sguared with one degree of Ireecom,
Observed actual frequency data were Grranged in a contingency
table, expected frequencies deduced therefrom by rroportien,
and chi-squared with Yates' coriecticn derived in the usuxl
way, The rrobability used was that suggested by Soodall:
¥ = 0,05/N, where N is the number of comparisons, i,e,
number of quudrats, to be tested; P varied from C.060015
(330 quadrats, chi-squared = 14,5) to 0,0013 (39,9). Gver

“C such tests were made during subdivision, and 60 during
recombination of grours,



1. Interspecific correlation: (b) results,

Analysis according to Coodall's method resulted in
seven grours, three on three srecies, three on twe specles,
and one corsisting of sprecies-absent Quacirats, see Figure &,
Size of the grours varies {rom 1€ to 8& guadr.ts; for
actual and yercentuge frequency of srecies in the grouyps,
see Table 4, Significance of the correlaticns was gernerally
high, for exanmple the least significant conrarison tested was
thet of Group F: chi-szquared of 12,75, compared with 11,6
irem the distridution, 1In &ll of the recombinations
sigrificant association reap;eured, the leust so being B
with D {chi-squared 12,4, compare 12.4), ané B with ©
(12,0, compare 11,8), Thus, at the significance level used,

@4ll seven groups were deenmed Giscrete,

Cheracterisation of the groups would enable their
swift recognition in the field, Figure S suggsests some species
which muy be & useful indication because they occur in sone
groups tc the exclusicn of others, For exami-le, Hibbertia

and HMonotoca present in ali of & set of sump-les would indicate
Group 4, remembering the limits imposed by chance and

sarrling, ¢n the other hand, the histograms alsoc iliustrate
the similarity of Groups B and © which are wlike in all
respects, excepting for the occurrence of Corre:, LUsing

Table 5, & key bused on Figure ¢, estimated or neasured



97,
frequency of nine srecies would ernable vegetaetion to be

marred Intterms of the seven grours,

Location of the guudruts representing ecach Lroup nay
be determined from Figure 10, which shows the quadruts at
e.ch site in order of sumpling; TFigure 1Ga& is the sune
information yresented to show how indiviaual groups are
gigtributed. It is arrarent thet amaller grours such as 4
«nd I, and loosely characterised grours such as I anc G,
tend to be restricted in distributicn, approximate, wlnost
arvitrary, division of the sites into north ard south
sections with anmuel reinfull respectively less ard greater
than 2% inches is alse shown, Hunmbers of quadrats relating
to each grour are presented in Figure 11 for euwch of 51X
categories; numbers arec expressed as percentuge of «ll
quadrats in a particular category., It was thought that
separaticn of quadr.ts containing eucalyprts observed to
occur on shallower soils, would tend to elininute undue
variations in the soil factor, Thus & better appreclaticn of
any patterns in the vegetation, as slucidated by the grours,

would be rossible,



Plgures §-11,

Tables 4-5,
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Table 4
GOUDAL] GROUPS: SPLCIES FRIQUENCY

STLCIFS  punched- frequency: frequency: incividual
C.V. card all grours grour A E
Tatle 2 notuation actual ¢ (16 quads,) {71)

1 4 2t 8 2 12 6

2 12 [ 2 3 4

3 12 292 & 16 160 69 &7

4 A > i

5 14 290 &g 16 100G 1 100

& 1¢ 4C 12 2 3

7 &C 17 5 4 6

(3 2 48 15 1 6 1l 16

G 24 4 1

iG 25 92 28 4 25 2% 4G
11 26 a8 Xi 14 &g 33 47
12 27 P 7 3 4
13 1 2z 7 1 & G 13
14 e 5 4 2 3
15 & 167 51 7 44 2% 4C
ie b 154 47 6 38 31 44
17 5 112 24 16 23
1& & 102 31 3 19 14 20
1¢ 7 245 T4 16 1w &0 &5
2C & 1¢ e3 1 6 16 25
21 g cEs ¢ 13 81 64 SG
22 1C 5 e 2 p
23 11 170 52 & S0 43 61
<4 is 71 2¢ 16 100 24 34
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Irequency: individual srouvs,

GV, . O D E ¥ G
Table 2 (88} (44) (17) (55) (39)
1 6 71 =2 4 4 7T &8
2 2 2z 1 2
3 87 100 40 € 16 Y4 45 B2 1¢ 50
4 1 1 2 5
5 66 76 41 91 17 160 48 87 3 79
6 23 26 3 7 6 11 6 15
7 5 5 4 < 3 LI | 5
3 10 12 T 1 5 28 6 11 & 2
9 1 1 3 5
10 21 2 1€ 46 10 5% 4 T & 1%
11 16 18 11 24 12 1 3% 3 3
12 6 7 2 4 3% 6 13
3 303 3001 20 1 .
14 11 1 2 1 3
15 52 60 3 51 6 3% 34 62 16 41
1€ 55 61 T 60 2 12 18 33 17 44
17 € 29 23 51 & 3% 22 40 20 52
1€ 3 11 2 6 3% 21 e 14 3
19 63> 72 3% 8 & 47 55 100 1€
20 33 36 7 1l 11 65 5 g &
21 b8 7€ 42 93 & 35 55 106 17 44
22 303
23 23 2% % 56 5 p0 43 g 22 5y
24 15 17 T o1 oz 12 3 5 4 10

oo .
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STECIES  runched- frequency: frequency: individual
QV, card all grours A B

Telle 2 notation sctual ¢ (16) (71)

. @5 17 207 €3 1¢ 60 43 ol
A 16 > 1
27 18 18 > 3 A 3 4
28 2% 112 24 b 31 2% 3%
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33 42 72 e & 11
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SPECIES punched-
GaV, card
Table 2  rotation

- 5 34
b 3%
5% 3€
-6 39
57 40
5& 41
£9 U
60 v
61 |
62 X
63 ¥
64 44
€5 48
66 45
67 50
6& 53
68 B
70 E
Tl F
7e G
73 I
74 J
15 K
76 p=
177 Q
78 R
79 o
&0 3

Irequency:
all groups

frequency: indivicdual

wctual ¢ {16) (71)

6 b 4
54 18 T i0
45 14 6 € 15 18
52 16 4 2% 19 27

¢ 3 3 1% e 3
15 3¢ 5 J1 24 3¢é
16 5 1 6 3 4
15 5 4 6
2% & Z 12 11 16
1> 4 1 i

S 2 1 1
27 & 11 1&

i%e 60 13 €1 5¢ 73

k. 1 d 6 Py b ]

G 5 & &

134 41 8 56 71 10¢
S 2 3 4

1 1 1

237 G4 1> &1 6C Es
204 62 G 56 43 13

4 & 1 & 1 1
17 5 16 106
32 10 5 31 G 13
4g 18 1 6 12 17

15¢ 48 12 15 71 100
1o 1
13 6 &

261 &0 12 75 63 &9

les,
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srreizs freguency: irndividual grours,
Q,V, I ¢ D E F G
Table 2 (88) (44) (17; (55] (39
53 1 ;! > | 2 1 3
54 2% 33 p 1117 100 1 2
55 & ¢ 5 11 o 18 7 13 3 &
56 17 19 4 9 6 11 2 5
57 ¢ e 1 e i >
58 4 .38 13 29 i € @ 1€ 12 51
59 3 7 3 S 6 1t
60 7 g 1 e 1 & ; | ' 1 -~
1 12 14 P4 4 2 1 P
¥4 1 1 3 7 4 7 4 10
€3 1 2 P 4 1 5
64 2 2 7 16 4 7 3 &
65 56 G4 36 .  EO 15 g8 17 31 g 23
£6
67 4 5 1 g
68 e 44 1 2 1 6 1¢ i€ 4 10
6% 1 1 2
70 1 1 1l €
71 75 €6 38 B84 10 56 49 &9 32 62
12 7€ £7 24 53 13 76 25 4% 16 41
13 2 4
74 3 3
75 6 7 [} 1 € & 15
76 15 17 12 27 P 12 B 4 10
77 27T 31 4 100 1 6 2 4 1 3
76 11 13 1 é € 3%
79 3 3 1 3 1 b4 2 5
(9] 17 8Y 44 100 13 7€ 20 3& 31 /s
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Table 5
GC0ODALL GROUPS:
& EEY BASED OH ;‘?%"LEQUIZNCY

of the nine suggested indicutor species shown in Figure o,

Tetrathecs ciliatse 75 or l00%,

Hivbertia virgate cressifelis locg(groun G: 34)
Fonotoea zcoparie-1COL(B: 347, others; 5-17i):- Group A

Hibbertis 07,

Corree reflexa reflexa 1007 :- Grou; B
gorrea 2%:- Group D

Tetrathecs 317 or 3-67 .

Banksla merginate (dwerf) 1009 (B358%, 41387, Di245);
Tetratheca 317:- Group ©

Banksie S-23%; Tetratheca 36 .
"hyllote rleurandiroides 1007(C: 353, others:0-11%)Greuy E
Fhyllote Ge1i¥,
Astroloms conostephicdes 10(Y (G:18%,
others 47-100%); Xanthorrhoea austrwlis
362(@:79%, others:75-100%):- Group F
Astrolome 18f; .icucia scphorae 234
(D:99, cthers:0-33):- Grour G
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Sk cabegories sre considered ofter division of the dara (1} on cerbain wcalﬂlﬂ's hﬂu‘cal of shalower soils, and @) norbh =
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section of a rénqe i3 expreased as a mel'm}o of the tokal number of qumdmts N that sachen according fo the scale 1 inch: 100 %,
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e Assoclation-analysis: (&) spplicaticn,

Williems and lLambert in 1959 rroposed a method of
detecting and characterising associution belween srecies,
which was used in this project., The methof reguires at
each stuge of subdivision knowledge of the significance
of association between each srecies and every other species,
and the summation of this significance for e.ch species,
fuch computation is normelly carried ocut in fuli by an

#lsctronic computer,

Date used for this analysis were presence or absence
over «ll the quadrats of &0 srecies with a freguency greuter

than one per cent, These are the same syecies us those usec
in Goodall's interspecific correlation anclysis and shown

in Specles List 1 (Table 2) with three minor exceptions,

Brachyloms ericoides, Hukea nodosu, and Gyrostemon

australasicus, for which Melaleuca gibbossa, icecia armeta,

and Timeles spathulutae were inadverterntly substitutec, In
as n Table 2, but
the text, srecies are nunberadﬁdifferently in the printed

st.tement of computations (see Table & and introduction to

Arpendix 1), y

Frocessing of the d-ta was done in about five minutes
in & ©DC360C electronic digital computer, input being in

the usual punched-card form, Chi-gquared for each srecies



vair was determined, in the manner suggested by williams
and lumbert, treating as zero all insignificunt values
according tc the chosen standard probability level of (,095,
The highest frequency of any srecies in this prcject was
894, so that none were to be regarded us indeterminate,

The computer was programmed to terminate subdivision, net
&t & particular significance level as suggested by williams

and lLarbert, but at & specific number of grouys,



t1a,

2. association-analysis: (b) results,

Analysis eccording to williams' an¢ Leambert's method
was contirued until 16 groups were evident, which cccurred
atl &an assoclation index of about 17, see Figure 12, 1t may
be =zeen that over & large range of the index, 120 to 6G,
only four groups were arparent; at 30 there were eight
groups, and thersafter considerabls fragméntation is to e
expected, It was thought that 16 grours was & suitable

with whicl
numberAto elucidute vegetation patterns, and to compare the

rethed with that of Geedall,

Actuzl and relative frequencies of the srecies in each
of the groups are shown in Table 6, from which 16 possible
indicutor syeciles are selected, see Figure 13, 4 Tew of
these species characterize single groups, such as Boronia

coerulescens in Group T, but generally the frequenciez of

combinations of species wust be assessed - such as abseree

of Eucalyptus baxteri with presence of E, obliqua tc

indicate Groups XK plus L, From Table 7, a key to the grouy s
based on Table 6, it may be seen that indicutor species alone
can generally ornly be used to key out pairs of similar

groups such as P and 4. Frequencies of numercus other srecies

have been invoked to separate individuul groups,



ns,

Distribution of quadruts representing eauch of the grours
may be seen in Figure 14; quadrats at each site in oider of
surpling are not shown, but may be determined from Apprendices
D and A together, A few groups such as Group I are
ubliquitous, but many are restricted in distritution anc
srpear to indicate environmerntal gradation over the wrea
studied, For example, Groupr H tends to occur inland and
Grour W towards the cecast, while Groups { and K appear to
occur in respectively higher ané lower ruinfull areas,
Froportional representaticn of the groups in the two
rainfall categories on each range is shown in Pigure 11,
Divisicn ofi eucalypts typical of shallower scils was nhot
attempted because it was thought that the large number of

groups would require unrealistic fragmentation of the data,



Figures 12-15,
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WILLIAMS & LAMBERT GROUPS: SPECIES RRECUENCY
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Teble 6

FILLIAMS & LAMRERT GROUPS: 2PECIES

FRECUENCY

gbl percentege freguencies

SPECIES Associestion Prequency N ... Freguency - individus}l groups —
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3. Clugter analysis,

Sneath in 1967 invoked the principle that & natursl or
velid classificaticn of wny variable populaticn is one based
on overall similurity of numerous equally weighted charucters,
rather than on a considerution of & few key charucters,
Sneath discussed the possibilities of developing this
principle of numerical taxonomy using electronic computers,
&and suggested some indices of similarity, and alse & way to
exprese clusters of taxonomic units with & high mutual
similarity, 1In this project is presented & brief examiration
of the principle, in the form of & classification by cluster
analysis of srecies, in terms of their similarity of
occurrence in quadrats, Classification of vegetatiocn into
groups of quadruts was not attempted, as it would have

invelved considerably longer computaticn,

Data used for this anulysis were presence or ubsence of
the same &0 species used for Williums® and Lambert's me thod,
although the notaticn is different (see introducticn to
Aprendix T), 1In order to test the vilidity of the method,
the quadrat date was randomly split so that twe separate
classificutions ("odds* and “evens®) would evolve, ¥or both
of these the computer calculated similarity 3 = /(a2 + b 4 ¢)
to 0,19 for each species pair, and issue¢ & printed

statement voth of the matrix as such, and the matrix
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retabulated in classes of 2¢ (see Aryendix D),

Dendrograms were constructed by inspection of the matrix,
the criterion for fusion being highest similurity between
any species pair; Filgures 16 and 17 show dendrograms for
ocdds und evens date at class intervals of 4% and 169
similarity, It will be apparent thut the smaller interval
pregsents & detuiled ricture of relationships between
individual species, whereas the larger interval presents
that between clusters of srecies, hence there is closer
agrecmént between odds and evens at the larger interval,

It is ulso noteworthy that the share of &« dendrogram may be
mere aprerent than real at lurger intervals; for exampls,
with an iénter¥el of 167, clustefs which fuse at }gigﬁ will
be shown at 187, whereas clusters which fuse at 1%53; will
be shown at 249, and thus a large discrepancy between two
such dendrograms reflects only & small real difference,
This situation is an artefact according to the particulur

criterion for fusion of elusters, and to class interval,

It is difficult to attach any precise meaning to the
numerous clusters which are arrarent at even low levels of
similerity, other than to say thut species in any cluster
tend tc occur together in the field, But even this is not

meaningful in the case of common species, because those
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which occur in most quad:ats must tend to occur together,
i,e, they are indeterminate, For example Species 3

lept, myrsinoides, 5 Luc, buxteri, and 21 leuc, virgatus

have high frequencies and thus s high‘similarity, anéd form
the basis of the firat cluster, Conversely if sevei.l less
cormon species are clustered they may well represent &
vegetation group;, for example the following are tyric.l cof
Group T (Figures 12,13): Species 54 Phyliotu, 78

X quadrangul«ta, 67 B, coerulescens and 61 Cas, pusilla,

and these cluster with soms others at 22-76% similarity,
Nevertheless clusters do notccorresrond with vegetation

groups other than in this very generul way,
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Tart 111 PISCUSCICN

he Vegetuticn end Hubitat

l. & quantitative description of the vegetation studied,

This rroject has wchieved a rermanent record of
vegetation cn some stranded coastal dune ranges in Couniy
Fobe, The record is largely in terms of preserce or
otherwise of about & hundred srecies in numercus small
circular sampling quadrats at subjectively cliosen sites. 1n
addition, actual apounts of scre zpecies in terms of number
and coverage rer given area have been recorded, Such records
complement the general descriptions of Crocker (1¢44),

Wwood (1937), &nd others,

Since measurements were mainly confired to ary
sclerophyll forest formation, the main syecies were

anticirated as such, fThese were Bucalyrtus baxteri,

lertosperrum ryrsinoides, leuccrogon virgatus, Hibtertie

serices and Pteridium aquilinum which were of course aimost

ounipresent, and thus indeterminate with respect te
vegetation patterns, Several less commor srecies were found
tc be of greater imrortance than might be expected from
surerficiel examinatien, for exarple Iscpegon and gorres which
each occurred in half the Guadrats, and in fact & new

recording of one srecies was made, On the cther huné Hukeea,
-
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Acacia, «nd the legumes generally were not as prominent as
expected. Alsc very few of species thought to be typieal

of the arid Mallee area wnd the humid Grumpisns erea were
found to occur in County Rebe, although vegeteticn in
western Victoriu generally was cobserved tc be zimilar to that
studied, 7That many of the srecies occur alsc in eaatern

but not western sustralia does not detract from the

historical sequence propcsed by Crocker wund Wood (1%47).

Tuxonomic and geographic varistion in several sjecies
was observed, at the suggestion of local botanists, ke

reasurements were taken, but it ayrears that Correa reilexa,

scacia pycnentha, and icrotriche serrulate all have several

roces adapted to particular habituts, Furthermore, division

of Celytrix tetrazons intc hairy and glabrous varietiecs, of

Banksiu marginete intc erect ang dwarf, and of istrolerme
MR AR A S

humifusum into the tyre and the vuriety denticulatum ap;ears
to be vindicated by the fact that these pairs rarely occur

&t the same site in similar quantities (Aprendix ¢),

Measurements of relative frequency indicate that s;ecles
doe nct occur harhazardly in space, On the contrary, sone
are strongly restricted in their distrivution, and further-

Piore some tend to occur only in associcticn with other
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particular srecies, Such association is ewsily recognized
visually on & larze scale, ssrecially since coincidentul
changes in some environmental factor are often readily
arrarent; for example, an asscclaticn of stringybark with
heath srecies invariably occcurs on upland sites in the ares
studied, But small scale assoclation is less ewsily (¢ oL
recognized, and in this project & number of grours has been
detected and characterized by frequency measurements, The
nature wnd size of these grouys depends con considerations of
sarmpling techrigue, criterions of significance, ané method

of analysis,
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2. The meuning of vegetaticn ratterns in terms of habitat,

AS & gener.l stetement it nuy be said thet the
distributien of & plant s:ecles is determined by ohe or more
controlling lactors in it: environment (wooc, 1538), and
from this premise may be drawn the inference that the
distribution of groups of associated speclies will be
similarly determined, Hence, the distributicn pattern ef &
grour will indicate the extent of & rarticular habitat-tyre,
This irnformation can itself be used for whatever jpurpose
is in hand, reinforced if desired by further descriytion cf
the habitat, 1Ir this rroject some grou;s aprjear Lo occur
indiscriminantly while others are reatricted to varicus
rarts of the ares studied, and the causes of these patterns
will now be examinec with respect firatly to tire anc

climate, secondly te purert naterial anc topograrhy,

If tirme is the only contreiling factor grours would
ideally be restrictec lurgely to one range, ano would
gradually f«ll away in irportance on successively younger wrg
older ranges, Trends of this kind are evident across the
chronesequence of ranges in the area studied; for example,
Grours VeI~ {Figure i0a) arreur to complement cre snother,

&8 o H-W-L  (Figure 14). such trends ure better illustraied
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by considering the proportien of quadruts belonging to esach
grour on each range; for example, in the lower and higher
rainfall regions resyectively, the secuences Fe- anc B-i=C
(Figure 11), H-H-J and Q-0-1 (#Figure 15}, Cn the other
hand density and cover mesasureménts generully vary

irregulatrly, despite the following exce;tions:

species impertarce Meax imum
70 leuc, ccllinus central density of 17 «t wid
1¢ 0, tetragonsa hairy inlang " 17 at wid
21 leuc, virgatus (two density mexime)
€& Correw relflexs (three " " )
6 Tuec, obliqua coast ] cover of GOY at ED2
2C leuc, collinus subcoastul » S04 T Wp3,EDL,

Therefore there is aprarently szome evidence to suggest that
the vegetation reflects the chronosequence of habitats,

medified by rainfall differences,

However, this evidence is not fully sust.ined uron
cloger exsmination oi three basic assurrtiicns: thet
successive habitats arc succeszive in age, thet the sample
represents the population, und that habitat factors other
thun time are uniform, 1, 4ge, Mozt authors agree th.ot

the aeoli.nite cores of the dune raiges are successive in

wize, but this does not necessarily wprly t¢ the narntle of
siliceous sunds which are the rarent material in question
(Flackburn et al,, 1865}, 2. Sarpling,

the 330

The total area of

sunrles taken - about twe acres - cannot adequately
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exyress aboul 300,000 acres of vegetation, and this will

cause errors, Jurthermere, the location of sempling sites
was often « matter of expediency, «nd this must intrecuce
tias in assessing relutive importunce of the groups, In
addition there may of course be some ceficiencies inherent in
the methods of analysis, 3, Other factors, #hilst climete
and blote may be repgarded as uniform, despite reservations
expressed in Fart Il, parent rmaterial anc to:rogrophy are
certainly not, For exanple, some sites are eastern slepes
berdering swampy flats, while others are stony upland areas;
these variables are likely te confuse any vegetation

patterns cuused by cifferences in age,

Therefore 1t 1s arparent that the chronosequence nay
rot adecuately explain ratterns in the vegetation, and thus

scre other explanation must be sought,

Veriations in purent naterial medified by topography
can be correlated with the occurrence of reny Williams arg
Larbert grours, Examrles follow of three general tyres of
situation: shallow stony riok sunds or loamy sends on

western slopes (about 107 of all quadrats), decr yelleow or

#hite sunds on ridges (70§}, and shellower sands with S0me

walersble influence on sastern slopes (20¢), 1, dtony sites,
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Group Kk has most eof its 13 quadruts confined to site fil
which iIs almost flat and has a shallow reddish 301l

carrying Eucslyrtus obliqua., 2, Deepr sands. wWithin this

situaticn grours arpear to be controlled by minor differernces
in asrect and profile derth. For examr le, firou; o

(44 quadrats) occurs on flattened crests of sandricges such
as Site N1, R and T (40 quadruts) on south-western crests

of wide sunahills such as 9p3, and H (3¢ quadraetis) on
eastern crests such as WhN2, 3, shallow sands, Ixem:les

are Grour U (23 quadrats) at BZ, and Grou L (17 guadrats)

«t D2, Thus there is eviderce that vegetution patterns
reflect the nature and quantity of parent matericl,

mcdifded by torograrhy,
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3.Conclusions,

The vegetation in question consists of several
hundred species of which but « few are widesprewd, most
being rare, Of 150 srecies selected for study only 13 were
present in morc than 50§ of the sumpling guadrats, where.s
over three quarters were prresent in 10% or less, 4 few
uncderstory srvecies such as Ihyllota and Monotcca which are
of srarse frequency on the whole, are nevertheless founc to
be rlentiful within certein limite¢ arcas, sSuch sreciles
signify measurable asscciaticns or sccieties which terd to
be exclusive to & high degree, anc ol which there arc about

ten, derendinz on the criterion of association,

From the literuture it is apparent thut there is &
chronosequence in secils on the dune rangses across the ares
studied, certainly in terra rossas and rrobably in resicdusl
podsols, However this situation is largely not reflectec
in the vegetation studied, due in part to difficulty in
ebtaining encuBh comparable sampling sites, But even if thi
difficulty were to be resclved, and in addition soil senples
taken, the offects of age would not necessarily be evident
since the ranges are probably old enough to have developed &
climax vegetation, Nevertheless it is suggested that,
although this rroject has not demonstrated clear evidence for

& succession or other effect of time acresa the ranges, a
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more complete study might do so,

Fern-uniformity of envircnmental factors cther than tine
provides an explanation for patterns in the vegetation,
Parent material is ihe most irmrortant varisble factor since
samrles were located not only on residual rodsols as
originally intended, but also a8 a perhars unwise expedient
on secondary rodsols, and to some extent on terra rossas
and humus podsols, TFurthermore, as will be readily
aprreciated, precise uniformity of torography is difficult
to achieve in any study on massive fossil Gune systems,
although this would certainly be lessened by & larger nunber
of samples, On the other hand climete ard biota differences
wili have had litile elfsct, once ruinfall is taken into
sccount, Therefore it is concluded that the cause of
vegotation patterns revealed in thiz study is rot ezt as
such but rather recent geological history, i,e, the degrec
and timing of @eolian processes and the charnce placement of
gilicecus sand, especlally with respect to subsequent

rodsolization und groundwater influence,
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B. AnalgtiCul Methods

1. 4 comparison of interspecific correlation with association-
analysis,

These two methods differ basically only in the
criterion upon which quadrats are divided or asscciated, and
«li other differences wre uninportant, Certainly the
mechanical processes diftfer: on the one hand Gocaall
corputations must gensrally be rerformed wanually, i,e.
selecting by eye sultuble species pailrs for testing, then
counting or weighing the cards thus scrted, and serforming
»t lJeast & rough chi-squared test; exrerience will areatly
sherten this process, but it is still laboricus, On the
other hand all wWilliams wnd Lumbert computations are
rerformed in u few minutes, «lthough at greater cost, anc
the results stored in the computer or issued as a printec
statement or diagram, also the former ignores negative
assceciation, and employs pooling of negative quadrats at
sach stage of subdivision, the latter recompends the
contrary, However, the king of process used aprears to be &

more & natter of expediency than prinecirple,

The real difference lies in the nature of the species
on which any given set of quadrats is subdiviced, Goodoll
uses the rost frequent srecies, i,e, the one which cceurs

in most quadrats in the set, rrovided only that it is



significuntly associated at an arbitrary rrobability level
with at least one other species, irrespective of the sectusl
degree of associaticn, Williems anc Lambert, on the other
hand, use the species which shows the highest degree of
&ssociaticon with all other species, for which several
indices ure sug:ested, irrespective of the frequency of the
species, ¥For example, the Tirst division is on

leptosperrum myrsincides (total frequerncy &€97) using the

former methoc, but on Fhylleta pleurandroices (16%) using

the lutter, which illustrates that asbundunt species are not
necessarily strongly associated, end in fuct are likely to
be the reverse, since they tend to occur indiseriminantly
over & wide range of hubitats, Thus an ecologically
inrortant syecles is held by Goodull to be & widesprew.d one,

but by williams and Lumbert a restricted orne,

Two practical consequences of these contr.ry view;cints
might be mentloned, 1., Both methods require « significance
level to be arbitrarily chosen; in fGoccali's method this
choice may alter the path of subdivisicn by determining
that @ given srecies does not meet the requiremint of
association with at leust one othier, and mey «lso allow

recombinaion of groups, In the other method, the choice

will cetermine which individual chi-sguared values are
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insignificunt and thus to be regarded as zerc, this will
alter many associution incex values, and in this way will
slightly distort the levels of zubdivision, and pwy
vogsibly - at lower levels - cause different srecies to be
selected, 2, 4t &« given slgnificunce level, Goodall must
produce & fixed number of grours, since by definiticn sach
each stege of subdivision is terminauted when ro srecies are
asgoclated, (ertainly Williams and lemberti slsc produce

& fixed numker, but only if subdivisiorn is continued tc
zerc associutior index, and in prractice this can be termin-

ated &t wny level to rroduce any desired number of' grours,

Desrite the disparity in ;rincirle between methots, the
final grours do correspend to some extent, for exanmple nmany
Broup R quadrats coincide with Grour E Quadrats, J with G,

H with F, and 30 on (Figure 18), foodall Grour  smbraces
several §illilams and lambert groups, andé illustruates the
fact that lubge grours may not indicate ratterns in the
vegetation; for exumrle, from the distribution of ¢

(Figure 10a), the restriction of soue quadrats (Groups K

and 1, Figure 14) to the west, and others (8 anc T} te the
north-central would not be suspected, But, having taken into
account this artefuct due tc o differing number oi grouys,

the patterns eluciduted by the two methods are riot



dissimilur, and it is suggested that any such similarity
€xists because the methods arrive at the same destinaticn
by different routes, In other words, supposing that
divigsicn of & set of quadrats indicates twe habitst-tyres,
cnewill be represented by either absence of the srecies
used by Goodall or presence of thuat used by williams and
larbert, whilst the other will bte represented by the
reverse, Thls suggestion could only be tested if toth

analyses were performed using the hierarchy process,
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2o A brief exuminution of cluster unulysis,

This method differs in princirle from those Jjust
discussed in thut tuxcnomic units (i,e, quédruts) are
clustered (associated) on presence or absence not of ore
key character (species), but of many characters (e.g. all
8¢ srecies) equally weighted, On the one hand Goodall and
Willicms and Lambert srlit the populaticn inte groups of
ouadrats on the princirle that two grours are most unlike
if the ecologically most imyortant species is entirely
cresent in one, entirely wbsent in the cther, Sneath o
the other hand works in the reverse sense to construct the
ropulaeticn of quadruts from its individuals; two quacrats
&re deemed most alike if they huve the largest number of
s;ecles present in both quadrats, It is arrarent that
Sneath proroses a natursl system in which the classes are
subjective, flexible, and generaliy aprrlicable, whilst the
others prorose artificial systems with objective, pigid,

loeally aprlicable classews,

As used in this project, cluster analysis suffers
several rractical defects, 1, The similarity index does
not take negutive association into account, which is
unfortunate becuuse in ecology such associaticn can be
regerded as meaningful, 2, Highest similarity between any

srecies rair is perhars toc crude & critericn for fusion
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of clusters, since it can be quite misleading, ¥or examyle,
consider two large clusters between which one sreciss pair
harrens to have & similarity higher then average; fusion
will occur &t this higher level, gg; this obviously does

net represent the real situaticn, 3, The process cf
constructing & dendrogram from & similurity matrix is tedicus
and subject tc human errcr; in fact if the metrix were
between &ll quadr.ts, and average zimilarity between clusters
was the criterion for fusion, it would be impracticable

manually,



2. Cenclusicns, 46
In principle the difference between rositive inter-
arecific correlation (Goccall, 1953) and associaticn-~
analysis (Willlems and lambert, 1559-1¢61) lies in the chcice
of key churacter by which vegetution classes are
distinguished, Both use the ecologically most imporient
srecies to subdivide a vorulation of sempling quadr.ts inte
groups, but thelir Gefiniticns of this srecies ¢iffer:
Gocdall imrlies by usauge that widespreud species sre most
important, williams and lambert the reverse, 1t follcus
that since restricted srecies tend te be physiclogically
corfined to & particular habitat, they will incdicute
environmental varistion, which will in turn be reflected in
vegetation differences, Thus such specles are more useiul
than widespread ones in Gistinguishing vegetation classes,
Furthermore, Williams' and lanmbert's key srecies is chosen
by considerwtion of associution betweer &ll sypecies, ang is
thus 1ikely to be nore meaningful than Goodall's key species
which need only be associuted with one other, Therefore it
is concluded that agsoclaticn-analysis iz & pore valid

rethod of vegetution &nalysis than interspecific correlaticn,

In rractice the methods ure similar, Goodall's main
virtue is that it can be rrocessed menually, but it sul'fers

the considerable disadvantage of rroducing & fixed number
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of grours; also the rath of subdivisicn depends upen
significance level, williams and Lumbert does not suffer
these alsadvantages, but must be electrenically processed;
flexibility in number of gzrours rroduced makes it the more
rreferable method, provided that & computer is both available
and warranted, 1t is recommended that datu be rrocessed
e¢lectronicully by Goodall's method using a hierarchy process,
since in this way, human error would be avoided in selecting
the most frequent syrecies, and in selecting correlations

to be tested; also a better comparison of the paths wnd
results oi subdivision of the two methods would be availsble,

esrecially if negative association is recognised,

Sreath's method based on overall similarity of equal
characters is & nutural system, and thus likely tc indicute
general trends on & regional basis in the sclerophyli forest
formation, It is recommended that the method would be
enhanced by an index using negative asssocistion and based on
species quantity as well as frequency, Furthermore, a
computer progrumme which directed clusters oi guudrats to

be fused at an average similarity level, and¢ which drew the

dendrogram, would be & useful ref inement,



By contrast, the methods of Zoodall and willisms end
lambert are likely to reflect habitut differences within
the area studied, since they are artificial systems based
on jocally important characters, Furthermore, these
methods are to some extent locul fubrications, because
measures of density and dominance are not incorporated to
counteract any undue effects of quadrut size on frequercy.
Nevertheless they cculd be wmost suitable for recoghnizing
habitat and land-use tyres, since, once basic categeories
had been characterised, typing could become & guick

process for use in agricultural end ferestry planning,
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Appendix A

LOCATION CF QUADRAT

The following maps indicate the approximate loccation of the
330 quadrats., They are sketiches and not to scale, S.A.
lands Department hundred meps should be consulted for the
exact scale, Quadrats are in County Hobe unless sntherwise

stated,
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Arpendix B
Thie eighty species which scored a freguency of at least

one per cent,, i,e, present in more than two of the 330
quadrats, The specles, and the numbers assigred to
therm, are shown in %pecies List I, Teable 2, 7The locations

of the gyuadrats are shown in appendix A,

zite IM LHD
Qquadrati- 12 345678910 123456769 10

sgecie3
1

A

b
"
5
"
by

¥ X X Xx X X X X X X X X X

b X x X

E

16 X XEXEIXEXTENLEX X

» X X

17 X X X X ¥

B
¥
;é‘
z""
>

i8 XXX EXEXXXX

R XX XXX EXXXZX X X X X X X x

»
-
}r

20 X x



ENL
12
X X

3

&

4567
XxXxx

XX XX

X X X X

XXX X

W

10

"
Fie

e
3V ]

N
123456789 10
X X b 4 XXX X X

X X X X X X X

XXX XXXXXXX

X Xx X X

X X X x

XX XX X XX
X



INL ENZ
12345678910 123456178¢% 10
51

53

L
-

58 XXX XXx
5¢ x X XX X X

37

5& x x

64 X X x
65 XX X XXX XX XX X X XX X

6E& X X X ¥ K X X X E X X X

71 X X XX XX XX XX XX X X X XXX

72 x x x X XX

& x 4 X X 2 xx X % X X X



ny

W M~ O W B G

20
21
22

24
25
26
27

w R

IN3
12345
x
X X XXX
X X XXX
X X XXX
X x
X x x
X ¥ X Ex
XX XXX
XXXXXx
x x
XXxX%x

678910

X X X X X

XX X ®Xxx

%N

1

12345676910

X

X

L X XX XX XXX

X
X
X X
X X X
X X X
X X X i X

X X X x X X

X Xx XXXXXxXx



R R B IR
ALNE IR VRV

37

28

I
il

L

23456788910

T
0]



61
62
63
64
€5
66
&7
68
69
70
71
72
73
T4
75
7€
77
78
78
80

EN3

1234567E€°¢ 10

XX XXX

N
12534

X XXX

567 ¢& ¢ 1C
x

X X X X
X

XX X EX X



w N

D M =~ Oy

B
&

¥

567686910

X XXX

X

w3

-y

12

¥ oM R oH K

L&

X

X

X X X X

X E XX

1¢



W

1234567¢€¢%10 123456768¢% 10
A
Je
33
34
35 X x
J6
3 XXXXXXXX
38
38 x
40 XXXXX X
41 x
42

48 XXXXx X

5 X X x x XXX X



b
-4
LV

WN3
245678910 1223456768639 10
61 Xx x
62
63

64 X x

' -

4
)

65 X X XXX KXX
66

67

68 b 4

6%

70

717 X X2 XXX XXX XX XXXXXXEXEXXX
72 x x X X 2 XXXEZXXZXEX
13 x

T4 X X XX XX
75 xx Zxxxx

76

11 x

78

7%

80 x x



W 0O M W e g N

i il N T B T RS
o TR IS TR -

s

<&

b 4

e
tal

X

4 5678%10C

X

x

X X ¥ X X K

122]
(@]

o]

|

)

E I

£ X

X E & B X

X

oM M

o

¢ 10

n o® oM



=
@0
Q
-2

5
|

N

12345678¢% 10 1 345678¢ 10
32

33

34

3%

36

31 x x x

39

40

41 x z X X x
42 x z b <

4> X X
44

45

46 x =x X

47
4

4G : 4 X X I Ex

57 XX x
8 X X X Xx X X



61

~

[
6>
64
€5
66
67
33
6%
70
71
72

T4
75
76
77
78
79
&0

-

2

WN4

2345067¢E69 1

& A X XXX

XX X X X X x X

se1

1234568

XXX XXX

XX X X2 X

7889 1C

» 3

X



WM = A B G N b

L
N -

-
LW

-3

[
o

s N )

a0

h
o

934
Q
n)

.

345676910

o [
()

X XXX XXX XXX

XX A X X XXXEXX

XX X BXEXXX XX

X X Z XxX X
X XX X & x ¥ X
X 2 XXX x x
X
X X X X X X

)

]
T

P

b

b

LR

s



[
n

sc3
345678910 123456789 10

]
™y

!‘

3 X x XXX EXE XX

48 & x
¢ x x x x X b4

50 b 4 x

5| X X
52 x

53

54

55 X

6 x XXXx x

57 X X b

5& XX X X X 5

59 X X
60 X



sc2
12345

-
A

X

78910

X X X X

¥

3

4 5

678

X & X

]



ot

1O~ Y AN By N

®oon
HoOo¥ K X M

P
bt

O T

b

)

»

b4

p

W

5617
x X
£ X
X

X
X

X
X
XXX
¥

b
X
b4 X
X S

X
b4 X
X x

%

W

&

%

o

=
©of

i_'.

=
N

]

b

woM om

>

wn

&

67868

XX & X

B

w

10

X



cé WPl

TR

234567869 10 123456786%10

op

et

40 X X X x x X X X X X XXX

46
&7
486

56 x X%

%1 X X X X X X

b b b 4 X XX XXXXXX

13 Xxx x x

a0



1<

80

£C4

123456

g
¥

¥

b

789210

XX XX

AL

10

® MW W M M



W e

HAD M =) 3N A

24
as
26
27
28
29

XXX X X X

XXX XXX

X
XXX
X X X
X
XXX XX
X
X & i
P X
X
X X X
XX X X

XXX XX

7¢

X X

X X

b

10

=
.
&

5

)
Lg%
i
&
wm
(2]
-3
62]

» § 10

XXXXXXXX XX

X X X XXXXXX
X X X

X X

X XX XXXXXX

b 4 X X
x X
b 4
X X X b 4
XX XX EXEX
X X XXX
X X
X x
x X

X XXX X x X Xx
X X XX X X XX X X



d

3
L ¥

12345678910 123456786810
x
£ X X x X xx X x
XX XXXXXX
IXXXXXXXXX XXXIXXXXXX
x
> x
XX XXXXXX x
x
x X X XX X X R X X
x X X XXX x x
X x
X X x
EXXXXXXXX XXXXXXXXXX
X X x
XX x XX x



fd
s

X X XX X

X XXXXXX

X X X X X X

XXZXZTXXXX

3458678¢%1

X X
X X

o

o

o
o
S\

234

b
=

XX X X

XX XX
X £ X X

5 ¢

XiX

b4

& &

¥

10



-

W oM o= OV A A g R

po b
o

I

13

-

E-1

|

s

MW o
(¥
=~
1
o

]
n
b
”
M

I I

x
X

£ &

X 32 X X X

X X X
x X

x
X X X X X

¥

b

E

L8 a)

%

s
|

10

=
L

ok
Mow

%
&

X

x

.

4 5

Xxx

X X

6

oM O OR M XN MM

1

X B =

W

10



£ X X
X X XX X

T XX XRXRXZX
X X

& 10

X X

X X

X

Bl

123456782910

x
X X X b4
X XX XX XXX
ZE X X X

X
x

X XX X

X x

XX XXX X X b 4



ey
ﬁ
ot
e’

ix‘

1234567 €649 10 1234567¢€¢910
61 X X X xR
62
63
64 x X x x
65 X XX XX X X XXX XX XXXXXX%xX
66
67
€8 X XXX x
69
70
77 xx XXX XX XXX
Fis EFXZXXXXXXZX X X X X xx
73
74
75 X X XX
76 b b 4
17 X XXX XX X3X XX
78
7% X X

.

&0 X ZTXXXXXEXZX EX XXX XX



W =l O WU e g N

=t
o

x

]

i

56782910
Xx X
X %X XXX
XX XX XX
X
X x
x
X %X
x
Xxx
X x
x
XXX XXX

X X X £ X %

A XX A X

4 R X x
X X X
X X X X
X X
X

X

£ X X X x

-y

8

e

&

oM oM

A X

X X x

X



B3
123456786910 1234561789210

B

37 XXXXXXXXXX X X X Z X XXXX

39 X X X

40 X x X X X X X

48 X X x XXX XX XX XX

54 XXX XXXX XXX

57
58 x x x XXX

59
60 X



€ 245678¢%10 1234567869110

ad

61
62 X

63

64 X X

65 AXXXXXXXXXX X X XX XXX XZZX
66

67 X

€8 x X XX X

62

70

71 x x b 4 REX XXX X
¢ XRXXXXXXxX X x X X X x
73

74

75 x

76 % XXX

71 AXXXXXXXX

18 : X XXX X X XXX
79 z

&0 XX XXXXXXXZx% X x x



B4 £AL
12345678¢% 10 123452678910

1 X

e

3 X XX XXX X X X ¥ X X X X X X X X%

4

5 X ¥ X x X X X X X X X & X X X% XX %

€

7 X X X % x

& X x

o

10 X X X X X x

11 x

12

13

14

15 3% X X X X X X

16 F3 XX XXXX2%2 X

17 b X X xx ®

18 X x X

19 X X Z X XX b x X X x

20 X XXX XX

21 EXXXXx2x XXXXXZXXXZX

23 x x XX 2L XXX x x

P X

e EX T XX X & X X XX X x X X X

26

27

78 X XX X x x

29 XXXXX xx XX X Zx=x

30 XXX x%2X=®%X X X X XX XXX



31
J2
33
24
35
56

=
r

=Y

7

567 &9 10

&£ X

X X X

XXX X xx

X X

EAL

1234

[ =
-

678¢ 10

;x



on
b
%
[

’.i.é
12245678910 12345€78¢910
x
X XXXXXXXX XXX XXXX
x X xXx
XXX XXXXXXX X XX XXXXZXZRX
EX X XXXXXXX X %
X XX x XX E X
x x EX XX XXX X
£ X
XXXXXXXXXX XXXXXXXX XX



Ao B e R B SRS I T L I

a8}
A

A I Y T
g\am O\p\g:‘:

ZAZ
—————
12

34567¢€¢9

X

X

X

£

10

X

XX X X X X %

XXX X X X

x

X X X

b

X

o

i

#

x

x

(T

1C

& X

b 4



LY

o™

10

L

[

2456

&N

1

g 10

€

34567

(3%

i

N o«
MY Y

[ )
LA}

X X

X X X &

X

XX X XX X

-

o

38
39

40
41

42

43

&4

3
-

§%

46

o

é

4¢

#

X X

(O )

NN oy W b
(o 2 S Vo N S P TS TA

59

€O



Py
e
)
LS
]

Ll i

AV}
S
\n
[ea)
-l
=

"

;10

'
nl
W
&
WA
Loy
. 3
o

W

10
61

6?

63

64

€5 = xxxx XX X X X X XX XXX
66

67

68 X % X 4

6%

70

] X XX EX XXX XX X X XXX XXXXX
1° X X X £ X X X X XX XX X % X X
T3

74

e -
iz X X

.

76 X X X X X X

T7 XX X ¥ X XXX ZX x X X

€0 ¥ ¥ T XX ®X XXX X X X X XX X% x



3
<

N
Moo
)

24

LI+ s SR B AT B V1

ol -t
™

¥

B R b g
oy

[
o3}

ry
a%

s

Ny

8*\3?\)'\,‘)&)&7-\3
WO~ o

&
[
[

>4567E&68%10 123456789 10
XX XX XX X XXX XXZXX
XXX XXX X% EXXXXZXXX
P X x X x
x x
x
x x
XXX XXX X X X
x XX XX X
XXX XXXXKX
X X X x X X Xxx
X X% xxx XXX XXXXX
X X X X X X X X X XXX XXX X
X X X X X X XX XXXXXXKX
XX XXXXXXZXX
X ® X x



=1
-4
¥ =N

KAl
> 345 €782 ¢ 10 12345676869 1¢

)
")

31

32 x

33 X XXEX XX
35

261

Y4 XX XXX X x XX X XX

]
R

A BN
Pty

> X X X x

RGBT BT T TC Y R
M M o~ O W & g N
e -

»

M
4

o
Lo



61
€2
63
64
65
66
67
68
€9
70
71
72
7>
74
75
16
T
T¢
7%
&0

e}
-3
-

')
n)
(%!
-3

&

¢ 10

X

b
ot

«
.

34567¢89

faM]

M

X X X X X x

X XX X X X X X x

10

4%

s
ol



i
an

)

LV

#h

(v 2 TR S I S

D M o~

et
)

E . B S S

»

=
I
w

i ‘

X X

1C 1223456768910
X XX XXX XXX XX
X XX A X ZXZEXAXEX
x X x
X X X X X X
X X A X X X X X
X E X X X X
X
X
X X X X
XXX A x
X X X XXX x X
XX x X Xx
X
X X
XXX XXX X x

& X X XX X X X

!



;
N
=
FS
W

.7 3458678910

L=
LY
LY

-4 5676

37 X X XX X XX XXX X X X

AC X X X ¥ X XX X X X x X x X X

0 XX XXX

U\
ASL I~ I . I
»
]
"
»

X X X X X X

-y

W1 A A A am
o
»”

e

XX XX XX X X &£ X £ XE X X

N
0

e
c
¥

"



-
=g
2

- ol w2
L RV

-~
(=23 N2

1%
S LN

n
A

[

X K

&

o

&

o

0

10

o

=
=
A

ot
ny
\e
~
L&

XX XX

X E X X X

X X X X

X X X X

X X x X
X X X
X x X
XX X X

XX X X X



bd

N3

§ 56786910
X XXX
X X X

b 1

XXX XXX

X X
XX

Y
(]

[

B

"

Ny i

W

et

]

b

~

»

£E7¢8¢
XX XX

x
X X X X
X x
x X
X X X
x ¥
X X X X
b x
X x
¥ X X
X x

10

¥ oM

2]



vy X X ¥ X XX

£
&

£0 X X = x

56 X X, X X X. X x



WA4
123456789 10
x x
X X
XXX XXX XX
x
ZXXXXXXXXX

XXX XX XX XXX

X x XX X X
X

X X X

XX X X X X X

X XXX XXX XX



AN I

o~

W5

food  fed et pd
R4 DY O

)
o

>

b

E S

&

A

i

x X X

X

X

= D

N

b

S

A

=

.

5

X X

A X X

X X X

s x

X X X

.

X



iC3

N
Of

£

10
X X X X

Y
Ve,
o~

Wt

1¢

[¥3}

P~

[T

(28

LB

i

21

x X

A X X X X

A B XK X

X

x

X

X X X X X

>

O
-

41

o
.

X X X X

£
3 o H
I

dh
TS §

=Y

i

X K X

X X X

A

e

L1

&0



£y i O
LR M e NY M4

-~
[y

- e} ]
v R

-}
o

i
e 1
)

B

|

1

.
LS

X X X K

i

7868 10

X X X R

‘n
LS (O

(=

X & X X

X X X X

X X

X X X X

A X X X X X

A X X X X X

X X X X X

A L X X X X



ln‘l
<1
N

L=t
%

¥

%
"
B

X

X X X X

X X X X

24567869 1C

X A X X %

X K X X X

E

L

L

X

W

By

»

Lil

12 254567
X X

b 4
X X
X X X X
X X XA R X
xE X X X
X X X X &
XX ZXx X X
X X X X X
X XXX XXX
X

X X XX XX x

X X &

F . B B I

be

&

10

X

oM M

v



U

M
o

X X X X

X

X X ¥ X K

X

I X X XXX X XXX

o)

L

(U

=t

=+

X X X X X X

X

49

L)
L™

o
[ T

LY
['eY

X X X x

X

s
[T

2%
U}

-
EaS

£ X X

o

X X

Xx X
XXX X X

X



61

e
»

z

"4

€4
65
66
67
gs
69

S SR T R
N S

-3
=

&4)

X

e

i
s
L1 ]
o

. X X X X

-
fa s}

10

1

&£ E X

X X R

#

X

%
(5]

X XA X x X

A X X B X

H K
"

X X X X X

X X X X X X X



AU ¥ VU

-t (S V o T 4 B U o 1
O

¥
o

"
Lwl}

[ =

iR &

b

"M M oM

V=1

S

L

-

A&

X

X XXX X X

[ 2
b
+,
¥
b

B
® KX X K
L

b
H

XXX XX
XX XX X X

AW W o A A W AR O e B
(2l I N L LV S T R o T V< B 4 3}

L
0

60

X X X X

XX X XX EXEX X XX

X



5
€€
67
68
€S
10
11
17
T3
T4
15
76
17
78
TG
&0

a X XXX X X X XX

X X X

X X X

X X X X

AL

.

X X A X X X

X X X x X

A X X X X KX






hpgendix_g
DENSITY & COYIE DATA

nixteen commen species were arbitrarily selected for
density mewsurements, The number of individual plants rooted
ineide half of & 20 square metre cuadrai wes courted, ;rovided
thut @ plant reached a srecific reisht., In ithe eourse ol
secoring rresehce and abserce, the guadratl we: subjdectively
chosen as belng rerresentuative of tihwe cite, Thus density

wes measured in one in every tern Quadrats, i,e, J) quadrats

"y
o

inr &1,

Gever of the sape srecios was eslinuied by eye in ana

around the sarme quadrats, 7This is the totwl aree. of grouny
uren which the vertical ;rejecticn of the garisl jerts of

& srecies would lall, disregerding overla;, This wes
Cxrressec as & percenta e of the total wrea col iaerec, and
the s ecies ascribed to cne of the [ive coverage classes:

1-?@, -5, -5, -?ﬁ, ~100%, In adéition the oover of Lwelve
further species was estirwled for cueh ite from & consideratic
¢f &l the guadrats, and of the vege tution irmediately &d jucent,
Scale-~

PJENSITY. 1 dinch: X plants/i0 sg

ie NG LIEB

CUvrne,l inch: 1
L ]

In this Appendix, species are numbered according to the
notation of Table 2,




16 SrICITZs (density & cover)-
10 Calytrix tetrugona
11 Calytrix tetragona
12 Calytrix alpestris

Aflhairy) specified height 12 inches

B(glabrous)

1 lertospermur Jjunirerinur

3 leptospermum myrsinoides

40 acacia myrtifcoiia

28 Runksia marginata i(erect)

29 Banksia marginate B(dwarf)

X Banksia ormate
15 Eracris im-ressa

21 leucorogon virgatus

20 lLeucorogon collinus
68 Correa reflexe Treflexa

71 Hibbertia sericea et var,

72 Hitbertia stricta et var,
75 Hibbertia fasciculata

12 3¥FECIES (cover only) -
5 Tucalyptus baxteri
6 Fucalyptus obliqusa

46 Acacia mearnsii

16 .crotriche serrulatsa
17 Astroloma hurifusum

1€ Astrcloma hurifusum denticulatum

19 astroloma concsterhiodes
7€-80 Xanthorrhoes SITe

Pteridium aquilinum (1,) Kuhn,

grasses
comr:osites

Scirrus nodcsus Rottk,

L

"

”

*

111

Li]

"

"

"
Li]
1
n

®

4 feet
¢ inches
12 inches
€& inches
"
¥
"
"
"

L
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Arpendix

ANALYSESR IHN DETAIL

The frequency dats presented in Appendix B as presence
and sbsence of &0 srecies were snalysed by esach of three
methods, the results oi which are summarisec¢ in text Figures
B, 12, and 16 to 17 reaspectively, These three analyses ars
cresshted here in greater detuil, 1, Interspeciiic correluiion:
an example of the marual edge~punched cards folilows; ithe
cards themselves are held ai the University of asdelsice,

2. fssociaticrneanalysis: & copy of & printed statemeni of the
slectronic cormputer sorting of quadrats on the bvasis of
association index fellows; the statement itself and the
runched cards on which the date were programwed are at the
University, 3. Cluszster anslysis: & cory of the !

retubulated similarity matrix, electrenically processed ,

Follows; stutement anéd cards are at the University,

Quadrais and species wre for variocus reasong desigraled
differently in the three methods, Numbers ang letters used

in this Appendix are explained in the fellowing tables,



quadrat notation in the text is gernerally that used in

Aprendix B e.i. EN2-4 means ast Naracoorte range {see Table

a

site mumber ¢ (Figure 6), quadrat number 4 (spprendix 4l),

However,
rveferred

rarsre

L.
»

L

L]

“peciez nctaticn in the text iz that shewn in Species

according tec the fellewling table,

in the assoclaticn-analysis statement, quadrate are

to in the lollowing way:

EN, sites 1~3, guadruts 1-10 are nupbered 1-30

arse  ©
fown "
WP "
B "
LA »
WA "
RC "
ED =

14

i %Y

1ist I (Table 2), but in this ap

L

LU

Interspecific correiation

31=-7G

71110
111-150
151-1%GC
161-2230
231-27¢
271-31¢C
Ni-33%

endlx speciss are numbered

1},

notation and issoclation-anulysis notation ure mere conveniently

delernined irom the second columns of Tables 4 and &

respectively, but are rereated here for the sake of

comrleterngsa,



srecies notation

Intersrecil’ic Associsticn- Clustex

GeVe

syecles raume

gorrelation anslysis analysis TARLE 2

g > 1 1 L, junirerinum
12 & 2 2 1, rubesceng
13 - 3 5 1, myrsinoides

o 1 4 Ja M, gibreosa

z - 14 5 4 M, orarvie
14 18 6 S Fe banteri
1o 16 i & &, obliqua

20 18 3 T Lo huberiana

2 1¢ < g s fusciculose

24 20 1 G E. leucoxylon

25 22 & { 10 Calyirix hairy

26 23 12 11 Celytrix glebrous
27 24 13 12  lhotzkya

28 25 14 1% Ipueris

2¢ 27 15 28 B, parginate erect
20 28 16 29 - " cwarf
31 29 17 X B, ornaie

37 30 18 Sl H, vitlata

38 - - 32 H, nodosa

ié 32 1¢ 33 H, rostrats

43 3€ 20 >4 G, ilicifolda
45 78 2l 5%  Persoonia
46 41 22 26  idenanthos
47 ¢ 23 31  1sopogen
51 43 24 56  Ae, srinescens

- 44 25 Xa Ac, arnate
57 46 26 40 Ac, myrtifolie

A 4% 27 41 Ae, pycnanthe



srecies notation

Intersrecific .ssociation- Cluster eV srecles name
correlation analysis anglysis 7TaBln 2
s 50 2€ 42 AG, Melanoxylion
5] 5e 29 43 sc. verticillata
H 53 3 44 AC. OXKcedrIus
L 54 31 45 4G, BOHOYae
M 5% e 46 Ac, mearnsii
¥ac 56 33 47  Ac, suaveclens
N o8 34 48  Dav, brevifolia
¥ G4 55 4%  Eosslaex cinerea
U 66 3€ 5¢  Bursaris
v &8 3 60  Cas, paludess
W ¢ 38 €l Cas, pusille
X 71 -8 &¢ Jodonaes
Y 72 4C £3  Exocurpos
| 15 41 13 Funzes
2 16 42 14 barwvinia
> 17 4z 16  acretriche
5 7¢ 44 11 Astro, humifusun
6 &G 4% 18 astre, " var,
T 61 4t 1% " conostenhiicces
e &e 47 20 L. collinus
9 &3 48 2l 1. virgatus
10 34 4% 2¢ 1. woodsil
11 £S5 50 2 L. ericcides
15 &9 51 24  Vonotoce
17 91 e 2%  Brechy. cilistum
16 - - 26  Brachy. ericoides
16 g2 o3 27 Styphelis
21 &2 24 38  Concospermum



sreclies netaticn

Intersvecific aissociation- Cluster GeVe

specie=s nane

correlation analyeis anclysis TARLE 2

23 87 S5 5¢  Gomrholobium

32 106 56 51 F. prostrata

33 107 57T 52 P, tenuifolis

34 1ce S& 53 P. aceross

5 1l0¢ 5¢ 54 Phylicta

26 11¢ 60 5% D411, floribunde
39 113 61 $¢ Dill, peduncularis
40 114 67 57T Bossiaea prostrats
41 115 £3 S&€ Fenredia

44 116 64 G4 Fimeles glauce

- 11¢ 6% t4e P, spathulata

4& 12¢ 66 65 lHypolears

49 123 67 &6  imrerea

S0 124 68 6T B, coerulescens
53 127 69 6t Correa

B 129 70 6 Sryridium

E - - 7¢  Gyrestemon

F 133 71 71 H. sericea

G 134 72 72 H, strieta

1 136 ' 7% H. virgatia

3 i3 74 74 *  var,

¥ 158 75 75 Ha fasciculata

4 144 76 76 Thomusia

Q 145 77 77 Tetrathecs

R 146 7% 7€ X. quadrangulets
8 147 79 80 X, wustralis

T 14€ €0 19 3. zemiplars




1. FPositive interspecific correliaticn,

The method of Goodall invelves manual sorting of edge-
punched eards, of which an example is shown here, A hole
runched ciit indicates that & specles, e.g, species 3, 7,
13, 12 ete,, occurs in the guadrat represcented by the card,
Caleulations of significance ol asscciation between species

are not presented,
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Z. Assocliation-snalysis,

The method of Williems and lambert invelves elecironic
computation, and a printed statement ol the sorting of
quadrats intce groups is shown here, precedec by s list of
the &0 specles (vatiributes®) used in the znalysis, viz,

§°§/7/oonoc-.-f1£4~l48@

The group containing ali 330 quadrats {("individuais") is
considered:

guadrats 1-330/,

Within this group, two groups may be formed by esorting on
attrivute 109 (Phyllota) at ithe asseciation index level of

about 165

grour Yhyllots - present has 59 dndividuals:
quadrats 65/121-129/...0.../307-510/,

Thls group may be sorted on attribute 124(Bcoroniss);

group Phyllote - absent has 271 individualas:
guadrats loééfgs—lgﬁf.ocoo.ﬁ/jll“jscl'

This grour mey be sorted on attribuie 89 {Monotoca; ;

and @20 on, the result being szhown dlagremmatically in

Figure 12,



ATTRIBUTES » 80 Species :

H

3~5/7/14-16/18-?0/2?-25/27-30/32/36/39/41'44/48-50/52-56/55/64/66/69-72/75'77/79-85/69/91-92/95/97/106-110/113'115/115‘119/122-
124/127/129/1332134/136=138/144~148/,

NO. OF INDIVINUALS IN TWIS GROUP IS 330, ie. QUADRATS .,

1-330/,

SORT WILL BE ON ATTRIBUTE 109 IF 165,21637 LEVEL 1S REACHED, ie. £ X%, AsSociAmoN M AL SIS INOEX |

.

NO, OF INDIVIDUALS IN THIS GROUP IS 59
65/121'129/131'147/149/171-160/162-190/270/?58-290/292/301-303/307~310/.
SORT WILL BF ON ATTRIBUTE 124 IF 36,18040 LEVEL IS REACHKED,

NO, OF INDIVIDUALS IN THIS GROUP IS 271
1-64/66-120/130/148/150-170/131/191'269/271-267/2911293-300/304-306/311-330/'
SORT WlLL BF ON ATTRIRUTE A9 IF 153,77405 LEVEL 1S REACHED,

NO. OF INDIVIDUALS IN THIS GROUP IS 63
1-6/5-10141-50/59-60/93-99/111'120/151'155/157-158/161/?15/218/220/241-244/249/251-?55/266/271/313/318/.
SORT WwILL BF ON ATTRIBUTE 145 IF 18,64070 LEVEL 1S REACHED,

NA, OF INDIVINUALS IN TWIS GROUP IS 208

7/11'40151'58/61964/66-92/1“0'110/130/148/150/156/159-16D/162-170/151/191'214/216-217/219/221-2‘0/245-248/250/256-265/267-269/
272-287/?91/293-300/304-30b/311'312/314-317/319-330/v

SORT W€ILL BF ON ATTRIBUTE 42 IF 125,64316 LEVEL 1S REACHED,

NN. OF INDIVINDUALS IN THIS GROUP IS 107

7/13'16/20/31/34/39/53-55/64/100/130/146/150/156/159-160/162-17D/191'192/196'206/?0B/?11-214/216/?22-223/?25-227/229-250/235-239
/247/256-958/27?-?74/?77-280/263-287/291/293’3DO/304-306/311-312/315/317/319-330/-

SORT wlLL BF ON ATTRIBUTE 15 IF 59,42564 LEVEL S REACHED,

NO., OF INDIVINUALS IN THIS GROUP IS 101

11'12/17-19/21-30/32-33/35-58/40/51-52/61'63/66-92/101-11D/161/193-195/207/209-210/217/219/221/224/228/231-234/240/245-246/248/
250/259-265/267-269/275—276/261'282/314/316/c

SORT WILL 8E ON ATTRIBUTE 147 IF 49,58218 LEVEL IS REACHED,

N9, OF INDIVIDUALS IN THWIS GROUP IS 77

7/13'16/20/31/34/39/53-58/64/100/130/146/150/159-160/162-170/191-192/196-206/20B/?12-214/216/222-?23/225-227/229-230/235-239/247
/256'258/27?-274/?91/?93/296/298-300/304-306/.

SORT WILL BF ON ATTRIBUTE 147 IF 30,22773 LEVEL 1S REACHED.

N3, OF INDIVIDUALS IN THIS GROUP IS 30
156/211/277-280/283"287/294-295/297/311'312/315/317/319'330/.
SORT WILL BE ON ATTRIRUTE 79 IF 20,45560 LEVEL 1S REACHED,

NO, OF INDIVIDUALS IN TWIS GROUP IS 62

11-12/17/27/3?-33/35/37/40/51'52/61'63/66'70/75-50/92/181/193'195/207/209'210/217/221/224/228/231-234/240/245—246/2481250/259-
265/267-269/275-276/281-282/314/316/.,

SART WlLL BE ON ATTRIBUTE 5 IF 36,39077 LEVEL IS REACHED,

NO, OF INDIVIDUALS IN THIS AROUP 18 39
18-19/21'26/28-30/35138/71-74/81-91/101‘110/219/.
SHORT WILL BE ON ATTRIRUTE 28 IF 10,02538 LFVEL [S REACHED,



NO, OF INDIVIDUALS IN THIS GROUP IS 42

11-12/17/27/32233/35/37/40/51/64-63/66-70/76/78/92/193-195/207/209-210/221/224/233~234/240/245-246/248/250/259~260/269/281/314/
316/,

SORT WILL BF ON ATTRIAUTE 16 IF 16,51888 LEVFL [S REACKED,

NO, OF INDIVIDUALS IN THIS GROUP IS 20
52/75/77/79-80/1R1/217/228/231n232/261-265/267-268/275-276/232/,
SORT WILL BE ON ATTRIBUYE 145 IF 10,43210 LEVEL IS REACHED,

NO, OF INDIVIDUALS IN TWIS GROUP IS 8
131-132/134-137/139=140/,
SORT WILL BF ON ATTRIBUTE A3 IF 4,50000 LEVEL 1S REaCHED,

NO, OF INDIVIDUALS IN THIS GROUP IS 51
68/121-129/133/13R8/141447/149/171-180/182-190/270/288~290/292/301-303/307-310/,
SHRT WILL BE ON ATTRIBUTE 127 IF 19,25221 LEVEL 1S REACHED,

N0, OF INDIVIDUALS IN THWIS GROUP IS 71

7/15-16/31/34/39/%4-55/%7-58/64/130/148/150/459~160/162-170/191~192/196~206/208/212-214/216/222~223/225-227/229-230/235~239/247/
256-258/2729274/291/293/296/298-300/304-3068/,

SORT WIlLL BE ON ATTRIBUTE 38 IF 26,16067 LEVEL 1S REACHED,

NG, OF INDIVIDUALS IN THIS GROUP IS 6
13-14/720/53/56/100/,
SART wWlLL BE ON ATTRIAUTE 19 IF 2,66667 LEVEL IS REAC-ED,

NO, OF INDIVIDUALS IN THIS GROUP IS 23
58/13N0/148/159/163~164/166~170/196/223/225/247/272/291/296/299=300/304~-306/,
SORT WILL BE ON ATTRIBUTE 25 IF 12,12911 LEVEL 1S REACHED,

NO, OF INDIVIDUALS IN TKIS GROUP IS 48
7/15-16/31/34/39/54+55/57/64/150/160/162/165/191-192/197-206/208/212-214/216/222/226-227/229-230/235-239/256=-258/273-274/293/298

/.
SORT WILL BE ON ATTRIBUTE 110 IF 21,14685 LEVEL IS REACHED,

ND, OF INDIVIDUALS IN TWIS GROUP IS 3
15~-16/160/.
SORT WILL BF ON ATTRIAUTE 16 IF 0,18750 LFVEL 1S REACHED,

NO. GF INDIVIDUALS IN THIS GROUP IS 45
7/31/34739/54-55/57/64/150/162/165/191-192/197-206/20R/212-214/216/222/226-227/229~230/235-239/254-258/273-274/293/298/.
SORT WILL BE ON ATTYRIBUTE 22 IFf 18,36554 LEVEL IS REACHED,

NO, OF INDIVIDUALS IN THIS BROUP 1S 17
156/211/277+280/283-287/311-312/315/317/319~320/,
SORT WILL BF ON ATTRIRUTE A2 [F 13,12209 LEVFL IS REACHED,

NO, OF INDIVIDUALS IN TWlS GROUP IS 13
294-+295/297/321~330/,
SNORT WILL 8F ON ATTKIAUTE 25 IF 5,87031 LEVEL 1S REACHWED,



C v © ©®

<

NO, OF INDIVIDUALS IN THWIS GROUP IS 19
65/121/123-125/127=-12R/176/186/288=290/292/301-303/307-309/,
SORT WILL BE ON ATTRIBUTE 145 IF 5,97284 LEVEL IS REACHED,

ND, OF INDIVIDUALS IN TWIS GROUP IS 32
122/126/129/133/138/1412147/149/171=175/177=180/182«185/187-190/270/310/,
SORT WwiLL BE ON ATYRIBUTE 48 IF 13,30472 LEVEL 18 REACHED,

NB, OF INDIVIDUALS IN THIS GROUP IS 44
1-6/1N/41-50/59-60/97/111-120/151-155/157~-158/215/2410244/249/271/.,
SORT WILL BE ON ATTRIBUTE 77 IF 12,37500 LEVEL 1S REACHED,

NO. OF INDIVIDUALS IN TWIS GROUP IS 19
8-9/93=96/9899/161/218/220/251~255/266/313/318/,
SORT WILL BF ON ATTRIBUTE 92 IF 11,32765 LEVEL [S REACHED,

NO. OF INDIVIDUALS IN TWIS GROUP IS 11
31/54-55/57/64/150/162/165/258/273=274/,
SORT WILL BF ON ATTRIBUTE 406 IF 5,30478 LEVEL !S REACHED,

NO, OF INDIVIDUALS IN TWIS GROUP IS 34
7/34/39/191-192/197-206/208/2122214/216/222/226-227/229-230/235-239/256-257/293/298/.
SOHRT WILL BF ON ATTRIBUTE 79 IF 18,33643 LEVEL IS REACHED,

NO, OF INDIVIDUALS IN TW1S GROUP IS 17
7/39/191-192/203=204/206/208/212-213/235-239/256/293/,
SORT WILL BF ON ATTRIBUTE 28 IF 8,73139 LEVEL IS REACHED,

NO, OF INDIVIDUALS IN TWIS GROUP IS 17
34/197-202/205/214/2167222/226~227/229~230/257/298/,
END




3, Oluster analysis,

Tne methed of Sneath invelves elecironic comrutation, ond

a printed statement of ihe retebulated simiierity metrix

ig ahown here in the following manrer, €.g. "G a" -

gipilerit srecies rRlrs

807 % {(1ert, myrsincides) with & {Zuc, bexteri)

-

T84 3 with 48 (leuccrogen virgaius)
3 with 71 {(#ibbesrtise o
and so on, the result teing shown divgrampatic.lly

‘s

—
-

ericea

in rigure 16,

The highest similariiy of & species iz indicuted by circling

the species when it first appears in the wmatriz, Fusicn of

cluaters containing move than one specles is indicated L}
Cev\“vwc&,
pnderlining the syecles r&irhaccorﬁing te the eriterion of

@

highest =imllerity between any srecles palr, The "evens”

metrix is only presented as Jur as 07 ws an example,



7 ALIYYUWIS

%%

K ! ) u)
:: \%;:) 4:. :1 3, 28/ ”O.DDS”

71, 7
3,4 46, 48 6, 79 SPECI\ES PARS

5 ' RS
48, 79 52 79.
3, 2% 6. 88/
6, %6 S, &b 46, 71 52, 71
23, 19
3, @ 3, 52 6, 52 48, 52 17, /9
6, by S 23, /2 46, 79
6, 1 23, 66 48, 66 23, 71 66, /9
6, 23 23, 46 23, 48 17, 71 6, @ 66, 77 @ /9 72, 79 77, 79
? 0 16, 23 17, 23 ., 48 48, 50 46, 66 . /1 66, 71 6, 72 17, 72
68, 17 3. 77 48, 77 (jé 79
s Q8 3, 16 3, 43 3. 50 23, 92 1/, 66 48, 72 71, 72
14, 48 43, a8 17, 52 46, 52 14, 71 46, 72
6. 14 14, 1/ 16, 17 14, 46 16, 52 52, 66 3, 69 46, 69 16, 71 50, 79
09, 79
6, 16 14, 23 17, 46 16, 48 50, 52 16, 66 16, 69 23, 69 43, 711 52, 77
71, 17 14, 79
23, 43 46, Hu 43, 52 @,ng& 48, 69 55,@ 69, 71 14, 72 16, 72 52, 72
23, 17 46, 77 50, 77 B
23, @29 16, 43 '?g)(@ 17, 69 @ 1 (a3 1
3, 1% 25.\;5) Ce 43, 46 , a8 50, 66 6, 69 %, 7/
6, 15 14, 43 43, 44 16, 46 43, {63, 14, 66 43, 69 ag 72 43, 72 16, 77
17, 77 e’
14, 16 19, 23 3, 26 17, 43 3, 44 15, 44 12) 46 15, 46 44, 48 14, 50
15, 50 17, 50 26, 51 14, 52 26, 92 45, 66 {39) o8 52, 69 68, 70 @7 72
69, /2 43, 71 72, 77 68, @B .
6, 26 g_y. ;’ 15, 43 19, 43 6, 44 a9, @2 45, 46 43, 50 44, 50 45, 50
15, 52 , 52 48, 63 ap. 66 26, 66 @y 68 14, 69 66, 69 11, 72 34, 72
15, 77 26, 77 9 44, 79
3, 12 11, 1/ 19 11, 23 3, 45 44, 46 17, 47 23, 47 12, 48 45, 48
16, 50 3, 68 16, 63 17, 63 51, 66 26, 69 26, 71 45, 71 50, 72 26, 79
63, 79 .
3, 11 6, 11 6, 12 12, 17 11, 26 16, 26 17, 26 19, 34 14, 44 23, 44
6, 45 26, 48 23, 50 47,é§} 13.@2} 12, (6l 14, 63 23, 63 52, 63 12, 66
51, 69 63, 69 12, 71 63, 71 12, 72 59, 72 11, 77 12, 77 14, 77 51, 77
65, 77 59, 78 11, 79 e I
[ONO) 3221 15, 23 5.(;9 10, {33) S, 34 14, 34 16, 34 17, 34 34, 46
3, 47 11, 46 3, 51 12, Bi 16, 51 23, 51 46, 51 8, 51 11, 52 45, 52
23, 95 17, 59 ;59 15, 66 34, 66 4/, 66 63, 66 é_%.@ 12, 69 34, 69
47, 69 5u, 69 @ 70 15, 72 26, /2 44, 72 51, (74 44, 77 19, 79
9., 11 14, 15 11, 16 3, 19 14, 19 16, 19 12, 5,429 7, 34 26, 34
14, 45 17, 4% 23, 45 43, 45 11, 46 19, 46 26, 46 34, 48 21, 49 26, 50
6, 51 17, 51 19, 52 19, 55 51, 66 6, 63 7, 63 34, 63 46, 6 30 (64)
44, 66 21, 68 19, 69 34, 71 45, 72 55, 72 63, 72 53, 74 54.@% e 6)
13, 78 12, 79 34, 79 45, ‘79 s51, 79 = s g
11, 12 12, 14 15, 17 17, 19 14, 26 15, 26 6, 34 34, 38 (28 69) 26, 43
34, 43 16, 44 11, 47 16, 47 46, 47 19, 48 13, 49 38, 49 51, 51 34, 52
51, 52 26, 55 54y 6, 59 16, 99 34, 59 47, 59 55, 59 47, 60 26, 61
19, 63 44, 63 é?) (fg} 65 55, 66 59, 66 38, 68 11, 69 15, 69 55, 69
61, 69 11, 71 51, 71 , 72 59, 76 49, /8 47, 79
9, 1% 7. 23 9, 23 13, 38 7, 43 12, 43 19, 44 15, 45 16, 45 6, 47
12, 47 14, 47/ 19, 47 - 45, 47 12, 0 S, 55 11, 55 16, 55 17, 55 34, 5%
41, 56 3, 59 11, 59 26, 59 8, 62 19, 66 45, 66 61, 66 35, 67 37, 68
45, 69 37, 70 19, 71 47, 71 60, /2 9, 76 44, 76 72, 76
6, 9 12, 15 12, 16 11, 19 12, 26 ‘1) 29 31, 36 21, 37 9, 41 11, 43

9, 44 17, 44 11, 45 12, 45 9, 46 /, 47 26, 47 11, 51 14, 51 35, 51




43, 51 47, 51 12, 52 51, 53 49, 54 6, 55 14, 55 52, 55 9, 59 19, 59

3, 60 30, 60 46, 60 50, 60 3, 61 16, 61 17, 61 21, 61 46, 61 47, 61
48, 6 15, 63 - —-—26; 63— — 51 63— H55; 63 — ot 65~ 68, 66 30, 67 54, 68 44, 69
59, 71 60, 71 62, 74 51, 75 41, 76 %7, 77 41, 78 55, 79 59, 79 61, 79
4, B0;
1, 5 3, 9 7., 14 9, 14 11, 14 11, 15 7, 16 9, 17 6, 19 9, 19
25, 31 28, 32- 11, 34 12, 34 13, 37 34, 37 12, 38 31, 39 32, 39 11, 41
9, 43 7, 44 26, 44 19, 45 9, 47 15, 47 43, 47 47, 48 11, 50 34, 51
47, %2 215 13" 955 46,55 4855551755 1358 21, 58 38, 58 37, 59
46, 59 52, 59 6, 60 14, 60 - 26, 60 48, 60 6, 61 23, 61 34, 61 11, 63
12, 63 47, 63 50, 63 9, 66 7, 69 21, 70 9, 71 55, 71 7, 72 51, 72
53, 73 12, 74 61, 75 15, 76 19, 76 23, 76 34, 76 45, 76 48, 76 52, 76
34, 77 63, 77 61, 77 9, 79 S, 860
1, 16 7, 17 1. 19 12, 19 15, =19 9, 26 15, 27 7, 31 9, 34 9, 37
T 33’—'23"-'"“‘33'"—'35';‘""U’—"TTT""I*—TI.’,_“'M'I?F 44 27, 44 41, 44 7, 45 26, 45
41, 45 7, 46 13, 47 21, 47 41, 47 9, 48 9, 50 7, 52 10, 53 35, 53
‘15, 55 37, 55 34, 56 41, 57 14, 59 ‘21, 59 48, 59 11, 60 17, 60 23, 60
5, 60 12, 61 14, 61 15, 61 35, 61 50, 61 52, 61 55, 61 38, 63 45, 64
61, 63 60, 64 21, 66 59, 68 59, 6% 60, 69 13, 70 38, 70 59, /0 7, 71
61, 71 38, 72 41, 72 60, 74 12, 75 30, 75 50, 75 3, 76 6, 76 16, 76
- 17, 76 — 43, 76 63 76 —— 66576 7476 195 7% 24y~77 - 35, 77 55, 77 5, #7
76, 77 4/, 78 7, 79 60, 79 76, 79 30, 80 38, 80 57, 80 64, 80
1, 7 s, 7 5, 8 1, 14 7, 15 Y, 16 7, 21 12, 21 16, 21 21, 23
19, 26 21, 26 7, 28 15, 28 25, 28 4, 29 1, 31 27, 32 1, 34 21, 34
27, 36 33, 36 16, 38 19, 38 37, 36 25, 39 34, 44 9, 45 28, 45 29, 45
34, 45 34, 47 38, 47 7, 48 35, 50 47, 50 15, 51 30, 51 45, 51 12, 53
TT10Q 245 53 §3; 55— 38, 5F— 9, B5——125 55 — - 15; 55 38y -55 38, 55 12y 59 41, 59
43, 59 58, 59 9, 60 15, 60 38, 60 44, 60 53, 60 57, 60 43, 61 60, 61
11, 64 26, 64 47, 64 51, 64 31, 65 15, 66 38, 66 9, 69 19, 70 55, 70
61, 72 35, 74 38, 74 61, 74 46, 75 60, 75 37, 76 55, 76 45, 77 56, 77
21, 78 24, 78 38, 78 54, 78 58, 78 76, 78 47, 80 55, 80
5, 7 1, 9 9, 12 © 3, 13 6, 13 12, 13 13, 16 13, 19 3, 21 6, 21
ST ST 62 T 2 22 28 26 30 ——— 155 -3¢ T35 16533 —3I5 —— 11,37 -—— 18,37
19, 37 23, 37 3., 38 17, 38 9, 39 15, 39 27, 39 6, 41 12, 41 1, 43
35, 43 39, 44 32, 45 39, 45 27, 46 3g, 46 37, 47 38, 48 29, 49 37, 49
27, S0 34, 50 21, 51 38, 51 9, 52 35, 52 45, 55 3, 56 6, 56 13, 56
46, 56 48, 56 37, 57 37, 58 44, 59 45, 59 16, 60 27, 60 37, 60 45, 60
1, 61 11, 61 54, 61 36, 62 21, 63 59, 63 62, 63 46, 64 50, 64 52, 64
55, 64 61 6% %1566 2867 51,67 ‘15769 2t €9 356385 69— 41, 69
56, 69 27, 71 1, 72 13, 72 21, 72 37, 72 56, 72 24, 74 30, 74 66, 74
67, 74 1, 75 3, 75 6, 75 11, 75 15, 75 16, 75 21, 75 26, 75 45, 75
47, 75 48, 7% 66, 75 69, 75 71, 75 72, 75 74, 75 21, 76 26, 76 38, 76
46, 76 47, 76 57, 76 58, 76 68, 76 69, 76 70, 76 9, 77 38, 77 41, 77
59, 77 64, 77 74, 77 9, 78 44, /8 45, 78 57, 78 66, 78 70, 78 1, 79
8+-88 2966 -
i, 4 1, 6 7, 12 7, 13 11, 13 1%, 16 1, 17 13, 17 9, 18 4, 21
17, 21 19, 21 13, 22 1, 23 13, 23 13, 24 7, 26 3, 27 24, 27 7. 29
8, 29 16, 29 19, 29 11, 30 21, 30 8, 31 9, 31 28, 31 29, 31 B, 32
13, 34 3, 35 6, 35 28, 36 7, 87 12, 37 16, 37 6, 38 14, 38 29, 3v
36, 39 27, 40 3, 41 15, 41 22, 41 23, 41 34, 41 1, 42 8, 43 27, 43
287 43 —— 28544 —— 294 44— — 35, 44— 13,45~ tr--46-——13y-46-— 21,46 —- .35, 46 41, 46
6 29, 47 30, 47 44, 47 27, 48 35, 48 41, 48 1, 49 o 50 36, 50 41, 50
[ 9, b1 1, 52 21, 52 27, 52 28, b2 36, 52 41, 52 26, 53 28, 53 13, 54
6 21, 54 38, 54 7, 55 44, 55 20, 55 54, 55 11, 56 12, 56 14, 56 15, 56
6 17, 56 23, 56 45, 56 49, 56 50, 56 54, 56 9, b7 13, 57 38, 57 47, 57
6 55, 57 56, 58 7, b9 15, 59 22, 59 24, 59 38, Y9 49, 59 b4, 59 56, 59
ol 57359 ——-34y 68— ---52, 68 7?61 Gy 61— 29y 6L —— 38, -61 36461 37, 61 45, 61
[} 35, 62 43, 62 51, 62 61, 62 31, 63 35, 63 3, 64 6, 64 16, 64 33, 64
6 48, 64 1, 65 37, 66 64, 66 21, 67 26, 67 12, 68 47, 68 55, 68 64, 69
6 1, 70 12, 70 34, 70 56, 70 1, 71 24, 71 35, 71 38, 71 39, 71 41, 71
6 56, 71 64, 71 64, 72 3, 74 6, 74 1/, 74 36, 74 46, 74 48, 74 2, 75
6 14, 75 17, 75 23, /5 52, 75 55, 75 7, 76 12, 76 13, 76 14, 76 28, 76

LY
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