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SUMMARY

changes in plant population stnueture whíeh result f::om

stocl<lng have been given detailed examination on'two well-managed

sheep stations, one in the nonth-east and one in the noirth-west,

of a:.id South Aust::alia.

The wor.k was initiated by an investigation of the physical

?esources of one of them, to explain the context in which the

population studies welre cajîríed out. The population studíes which

foll-owed wene based on the premise that there is a decl-ine in stock

pl:essure vfith increasing distanee f::om,a waten-point. Using

inciclence data (analysed by infJ-uence analysis) and density data,

vegetation pattenn cl-ose to I waten-points was compared with

vegetation in moï-e distant pants of the paddocks. It was clear that

intense stock pïaessune cl-ose to a dam o:: trough Was bninging about

a change in vegetation stnuctu¡e" This pattenn, which was shown

to be easily dtstinguished fi:om pattern induced by topography or

soil in a paddockr'was taken to denote degradation"

A numben of species which had fair-ly consistent occu::rence

nean the waten-points sampled could be neganded as indicators of

this deg:radation. Some lleasons for. thein behaviou:r in these

situations weue examined. It is suggested that changed soil

stnucture stimul-ates invading popufations and that if stocking
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pel.sists in the futur"e such changes may be p:rogressive"

commensal relationships between some species, which became

appaï.ent during the cour.se,of the field wo::ko we::e al-so examined.

The implications of the outeome of thís study for the futune

of the anid zone a::e discussed"
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This thesis contains no matenial whieh has been accepted fon

the,awa:rd of any other degr"ee o:r diploma in êny Univensity" To

the best of rny knowledge and belief this thesis contains no

mateniatr pneviously publíshed'on wnitten by another penson' except

r^rhene due nefenence is ¡nade in the text.

. -Susan Ba::ker
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CHAPTER I

INTRODUCTION

This thesís ::el-ates to the grazíng of a::id zone vegetation by

domestie flocks and is specifically concerned with the delete::ious

consequences to native pastunes which ane. the basis of this

manipulated ecosystem. The pa:rticulan emphasis hene is on the

detailed changes in plant population str:uctur'e " This aspect has

been gnossly negÌected in the past.

The plant communities of the ar.id zone alle panticularly

sensitive to the effects of g::azing because renewal of plant

mate::iaL is only sporadic whei:eas stocking is gene::aIly continuous "

Depending on the technique of gnazing management, a::id vegetation

displays g:radations of damage f::om (a) outnight dest:ruction of

plants, th::ough (b) senious degr._adation to (c) incipient and

subtle shifts in population st::uctu::e " It is now of paramount

importance to maintain the less degnaded arid pasture, so it is to

categony (c) that attention has been directed he::e" (It is, of

coursei equal-ly impo::tant to promote the recovery of badly degraded

country, but this is outside the scope of this thesis. )

The early l-g7ots have seen a sudden upsurge of concer-n ovell

the ttenvi::onmental- crisistt throughout !{estenn civíIisations ' fn

AustnaJia, fon example, the::e have been Senate Sel-ect Committees
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on Air and Waten Pof lution ( Comm. Aust . Pa:rl. Papers,; Anon ' 196 9a , 1970 ) ;

in South Austnalia a Committee on Envir"onment waq set up in Ap:ril

l-970 and a new Ministny of Conservation was c::eated in Novemben

1970. In association with the t'erisisil the::e has been an explosion

of emotional discussion in popular fiter:atur:e and news media, ofterl

with little refe::ence to factual evidence.

Although the wo::k about tÖ be deser.ibed is concer:ned with one

aspect of environmental detenionation, it is in no way linked with

this new issue of the t'environmental c::isis'r" The pr:oblem of

vegetation destruction by mants activities in the arid zone is an

o1d one, ild in Australia the attention of graziers , politicians

and. scientists has been dnawn to it for at least I00 yeans. The

pr"esent study folfows on from a long histo:ry of a::id zone nesea::ch

which doeuments, in a gene::al way, the,effects of overgnazing;

its relevance to the cu:rnent agitation ove:: the rrenvinonmental-

cr.isis" is pu::ely coincidental.

Refe::ence to past work on the thnee genenal stages of

vegetation deg::adation indicates tha! most attentíon has been

focussed on the easiJ-y ::ecognised effects of overg:razing' whene

vegetation has been stripped fr-om the l-andscaPe; such studies

a:re punely descr:iptive and inefude those of S. Dixon (1892),

Ratcliffe (1936) and Beadle (1948)" Less severe degeneration has

been the subject of fewen but mone objective studies such as

those of Cnocken and. Skewes (1941) and Moone (rgSga and b). The
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insidious changes bnought about by moder-ate stocking, whích are

the concern of thís thesis, can o4J-y be assessed by quantitatíve

means; ther:e is piracticalJ-y no lite::atu::e on this topic"

However, Osborn, !,lood and Paft::idge (l-932) suggested a fine

of thought which could be seen in ::etrospect as a forerunne:r of

the pr.esent more futly developed method of approach" They pointed

out that as sheep in arid areas need to visit a water-po:'-nt

regularfy, the effect of several hundred convergíng on a single

water.ing place, albeit at diffe::ent times of day, will bring about

a condition of extneme stoeking pnessune close to the dam o:r trough.

Atong any travense radiating fnom it, the stocking pressure gradient

couÌd be expeeted to decline with inereasing distance fnom waten

to a vintually unstocked area beyond four miles from water"

(Thr-ee mil,es ís the approximate .l-imit to which sheep were then

believed to graze under nor.mal conditions. ) Zones of stocking

pïaessune as reflected by vegetation pattern were identified. The

extent of such zones (4, heavil-y t::ampled, overgrazedl B,

mode:rately heavily grazeð'i C, lightly grazedi D, unstocked)

vanied f:rom paddock to paddock acconding to the management negime"

This promísing fine of investigation was not continued.

In the pnesent T¡rot?k, necentJ-y developed statistical applieations

ar:e used to establish pr-ecisely the type and extent of vegetation

pattern induced by grazing in mode::ately stocked sÍtuations.

osbonn, l{ood, and Paft::idgets piemise that concentnic vegetation
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rrzonesrt occur round wate::-points Inlas adopted as a sound starting

point fo:: such an investigation. The gnadual degnadatíon of anid

plant communities is, thgrefolle, assessed by ::e-examining the

vegetation 'tzoníngrt round sheep wate::ing places'

Befo::e finm neseanch objectives are desc::ibed, however, a

litenatu::e r.eview is p:resented, which places the study in a broad

context. The ::eview refers mainly to south-eastenn anid Australia,

eomparing the present economie status and physical envi::onment of

the pastor.al industny in this State with that in the geog:raphically

::elated area of westenn New South V'lales. The object of this is

two-fold; fir-stly, to pl-ovide an appr-eciation of the wider issues,

which is fundamentaf for a study having aç its possibJ-e outcome the

means fo:: suggesting modifications to the pr:4ctice of sheep grazíng

in a::id aneas; and secondly, to d:raw attention to the fact that

anid South Austral-ia is fontunate in stil-l- possessing considenabfe

a?eas of what appear to be relatively undamaged native shrub

steppe and sh::ub woodland in its pastonal aï'eas

upon this.basis the nesea::ch p::oposals a::e then detailed in

chapter: vII. The sequential- development of the stud5r stemming

f:rom the initíal- ideas is outlined in Fig. 1.



FIGURE 1

Flow diagnam

showing the sequential development of ideqs in this thesis

Roman numenals indieate chapten headings
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CHAPTER II
r!!:

cgNERAX HlsioRrc AND ËcoNoMrc coNTEXT
I

HISTORICAL BACKGROUND

The use of a:rid lands fo:: agricultur.e ín the Middl-e East and

Asia ove:: many centu::ies ís reviewed by Hilts (rsog) and ís also

dese:ibed compr.ehensively in UNESCOTs A::id Zcne Resea::ch 17, 1961'

in which vlhyte o fon example gives an account of agnicul-tural

pr-actices in Aneient Mesopotamia and Butze:r debates the effect of

cfimatic change on the Roman col-onies in the marginal lands clf

nor.th Af::ica" Such papers describe the dest::uctíon of natunal-

vegetation both by simple tirnber-cutting and pastoral activities

and by the development of sophisticated innigation agricultune up

to 2000-3OOO B"C" Vüith the deefine of these civil-isations, natíve

vegetation ::emoved centurj-es ea::l-ien was unable to ::egene?ate '
thus permitting the landscape to be markedly altered by erosive

for.ces.

The dgvelopment of a rtdustbowl" in the Great Plains negicn

of the United States, ::esulting fnom the mis-rnanagement of a:rid

and semi-arid land since the l-850rs, is described by Bennett'

Kenney and chapllne (1938). When these authons we::e w:riting

575 mil-lion of some 728 million acr.Çs of rangeland in the
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westenn United States had been depleted such that the g::azing

capaeity had been ::educed by 509o. The fouting of neser:voí:rs by

siltation ar"ising fr.om soil enosion is desc:ribed. Sampson and

Weyl (l9l-8) cited in El-tison (1960) sü:ess the va.lue of colonisation

of denuded aneas by her.bs in the contnol of enosion and flooding.

Stewar-t, Cottam and Hutchings (1940) describe the development

of 'remb::yonic dunesrt in overgnazed shnub communitíes in low

nainfal-l- arîeas of Utah" Al-though the begínnings of such

degnadation have been attributed to exploitative pioneers,

Taylor (t948) points out that responsibility also lies with the

nineteenth centqry governnìents, whose policies encouraged l-and

speculation "

In.Austnalía too, ear"ly pastonalism in the an'id areas was so

injudíeious in places that some pastures \^lelre completely dest::oyed

within 30 yea::s of thein first occupation and beeame tracts of

loose dust,subject to seve::e erosion. Such situations in weste:rn

New South Wafes have been descnibed by Condon and Stannard (1956,

1957a, b and c).

The history of pastoralism in,New South Wales has been

examined'by sevenal authons . Robe::ts ( fggs ) desc:ribes ear'ly

occupation by squatter.s up to 1847, by which time land to a f:ront

200-250 miles west of Bathunst ,I^Ias occupied as well- as some Dar'ling

River- fi:ontages (see Fig. 2). Wil-liams (1962) w:rites about the

pastonal indust::y of the Riverina (defined as alf of New South



FIGURE 2

The spnead of squatting settlement into the dny aneas of
New South l{afes

after" S. H. Robents (fggS, nepninted 1970)
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Wal-es west of ,Na:r::andera) between l-860 and 1869; he describes the

expansion of sheep p:roductiqn for tallow and then wool at the

expense of the cattle indust:ry, the dest::uction of saftbush

(Atr"LpLeæ nutrnnu\ayia) and cottonbush (Kochia aphylLa) by close-

shephending to fatten sheep, thq development of undesirable

CaLLitri,s sp" and Aeaci4 sp" scrubs and the invasion of denuded

r.iver fr-ontages by wool contaminants such as Bathurst burr and bu::r-

medic. Heathcote (1965), in giving a simiJ-ar aceount fo:r the

Wanrego dist::ict of ,northei:n New South I'lales and southern Queensland,

points out that improvements in fencing and the provision of wate:r

supplies increased -rhe cannying capacity. He quotes estímates of

canrying capacities varying fnom 64 sheep/sq. mile to t60 sheep/sq"

mile, but says that even though stoc\ wate:: was plentiful, fnom

the mid-1880rs carrying capacities r¡ielîe dwindling' as Penenniaf

fodde:: was dest::oyed.

cain (1962) deaJs solely with the !'lestern Division of

Wil-l-iams r trRiverinarr . During the 1880 | s , expansion into the a:ri d

areas west of the Darl-ing was supported by massive investments

from pasto::al finance companies. Squatters and thei:r finaneia"I

backers wene ovell-optimistic about the countl'y 5 invested too much

capital in improvements, and ove::stocked, appa::ently ígnoning the

destr.uction which had tãken plaee to the east 20 yeal?s earl-ier"

cain appr.eciates that the napid neduction in sheep numbers

between l-895 and 1902:
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rr. 
" n . htas the outcome not mereLy of the paucity

of rain; events and'practices of eanlier days
had established conditions in which falÌing
away of ::ainfal-l- would be disastllous "

Ove:rstocking, rabbits and enc::oachment of
noxious scrub had done pe:rrnanent damage to
pastui:esrr.

Ba::na:rd (fgOg) however-, although awane of these physical changes'

maintains that the failu:re of sheep numbe::s in the twentieth centu::y

.to exceed the 1893 maximum is for. teehnologicaf and economic Ì-easons.

By contt'ast, documenta::y evidenee on the courrse of ea:rly

pasto::alism in south Auqt::alia has been the basis of onJ-y limited

academic study. Fublished works refe::r'ing to the settfement of the

anid zone incl-ude those of Cockbunn (tgZS-27) who pnesents shont

biogr.aphies of many ear.ly pastonal-ists, N. A. Ríehandson (l-925)

who, as a one time mail- cont::actor-, has assembl-ed mueh hea:rsay and

fir-st-hand info::mation :rega::ding pastonalists north and west of

po::t Augusta, A. E. V. niehar-dson (1936) who reviews a century

of ag::icultunal- and pasto::al development in south Australia and

Davidson (1938) who discusses the ecology of sheep populations'

Histo::ies of Bel-tana, Mt. Lyndhunst and Kanyaka Stations in the

Flínde::s Ranges have also been published (Anon. l-965' l-968) "

Meinig (rgoz) mentions the anid a:reas only in so far as they were

af,fected by the expanding wheat fnontie:: in the state between

1869 and 1884. Bowes (f9gg) p:resents more specific infonmation

reganding the settlement of the no::th of the state " The following

br"ief histony of the southe::n arid zone of South Australia is
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summanised fnom these limited souïîees and firom South Australian

Panliamentar.y Papers (SApp) and Debates (SAPD) up to 1900"

The dr.y alleas of soUth Austnalia had no per.manent sunface

water- supplies apa::t fnom the Rive:: Murray and springs in the

Ffinders Ranges. For this :reason pastoral, expansion into the dny

country, which began in the l-85Ors was nestricted to these

local-íties (fig" 3). In spite of the expenienee of thei:: neighbou:rs

in New South llales, South Austnalian pastoralists understood the

vaníable ::ainfalf, r.egime no better" " The d:ríer- parts of the State t

or I'I'laste Landsrr, were :rega:rd.ed as dnoughted, the implication

being that the droughts woufd end. In l-865 the Su::veyor'-Genenal ,

Goyder., was despatched nor:th with inst::uetions to find the rr" 
" ".

line of demancation between that por"tion of countny wher-e ::ainfal-l-

has extended, and that wher.e the dnought prevailsr' (sapp l-865-66

No" 62). Goydents r"epo::t (Sepp 1865-66 No" 78) not only contained

this der¡arcation, but afso the advice that outsíde the Line of

Rainfal-l- (see Fig. 3) the eountny shoul-d be used fo:: pastoral- and

not fo:: ag::icultur-a1 PurPoses.

At first the South Austr-alian Government'did not give official

ca::rying capacities for. the llaste Lands, adnittÍng that it would be

impossible to find a man with the neces$ary knowledge to make the

assessment. It was acknowfedged, however" that ear-r'ying capacities

shoutd be t-owen than those in New South I'lal-es (SnpO 1860) " In 1866

(SRpp l-865-66 No. 82) Goyder classified pasto::af land into A, B, C



FIGURE 3

Pasto::a1 holdings in the dny aneas of South Austnalia
up to J-866

aften G. W. Goyden in SAPP l-866 No. 154
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and D types, lrepnesenting "dist::icts less and mor:e nemote fnom the

Iine of dema:rcationrr (see Fig. 3). Aften a Royal Commissíon in

1867 (SAPP 1867 No. l-4) this cl-assification contained only three

g:rades; A, B and c. It hras suggested that the carnying capacitíes

should be 35, 20 and fO sheep/sq. mile respeetively. Goyden

considened (SAPP 1867 No. 89) that these limits should be altened to

60, 30 and 10 sheep/sq. mile. Evidenee is given of stations in

B-type countny::unning 30-40 sheep/sq. mil-e in the Olar:y Spu:: and

45-50 sheep/sq. mile in the hil-ls west of .Pont Augusta (s¡pp rgoz

No. f4; SAPP 189I No. 41).

In spite of Goydenrs warning and independent comment by

Bonney (Sepp 1867 No. 89) to the effect that in the nor:th good

seasons we::e the exception, d:ry ones the rule, good ::ainfall-s

after 1872 stimulated the ,expansion of wheat fa::ming into the

margins of the pasto::al areas ; saltbush and bl-uebush pastu::es

we::e ploughed up for wheat as far" nonth as Hawker, and in the

r.ainshado.wed Munnay Basin pJ-ains east of Bu:r:ra and Eudr:nda" The

r-etulrn, of d::oughts in 188J- p::oved that Goyde:: was :right and many

wheat fa::ms in marginal a::eas neve:rted to pa$tora1 use (see

Meinig, 1962) .

By fa:: the gneaten pant of the ltaste Lands beyond Goyde::rs

Line was devoid of penmanent su::face water^ in.the mid-nineteenth

century. This r¡Ias a major: pnoblem facing g::azie::s seeking pastures

in the Easter-n Pl-ains ,nonth of the Riven Munray and in countny
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west of Po:rt Augusta. Financiaf losses sometimes amounting to

g25r00o for. a sing]-e station or run (see sAPP 1867 No" 89) were

fnequently the outcome of abontive attempts to p::ovide stoek water'

fnom wel-.ls and dams (see SAPP l-891 No. 4I). Unde:rgnound l^Iatel? was

often too saline for stock, big dams we::e costly to excavate with

bul-lock teams and small- ones did not pnovide continuous supplies

of waten. Fon these neasons many aneas nonth of the Rive:: Murnay

and west of Po::t Augusta we:re only inte::rnittently on lightly

stocked r.:ntil- aften l-900.

It is , the::efor-e, only the ol-der nuns in South Australía

established in the 1850rs and l-860ts that welre seve:rely degraded

in the nineteenth century. These stations along the Muirnay and in

the F1inders and Ola::y Ranges had sufficient natu::al su:rface wate::

o:: fresh weff water to enabfe them to estabfish la:rge flocks of

sheep befone d::ought pe::iods such as those expenienced between

1860-7 , l-867-9 , l-875-6 , I879-86 ' l-893-4 and l-896-l-903 ( see

Foley, Ig57). In addition some such a.::eas werae also ploughed for

wheat.

Runs which had to nely on dam water had difficulty in

maintaining flocks. Fo:: example, on ,QuQndong Station which has

been studied in detail- by the authon, most dams we::e not built

until th,e late 1870ts (Ba::ker:, 1970) by which time the pastoral

aneas were dnoughted; by 1892 the then lessee cl-aimed to be

dnought stnicken again, ::elying on a singJ-e highly saline wel-1
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fo:r stock water.

Although ther.e wer.e individual- financiens and speculatons, South

Austnalian pasto:ralists do not appear to have been montgaged by pasto::al

finance cornpanies as I^tere those in weste::n New South Wales (see Anon"

J-939; Cain, 1961), and banks had littLe confidence in pasto::al punsuits

(SRpp l-86? No.98). Until 1922 aI1 imp::ovements (wel1s, dams shearing

facilities ) were paid fo:: by the lessee who was laten r.eimbursed by

the Gove:rnment, but no payments were made fo:r unsuccessful wefls o:r

dams " This system meant that many lessees suffered. serious financial

Iosses before they ever. stocked the countny and many handed on or

abandoned thei:: leases. D::oughted stocked p::ope::ties also aPpear

to have been a.bandoned (S¡pp l-867 No. 89; Richardson, 1925) ::ather

thar: amalgamated fon economy in r.unning costs as was done by montgage

conrpanies (cain' 1962).

In neviewing the pasto:ral histo::y of .the south-eastern a::id

aïaeas, it appea::s that, f:rom an eeologists point of view, South

Austr.alia was for.tunate in hawing insufficient supplies of stock

wate:r in the ear"ly days. If waten had been avail-able, the New

South Wa1es pattern of heavy stoeking would doubtless have been

nepeated hene, before a better under.standing of,ca::::ying capacity

could be gained. The effects of this situation are evident today,

as many sheep stations in south Austnalia with moderate stocking

r.egimes stiLL Possess aïaeas of shrub steppe and shrub woodfand in

p::istine condition.
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Thein igno::ance of the envir.onment fed nineteenth centuny

Aust:ralians to acquire faflacious ideas negarding the a::id inland

they wene using as pasture, and it is evident from r:ecent litenature

that some of these misconceptions still pensist; One ,of these

::elates to the use of the term ttca:rrying capacitytr'

It was ackr¡owledged in 1900 that the destnuction of a:rid

pastunes in westenn New South llafes -J-angeJ-y ::esul-ted from sett.Lersr

opinions that the only facton limiting ttcanr:ying capacityrt was the

avaitability of water. As waten was nelatively pJ-entiful, "ca::::ying

capacitiesrt were grossly oven-estimated with negard to p:roductivity

of vegetation; consequent overstocking led to permanent destr"uotion

of perennial fod<ie¡.. This situation was made quite clean by J. H"

Boothby, a station inspector (see Heathcote, J-965 p' 158)"

Although fanmer:s use the term trcannying capacity" ín the sense

of year'-::ound abiLity of a pastu:re vegetation to canny a numben of

stock, in pasto::a1 a::eas the te::m stifl ::elates to the availability

of water:; ine::eases in the nurnbers of stock wate::-points a::e still-

said to incnease the rrcan::ying capacity'l (South Austirafian Pastoral

Act, 1936-50; Heathcote, 1965 ' 196.9; Bar'nand, 1969) '

The ungent need to maintain rangeland vegetation emphasises

that the meaning of the tenm rrca:rrying capacity" as applied to the

a::id zone shoul-d be ne=examined. Hene, ea::::ying ca¡acity must

have some r.elation to plant pnoductivity, as it does in humid

alîeas, i.e. it must nelate to the numbers of stock whieh can be
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Erazed molîe on less penmanently, such that a penennial shrub o:r

grass coven can be maintained in per:petuity.

A second miseonception which had its onigins in the minds of

no::th Eunopean settlens is that of trdroughtrr. Much of inland South

Australia and New South V{ales was lregarded as t'drought stnicken[

fon pr:ot::acted pe::iods. to"\t references to d:rought imply that,it

Shoul-d be of uncommgn,Oceurrenee, rtnol'maltr seasons being thoSe in

whích sufficient r:ain falts to maintain pastune g::owth. D::ought has

been defined aÈ rrA period of abno::mally dny weathen, sufficiently

pnolonged fon the,1ack of water to cause a ser:ious hldnologic

imbalancerr (Huschke , 1959 ) . Fo]-ey ( 19 57 ) suggests that dnought

prevails when ::ainfall deficiency has economic effects; nain

deficient peniods of as l-ittle as five months ane reganded as

dr.ought by him. As unneliabílity of ::ainfal-l- is the outstanding

featu::e of the arid a::eas of Aust::al-iai and as there a::e barely

100 year:s of r.ainfall reconds, it is still difficult to rationafise

estimates of ttno::mal_'? r"ainfalL or. rrdroughtrt.

SOME ECONOMIC ASPECTS OF TIE PASTORAL INDUSTRY

The eeonomics of the pastonal indust::y have been the subject

of sever:al publications in necent yeans, based on data fnom the

Buneau of Agnicultunal Economics. As an ecologist the 'autho:: can
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make little comment on the statements made in these Papers except

to indicate the bea::ing they have on the maintenqnce of native

pastures and on the 'possibl-e future of pastorafism'

In conside::ing the economic histor.y of pastor-alism, Barna:rd

(rgog) says that the dest::uction of pastu::es in the nineteenth

centu:ry,was the lleason for: the gradua] scaling down of ca::r:ying

capacity afte:r the l-890rs. He then gives two othe:: neasons fon

the fact tha-+ the high stock numbers of this period have only'

nanely been exeeeded since. These ane, finstly, that manginal

alte::ations in technology and additiona.I investment have only

senved. to incr:ease yieJ-d pen anima.l- and pr:ovide p::otection against

bad seasons, nathe:: than inq:ease stock numbers , and secondly, that

market inducements we::e lacking to stimulate inc::eased stocking

r:ates. These statements may be cor"::ect, (although there have been

peniods when ma::ket pnospects wene att:ractive enough to encou::age

a change from wheat to wool pr:oduction in humid areas ) but the

basic ueason underlying the fowe:: sheep numbe:rs in the arid zone

since the l-890fs peak must be the fact that cannying capacities

were grossly oven-estimated in the firnst instance, and stocking

::ates have had to be reduced to maintain pastunes in a p:roductive

state, in::espective of market prospects.

ÍIa::ing (1969) discusses efficiency of pnoduction and gives

th::ee statisticq, which he considells ane trinfonmative in companing

the technical- and egonomic efficiency of livestock pnoduction
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betwee4 fa::msj "egions and zonesr!. They a::e (f) tfre::ate of netu¡n

to eapital and management, excluding land an-d livestock (2) net

income pe:: livestock unit, 'and (3) netunns,/costs ratio. These

statistics are exemplified in Tab1e L. Acconding to Waning, stock

may make up as much as 80% of the total capital- value of a p::ope:-ty;

if stock p::ices::ise then capital on books::iSesr so praopontional.Ly,

neturns a::e less i.e. netunns/caPitaf natio fall-s. The effect of

this can be see¡r by companing col-umns A and B in Tabl-e 1. Waning

considens that the fígunes in,coJ-umn A, which disnegandttpnofitstt

on iûcneased value of livestock inventonies i.e: irrc:reased capíta]-,

are a bette:: indication of r-eLative efficiency of nesounce use

between states. By cçmpaning the ::ate of ::etunn to capital-, South

Austnalia appealîs to be much less efficient than New South Wa1es,

unless the::e is a pnice nise, when the diffelrence between the two

díminishes. By exeluding land fnom the capital the dispar"ity

inc::eases and is gneatest if land and livestock a:re excl-uded.

This suggests (as do the differences between columns A and B

whíeh ar:e based on,no-pnice-,::ise/pnice-r-ise of fivestock) that

the amount of capital tied up in liVestock is gneaten on New South

t'lales p::openties than on South Australian.

This is borne out by ::efe::ence to Reid (1968) fnom whom

TabLe 2 is dnawn. AJ-though the ave::age size of p:ropenty in N.s.vt.'

is almost half that in south Austnalia the numbens of stoek pen

pnopenty ane almost doubl-e. The effect of this is :reflected by



TABLE 1

Sour:ee I l{aring' l-969

'* lfficiency factons

Return to capital- and management ($)
'* Returns/costs ratio

Rate of netu:rn to capital- and management (9o)

with add.itional $2 pen sheep (%)

excluding l-and (eo)

L excfuding land and livestock (%)

?t Net farm ineome pen fivestock r¡nit ($)

N. S.W;

11

6

6

1

)2 39

6

4

0

12.3
22.0

l_6 .4

S. A.

llithouf price gain
(A)

3,l-46
1.3
2.8
2.6
4.8
6.7

l_0 .7

N. S .W.

15,567
1.8
8.9
6.4

17. r
30.4
2r.9

INCOME },IEASURES FOR SHEEP PROPERTIES IN THE S;E. ARID ZONE

Avenage pen plroperty, 1962-3 to 1964-5

S. A.

Vlitþ price gain
(B)

I ,748
1'7

7"8
1.3

l-3.3
18. 7

22.9

ts{
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TABLE 2

3,409
58,'123

5 
'l+60

29,524
Size of flock (nos. )

Size of p:ropei:ty (ac. )

S"AN. S. !ü.

PROPERTY CHARACTERIST]CS ]N THE S.E. ARID ZONE

Average, 1960-1 to 1962-3

Sour:ee: Reid' 196I

fodder and agistment costs in the two states (tabte 3); pnoperties

in New South Wales on avelrage spend between 2-I5 times as much on

fodden and agistment (depending on season) than those in South

Australia.

These figunes must be a reffection of past overstoeking in

New South Wales, which nemoved the d::ought-reserve bush cover, and

the pnesent nelatively high stocking nates, which mititate against

a policy of p::esenving penennial feed for dry seasons '

The interpnetation of the papers cited suggests that if

incr.eased ?rtechnical and eeonomic efficiencyt' is achieved by

greaten stocking t-ates, then the ecofogist concerned for the futune

of the pasture must negard rtefficiency q:iteriatr with caution.

Data mapped by Bnown and !,lilliams (fSZO), however, indicate

that sheep in the South Austnalian arid zone cut a heavie:: gireasy

and cfean fleece than those in westenn New South Wales. Although

they say that one of the factors responsible for heavier fleece



Drovíng, agistment ($)
Total senvices ($)
9o spent on droving,
agistment

Fodden ($)
Total- matenials ($)
% spent on fodder

TOTAT COSTS: (including
labour, :lent, deprecia-
tion, materials,
services )
Fodder, agistment
9o total spent on fodde::,
agistment

r46
5,l_96

2 "80

320

4,314
7.42

N" S.I\t"

19 ! 396

466

2.40

l-960-l- to 1962-3

16

2 1338

0.68

l-62

3,r28
5.17

S.A

13,048

178

1" 36

l_ ,5 l-2

6,488
23 "3

N. S.W

24,292

1,893

7 "79

318

6 ,890

5.5

3,13.1-

0.0

l-6 4

3 r995
4.1

S.A.

1964-5

l_5,98+

1.03

l_64

N. S;W.

9l-2

6 r380

14.3

3,307
7,080
46 .7

2 3 ,093

4,2I9

18"26

196s-6

4l-

3,l_91_

l_.3

l-45

3,289
4"4

S.A.

l_5 ,674

1. l_9

186

N. S.!t.

759

6,757

II"2

767

5,226
14.7

21r 99 3

6"94

1 ,526

193

3,486
trtr

S.A

1966 -7

FODDER AND AGISTMENT COSTS
Avenage per prîopentY, 1960-1967

13

3r572

0.7

16,838

2I8

r.29

TABLE 3

Sour:ce: Aust::alian Sheep Industny Surveys' l-960-61 to 1962-63; 1964-65 to l-966-67
Bureau of Agnicu.l-tural Economics

ts(o
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weights is the South Austrafian stngng-wool stnain of Me:rinor' this

type of sheep is::un in both dist:ricts. A second factor infl-lencing

fleece weight is the type.of animal; wethens ane said to cut

the heaviest fleeces, but as the majo::ity of sheep in anid South

Austrafia and weste::n N.S.W. a¡e eh¡es, Bnown and Wil-liams suggest

that ewes.maintained'at a high leve1 of nutnition will- cut'a

heavier fleece than might be anticipated. It can, ther:efo::e, be

infe::red that South Aust::alian arid flocks have a betten .l-evel of

nutnition than those in New South Wales. It is inte:resting to

note that Reid (1968) commenting on the Austnalian Sheep Industry

Sunrrey, uses the assumption that prope::ties with highen grazíng

pressunes ane indicated by Jowe:: wool cuts pen head.

At pnesent, the pnice of wool iS cqntinuing to fa.l-l and

the Buneau of Ag::icultu::a1 Economics (fSZO) pnedicts that this

decline will cqntinue dur-ing the pnesent decade. Reid (l-968)

in consider:ing the implications of this hlarns against increased

stocking nates to offset falling incomes ¡ and d::aws attention to

what happened in,New South Wal-es in the 1890rs. He points out

that thene is no indication that pnoperties with highe:r grazing

pressunes achieve highen nates of retunn to total capital; I'lar:ing

(fgOg), howeven, would not consider the,cnite::ion Reid uses as

particuJ-ar"Iy infonmatÍve. Reid is awane of the conser-vation

pnoblems associated with highen sheep numbens and suggests

aJtennative means of pnoduction:,
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ItThe neasonably high nates of retu:rn to capital
exc}:ding the value of land, the wide vaniation
of pnofitabil-ity between pnoperties, and the
possibility of inc::eased beef cattle pnoduction,
make it unJ-ikeJ-y that resounces will- be r^rithd:rawn
f::om the ,pastonal zone in the for"seeable futu:re
under. pr?essune of l-ow wool pniees oll nising costs,rl

In South Austnafia the a::íd aneas p:roduce only 13-14% of the

Statets total wool clip (Commonwea'ì th Bu::eau of Census and Statisties,

1969). If this :relatively small quantity is essential- for the

Staters eco:tomy it coul-d be argued that the agnicultu:ral- a:reas are

capable of inc::easing pnoduction by this amount. Afso it is

likeJ-y that qual-ity e. g. fineness , nathen than quantity, will '

detenmine futune wool- mankets, so the demand for the strong wools

fnom the ar:id aneas is l-ikely to continue to decfine.

It could, howeven, be argued that the South Austnal-ian a::íd

zone whieh cuts , the heaviest cfean fl-eece weight per beast of the

stnong wooÌ type should be sl-owen to change to cattl-e pnodUction

than othen anid areas whe::e dust and vegetable contaminants dec::ease

the value of the wool clíp. (Sheep g::azie::s in weste::n New South

!'lales acknowfedge that soil erosion is their gneatest pnoblem

(Caskey, 1969). ) Waning (rgog) comments:

tr. . . . even if onÌy because of social- and
institutional nigidities it is likely that thene
wifl remain substa¡tial- numbers of sheep and
cattle in the arid zone th::oughout the for-seeable
futur.e. rl

This nemank has panticular applieation to South Austnalia whene

72,69o,of sheep stations ar-e owned by family pantne:rship and a,
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funther 19% ane owned.by the ope::aton., on,the basis of man-weeks,

South Austnaliar¡ sheqp stations use mone fami]-y laboup tha4 aI¡y

other State (Buneau of Agnietr]-tu:¡al. Eegnemics, L969). This

suggests a coneidenable'family inteneSt in the running of sheep

statíons and if this.tnedition can be,maintained it,could p:romote

a degnee of stabil-ity for the future'of many South Austnalían

sheep stations.
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CHAPTER III

ffi PASTo.RAL zoNE.OF SOUTH-EASTERN AUSTRALIA

CAUSES OF ARIDITY

Anidity in this allea t esults fnom compa::atively 1ow r"ainfaf l-

in conbination with high evaponation. The arid ::egions of

Australia a:re pant of the system of arid areas J-ying in the

subtnopical- Iatitudes nonth and south of the equator" The Low

nainfall experieneed is b::ought about mainly by two facto:rs

(Hare, 1961). In subt::opical latitudes subsidence of ai¡ in the

moist lower tnoposphene, and adiabatic wa::ming associated with

thís movement neduces ::elative humidity. Funthe::, the high

pressulre belt associated with this subsidence sepa::ates the

cincumpolan weste::lies fnom the tr"opical eastenlies. As ,a result

the veny moist t::opical ain masses ::a::eIy penetrate far enough

south to affect these southenn areas; the f:rontal systems of the

ci::cumpola:: westerlies are lifting mainly the dny subsiding

subtropical air and. hence littLe on no nain is p:roduced with the

passage of most fnonts. The,most southenly a:rid aneas ::eeeive

inregulan and usually slight :rainfall fnom the occasional active

cold fnont, but the benefits denived fnQm these diminish towa::ds

the centne of the continent.
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High evaporation nates nesult fnom high val-ues of solar

radiation¡ and because in these subtropical Latitudes the ai:r is

fnee of poJ-Iutants and cfoud, incoming nadiation is veny intense"

Hounam (fgOS) has calculated that this is equal to 600 cal-. ",-'
-ld"y-t in Januany. The nesuftant annual potential evapo::ation

llanges between 70 and 130 inches fnom a fnee wate:r surface.

Maps showing solar nadiation; nainfall and evapor-ation rate

ane given for- south-eastenn Austr.alia in Fig" 4, and demonstnate

clea::ly the aridity of the negion u4den consideration'

DELIMITTNG THE ARID ZONE

The ear"tiest official attempt to distinguish arid areas from

more humid ones in Aust::alia, was that of Goyde::, a South

Austr.alian Sunveyo:: Gene::aL (see p. 9) who, with l-ittl-e knowledge

of nainfaltr r:egimes ol: seasonal- ave:rages r drew a rrline of Rainfallrl

which noughly conl?esponds with what we now know as the 12 inch

isohyet. Fnom comments he made in his nepor:t (snpp 1865-66 No. 78)

it is possible that Goyder may have used saftbush (AtrLpLeæ

ües¿ea?La) as an indicator" ptant to distinguish the areas he

considened best suited for pastonalism fnom those suitable fo::

agricultune.

Considenable :-eseanch has been carnied oUt since to give a



FIGURE 4

Clímatíq data nelating to the anid areas- of south'earetern
Austnalia

A - Average montbly total- radíetion fon ,,.Ianuary
(at the surfaeä in cal;/cn.'2/ð,ay-r)

B, - Avenqge mpnthly total nadíalion fgn .ilune
(at tñe eunfacã in eaL; /err.-2¡avy-r¡

C - 50 peneentilç nainfall. fon the yean (in
ineþes )

E - Average'evaponati.on fon the yean (fnom
Australiar¡ Standand Tar¡k, in ínches)
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more precise definition to the anid zone in Aust:ral-ia on the basis

of cl-imatological data. And::ews and Maze (1933) neview overseas

studies to pr.oduce a mathematicaf ::efationship between precipitation

and temperatune for. an index of aridity. They discuss fou:: such

natios and their modifications, concluding that ar:idity can only

be defined by:-eference to length of anid peniod, whi'ch, as they

sa5z, is cnitical in determining cultu::al and natural landscapes.

This,concept was used by Davidson (rgg+, 1935, 1936), Tnumble

(rggz, L939), Pnescott (1934, 1936,.1-938, 1943, 1949) and

P:.escott and Thomas (1948-9), who developed p:recipitation/

evaporation (p/¡) natios to indicate the lower" l-imit at which

adequate moistune is available fon plant gnowth. Thei:: ratios

vany f::om Davidsonts P/E = 14, to Trumblers P/E = $ fon South

Austnalia only, to pneseott arrd rhomast p/Eo'75 = 0.4 appricabre

to Australia as a who.l-e. In all cases (f ) is estimated f::om

measunements of saturation deficit.

Pnescott and Thomas use thei:: fonmula to establ-ish break of

season and state:
rrWhere in no month does the vaLue of the index
neach this val-ue, desent conditions may be
expected. Fo:: per:iods up to five months pastonal
occupation is possible, and'when the peniod is
g:reaten than five months agnicultune is possible.rl

Goydenfs subjective judgement may now be justified by means

of a mathematicaL nelationship. But howeven pnecise a line d:rawn

on a map may on may not be (Fig. 5), it is now implicit in the



FIGURE 5

The arid pastor.al zone in South Austnal-ia as defined by:-

(1)
(2)
(3)
(4)

Goyden (1e00¡
TnumbLe (1937)
Pnescott and Thomas (L9+e-g)
Penny (fgOZ, 1970a; after Meigs' 1953)

?.-..-..-
.aaaa.a..

The shad.ed anea is that Pant of the South Austnalian
a:rid zone devoted to sheep¡ its southennnost bound¿:ry
:repnesents the llmit of the e¡rea which cames unden
the junisdiction of the Pastor:al- Act 1936-50 and
Arnendments.
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r^roudsttar:id zone| in Austnalia, that the anea is suitable only

fon pastor"alism. Such aneas descnibed as ::angelands by Pen:ry

(1967) ane rest::icted to places "whene-:rainfall- on a given piece

of land is inadequate fon economÍe c::op pnoduction or pastune

impnovementrt. In South Austnalia such land is administe::ed by

the,Pastonal Boa::d unden the Pasto::al Act' 1936-50, and,

Amendments, and the limít of the anid zone in these terms is

also shown in Fig. 5. In this a:'éa feases ane hel-d fon up to 42

years. The bette:: watened southenn po::tíons ane devoted to sheep

and ane.bounded by the,Dog Fence. Some pastonal areas occun south

of this administnative anear but.ane heJ-d unden Perpetual Lease'

and ane not subject to the ,pnovisions of the Pastoral Act,
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CHAPTER IV

VEGE ON OF THE ART D PASTORAL ZONE IN SOUTH-EAS RNA TRALIA

STATUS OF ARID ZONE VEGETATION

The onigins of the Enemaean Flor-a, as a:-id vegetation was

tenmed by Tate (rgso), a::e discussed by Bu:rbidge (tsoo), who points

out the similarities between Austnalian anid chenopods and the

halophytie st::and and dune chenopods of the Nor"thern Hemisphe::e.

Following Vlood.rs (l-937) studies of the vegetation of south

AustnaLia, the::e is now a gene::al beli.ef that the shnub steppe and

shr.ub woodland, which constitute the pr.incipal vegetation fo:rmations

in the southe::n anid a::eas of Austr:afia (Atlas of Austnalian

Resou:.ces, 1955) a::e climax. It is of intenest to note that a

contrary view was held by col-Lins (rgzg) who states that the

development of vegetation associations beyond the mulga-saltbush

state in the Ba:r::ien Dist::ict of New South Wales may have been

a::nested by g:razing; she suggests it would be necessa::y to excfude

stock to alLow succession to continue to the climax situation'

Osborn (fSZS) suggests that the dwa::f shrubland and ar-id scrub

communities of Koonamone Station have the cha::acter of climax

vegetation. Ther.e coul-d, be little neason fon supposing that the

cl-imactic status of the vegetation in the two ar:eas t sepalrated by
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only I2O miles, wouJ-d be diffenent. Wood (1937) does not say that

these fo::mations are climatic climax as such' He says:

,r. . . o each Lis] a climax associatÍon in its own miero-
climate. . . The detenmining facto:: fo:r each comrnunity
is the amount of avai]-able waten in the soil'rl

Beadle (1948) discusses successiorr and status of the many plant conunun-

ities in weste::n New South Ïlales.

SYNECOLOGY OF ARID ZONE VEGETATION

Cïima,æ oegetatíon

The earlíest descniptions of climax vegetation nov{ used as sheep

pastu::e in the south-east of the anid zone a::e found in the explo:rer sr

jounnals, such as those of Stur.t (fgge' 1849) and Ey::e (1845) (see

also Thneadgill, Ig22), *d in newspaper reponts and Panliamentany

Papens (see, fon examples , Williams o 1962; Heatheote , L965 ) . Ea4ly

r.econds in scientific litenatur:e were by Schonbungk (1876), W" A.

Dixon (feeO), l¡oolls (feeZ), S. Dixon (fAAS,1892) and Maiden (1888)

al-I of whom Listed native species of AtripLeæ, Rhagodía and other

tf salsolaceousrr plants being grazeè' at that time '

Mone. detailed accounts ane given fo:: New south lüales by

Col1íns (fg20,1924) of the mulga and saltbush associations of the

Bannier and,G,I'ey :Rangesr,by Bead1e (1948) of the numellous pasture
\

¡
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vegetation types of the whol-e of weste:rn New South Wales and by Moor:e

(1953a) of pant of the,Riverina, whene there are nel-ict patches of

climax vegetation containing Aeaeía penduLa with AtripLeæ numrmtLania

and .4. Des¿earLa.

By fan the most compnehensive fiter:atul:e describing anid

vegetation neLates to South Austrafia. The southenn aneas with which

this thesis is concenned¡ maY be divided into the nonth-west and

nonth-east negions. For. centain biogeognaphicat,neasons suggested

by Cr.ocken and Vüood (1947) the vegetation in the two negions¡

noughJ-y sepa::ated by the Flinde::s Ranges, vanies slightly and will

thenefone be egnsidened separately.

In the nonth-east the Koonamone Vegetation Resenve was

established in the 1920fs. The vegetation in the vicinity of the

reserve.at that time was desenibed by Osbo:rn (fgZS). Much later

Ca:¡::odus, Specht and .lacknan (fgOS) gave an aqcount of the vegetation

of the whole of Koonamo:re Station. Jes.sup (ig+g) described some ofI
the vegetation-bonde::ing the Murnay Basin; Banken (fgZO) studied

Quondong Station, J"yíng east 'of ulessupr s area and only 40 mil-es fnom

the New South Wales bo::de::. A detailed desc::iption of Quondong wiJ-1

be given in Chapte:: VIII of this thesis. Such Paperls descnibe the

vegetation of the,north-east as consisting of ,Casuanina cristata or

Myoporwn platyeatp¿lø woodland, with Aeacia anewd. in dnainage areas

and mal-lee oecupying sand dunes. Bluebushes, Kochla sedifoLía and

Kochía etaq,Ðq,ta, var, triehoptera, a?e very common with black oak on
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calÇareous soi.l-. AtrLpLeæ Uesícaria occuns whe¡e the porpontion of

clay in the soil- inc::eases "

Eanly accounts of the no::th-west dist::ict are given by cannon

(192I) and Adamson and Osborn (tgZZ) who pnesent stnaightfo:rward

descriptions of the vegetation anound Ooldea, bo::dering the Nul-lanbon

Plain. Late:: nesear.cher:s also incfude soil sunveys' as these are of

obvious impor:tance in the undenstanding of soif erosion. Fon example,

Cnoeke:: and Skewes (f941) discuss the inten::elationships between soil-

types and vegetation assocÍations and formations on Yudnapinna

Station. The p::ineipal associations contain the dominants Atz'ipLeæ

uesicarí.ai A, üesiearia and Koehia planífoLía (now K. astrotrícha) )

Acacia.soüdenü and. MyopOtlan pLatAearptun; A. aneuaa,i A, LinephyLla

and Casuaz,ina LepidophLoda (now C. ct'istaþa), K, pgz'ønddata and

A. Ues,Lea?¿r ane eonsistent species of the water'-counses. Crocken

(fg+O) b::iefIy mentions Acaoia soudenòi tnee steppe and Casuarina

Lepidophloía (now C. erLstata) se:rub in nonthe:'n Ey::e Peninsula, in.

an intnoductory paper on the soils and vegetation of the Península"

Jessup (1951) gives a comprghensive account of the soils, geg]ory

and vegetation of a lange area of the no::th-west, including the

a:rea of the Lake'Tonnens Plateau examined by Mui:r'ay (1931).

r]ackson (fgSg) nedesc:-ibes the vegetation of Yudnapinna Station

pnio:: to a diseussion of its soiJ-s and hyd::ofogy. He draws attention

to the variety of nomenclatu:re ::efe::ring to vegetation structune,

by pointing out that his own use of |tsh::ub woodlandrr is equivafent
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to the ilshi:ub-a::id woodlandrrof ,Jessup (195f) and thetrtree steppert

of Cnocke:: and Skewes (194I).

The descriptions cited above indicate that the north-west does

have some vegetational similanities with the north-east. The

pnincipal differ.ences fie Ín the occurnence of Aeaei'a soudenii

(weste::n myall) only on the western side of the Flinders Ranges ' and

in the comparative na::íty of Koehìa pAv'ür¿data'on the easteln side.

DiscLima.æ uegeta,t'í'on : the effeeù of grazíng

some of the pape::s alneady mentioned discuss, in a general way,

the modification of climax communities by grazing. Othen papers

nepo::t the consequences of oveng::azing. The eanly papers of lr{. A.

Dixon (reeo), I,loolls (1882), Maiden (reee) and s. Dixon (1892)

give gnaphic desc:niptions and warnings concerning the destructíon

of native shnubs which was taking place in New South Wal-es and to a

lessen extent in South Austnalia. These paPens cleanly had líttle

impact, fon Maiden (rgog) suggests t:rees and shrubs, both native

and exotic, which could be planted to combat sand drift; McMasten

(fgOg) exp::esses doubts about these measulres as the cost of the

suggested ptantations would be out of all pnopo::tion to the

pnoductive capacity of rrthis extremely low gnade countrytr'

Ratcliffe (fgSO) carr-ied out a sunvey in anid South Aust:ralia

to detenmine the extent and inmediate causes of soil- enosion and
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possible means of controJ-ling it. Beadle (1948) was r?esponsíbl-e

fo:: a similan, but morle comp::ehensive, suuvey of vegetation types

and associated soil enosion inrllestelrn New South I'lales. In the

overguazed situations these àutho::s descnibe, the destnuction of

the oniginaf sh:rub vegetation led to the development of disclimax

communities such as those described by Moope (:-gSS¡) foir the semi-

anid south-eastern Rivenina of New South ÌJal-es. An oníginal shnub

woodfand climax vegetation consisting of Acacùa penduLa. and AtrípLeæ

nwwnular¿a has, under prog::essively heavier gnaz|ng given way on

J-ight textu::ed soils, first to Roehia aphyLLa wít:h Stòpa faLcata,

then to Danthonia eq,espítosa and finally to annuals. Acco:rding to

him the native annuafs have litt.Ie on no pastu:re vafue. 0n heavie:r

soifs the cl-imax degene::ates to Stùpa arLstigLwnis, then Danthoni.a

and finally chLoris trLmcata. The :retnog:ressíve sequenee thus

appeans to be penennial sh::ub + pe::ennial gr-ass + annual- grass and

henbage; Moore quotes BeadLe (rg+g) as nega::ding this gnassland as

a climax nather than diselimax. ÌliJ-Jiams (fgSS) and Wifson and

Leigh (fgO+) describe discl-imax communitíes with negard to vegetation

palterns on Rivenina gilgai soil-s.

The devel_opment of disclimax communities in south Aust::alia

has been mentioned by Cnocken and Skewes (1941) fon Yudnapinna

Station in the north-west distnict. In an Acaeía soudenii-Itlyoponum

pLatycazpum elímax association, gnazing encourages the disa¡¡pearance

of K. sedifoLia and the appearance of K. pArØn¿data, which is said



to be unpal-atab1e. If degenenation is too :rapid, for:bs such as

Bassì,a obliquíeuspis and B. paraÅ.oæa íne::ease, but there is no

funthe:: degnadation untif the associated species such as Cassia

spp. and Hetev,odendzwn oLeaefoLieøn disappea::"

In the AbripLeæ uesicav'ia-K. pLanifoLia (now ,K. astrotv'icha)

association the saltbush disappea:rs finsts with inc::eases in Bassia

dioav"Leata and B. decussata. When K, pLanifoLia goes the epheme::al

A, spongíosa appidlar-s" Jessup (1951) also notes the incr"ease of
trannualstr and unpaÌatable species in the grazed country of the

nonth-west distnict. Thís degenenative patte::n of perennial bush ->

annual/biennial forbs + epheme::als is similar to that noted above

fo:: the Riverina.

Of the no::th-east dist::ict Jessup (fg+e) says:

rrAs a ::esu.It of the absence of a K. pyraníd'ata
stage in the K. sedifoLía dominated pastunes of
the nonth-eagt, the dest::uction of b-l-uebush
p::esents a much morae. se:rious pr"oblem than in
the no::th-west of the Staterr,

as the destruction fr-om pe::ennial bush + ephemenal-s is accomplished

more napidly.

The Koonamor.e Vegetation Resenve was established in an over-

grazed. part of Koonamone Station with the object of monito:ring the

negeneration p::ocess by means of, fixed quad::ats and photography

points. Sinee Osbornls initial PaPer in 1925, Osbo:rn, V'lood and

Paltnidge (fgSS), Wood (fgeO) and Hal1, Specht and Ea::dley (rsO+)

have nepo:rted on the sequence of recolonisation ::eco::ded at annual
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inte:rvafs. Hall et aL. (1964) say that ::el-ief from sheep stocking

has al-lowed the ::egenenation of Att'ipLeæ uesicaz'ia and ,4. stípítata,

although the seedling su::vival of Cassia nemophiLa,, Aeaeia aneura)

Myopotwn pLatycazpwn and SantaLun acun¿natum and sucken surviva.I of

CASUayLna cz,istata is appa:rentty dependent on the excl-usÍon of

rabbits al-so. Col-lins (1924) makes simifan obse::vations ::eganding

the negenenation of A. dneura in the Gney Range of N.S¿W" She says

ol-d residents have nepor.ted crops of seedl-ings which nanely sunvíve.

Beadle (1964) suggests that reduction in r:hizobiat population

:reduces seedling establishment of the legume ,4. ane?,ft'a,' as root

nodr:les cannot for.m. Jessup (fg+g) says that thene is ample

evidence that Cassía sp" was o::iginally far mone plentiful in the

nor:th-east of South Austnalia than at the time of his sur:vey"

some of this non-sunvival must undoubtedly be due to nabbits,

aÌthough Ratcliffe (fgSO) states that the Presence of stock is just

as fataf to palatabJ-e young seedlings as are :rabbits. Pundie

(per:s. comm. ) observed the nonmal .regeneration of myal-l (Acacia

soudenií) in a paddock a-t Middleback Station whe:re sheep, but not

nabbits, had been exeluded for 40 years.

Regenenation of arid vegetation following bushfires is ::eponted

on by Mu:rnay (fgSf) seven years afte:: a fine on the Lake To::nens

P.l-ateau. She ::ema::ks that /1. pyz'amidata is the only su:rvivor of

arr5r note, l(. sedífotía sunvived less fnequently, He::bage appear:ing

aften the,fire included Stípa sp" and Bassiq, parad'oæq, C::ocken and
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Skewes (fg+f) and Jackson (tgSB) nemank on the r"eady r-egenenation

of Cassia eremophtl¿ (now nemophíLa) foll-owing a fi::e on Yudnapinna

Station in 1922,

This litenatur:e suggests that the p::oblem of ::egenenation is a

eomplex one. Inrespective of the cause of deg::adation of vegetation

(domestic stock, :rabbits, fire or: ploughing foz' ag:ricultune),

uecoveny to an o::iginal condition wiJ-l only occull if the envinonment

is nefatively undistr.ubed. ThÍs is :rarely the case and edaphic on

hydnotogic ehanges pnomote the development of discl-imax vegetation.

Fie1d observations by Hallo Specht and Ear.dl-ey (tSO+), Cnocken and

Skewes (f941) and Jessup (f948, 195J-) have cont:ributed substantially

to knowledge of conditions necessany fo:: ge:rmination and regrowth

and show that the necessalry cornbination of favounable factors may

occuu only naneJ-y. Better r:nderstanding of such faeto:rs wifl- emelrge

fnom autecologieal and eeophysiological- studies such as those to be

neviewed in the next section,

AUTECOLOGY OF ARTD ZONE PLANTS

Hall, specht and Ea::dley (roo+) str:ess the need fo:r autecologicaÌ

wonk in unde::standing the factors confi:ol-ling regeneration. Genmina-

tion exper:íments and population studies will be ::eviewed in this

section, as such phenoJ-ogical processes wiJ-l be affected by g::azing.
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Stipa ni,tídq, ís one of the plants whieh has been studied in

detail- (Osbo::n and Wood', 1931-) " Data on genmination and phenology

al:e plresented together wíth ínfor.mation reganding plant distnibution

and variability of the noot system in nelation to soif type" The

effects on Stipa of biotic facto::s, including sheep, are also

dis cussed 
"

Danthonia eq,espitosa and species associated with it have been

examined by Viilliams (tgOta), who uses his obse:rvations on g:rowth

and flower"ing cyctes of these plants to account fo:: the development

of this dísclimax gr-assland from At't"LpLeæ nuntnuLav'ia shnubland,

under. the infl-uence of grazing 
"

Zimmer. (1944), who studíed a population'of CaLTitv'is robu¿sta

(now c" coLumeLLaris) g::owing with casuarLne ez"Lstata, EucaLyptus

oleosa and E" gracíLís in the Ya::r"ai:a State Fonest, Victo::ia,

states that r:egeneration was not proceeding because of a ha::d enust

on the soil su::faee" Once seedlings are establíshed, however, he

estimates that the growth of young tr-ees would proceed at a nate

such that in 14 yea"s a height of 18 feet and a butt diamete:: of

6 inches would be achieved. Lange (fSOS) examined C" eoLwnelLanöe

at The Pines Station r near Vfoomer:a in an attempt to nelate growth

rings to ::ainfall periodicitY"

Mulga (Acaeða aneura) has been studied in no:rth-western New

South llales, whe::e Pneece (1971a) ::eponts that fl-owering occulôs

afte:r :rain, pnincipally in spning and late summer'" Fruiting occurs
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most frequentfy after the summe:: flowering" Simil-an obse::vatíons

are made by Davies (l-968) " P:reece (1971b) states further" that

atthough ::egene::ation of mulga is not occurning in nonth-\^Ies'ter-n

New South Wafes, conditions woul-d be suitable fo:: ge:rmination

appr"oximately once in nine years, He points to the need fol:

studies on seedfing gnowth, A. qneurq. var. Latifolia' common in

Queensland but more rarre in sou'the:rn arid areas, is desciribed by

Everist (rg+g).

Pundie (pens" comm" ) concl-uded that ncn-iregenenation of Aeaeia

soudeniL (western myall) ís a ::esu"lt of sheep grazing" Stirling
(fsoz) descr-ibes ger:mination and g::owth of this specíes; Co::neÌl

and Lange (f900) suggest it has a possible life span of 250 years.

Acco::ding to Bu::bidge (tS+S) ttre optimum germínatíon temperatur-e

fon seed or Atz,ípleæ Desiearia is l4-l-Boc, while Beadl-e (1952)

r.ecor-ds the optimum as bçing 2o-25oc" This disparity may be due

to the fact that seed f::om di,fferent populations was used;

Knowles ànd Condon (rgSr) describe thnee eeotypes of A. ueeiearia"

Both Burbidge and Beadle comment on bette:: ger.mination after nemoval

of the b::acts, and Beadle attributes this to the inhibitory effect

of the accumulation of chl-onide ions in these ongans. He al-so

comments on the permeability of the seeds" Jones (fg6e) ::eports

that although milting the trfruits'r on l-eaehing the salt f::om them

impr.oved the ger.mination of A; numrmtLav'ia in the J-abo::atory,

these treatments had no effect und.en field conditions " Bu::bidge
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believes that ,4. ueeiearia is unlikely to regenerate afte:: summen

nains , as hot days may damage the ,seedl-ings. Beadl-e makes

obsenvations on thein dnought tofenance "

Whíl-e AtrLpLeæ seeds may remain viable fon sevenal yeans,

those of Kochia are viabl-e for shorte:: peniods (nu:rliage, 1946;

Hall, Specht and Ea:rdley, 1964). Germination oceulls in the nange

g-3OoC. Regenenation of Koehia is unl-ikely to take place on

windswept, denuded ground, and Bu¡bidge (fg+o) points out that

litten is impontant in tnapping the wind-blown,seeds.

Info::mation on J-ongevíty, growth and fnuiting characteristics

of sever-al- species of Atr,í,pleæ and Koehia is tabu-l-ated by Knowfes

(1951) and Condon and Knowles (1952).

Heltmuth (1968) reponts on the autecology of Rhagodia baecata,

which is highly valued as a pastune speeies in some arid areas of

Western Austr.aJia. This speeies appealrs to be a coastal- one in

South Austnal-ia and acco::ding to Bl-ack (f9+g) has l-imited occurrenee

i-nland"

The necessity for: seed coats to be c::acked.by high summerl

temperatures oll fi::e befone ge:rminatíon can occur is noted fo::

Aeacía spp, and Cassid sp. b5l Osbo:rn, tr'lood and Paft::idge (1935),

Cr.ocken and Skewes (1941) and Hall-, Specht and Eardl-ey (:-oo+).

In .additíon to the wonk desc:ríbed much info::mation of an

autecological- natu::e is. contained in publications concerning

vegetation associations by Jessup (fg+g' l-95f) and C::ocken and
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Skewes (f941) and in the Koonamone paPel?s, where the behavioun of

species unde:r centain situations is commented upon.

ECOPHYSIOLOGY OF ARID ZONE PLANTS

The nofe of ecophysiology in the field of :rangeland reseanch

is l-imíted to the extent to which it can explain species behaviou::

and thus account fo:: vegetation patte::n " Most of this wonk has been

directeo towards species of AttipLeæ and Koehia and Aeacía aneula"

Thé distnibution of Kochi'a ee&Lfolì-a and Atz'ipLeæ uesieav'ia

nelative to each othen has.been investigated by Ca::nodus and Specht

(fgOS)" Thein obse::vations on the shal-l-ow ::oot system of A"

uesicav,ía and'the deep one of K. eedifoLia tie in with those of

Odbonn, Wood and Paltnidge (1932, 1935); evidence that ,4"

oesicarLa occuns on soif with impeded d::ainage agrees with

Jacksonrs (1958). They point out that K. sedi,foLia is found on

deeply wetting soil-s and suggest fu::ther that tlre distnibution of

the.two speeies thus depends on the depth to which the soil is

wetted. ,-Jones and Hodgkinson (fgZO) compa:re the rooting pattern

and noot mass of ,4. ues'?:cania and .4. nt'gnrml"Laria.

In mulga communities pattenned into groves, the ponding of

wate:: in the grove areas as opposed to the. open areas between is

desc::ibed by Slaty.en (fgOf). The effect is attnibuted to diffe::ent
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soil penmeabíllty and togography. He::bage patte::n follows that of

the tnees, being confined to the glrove (Penry, 1970b)and may thus

be due to imp:roved water nelations under the tnees ' as no diffenence

in nut:rients is obse::ved.

tlineraf accumufation in plants and nut:rient cycling in arid

ecosystems has been investigated by nume::ous wo::kers" A. UeSicania,

A. stipitata, K. sedífoLía and /(. planifolia (now K. astrotrLehn)

ar.ç not halophytesas they often gnow on non-sal-ine soif (Osbonn and

wood, 1923a and b), although they do accumul-a[e sa]-t (Ashby and

Beadle, l-957). Wood (1925) comments on the selective absor:ption of

chlo::ide ions and Brownell (fgOS) and Wood and B:rownell (fgSZ) say

that sodium is aceumulated as an essentiat nutnient" Brownel-l and

Jackman (rgoo) and Lange (rg0z) relate hígh sodium accumulation to

nit::ogen,metabofism. The cycling of such metabofites is believed

by Rixon (rgzo) to be strongly affected by vegetation pattenn; in

soÍfs with an even distr.ibution of nit::ate-nitnogen the rate of

nitnogen tunnover: was g:reatest under the AtrípZ¿ø bushes. Rixon

might attr-ibute the patte::n noticed by Per:r:y (l-970b) to this

phenomçnon. In soils with an uneven distribution of nitrate-

nitnogen, cycling oceurs vía AtrípZ¿æ bushes " Ì'lhen the a:rea is

denuded of Atrípl¿æ, nitr,'ogen cycling ceases as sho¡t :rooted

species cannot neach the nitnate-rich alreas (Cha::Iey and McGa::íty,

1964). Rixon (fgZO) discusses the input of nut::ients fr.om faecal

pellets in nelation to the distnibution of saltbush pJ-ants; Jessup
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(lgOg) indicates that soil safinity (ehloride) is dependant on

sal-tbush distr.ibutíon.

The loss of nitrogen and ea::bon by wind enosíon in overgrazed

situations is mentioned by Beadle and Tchan (1955). Beadl-e (rgo+)

suggests that nit::ogen-fixing nhizobia are destroyed by wind

t:ranspont and that this may be a neason fo:r the poon ::egene:ration

of mul-ga. Fixation of atmospher.ic nitrogen by :rhízobia (Beadl-e and

Tchan, 1955) and soil- lichen cr:usts (Roger"s and Langet 1966)

contr.ibutes to the nitnogen balance of Australian anid soifs, though

the actual inputs ar-e thought,to be veny smal-l- (Beadl-e and Tehan,

1955; Rixon, f970).

Char-ley and Cowling (fgOg), commenting on the depleted nutrient

capital in e::oded soil-s, maintain that infertil-íty is like1y to be

as impontant as hydnoJ-ogicaf and stnuctu:ral soil- changes in

nestnicting negenenation. When sur:face laye::s have been nemoved,

ve::y small quantities of phosphorus ate availabl-e in the subsoil

fgn ptants; this l-imits g:rowth and wher.e legumes ane invol-ved

nit:rogen input is consequently reta::ded.

Most of the wor"k cited above ::elates to species on situations

found in south-eastenn Aust:ral-ia. In addition, Hellmuth (1968,

1969, 1971) has ca::::ied out ecophysiological studies on ten lriestern

Aust:ralian ar.id zone plants, of whic\ Rhagodía baeeata and, Acaeía

tetxagonophylLa aLso occu:: in south-easte::n anid on semi-arid,

aneas.
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CHAPTER V

AR]D VEGETATION AS RANGE LAND

Rangeland ecology may be defined as the science of

intenactions between a natu:ral-ly maintained plant community and

extensive controll-ed gnazing by stock. It includes (i) ttre

quantitative effect of stock on vegetation associations, aspects

of (ii) dietar:y seleetion by stock, and where feasibte (iii)

the manipulation by man to p:rovide optimum feed.

QUANTITATIVE EFFECT OF STOCK ON VEGETATION ASSOCIATIONS

Mueh of the pnolific Ame:rican neseanch in thís field has

tittle nefevance to the Austnalian situation other- than fo:r the

development of quantitative techniques which may be applicable.

A r-eview is pr"esented by Ellison (1SOO) covening some fonty years

of such work.

In Austnalia, however' rangeland ecology is a relatively

young science,(see-Pen::y, 1967). The genenal- effects of

pasto:ralism have been nefe::::ed to in studies of vegetation

associations in varying deg::ees of detaíl (see Chapter IV) 
"

Reseanch dealing solely with the dynamics of inte::action between
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popufations of native plants and int:roduced stock, i:aised for

economic gain, o::iginated with the' South AusÙralian wor-k of

osbo::n, wood and Paltnidge (1932), already cited on p" 3" Thein

wo:rk on zonation nound wate::-points concluded with the observation

that moderately heavy stocking t as eneounte::ed in the main feeding

grounds of the sheep, stimuJ-ates the health and vigoun cf sa-lt-bush¡

they consequently advoeate a poticy of heavy stcckÍng followed

by spelling to all-ow recoveï1y of bush" some ten years late:: the

Yudnapínna experiments welle set up (Woodrcr'fe, 194J-) " The nesults

show (Trumbl-e, l-952; Trr.rmble and tr^loodnoffe' 1954) that on

continuously the heavity gnazed plots ther.e is an ext'naordina::y

increase l'-n weight of bluebush, which suggests a pa:rallel with

Osborn, Wood and Paltridgers observation" However', the

appearance of the stocked and unstocked bl-uebush in the photognaphs

accompanying the second paper, belies this statement" Little

infonmation is given as to how the data wene handled to achieve

this r:esul-t.

The ::eaction of Danthonía ca'e7pi'toja ta grazing in -Lhe

Riverina is desc::ibed by llil-liams (1968b) " Alt'hough the community

is degraded he suggests that it is cur:nently in arrsteady staterr

hrith the grazing animal, and maintains that the p::esent stocking

rate is the same as that which br:ought about the origÌnal deg::adation "

He examines the nesponse of plants in such communitíes by means of

Response and Gnazing Pressu::e Indices (V¡ill-iams, 1969) 
"
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BEHAVTOUR AND DIET OF STOCK

Studies on this subject ane' at pnegent, nathen explor"ato::y

and their. usefulness in a::id ::angeland wonk has yet to be

assessed. Although T:-ibe (rgsg) has ouestioned the vafue of

grazing behaviour neseanch in understanding pastune management,

it may yet pr-ove its wonth in the p::ediction of whieh vegetation

types aTe gnazed pnefenentially by stock; fo:r this neason a brief

neview of some of this research ís incl-uded here.

Stock behaviour'.is affected by the inhe::ent vegetation

pattenn, which determines wher-e the most vafuable fodder is, and

in ar-id areas by the position of the water--point (Osbo:rn, I'lood

and Paltr.ídge , 1932 ; Squi:res , l-970 ) and fences . Hunte:: ( 1964)

obse::ved. the home range behaviour. of hill- sheep in Bnitain, and

Rawes.and Welch (1969) point out the usefulness of dung in assessing

the numbens of sheep gnazlng in a pa::ticula:r anea. Lange (fSOS¡

wo::king in an anid envir.onment used sheep pellets to determine

the piosphe::e, which he defines as :

tt. o." a':region centned on a hlaten point in anid
zone vegetation, in which intenactions exist
between the reliance of stock upon the waten-point
and theí:: capaeity to nange radially fo:: food"rr
(Ba::ken and Lange, I969a) 

"

The usefulness of air-cnaft in plotting sheep movements has been

displayed by Dudzinski, PahI and A::noLd (1969).

The assessment of fodde:r use by stock can also be app::oaqhed
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fr.om díeta::y studies which may help in pnedietíng grazing pat'ter:n.

In purely qualitative te:rms much info::mation can be gained trom

examination of stomach contents and faeces (Sto::r, 1961; Mantin,

1964; Ch:i-ppendate, 1968)" The development of oesophageaf fistula
-cechniques is described in detail ín the Ame::ican lite::atune by

Cook, Thorne, B]ake and Edlefsen (1958), Weir and Tor::ell- (1959)'

Edt-efsen, Cook and Blake (1960), Van Dyne and T'ornell- (fg6+) ar,d

Harke::, Tornell and Van lyne (1964)"

This has been fotlowed by work in Ar:stnalia by A::nold and

Bush (1963), Ar.nold, Mcl,{anus, Bush and Bal-l (1964) and Grimes,

Watkin and May (fSoS) using the technÍque in humid zone pastures"

Leigh and Mulham (¡-gOoa and b ' 1967) and Robarcls, Leigh and

Mulhanr (fgOZ) used the method in the semi-a::id Rive::ina communitíes

described by Moore (tgsea and b) and Will-iams (1955, 1961a) 
"

Leigh and Mulham showed that the mins:: henbaceous constituents

of these pastur.es made up the majo:rity of the diet, until they

had been grazed out, when the perennial bush (l.tr|pleæ ües'Laaz'ia,

A. semibaecata, Kochía aphyLLa and K" pentogona) were eaten"

The::e can be tittle doubt as to the eonclusions :'eached in these

studies, although the usefulness of oesophageal fistulae in

assessing absolute quantities of matter eaten must be regarded

with caution" The author (unpubtished ::esults) achieved 7jeo

recovelry of total- matteir taken in. The ::emainden may by-pass the

fistul-a or may be lost in the sample washíng Process" .I" Manshafl
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(pers. comm. ) conside::s that lleeovelly fr:om an oeçophageal- fistula

can be satisfactor.y; she found that the hand sepanati.on method

of estímating components of, the fo:rage sampJ-e was not reliable,

acculracy depending on the species compos-ition of the forage" The

technique does, neventhel-ess, give some indication of dietany

prefer:enees.

IMPROVEMENT OF PRODUCTIVITY

The most favourable envinonment for such wonk is in the semi-

ar.id areas. Sal-tbush is believed to be highly nutnitious on

account of its r.el-ativel-y high pnotein content (see Wood, 1933) "

This does Dot,rrìeâD, however, tha! it is the,best feed unde:r all

conditions" Wifson (f966a) maintains that a.l-though species of

Kochía and, AtrípLen have some value as feed, /. uesíca.T¿a has a

l-owen protein content in,summer than at otherr times of the year.

l{if.son, Leigh and Mulham (1969) point out that as ,4. uesicaz'ia

disappear:s in the Rivenina, Danthonia eaesp¿tosa, which tal<es j-ts

p1ace, pnovides good feed.in the sp::ing, giving maximum wool-

gr.owth then. If such a pastu::e can be maintained in semi-arid

areas without saftbush ¡ stock woul-d not need to d::ink so much

water to over:come the high salt concentl'ations in saltbush (WiLson,

1966b). (It should be noted that in the mo::e a:rid areas the gnass
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dominants of these discl-imax communities behave as epheme:rals")

The possibilities of imp,l"oving dryland pastures by sowing

native o:: exotic speeies has been discussed by VliJ-liams (t960),

Jones and Muirhead (1966), Muirhead and Jones (fgOO), Leígh and

Davidson (rgoe) and Ìlhalrey (rgzo). ft seems 1ike1y that species

int:roduced into ar.id or semi-ar.id areas of south-eastern Australía

woul-d:onlj have l-imited benefits .

Irlifl-iams (fS0l¡) comments on the thinning of tnees to a]low

nainfall- to further encourage the gr-owth of gnasses and shr"ubs (see

Plates l-a and l-b)" In semi-arid areas this may be acceptable and

even necessary (Anon. 1969b), but the pnactiÇe must be of

questionable value in arid aneas, whene t::ees ane impontant as

drought reser?ve fodder- and as a means of combating enosion"

The long te:rm :re-establishment , of perennial sh:rubs in deg::aded

pasture has been examined in fenced vegetation l:eserves, pr"incipally

those at Koonamore (Osbo::n, 1925; Osbonn, Wood and Paltnidge, 1935;

Wood, J-936; Hall, Specht and Eardl-ey, 1964) whe::e a long pe:riod

of stock exclusion has been documented, and at B::oken Hil-I ' whe.ne

the ,::esults of the fi::st two yea:rs of excfosure welre :reconded

(eidgeon and Ashby, l-940). Such expeniments demonstrate the sl-ow

necovery of natural vegetation to something appnoaching the

oniginal, cl-imax, in situations where seed resenves nemain" It is

unlikely that the dominant cl-imax shnub AtnipLe'æ nunrnuLarï,ø would

ever negenenate natu:ral1y in.the Riverina, whe::e most seed sounces
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were destroyed in the l-860fs.

seve::ely degr.aded and enoded pastunes in western New South

llales have been assessed fo:: g:razing capacity (see Condon, Newman

and Cunningham, 1969); stocking r.ates have been suggested and the

impontance of wate::-point l-ocation in different soil and vegetation

types has been str:essed. ,Jones (tgOOa and b, l-967) has :repo:rted on

the ::e-vegetation of scalds by natunaf means and by ploughing and

water.-ponding in the Ríverina of New South Vüafes, whilst in South

Austnalia disc-pittíng has been t:ried as an aid to negene::ation

(Young, 1969) "

No other: manipulative ::esea::ch has been ::epo::ted in South

Austr"afia. Deliber:ate sowing of species is like1y to be less

successful in the anid aneas of this State, than it is in the semi-

arid Rive::ina.

¡! fc. J¡ ¡'c :t :t

Although the Review chapters may be c:riticised fon cove::ing

topics which appeall to be ::athen pe::ipher.al to the Present one, the

diffenent facto::s shaping land use in arid areas and determining the
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scope (in economic and technicaf tenms) fon futune research must be

appneciated by rangeland ecologists "

The a::id envilronment is one which man has always had difficulty

in manipuJ_ating (see p. 5)" Impr.ovement of ptant pnoductivity by

fe:rtil-isers , i:rr.igation or plant introduction is diffícult, possibly

dange::ous and p::obably uneconomic" Productivíty in aníd Aust:ralia

thus tends to be based .on native species " Thei:l inhenent advantages

have long been ::ecognised.

rrlt seems :reasonabl-e to suppose 'that in oun
peculiarclimatersubjecttoper:iodsofcontinued
ãr'ought ' and having in many cases soil-s peculiar-Iy
safine, that the plants which have withstood these
inffuences for ages past would be more neliable
than other-s developed unden different conditions
of soiLs and climate.tr (Dixon, 1880)"

The consequences of exploiting native sh::ub and gnass pastunes

in Aust::afía we:re also noted in the nineteenth centu::y "

tto , " . it has been too much the inte:rest of evenyone
to Let the sheep and cattlç of today eat the best
the::e is even if they dest::oy it off the face of
the ea::th , uithout rega,Td for uhat those of
tomoyz.ot) uitL do "t' (Dixon, l-880 ; my ital-ics ) "

The adoption of conservative stocking poJ-ieies is essential,

but ther.e ís little infonmation in the ::eviewed papens which is

helpfut to station manage?s who have the :responsibility of maintaíning

plant pr.oductivity" This is not to cniticise the published work, but'

rather. to point out that in the broad spectrum of a:'id zone::esear-ch

the::e has been ::elatively little directed towa::ds the p::actical

p::oblem of maintaining a bälance between nativç vegetation and
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intnoduced stock"

Thus.fi:om the authOr.f s point of ,view also, there aPPear to be

few rrhand. factsrt in.companison with the volurne of publieations"

An3rone seeking definite guidelines on a specífic topic is unlikely to

find them in the l-íter.atune o but-is made aware of numenous genenalised

statements. It is felt that the Review pnovides a valuable backgnound;

as suah it demonstr.ates cleanly that, because of the wide:var"iation

in physíaal- conditions and cultural histony within the a::id zone'

gene:ralisations rnust be avoided, as techniques and observations

applicable to one area cannot apply to all.
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CHAPTER VI

REVIEI,ü OF TE IQUES FOR IDENTIFYING VE TION PATTERN

To intnoduee this chapten, it must be pointed out that thene

is an enormous quantity of liter.atune ::el-ating to the identification

of pattenn in vegetation. The ::eview given hene is, thenefo:re,

only a selective one, made with the object of choosíng a suitable

technique fo:: handlíng the data der.íved in the pr.esent investiga-

tion.
The ::e,cognití,.on of pattenn in vegetation is fundamental to

ecological studies and is based on the following considenation.

Ecology involves the study of inten::elationships and when dealing

with vegetation, this implies spatial pattern. As Pattern, i.e.

depa::tune fr.om ::andomness, in tu::n implies (significant statistïäai)

diffe:rences between groups of samples, then such (statistical)

diffenences, if found, point to the existence of pattern and thus

to nel-ationships "

In the l-ast 20 yeans the:re has been a change in approach to

ecology, not in the basic line of thinking about relationships,

but in the way infe::ences ane made, i.e. whethen subjectively o:r

objectively. Fon instance, Wattts (tg4Z) demonst::ation of the

nelationship between pattenn and plant processes is an example of

the subjective approach. Sinee then objective statisticaf methods
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fo:r detecting nelationships have been given emphasis; the majo::ity

of such methods have been discussed by Gneig-Smith (1964).

The gener.al causes of patter"n ane ase:ribed by Kershaw (1959b)

to plant mor:phology, plant sociology and physiog::aphy (s1ope, soil,

etq. ). He -makes the point that in a climax community in a uniform

environment (with no physiog:raphic effects - an ideal-ised

situation), the pattenn pl:esent is soJ-ely monphologieal;

sociological patte::n 'is only pr-esent in the senal- stages 
"

One forrn of analysis fe:: identifying pattern has been

developed by Kenshaw (fgSe, 1959a and b). He and Greig-Smith

(1961) plot ín g::aph fonm the va::iance of pa:ramete::s of population

as a function of block size, the' position of peaks on the graph

indicating the scale of patte::n. These autho::s use density, and

then fr-equency and coven fon finding morphological patterns in

stolonife::ous and tussock grass commr:nities. The technique has

since been used to detenmine sealeç of othen types of patte:rn in

vegetation" Andenson (fS0Z) and Anderson, Jaeobs and Mal-ik

(1969) found lange scale pattenn ín AtripLeæ Ðeeícay'La communities

in Austnalia, whj,ch they betieve to be :related to envi::onmental

(physiognaphic) featunes. Gr:eig-Smith and Chadwick (l-965)

examining Acacia-1apparùs semi-desent scnub in the Sudan,

discovened l-ittl-e evidence of patte:rning using this technique"

They comment that the physiographic pattern engendened by a

wate::counse t';. " caused conside::able hete::ogeneity; pattenn
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analysis of this type is not entinely app::opriate to hetenogeneity

of this degnee". It is difficult to see hohT this technique can

]ead to any practical application.

Ke::shawrs appr"oach to the identification of patte::n in the

gr.id analysis descr"ibed above, depends on block size (i.e"' quadnat

or sample size) being varied. Qthe:: techniques which have been

developed for. detecting patter"n depend ínstead on the info:rmation

contained in fixed-size quadr:ats.

The.se methods classify vegetation by sepanating simiLar'

quad::ats f::om dissimiLa:r ones acco::ding to the ínformation about

internelationships of the species that the quadnats contain. This

can be done in eithen of two vfays. The view can be taken that

thene a?e I) 2) 3 ..... n discnete groups to whieh quadrats may be

assigned; the main techniques of such divisive classifications do

not attempt to nelate these glrouPs to each othen. The alte::native

view is that a sea::ch for. such discrete gnoups is not pnofitable t

since the mo:e natunal concept is of a tinean continuum along which

each quadr:at (sample) has a p1ace. .The pnocess by which stands

of vegetation have been ar-::anged into a continuum in phytogeognaphic

studies is caLled o::dination. For examp.J-e , Cur"tis and Mclntosh

(f951) develop an analysis fnom which a continuum is established

using rrimpontanqe vafuerr, the defínitio¡ of which is supposed to

neflect the nelative contnibution of components to the total

vegetation. A similar. g::adíent analysis has been ca::nied out by
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B:ray and Cuntis (fgSZ), whereas lühittaken (tg0O) applies an

obvense l-ine of argument. Whe::e Cu::tis and co-wor-kêrs set up their

o::dination str.ictly on vegetation data and then ::elate it to the

envi::onment, Whittake:: sets up an envi::onrnental ondination against

which he examines vegetation. Goodall- (1954) uses factor analysis

fon the purpose of ondination. Res-ults of these techniques are

plotted along axes in two o:r mone dimensions "

Yanranton (fgOZ) comments that co:'::elatÍon of the :results of

o:rdination methods with envir.onmental va:riabl-es does not demonstnate

the ::elationships between a single species and the envi::onment,

as spe-eies ane handled collectively, Of ordination he salsr

trCor.:reLation of the results with envinonmental vaniables eithen ís

subjective on involves pa:rametel.s de:rived f::om data conce:lning all

speciestt.

Befone leaving this discussion of classification by o::dination

(continuum analysís) it should be pointed out that Lange (fg0e)

showed that some featunes of ondination can be used simuftaneously

with dívisive classification, featu::es of which ane to be desc:ribed

in the following pa:ragnaphs.

The dívisive classification pionee::ed by Goodall (1953) fo::

studying plant communities has th::ee distinguishing featur"es.

(f) Incidence data only ane used. (2) The data ane analysed by

contingeney tables fo:: identifying association between species "

(3) Such info::mation gained about inte¡specific association is
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used to sort the vegetation samPles into a single set of discrete

grloups. This is done in the following way" In each of I to n

quadnats dist::ibuted thnough a plant community by ::est::icted

::andomisation¡ the p::esence oll absence of f to lø specíes is::econded.

Contingency tables are dr-awn up and the co::responding X2 va.Iues fo::

all possible pain-wise associations of species are noted" These

vafues amount to thê objective basis for the decision about

existence of nelatignships. of the pai::ed associates , that pain

having the highesrt significant value is found and the most fnequent

species of that pain (say, R) is selected.

The oniginal n quad::ats ane then divided into those with R

and those without R.. Fon the group containing R, the above p:rocedure

is ::epeated and 'subdivision may be acco::ding to the p:resence oll

absence of species J. Again the pnocess ís r-epeated on the group

containing R and ,J untit a group of quad::ats is isolated ín which

there ane no intenspecific associations (above a certain

p::eselected significa¡rce level). This glrouP is said to be

homogeneous as the species within it do not depa::t fnom random

with ::espect to mutUal occurpence in its quad¡ats ¿ The grouP may

be cal-led: sâY, A. '

The aecurnufated quadnats not containing R, J " '¿" a::e then

pooled and the whol-e Pnocess nepeated on them such that a number

of mutually exelusive g:roups A, B at-e èventually achievqd.

The gr-oups A, B are finafly combined in alJ possible pai::s
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to see if significant inter.specific intenactions ane ::esto::ed; if

not, then the gr:oups concerned are amalgamated" Thus single

ctrassification of al-I species into discrete g:roups is obtained, and

when mapped the field dispositíon of sueh gnoups may indieate

conreLated environmental featur:es .

ltil-liams and Lamberlt (J-959) following on fnom Goodalf rs work

simila::Iy sepanate quadnats into gnoups A, B " ".. which ane also

regarded as homogeneous. They do not,; howeve::e use Goodaflf s

most f:requent species fo:: subdividing the quad:rats. Instead the

specieq whieh has the highest sum of x2 ,raru"" pnoduced by its

associations with each othe:: species in turn is used for subdívision"

That species (s) is used to sepa::ate the n quad::ats into one g¡oup

with S and one group without S. The p::ocedu::e is then r"epeated on

both these groups (not just the positive group as in Goodallfs

strategy) and may nesult in subdivision. The sub:gnouPs are similanly

handled untiL end-gnoups are isolated, within each of which no

species sum of -X2 ,r.l-tr"s is above a Plreselected significance leveI"

The mapped,disposition of these gnoups :resulting fr¡om this association

analysis may, as with Goodallrs stnategy, indicate causative

envir.onmental" featül?€s ¡

Lange (lgOO, L968) and Wel-lbounn and Lange (fgOZ) criticise

sorne featur"es of these methods and suggest alte::native poínts " In

a complex vegetation, thene is a web of inte::specific associations '

No single classification, howeven de::ived, adequately desc::ibes all-
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the information whiçh can be obtained sepanately fnom diffe¡ent

parts of the web. As 'some of the info::nation from parts of the web

may be independent, Lange (1968) angues that thqse should be

analysed. sepanately, - bY a mul-tiPl-e.classifieation, in orde:r to

pontnay all the information which could be de::ived. He then alîgues

that the infonmatíon in these sepanate elements may be exp:ressed

as a linear continuum, elaiming that qqadrats so classified by

vir.tue of sequential r-el-ationships between them, dispJ-ay the

unde::lying influenee (cause) betten than a senies of disclrete

gr.oups not so refated; this st:rategy is cafled infl-uence analysis.

The nelative me::its of, fon examplç, WilLiams and Lambertls and

Langers system of back plotting of classified quadrats may be

judged fr.om Figs.2 and 4 in Lange (1968).

The success of these methods is obviously dependent on

sampling techniqueS i.e. on size and shape of quadr-at and on their'

intensity and layout in the study alrea. Some of these questions

have been discussed in connection with the,concept of minimal area"

This ::efers to the fact that the nr-mber of speeies useful-l-y sampled

first incneases with increased sample size up to some value, aftels

whieh fur-then incnease in number of specíes is less fo:: equivalent

sample size incneaqe. This value, ca11ed the minimal area, is

said to ueplresent the moqt efficient quadrat to use. Similan

relationships suggest a minimal numben of quadnats to use.

Although an apptleciation of these ideas is necessary to give an
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índication .of the sampling unit ::equir.ed fo:: a ee::tain vegetatíon

type, the chosen one does not always r"epresent the minimal a::ea, as

a nequinement fo:r infonmation .at whateven cost r natheq than

efficiency, is the cniter-ion upon which sueh choices are made.

Goodatl (:-gOf) was unabLe to find a minimal ar.ea in the Victo::ian

mallee of Australia¡ Gr:eig-smith (1964) indicates that his

attempts are, in.faet, a deter"mination of the scale of pattenn.

As seale and intensity of pattern of diffenent species affect the

minimal area, Gneig-Smith concludes that the concept has littl-e

p::actical vafue; onc-e minimal a:rea has been deter"mined (by

empinical methods) it does not necessa::ily indieate a suitable

sample size for al1 Panametens.

shape of quad:rats has also been discussed in the litenatune

(see G¡eig-Smith, 1964). Davies (1931) shows that a long nar'::ow

quadnat tends to minimise vaniance associated with the mean when

yields ane estimated. Clapham (fggZ) makes a símilan observation

and suggests that in non-nandom situations such reetangula:: quad:rats

shoutd be placed at night-angles to any possibte bqundaries 
"

Regarding layout of quad::ats ' a simple gnid is obviously the

most easy tq estabfish, wher:eas ï-andomisation is time-consuming"

A nandom layout is essential whene one is attempting to establish

a DoDulation mean and va::iance, but fon contingency tests it is
,

not strictty nJcessany.

This neview fo:rms the bqsis fon the decisions ::eganding
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sampling teehniques .and methods .of analysis employed in, the pnese4t

Ínv,estigation of char¡ges in vegetation patte::n b:rought . about by

sheep g?azing. These decisions ane outlined in the next chapten.

Befo:¡e concluding, it is intenesting to note in some.wonk by Goodall

(1967) a possible futufe tnend, in the,analysis of patte::n. He

atter¡pts to const:ruct a cornputer ,model fon pnedicting changes under

gnazi:ng. In view of, the va:riabíIity and u:.tpredietability of the

grazing"situation r- it is d,iffieuLt to see 'hew sueh models, can be

of much p:ractieal use to the station mênagen in the,neal wonld, at

this slage of thein,develoPment.
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CHAPTER VII

RESEARCH OBJECTIVES

chaptens II, IV and v have indicated that in New south I'lal-es '
whene many al:eas have been denuded of thei¡ oniginal bush and

penennial grass covell , much effor-t has been devoted to expJ-o::ing

means by which damage wnought in the nineteenth centuny can be

r.epaired. In South Austnafia simil-an damage was not as seve?er so

that p:resent conce:rn is with pr"eser.ving shnr:b vegetation, which,

in p:roviding a pe:rennial bush cover, contributes substantial-Iy to

the sta-bility of manipulated arid ecosystems.

Although ther.e will always be a :role, if a diminishing one '
for descníptive ecology, it íS essential that futune l?esearch in

South Australia is aimed at making quantitative estimates of

grazeò. vegetation which stil-I , as far as,is knownr::esembles the

ungr.azed state. Fnom such analytical-,studies it wilJ- not only be

possible to determine the spatial extent of deg::adation, but also

to identÍfy the plant indieators of degenenation. vlith such

infonmation it nay be possible to pnedict the consgquences to a:rid

zone vegetation (othe:: than complete destruction) if pastor:al-ism

continues, and. to suggest means of aIÌeviating such effects. In

addition, such estimateç repeated oven pe:riods of years or decades

r^rouJd undoubtedly be an ineontroventible means of monitoring
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gradual changes in vegetation resulting fnom continued grazing"

Long tenm studies are outside the seope of this thesis.

Howeve:r, at'any one time g:radations in popufation stnuctu::e

r.esulting fnom vaniations in past stock intensities can be studied

ver.y simply; it is best appnoached in terms of Osbonn, Wood and

Paltnidgets (1932) idea of stock pressure gr.adient and concomitant

vegetation zoning nound wate::-points. Lange (fg0S) cal-l-ed the

area in which such stock/waten-point/vegetation intenactions

occu::::ed, the piosphene. From a theo::etical point of víew this

situatioq leads to considerations such as those shown by Fig" 6;

if such an ideal situation exists, then unde:: the conditions

specified, the first few hundred yands fi:om water could display

distinct vegetational changes. It is the object of this thesis to

find the actual extent and natune of sueh changes in vanious

piosphenes.

Sevenal points wene taken into consider.ation in deciding

upon a suitable analyticaL method fon taekling this pnoblem.

Finst, only,sh::r:bs and annual-/biennial- fonbs we¡.e to be sampled"

Gr.asses wene exeluded as these will always guow if thene is

sufficient moistu::e and will be pnefe::entially g:razed; shnubs

a::e the plants which pnovide essential reserves for dny pei:iods

and ane, thenefo::e, of paramount impor:tance to the pasto::alist

in maintaining eontinual pnoductÍvity. Seeond, the majo::ity of

field sampling had to be aecomplíshed single-handed and as the



FIGURE 6

Var.iation in use of a paddock by stock,
with incneasing distance fnom water

The objeet of these gnaphs is to show the onden of
difference between stock-use of aneas close to a waterpoint
and stock-use of areas in mone distant pants of a paddock.

The graphs are based on a nurnber of punely hypothetical
assumptions; finstly, that

(a) the paddock has an area of 16 squarle mifes (+ " +
miles ) and has a centnal wate:.-point,

(b) the paddock contains 250 sheep,
(c) they d::ink onJ-y once pen day,
(d) with the waten-point as the focus, the paddock

consists of l-0 concentnic zones,
(e) having had a dnink thé sheep dispense nadíaIly

through these concentrie zones up to a distance
of 2 miles fnon waten,

and secondly, that in any 24 hour peniod, thnee aLtennatives
be considened;

(1) the sheep spend an.equal amount of time in each
of the zones (d, above), as in coLumn (t) betow,

(2) the sheep spend most time ín the funthen zones
of the paddock, as in column (2),

(3), the sheep spend most time at some intenmediate
distançe, as in colwnn (3).

The thnee situations (l), (2), (S)
tabl-e above, correspond with the gnaphs (
opposite.

cified in the
(2), (3)
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nature of the study involved fai::ty extensive areas, a simple

sampling method had to be adopted. Thir"d, as it was essential- to

be able to distinguish the, a:real extent of an.imposed pattenn fnom

that of a natural one, data which could be mapped easily were also

desinable.

These points ï¡erç llesol-ved in the following way. Cover,

estimated eitherî by linean measulrement (Gneig-Smith and Chadwick,

1965) or by point fnalI're methods (Goodal1' ]-952), biomass o::

pnoduetivity (Peehanec and Pickfond, l-937), and canoPy vofume

(Culver. and TiII, l-967) are all panametens nequining a considerable

amount of time fo:: data coflection and l^Iere , the::efone, excl'uded

f::om furthe:: considenation. Some techniques, such as point frame

estimates f or" covef , 'h¡ere inappnopniate fo:r the vegetation type

being conside::ed.

Density and incidenee data are, however-, collected ¡elatively

::apidly. Density data may be mapped dinectly to give a visuaf

pictune of population va:riation. Incidence data may be subjected

to simple statistical tests the nesults of whieh may be mapped.

such techniques have been descnibed by Goodall (1953) and

Vlilliams and Lamber.t (fgSg) and modified by Lange (1968). Density

and incidence were, therefonq, the panametens used to ídentify

vegetation patte4n in this study, using Langels (fgOg) influence

analysis fon handling the incidence data.

The data wene collected on a ::adial sampling g:rid centred on
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the waten-point. Al-though this may seem to p::ovide biassed datao

the situation is biassed in itsel-f. The increasing numbens of

samples per^ unit area cl-Qse to waterr means simply that seveiral

quadnats sample an anea which, on a cr-iss-e::oss gnid, might only

be sampled by a few¡ it does not.alten the outcome of the

classification of quadnats on influence r:ating. Unde:: the

conditions used to plot the g:raphs (Fig" 6) it is clear that in

the first 400-800 ya::ds (metnes) the gr-adient of changò is likely

to be veny steep. It, was laten found that the sample bias was not

gneat enough to ::egister- this napid change; it became necessal-y

as the wor"k pnoceeded to str.engthen the bias even fu:-ther by

incneasing the number of quadnats in this anea.

' The work was ca::nied out Ín the easily accessible southenn

a::id areas of the state, about 200 míIes (appnox" 300 km) north of

Adelaide. By comparison with mo:re no::the::n sheep g:razing regions

they have a slightly higher- nainfall and ane composed of mone on

less continuous bluebush on saftbush-AeaeiA on Casuarina woodLand

associations, withrvery little herbage' compalred with the g:rassy

mulga sandhills and gibben plains of the nonth.

In the finst instance it was necessary fon the author to

become aCquainted wíth the type of vegetation encounter-ed in the

Aust::alian a:rid zone. This was accomPlished on Quondong Station,

north-east of Bunr.a (Fig. 7)t initial sampJ-ing of water'-points was

afso caruied out hene. In gene::a1 the area consists of bl-ack oak-



FIGURE 7

Loeality diagnam

indicating the sheep stations wher:e fiel-d investigations
wene canríed out
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bluebush woodland with occasional malLee dunes. The major.ity of

the wo::k was carried out on Míddleback and T::egalana Stations

(shor^rn togethen as Roopena in Fig. 7) south-west of Port Augusta,

wher.e the vegetation is a myall-saftbush on myall-bluebush woodl-and

with patches of bl-ack oak. The two areas have similan environmental-

featunes and ane sepanated by only 180 miles " They ane similar
enough fon the same nesea::eh p::ocedur.es to be applied, but

companisons between the two aneas, which nay be made in futur.e

chapter.s, demonstnates the caution with which genenalisations about

the anid zone nust be neganded.

The fol-lowing chaptelrs compllise the oniginal work of this
thesis, which was Ínitiated by a detailed su::vey of Quondong StatÍon "
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CHAPTER VÏII

ENVI

INTRODUCTION

In South Austnalia, a sheep station comprises an area of arid

zone countny, whieh being C¡own Landn is Leased fnom the State

Gover:nnent, fon the production of wool f¡om Me¡ino sheep. It may

cover an area within the appnoximate llange 100-3 1500 squane

miles (O+,Ooo-210001000 acnes; 250-91000 sq. km), and is

subdivided into lange paddocks up to 50 squane miles ín a:rea.

It is the equivalent of a lange Ame::ican ranch. The station is

generally managed by a nesident manage:: and possibly one olr more

overseells. The diffenences between one station and its neighbouns

in a pa::tieulan area at:e most pnobably accounted fo:: by past and

p::esent management negimes, which may affect the landscape

considenably. Fon this reason the ::angeLand ecologist tends to

r.egar.d. the station as a discnete unit, nathe:: than as part of a

l-andscape continuum,

This chapter, some of which has alneady been published

(Banken, I97O), descnibes the type of environment in which

pastor.alist and ecologist have to vÍollk, the one, guided by expeirience

and intuition, detenmining the landscape changes the other has to

:AN 0AS
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assess objectively. Of the subject matten presented her-e, some is

basíc data concenníng the elimate, soils, geology and hyd::ology,

which has,been r.epo::ted by othe:: authors or is neadily available

f::om Gove::nment depantments. Most is original obsenvation on

topogr:aphy, soils and vegetatíon. The method by whieh sueh

infonmation $ras obtained is also neported.

CLIMATE

As may be deduced fnom Chapte:: III the dominant'clímatic

featu::e of Quondong is the low ::ainfall. The" avel:age annual

::ainfafl recor.ded on the Station .fo:: the pe::iod 1955-70 is 723'

points (fa¡fe +); no data is avaitable pr:io:r to this date. The

occuruence of r"ain is most ennatic, more so, for instance, than

in coastal a:rid areas of the State, which ane considened to be

mo::e ::eliable pastot?af aneas (Commonwealth Buneau of Meteorology'

1961). Although the figunes ane vaniable it aptr)ears that on

average most rain is ::eceived in May and least in Octoben. The

figunes given ane those for the homestead; othe:: pa::ts of the

statio4 may neceive diffenent r:ainfElls, but ::econds of these

nainfalls ane not kept.

Data co¡tcenning tempenatu:re to which evaporation rate is

di:rectly refated ane shown in Table 5 fon Yunta, which is the
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neanest r.eco::ding station to Quondong. The hottest months, Janua:ry

and Februany, have maxima of 90oF (32oC) and the coolest months,

.June and, .Iuty, Otof (tOoC) and 58oF (14oC) r.espectively. Ext:reme

maxima and minima indicate the lrange of temper:atune which can be
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experienced in the ::eg:ion. The annual ,potentiaf evapo::ation

fnom a fr.ee waten surface is appnoximately 75 inehes (zooo mm)

(see Fig. 4).

Ìlind dinection, which is said,to affect sheep behavioun,

has a.Iso been neco::ded at Yu:lta (ta¡fe O). Du4ing the wa::me:r

TABLE 6
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GEOLOGY

Quondong station lies in the no::the:rn section of the Murray

Basin and although this compnises more than one third of the Basin

within south Auqtnal-ia, its geologSr is not wel] known. Most of

the details given hene are fnom ofDriscotf (L960) and Ludbrook

(1961), whose infonmation is based on only 25 bo::e logs fi:om the

allea.

This par.t of the Munray Basin is bounded to the north and -

vrest by the a:rc of the Mount Lofty and'Olary Ranges, whe::e

Palaeozoic and Pnotenozoic nocks outcnop, the neanest to Quondong

Homestead being a.bout 25-30 miles (40-50 km) nonth-west" These

stnata dip away unden later. deposits and ane not :reconded in bo:re

logs nor.th of the nive:r ¡ although it is thought that bed:rock is

not fa:: below the bottom of the canopus No. 2 Bore, which is 1004

feet (302 metnes) deeP (see Fig. 8)."

The Basin is infilled with Te::tiary and post-Tertia::y

sediments, the forr¡est of which (nonth of the nive::) is the Knight

G::oup, consisting of litto::a1 deposits of silty sands, g::avels '
clays and carbonaceous marls of mid- to upper" Eocene age" Manine

inundation duning the Oligocene extended at feast as far north as

canopus station and was nesponsibLe.fon the deposition of the next

Iaye:: .of sediments, thq Glenelg Gnoup, which are principally

ma::ls.



FIGT.IRE 8

Salinity pÌan of the nonthern Munnay Basin

aften E. P. D. OrDniscofl (1960)
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The most extensive inundation of the Munnay Basin took place

in the ea::ly Miocene; then, and duning the estuarine Pfiocene

the Munnay Gnoup of limestone sediments were Laid down' A

P1çistocene fnesh'water" Lake ín the nonthenn Munray Basin is

r-efenned to by Finman (fg0S) as ,Lake Bungunnia. Acconding to

Finmanls map the lake would have extended oven the,southenn half

of Quondong Station. The Blanchetown clay and Bungr:nnia limestone

deposits necognised by Fi::nan at:e ove:rlain by,Recent aeolian dunes,

containing calorete laye::s.

SOILS

GenenaL deecrLption

The soil-s of Quondong have been mapped and descnibed in the

Atlas of Austr.alian Soils (fgOO). A wide negion of the no::thenn

Munray Basin is covened by what ar:e descnibed by Nontheote (1960)

as; rtPlains with mone on less isoLated tnacts of dunes; bnoad

pJ-ains of bnown calcaneous ea:rths . . . with aneas of exposed cal-iche

and cr.usty loamy soils .,. with claypans, saline soiLs, swamps and

inte:rmittent lakes in the lowen lying pontions, dunes of bnown sand

and brown calcaneous eanthstr

Some of the Recent aeolian dunes Possess highly calcaneous
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solonised soiÌs classified by Nonthcote (1965) as Gc1.12.. A high

p:ropontion of calcium canbonate oceu:rs both in the A ho::izon and

in loWen layens, whene nodulan o:. massive calcnete may be,found.

In the fa:: south-east of the Station ane deep sandy dunes,

r.ecognisable fnon the vegetation map (Map 7) by the pnesence of

ma.llee. These have soils classified as Uc5.l-1.

Pattemed gnoL4nd

Although it was not intended to calrry out any investigations

of the soil-s of Quondong, the-occunrenee of an unusual phenomenon

is descnibed bniefly her:e. It was in the solonised soiJ- type

(ect.12) that massive pattenned gnound was obsenved.. Literature

concenning types of pattenned g::ound both in Aust:ra1ia and ovelrseas

has been ::eviewed by the present author in a papen repo:rting the

discoveny of the Quondong pattern (Banker and Lange' 1969b).

The phenomenon was finst observed du::ing a gnound survey of the

vegetation of Quondong, when sûraight=sided channels 1-f1.r. feet

(0.5 metnes) wide by 3-12 inches (e-gz cm) deep and up to 60 feet

(20 metnes) long,I^Ieue noticed. Examination of aeriaf photog::aphs

::evealed whole systems of these channels o:: gutte:rs fo::míng a

noughly polygonal Pattern (see Plate 2), Each polygon'I^las

appnoximately 150-300 feet (so-too metnes) acnoss, dimensions

which ane fan in excess of othen patte::ned ground mentioned in the
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Iite::ature. The cha:ractenistic puff appeanance of gilgai was

absent, though the venticaf sides of the channels gave the impnession

that nifting might have occunned; thene was no evidence of sonting

of stones fnom fines, even though nodula:: calcnete occulrs a few

inches below the gnound sunface. The gnound in the anea does not

undulate but slopes gently to the south-east where the::e is a

small sl^Iamp about thnee quartens of a mile aT^Iay"

A Limited investigation was cannied out, the ::esults of which

a:re outlined he::e. Two soil pits we::e dug to a depth of

approximately 3 feet (L met:re) acnoss two of, the channe.ls, one a

well fo::med channel- l foot (0.3 metre) deep (see Pl-ate 3) and one

a shalfow gutter (see Pl-ate 4) 4 inches (10 cm) deep. Befow both

the channel- and the gutter vüas a naruol^I ve::tical ,tnench apparently

infilled with matenial which may be fnom the top of the pnofile.

This verticaf t::ench was nemankable fon its st::aíght sides and

fl-at bottom.

The gutten was given furthen examination and samples from

the centne of the gutten thr.ough the infil-led seetion (P::ofile 1)

and fnom the undistnubqd sectíon to one side (PnofíIe 2) wene

subjected to chemical- and physical analyses (see Ta.ble 7). Although

the p::ofiles a::e simiJ.ar:, the analyses show diffe¡ences that are

of intenest. In the infiLled tnench there is a higher- percentage

of o::ganic car:bon thr:oughout the profile, æd lowen .pencentages of

cal_cium,car"bonatg and clay in the 1l--I9 inches (28-43 cm) ho::izon,



43 .0.0 86I7Yel-fowish ned, hard weaklY
cenented massive J-oanY claY

17-3L in.
(43-79 cm)

18 ,0^eo20Yellowish red, hard weakl-Y
cemented massive loarny clay

11-17 in.
(28-43 cm)

f3 .0.24,o3218Dank neddish brown, weaklY
cemented massive sandY cJ-aY loarn

7-I1 in.
(r3-28 cm)

9.0,35.029I7Da::k reddish brown, Powde:rY sandY
clay loan

2-'7 ín.
(s-13 cm)

3.r.38028I5Dark reddish brown, PowderY sandY
loam

0-2 in
(O-5 cm)

e. CaCO a
% onganie

Ca:rbon
% Total-

Soluble Salts9o CIayDescniptionDepth

profil-e 2 samples taken fro¡n undisturbed soil to one side of gutten.
PninciPal Profile fonn Gcl.12

46 .0.097I7Yellowish red, massive hard sandY
clay loam

27-3I ín.
(09-79 cm)

l_l_. 0031l5Yellowish red, powde:rY sandY cIaY
Ioarn

l-9-27 in,
(48-69 cm)

9.1.02916Dark reddish brown, PowderY sandY
clay loam

l-.1--19 in.
( 2 8-48 crn )

6.444.029T7Dark reddish brown, PowderY sandY
l-oam

7-I1 in.
(13-28 cm)

4.44902916Dark ::eddísh brown, powderY sandY
loam

2-7 ín.
(5-13 cm)

3.l_59030I4Dank neddish br:own, powdenY sandY
loam

0-2 in
(o-5 cm)

% CaCO
3

% Onganic
Carbon

% Total
Sol-ubl-e Sa1ts

9o CIayDescriptionDepth

Location Quondong Staticn, N.E. of south Australia. chowill-a I:2501000 map (sl 54-6) gnid
ref. 32729r l-4ooL7tE and 33000'20"S.

P:¡of ile 1 Samples taken from infil-led t::ench beJ-ow gutter.
Pnincipal profile fon¡n GcJ-.12

SOIL ANALYSIS DATA FOR GUTTER PROFILE

'7 lr
TABLE 7

(Ana1yses by C.S.I.R.O. Division of Soils, Adelaide)



than in the undistu::bed soil. The trench also shows a manked increase

in calcium ca::bonate f::om 11%-469o, wheneas the soil to the.side of

the trench has a mone g:radual incnease in caleiurn canbonate"

These extr.emely large polygonal segrnents and the cleanly defined

channels cannot be very o1d. In places, noots of the black oak

(Casuarðna crietatal bnidge the ehannels, whieh must, thenefore' have

developed after the noots had grown'(ptate S) " However:, the cause of

the mic:ro::e1ief is not known. A nathe:r simila:: patterned gnound on a

playa su:rface in New Mexico (Lang, .l-943) was attributed to d:rying

cracks. The polygons in this case I^¡e?e 80 to 90 feet ac]ìoss , and

del-imited by b:road faint depneSsions about 3 feet wide and 1 inch deep

in the niddle, which we:rq picked out on ae::ial photognaphs by the

concentrations of shr:u.bs in the grooves. Neal-, Lange:r and Ke::n (1968)

also ::epor-t desiecation po.Iygons on playa su::faces, and these a:re of

the scaie of the Quondong polygons, but are delimited by wedge-shaped

fissunes. The channers found at Quondong r^Iere not in a swamP or

depnession whe::e waten colleets 3 the vegetation is a black oak-bluebush

(Kochia sedifoLía) association, whieh' is' character"Ístic of wel-f dnained

ealeaneous soils. As the channels are flat bottomed it seems likely

that they do not,have ve::tical dr:ainage. It is possible that dnainage

may occur at the corners of the hexagons I A Purely speculative

explanation based on the genenal resemblance to drying cr-acks, is that

it may resuft f::om,cr.acking at depth in the soil , but deep excavations

woul-d be necessany to establish this point.
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UNDERGROUND HYDROLOGY

General deserLption

Undeng::ound waten sources are often valuable supplies of stock

wate::. Those of the Quondong anea of the Mu::nay Basin have been

dese::ibed by OtD:.isco1l- (fSOO) fr"om whom the following info:rmatíon

including Fig' I is dnawn.

The Munr.ay, Glene1g and Knight G::oup sediments¡ mentioned'

eanl-ie::, are all aquifens yielding wate:r of varying salinity" In

the central r.egion the Munnay,and Gl-enelg watens ane far: too saline

fon stock having salinities of up to 7.3% (5000 er./gaL"). Nea:r

the Basin mangin howeven, the Munray group sands occasionally yield

waten of fower" salinity, some of whiçh is suitabl-e, for stock " This

.aquife:: is pnobably neehanged with r:ainwater:,nun-off fnom the

higher. g:round of the Mt. Lofty and Olany Ranges.

The best watÇns are fnom the Knight sands bel-ow the ,Mu::::ay and

Gler,re1g sediments; they alre extensive and contain water of poon

quality'. In the southe::n areas the salinity is likely to be over-

L.49o (1000 gn.¡gal.); in the,south and west the wate:r becomes

quite unsultable fon stock (see Fig. 8). Funthe:r north, salinity

varies fnom 1.3% (900 g::./gaL.) anound Pine Valley a¡ld Monganvale'

to about 1.09o towards the no::th-east mangin of the Basin in South

Aust::alia. Billingrs Bore and Mutga Bone on Oakval-e Station have



salinities of t,Oeo (6g7 gr,/gal.) and l.J-eo (715 gn. /gal")

respectively.

Not only does the salinity of the water vary, but chemical

composition d.oes also, Canopus No. 1 and 2 Bones have high::atios

of car-bonate to ehlor.ide, whe::eas funther no::th the p:-opo::tion of

chlonide ::isese even though the over"alJ- salinity ís lowe¡ed.

lJse as stock uater

Of two wel1s on Quondong Station yielding saline waten' one

nean the homestead has been fil-led in. Salinity analyses fo:: the

othe:r in vletl Paddoek ,and fo:¡, a bo:re in North west Bounda::y

paddock ar.e given in Table.8. The welL r^tas a watening point fon

sheep and cattle in the l-8g0ts even though the Govennment Analyst

:rega:rded the water. as too saline at that time; it is not cunnently

used. The bone sunk in Nonth West Boundany has neven been

developedl although the figu::es in Table I show it to be less

saline than the welI. Howeve::o the use of such wate:: fon stock

depends not only on the salinity of the waten, but also on that of

the vegetation, whieh for saltbush and bluebush may raange between

8% and 20% dny weight (Wilson' 1966b).

Pie::ce (rgsz) showed that as the salinity of wate:: rlose' so

sheep ineneaçed their watef intake; when the wate:: contained mone

than 1;5% solium chloride the appetite of'sheep. fed on hay
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TABLE 8

declined. High canbonate contents did not have such ma:rked effects'

lliLson (fgOO¡) who gave sheep AtnipLeæ nwnmuLaria (o1d man saltbush)

and waten containing oi99o to I.2% sodium chlonide found that they

v) .trí) r/)
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CHEMICAL ANALYSES OF QUONDONG UNDERGROUND WATER
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ate half as much as sheep on saltbush and fnesh watên, and lost

condition napidly. He suggested, thqnefone, that waten containing

mo::e than 0.5% sodium chloride be considened unsuitable for sheep

gnazing saftbush. ÌlÍlson (fgOOc) ¿iscusses the ,feasibility of

impnoving the usefulness of saline bo::es with nain wate::.

The QuOndong bo::e water: has a combined sodium and potassium

chloride content of 563 gn,/ga:-., about 0.7790, and would be

unsuitable fo:r stock unless diluted.

TOPOGRAPHY AND DRAINAGE : SURFACE HYDROLOGY

Introduetion

There is littIe detail in the geology and soils .Iite::atu:re

:relating to the :relief of Quondong, but as this has obvious

nelevance in the supply of fi:esh wate:: fon stock a simple study

of the topog:raphy and drainage was canried out'

Method

In view of the size of the a:.ea, ground survey was limited.

usiÎg steneo-pains of aenial photognaphs, the posÍtion of nidges

and dnainage lines I^Ias açcentained. It was impossibJ-e to gauge



80

the exact heights of all the nidges 5 âs some of them wer-e very

los and only discennible when.exaggenated by steneo-pair"s, in

terms of relative height a.bove dnainage l-ines. It was estimated

that the pnincipal r:idges and dnain4ge lines had heights ::elative

to each othe:: of between 3 f,eet and 25 feet (l- metne and 7

met:res ) .

spot heights we:re obtained f:rom the MiJ-ita::y sunvey and fi:om

the E1èct::ícity T:rust of South Austnalia. This infonmation I^Ias

assembled as a maP shown in Fig. 9 and the foLlowing obse::vations

nesulted fnon the study.

ResuLts

The genenal- elevation falls 233 feet (78 meUres) in a south-

easte::Iy direction fi:om the no::th of Ki Ki Paddock to the south-

east conner" of Dnayton Paddock. On the basis of topog::aphic

ehanacter.istics the Station may.be divided into two ::egions

nonth and gouth of a line joining the points A and B shown in

Fig. 9.

To the nonth, the country is a gentJ-y undulating outwash plain

of the Olary Ranges, traversed by bnoad iLl-defined wate:rcoulrses

on washes, the intervening aneas being oecupied by 1ow calcaneous

nidges. The::e are two ,main d::ainage systems in this ::egion i one

flows fnom nonth to south in Record, Sixt5r, Sen.geantf s, llel1 ,



FIGURE 9

Topography of Qugndong Stati.on
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Ki Ki and Eighty Paddoeks and the othen flows fr-om west to east

th:rough Sengeantfs and Swamp Paddocks. The two systems mingle and

l-ose their identity in Geo::gers and the Boundany Paddocks. Only

in the watencour:se nur¡ning through Ki Ki and Eighty Paddocks has

guffy enosion pnoceeded to the extent that pants of it coufd be

regarded as a clreek, with banks and a flat sandy bed (ptate 0).

It is probable that this has occu::red subsequent to sheep being

depastuned in the area, as 'a llesul-t of incneased:run-off due to

compaetion. This phenomenon has been obsenvecl elsewhe::e ('Jackson,

lss 8) .

South of the Line A-B the ::idges'and'dunes alle mone

numeuous and the bnoad all-uvial expanses of waten coul:Ses are

absent. The dnainage lines ane relatively small' and are radial,

dÏaining into claypans and othe:: low-tying alreas. Some of the

c] aypans have lunettes along thei:: easter-n ma::gins . These may be

an indication of a higher :¡ainfall- regime in the Recent past ' as

l-unettes may be fonmed eithen by wave action on lake sho::es

du:ring wet winter- months on by deffation f::om dny lake beds du:ring

the su$mer (Campbell., 1968). The cur::ent ::ainfall would be

insufficient for waten to l-ie in the Quondong claypans for any

length of time.

The fan south-east of the Station:is occupied by a continuous

ar.ea (some 10-12 sq. mI. on 25-30 sq. km) of deep sandy dunes of

Recent aeolian onigin, oriented in an east-west di::ection.
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Discussion : auaíLabiLíty 'of stoek uater

It is evident fr"om the undergnound Hydr:ology section that

bore waten of high enough quality fon stoek is unlikely to be

found an5rwhene in the Quondong area. A1L stock wate:: must'

thenefor-e, be ,derived fr-om su::face run-off stoned in ea::th dams '

The distnibution of these on Quondong is shown in Fig' 9"

Fnom the aeriat photogr.aphs it is appanent that most of the

dams ar-e well supplied with dr.ainage lines, an4 this is doubtless

because managells site dams whene water- lluns oll collects natu:rally '
and also because sheep pads to the dam beeome highly compacted

thus pr.omoting run-off and conventing Paon natunal gnadients into

distinct dnains. In addition, managens may construct dr:ainage

channels; these have not been shown on the map'

of the 25 dams shown, all but 7 were estabtished befo::e l-890

(see Appendix I). on the basis of these waten-points fence fines

we::e positioned such that sheep in eaeh paddock had access to at

l-east one waten-point. once established, these imp:rovements

genenally :remain as peumanent features of the l-andscape ' the

behaviou:: of stock nelative to them considerably modifying the

immediate.vicinity. Recond Dam is not used as it has not bëen

known to fill to the p::esent managellrs knowledge, and Ki Ki

Paddock has neve:: had a permanent wate:: souree' Consequently'

r.ecently installed piping, tqnks and tnoughs p::ovides the,south-



83.

east counet? of Recor.d and the south-west csnne:r of Ki Ki Paddocks

with water. fnom sixty Dam, while the south-east cprnen of Ki Ki

is supplied by water fr.om.a dam in oakbank station, which is under'

the same management. Such water-points a::e not necessarily

permanent fixtu:res.

¡k rt :"' ¡l ¡l ¡t

Although the pneeeding descniption is simply a gene::al

commentalry on the non-fiving physical ::esounces of a station,

sueh info::mation is not always :readily availabl'e ' Its vaf,ue to

nangetrand ecologists lies in the fact that cLimate; soil tyPe '
hydrology and topogr:aphy affect the actuaf and potential avail-

ability of stock water, uPon which depends the subdivision of the

station into fenced paddoeks. This in turn has a direct bearing

on gnazing histo::y and p::esent pastu:re use ' It is essential that

anyone tnying to intenpnet vegetation patter:ns in grazed

situations, fully appr-eciates the constnaints imposed by the

envi:ronment on the degr.ee to which managens can manipulate the

gnazing system.
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FLORISTICS

fntnoductíon

At the time of the sunvey no info::matíon on the vegetation

in the nonthe::n Mu::nay Basin was available; the sunveys nea::est

to Quondong were those of Jessup (fg+g) in Counties Ey:re, Bu::::a

and Kimbe::ley, BeadLe (fg+A) in weste:rn New South Wa1es and

Ca::::odus, Specht and Jackman (tgqs) on Koonamone Station. In .

orde:: to acquaint the authon with the types of plants to be found

as pastune species on Quondongr â sunvey of floristics was ca::nied

out.

Method

Oven a períod of one year' Manch 1967-Apnil'1968' plant

colLections l{ere made on the Station. For-tunately, duning this

peniod sufficient nain feIJ- to aflow the gnowth of herbaceous

plants, whi.ch we::e included in the collection, although they wene

not a majon component of the vegetation. The cofl-ections,

consisting of some Ì50 species, aue now housed in the State

Henbar-ium of South Austnalia.

In view of the necessity fo:: accu:rate identlfication in the

pr.ojected piosphene samplings o a pontable he::banium wa9 const::ucted
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fon the r-eady necognition of plants in the field. specimens

co-Llected v{ene mounted on stiff paPell and pnotected by tnanspa::ent

film befor.q being bound in hand-cove:: book fo::m' Thi's voucher-

collection was easily handl-ed in the fie1d.

ResuLts ort d discutsçion

The compJ-ete list of species found on Quondong is given in

Appendix 2. For:ty families al?e represented on the station; thq

most numenous in terms of va::iety of species being the Chenopodiaceae

(37 species), foltowed bT the Compositae (18 species) and Gnaminae

(17 species). The Leguminosae,were collectively the next most

numerous, although this family is now considened as thnee sepa::ate

ones (Eich1er-, l-965), the Mimosaceae (6 species) the Caesalpiniaceae

1 species, 4 vanieties and Fa.baceae (2 species). The Myopollaceae

was repuesented by 8 speeies and the Malveceae by 7 species "

of the species and varieties l-istedr 75 may be classed as herbs,

62 as shr.r¡bs and 15 as tnees, although it must be appneciated that

certain plants could be included in eithe:: of two categor-ies.

These obser.vations neganding the fto::istics pa::alleL those of

other author:s commenting on the Er"emaean Zone (Crocke:r and Wood,

1947; Ga::dnen; 1959; Bunbidge, 1960) in te::ms of the p¡ominent

families. The reasons fo:: the ::egula:: occullrence in ar-id aneas of the

taxa noted have been díseussed by l{ood (fgSg) and Bur:bidge (fg0O).
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PASTURE VEGETATION

Intv,oduction

As might be expeeted, the dist::ibution of the above-mentioned

flo:ristic efements is innegula:r oven the sevenal hundned sqUare

miles of the Station" Thein organisation into a numbe:r of natu:ral

communiti es, aIL of whÍch may be utilised by sheep, vras next

examined.

Method

The method adopted fo:: detenmining the diffenent vegetation

types was essentially that employed by the C.S.I.R.0" in thei¡'

Land Reseaneh sunveys (ch:ristian and stewant, J-952); that is, as

much field t:ravensing as possible was accomplished within the time

available to p::ovide control fo:: intenpnetation fi:om ain photognaphs"

Befo:re going into the field, the localities of distinctive

vegetation components were noted fi:om aenial photognaphs " 56 ground

t::ave::ses covening a distance of some 220 miJ-es (see Map f) wene

then carr:ied out to co4finn the estimated localities of diffe:rent

communities. The position of the obse::ver was continually

verified by nefenence-to the ai:: photognaphs ar:d paddoek plans'

which showed alt tnacks, fence$ and waten-points '
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Alongeaehtraverse'dataweneneco::dedasacontinuouslog'

distances between nefenence points being checked by odometer'

neadings to the near:est 0.1 mile. Reconnaissance had shown that

data col-Iection was best achieved by a system whicå noted

ilcharacten plantsrr, i.e. those judged subjectively to be of

I'significant pnesence". To this end the following infonmation

was coflected.

G::oves of tnees cove::ing extensive alleas , casuanina ctístata,

EucaLyptus spp. and CaLL,Ltris coLwneLLa?is, wene deLimited, with

other species, Aeaeia aneura, A, Bunkittii, A, Uictoriae, Myoponum

pLatyearpum. and Hetez,odendmt¡n oLeaefoLiun noted where they oecu"oèd"

sh::ubby species, incÌuding Tr"iodí,a irrítans, Kochía se&LfoLia,

Atz,ipLeæ OesicayLa anð. Cassia nemophiLa were al-so reco::ded; gllasses

and othen he:rbacaous components we::e grouped as ephemenafs ¿

These,detail-s wene then mapped (Maps 2-6). The focations of

species not distinguíshable as discrete g::oves from the air

photog::aphs are shown by point symbols; because of probl-ems of

scale the position of these can only be app::oximate. P::esence of

a symbol on the tlìaver.se map índicates that a centain species is

present in that locality¡ absence of a symbol implies absence'of

the species on the gnound, although this.must not be taken as

factual evid.ence, as it is possible that some individuafs were

ovenlooked during the sanP1ing.

The devefoprrnent of these t::averses into a vegetation map of
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the statior¡ was.achieved in the following way. Enlarged aenial

photogr"aphs at a sea.le of appnoximately 2tz inches to the mil-e were

used to construct a maP base. Using the fieLd tnaver:ses ' it was

possible to intenpolate fnom the ain photognaphs, the disposition

ofce::tainofthemonewidesp:readchatractenplantsbetweenthe

tnave::se lines; Those incl-uded on the final map wene c. crístata,

EucaLyptus spP,, C. coLuneLLaris, A' arleura, A' uesioaní'a' L

iy,?Ltons and epheme::afs. Point symbols nathen than block shading

wene used fo:: depicting vegetation types ' This technique has

seve::af advantages; the whole station couLd be classed as a black

oak-bluebushwood].and,butatthesca]eemployeditispossibleto
note sma.Il scafe va::iations' which can be,mapped easily with a

pointsymbol;thetechniquealsoavoidsthenecessityofdrawing
boundar.ies as between two mutually exclusive classes and penmits

mapping of gr"adients of change (see Map 7)'

ResuLts

Maps 2-7 show the main r.esults. Compar-ed with some stations,

the br-oad vegetation pattenn on Quondong is simple, on account of

the companative geologic and topog::aphic unifonmity' There are

fou:: p::incipaÌ vegetation types, which ane descnibed in the following

panag::aphs. These ane (I) Caeuarína eristata (blaek oak) woodland,

(lI) Mallee, (II.I) CaLLitrLs ,eoLumeLLaz'is (Murray pine) woodland,
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(tV) Acaeía aneusa (mu]ga) woodland (Plates 7-l-0). In addition,

panagraph (V) covers a niscellany of focal- but distinctive vegetatÌon

types cha::actenistic of waten-col-l-ecting aneas other than the majo:r

wate::courses or washes,

(l). casua?ina cyistata (b:-ack oak) woodlar.rd (see Plate 7),

found on the old cal-careous dune nidges nonth and south of the ]-ine

A-B; occupies by far the greatest a::ea of the station and is

exb:eme.ly dense in par"ts, panticula::ly in the south. Al-though many

gnoves of this t:ree ane dead, especially in Geo:.gers Paddock, it is

::egenenating fneely by means of suekens all over the station ' even

in appanently dead stands, This is of intenest as wonke:rs in other

par.ts of the State (Haff, Specht and Eandtey, 1964; R' M' Purdie'

pens. comm. ) imply that unden heavy stocking on in times of d::ought

CaSUAZ,LuA suckers aTe grazed down befo:re they can'reach maturity"

Other tree species found commonly thnoughout this woodl-and a:re

Myoporum pLatycalpum, fneely ::egenerating fi:om seed, cont::ary to

obse::vations by HaJ-I , Specht and Eandley at Koonamor-e, and

Heterodendyun oLeaefoLiwn, the regenerating suckei:s of which are

gr.azed, down as ín othen pants of thq State (Haff, Specht and

Eardley, l-964; R. M. Purdie' Pers. comm')'

EnenophiLa LongífoLia (emu bush) , Aeaeia osuaLdíi, Pittospoz'um

phyLLíraeoid.es (native wil-low' ap::icot), and SantaLwn aettminatum

(quondong) a::e.rathen less common'

The shnuÞ laygn consists pnincipally of Koehia eedifoLía
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(bluebush) with'K. eæcaúata var. tz"Lehoptera and Bassía dí'aearttha"

On the tops of the ealcareous nidges the::e is often veny little

else, but othe:: shnubs fair'ly common loeally are PtiLotus obouatus,

7Learia mueLLerL, ScaeuoLa sp'Lneseens, CratyetyLis conoeephaLa"

Caseia nemophíLa. var. nemophiLa, C. nemophiLa van. eoriacea, Aeaeía

coLLetioides and TentpLetonia egena ( desent b:roornbush ) , with Koeh'La

breuífoLia, K. geongei, K. aetvotn¿eha, Lycùum austraLe (boxthorn),

Nítraria schoberL (nitrebush), Eremophila gLabra (tan bush), E.

seopatía and ZygophyLLwn aunantùacum less common,

C. nemophiLa vax. zygophyLLa' C. nemophiLa var. pLatUPofu,

Aeaeía hakeoides and Ptilotus atripLicifoLius are rare.

Atr¿pL% oesíearia (bladden saltbush) occuns only in small

quantities; an apparlently isolated a::ea in Ki Ki Paddock is the

southennmost extension of saltbush fnom,the floodplains of the

Olar:y Spun on the adjacent Lilydale Station. El-sewhet3e on Quondong'

A. ueeiea?La is associated with low lying alreas in the south"

Kochia pAvØn¿data, necognised as a symptom of deg:raded arid

pastunes in the nonth-west of the State (.Iessup' 1948; Con::e11,

196,7), does not occu:r extensivelSr on Quondong Station.

Rhagodf,a sp¿nescens, van. deLtophyLLø' Rh. nutqrt's and EnchyLaena

tomentosa are found thnoughout the Casuarina woodl-and, but mainly

unden trees and in dnainage fines.
( rr ) The maLle es , Eucalyptua oLeosa and E; graciLís Gee

P1ate g) on the dunes ín Dr:ayton Paddock, a nonthenn extension of
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the Munnay Mal-l-ee, have a spanse shnub undenstoney. Ttio&La

¿z.t"Ltans (poncupine grass) pnovides most of the gnound cover;

funther nor:th thene j-s fess poncup:'-ne grass and shrubs are pnesent,

including Chenopodíum deserto?ttm, GreuiLLea huegeLí,í, Hakea

Leucoptera, )Leania pinelioí,des, Kochia tz,iptez,a var. erLoclada and

the henb Boerhauia ùiffusa. In places the ¡nall-ee in-Eergrades wi'Lh

dunes cannying Casuay,ina eristata and Hakea Leucoptez,a, with Kochia

tomentosa and /(. tri,ptera var. ez"LoeLada.

( III ) In two small- areas of the statíon sand dunes ane

occupied by CaLLitrLs eoLumeLLaris, with Hakea Leucoptez,a, Koehia

breuifoLid" K, tz,ipte.na van. ez,ioclada and the grass Eragrostis

LanùfLora ín the undenstoney (see Plate 9).

(IV) Aeacia aneurq. (mulga) (see Plate 1O) stands are found

in the drainage lines and watencourses whích dissect the Casuarina

woodfand in the nonthenn half of the station. Timber:i-s much l-ess

dense in these alreas and in the wel-l- defined wate::course of Ki Ki

and Eighty Paddocks incfudes Acacia uietoz,íae as well as other tnee

species mentioned in the description of the bl-ack oak woodl-and.

Shnubs and fonbs found in these aneas are

Eremophila ma,culatct
(nãti-ve :Fuschia)

E'. oppositLfoLía
Bassi.a' paradoæa
Atnipleæ Lim'bata
A.. spongíosa
A, anguLata.'A, Li.nd'Leyi
A, acu'bibracta

Suainsona uiv.idis
ræi.oLaena l.eptoLepi. s
II nodiophy LLwn e Lde z,i

(Koonamore daisy,
ha:rclheads )

Senecío magnì,f¿eus
l?'l;e v,o caul on sp-hac e L a|;wn
Íl ibi t; cus'kri chau!' fL anur;
H. faz.nagei
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Herbaceous plantS found in watencounses and wash alleas are

Brachyscome ciLianis
He Lip tezwm fl'o ribtmdum
Calotís hispiduLa
Niootiana goodspee&Li
C onuoLuulus ez'ube s cens
Goodenía subintegra
Chenopodiun pwnùLio
Av,abideLLa trisecta
MaLuastrwn spicatun
Morgania glabra

GíLesia binifLora
ALysswn LinifoLium
Teucrium ?acemogutn
Euphorbía enenop\tíLa
1æaLís cow¿icaLata

(V) AJ_though many of the above wate::counse species occuls along

t::acks, in sink-hol-es, dnains and in the vicinity of dams, othe::s

ane quite specific to sink-holes and sinilan smal-l- depressions -

MarsíLea dzwnmonùLí
( na::doo )

Etí;oichhønys behrií
C entip e da tha spi dì'oi de s
AbutíLon maLuifoLium

while some are speeífic to aneas a::ound dams and the d::ains leading

into them, fon examplet

SoLætwn esuriaLe
Aeacía burkì,ttii
Cassia nemophiLa, va?.

nemophíLa
C, nemophíLa van. coriaeea

Stùpa nítida
Cynbopogon eæaLtatus
Eragnostis &Lelsii
E. setifoLia
ChLorís acicuLarLs
Emeapogon auenaeeous
E. eyLindtieus
Panieum effuswn
Danthonia sp,
vittidinia tvLLoba

't ë'ntqurium epi catl¿m
Glínus Lotoídes
GnaphaLiwn Luteo' albwn
T etnagonia te tnag ono ide s

(native spinach)
PortuLaca oLeracea
Verbena officinaLís

Sida intrícata
,S. contwgata
^5. eonrugata var. angustí-

foLda

MLnuria LeptophyL\a
AtnípLeæ eandLeyi
A. spongiosa
Babbagia . aeroptera
B as s'L a b raeLt'y p tez' a
TribuLus tez'restr'ís
PLantago uarí,a

In addition, alien weeds ane to be found only in wate::counses

and othe:: water-collecting aneas :
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Xanþhíutn spínosum
(Bathu::st bu::n)

SaLuía Lanigera
InuLa gnaueoLens

( stÍnkwont )
Nieotiana gLauca

(tobacco bush)
Centatrea neLítensùs
CitruLlus Lanatue

(bitter. melon)

Cucwnis myriocazpus
(paddy mel-on)

Asphodelus fistuLosus(wil-d onion)
Sida Leprosa. var. hedez,aeea
DipLotanis tenuifolia
Helio tropiutn sutpínun
H,. eu?opq,euln
PoLygonum auieuLare
Chenopodíum rm,u,ale

These ane obviously very dependant on waten for. su:rvival and a:re

unlikely to sp:read to dnien sites.
Swamps found nound Centenany Dam and Mickts Swamp Dam ane

chanactenised by trluehLenbeckia cunninghØnií, (tignum), chernpodium

nitratiacewn and Eragnostis auetnaLasica (caneg::ass), while parts

of the souther-n clay pans have Disphyma austnaLe (pigface) and

Paehyeonnía sp. gr:owing on them.

Diecuseion

The vegetation patte::n hene desc::ibed is similan to that in
the immediately surnounding aneas of the Munnay Basin pJ-ains " It
is clean, howeve:r, that events at places mone distant f:rom

Quondong ane not necessanily simílan to those descnibed, This

r.aises an.important point. Results on obse¡vations gained fnom

one location in the anid zone must not be extnapolated injudiciously.
Fon example, comments made by HaII, Specht and Eandley (t90+) on

the negenenati.on of Caeuatina ey,ístata and Myoporwn platycatpum
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at Koonamolle, and by .Iessup (19+8) on the sp::ead of Koehía pynønï.data

in ovenstocked situations in the no::th west, a::e at va::iance with

obser.vations made at Quondong. Generalisations made on the basis

of panticuLar results have int::oduced a great numbe:: of misJ-eadíng

statements into the lite::ature.

GRAZING H]STORY

As far as the rangeland eeologist is eoncenned', gnazing histor:y

is impontant in aecounting for. cu::::ent pastg::e status - that is, the-

extent to which pastune ie degnaded. Unfortunately sueh info:'mation

is not easily obtained. Stations which have been in the same family

for several gene::ations often have ::eeor"ds dating baek to the l-ast

centuny; The Quondong lease, howeven, has been held by sevenal

l-essees and :records have been lost on misfaíd; The fol-fowing account

is de::ived fi:om offieial documents held by the Lands Depantment

and State Archives (see fo:: examples, Appendix 3).

Ea::ly pastoralists in South Austnalia ::etied uPon.suPplies of

su::face water" fo:: stock, with the nesul-t that g::azing in a:rid

eountny began in the Flindens and OJ-a::y Ranges. The northenn part

of the Mr:r'::ay Basin was without sunfaee water'' (S¡pp 1865-66 No" 57),

so thls negion was not opened up until the l-870rs.

The p::esent Quondong Station hras or.iginatly thnee adminístnative
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units; a ru4 known as Quondong VaIe (ineluding Brandrs Paddock, S.W"

Bor:ndany Paddock and afL paddocks to the nonth of these), part of

the Dnayton Run (now Red Dam and Drayton Paddocks) and part of the

Píne Va.l-l-ey Run (Ba1ana, Yabba, Weary, and Parkenrs Paddocks).

Although the lease of Quondong Vale was first acquir:ed in 1873,

it is unlikeJ-y that any grazing was ca:::ried out dur:ing the finst few

years as ther:e would be no per-manent wate:: until- l-867 when a !'loolshed

Dam in.the south of Geo::gefs Paddock was dug. A fut'then seven dams

had been dug by 1880 and eight mone and the Engine I'lell- wene complete

by J-890; if sufficient naín had fallen during this period to fil-l-

the dams, then considenable a::eas would have become avaifabl-e fon

grazíng (see Appendix l-).

The watencourse on wash countny cl-ose to the homestead in

Georgers, Swamp, Bnandts and the Boundar"y Paddocks, which wene

fenced pnion to 1884, I^Ias p::obably the only a:rea in constant use

fon shephending sheep up to 1896. The surve5lor descnibed this

area as fai:: pastune; open country covened with va::ious bushes

and bl-uebush plains with a l-ittle grass;, gneate:: pant heavily

timbered with bLack oak, etc. Thene is evídençe that ín the country

nonth of this (now Sixty, Recond, Eighty and Ki Ki Paddocks) the

lessee had difficulty in establishing dams;, also as the vegetation

was described as heavily timbe:red with only.a few open bluebush

plains, it,was pnobably only lightly g:razed' if at al-I.

It is apparent from connespondence with the Surveyon Genenalts
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Office that the fessee had othen p::oblems. By 1890 the nonth of

the Mur:nay Basi¡r was over-r"un by::abbits and dingoes (see also

SAPP 189I No. 33) and by J-892 was dr"ought stnicken. No naín had

been neceived fo:¡ twelve months and leases to thé south had been

abandoned" Al-though the lessee said he would not nestock the

countny as his fease was about to expire in 1894, he,continued to

::un sheep until- l-896 , when he final-ly abandoned the count::y " He 
,

had 340 shephe::ded sheep watering on the Engine llell at that time

in an attempt to convince the Govennment Analyst that the wate:: was

not too saline fon stock. It may be this event whieh accounts fon

the effect seen in Plate 11 where cLose to the Engine Well, Geongers

Paddock is denuded of Þluebush.

Less is known about the Dnayton and Fine Vall-ey lruns ¡ as

these two l-eases l^rere taken out together in J-874 by the same Person

they were pnesumably run as a single unit. This area con::esponds

to the southe::n topognaphic negion. The sur?veyor descnibed it as

?rPoor pastu:re; undulating; l-ight ned sandy l-oam with occasional

clay flats, limestone ::ubbl-e on the surface dense black oak,

malfee, Sandalwood, and. vanious bushes, under"gnowth and saltbushrr.

Six dams and a well h'ere dug by 1890" Embankment Dam was the finst

and shephe::ding was centainÌy cannied on ther-e in the nineteenth

centu:ry. I,lea:.y Dam, dug in 1881 , wês, used to water bull-ock teams

cnossing fr.om,New South llales to Burna. As the pastulle was

assessed as being pootler than that fu:rther nonth, sheep on the
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Dr:ayton-Pine Val-fey Run would have been mor?e susceptible to the

dr.ought pr:evailing by 1890, leading to the abandonment of pants of

it only 17 year"s after the lease was fÍrst taken up.

It seems r-easonable to assume that the nor.thern pa::t of Quondong

Station (Quondong Vale) r^ras motîe'heavily grazed duning the nineteenth

centr:r'y than the southenn pant (Dnayton-Fine Valley); lrlhatever the

actual stoek numbe::s may have been in these two areas, it seems

ce.::tain f::om Goydenrs remar.ks (SAFP 1867 Ns. 82) that the practice

of shephending was fan mo::e destnuctive than the pnesent one of

allowing sheep to nange freely within paddocks.

Between l-901 and 1909 one lessee aequir-ed the leases described

above now comprising Quondong Station; since then six more dams

have been dug and mone paddocks fenced, thus altowing more extensive

use of pastune. The regulan use of the eountry fo:r sheep gnazing

probably dates fnom about 1910. Info:'mation in the ,Depantment of

Lands indicates that the heavie:: use of the,watercourse countny

to the nor-th of the homestead continued fo:: at least some of the

past 60 years, the Dnayton-Pine Vafley section being refenned to

on one occasion as showing no sign of er-osion on overstoeking, as

water supplies l^Iere too smal-I to per.mit that, wheneas thene ane

implications that some of the watercounse paddocks had been

ovenstocked.

Histonical- neconds fon other stations are certainly mo:re

compJ-ete, par.ticufai'"fy whe::e the lease has been held by one family
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for: seve::al gene::ations. It .would cleanly be of immense val-ue in

Iong te::m assessment of anid pastur-e condition if station ::ecor.ds

wene he.Id in pastonal ar.chives.

GENERAL DISCUSSION

The p::eceding account emphasises that a sheep station is not

homogeneous in ter-ms of envinonment. This makes unifonm utilisation

of paqtune veny difficult. Although the ínfonmation given in this

chapten may, in hindsight, be useful- to explain phenomena to a

station manager, Ít is doubtful whethen it woul-d stimul-ate hím to

change a management system he has evol-ved thnough expenience "

To the nangeland ecologist, the hete::ogeneity of a sheep

station c:reates pnoblems in the design of, expeniments, fon which

purpose a sound under.standing of the totaf envinonment ís most,

important. The main points that must be continualJ-y bonne in mind.,

when considening expenimentaf work on the nefationships between

sheep and vegetation in station countny, arle that any inte::actions :

(1) take place within a paddock having one or mo:re water:-
points, which detenmine diur-nal sheep movements;

and.that they are influenced by:

(2) vaniable topography and soils, whiqh cause va::iabfe
vegetation pattern,

(3) fow and extnemel5r vaniabLe rainfal-l- ::egimes, whieh
have nigid contnol- ove:: pastune nenewal¡
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(4)

(5)

seasonally vanying wind di:rection, whieh affects
sheep movements,
high summer. tempenatures, which conü:of the amount
of waten sheep need.

A lack of undenstanding of the implications behind these state-

ments is, penhaps, the reason fon the compa:rative l-ack of success

in some rtagnonomictr appnoaches to wonk in the a::id zone ( SenSU

stpictu.); fon example, the Yudnapinna expeniment (Tnumb.l-e and

fùoodnoffe, 1954). In gnazing experiments of this type the

pr:obability of r:eplicates estabfished in a::id vegetation being

initially similan, is :remote.

some of the effects of using anid vegetation as sheep pastu:re

ane beginning to be undenstood. The break up of the soil surface

and destr.uction of a lichen cllust, immediately tays the soiJ- open

to enosion by wÍnd and water even whene vegetation remains. Nutrients

ar.e, therefo::e, nemoved with the top 14yens of soil. (rt has been

suggested by Co::ne1f (1967) that the loss of nit:rogen in this way

has encouraged the change fnom Koehía sedifoLia to K, p7rdn¿dnta

shrubland nonth-west of Po::t Augusta. ) Wnife the surface laye::s may

be pulvenised, l-ower soil layers nound wate:: points and along sheep

pads become highly compacted, p:rornoting nun-off, an{. allowing

subsequent stonage of waten in dams, which would othenwise ente:r

the soil (Jackson' 1958).

suctr physical charrges as these ar:e clean within a sho::t period

of time and ane now, therefone, p::edictabl-e fo:: aItr sheep gnazlng
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aneas. Howeve::, the longevity of aríd zone plants (Connel-l- and

Lange, l-966; R. M. Pu:.die, pet1s. comm. ) means that changes in

vegetation ( apa::t f::om íts complete removaf in ove::stocked ,

situations) wil-1 be much slowe:: to appean, and consequently with

oun prlesent state of know.l-edge , much less pnedictabl-e " Not only

does anid vegetation vany all oven the State according to

envinonmental- diffenences, but even on one station.the vegetatíon

pattenn will diffen fnom paddock to paddock and wíthin individuaf

paddocks. The position of waten points in paddocks wi.IL obviously

affect the utilisatÍon of these diffenent pastune types, fon it is

well known that sheep degnade vegetation close to water before

that in other parts of paddocks (Osbonn, Wood and Paftnidge' J-932;

Banker" and Lange, 1969a). Sheep gnazing habits ane not yet fully

unde::stood, but general observations have been made that sheep

p::efer.entially g?aze watercounse vegetation and tend to g::aze into

the wind along the ,southenn edges of paddocks.

The even use of pastu::e is made panticulanly difficult in

aneas wher:e paddock size and shape is stnictÌy cont::olJ-ed (as at

Quondong) by thp l-imited numben of suitable catchments fon dams

which have substr"ates of the necessalry water:holding capacity.

In othen anid ar.eas of South Austfal-ia plentiful- bore water and

piped nive:: water all-ow mone str:ategic positioning of tnoughs in

small paddocks, thus encounaging stock to util-ise pastu::e they

might othenwise ignone.
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The descnÍptiors Biven.hene exemplify the muLtivariate situatÍon

whic,h ar.id nangeland eoclogists have to undenstand befo::e changes in

vegetation can be attributed to stocking. It'must also be understood

that¡ even when cþanges due to stocking ane identified, the plants

which ,may indicate degeneration in one pa::t of the State do not

necesçaniIy indieate degenenation in othen aneas '

It was,within such hetellogenegus envinonments that the studies

of vegetation patte:rn ín nelation to sheep waten-points, descnibed

in sr:bsequent chaptens , welle canllÍed out '
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CHAPTER IX

EXPLORATORY IDENTI FI CATI OF A }IATER-POTNT PATTERN

TNTRODUCTION AND DESCRIPTION OF STUDY AREA

It is pnedictable from the' ideas of Osborn, Wood and Paltnidge

(1932) and Lange (1969) that a nadialty attenuating stock l-evel away

fnom a waten-point might give rise to a vegetation pattenn having

some deg::ee of concentricity. The initiaf wonk on vegetation pattenn

associated wittì wate:r-points was pnimanily cannied out to establ-ish

the existence of such patte::n. Some of the following desc::-iption

has al::eady been published (Ba::ke:: and Lange, J-969a).

The finst site seleeted for sampling was at lleany Dam on

Quondong Station (see Figs. 7 and 9). It was chosen fon fou:'

reasons; the authon was well acquainted wíth the species present!

havíng just completed the vegetation sunvey desc::ibed in Chapter'

VIII; the pastune appeared to have been well managed with no

obvious signs of dete:ríonatÍon despite having had a potential fon

gnazíng since 1881 when the dam was established; the paddock of

a.bout 25 square miles (62 sq. km) was served by onJ-y the one

penmanent wate::-point, which thus minimised complieations in

pattern a:rising fnom having two waten-points; the vegetation

association appeared to be a fainly even one (see Pl-ate 12).
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The woodland found hene consisted of the char acten tree Casuarina

crLstata (black oak) with a l-ow shnub unde::sto::ey of Kochia sedifoLía

(b.l-uebush) ar¡d K, eæcauata var. tz,iehopte:ra (hencefo::wa::d neferred to

simply,as -K. eæeauata) containing some tal-t shnubs, Cassia nemophila

(punty bush, bean bush) and ErenaphiLa. seoparì,a (bnoom).

METHOD

As rnost of the dnainage into the dam was fi:om the nonth and west,

a base peg was estabJ-ished on the north-east side of the dam and

eleven 2r000-yand (appr.ox. 1r850 metres) tong r"adiaL t::q,venses wene

su::veyed at llto íntenval-s fnom the peg. Fon the well-spaced bush

vegetation unden consideration a 65 feet by 5 feet (325 squa::e feet,

approx. 90 sq. metres) strip quadnat was used fon.sampling at 400-

yand intenvafs. Quad::ats wene o:riented along the' tnavense fine so

that they wene at night-angles to the boundanies of the anticipated

concentnic water"-point patte::n. Thein position was staggened on

alternate tnar¡erses in.onder to give better sample distnibution (see

Maps 8 and 9).

To simpJ-ify corrnting, each quadr.at was divided into l-3 units each

5 feet squalle in which aJ-I wholly or- par:t1y nooted plants wene noted fon

incidence and total numbens. The identity of alJ- species was continual-ly

checked by means of the pontable herbanium described on pp. 84 and 85"
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In.the Labonato::y, the data wene finst used to descnibe the

vegetation in genenal terms ' and we::e then analysed for pattern.

Incidence data wene, fon taeasons given in Chapten VII; handled using

inftuence analysis and the outcome was mapped acco:rdingly using a

shaded isopleth technique. The determined influenee nating of each

quadr-at was plottedr even though a single quad::at falling, fon

example, in a swamp might give an anomafous distontion of isopleths

(isotels in thís case). Blumenstock (fgSe) discusses a statistical-

method whieh detenmines the rr. . . . :refationshíp between ::eIiabilíty

of plotted data and the degnee of p::ecision that shouLd neasonably

be exencised in the d:rawíng of isa::ithms to fit the datart. Although

such gener.alisation may be desinab.Ie fo:: futune work of the p:'esent

type, such a technique was not employed fon this seríes of studies.

Density data we:re subjected to weighted negnession using gnouped

data. Actual- densities pen quadrat of a,number of species wene al-so

mapped to indicate rel-ative population sizes; this was done by using

the p::opor.tional circLe technique of aflowing the squalre root of the

populatíon va.lues to be nelative to the ci:rcl-e nadius. Ffanneny (see

Robinson and Sale, 1969, p.,125) has necently shown that the visual-

impact of ci:rcles thus de::ived is such that observens r¡nderestimate

the size of the langen cincfes nefative to the smallen ones. The

suggested altennative method was nejected fo:: present Punposes, as it

would have entaif,ed an excessive amowlt of exh:a calcul-ation, in

addition to necalculation fon maps alneady dnawn.
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RESULTS AND DISCUSSION

DeserLption of pLant popuLatíon :
density, frequeney and. dispersion

The 38 species found in the I'lea:ry Paddock sample alrea are listed

in Table 9, r^rith thein avenage densities Pelr square chain (=0.f acre

=0.04.hectane) and % fr.equency.

In ter.ms of % fnequency the ohanacten species (or dominants)

appear to be in the orden K. eæeauata anð, Bassia diacantha (both non-

per:ennials) fol]owed by the woody species /(. sedifoLia and C. cr"Lstata,

These obsefvations agl:ee in a genenaÌ way with the nema::ks made in

the int::oduction neganding the natu::e of the vegetation.

one thind of the species have , avenage densities of fess than

I per: squane chain. These are Babbagia.aeroptena, Bassia obLiquieuspis,

B. diuarieata, SaLsoLa kaLí, PtíLotue obouatus, Ez'qnoph¿La gLabnat

Myoponwn pLatyeazpum" Aeaeía osuaLdü; fentpLetonía egena' Cassia

nemophiLa v ax, ay g ophg LLa, Zy gophy LLwn io dp calpum' Eæo carpo s aphyLLus

anð. GreuiLLea huegeLíí. This indicates the difficulty of selecting a

single practicable sample size which yieJ-ds statistically useful

information about a1l sPecies.

The nemaining two thi::ds of species contnibute substantially to

the total- numbe:. of individual-s Per aclre. The dispe::sion (i.e.

density/fnequency natio) of these 25 species is displayed in Fig. I0,

which indicates the degnee of clumping on scattering of each species '
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1. Atr.ípLer stiPitata
2. Babbagia acz'oPtet'a

3. Bassia &Lacantha

4. B. bz'achYPtera

5. B. paradoæa

6. B. obliquícusPís
7. B, scLerolaenoides
8. B. dioarícata
9. Kochía ercaúata

l-0. K. geoz'gei

f1. K. sedifoLia
12. K. tt:iPtez'a
f3. EnchyLaena tomentosa

Ì4. Rhagodia sPínescens

l-5. R. spinescens var. deLtophylLa

l-6. SaLsoLa kali
I7 . Pt'íLotus obooatus

l-8. Eremophila scoParLa

19. E. glabra
20. Myoporwn PLatYcarPwn
2I. Casuan'ina ct'istata
22, CratgstyLis conocephaLa

23. 7learLa mueLLeri

24. Acacía colLetioides
25. A. osuaLdíi
26. Cassia nemophila var. nemophiLa

27. C. nemophíLa. Yar. zYgoPhYLLa

28. C. nemophíLa. var. coriacea
29. TempLetonia egena

30. Heterodendtun oleaefoLiwn
3l-. ZygophYLLum autantiacwn
32. Z. iodocarPtm
33. ScaeuoLa sPinescens

34. Lyciun austY'aLe

35. NítraYía seLtabez"L

36. Eæocarpos aPhYLLus

3'7. GreoilLea huegelíi
38. Stipa nitída
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THË PLANT SPECIES SAMPLED ]N WEARY PADDOCK

$rith their average density Pe¡ square chain:! and the
percentage of total samplês in which they occur+



FIGURE 10

Dispension of species in Ï{ea:ry Paddock

(excl-uding species having densities of less thar¡
one per square chaÍn)
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Fon examp1eo K, eæoa2ata (g) wfrictr l-ies on the,diagonal in Fig. l-0

is evenly dispe::sed, as ane .I(. sedLfoLia (ff), EnehyLaena tomentosa

(fg), EnemophiLa scopaz,ia (18) and Cassia'nemophíLd, va?. eq?Laeea (28) 
"

Bassia dLaeantha (3) an¿ Casua?Lna ez'Lstata (2I) ' which a:re

displaeed to the r.ight of the diagonal i.e. wÍth a low density/

f::equency natio, have a welL scattered distnibution (hyper-dispersed

o:: r.egular, see Gneig-Smith' l-964). Convensely, species displaced to

the left of the diagonal , B. panadoæa (5), Koehia trLptez'a (lZ) '
K. georgei (10) and zygophyLlum aurantiaeum (34), aPPear to have

clumped disü:ibutíons (contagious, see G::eig-smith, 1964), i.e" high

dens ity/fuequencY :ratio.

Vegetation pattezw :
the effect of stockíng on pLant popuLations

Ineidence data

From the 6l quadnats, data on the ,incidence of the 24 specfes

judged to be neithe:: too nar:e no:: too common to lack statistical

powe1r, vfel:e used to eompute a species x sPecies tabte f::om the

species x samples table. CeIt entnies a¡e X-values bearing thein

sign, positive or negative; interactions with p > 0.0I we::e set

aside. within the nemainden, two nodes of associated species

occur:red, one involving 6 species, the other only 2. Two pattenns

did, thenefone, appear to be pnesent in the vegetation with nega:rd
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to species incidence.

Table f0 summanises Node I interactíons '

TABLE IO

Koehia
se&LfoLía

Bassía
dLacøtthaNS

Koehia
georgeiNS

Bassía
panadoæaNSNS

Ptilotus
obouatusNSNS

Rhago&ia
spinescensNSNSNS

74.087.08.26.65.09of = f 8.0

IJ.è
FJs-o.è\.s'èCJ\Ô\)14cD

B
{JBS.êS

(D$øBlJ .èFA\J

.è
Sq)'è b).ss$oo\)Vbr

B
ÊltJO.è\Joö

c/) s{SBeÞ.

C/) tD

+J +sOBFsè'êo$"Qtuo

(o
ss\).è c)\J tâo\)SrSB'È*È Ê.nqø

SIGNIFICANCE LEVELS OF INTERSPECIFIC ASSOCIATIONS BETVTEEN

SPECIES LINKEE INTO NODE I IN WEARY PADDOCK

NS p > 0.01
0.001<p<0.0Ì
p < 0.01
negative association

All possibl-e combinations of the Node 1 species wene l-isted in

dictionany orde::, together with the fnequencies with which each

combination was rePresented in the 6l- quadrats, Tabl-e 1I summa::ises

the salient points of this l-ist.
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TABLE 1].

The pnesence of Bøseía di,aeqntha anð Koehia sedifoLia and the

absence of the othên species constitutes one pole of the infl-uence.

The absence of B. dLaoantha and K,, sedifolia a¡d the pnesence of

other species vrould constitute the opposite pole of the influence.
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Fon convenience, the major pole combination (Tabl-e ]I; :'s+) was

necoded to ful1y negative; alL other combinations 'hlene recoded to

be consistent with this , and inffuence natings ( IR) attr-ibuted in

p::opor:tion to depar:tunes fnom the pole' The infl-uence natings 0-5

classify the 61 quadnats with nespect to ,the Node I influence, but

as IR 4 was not neafised in any quadr:ats, it .would have been

necessar5¡ to,inte¡polate this when plotting on a map' This was

considened undesinable, so ::efenence to K. geongei was deleted.

This move ¡educed the nange to 0-4, all the IRs 0, f' 21 3 and 4

wete r:ealised (Condensed Recoding, Table 11), and the nesultant

isotel map (Map 8) yielded nelative classification of quadrats

identical to that which would have been achieved had the 0-5 r:atings

been used.

Themapshows;fnomthelayoutoftheisotefs,thatthepattern
engendened by Node l species is ::elated to the dam, as was p::edicted

f::om the p::emise of an attenuatíng stocking gnadient with incneasing

distance fnom wate::. The in:regufarities, however' alle considenable'

paqticulanlyinthearmextendingtol,300yandsalongbear.ing

S BsoE. The IR 5 isotel hene collresponds with peeulianities which

wer.e notÍced in the field, such as incidence of sevenal uncommon'

speeies, unusually J-ange black oaks and the presence of kanganoo

wallows. Fr"om ae::ial- photognaphs it apPears that this pai:ticular'

anea is situated in a slight depnession, but other depnessions are

not pieked out in the isotel naP'
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Node 2 displays negative association between cassia nemophiLa

val^. nemophiLa and. EnahyLaena tomentosa. Map 8 shows incidence of

these two species, and shows that thene is a tendency fon the

incidence of CaSe¿a to incnease with incneasing dístance f¡om the

water:-point.

Density dnta

These were analysed to see if thene wer:e significant nefation-

ships between species density.and r"adial distance from the dam' to

test the hypothesis that stocking Pnessure gr:adients also p::oduce

density gr"adie¡ts in plant populations.

Density gnadients were shown for eight speeies, after Irecoullse

to g:-ouped data and the weighted r.eg::ession discussed by Lange (1968) '

Table 12 summanises the statistieal featunes of these analyses '

These nesults suppont the hypothesis.

some of these gnadients, shown diag::ammatically in Map 9, might

have been p:redieted. For instance, the veny palatabl-e ct'atystylis

conoeephaLa, and Koehia sedifoLia, which is gnazed ::eadily when mo¡e

palatable plants ar:e not available (l,eigtr and Mulham' 1965), show a

manked neductiQn in density towards the dam. It is suggested that

these data indicate neductions fnom high initial val-ues; simila::l-y

the supposedly less palatable Koehi.a ttùptena, B. paradoæa and

AtripLeæ stipitata show a nise in density nean the dam, pnobably on

account of stocking, which has either a.l-Lowed the establishment of
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Species

AtripLeæ stipitata
Bassía paradnæa

EnehyLaena tomentosa

Kochía georgei
Kochía sedLfoLia
Koehia triptera
Rhago&La spineseens
Craty s ty Li s eono cePhaLa

Weighted
Mean

3.2L07
3.2LO7

3.2LO7

3.2107
3.2101
3.2L07
3,2107
3.2lt07

Regnession
Coefficient

b

-0 .0099

-0 .011-4

-0.0224
-0.01-49

0 .0373

-0 .0120

-0 .0265

0.0178

z-vafue

-2 .4053

-2.7568
-r.2082
-2.95+8
2.90'72

-2.3790
-3.9242
2.4237

SIGNIFICANTRELATIONSHIPSBETIÍEENSPECIESDENSITIESANDRADIALDI
tests of significance and :related statistics

STANCE FROM I'.IEARY DAM

P

0.01_ <

0.001 <

0 .01- <

0.001 <

0.001- <

0.01 <

< 0.02
< 0.01
< 0.02
< 0 .01_

< 0"01
< 0.02
< 0 .001
< 0.02

p

p

P

p

P

p

p

0.01- < p

P
ts
N)
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a new population ol? has stimulated a pneviously insignificant one.

E. tomentosa, K, geo?geí.and Rhagodda spíneseens a::e al-l- said

to be palatable and might have been expected to show a rise in

density away fnom the dan, but do not. A nUmben of alte:rnative

explanations might be sought. FactQ::s othe:: than palata-bílity may

be involved. Tr.ampling and soil pulvenisation, fo:: exampler maY

outweight grazing pe? se in stimulating and suppnessing pJ-ants ' as

may commensal nelatÍonships between plant species.

A pattenn not identifíed by the statisticaf test was that of

Kochia eûc¡1)Ata. Linea:r :regr.ession cannot identify non-linea::

tnenils, but when a sea::ch fon these .was made an aPParent non-finean

trend for K, eæca1)ata was obse:¡ved. He::e, as shown in Map 9 and

Fig. 11, populations ane low close to the dam, inc::easing mankedly

up to 600-800 yands f::om the dam, and declining slightly with

incneasing distance.

GENERAL CONCLUSIONS .

The vegetation of an anea withín a 21000 ya::d radius of a

waten-point has been descnibed. This embnaces only the innenmost

of the zones necognised by Osbonn, Wood and Pal-tnidge (1932). The

majonity of the species in the study area t{ere not affected

signifieantly by stocking in terms of the variables measu::ed.



TIGURE 1}

Change ín populatlon síze of Kochía eøeeoata at lfea:ryr Dan,
with incneasing distanee f¡ro¡t waten

Eaeh point nepnesents the avenage population size of the,
quadrats sampled at the radial distances shown

The individual populatlon sizes fon eaeh quadnat ane
shown in'Map 9
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Neventheless, a pattern whích focusses on Weany Dam has been

domonstnated by both incidence and density data. If such a Pattern

is,the nesult of stocking aq suggested by Osbonn, l'Iood and Palt:ridge,

then.it is evident that even in well managed pastures, changes in

vegetation, alre occurlli"g.

Incidence data al-one ane enough to neveal the pattenn, and the

fonm of the statistical analysis used displays cJ-eanly the idea of a

gr:adient. It must be app::eciated, howeven, that the isotels ane not

fixed boundanies, thei:: location depending on quadnat position;

diffenent positioning of quadr-ats \^Iould p::oduce a slightly diffenent

isotel layout.

Density data afso display the waten-point pattern, p::oviding

cor.r:obonative evidence fon the genenaf isotel layout. With one

exception the density g::adients 'hlel?e cteanly identified by the

weighted negnession conrelating density with distance f::om,waten,

and these alle cleanJ-y visible in Map 9. It was consídened that for'

futune wo::k only visual- assessments based on maps would be used;

one of the most inte::esting pattenns, that of K. eæcauata was

::evealed by this technique and not by the statisticaf tests.

There a::e, aften at], some featunes fo:r which the ecol-ogist can

adduce evidence of significance, whíeh defy significance tests.

Togethen, density and incidence show that Bøssia diacantha,

B. paradoæa, Kochía sedLfoLia, K, georgei' K, trLptez'a' K. eæcaqata,

Rhago&La sp¿nescens, EnehyLaena tomentosa, Cz'atystyLis eonoeephaLa,
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AtrípLeæ stipibaþa anò. Cassia,nemophiLa van. nemophiLa are involved

in gene::ating this Patte::n.

If such patte::ns resuft f::om g::azing, then palatabiJ'ity must

playsomepantindete::miningit.Aeoordingtosomeautho:rities
(Leigh and Mul-ham, 1965; .Iessup, l-951) and f:rom pe:rsonal expe:rience

of the author:, centain of the above species appealr to be palatable

(n. sp¿nescens, c, eonoeephaLa, K. geo?gei' and K. eæeatsata), others

mode::ately sor,.l(. sedifoLía' E, tomentosa, B' &Laeantha and B'

pq.radoæa when young) and othersunpalatabl-e (,4. stípítata, K, tz'iptera'

and C. nemophiLa var, nemo7hì'La) '

OnewouldexpectthatundergrazLngthepalatablespecieswould

gnadual]-y disappean and r:npalatable ones take their pÌace. This

appears to be what has happened in some cases, whe:re .K. sedifoLia

and C. eoyt'ocephaLa ane absent towards the dam and K' triptena

A, stipí.tata are present cfose to the dam. Thene are some anomalies,

however-, as the supposedly fainly palatabJ-e species, K' georgeltt

.R. spinegcens and E. tomentosa, aPpean :relatively close to the waten-

point.

Thisanomalousbehaviounsuggeststwopoints.Thefinstis

that facto::s other than palatability must be taken into account'

Fon instance, it nay be that conditions close to the dam favour

regenenation of some species, both palatable and unpal-atabl-e, but

this does not explain why the t'palatabferr species el-ose to the dam

have not succumbed to the intense stocking pressulre. It seems
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r:nlikely that the palatable species negenerate under the pnotection

of unpalatabJ-e ones, as only two of these , Nitraz"La schoberi artd

Lyeium qust?a,Le, would be big enough to give cover to other plants,

and they do not occun f::equently enough (tabte 9) to be signifícant.

The 1(. trLptez,a and .4. etipi.tata plants wene all smalJ- (Less than

12 inches; 30 cm). It is possible that the effeets of grazing on a

species at different waten-points will- be dependent on its ecological

associates in each case.

The second point which can be naised at this stage, is that

nefenences to plant pal-atabil-ity as explanations fo:: plant popuJ-ation

behavioun,unden gnazing, must be treated with caution. Ins,ufficient

is known about the dietary pnefe::ences of sheep and opinions

concenning palatability ane often conflicting. Indeed, the

palatability of,a species may vary f::om one anea to anothen.

The unique pattenn displayed by K, eûeøData confonms neither

to the expected pattenn fo:: palatable species, no:r to the convense

situation desc::ibed for K. geo?geí' et aL.. It may be quite

chanacte::istíc to Weany Dam (as, indeed, may be some of the othe:r

species pattenns). Fon this neason, no explanation will be

attempted at this stage.

The nemaining point fon discussion is the cause of the Pattenn.

The anea sampled is, in the tenms of the definition (p. 44), par"t

of a piosphene. It is ::easonaÞte to assume that the patter:n found

hene is a result of gnazing, and could thenefone be ::efe::ned to as



II7.

a ilpiospher:e effectrr. Howeven, dams have to be sited in aneas whene

water runs or collects natura]ly. As abo:riginaL, chips have been

fou¡d anound Ìfeany Dam, it is possible that it was a natu:ral¡ if

te,mporary, watenhole before white man'came into the allea' The

vegetation in the,negion of the dan may, therefone, always have been

somewhat diffe:rent.

It ,now bêcame cl-ear that it woul-d be necessary to distinguish

unequivocally between topog:raphíc ef,feets on,vegetation round waten-

points and the tnue trpiosphene effecttr. The foltrowing chapten

descnibes two situations whene topographic effects l^Iere absent or

negligible.
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CHAPTER X

A

KI KT PIOSPHERE

DESCRIPTION OF STUDY AREA

A waten-point independent of natu::aI pattenn (i.e. one unnelated

to a wate:: catchment o:r any othen landscape feature J-ikely to cause

non-nandomness in vegetation) was selected 21 mil-es (about 30 km)

no::th-east of llear-y Dam, in Ki Ki Paddock about hal-f a mile east of

Sixty Dam. As'mentioned on p. 83, this dam supplies a tnough in the

south-west conner of the paddock, whieh was the focal point (see Maps

7, 10 and 11) . No mino:: topognaphic vaniations within a mile of the

t:rough in Ki Ki Paddock could be obsenved fr.om stereoscopic examination

of aenial photognaphs.

The vegetation association in Ki Ki is essentially the same as

that in Ìleany Paddock, except that the black oak woodland is slightly

mone open. The'unde::stoney consists of a few talL shr"ubs (Dodonaea

attenuata (hopbush), Cassia nemophiLa, EnemophíLa sturtii (ttrpentine

bush) and Acacia coTletio¿des (wait-a-whi1e) with low shnubs (Kochía

sedifoLia and /(. eæoauata) giving the anea its chanacte:ristic appearlance
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Past gnazing history is vintua'I1y unknown' but acco::ding to the

pnesent manager, stocking was like1y to have been light and

discontinuous owing to a lack of water, untir 3 to 4 yeans ago when

t::oughs v¡ere established' and fences appropriately modified' Since

thenstockinghasbeenmodenatelyheavy,butíntermittent,sothere

would have been littLe opportunity fon the establishment of perennial

species, although existing populations could have been modified'

METHOD

Thglayoutoftnaver.sesar¡dquadratsis.indicatedinMapsl0and

tI. It differed stightly from the weary Paddock J'ayout' The angle between

the tnaverses was ::educed f::om llko to 10o to inc::ease the intensity of

sampling at the circumfenence of the study anea' Sarnpling began at 25

ya::ds f::on the base peg' as opPosed to 200 yards at Weany' as it was

fettthatmuchinte:restinginfo::mationcouldbegainedfnomthe0-200
ya::d area. Samp1e inte:rval was also::educed close to the base peg as

gnadients of change are likely to be most ::apid he::e. The fi::st intenvaf

was25yands,thedistancebeingg::aduallyincr-easedtoamaximumof400

yandsr whieh was achieved at 400 ya::ds distant f::om the base peg'

Samplingteehniquesandmethodsofhandlingthedatawe::eidentical

tothosedesc::ibedonP'l04exceptthatthedensitydatawenenot
subjected to a weighted neg:ression analysis'



120 "

RESULTS AND DISCUSSION

Descrì,ption of pLant p,opuLations
d.ensiig, frequeney artd dispersion

Twenty nine species wene f,ound in the Ki Ki study a::ea and' these

ane listed in,Table 13, with their. average densities per square chain

and % fi:equencY.

ThechanactensPeciesondominantsasindicatedbyfi:equencies

of 50% or ovell appear to be, in ondet, Koahia eûcaÐata,r Bassia

díacantha, Koehi,a se&LfoLia, Basaia obLíquiouspis, Bassia sclev'oLaenoides

and Atrí,pLeæ aeutibyaota. Apart fnom K. se&LfoLia these are al-J non-

pe::ennial plants. Thene a::e two diffe::ences in compa::ison with the

vegetation in the weany auea¡, one is the ::elative openness of the

Casuay,ira cristata woodland, indicated by the low fnequency (llço) ' an4

the othen is tha consistent occunrenee of .4. aeutibtaeta in Ki Ki'

Again, one thind of the species found have densities of less than
'r\

one pe¡ silua::e chain; they are 7Lea?La mueLLerL, Kochia pyramid'a,ta'

Hetenod,endnm oleaefoLiwn, AtrLpLeæ stipítata, Dodonaea attenuatq''

Sid,a cormtgatq,, Chenopod'iwn desenton'tm' Cassia nemophiLa var '

pLatypoda, c. nemophiLa va?. zagophyLLa and EremophiLa gLabra. Apa::t

fr.om the last two, these row density species are arr- diffe::ent f:rom

those in Ì{ea::y Paddock, K. pay,midatã, s, connugata, D. attenuata

and c. dßseytorun were not noted in weary Paddock, while the nemainder-

haddensitiesofmorethanonePe]lSqua]lechaininl{ea:ry.
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0.2
0.2
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6.
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12.
13.
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15.
16.
17.
l_8.
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20.
2r.
zz.
zó.
24.
ôtr

26.
a1

^¿t'.

29.

Atr"LpLeæ aeutibracta
Atripleæ uesicav,ia
Bassia obLiquicuspis
Bas sia s cLez,olaenoide s

Bassia diaeantha
Bassia patenticuspis
Kochia se&LfoLia
Koehia eæeaùatq. var. trichoptera
Kochia georgei
EnchyLaena tomentosa
Rhagodia spinescens var . deLtophyLla
Cassia nemophila var. coriacea
Chenopo&Lum uLicinum
)Learia mueLLeri
Acacia eoLLetioides
Scaeuola spinescens
Eremophila sturtii
Rhagodi.a spinescens var . spineseens
Cassia nemophiLa var. nemophiLa

Cessia nemophila van. zygophyLLa

Cassia nemoph'Lla var. pLatApod.a

Kochia pyr,ønidata
H e te ro dendrum o Le ae foliwn
EremophiLa gLahra
Atr"ipleæ stipitata
Dodpnaea attenuata
Sida corrugata
Chenop o dium de s ev,totum

Casuarina crLstata

Frequency+Density:lSpe cies

THE PLANT SPECIES SAMPLED IN KI KI PADDOCK
with their average density pen squane chain:'s and the

percentage of total samples in which they occu:r+
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Thedispe::sionofthe::emainingspeciesisshowninFig'l-2'
The populations seem to be less vaniabl-e in Ki Ki than in weary

paddock. The most clumped (or contagious) species is Atz'LpLeæ

uesicaria (2), the most neguÌan species is /(' se&LfoLia (7)' but

neithen of these demonstnate ext::eme situations. This eomparative

lack of vaniability in these specíes suggests uniforrnity of

envi:ronment.

Vegetation Pattewt :
the effeot of stoeking on pLant popuLations

Ineùdenee data

Outofthetota]-of29specíessampledlntheTTquad:rats,17
vÍere considened neithen too common noll too rare to l-ack statistical

por¡retl , and these wene utilised fo:: funther analysis. Tnee species

wene excfuded and data fo:: the two va::ieties of RhagodLa spíneseens

we:re pooled as we::e those of the fou:: vanieties of CaSsia nemophíLa'

A species x species table was pnoduced as desc::ibed previously

for the l,Iear.y data (p. IO7). The only associations which appear have

venylowxvalues.At¡>3.Otherea::eonlytwonodes.Onereveals
positive association between EnchyLaena tomentosa (10) and R'

spinesoens (ff) and between E. tomentosa (f0) and C. nemophiLa (rZ) '

R, spinesoens associates wíth d. nemophíLa at x > 2.0 as do Atr'ùpLeæ

tsesicarLa (2) and Baesía scLeroLaenoides G) (r:.g. 13).



FIGURX 12

Dispeirsion of species in Ki Ki Paddock

(excl-uding species having densities of .Iess than
one pen squal?e chain)
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FTGURE 13

Nodes. of assoÇiated, species rat ¡ > 3.0 and.)( >, 2'O
irì Ki Ki piosphere

indi eates associat ion, positive associatio¡¡
indieates diseoclåtíon, negative :assoaiation

(2) Atrip\eæ ueeidaria
B as e ia ob Liqui cu,epí' e
B ae e 4a e clereT.aenoì.¿le I
Baeeia,&iaoøttha,
Baseíd patentiituepie
Koehia eeilifol'Ca

Chenop odíu¡n u'l'í,eirutn

(s
(t+
(s
(o

)
)
)
)

(z),
(r0)
( 11),

(12)

(13)

(i)
(Ír) Nodes a

Nodes a
t ¡ > 3.0
t ,4 >. 2,9



NODE 1 NODE 2.

(¡)

(¡i)

11

NODE 3



r23.

In Node 2, Chenopodiwn uLieinum (l-3) and Bassia patenticuspis

(6) disocciate at y >.3.0 and they a:re Linked to Node 1 at X >. 2.0

by disocciation between E. tomentosa and C. uLicinttn and between B'

patentícuspis anð. A. uesíearia (rig. 13).

A possibì-e Node 3 of association between /(. sedifoLia (7) and

Bassia diacantha (5) is also appanent=at X >.2.0 (rig. rs)'

These inte::actions qre all ve::y weak; the sign and strength of

Node 1 and 2 intenactions aue shown in TabJ-e 14' The only assoçiations

that could be consider.ed as really valid we::e those at X > 3.0. The

Node 2 negative association between C. uLicínun and B. patenticuspis

was not thought to be wonth mapping because of the rel-atively low

f\equetr"y (14%) of C. uLíeinwn.

The infl-uence :ratings fo:r combinations of Node I species (ttre

thr.ee positíve associates, C. nemopht)La' R. spíneseens and E.

tomentoea) wene determined sinply by the Presence of any combination

of 0, 1,2 on 3 of these species (Tabl-e l-5). The nesultant isotel

map (f'lap -iO) suggests that the patte::n beans no ::elatÍonship to the

water-point and that the vegetation is being influenced by something

efse.

Fiel-d. obse::vations in this and othen aneas indicate that the

influence is a commensal one, as 'EnchgLaena and RhagodLa are

frequently found togethen in the shelter of tnees and lange shnubs '
such as c. nemophíLa, thus giving r-ise to the observed set of

positive associations. It is intenesting to note that the Vleany



r24.

TABLE 14

data showed negative association between c. nemophila van. nemophi'La

and EnchyLaena tomentosa in Node 2. Re-examination of both sets of

Bassia
patentieuspis

2.5
Chenopodiwn
uLí,cinwn

+
1.1

+
0.3

Bassia
seleroLaenoides

0.5
+

r.6'1 0
Bassia
obLiquícuspís

+
0.10,2 1.5

+
r.7

Atni.pLeæ
uesLca?l'a

+
0.6

+
2.0

+
0.9

+
2.r 0.8

Cassia
nenophiLa

+
3.4

+
0.2

+
1.0

+
0.1 Ul-.6

EnehyLaena
tomentosa

+
2,8

+
4.3

t
U0.9

+f
0.9 I.0

+
0.7

Rhago&ia
spinescens
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TABLE ].5

x 77
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I
I
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POSSIBLE ]NCTDENCE COMBINATIONS OF NODE 1 SPECIES
IN Ktr KI PADDOCK

with obçe::ved fr.equencies (f) ana influence natings (rn)

data suggest two factons which pnobably account fon this appanent

dispanity. In lleary Paddock, t::ees are more fnequent and as they

also pnovide coven fon EnehyLaena and Rhagodia tlney would obscu:re

any commensal ::elationship between Cass¿a and these two species.

The pooling of the Ki Ki data fon Rhagodia and Caseía and the

omission of tnees fnom the analysed data must also have had some

effect on the outcome of the analysÍs. These nelationships wilJ- be

commented upon more fulJ-y in Chapten XIII.
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It is evident, fnom the nesults just descnibed, that the pe::iod

of grazing has been insufficient for incidence of species to have been

affected, although coven a¡rd density of some sPecies undoubtedly have.

Density data

on the basis of the infe:rence made fnom the ïleary Dam ::esufts

that I(. sedifoLía had disappeared close to the dam as a r"esult of

sheep actívity, population densities of this species in the Ki Ki

study area wene plotted (Map 11). They shQw no t:rends due, pnobably'

to the shont pe::iod of grazing.

Populations of K. eûeaùa,ta wene also plotted (Map 11) and they

display the same nise and then fal-L in population size with ineneasing

distance fi:om.the wate::-point as did the populations at Ïlea::y Dam

(rig. 14 cf. Fig. 11).

The síze of populations of this plant elose to wate:: suggests

that it is capable of regener:ating unde:: severae stock pressure. This

is bor.ne out by field observations of the hígh pnopontion of juveniles

in the anea. Regenenation must be stimulated close to the waten-

point by sheep activity, which spneads seed and c::eates a-f::iabl'e

and fentile seed bed. Small- or: extinct populations veny close to

wate:: doubtless nesult f::om sheell pressulse of sheep numbe::s; where

populations of K. eæcaUaüa r:each thei:: maximum, sheep activity must

be mone of a stimulant than a d.ep::essant on population size. This point

is neached 150 yands fnom Ki Ki tnough and 600 yards from Ïleany Dam'



FIGURE'1I+

Change'in,population gize'of tr(oehiø eseqtat4 at,Ki Ki Tpough¡
wlth inereasing' distance fnom waten

Each point represents the,averqge pepulation Eize of the
quadrats sarnpled at the nadial dieta¡rces shown

The indl.vid¡al population sizes fon each quadrat ane
shovrn in Map Il'
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It is only possible to speeulate about the eauses of this

differ"ence in distance. sheep appanently eat ff; eæeauata r:eadily "

If one can assume that having had a d::ink, they spend some time close

to the waten-point grazíng K. escauata, the.n it could be suggested

that the plant has neceded fnom Vleary Dam beeause of intensive on

plolonged grazíng. On the othe:: hand /(. eæea'Ùata -could be natu:ralIy

funthe:r fnom Ìüeary Dam, fo:: physiogr:aphic on edaphic reasons' so that

any stimulating effect of sheep does'not aPPeall until some distance

out. sinilan stinuLation .of AtndpLeæ Des'Lea?Ld, popuJ-ations was

noted by Osbo::n, Ïlood and Paltnidge (1932) '

Whateverthecauses,thephenomenonexistsinthisspeeies.As

it is a noR-penenniaf it eouLd,be expeeted to ::egister change due to

sheep activity more ::apidly than a penennial. I{oweven, other non-

pe:rennials such as Bassia diaeøttha and B¡ obLíquiewspis do not show

any patte:rn. They would not be eaten much by sheep on aceount of thein

spiny fnuit, but,this is no reason why the development of juvenile

populations should not be encouraged by'friable, fe:rtile soil"

CONCLUSIONS

Flonistically, the Ki Ki sanple anea is not' as divense as the

weary Paddock one, and this is due mainly to the numbe:: of species

only found close to weany Dam. At pnesent, no species aPPears to be
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invading on disappeaning from the immediate vicinity of KÍ Ki t:rough,

consequently no piosphene pattern is displayed by influence analysis.

Instead a commensal :'elationship has been identified.

The only pattenn conside:red to be a tnue piosphene one is that

of K. eûcaÐata, as ,shown by its PoPul-ation densities. It is simil-a:r

to that found at Weany Dam and was quite unpnedicted; the pnecise

neasons fo:: a plant population to:react in this vlay al:e unknown"

Although the densest populations do fonm a peak some distance from

water, as,shown by Figs. l-1 and 14, this is not to suggest that cover

is also greate:: hene thart elsewhe:re in the paddock.

K, eûcaÙata, a plant 6 inches to 9 inches high, certainly seems

to negenerate f"eely when sr:bjected to stocking undel: the conditions

found at Quondong. It displays high fnequencies and densities

compa::ed with other: plants of sinilan habit. As sheep g:raze the

plant, it is pnobably one of the main pastu::e specíes in this

loca1ity, and, as such replaces ^4.. UesicAz'ia, the main pastu::e species

in other. par:ts of the State.

It could be infer::ed f::om these ::esults that /(. eæcatlata is

tolenant of high stOck nqmbers, but it must be emphasised that as

fa:r as is known, stOcking Pressulles have been light or discontinuous

in the aneas studied. Unden diffenent regimes the plant may prove

to be veny sensitive.

As the anticipated shanp gnadient of change in other species

close to the waten-point did not exist, it was clear: that Ki Ki
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Paddock had not been gnazed long enough (o:: sevenely enough) fon

incidence and density to have been affeeted. Attention was thus

directed to older lrater-points o whieh vlelle also independqnt of

physiognaphic features .

BARRETTI'S PrcSPHERE

DESCRIPTION OF.STUDY AREA

The third site, Iocated on Tnegal-ana station (Roopena), nea::

Whya]ta, was selected begauser like Ki Ki; the watening point appeaned

to be independent of topognaphic pattenn in its immqdiate vicinity"

The focal point of the piospher:e area !{as a trough known as Bar::ett I s

on No. 5, supplied by a spur f:rom the Mongan=tlhya1la pipeJ-ine:(fig"

15 and Plates 13 and L4). The anea had an added advantage in that

the gnazing histony vras weLl known.

The negion is geologically unifonm consisting of Quaternary

deposits of rf.... olden alluvium and low angle slope deposits pantly

de::ived fnom talus and partly from ::e-wonking'of desent sandstr acconding

to the Geological Sunvey of South Austnalia. The topography, howeve::,

is not,as uniform as in Kí Ki Paddock' and a fonm line map indicating



FIGURE 15

Location diagnan

showing the Bannettts Paddock study area
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the gener.al position of nises and depnessions was de:rived from steneo-

scopic examination of ae::ial photographs. This is s'hown in Map 12"

Banrettrs t::ough is situated on an east facing slope, which gnades

down to a saltbush plain bonde::ing Myall Cneek. The samp.le gnid just

reaehes this pIain. To the nonth of the tr.ough the ground nises and

then fal-ls very gr.adually to a west-east watencourse ¡ which dnains

into Mya1l Creek; simila:: topography is found to the south al-though

a slight natu::aI d::ain cuts thnough the piosphene about a quante:: of

a nile fnom the tnough. The I^¡estelln pa::t of the study area fies in

white cliff south Paddock (see Fig. 15), on the fa:: side of the'Port

Augusta-tfhyal1a noad. Her.e the g::ound:rises to the cnest of a:ridge

and then slopes away to a watencourse containing Fanaway Dam.

The characten t::ees of the arid woodland found hene are Aeaeia

soudeníì. (myalf ) and Cd,suarína crístata,, witln Myoporun pLatyeatpum

(false sandalwood) and Heteyodendtan oLeaefoLiwn (bullock bush) afso

common. The sh:rub undenstoney consists pnincipally of Kochia se&ùfoLía

and. Atr"LpLeæ uesícarLa (saltbusir) with K, pyrønidata (btack bl-uebush)

and /(. geo?gei oecunring l-ess commonJ-y. Fonbs a¡d some herbaceous

ephemenals appean after ::ain and although negar.ded as useful fodder,

ane a mi-non constituent of the total vegetation association.

Pníor. to l-942, Gilmoners Paddock (see Fig. 15) or"iginal]-y incl-uded

what is now Ba::r-ettrs Paddock and stock then had to watêr at Le Hunte

Dam. As this dam was unneliable, stocking was not continuous and

the pnesent study al1ea, being 2=3 mil,es fr.om the dam, would not have
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been subject to intense sheep activity. Afte:r the pipeline was

constnucted in 1942r Ba::nettrs tank and tnough wene installed; sheep

subsequently water.ed thene. for' long pe::iods when the dam failed.

Stocking pressure would have been heavy ::ound the tnough at these

times; Le Hunte Dam became a permanent waten-point aften it was ne-dug

in 1953 and number.s of stock using the tnough wer.e neduced. SÍnce

1966, when Gilmorefs Faddoek was subdivided, Barrettfs has ca::nied

appr:oximately 250-300 sheep. It is elean f::om this gnazing histony

that in the vicinity of Banrettrs tnough any effects of stocking,

identified fr.on the data colLected in 1969, wil,l have occunned since

the ta¡lk and tnough we::e fir"st installêd, - a pe::iod of 27 years 
"

METHOD

The sample gr.id, centned on the trough paddock, was l-imited to a

r-adius of 1300 yards (zooo km), as beyond this l-imit topognaphy was

clea::ly affectíng vegetation patter"n. Quadnat positions are indicated

in Map L2 and in all othen Maps nelating to this section. As in Ki Ki

Paddock, the sanple intenval was:reduced close to the base peg"

Incidence and density were neconded exactly as in the pnevious anal--

yQes r except th4t populations of young plants and seedl-íngs of the shrub

dominants, b::ought on by naÍnrwe::e also incl-uded. The categonies noted

are summanised in Table 16. The data collected wer.e handled as before.
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TABLE 16

RESULTS AND DISCUSSION

Descnipt,ton. of pLant popuLatòons
'density, frequency and dispersíon

This info::mation is pnesented in Table 17 and Fig. l-6" The

char.acten plants (or. dominants) of the Banr.ettrs Paddock associatiori

(see Plate 13), which have fi:equencíes of 50% or oven' ane Kochia

sedifoLia, AtrLpLeæ uesíea?La, K. geonge¿, Baseia obl'iquicuspis,

EnchyLaena tomentosa, and /(. pynanidata, The charaete:: t:rees, judged

Ove:: 6't high
Well br-anched
Old stems black

in cofoun

Up to 6rr high
Branched
Stems woodyr BreYin colou:r

Up to 2rr higtr
Unbranched
Up to 15 leaves
Non-woody

Koehia
se&LfoLia

Over 6" high
ltel-l- branched

Up to 6rr high
Slightly b::anched
Maín axis well

thickened

Up to 3rr high
Unbnanched
Up to 20 leaves
Non-woody

Kochia
pyrønidata

Over: 8tr high
Well bnanched

Up to 8rr high
Bnanched
Many leaves
Vloody

Up to 4rt high
Unb::anched
Up to 6 leaves
Non-woody

AtrípLeæ
üesùcar¿'a

Matur.e plantsYoung plantsSeedlings

CHARACTERISTICS OF THE JUVENILE AND MATURE PLANTS OF THRXE

MAJOR SHRUB POPULATIONS SAMPLED IN BARRETTIS PADDOCK
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aa

87.1
74.6
57 .8

7.O

5 .1_

77.8
2\.6
10.5
61.3
47 .7

0.8
5.9

]-2.8
22.7
23 .0

36,2
3.1
2,O

9.4
0.4
7.4

23.8
2,0
3.9
7.0
0.8
T,2
ôlI

8.2
4.3
0.4
r.z

73. 8

5.1

0.4
)'7

0.4

3l_. f
92.9
46 .0

59 ,6

1.5
4.f

a?a o

19 .4
qaì

64. I
100.8

0.4
0.2
4.6
9.1

l_3. I
17. I
f 1,.6

ni
0.6
3.3
0 .05

2.4
7.7
0.3
7.4
4.l_

0.1
0.2
0 .05

2,2
o.7
0.05
0,2

89 .4
0.8
1.0
0,2

0 .05

1.
)
J.

tr

6.

o

9.
10.

1l_.

L2.
t_3.

14.

15.
l_6.

r7.
18.
to

20.
2T,

a?

2+.

25.
26.
)'7

28.
ta

30.

32.
33.

34.

35.

36,
aa

38.

39.

40.

Koehla bz,euifoLia
Kochia sedifolia
Kochia georgeí
Kochia pytønidnta
Kochía eæcaùata var. tríchoptera
Kochia asl;z'otticha
Atr.ipleæ oesícaria
Atz,ipleæ spongíosa
Atripleæ ea?dLeAae

Enchylaena tomentosq,

Bas sia s cleroLaenoídes
Bassia brachyptez,a
BassÌa Lanícuepís
Bassia díacqntha
Bassia biflora
Bassia paradoæa

Bassía patentieuspis
Chenop o díwn d.e s e rto z,um

MaL a eo e e y, a tt"i c ormí s

Sídn tntricata
Lycíun austl,aLe
Nitraz,ía schober|
C'lo enop o dium uli cinun
Rhagodía spínescens var. deltophyLla
Cassía nemophila var'. eoriacea
Babbagia acroptez,a
Frqnkenia pauciflona
Matt'z¡bíwn tulgare
Eæocançtos aphyLLus

SantaLwn aanninatun
Casuaz"Lna cristata
H e t ev,o dendrwn o L e ae f o L iwn
Mgoporwn platgcanpwn
Acacía solnden¿i

Bassia obLíquicuspís
? ZygophyLLwn cotnpîessum

Zy g ophyLlwn íodo cazpwn

Stípa nítida
SaLsoLa kaLi
Kochia tonentosa

I requency'Dens ity:'tSpecies

THE PLANT SPECIES SAMPLED IN BARRETTIS PADDOCK
with their avenage density peli squane chain:" and the

percentage of total samplãs in which they occur+



Dispension of species in Barr"ettrs Paddock

(excluding speeies having densities of less than
one per .square chain)

FTGURE 16

Kochia bnetifoLi'a
Koohia eedifoLia
Koehia georgei

. Kechia pyrøni'data
Kochía bseauata van. trichoPtena
Kochia aetnoþricha

Baseia diaeøttha
Baeeia biflona
Baseia panadooa
Bae e iø p atentí ot'tePi e
C?rcnopo diwn de e ertontm

auetYaT'e
diwn uLí'einwn
a ePinescens va?. deltoPhgLLa

Babbagia taero7tena
Enankenia pauaLfLona
Caeua?ina erietata
Ba,eeia obliquieuaPis
zy g ophy L Lutn . ó o do e atP tnn

t-;
2,
3.
4.
5.
6.
7,
8.
o

10.
11.
14.
15.
16.
l-7,
18.
2r.
23,
2+.
26,
27,
3I.
35.
37.



I OOO
900
BO0
700
ó00
500

¿oo

11

300

= 
2oo

I
U
otn rYY

É. 80U
CL

óo
\f>r- 50z
J
IL

30L
o
É20
llJ
co

{
lz

louJoo;
É.tr, 6

35

3

.10

¡16

't1

2426

.'18

.15

14 '9
. .27

.21

23

' 31

6

3

2

70 80óoAO 5020 30

1

2

loo90

PERCENTAGE TOTAL QUADRATS IN WHICH SPECIES OCCURS

to

5

37



134.

on a subjective basis to be Aeaeia soudeníi followed by Casuat"Lna

crLStatA, nate ve::y 1ow in te:rms of 9o fnequency (I.2vo'and 8,2%

::espectÍveJ-y). This demonstrates the unsuitability of the sample size

fo:r t:ree vegetation, although the small tr"ees of the black oak have

a better chance of appear.ing in a quadrat than do the lange myalls.

The vegetation association in Banrettfs Paddock is flonistically

dore divense than that in Ki Kj., although 40% of species have

densities of less than one Per square chain. They are (fnom Table

I7) S¿dn intyicata, Ndtraría sehoberi' C, nemophiLa van. eorLa,cea,'

Eæoeaspos aphyLLus, Sqrttc.Lun TeL¿mixqtun' H. oLeaefoliw' M'

pLatycazpwn, SaLsoLa kali, Stipa nitida, K. l:omentosa, Bassi'a

byaahyptera, B. Løticuspis, MaLaeocera tz"Leornís, Marm¿bíum uuLgane,

ZygophylLum cornpresswn arlð A. soudenii. Fíve of these are tnees and

the last five we::e never found in the total Quondong flo::a (see

Chapter" VIII ) .

As fan as this study is concer:ned, the most impo::tant diffenence

between this area and the Quondong study aleas is the low f::equency

of Kochia eæcaÐata anð. Bassia diacarttha and the high f::equency of

A, uesiearLa and /(. pa?Ønidata in Ba::nettrs Paddock. This is

undoubtedly eaused by envinonmental facto::s, the precise natu::e of

which ane unknown. The amount of calcaneous material on its depth

below the soil surface (,Iessup, l-948) may explain the difference, but

the matten was not investigated.

Fig. t6 shows that Kochía bneuífoLia (I), Bassía scLeroLaenoides
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(11-), anð. Babbagia aez,optena (26) have clumped (or contagious)

distnibutions, whe::eas /(. sedifoLia Q), K. george¿ (3) and ¡.

obLiquíeuap¿s (35) ane hypen-dispe::sed (on negula::). A, uesi'eania

(7), and K. pgnmtidata (4) and Chanopodium desertovwn (LB) Iie on

the diagonal. The assoeiation is thus a variable one.

Vegetation pattent :
the effeet of etockíng on pLont popuLations

IneLdenee ds,ta

Species considened neithen too fnequent nor too rare to be

statistically valid were subjected to influence analysis ' (ttre

::emainden wene set aside fon the ::el-ated lleasons that ( a) ubiquitous

on nea::-ubiquitous species cannot yield statistically significant

contingency inte:.actions, and (b) the expected value of contingency

table cefl ent:ries with ve::y infnequent species ar:e too l-ow fo::

valid application of the X2 test. ) Diag::ams of the intenactions at

x >.4.0 ane given in Fig. 17, which ::eveals two independent nodes,

Nodes 1 and 2. Attention is fi:rst gíven to Node l-.

It ,is immediately appanent that no single set of inf.l-uence

::atings and consequent map could adequately expness these intenactions.

It is necessary to bning out the information by means of sevenal sets

of influence natings, each centned on one of the majo:: pa::ts of the

node. Th¡.ee sets of influence ::atings are hene used for this



FIGURE 17

Nodes of associated species at X > 4.0
ín Barrett! s .piosphene

indicates association, posítÍve taseoqiatíon
indicates dissoclatión, negattve association

(1)
(2')
(3)
(4)
(6)
(7)
(8)

Koohia bneoifolia
Koehia sedifoTla,
Koehia gea?ge1)
Koahía pgrmtdata
Koehi,a aetrotrieha
Atripled ueeícq?ia,
AtripLeæ epongioea
AtripLeæ eandl,eyae,
B an si a, e olercLaenoide e
Baseia bracþyptera
Baeeia bíf.Lona
Baeeia paradoæa
Baeeie patentieuepie,
Chenopodiwn ulielru,n
Rlngod.ia opirte seen6 verrl o' del'tophyT'La
Bobbagia,ae?opte?a
Fnøtkeniø paucifLorø

(e)
(u¡
(12)
(ls)
(ro)
(rz)
(23)
( 24)
(26)
Q7)



NODE 1.

NODE 2

11

1
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purpose, based on thnee gr:oupings of the species invol-ved (Nodes fa o

Ib and fc).
In the lowen half of the Node 1 diagnam, Bassía panadoæa (16)

has powenful positive interactions with Kochía breoífolía (L),

AtrLpLeæ eardLeyae (9) an¿ /. spongiosa (8). AtrípLeæ Ðesiearia 0)

displays stnong negative association with K. breoifolía and A,

spong.iosa and a weaker one with B. panadaæa, f t also demonstnates a

weak positive assocíation wi,th Rhagod:ùa spineacens var. deLtophyLla

(24), but as this species was believed to display special behavioun

(see p , I23), it.waq omitted fr.om furthen consider.ation at this

stage. Thq intenactions of the other species , Node 1a, a:re

summanised in Tab1e 1g. The incidence of these species is shown in

Maps 13 and 15.

The coding pnocedul:e vras simílan to that descnibed fon the

wear.y analysis (p. 108). The majon pole combination (tabte 19 *+)

is constituted by the presence of A. uesicaria and the absence of

al-I the othe:: species ¡ the opposite pole of the influence is shown

by the absence or A. uesica?La and the Pllesence of aLl the othe::

species. The major. pole necombination was necoded to ful1y

negative; aII the othen combinations l¡rere recoded to be consistent

with this and influence natings (IR) 0-5 attnibuted to them in

propo::tion to depantu:res fnom the po1e. No condensed ::ecoding, as

penfonmed. fon the Ïleary analysis, was necessany. Quadnats in whieh

none of the species occulrred we:re not coded and are shown by an
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TABLE ]-8

asterisk on the maP.

The nesult of back-plotting quad::ats, so classified, on to a

map aecordì-ng to the coding in Table 19 is shown in Map 14, Node

l-a. It shows that the most pol4ter.ful influence patte::ning the

vegetation is the waten-point on which the isotels are focussed'

This situation ís bnought about by the occunrence of the fou::

positive associates, B. pa?adoûa,' A. spongiosa, A' eardLeyae and

Atní.pLeæ
DEÊLCATLA,

2.4
Atz,ipLeæ
eardLeAae

+
4.9 5.3

AtripL.eu
spong'Losa

+
6.7

+
7.4 4.6

Bassia
paradoæa

+
8.8

+
t.z

+
5.0 7.8

Koehia
bretsifoLía

22.7 24.6 10 .5 77 ,8

ö'Èr)
of..è.è
.tè$\)OE{x.a

IJII Câs)o
F*l'è
S. Sr.ès
s{Ò+ì O{<(D

tJ
rìuo.è\

CDB0ÐsBìJeÞ.

q)
13s
$òFò q)
OJN\.è'\J
ÊiSq+J IJ<\)

IJ

$'Èrru
or$.è "è&ol+J \ù{è

SIGNIFICANCE TEVELS OF INTERSPECIFIC ASSOCIATIONS BETV'IEEN

SPECIES LTNKED INTO NODE 1A IN BARRETTIS PADDOCK

Celf entries a::e X values (positive on negative)
on one deg:ree of fireedom
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K, bneuífoLí,ø, close to the t:.ough paddock and the vintual absence

of A. ùeïì,car¿d, there (see Maps 13 and 15). This concl-udes the

section concenning Node la.

Tunning to the intenactions displayed in the upper: pant of the

Node I diag:ram (fig. 17), it seems neasonabfe to use two fu::then

sub-gr-oups to bning out infor.mation from the inter-actions; The

details of the intenactions involved in these two groups alre displayed

in Table 20. One sub-gnoup (Node Ib) displays positive intenaction

between al-I its membe::s , Bassia pa?adoæq, (ro¡, B. patentíouspís (rz¡ 
'

A. spongí,osa (8), and Kochía payan¿dnta u) (see Maps 13 and 17).

These species tend to:repeat the pattenn of the Node la neaction, but

alte an alter.native group not so ctosely involved in diçsociation with

A. üeÊ¿cqr¿a. Plotting the numben of these positive associates,

occunning in each quad::at (aç in the Ki Ki situation, p " I23) gives

the influence natings shown in Tab1e 21 ar¡d shoufd gene::ate a maP

nathen simila:r to that fo:: Node, 1a, as the g:.oup contains two of the

species str:ongly associated in Node Ia (8. panadoæa and A, spongiosa).

Map 14, Node lbo shows that this is the case, patter.n again being

focussed on the watenlpoint.
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TABLE 20

Thesecondsub-g::oupofspeciesfromTable20(Node]-c)afso

contains K, pyrønid.afu G), positively associated with 'K' geoygei

Bassia
bifLora

Bassia
seLeroLaenoides

+
4.I 6.1

Kochia
se&LfoLia

z.l
+

z"¿
+

2.3
Kochí,a
geoz,geí

+
5.4 3.6

+
â12.O

Kochía
pyramidata

+
2.0

t
4.3

+
2.8

+
0.2 0.3

Bassía
patenticuspis

+
4,7

+
1.90.5 0,2 2.+

Atripl3æ
gpongLosa

+
b. /

+
5.0

+
5.4

+
0.2

+
0.9 0.30"I

Baesia
panadoæa
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TABTE 2T

(3)andBaeeiabí'fLona|Cr|)ar¡ddissociatedfnom/(,sed:LfoLíaQ)

anct B. acLew¿Laenoidee (rr)' K' geargai appanently :relnfo::ces the
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K, pyyatnidata-B; bifLora intenaction, but aLso neaets positively with

B. ecLerolaenoides. On account of this behaviour it was considened

that .I(. georgei woul_d complicate mapping, and it was ther.efo:re

omitted.

Thus one pole of the influence consists of the pnesence of K.

pyyØnidqta anð, B. bífLora and the absence o1 K. se&Lfolia and B.

eeLerolaenoides. The opposite pole, possessing /(. se&LfoLía and

B. eeleyoLaenoidee, is .the majo:: comblnation shown in Table 22, and

was pecoded to fully negative, the othen combinations being aLter-ed

accor.dÍngly. The map pnoduced using the IRs 0-4 is shown in Map 14'

Node Ic.
Fie1d obser"vations ' suggesting that B. bifLora (Map 13) is

confined to low-lying a:reas ' are confirmed by these nesults, as

compar.ison with the topognaphy map (Map 12) shows that the stnongest

pattenning influences ane the watencourses, which contain the quadnats

at the B. biflora'K, pgruní,data po]:e of the influence, The innen

piospher-e ar"ea does not disptay any concentnic pattenn. Howeve::,

many quadnats with an IR of 2 a:re found in the vi.cinity of the,tnough,

withoqt'any appanent nelation to a !,Iatereourse (which is whene most

of the othen IR 2 quadnats ane). Inspeetion of Maps 13, 16 and l-7

suggest that this is bnought about by I(" pytønidat4.occun::ing with

one of its dissociates, Ì{. eedífoLía on B, seleroLaenoides.

It is evident from the pneceding descriptions of Nodes 1b and

l-c that K. pyrotnidata contnibutes to both the piospher"e pattern
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.IABLE 22

(¡lode ]b) and to the watencour:se pattern (Node lc) ' and seemingly

forms a link between the two. Because some of its associates in

Ìlode 1b ane, from thein distnibutions in Map 13, obvious invadens of
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the inne:: piosphere allea' it could be inferned that K, pgnanidata

was behaving simiJ.anty in spneading into the negion of the tr-ough

paddock from the watercourses. This possibility will be discussed

Iater.
The account of the behavioun of B. bíf'Lona contained in some of

the above pa:ragraphs demonstr.ates how,one specÍes, which may appeall

to be intenesting in the field, can be síngled out with its immediate

associates to display its actual behavioun. In this panticulan case

the g::oup of intenactions also highlighted the behavioun of anothe:r

impontant species , K. pyz'ønidata. Simil-an t:leatment was given to

A, Ðeeicaría, A. spongiola and Á. ew'dLeyae. The details are

descníbed elsewhene (Banken and Lange, 1970), and in concluding this

section of the discussion it need only be said that the intenactions

of these plants taken sepanately hrith thein associates in Barnettrs

Pacldock r^ras unquestlonably neLated to sheep activity nound the

t:rough, which pa::allels the obsenvations made on their behavioun as

a group in Node Ia.

¡T ¡l

Node 2 (fig. l-7) consísts of only foun positive associates

occun::ing with nefatively 1ow frequency in the paddock (Tabl-e 23).

They ane Babbagia ac?opþe?a (26) ' Frankenía pauc¿fLora Q7), Baesia

braahgptera (I2) and Koehia astroty,ieha G) " The numbens of these
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TABLE 23

species occurring ín each quadnat was plotted acconding to the

combinatíon shown in Table 24"

Map 14, Node 2, indicates the pattern engendered by these

associates. Field observations suggested that they g::ew in 1oca1

depnessions and where the substnate contained mo:re clay and quartzi-Eic

rubblethanefsewhene.Thisaccountsfor-thei::occul.]]enceonthe

sloping aneas south of the trough and in the Faraway Dam watercourse

and their absenee , in aneas !-acking ctay and qua:rtzite ' They ane of
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TABTE 24

little impo:rtance in the pneeent context, except to point out that'

Babbagia.a,oyoptera alld Baesía braehgpte?a vÍere.two of the species of

minon impor.tance occunning cIóse to Ìlqary Dam¡ thei:r appearanee in
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local water: catches in Bannett!s tends to confir"m the belief that at

leastsomeofthevegetationpatternat}lea::yDamwasther.esultof
topogr:aphy ::athe:: than g:razing activity '

Deneitg da'ta

Thepopulationdensitiesofthreeofthesh::ubdominantsare

i}Iustratedínl'laps15,}6andlT.ThedensitíesofB.paradoæa'4.
eaxd.LeAae' K, bteuifoLì'ø and '4' spongíoso'' plotted on a p:revious

occasion (Barke:: and Lange' 1970), showed that the maximum populations

wene within 25 ya:rds of the tnough paddock. Mor-e distant populations

didnotdepictanyparticulardensitygradient'sodensitiesof
these Populations alre not shown hene '

Densities of mature A' ueeieaz'ia (MaP 15) ane row within 250

yandsofthetr.ougharrdtendtoincreasewithincneasingdistance

from waten, except where traver:ses cÏaoss the ::oad and populations

suddenlyincneaseinWhiteCliffSouthPaddock.Numbensofseedlíngs

andyoungplantsanealso].ovl-$¡ithinthisradius,butdonotdisplay
amarkedincneaseontheother.sideofthenoad.Fur.therexamination

r-eveals that some juvenile populations equal or exceed mature populations

andmostofthese,indicatedby4.-,arewithinthe25Oyardr.adius
of the trough ' as ane juvenile populations present in quadrats

withoutmatureplants(r-).ThismightmeanthatA.uesieayi'ais
beginningtore-establishitse]-fnearthetr.oughsincethene]-íef
fnom intense stocking 16 yealrs ago'
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A nathe:r differ-ent situation exists wíth :regard to /(. sedifoLì'a

(Map 16), whe::e population sizes ane no smaLlen or la::gen close to

the water--point than they are some distance al^ray, but then become

smaflen in the watercourses" Popr:lations of juvenil-es (young plants

and seedl-ings ) are very small , those of see'dli.ngs eNceeding those of

young plants in both fr"equeney and size " In only one quad:rat does the

population of juveniJes exceed that of mature plants "

Conversely, the high populations of K. pyødnrLda,bø (Map l-7) are found

in the wate::cour.ses and to the south-east cf the trrough (x, ttate t+)"

Populations of juveniles are much g::eater than'those of Ki sedùfoLia'

The populations of young plants of K. panünidd,ta aTe mo::e frequent

ancl. la::ger than -uhose of seed3-ings " This obse::vatiofi is at vaniance

wi [1r tl:.a,; no'l.e,l a]:ove fon /(. sedLfoLda, and it seems as though the

inprrts ilrto the young plant popu]-ations fr.om tiie seedting populations

of .K. pynamidatq, aTe gr"eaten than the inputs into those of K.

serlifoLia. If this ís so, then it could be argued that the survival-

r-ate of seedlings of K. parafft¿dqta. is gr:eater than that of x"

sedi,foLia" Envir:onmental or seasonal faetors could account for' this,

but it has been noted that /(. pyranidata plants produce a thick axis

while still very youngr Unfike those of K. se&tfoLí;a, Whose axes seem

to ret¡ain fragile fo:: some time; thus being vr-rtrneFable to t:rampling"

The population sizes of juvenifes of K, pynønídnta equaL or

exeeed those of mature plants in a number of quad:rats indicated by

G- on Map 17. Many of these occur within the 250 ya:rd radius of the
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troughasinÁ.oeeieayia.SomeofthesejuveniJ-epopulationsoccur

inquad::atslackingmatuneplantsrindicatedthust'whereasin
otherpa::tsofthepaddockjuvenilesa::ealwaysaccompaniedbymature

poputations. These obse::vations suggest that the species is spneading

::athenthanmenelyneplacirrgitselfrintheinnenpiospherearlea'
The infenenee can then be made that it is the'effect of sheep activity

close to the tr.ough which has.b:rought this about" Jessup (1948)

corn¡nents that f . pynanídnta is.,often confíned to watercourses ' not

becauseofthewaterholdingcapacityofthesail,butbecauseofthe
lack of lime nea:r the surfaee in these situations " The stimulation

of young populations of K' pyrønídata nean a watet'-point could'

thenefone,beassociatedwithaehangingminerafstatusofthesoil
because of the incneased quantities of dung and unine he:re (Langeo

1969).Fo::examplegoTIêmightexpectthatnitnogeninputswou]-d

incr.ease; but whethe:r this courd be suggested as a stimurant fo'n K:

payqmidatø is questionab].e, as Con::etl (1967) believes that the Zoss

of nit:rogen fnom the top soil layers has encouraged the neplacement

of K. eeùLfoLía by K. pAranidntø on Yudnapinna Station'

CONCTUSIONS

Itisr:easonabletoassumethatbefo.nethetankandtroughwene

installed, the vegetation in the r:egion of the present water'-point in
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Barrettrs Paddock would have been essential-ly similan to that

existing at the time of sampling oven the fence in Vlhite Cfiff South

Padclock, havíng molae or less even populations of the sh:rub dominants

meritioned, on p. t32, with K. pyz'amòdata beíng vintually confined to

the watencoullses.

Incidence data used fon influenee analysis have identified fíve

species, which. appeat to be invade::s, having strong positive co::relations

with the waten-point and occu:riring only rarely elsewher-e. These a::e

B, paradoæa, B. patenticuepie, A, eqndLeaaþ, A, spongì,osa a¡rd K.

breUifoLia, The fi.r.st four. of these alre non-per:ennials and may t at

pr.esent, be r.elatively unimpor.tant, but they neve¡-theless repnesent

thê j.nitial stages of degnad.ation. The envi::onment in the water-point

area has become modified in a way these species are able to exploit '

Their" popula'tíons become established rapidly because they complete a

life cycle in a relativety short pe::iod of time. They ane all consumed

by sheep, the Baes¿a spp. being avoided only when they a::e fruiting'

and thein survival in the heavily stocked wate:r-point area is probably

due to the fact that when they are present, othen more acceptable

gnass fo::age is also avail-able.

Koehia bTeOLfoLða) oÍL the othe:: hand, ís a pe:rennial with a

suckening rootstock " It is also gnazed by sheep and is also able to

su::vive severe stock pressure nea:: the water-point ' Its status in

the piosphene situation is difficul-t to intenp:ret. Mu::nay (1931)

r.ernarked that it is the fi::st coloni-ser of claypans on the Lake
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Tonrens Pl,ateau" It'occulls elsewhene ín the State as far south as

Gtenelg i,n coastal situations and as a roadside weed"

Mention should also be made hene of anothen invader. species,

Itilay,z,ubium UuLgare. It has a f:requency of only 0 " 89o 'in the study a::ea

and therefore has no statistical significance. It is, howeven, of

pnactical significance, as the plant is a notoniously aggnessive

al-ien vfeed,with little fodden value. It is likely to compete with

and replace the existing fodder species near the waten-point.

Factors contnibuting to the devefopment of these invading

populations are not ful-ly undenstood. Undorrbtedly seed is brought

into the allea,on the hooves o:r fleeces of stock and by vehicles. The

chopping up of the g::ound sunface by hooves and the addítion of

nutrients as stimulating factor"s wene discussed in relation to the

Ki. Kj study ar.ea (p. 126).

Both Íneidence and density data make ít clean that some of the

existing populations in Bar"nettrs Paddock have also been modified by

stocking. K. sedi,foli'a a¡rd /(. georgei' appear to be relatively

nnalte::ed as yet. A. Ues¿carùa has p::acticatly disappeared fnom the

water-point ,a::ea, though the appearance of young plants and seedlings

within 250 yands of the t::ough suggest that the species may be

::e-col-onising the eaten-out aï1e4. Neventheless, as .4. UeSícArLa is

neganded as vafuable feed¡ aDY chariges in its population must be

::egar.ded with conce:-n.

K, pyramidata appears to be invading the inner piosphere a::ea
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fnom popul-ations in a small waten-coullse about qua::ter of a mile

south-east of the t::ough' This change must also be ::ega::ded as

r.etr.ogr.ade.Jeqsup(1948)::emarksthatitisafneeseedingspecies.
Fromthe,highnunbersofjuveniles'notedinthep:resentstudy'and
tireir apparentfy handy nature (conpai:ed with /{. eedífoLia, which has

asuper-ficialJ-ysimila::habit)ttrisplaltcoutrdber"ega::dedas
aggressive.

Inthesimplepiosphe::ejustdescribedwhe::ethewater-pointis

not dependent on :rad'ial d::ainage lines to supply it and whe::e

modenate g::azing has been continuous fo:: 20-30 years, the vegetation

pattennwhiehfocussesonthetnoughcandefinitelybeattnibuted

to stock Pressure, that'is, it is a true piosphe::e effect' It htaq

showntobeeasilydistinguishedfr,omthenatu::alpattenncausedby

topognaPhY "

Howeven, the species invol-ved in this piosphe::e effect a:re quite

diffe:rent f:rom those generating the pattern at Ì'lea:ry Dam (possibJ-y

a natu¡al pattern) and in the Ki Ki piosphene, wher"e onty /(" eæcaÐata

shor.ied. any shifts since stocking' In Barrettts /(" eæcauatd' has a

frequencY of onlY 79o '

The::esultsp:resentedinthischaptena:reofconsiderable

importancefontworeasons,Fir:st}y,theyshowthattheinteractions
between stock, water-point and vegetation (the piosphe::e effect) ane

definitef,y demonstnable in tenms of plant populations. within a

paddock where vegetation may be pattenned by topography, anothe::
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pafteï-n is found, which i$ unqqestionably imposed by stock pressune

neara a watel"-point. Second1y, although these pattenns ane ::evealed

by specíes intenactions, which ean be velly complex, it is neventheless

possible to dístinguish between natunaf pattenn and the imposed

piosphene effect.

this is pnobably the fi::st time that the effect of stock nound

a water:point has been descr"ibed in such quantítative tettns " ' It

wou1d, however., be naive to suppose that the species identified here

as contribr.rting to the piospher:e effect are common to all piosphene

situations. The actual plants involved will var:y according to the

negional vegetation association, as exemplified by the diffenences

between Quondong and Roopena.

'Ihe next chapter describes five othe:: píosphenes, .which ane

contiguous with each other. in a mol:e complex topog::aphic situation 
"

The same techniques ar.e used and the possible effects of bias caused

by radial sampling, on the outcome of inf,luence analysis, is also

tested.
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CHAPTER XI

PIOSPHERES IN CONT INUOUS RAN

DESCRIPTION OF STUDY AREA

InvestigationsÌ^reretransfe:::redtoanegionaboutl-6miles
(25 km) south-west of Barrettrs Paddock and south of Middleback

Station (Roopena) homestead' The study arlea covened about 5 squa::e

miles and extended f:rom Two-Mile Dam in a southerly direetion as

fa:: as the Winter Paddock Fl-at ( Fig ' l'8 and Plate 15 ) '

Becauseofitsla:rge::sizetheaneaistopogr:aphicallymore

dive:rse than that of Barr.ettrs Paddock and is centainly mone so than

the Quondong al:eas. A fonm J-ine map is given in Map 18 
"

Geologicaltytheareaismode::atelyuniform'Halfamilenorth-
east of Two-Mi1e Dam is a Palaeozoic outcr:op of corunna conglomerate '

consistingofsandstonesandinterbeddedshales,whiletothe
extneme south-west of the area, in Kinnani paddock, is a Gneissic

outcr:op containing sedimenta::y schists and guantzite' Elsewhere'

as in Banr.ettrs Paddock, the substrate is composed of Quate::nany

al-luvial and dune deposits, acco::ding to the Geofogícat Survey of

south Austrar_ia. Two faults cr?oss the r.egion" The Randelr Faul-t

has a throw of 15 to 20 feet, while that of the Nonowie Faul-t is

negligi.ble (2 to 5 feet), having littLe effect on the topog::aphy"



PIGURE 18

LocatÍon diagnam

showíng the Two-MiIe Dam - I{inter Flat study anee
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The te::rain is gener.alJ-y undulating with some manked wate:rcourses "

At the foot of the Randell sca::p two drajnage lines l-ead into

Two-MiIe Dam. It is possible that this was the site of a natu::al

water soak, as aboriginal chips have been found in,the ned sand

associated with the Randell- Fault and nandoo (MarsiLea dvummondií),

a valuabl-e dieta::5r constituent of the abonigine, is p::esent in the

watereout'se t

south-west of the Two-Mile wate::counse is an oPefÌ area refer:red

to as the Two-MiLe Plain, which extends into Ba-r'benfs and Pu:rpunda

paddocks. It is, in ,fact, a shaÌIow basin and nçw aPPears to be

the main catchment for Two-MiIe Dam. To the south, the basin has

a r-im, whieh borders Banberls Dam watercourse"

The Nonowie Faul-t, cnossing the study anea in Ba::ber"rs, Ki::::ani

and winter Paddocks seems to mar.k the star"t of a gentl-e rise in

e.l-evation, the nising gnound being dnained by a watel3courlse containing

Barbe::rs Dam and some shal-low washes whieh unite with the Barberrs

Dam wate::course aften d::ai.ning th:rough Kinr"an:ì- and Winter Paddocks "

v{inte:: Paddock has little ::eLief and coul-d be ::egarded as an

outwash plain of the higher land in Kirnani Paddock " The elevation

of the whol-e area fall-s gradually fnom 300 feet above M"s"L. in

Ki:nr.ani Paddock to I50 feet at Two-Mite Dam"

The gener.al vegetation association is'essentially simifar to

that in Ban::ettrs Paddock, but the ::ocky outcrops carry Etemophi'La

øLtermifo7,i.a, Aeacia burkitt¿i, A. kempeana and Ptilotus obouatus in



156 "

addition to saltbush, bluebush and oecasional myalI. The sample girid

(Map 18) stops sho::t of both the outc::ops;

'ihe Randel-l FauJt at Two-MiIe Dam is character"ised by ::ed sarrd

suppo::ting Kochia pAvanidnta and K, tomentosa, with occasional

saftbush and bl-uebush. Acaaia soudeni,¿ (myall) and Myoporum

pLatycarpwn (faLse sandalwood) ar"e the characten tnees " This

vegetation association extends south of the dam, before giving way

to K" sedifoLía (bluebush) on the Plain (see Pl-ate l-6).

Myall woodland is spanse on the Two-Mj-l-e Plain and on the upland

south of Barber"s Dam watencounse, but myalls delineate the broad

expanses of the watercou:-ses. The tine of the Nonowie Fault is

picked out by Caauû,vina cri,stata (blacl< oak) woodland, which occuns

along its length, inte::sper.sed with myaIl.. The shrub constituents

of the vegetation ane 1(. seùLfoLia, K. pyrami,data and AtripLeæ

ues'î:earia" Ephemenal- populations , as at Ba::rettrs , are a míno::

constituent, except on Winten Flat and Two-Mil-e Plain, where Stipa

nttida gnows pnofusety after rain" Apa:'t fnom the oecasionaf

EremophiLa seoparid, the whole area is notabl-e fo:: a fack of tall

shnubs such as those at Quondong, viz, Aeaeia coLletioídes, Dodonaea

attenuata, Cass'ia nemophila and Eremophí'La sturtii"

The leases of the a::ea which nolr comprises Middleback Statíon

wer-e p:robably fi::st taken out in the 1860fs, but lack of penmanent

stock wate::s woufd have p::evented its contínuous use as pastu::e,

although the vermin-p::oof fences were elrected in the late 1800rs.
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Two-MiIe Dam, consti:ucted by the government to supply tnaffic on :he

road between cowell and Po:rt Augusta, was not ¡iazetted until- 1908'

although thene coul-d have been some othe:: dam on water source thene

befone , as the:re ane remains of br.ush shepherds t ya::ds nean both

Two-Mile and Ba:rberts Dams. The pnesent Ba::benrs Dam was buíl-t

between 1910 and I9L9. Sheep in the I'linter Paddock oniginally

wate::ed at Wer.tigo Dam, but in 1930 a pipelinè'hlas constructed from

Ba::benfs Dam to supply a trough on the ver-min-pnoof fence in Winter'

Paddock.

Two-Mile, Bar^be:rts and winter- Paddocks have all been subdivided

by the prlesent lessees ove:: the period from 1925 to the pnesent r as

indicated ín Fig. 18" Befo::e tÏ¡ese subdivisions, which have reduced

paddock size to between 4 and 6 squar-e míles, sheep would have had

the opportunity to graze moÌre widely than at present, depending on

seasonal conditions.

The number.s of stock canried in these paddocks since 1953

is shown in Appendix 4" In Two-Mile and Barbenrs the ave?age

numbens of stock car:::ied over this peniod welre apPlloximately 250-270

per. paddock, while in Winter. Paddock, before its necent division,

about 570 sheep welle carried on average " It is under-stood that

before 1953 stocking night have been somewhat heavier' and it is

bel-íeved that Two-MiIe Paddock has always been heavíly used'

periodically, as a holding paddock for. l-ange numbe:'s of sheep at

shea::ing tine.
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METHOD

The sampling and analytical techniques ller:e simila:: to those

desc:ribed eanfien. The g::id layout is shgwn in Map 18 and in alf

other maps r.elating to this section " In this senies of analyses

some species of sufficiently low fnequefrcy and density to have

warnanted theín exclusion in pnevious analyses t were included because

it was felt that,some such species had ve:ry localised, but impontant

dist::ibution, while othens could assume gneate:: statisticaf

signifir:ance :Ln the neighbou::ing piosphe::es. This meant that each

inte::actíon had'to be examíned with eane to see that 1ow incidence

did,not r.ende:: the assoeiation spurious.

Sampling was focussed on:-

(6)

Two-Mile Dern (238 quad:rats)
Ba::be:rrs Dam in Two-Mile Paddock (223 quadnats)
Barber"rs Dam in Barbe::ts Paddock (ZeS quad:rats)
Winten Tnough (tz7 quadrats)
Ki:r::ani Tnough (95 quadr:ats)

It wil-l be seen f::om Map 18 that the fast two water'-
points ane by chance situated in a minor watencourse
ãtong the vermin-pr:oof fence. They are not, the::e-
fone, independent of topographic effects 

"

the connens of Two-Mil-e and Banbe::rs Paddocks at !'linter"
Tnough

No wate:r is avail-able fo:: stock at these points and
::adia] sampling was ca:rried out hene to demonstrate
that although bias may be imposed by the nadial
tr.aver.ses elose to the point of or-igin, if the vege-
tation ís lacking pattern such bias has no effect on
the outcome of influence analysis "

Fon infLuenee analysis of incidence data each of these units was

finst tneated separ:ately, and then the data wer-e pooled and anaiysed

(r)
(2)
(3)
(4)
(5)
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as one unit: -

(7) analysis of the total data f::om the anea between Two-

Mile Dam and Winter FIat

Thenemainderofthischapte::wiIIbed'evotedtosevensub-

sections titred as above, in which the r.esults, discussion and

conc}usions re]-ating to each piosphe::e influençe analysis wiII be

desc::ibed. To avoid unnecessary nepetition, density data will only

bedesc::ibedinthesectiondealingwiththeanalysisofthetotal
data.

Tr,/0-MILE DAM

RESULTS AND DISCUSSION

DesctíPtíon of Plant PoPuLations
densíiy' frequeneg and dispension

These data ane p:resented in Table 25 and Fig' 19' fn ter-ms of

9o fnequency the dominant species are in the o::de:: ' Kochía pArønidaia

(black bLuebush ), Baeeia patentieuspís, B, obLiquicuepis, K" georgei

andK.eedífoLia(b}uebush).Thisisquitediffenentf:romBarnettIs
whe::e Atnipleæ uesùearLa Ìlas an impontan-t constituent of the



TABLE 25 160

t.
)
J.

4.
EJ.

6.
1

o.

o

10.

l_f .

12.

13.
14.
15.
16.

r7.
18.

19.
2r.
22.
ôâ

24.
25.

28.
29.
30.

3l-.
32.
33.

34.
2R

36.

37.
10

Atrip'Leæ uesícaria
Atripler stipitata
AtrLpLeæ aeutibracta
Atrípleæ spongiosa
AtripLeæ eardleyae
Bassia paz.adoæa

Bassia patentieuspis
Bas sia ecLeroLaenoides
Bassia bifLora
Chenopo diun de s ez'totwm

Chenopodiwn uLieinun
Marcubiwn uulgare
InuLa graueolens
Carthønus Lanatus
Koehia pynønidata
Koehia sedifoLia
Kochia breuifoLia
Koehia eæcaÐata var'. trLehoPtera
Koehia george'L

Koehia tomentosa
EnehyLaena tomentosa
Rhagodia sp'Lneseens var. deltophyLLa
Lyciun austraLe
Sidø intrLcata
Bassía obliqwLeusPís
Bassia diaecrttha
C entíp e da the spi díoi de s

MarsiLea drunrnon&Lí

Vev,bena offieinaLis
PtiLotus obooatus
Myopoz,wn platycatpwn
Vittadinia tv"Lloba
H e te v,o dendzwm o Le ae fo Liun
Solanun sp.
Kochia asttott"Leha
Aeaeta soüdenii

8.1
0.7
0.4

10 .0
6.0
0.l-

453.3
trô o

0.4
6.2
l! ')

ltr q

4.9
6.2

23r.3
54.3
3.6
3.8

34.5
12.0
6.9
2.2
J.J

0.9
344.0

0.1
5.1

r0 .9

1. B

0.05
0 .05

2.6
0 .05

2.5
0.05
0 .05

16 .4
2.9
2.r

12.6
5.9
0.4

80 .7

3r_.9

1.3
22.7
11. 3

13 .9

2.r
6.7

87. B

56 .7
tt

10.s
60 .I
29.4
20.6
9.7
9.2
4.6

79 .8
0.4
2.9
r.7
L.7
0.4
0.4
7.6
0.4
0.4
0.4
0.4

Species t nequency 'Dens i ty:!

THE PLANT SPECIES SAMPLED IN TWO-MILE PADDOCK AT TWO-M]LE DAM

with their average density per square chain:t and the
pencentage of iotaf ".tnpfà" in which they oecun+



FIGURE 19

Dispe:rsion of species in Two-MiIe Paddock at Two-Mile Dam

(excluding speeies havíng densities of less tha¡¡
one per square chain)

1.
4.
5.
7;
8.

10.
11.
12.
l_3..
14.
15.
16.

18.
19.
2r.
22.
zó.
24.
27;
29,.
30.
31.
34.
36.

L7..

AtrípLeæ uee¿ca?ia
AtrLpteæ .Bponglola
Atrip'l,eæ eardleyae
Baeeía patentiauapis
Bae eia s elercLaeno¿d.e e
Chenop o dt)un de e entomn
CLtenop o diu¡n uli ointun
Maru,tbim uuLgare
Inula gnaueoLene
Carbharue Lætatue
Koohia pyrørùdnta
Koehia eedifolia
Kochia breuifoLíq,
Kochia eæeaùata van, triohoptena
Kochia georgei
Kochia tonentoea
EnohgLaena tomentoea
Rhagodìa . epineseene var. deLtophgLLa
Lyoíwn auetrale
Baeeí,a obLiquicuspis
C entip e da the epí di oÌ. de e
MareíLea ,drumþndíi
Veybena, offì,einalts
Vittadiniq, tr¿Loba
Solønm sp.,
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vegetation and .¡(. sedífolia ranked highest. The cha::acter tree,

Aeacúa sol')deníi (myatl), r-ates unde:: Ieo at Two-Mite"

0f the 36 species tisted, l-I (that is, 30%) have densities of

fess than 1 pen square chain, Bass¿a paradoæa, B. bifLona, Stda

intz'ieata and /(. astpot!,1:oha,, whose incidences in Ba:rr.ettts wene

statistically important, are some of these " Some of the other:s wene

tr"ees, as in Bar::ettrs, and the r"est wene AtripLeæ stipitata, A.

aeu.tibyacta and Ptilotue obouatus, which Ì¡ere plresent in the Quondong

s'Eudy areas, but not in Ba:r::ettrs¡ Koekía eæeaÙata::ate$ a l-ittl-e

highen here than in Ban::ettrs .

The major-ity of the species with densities gr"eater. than 1'pen

square chain ar.e shown by Fig. 19 to have high density/fnequency

natios and are thus contagious in their. disfiribution. Bassia

patentieuspis (7) and Kochia sedifoli,a (16) ane neithe:r clumped non

hyper.-disper.sed, and only .K. georgei (19) and K. pgnarnídata (1s)

tend to be scattened.

Vegetation patterm :
the efieat of stoeking on pLant popuLatåons

Ineidenoe data

The nodes denives at X > 4.0 using influence analysis ane shown

in Fig, 20, The maín one is very complex, although it could be made

to appea:r simpler" if shown at highen level-s of X. Howeven, the



FIGURE 20

Nodes of assocÍated species at X ì 4.0
Ín Two-MiIe piosphene

indicates associatíon, positÍve association
indlcates dissociation, negative association

(1)
Q)
(5)

(11)
(12)
( 13)
(14)
(1s)
(16)
(t7 )
(18)

Atrì,pLeæ oeeiqrì.a
AtnipLeæ stipitata
AtnipLeæ eædleyae
Chenopodiun uLì,sintn
Mæmtbíwn uulgæe
InuLa graueolene
Carthønue Lanatus
Koehia pywni,døta
Koehia secl:ifolia
Ibehia breuifolúa
Iþehia eæeauata
I{ochia georgei
Koehia tomentoea
Enehylaera tomentoea
Rhagodia epineeeene van.
Lyeùwn auetnale
Sida intríeata
Centip eda the epidioide e
ManeíLea fuu¡nnondií,
Verbern offieinaLís

(1e)
(2t)
e2)
(23)
( 24)
(2s)
(2s)
(30)
( 31)

deLtophyL'l,a
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maximum amount of infor-mation is gained at a relatively low value

of 4"0 which is neve::theless still- statisticalJ-y va1id"

The most powenful interaction is that of dissociation between

Kochia tomentosa (2t) ana /(. se&LfoLta (16), which fir-st becomes

apparent at \ >z 9.0 (see Map 19 and compare with nelevant pontion of

Map 35). Lesser degrees of dissociation a:re also present between

K. tomentosa anð, Baesùa obLiqui.cu,ep¿s Q'7) and' B. soLenolaenoùdes

(e). These thr"ee dissociates of .K" tomentosa ane "chemsel-ves st]:ongly

,,isr;ociated, that between K. sedifoLia and B" obLíquòeuspis occun::ing

fir"st at x > 8.0. Fnom.thein fai::ly high frequencies, these a::e

important components of the genenai vegetation association.

The dominant, J(. pA?ün¿d,a'ta (15), dissociates at X > 5'0 fnom

K. eæcaaata (18) an¿ Chenopodiwt ulicinwn (tj) and this trio is fínked

r^/ith the st:rong inter-actions descnibed above only by K. pyr'ønt)dnta

dissociating with /(. sedLfoLia and K. eæeaüq,ta dissociating with

K, tomentosao both at x 2 4.0, Lower levels of x show positive

association between X. tomentoea and l' pyz'amídat¿ and between

K, eæcaüata and K. sedi,folia and B. seLeroLaenoidee and between

Chenopodiun uLicùnum and B, seLeroLaenoides '

This gr-oup of ínter.actions (Node Ia) is dísplayed in Tabte 26

and shows that /(. eæcaÐata and c. uLicinwn::einfor-ce the majon positive

associates (8, obLíquicuspie, K, se&LfoLí'a and B. seLerolaenoides),

white K. pytamidata suppor.ts the negative inter-action of 'K" tomentosa

with them,
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TABLE 26

Koehùa
tomentosa

Koehía
pyramidata

+
3.1

Chenopodium
uLíctnwn,LL4.3

Kochia
eæequata3.8

+
l_.6

Baes¿a
ecLeroLaenoides5.81.5

+
1. l_

+
3.5

Koehia
se&ifoLía8,23"2

+
aa

+
âo

+
6.5

Bassia
obLíquicuspis4.80.0

-t-

0.3
+

¿.ó
+

5.0
+

8,2

20 .687. I11.3t_0.631.956.79of = 79.8
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celr ent::t""oio3,,å 

å:å;:: :?ËH:,and 
ne'ative )

The major- components only Ì^rene mapped, accondÍng to the infiuence

natings in TabLe 27. The isotels shown in Map 20, Node 14, ane

focussed along the side of the dam and water-course. Thene ane a
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TABLE 27

number. of quad:rats, ma::ked with an astenisk, actually on the floon

of the watercounse, in which none of the species occul " The Two-

MiIe plain is picked out by an IR of 1, which results f::on the

presence of B: obLiquíeu9pís anò' K' sedifoLia in the absence of

B" seLeroLaenoídes,
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The red sandy soils devoj-d of lichen crust (see Roge:rs, l-970)

at the foot of the Randell scanp nean Two-MíIe Dam a:re believed to

be the ?eason fo:: the occunrence of K" tomentosa hene. This species

is not r.ega::ded as one characteristic of watercourses , as it occulss

on the sca"p face and.never on the floon of the watencou::se. The

plant appeans to be very palatable ¡ often su:rviving only in the

shelte:: of K. pAvamí,døta, but it does, neverthel-ess, survive even

unde:: the intense stock'pllessu?e nea:: the dam" No juveniles of this

penennial species wene found, however-.

It,is tentatively suggested that the absenee of B. seLeîoLaenoides

on pa::ts of the Two-MíIe Plain also r.esuLts fnon¡ some edaphic,cause,

in this case a low soil lime content, which might be anticipated in a

basin catchment where a fain por,po::tion of clay would be pnesent.

This concLudes the discussion of the species in the lowe:: half

of Node l.

Re-examination of Fig. 20 shows that the three majo:: positive

associates of Node la (8. oblí'quíeuspis, K, eedifoLía and B.

seLevoLaenoides) al-so dissoeiate with anothen large group of positive

associates. B. obLiquíeuspis (27) dissocia-res with Centí'peda

theepi,&Loídes (Zg); K. sedifoLía (fO) ¿issociates l^Iith í" breui,foLia

(17) and C. theepídíoídes, Ther.e ane stnong positive l-inks between
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K. bneoífoLia, InuLa graoeoLens (fg) ' C. thespid'Loides and MareíLea

dtummon&L¿ (30)" These ane linked th:rough /(. breuðfoLì'a to some

wea)çer. associates, Atz,ip\eæ eaydLeyae (5), Vez'bena officínalis (31),

EnchyLaena tomentosa (ZZ), Lyeium austraLe (Z+) and Rhagodia

spùnescens vaï. , deLtophyLLa (23). (Kochia geoygei (19) atso

díssociates with /(. bneuífoLia and C. thespid'Loides at y > 4"0 and

associates with B" obLiquieuspis, but only at X : 3.'7" It neve:rthel-ess

:re.infor"ces the::oJe of the th:ree majof. associates")

Although the nine míno:: assoÔiates detailed above dissociate

wíth the major positive associates, B. obLiquLcuspis, K. sedifoLía

and K. pAnanidaþa, r¡one of them have any statistícal l-inks with aay

of these Kochia species. The pattern displayed by this la::ge glroup

of associates::anked against the majon ones would thus be diffenent

to that of Notle la. The inte::actions of the mínor associates ís

shown in Table 28, which also shows that all but thnee of these

species (f. austyaLe, E" tontentosa and R. spineseens) occur in fewen

than 6% of quaclnats, but Map 19 indicates that they are all very

close to the dam and'in the watercou::se. This is, theni a case whene

low incidence species included in an analysis show valid interactions

in a situation whe:re they have a velry local dist::ibution "

The map to show the gr.oup behaviou:: of the nine minor: associates

did not include B,'eeLeroLeanoùdes' B; obLiquieuepis and /(" se&LfoLöa

whose behavioun in this case can be infer"::ed f::om Node Ia (Map 20) 
"

Any combination of the nine associates oceurring in the quad:rats is
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TABLE 28

Hhagoü.a
6p¿nescens

+
1.9

EnchyLaena
tomentosa

+
4.6

+
4"6

Lyciwn
austvale

t
2.0

+
1.9

+
0"1

Verbena
offieinalis

+
z. t +.4

++
10

+
2^9

AtrtpLeæ
eardLeyae

+
0,2

+
2.6

+
I,2

+
r.2
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I:2
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+
5.5

+
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3.0
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4,.7
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1"0
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0.0
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in Map 20, Node lb.

The str.ongest inftuence on the vegetation is obviously the dam

and wate::Çoul:se, although Map 20 shows that ther:e is considerabl-e

pattern in the paddock away firom the water.course " Examination of Map

19 pnovides evidence tha! this is mainly the nesult of the incidence

of Lyeiwn, Enchylaena and Rhago&ia, whi.ch although having theí:: highest

incidenóe along the water.counse and in pa:rticular on the westenn

fence of the,dam, are also dist::ibuted th:roughout the ::est of the

sanrpled area. Lyeiwn oceulrs in 23 quadna-Es anð EnahgLaena in 50;

the positive association between the two is based on thein mutuaf

occurnence in Ll watellcounse c¡uadrats and in only 4 in more distant

pants of the paddock. Rhagodla.occur:s in 23 quadrats as does Lyeíum;

thei:r positive association depends on thein mutuaf pnesence in 6

watet course quadrats and only 3 mo::e distant ones "

The samplíng gnici has cfea::ty biassed the situation along the

weste::n fence of the dam" If the base peg had been l-ocated at the

easte::n end of the dam, I o::2 quadnats míght have sampl-ed this a:rea

ther.eby :reducing the p::obabil-ity of combined incidence of Lycium with

EnchgLaena on'Rhago&La,

The possibility that the incidence of these plants is stimulated

by a piosphene effect nean Two-Mil-e Dam must not be ovenlooked, but the

fact that EnehyLaena and Rhagodia seem consistently to grow in the

sheLte:: of tnees or la:rge bushes (e.g. Lycùwn and Cassía) (see

Chapten XIII) suggests that their: populations near the dam ane
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di:rectJ-y attnibutabJ-e to the amelio::ating effect of the watercounse

on the envi:ronment. Simil-a:r anguments could be applied to explaín

the i.ncidence of Kochia bneuifoLia and A, ea?dLeAae nean the dam, but

tliey do not have the same widesp:read distribution away from the water:

point, and f::om expe::ience in Ba:r:rettrs Paddock it is líke1y that

these ane true piosphene plants "

As a r.esul-t of these arguments , it was decided that mapping

should be r.epeated omittíng EnchyLa,ena.' Rhagodia and LAciwn" The

::esuLts ar:e shown in Map 20, Node lc. The::eduction in numbens of

species simptified the aurangetnent of isotels. The dam and water-

coutlse ar.e stil] shwon to be the most impontant influence on the

vegetation, and pattenn efsewhere is negligible.

Nodes lb and lc cJ-eanly del.ineate the dam and the watencou:rse

in which it ,lies. As mentioned ea:rlier this site, like llea::y Dam,

could always have been a wateL catch with some degree of naturaf

patte:rn. In the water:counse¡ plantç wou'ld benefit fr.om water accumu-

lating afte:: nain, and fnom a higher. water-table than el-sewhere in

the paddock, Some popufations would be stinulated by this , fot:

ins-fanee uho$e of MarsiLea' arrl¡atertr fenn, Centòpída thespidioí,des

forrnd in sink holes at Quondong, Lycium, Rhagodia and EnchyLaena,

which have,alneady been discussed, Koehía breuìfoLía' commonly found

in local wate:: catches (see Jessup, 1948; Ba:rker., 1970), Vetbena

off,ieínaLzle, also occun::ing ín the south-east of the State artd fnuLa

gz,atleoLens o a Medite::nanean weed which behaves as an ephemeral in
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the ar.id zone" Before concl-uding this discussíon of Node Ib and lc

species, it must be ,pointed out that fur"then ecologÌcal details

conceïaning some of the above species wil-l be given in Chapter XIV"

In ::econside:ring Fig" 20, it is appanent that ff. sedtfolia, as

well as being part of the above intenactíons, is also negatively

associated with Martubium Ðulgana (12), a Meditenlranean perennial-

weed. Matrubium is positively assoeiated with the native Sida

intricata (ZS) an¿ Carthanus Lanatus (f+), anothe:: Mediten:ranean

weed, which behaves as an epheme:ral. These species, Node ld, do

not have any inte:ractíons with any of the membens of Node l-b at

x > 4.0. Their, intenactions with'K, sed|fol'La are given in Table 30,

and thein incidences are shown in Map 19.

A map showirrg the pattenn engende::ed by these species was

const::ucted by pJ-otting the numbe:r of the th::ee specíes occunring

i.n each quadnat, accor.ding to the combinations in Tabl-e 3L" The

components of the genenal vegetation association ' in this case

K; sedífoLia' wene dís::eganded. The resuft in Map 20, Ncde 1d,

indicates that Marrubíum, carthamus anð, síd,a (see Map 19) ale

responsible for- a distinct sinuous pattenn at r"ight-angles to the

watercoulrse. Fiel-d observations and examination of ae::ial photographs

(see plate l-5 and Map 12) indicate that this pattern coincides with a
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TABLE 30

natuï'al drainage fine fr-om the Two-Mil-e Plain' This has been

exploited by the cutting of artificial drains duning the past 10-15

yearstoprovideadditional:rain-water-run-offfonthedam"The
occu?rence of patte::n ::emote from the main focus results from the

prl'esence of l|arzabium ín quad::ats loca'ted on olr nean othe:: d::ains

inthepaddock.Thispattennmustbeonewhichhasdeveiopedsince
g::azingbeganinthearea'Incr^easedrun-off::esultingfr:ont

compaction has pnomoted the deposition of sand in the drains and

gulliesapproachingTwo-MiJeDamrandMarrubíumandCaz'thamus

Kochia
sedLfoLta

1.8
Sidct
i,ntråaata

+
2,0 ¿"2

Carthunus
Lanatus

+
5.4

+
4.6 3.3

Maruubíun
uuLgare

9of = 13. 9 6.7 4.6 56"7
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on one deg::ee of freedom
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TABLE 31

tirrive in these situations. The absence of these species fnom

the old water.counse is due to the lack of sand there.

Node 2 in Fig. 20 shows simpre association between Atz,i,pLeæ

uesiearta (1) and ¿. sti,pi,tata (2), This is based on the

occunrence of A" uee¿car,a in 28 quadnats, in only five of which

X = 238
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2

2

1

t
1

U

I
7

tf

1

4

3

16

202

+

+

+

+
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f
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POSSIBLE INCTDENCE COMBINATIONS OF NODE ld SPEC]ES
IN TI,IO-M]IE PADDOCK AT T!,IO-MILE DAM

wirh obsenved fnequencies (f) and influence natings (IR)
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does / . stipitata alrso occun in a widely scattered dístribution "

This letationship is r.egar.ded as spu::ious and d::aws attention

to the dange:: attached to including low incidence species in

the analysis, where they do not have a focalised dist::ibution.

It is inte::esting to note that :-ike Marzwböutn, A. stt)pitata

occurs in dr.ains wher.e thene is an accumulation of sand.

In endíng this diseussíon of the incidence data nesults

at Two-MiIe Dam, attention is d:rawn to Att'ùpLeæ spongiosa,

one of the major. piosphere species at Banrettrs. This plant is

pnesent at Two-MiJ-e ralso as shown in Map 19, but it does not

have any statisticalty significant nelationships with any other

species.

CONCLUSIONS

Thís senies of analyses has identified a diverse flo:ra

associated with Two-Mile Dam. Some of these'plants were doubtless

pr.esent befo:re pasto::al aetivities began " For example , K. tomentosa

found nea:: the dam and extending up on to the Randell scanp is

confÍned to the ned sand in this anea and is not a watel:counse or
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piosphere species . MarsiLea d.ytttrunond¿i, Centì'peda l;hespidíoides

anð. Vey,bena offùeí,naLi,s have pr.obabJ-y always been in the watercourse"

Sida intyicatA, a constituent of Node 2 at Bar'::ettrs, whe::e it was

found. in l-ocal waten catches, must a.Iso be conside::ed as a plant of

d::ains and" other. Iow J-ying areas, as is AtrípLeæ eatdLeyae (see

Ba::ker, l97O), which was an ímpontant Node ]a piospher:e plant at

Bar.r'ett t s "

The true invade::s at Two-MiIe can thus only be Cav'tharrus

Lartatus, Maryubium üuLgage anð, Kochia bxet¡i,foLía" 0f these,

pnobably the only important one is Mayrubiwn, whieh fon r-easons

mentioned on p. t5l- is an undesinabLe weed. It appears to be

extending fun-then into the paddoek f::om the dam ar.ea along

artificial dnains.

Ther.e is no clear- evidence from the incidence data that any

species have disappea::ed fi:om the vicinity of Two-Mile Dam" The

absence of K. sedifoLia neal: to the dam is afmost ce:rtainly due to

-che watencQurse. It is tempting, howeven, to account for- the low

incidence of K, etaaÙata (tO.O9o) in te::ms of its g::adua] disappea?ance '

This plant was ubiquitous in the Ki Ki study a:?ea. In view of the

-rema::ks made concenning its appanent palatabílity on p" 127, it is

oossible to suggest (though the¡e is no substantial evidence to

suppont the idea) that it rdas once in fan greaten quantities in

Two-Mile than it is now o pnevious heavy stocking having reduced the

popuLation,
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BARBER' S rN TWO-MILE PADDOCK

RESULTS AND D]SCUSSION

Descríptton of pLant PoPuLatíons :
densiiy, fnequeney an'd dispersion

These data a::e summa::ised in Tab-Le 32 and Fig' 2I" The most

frequent species, í.e. oven 50%, are Bassia obLiquicuepís" Koahia

sedLfolùa (bluebush), AtyLpLeæ uesùearùa (saltbush), K. geotgei

and B. patentí,cuapi,s. The dominant at Two-Mj-Le (x. pgnønídata)

is p::esent in only 49"ø of quadr.ats at Ba::be:rrs" Atní'pLeæ eardLeyae

is absent at Banbenfs, whe?eas BaSsíA paradona has a gneater

:'-ncidence thene than at Two-Mile ; AtrLpLeæ aq'ttibnacta, Koehia

eæoansata anð. Chenopod:Lwn ulíainwn, important constituents of the

Ki Ki study altea, alle mot:e fnequent in the sampled area at Barberrs

Dam than that at Two-Mife . AtrípLen üesicaria; and to a'lesser"

extent, 4" Stipitata aue molte firequent in the Banberrs piosphene

than in Two-Mile ¡

Of the 31 species fçund near- Banbe::rs Dam, 13 (i,e" about 40%)

have densities of less than one pelr squalle chain. Some of these,

Atr,ípLeæ eardLeyae, rnuLa gtaüøoLens, Cartha¡rus Lanatus and Kochi'a

tamentosa we::e important at Two-Mile Dam, while Koehia tníptet'a was

inrpo:rtarrt at lleanY Dam.
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1.
t

a

4.

6.
a

o

o

10.

11.

L2.
13.

14.
ftr

16.

L7.

r8.
19.

20,
2L.
oa

23.
24.

34.
ctr

38.

39.

40.

4r.
42.

AtripLeæ uesicaria
AttipLeæ stiPitata
Atripleæ acutibracta
AtrípLeæ sPongiosa

Bassia paradoæa

Bassia PatentieusPis
Bo.s sia scLeroLq.enoide s

Bassia bLfLota
Chenop o &ium des e rtoY'um

Chenopodium uLícinum

Marrubium uuLgare

InuLa gratseoLens

Cav'thnmus Lanatus

Koehia pyramidata
Kochia sedífoLia
Koehia breuifoLia
Kochia eæcantata var ' tt'ichoptera
Koehia georgei
Koehùo triPtera
Kochia tomentosa

EnchyLaena tomentosa

Rhagodia spinescens var' deltophyLLa

Lyeiun australe
Bassia obLiquicusPis
VittadinLa tTiLoba
H etev'o dendYum oL eae fo Liwn

Acaeía soúdenii
Cassía nemoPhiLa van' coríacea

SaLsoLa kaLi
EæocarPos aPhYLLus

Chenopodium rm,LraLe

r45 .6
o1

2.8
0.06
aa

l_9 5 .2

43 .5

0.5
r4.7
8.1
4.0
0.3
0.r

64.4
r04.5

2.6
12.3
37 .2

0.4
0.3

23.2
9.1
3.r

406 .2

0.6

0.5
0.2
0.2
0 .06

0.2

8s .7
oo

4.5
0.4

11.7
53.8
3s.0
3.r

âoo

16 .1
7,2
0.9
0.4

49 .3

9s .1
7.6

13.0
õt.t

2.7
r.3

38.6
ôç l

l-0 .3

95 .5

0.9
1. B

3.6
1.8
0.4
0.4
0.4

Spe cies Density:t F::equencY+
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FIGURE .21

Disper:sion of species Ln Two-Mile Paddoek at Banbenrs Dam

(excLudlng specíes havíng deneities of less tbar¡
one per square chain)
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Baeeia' obliquieuepíe
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Most species again display clumped distributions (Fig" 2I),

wh:i_ch is an indieation of heterogeneity " K. eedifoLia (16) is the

most scattened, with Atr,í,pLeæ acutibraeta G), Marrubium uulgav'e (l.2),

A, stipítata (2) and K. eæeauata (18) exhíbitÍng the most contagious

distributi ons .

Plate 17 shows the ,gener.al appeanance of the vegetation nea:: the

tr.ough paddock "

Vegetation pattern :
the effect of etoekòng on pLant popuLations

fncidenee data

The::e is only one node at \ >t 4.0 and it is shown in Fig. 22.

ft has ce:rtain simil-a::ities with the pnincipal node at Two-Mile Dam.

Fon example, it shows that a positive associati.on existing between

Lyr:íum austra.Le (24), EnehyLaena tomentosa (zz) and Rhagodia

spineseens var, deLtophyLLa (23), is much str-onger than it was at

Two-Mile. In the Two-Mile Dam node Lyciwn is di::ectly associated

with ltochia breuífolía (l-7 ) , wher:eas at Barber' s Enchylaena is t},e

dir.ect associate with /(" bneuifoLi,a, It is nevernthel-ess evídent

that this gr:oup of intenactions is common to both alreas. The

st::ength of these associations is undoubtedly fon the reasons

discussed in the section on Two-MiIe Dam, that is, that E. tomentosa

and fi. sp¿neeoens gnor^r afmost excfusiveJ-y under" tr.ees o:: unden 1-arge



FIGURE'22

Nodes of assocÍated species:at X > 4.0
Ín Banbenrs piosphe¡re in Two-MiLe Paddock

indicates assoeiation, positivE asgocÍatlon :

indiçates dissoeiation, negative agsociation
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bushes such as LyeiWnror. in watet-coutses¡ The pattenn they generate

is likely to fonm a mosaic'away from the wate::cour:ses. E. tomentosa

associates with /(. breUifOLía on account of their- occulrlrence in the

watercourse cfose to the dan.

The dissociation between E. tomentosa a¡d Bassia scleroLdÊnoidÊs

(g) is of passing inte::est¡ wheneas E. tomentosa tends to grow ín

plaees wher.e it is sheltened or- ::eceives extr:a water', B"

seLenoLaenoi,dee ís found in open wel.l drained situatíons "

Because of their special behavioun Lgc't.un, EnchyLaena and

Rhagod.ia wer.e omitted f:rot¡ funther conside::ation at this stage'

l¡lith these thnee species r.eomved f:rom the ,node, two groups of

species r.emain. In one of them, Martwbiun uulga?e (t2) and K.

breUifolia (L7) ane stnongly associated (they wene not at Two-MiIe

Dam) and they dissociate f::om B. obLíquíeuspís (27), one of the

gener.al vegetation association dominants. K. bneOifoLí'a dissociates

with K. georgei (Ig) anothe:: of the assoeiation dominants " F::om

Table 33 it appeaÏ"s that .K. geoyge¿ should back up the pictune

fur:nished by B. oblíquieuspí,s, but the positive association is

vreak, so the mapping of this grouP of interactions was simplified

by omittíîg K, geoyge¿. The ::esult, based on the coding in Table

34 is disptayed in MaP 22, Node la.
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TABLE 33

The foeal point of the isotels is the t:-ough paddock by the

dam. The most powerful IRs ar-e within 50-75 yards of the trough"

Weaken IRs at some distance fnom the dam r.esuft fnom the Prresence

of Manvwbium, K. breuí'foLía does not occur more than 100 ya:rds

fr.om the t:rough (Map 2I).

Bassia
obLíquicuspi,s

+
0.8

I{ochia
georgei

3.6 4.5
Kochia
bneuifoLia

71.
+

5 .1_ 3"4
Marrubium
ouLgare

7 .'6 95"567 .7

È
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on one deg::ee of freedom
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TABLE 34

In the second group of species (fig,22) thene ane seven

species. Positive association exists between B. scLerolaenoides

(8) an¿ ¡<. eæeauata (LB) and Chenopo&Lwn uLíeinwn (1t), with

dissociation between B. seLeroLaenoides and .K" pyrønidata (:-S) 
"

It can be noted he::e that of these species, it ,was K. aæeaÞatA and

C. uLieinwt, which dissociated with Kt pyrønídata at Two-MiIe Dam"

Bassia panadoæa (6), /(. pyt'unidata anð, B. patentíeuspíe (7) ane
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with obser.ved f:-equencies (f) ana influence ratings (IR)
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positively associaled, the last two displaying negative assocíation

wíth .4 , uesicarLa (l). All these intenactions ane summarised in

Table 35.

TABLE 35

ttenopo&iwn
uLicinun

Koahía
eæcaÐata

+
5"L

Bassia
scLeroLaenoídes

+
2.3

+
rr(

Atz,ípLeæ
Ðe9LCATLA

t
2.4

+
2.r

+
2.2

Bassia
patentùeuspLs2"32,42,0cô

Kochia
pyz,unidata4.15"64.4eo

+
4.8

Bassia
panadoæal-" 51.83.32.r

,+
3.0

+
4.9

16.l_13 .035.085 .753.849 .3%f If.7

STGNIFTCANÇE LEVETS OF INTERSPECIFIC ASSOCIATTONS BETWEEN

SPECIES LINKED INTO NODE Ib AT BARBERIS DAM

(Tvro-MrLE PADDocK)
Cell entnies ane ¡ values (positive o:: negative)

on one degree of f:reedom
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From the expenience gained in Barrettrs Paddock it seems ]i-kely

that B. patentía,Lspis, K, pyrønidata and B. patadoæa wil-I have some

bear"ing on a grazing pattenn in the piosphe:re anea unde:r díscussion"

In spite of its low incidence, therefone , B, patadpæa was included in

the influence eoding. B, eeLeroLaenoídes, K, esQatsata and C" uLícinumt

which afso have re]-atively low Ìncidence , me::e]y ::einfonce the

behaviou:: of A. Ðeei,ca,Yía'' one of the dominants '

Thespeciesselectedfnomtheabovetab].efo::mappingwene'

therefo:re , B, paradoæa, B, patenticuspí's' K' pAYanidata and AtrùpLeæ

ÐeÊ¿eayùa, and the outcome based on the coding in Table 36 is shown

in Map 22, Node lb,

The main focaf point is again the water-point, but wate:rcour-ses

ar¡d the Two-Mile Pl-ain a::e also depicted, due to the occu::nence of

K" pynamid,ata in combination with .4. uesieayLa. K. se&LfoLía, whose

díssociation f::om K. pynønidata anò' B' biflona picked out the

water:courses at Barrettrso only dissociates f:rom K. pyramídAtA at

X > 3. 0 at Banbe:rrs '
Because of its association with K. pyr,ønídata in the basin of

the Two-Mile Pl-ain B. patenticuspis (cf. Maps 3l- and 36) may be a

species of situations where as a non-perennial, it can capitalise on

any moisture accumulation. The watercourses, however, contain very

Iittte B. patentieuilpis,, Its association with .4. spongiosa, B' paz'adnæa

and /(. payø.nídã,ta at Ban:rettts picked orrt trre piosphere effect ther"e,

as its incidence nea:r Barbe:lrs Dam suggests it does here also.
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TABLE 36

CONCLUSIONS

The tr.ue piosphene effect at Ba:rbe:r|s Dam in Two-Mile Paddock

is thus veny restnicted. Species which are confined to the immecliate
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vicinity of the trough a::e,K. bnet|folíø and B. panadora (Map 2f) with

Mayrub,Lum concentnated he::e but also found elsewher-e. B" patentícuspis

also appears to be a piosphere plant both at'Barnettrs and at

Bar.berrs, but its fr.eqr-rency in the a::ea sampled at Two-MiIe and its

occuruenee on the Two-Mile Plain must'also be bo::ne in mind' Its

distr.ibution the::e may be,due to some ed'aphic facton'

With the possible exception of .4. oesícarLa and B. obliquiouspis

the incidence data do not pick'out any species which have disappea::ed

fr.om nea:r the waten-Point.

BARBERIS DAM TN BARBER IS PADDOCK

RXSULTS AND DISCUSSION

Deserí,ption of pLant' popuLations :
densiiy, fnequeney and &Lspersion

These data a::e pnesented in Table 37 and Fig" 23" The most

f::equent species are Kochía eedífoLia (.l:ø) (in gleo of quadnats) and

Bassia obLiquícuspis Q7) (in 8a%). They ane followed at some

distance by /(. georgei (I9) (56%) and A'tripLeæ Ðesiearia (I) (54eo)"

saltbush is thus veny much less fnequent hene than on the other side
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TABLE 37

f.
t
7.
o

o

r0.
fI.
l-2.

l-3 .

l-4.
15.

l-6 .

L7.
lo

19.

2r.
tt

ló.

24.
26.
t'7

28.
aa

e2

ctr

1Q

eo

trC

44.

45.

AtripLeæ uesican'La
AtrLpler stipitata
Bassia patenticuspis
Bas sia s clerolaenoídes
BassLa bLl LOTA

Chenopo dium de s erto zum

Chen.opodium uLicinum
Mo.rrubium uuLgare
InuLa graueoLens
Carthatnus Lanatus
Kochía pyranidata
Kochia sedífolía
Kochia breuifolia
Kochia ercauatt var. trichoPtera
Koehia georgei
Kochia tomentosa
EnchyLaena tomentosa
Rhagodi,a spinescens var . deltophylla
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Bassia obLiquicusPis
Bassia diacantha
Ptì,Lotus obouatus
Myopotum platycarPum
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Cassía nemophila vat. cov'iacea
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THE PLANT SPEC]ES SAMPLED IN BARBERIS PADDOCK AT BARBERIS DAM
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pencentage of total samples in which they occur+



FIGURE 23

Díspension of species in Banbenrs Faddock'at Barbenls Dam

(excluding species having de¡rsltles of Lêss thar¡
one pen square chaín)
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of the dam, wher"e fnequency was 869o. The speeies also has a more

contagious dist:.ibution in Banbe::rs Paddock (fig. 23)" There is less

B" patenticuspis (7) an¿ populations of lLarrubium (12) a::e densen and

mone f::equent in Banbe::rs Paddock than on the other side of the dam"

Apant f?om these diffenences, the gene::aI vegetation assocíations

a::e similan on either side of the fence, whieh one might expect as

the two paddocks were one until- L932,

PLate 18 shows the vegetation in the vieinity of the trough in

Barberrs Paddock.

Vegetation Patterm :
the effeet of stoeking on'pLãnt populations

Incidence data

The single,node of inte:ractions developed at X > 4'0 is shown

in Fig. 24.

EnchyLaena tomentosa (22) may be dismissed with the comment that

its positive association with /(. pArØrddq.ta (15) neflects its

occuurence almost exclusively in the watencourse t and its dissociation

with B" ecLeroLaenoíd,es me:reIy indicates that:this last species is

nar.ely found in watercouraes. A simila:r situation was found oven the

fence in Two-Mile Paddock.

¡l :l



FTGURT 24

Nodes of assoeiated speeies at
in Baçbenqe píosphere ín Banberl

X >. 1+.0
s Paddock

indícateq assgeiation, posítive association :

indicates' díssoeiatJ.on, negatÍYe association

(r)
(7)
(8)

( 1])
( 12)
(15)
(ro)
(rz)
(18)
(ls)
(zz¡
(27 )

Atrí,pleæ ueeioatia
Bapeia patentí.øtepie
Bae eia, e aLerolaenoide e'
Chenopodiun ulteiru*n
Ilapm,bí,¿un uaLgane'
Koohia pgnmifuþa"
Yochia eed:ifo|ia
Koehia brcuifoLiø
Koohia eooaoqta van,. triòhoptem,
Ibchia,georgei
EnchgT.aena tomentoea
Bq,eeia obliquianepie



NODE 1
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without E. tomenþosa two gnoups of species can be dístinguíshed'

One centnes on the stnong attnaction between y'(. breuifoLia, (I7 ) and

Uaynhiwn (12) (Map 23) and nepulsion between these two and K'

sedifoLia (j:6) (see nefevant po::tion of Map 35). othen species

dissociating with either. of the two stnong associates are A. uesiearía

(1), r. geoz,geí (19), B. seLeyoLaenoides (8) and B" obLiquicuspis"

These interactions ane summarised in Table 38' Fo:: coding and

mapping, B. seLerolaenoides was disneganded as it had a nelatively

low frequency in addition to weak interactions " 0f the four other

associates, X. sa&LfoLia, B. obLdquicuspis and K. geoxgei were finst

sel_ected fo:: coding to display mapped interactions with the piosphene

plants /(. breuífoLiø and Manrubíum.

these five species, Node Ia, wene coded as in Table 39 and the

::esultant map is Map 240 Node Ia. This cleanly shows that the dam

has the st::ongest influence on the vegetation, due to the incidence

of K, b?eoifoLia and Marrubíwn near it (Map 23)' However,

consider.abl-e a:reas of the mone dista¡t pa:rts of the sampled area

display IRs of 1 rather than o, as might be expected" This is

largely d.ue to the pï.esence of K. georgei in the watencour-se and on

Two-Mile Plain, and its absence elsewhene"

Fo:: compa::ison, a plot was made using A" uesicaria ín place of

K. geoz,gei, in combination with the othe:: species of Node la" This

new nod.e, ï.eferred to as Node Lb, is coded as in Table 40 and mapped

acco:rdj-ngly (Map 240 Node ]b). (rt wirt be::ecalled that in the
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TABLE 38

pi.osphene on the othe:: side of the dam neither" /(. sedifoLía nor

A. Ðesí,oa!,La displayed any inte::action with Marrubiwn on K' bz'euifolia,

Kochia
sedifoLí-a

+
3.9

Bassia
oblíquieuspis

+
2"8

+
1.4

Bassia
scLerolaenoídes

+
4.6

+
3.0

+
2.7

Kochia
georgeí'

+
1.4

+
1.40.7

+
0.6

Atz,LpLeæ.
ùe6LeaTLA,

3.t- 3 ..93.8 Êtr3.7
Mav,vubiwn
uu'l,gane

+
9.3 2,7 3;53.4 6.34.4

Kochia
breaifoLia

%f = L9.3 54.122.7 33.055.8 9I.484,2
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as these dominants occur.red more oll l-ess continuously throughout the

ar-ea that the other two species oceupied" )

Map 24, Nodes Ia and lbrdemonstrates that 4. Ùes¿c1I'ia does not

behave like .K. georgei in depicting the Two-Mil-e Plain and

watercourse, u$ing incidence data. Apa:rt fi¡om isolated IRs of It

which for.m no pa:rticulan pattern and a::e caused by the p::esence of

eithe:: /(. sedifoL-ura on B. oblíquiauspis ot A, uesicaria, the fulJ-

range of influenee natings is achieved within 400-600 yands of the

base point.

r! ¡!

Iletu::ning to Fig, 24, it is seen that the ::emaínder of the node

contains K. pyramLdata (l-5) st::ongly associated with B' patentieuspis

(7) and dissociating with Chenopodíwn uLieinun OÐ and Kochia

eæoa\ata (LB), thus displaying behaviour simila:: to that on the othe:r

side of Barbenrs Dam and at Two-Mi1e'Dam. B. scLeroLaenoödes, an

associate of these fast two species in the areas just mentioned,

associateswith/(.eteaÙataatonlyX=3.7inBarber^?sPaddock;it
was the:refo¡e excluded f::om this gr:oup of associates, Node le. Their

inte:ractions are surrna::ísed in Table 4I. K. eæeaÐa,ta is negatively

associated with B. patenbieuspis and K. paaafii,data' as is c.

uLòei,num. It banely displays a positive association with C'

uLicinwn, and as it occurs in only 17 quad::ats it was rejected for
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TABLE 4]-

Chenopodíwn
uLicínwn

Kochia
eæeaData

+
0.3

Koehia
pyrønì.d,ata4.3?o

Bassia
patentieuspis2,00.8

+
7.0

17 .67,348.9%f = 4L2

È
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SIGNIFICANCE LEVELS OF INTERSPECIF]C ASSOCIATIONS BETVIEEN

SPECTES LINKED INTO NODE IC AT BARSERIS DAM
(SRRBNR'S PADDOCK)

Ce1l enh:ies a::e X values (positive or negative)
on one degree of fneedom

coding in Table 42 ¡ its position on the isotel map was plotted by

means of a symbol (Map 24, Node 1c).

This node cleanly does not focus on the waten-point, but

instead picks out the wate::eounse and Two-Mile Plain, the íncidence

of K, pATam¿da,tø and B. patenticuspì.s (cf. Maps 3l- and 36) being

eontinuous th::oughout these alreas , C, uLicinu¡n and ,l(. eûeaUatt

distinguish the more elevated a::eas between.
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TABLE 42

Thene is a similarity between Node Ia and Node lc as both

nodes pick out the watencourse and Two-MiLe Plain, the one by the

prlesence of K. geo?gei and the othe:: by K' pynamídnta and

B, patentí.anspis, K, geoxgeí does not have positive inter.actions

with /(. pynunidatø and B. patentieuspis st::ong enough (x = 2.7 and

3.,0::espectively) fon inclusion in the same node at X > 4'0'

Howeve:r, the high incidence value of all th::ee species suggests
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that the association is a valid one'

In connection with this gnoup of associates, it -is worth noting

tha.t K. eæcaüata4 C. uLicinum and B. scLeyoLaenoides all fo::med part

of Nocle Lb on the othe:r side of the dam, but wer-e not mapped because

of thei:: relatively Iow incidence comPa:red with thein majo:r associate,

A, uesieayía. If these species had been incl-uded, then they might

have shown up the highe:: gnound., on either side of the watelrcoullse and

adjacent to Two-MiLe P1ain, in Two-Mile Paddock also.

CONCTUSIONS

The piosphene species he::e are obvíously Marrwbì'wn UuLgare and

Koehia bv,euifoLia, with Bassì,s patentíeuepis al.:so beíng a possibility'

Baekground pattei.n is caused by the dissociation of .K' geot'geí wit]n

K. eed.ifoLia and B, oblíquùeuspis, and the dissoeiation of K" pynønidatcr

and B. patentí.euspis with .K. eæeanata anð ChenopodLum uLíeí'num'

The díscussions nel.ating tc¡ \lodes fa and lb illust::ate v¡el1 how

the ecofogist can simplify the exp::ession of the interactions of a

gï1oup of species, by ca::eful- selection of those that are used for

plotting the final outcome--"This nesuLts in mo::e sti:a:"ghlfor";va¡d'

intenpnetation. Fo:: example, when -K. geongei (in Node Ia) '*¡as

neplaced by A. uesieayia (in Node Ib) two diffe:nent pietu:res of

vegetation influences were identified, as K. georgei clear"l.y
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defi_neated the water.cou::ses , whereas .4 . UeeicArzla did not.

The outcome of Node lc suggests that a piece of useful information

::ega:rdlng background patte:rn in Two-MiIe Paddock may have been

overJooked by ignoning K, eæoa1ata, C. ulicinum anð, B. seLez'oLaenoides

in Node Ib at Barbe:rrs Dam. Node Ib at Barberrs Dam in Two-Mile

paddock could be:-eplotted to:reveal this, but', as will be seen later

a similan outcome is achieved in the analysis of the total- data

eontained in the final section of this chapter"

\IINTER TROUGH

RESULTS AND DISCUSSION

DesarLptdon of PLant PoPuLatíone
densiiy, fnequency att'd &Lspens¿on

These data are summa:rised in Tabte 43 and Fig. 25. It is

obvious that this a::ea is flor.isticaÌIy much poorer than any of the

other piospheres discussed, as thei:e a::e only 23 species found

eompar.ed with 30 and above in the other" sampled areas " Ten of the

species (i.e. 43%) in tlinten Paddoek have densities of 1 or fess

per: square chain. These include Kochia eqaauata and Lyeiwn austnaLe,
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TABLE 43

A'bripLen uesicari"a
Atr"LpLeæ stípùtata
Atz.ípLeæ aeutibracta
AtripLeæ spongíosa
Bas sia p atenr'i cusPÌ' a

Bas eia s cleroT"aenoide s

Che'nop o di'um de s evl; oYun

Koehia pyranída'"t;a

Koeh.ia sedifoT.ùa
'l'-c ch,'[ a bneui fb LL a

Kochia eæcauata var,
trichoptera
Koehia georgei
EnchgLaena tomentosa

Rh.agadia spinescens van.
deLtophgLLa
Lgeiun austraT'e
Bas sì,ct obLiqui cusPi s

Baseia diaoantha
Myoporwn platYeatPun
H e Ì;e r o dendrum o L e ae fo Lì-um

Aaa.cí.a soudeníi
Casuar[.na cz'istata
E r,enophíLa opp o s i tí' fo Li a

BLanncdia tv'isecta

2Lt.
4.1

28.
33.
1tr

38.

43.

47.
48.

.i9 .

ao

a¿)

l"

tr

7.
B.

10.
15.
16.

I7,
.18 "

305 .l_

16 .l
0.2
4"8

27 .7

28.0
Êtr

3l-. Ì
3 8.9

1.3

0.9

+6 .5
1tr F'

3.8

0.1
273,8

0. l_

0.t
l-. 0

0"r
0.3
0,1
0.I

93.7
zz"Õ

0"8
'7 .1

t5 .7
8"7

22.8
34.6
63.0

eo

Êq

74"0
40,2

L4.2

0.8
87.4
'7.r
0"8
4.7
0.8
0.8
0"8
0.8

Species DensitYt's -If'requencY'

THII PLANT SPECIES SAMPLED IN }.I]NTER PADDOCK

with theill average density Per squaxae chain¡k and the
per"centage of iotaf sampfås j-n which they occun+



FIGURE 25

Dispersion of speeies in tlinter Paddock

(exclt¡4ing speeíee rhaving densities of less than
one per squåre chain)
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a obliquiätep}i,6
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which we::e of statistical impo:rtance in neighbouring pÍospheres "

The dominants ¡ with f:requencies of over. 509o a:re in the order,

Atz"LpLeæ Ðee¿eav¿a,, Bassia obLiquieuspis, Kochia geo?gei and

K. sed:LfoLi,a, which, although ondered diffe::ent1y, are the same as

the dominants at Banberts Dam. It is notable that AtrùpLeæ stipítata

is more frequent hene than ín any of the other sample sites.

The dispersion of the populations demonstnates hete::ogeneity,

most populations being clumped, especiaJJry Bctssia seLenola'eno¿des

(B) and B. patentieuspie (7); while B. obLíquicuspis (27) is the most

s cattered.

Pl-ate l-9 shows the inner piosphene anea at Winten Tnough "

Vegetatí,on Pattern :
the effect of stoeking on pLant popuLations

Ineì.denee data

The two nodes of interactions at X > 4.0 de¡'ived using influence

analysis ar-e shown in Fig . 26. They a::e both simple ones 
"

In Node L Bass¿a obLiquieuspís (27) is positivel-y associated

with AtrLpLeæ uesiea!¿a (I) an¿ Kochia geonge¿ (19). B,

oblíquícuopis dissoeiates with AtYLpLeæ spongioaa (a) " B.

obLiquicuspis anð. A. UeeícarLa are veuy nea::l-y'ubiquitous, but the

quadr.ats in which they are absent , although only 6 in numberr ' alre

cl-ose to the waten-point; A. spongiosa occulrs in only 9 quadr:ats,



FIGURE 26

Nodes of assoeiated speeies at X > 4.0
in l{inten piosphene

-- indlcetes assoeiatton, posítive :¿Esesiation
Índicates diseociation, negative association

(r) AtrtpLeæ Deel,oaria(2') Atrtpleæ eti'pitata(4) AtripLeæ epongioea
( 15 ) Keeh,Lq, pyrarridata,. ,

( 16 ) Koohíq,' eedifol¿ia(19) Køchia georgei
(27, Bø,eeia obLíquiauepie



NODE 1

NODE 2

1
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but again these ar.e close to the t:rough paddock" The interactions

of Node l- ar.e not, ther:efore, eonside::ed to be spurious "

Their" str"engths ane summar"ised in Table 44, where it ean he

seen that (. geo?ge¿ menely supponts the dissociation of B.

obliquícuspie and A. Ðel¿calia with .4. spong¿osa. K. geonge'L was '
thenefone, r.ejected fo:: the coding shown in Table 45, whene the

majo:: pofe consists of á. uesícaria with B" obLiquíeusp¿s; the

opposite one, constituted by A. spongíoSa on its ot^¡n, occurs in only

TABLE 44

AtripLeæ
spongiosa

Kochìa
georgei0.9

AtrL"pLeæ"
ÐegLearLa0.1

+
3.8

Bassia
obliquicuspis4.7

+
4.2

+
6.2

7,774.093 .79of = 87.4
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SIGNIFICANCE LEVELS OT INTERSPECIFIC ASSOCIATIONS BETI,.IEEN

SPËCIES LINKED INTO NODE ]. AT WIN'IER TROUGH

CelI entr.ies ane X values (positive on negative)
on one degnee of freedom
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TABLE 45

one quadrlat" The incidence of /' spongíosa is shown in Map 25;

that of A, uesiearia ean be seen;foot Map 34"

The plotted outcome of the coding is shown in Map 26' Node 1'

which clea:rly shows that the main influence affecting this node of

species is the location of the drinking tnough. Isofated IRs of 1

away fnom the trough paddock r.esult fnom the Plresence of A. uesöear"La

without B. obliqudeusPí'e.

L=I27
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f Recoding IR

POSSIBLEINCIDENCECoMBINATIoNSOFNODEISPECIES
AT WINTER TROUGH

with obse:rved f::equencies (f) an¿ influence natings (IR)
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Returning to Fig , 26 o Node 2 displays dissociation of

K. sedifoLùa with both Koehia paramì'data (15) and Atrí'pLeæ

stipitata Q), Details of the interactions (Tabl-e 46) show

TABLE 46

AtripLeæ
stipí,tata

Tochia
pyz,amidnta

+
2,0

Kochía
sedifoLia3.85.r

22.834.69of 63.0

IJtì +)q)Ür!+\
Þ.'è'È.s
+j +\f(â

ö
+ò
.8

s.ê
sËqJÈ
OJ¡XÞ.

U.è
R)
ov

s.ê
rf
e.ê\
q)
o

SIGNIFICANCE TJEVELS OF INTERSPECIF]C ASSOCIATIONS BETWEEN

SPECIES LINKED INTO NODE 2 AT WINTER TROUGH

CeIl entries a::e x values (positive or negati.'re)
on one degnee of fneedom

that Á, stipítata andK, pynamidata associate only at X = 2'0'

The coding in Table 47 shows that the majon pole consists

of K. sedífoLia in the absence of K. pyz'awLdatd. and A'

stipítata'
Map 26, Node 2, shows that these inte::actions display

centaín similaníties witl.r Node I, isotels appeaning to focus on

the t:rough paddock. Hoçever., the isotel ]ayout also pieks out the
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TABLE 47

t=I27
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POSSIBLE INCIDENCE COMBINATTONS OF NODE 2 SPËCIES
AT WINTER TROUGH

with observed fnequencies (f) an¿ ínffuence natings (lR)

VÌinte:: Flat, and extends fnom the tnough paddock along the

venmin-pnoof fence I whene thene ís a slight natural- dra.in ::unning

into Two-Mí1e Paddock (see Map 18).

The Winte:r Flat is easily discernible on aenial photographs

(see Plate 15) and has less bush cover than the nest of the

paddoek (see Plates 21 anð' 22), Thene is henbage g::owth wi'th

small populations of /. s'Lt)pitata, K" pynøní,data and ,4.

Ueaiertría. tt is considened that Winten Fl-at is the floon of a
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bnoad shal-fow wash which eventually joins the Bar-be::rs Dam waten-

coullse.

Apa::t f:rom the Winter FIat, .4. stípítata only occurs aga-irr

within 300 yards of the tnough (see Map 25). If this plant was

str:ictly a watercour"se plant, then one would exPect it to occull

in Kirnani Paddock and on the othe:: side of the vermin-pnoof fence,

panticulanly in Two-Mile Paddock into which the draín nuns ' This

is not so howeven, and it is only posçible, at this stage ' to

suggest that fruit of ,4 , etípitata have been ca::r:ied fnom winten

FIat to the area nea:: the t::ough in the hooves of stock' The

plant is unpalatable to sheep and if mo::e .á, üesi'earia disappeans

fnom the innen piosphene anea, then .4, etipitata may take its

place.

¡l :l

One of the regular species in neighbou::ing piospheres '
K. bz,eUífoLid, r^ras present ín only 5 quadrats in ÌIinter Paddock

close to the tnough. The only inte::actions it has, whieh could

possibly be nega::ded as significant a::e positive ones with

A, spongiosa (X = 2.0) and K. pgramídata (X = 2'6) ar¡d negative

ones with 4. uesicarLa (X = '2.'1), K. sedífoLia (X = -z's) and

B, obLiqwLeuspis (X = -2.6). AII these species have al:eady been

handLed. in Nodes 1 and 2 and if their weak interactions with
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K, breuifolia were ptotted, the map would be similair to that of

Node 1.

CONCLUSIONS

The ground in the immedíate vicinity of Winter Trough is

highly pulvenised and provides a friabfe seed bed. This is an

envinonment which has been exploited by Atni'pLeæ spongíosa,

an invaden of the innen piosphere area as indicated by Node I.

The species which dissociate f-r.om it and have the::efor-e disappeaned

fi:om this ar.ea a::e ,4. tsesícaz,ia and 8. obLiqudeuspl:s, The extent

of these intei:actions ís restnicted to within 100 yands of the

base point. It witl be :-ecalled that ,4. spongíosa was one of the

rnajor. piosphe::e species in Bannettrs Paddoek, whe::e again it reacted

negativel.y with .4. üeeì,car¿a,

It is uncentain whethen ,4. stòpítata can be regarded as a

piosphe::e plant; if it can, then its pnesence cl-ose to the

Irrinter. Tnough could be neganded as retrogressi.ve. If A,

uesícar\a continues to disappean close to the tr-ough, then it

is possible that ,4. stt)pitata will spr:ead. As it is not eaten

by sheep, it will provide some vegetative coven, although mueh

of the damage nound water"-points is a ::esult of tnampling and

in this respect ^4. stipítata coul-d be as irulnerable as
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A" ues¿,caria,

KIRRANT IROUGH

RESULTS AND DISCUSSION

DeserLptlon of plant popuLations :
densitg, fx,equency and díspersion

This area is even poorer flór:istically than the Vlinter"

pisopher:e anea, having only 17 species (ta¡te 48 and Fig. 27).

AJ-though the sample areas in llinter.and Ki:rnani Paddocks ane

smaller than the neighbouning ones, togethen they would only

contain 26 species. Slx of the species of Kin:rani Paddock have

densities of less than one pen square chain " Baesia

patenticuspie, Lgoisnn austraLe, Kochia eæoauqta and ,4, etipôtata,

.r^¡hich wene impor.tant species ín othen piosphenes; are absent

hene.

The dominants, in onde::r êre AtnipLeæ ueeíoaria" Koehí,a

georgeí, K. sedifoLia and Bassda obLùquòeuspís, which is simil-ar

to the situation in llinte:: Paddock.

The population here seems to be a fainly homogeneous one as
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TABLE 48

shown by Fig. 27 , K. geongeí (tg) being the most scatte::ed species

and K. pynarnùdnta (15) ttre most clumped.

Pl-ate 20 shows the anea by the Kin::ani T:rough.

91 .6

r. t_

7.4
ó.2

24,2
s3.7
65.3

8.4
67.4
38.9

l_6 .8

2.r
60 .0

5.3
2.I
6"3
2.r

380 "l-
0.1
1.1
0"5
5.6

41.6
42.9
3"2

35.3
13 .6

ââ

0.9
80.8
0.7
0.4
1.4
0.3

1.

g.

o

10.
1E

16.

17,
'to

22.

zó.

26.
27.

35.

38"

43.

46.

Atripleæ uesieari,a
Bassía patentieuspis
Bas sùa e eLeyo Lae'noides

Bassia bíflona
Chenopo dium de s ertonÌn
Koehia pyramùdata
Koehia sedí,foLia
Kochi.a bneuífolia
Koc'lúa georgeí
EnchyLaena tornentosa
Rhagodia spíneseens var.
deLtophyLLa
Frankeni,a paueifLona
Bassia obLíquieuspis
Hetero dendtwm o Le ae fo Liwn
Aeaeía soudenii
Caeuarína erístata
EnemophíLa seopar|a

F:requency+Densityt!Species

THE PLANT SPECIES SAMPLED IN KIRRANI PADDOCK
\^rith thein averlage density pelr square chain¡l and the

per.centage of total salnplès in which they occur"t



FIGURE 27

Dispension of species in Kirr-ani Paddock

(excluding species having densities of less than
one pen squane chain)

T.
8.

10.
15.
16.
U,
19.
¿2.
23"
27.
43.

A'l;2.ípLeæ uesíearia
Bas sía s cLeroLaenoide s
Chenopo dium de s e rto !,m
Kochía pyranidata
Kochia se&ifoLia
Kochi.a breuífolia
Koehia georgei
Enchylaena tomentosa
Rhagodia spíneseens var.
Bassia obLiquieuspís
Casuarína ez.istata

deltophyLLa
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Vegetation Patterm :
the effeet of stockì'ng- on pLant populations

Inei,denee data

The single node der.ived by influence analysis is shown in Fig "

2g" Refationships at y > 4.0 become mone meaningful at x > 3.0.

Rhagodía spínescens var, deLtophylLa (23), dissociating wÍth

K" geoz,gei (t9) was nejected. B. oblíquícuspis (27) associates wíth

K. sedifoLia (ro) an¿ also with 4. oesíearia (I) and these speeies

mutually dissociate with the assoeiated K. breuifoLia (l-7) and

K. pynanidnta |]5), K. geongei also dissociates with -K. bteoifoLia,

but as Table 49 shows that it is onJ-y weakty associated with

B, obLiquicuspis, K. sedífoLia and A, üeeðcdria, ít was rejected for'

mapping.The:'esul-tsbasedonthecodingofTable50aneshownin

Map 27,

The focus of the influence is the t::ough paddock, but lowe:l

IRs extend along the ve::min-p::oof fence, a pattern which ::esults

from the absence of B. obLùquiouspis on a sandy r-ise' The

outermost ci::cumfe::ence of the a::ea is firinged by a wash in which

k, sedifolia is absent (ef. Maps I8.- 27 and 35)'

207 "

CONCLUSIONS

The only invading piosphere plant here is Koehía bz'eoifoLia,



Nodes of associated speeies at X Þ lt.O a¡¡d X > 3'0
in Ki:rnani PiosPheúe:

- 
indlcates assecíationr,positíve as.sociation
indicates dissocíation, negatlve'association

Atripleæ ueadoørí,a
xooiia pytwní'data
Koohia ee&ifolía
Koehia bretsifolia,
Koehia georgei
Rha4o&ia epi:neeeens var ;
BaBgia obLiqui ct tepi e

(1)
(ls)
(16)
(17)
(ls)
(23)
Q7)

FIGURE 28

(i) Node at
(ii) Node at

fuLtophgLLa

x 14.0
x > 3.0



NODE 1

(i)

( ii)

ii

1
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TABLE 49

whose occuïlrence in 7 Iocafised quad::ats gives ::ise to one

pole of the interaction . Kochía pAnmñd.a,td occul3s close

to the waten-point but also in the wate::course at the

cincumfe::enee of the study alrea. B; obLiquieuspís and K'

pATanì,da,ta,
Koehia

+
3.4

Kochia
breuifoLía

3.4 0.7
Kochia
george¿

+
2,5 3.33.8

AtripLeæ
uesiearLa

+
2.4 2,5

+
1.9 +,2

Kochía
sedifoLia

+
3.5

+
4.9 2.I

+
2.5 2.9

Bassia
obLiquicuepis

%f = 80.8 91.642,9 8.467 .4 ee1
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SIGNIFICANCE LEVELS OF INTERSPECTFIC ASSOCIATIONS BETWEEN

SPECIES LINKED INTO NODE 1 AT KTRRANI TROUGH

Cetl entr"ies a::e X values (positive or negative)
on one degree of freedom
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TABI,E 50

sedifoLia constitutlng the opposite pote of the infLuence tended

to be absent fnom these areas. The absence,of K' sedLfoL¿a Lq

almost centainly due to the natu::al drain hene, nathen than to a4y

stock effect.
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OF r EA'RBERI

RESUIJTS ANE DISCUSSION

Ðeeorí.ption of pLant populations
d.ensitg t fraquenoy qnd d1'6persLon

Thesedata.a:representedinTablesslands2andinFigs.29

and 30. The, total- numben of speeies is }ow in both cases ar¡d about

Ooeo of them have densltles of less than I Per square chain' The

dominants in both areas ane AtnùpLeq vesíeavù'a' KoehiA se&LfoLía'

Baseia' obLiquíeuspí;s ar¡d J(' georgei'

The populations of these aneas ane neíthen clrlrnped nor hypen-

dispeneed as shown in Figs.' 29 ar¡d 30, and indieates that the 'genenal

vegetation association is more homogeneous than the'othe:: sampled

aneag "

Vegetatíon Pattezvt

fnoídenoe d,ata

No statistieally signif,ieant intenactions vfere displayed by

influence analysis¡ Even though orte mlght expect the data to be



2l_1"

TABTE 5}

biassed elose to the base point, on aeeount of the nadial sampling

grid, no patte:rn was demonst::able' Cleanly such bias is not

instrumental- in inducing pattenn to be displayed' whene pattern

does not exist.
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Species Density* Fnequency+

THE SPECIES SAMPTED IN THE WINTER TROUGH CORNER

OF TWO-MILE PADDOCK

with thein avel?age density perì square chainil and the
percentage of iotal- ".mpfä" 

in -which they occu::t

In these paddock eornells, ther"efo::e , stock have had no effect



FIGURE 29

Dispensíon of speeies'in Two-MiIe Faddoek at llinten Trough

(excludíng speeies:having deqlsities of less than
one per squa¡le chain)
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TABLE 52

on the indicence of species, sueh as to eause sígnificant positive

or negatíve intenactions between species,

61,1
L.4
1.1
0"2
8.9
0.9

35 .2

96.5
0.4

32,5
0,2

Ì0.s
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Bas sia s cLeroLaenoí,de s

Baesia bì,fLora
Chenopo diun de s erþontn
Marrubi,um uulgane
Koehia pA?qTt¿d.atq,

Kochía sedifolia
Kochía eæcansata

Koehía georgeí
Kochia tomentosa

EnehyLaena tomentoea

Rhagodia epinesoens
deLtophyLLa
Lyeiwn austraLe
Fnankenia p auei fL o z'a

Baeeía obLiquiousPis
CaeuarLna en¿etata

24.
26,
27.
43.

95 "2
7.r
7.L
r.2

41.7
r.2

45,2

100.0
r"2

63"1
r.2

38"1

9.5

9"5

L"2

84"5

2,.4

Species Densitytl Fr.equency+

THE SPECIES SAMPLED IN THE WINTER TROUGH CORNER

OF BARBERIS PADDOCK
with their average density per square chain?t and the

pe:rcentage of lota:- sampfês. in which they occur'*



FIGURE 30

Dispension of speçies ,in Banberls Feddock at lÍinte:r Tnough

(excl-uding species havíng densities of léss than
one,per sEuare chain)

Atripleæ Deeúoarïa
B ae e i a, p atenti ot'rcPi e
Bae eía eeleroLaeneide e
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ANALYSIS rHE DA FROM ?HE

RËSULTS AND DISCUSSION

Vegetation Pattern :
the effeet "f stocking on plant popuLations

Incidence data

All the data per.taining to the Two-Mile - llinter Flat a::ea

(sampled by 1025 quad::ats) wene sr.rbjected to influenee analysis.

The single node is so identifíed at ¡ > 4.0 is, shown in Fig. 3I. It is

a complex one and it is necessally to sptrit it into sevenal component

parts fon the full expnession of the intenactions it contains.

Conside:ration of EnehyLaena tomentosa (22), Rhagodia spínescens

var. d,eLtophyLLa (23) anò, Lycí,itn austraLe (24) having mutual positive

association, r¡ras defen::ed for: ireasons stated in pnevious sections"

¡! fc

One of the ve::y powenful grouPs of inte:ractions in the node consists

of mutual positive associations between Bass'î:a patentía'tspis (7),

Kochia tomentosa (Zf) ana K. pyrøni¿^¿a (I5), These all- dissociate

with AþrLpLeæ oesicarLa (L), The ve::y high X levels displayed by



FIGUP.E 3T

Node of associated speciee,in the total analysis
of,thé Two-MiLe - llinter FLat data
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this group are shown.Ín Tabte 53. It can also be seen that K" toma.nt:¿;se

has a refativeLy low fr"equency. The othen th::ee species were ccded

for- mapping as in Table 54, and on the eompleted map the incidence of

K. tomentosa was shol{n by means of'a s5rmbol (see Map 28)"

The pnj-ncipal focus of the infl-uence natings over. the whofe

a:rea is at Two-Mile Dam with simila::ly high influence ::atings

extending towards the Two-MiLe F.l-ain. A fess extensive focus of

infJUence::atings is seen at Barber'rs Dam, wher-e the isotels spread

TABLE 53

AtrtpLeæ
Ðee¿êar¿a

Koehì,a
tomentosaL0 0

Bassía
patentleuspisL2,2

+
7,3

Kochia
pATdrn)dntaIL. I

+
:7 1

+
L3.2

65 .71.44,2 ¿3%f = 58.9
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TABLE 54

up the r^ratercoulsse on either side of the dam. weaken influence

natings piek out Ìlinten Flat, the t::ough area and the minor

wate::courses in Winten and Kirr:ani Paddocks '

The presence of B" patenti,cuspis and K" payünidnta and the

absence of A, Ue|íeafia account fo:: the pattern nea:: the dams in

Two-Mile and Banbents Paddocks; the pnedominance of A, uesíeanta

without these two species efsewhe::e constitutes the,opposite pole
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of the influence. All three speeies occulr togethen on Winter Fla"c '
whilst K. pynarnidata anò. A. UesieaY"ta tend to be p:resent at the

t:-ough in lflinter" Paddock. To Íllustrate this molle specifically,

Maps 3I, 34 and 36 display the incidence of species involved in

this node "

It is possible that the pattenn focussed on Two-Mile Dam

is the ::esult of past ovengrazing, although ít must be necalled

that thene ane possíble topognaphic and eclaphic factors i-nvol-ved

hene aLso. It is similan to that at Barber-rs Dam, whe::e the

patter.n is almost centainly bnought about by intense stock

activity close to the dam. It is noticeable that the strong

pattenn extends funthen up the wate::counse in Ba::berrs Paddock than

in Two-MiIe. This is because .4. Aesíea?La is absent mone often

on the Barber.rs Paddock side of the dam, wheneas incidence of

B, patenticuspis and K. puyam¿data is similar on both sides of the

dam. This effect is brought about by mor-e intense stock plressure

in Barbenrs Padd.ock where sheep can only water at Bar"berrs Dam,

wheneas they have a choice of two water-points in Two-Mile

Paddock "

Befone concluding this discussion of Node la, it must be said

that the cause of the pattern at tlinten Tnough is a matter for'

conjeetur.e; it may result f::om stock activity'

¡l ¡l
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Retrr:rning to the or:iginal node in Fig" 29 t ít is clea:: that'

Mayyubium uuLgare (t2) and. Koehí,a bneuifoLia (17) are very st::ongiy

associated, as a::e B. obLíquieuspís (27) and Koehia sedifolia (fO)'

power"ful dissociation exists between /(. bz'euifoLia anò, B" obLiquicuspís"

May,y,obiun also dissociates mor:e weakly with ¿. Oesícav'La" Othe::

species tinked to these majo:r ones in the uppe:r half of Fig. 29, are

fnuLa gratseoLens (fg), Carthanus Lanatus (f4) and K" georgei (fg)'

For. the purposes of depicting a fu::ther vegetation pattern the majo::

piosphene invade::s, K. bneuifoLia and M. uuLgane we::e ranked against

B, obLiquícuspís and K. sedífoLia¡ the othe:: species mentioned above

being ignoned. The intenactions of the species thus constituting

Node lb ane shown in Table 55; the codes fon mapping are in

Table 56 and the resuft is shown in Map 29 '

The pole combination containing M. üuLgane and 1(. bneuifoLia

is most extensive at Ba::berrs Dam and particula:r1y in Barbei:rs

Paddock. This combination is ::estnicted to two quadi:ats at Two-

Mile Dam; extensive IRs of 2 at Two-MiIe result from the pnesence

of MaTrubíwn with B, obLiquLcuspis in the d::ain leading from the

Plain.

K, breUifoLiø, but not Marrubium oecuns in Winter and Kimani

Paddocks nea:: the trough, so pattenn is not so manked he:re"

watercour.ses and. Ïlinter Flat a::e ídentified by quadi:ats having

either. one of the associates at the othen pole of the influence '
K, se&LfoLia and B. obLiquieuepis, The occulrence of these two

d
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TABTE 55

together accounts fo:: the majority of the a:rea in all paddocks.

The pattenn caused by the invading species close to the

water^;points is undoubtedly a piosphe:re effect, as noted in the

individual analyses at Two-Mil-e and Bar.benrs Dams. The incidence

of the piosphere invade::s for. the water:-points under consideratÍon

may be compê::ed in MaPs 38 and 39'

¡t ¡t
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TABLE 56

X = 1025

¡l->

+

t

t
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

13

12

^
14

31

I
L5

5

15

2

2I
685

45

87

63

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

2

4

l_

2

2

Ò

1

2

2

"3

0

t
I

f

o.è
S.,uo.êsBñu'È

\) -O 'è Fr
È'q+-.S-Ou 'è tr 'l'ì.Þgs;€ss"a\)ã.AOCD

E¡<eh4

Recoding ]R

PoSSIBLEINcIDENCECOMBINATIoNS0FNODEIbSPECIES
IN TWO-M]LE - WINTER FLAT DATA

with observed. fÌ.eguencies (f) and infl-uenee ratings (IR)

The last group of species selected to display pattenn invofves



220 
"

the dissociation of K. pïYffi¿data (15) wittr .tr" eeùifoLia (1a)

K. eæcaÐata (18) and chenopodùurn uLicínum (tt) and the posítive

association between .I(. sedifoLia and B. seleroLaenoidee (8) ,

K. eæqauata and C. uLicinun'

Table 57 shows their interactions. Although c. uLieinum LIas

a higher: ineidence than x. eæcansata, its intenactions ane l-ess

TABLE 57

lochia
se&LfoLia

4.3
Chenopodiwn
uLi,eínum

+
6,2 4.0

+ Koehia
eæcauata

+
5.0

+
8.8

+
7.3

Baseia
seLerolaenoides

6.02.6 Êtr 8.5
Koehia
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significant, so it was rejected fo:: codíng (taute 58) and mapping"

The quadnats containing C, uLíein1,4n weTe plotted separately on the

map (Map 30) by means of a sYmbol'

TABLE 58
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Map 30 shows that because of the nefatively low incidences of

the species at one pole (K, eæeapata, B' seLeroLaenoùdes and

C, uLieinum) the pictur.e displayed by this node is not as cfear: as

that of Nodes l-a and Ib" The isotels tend to contain'smafl patches

rather than delimit large alleas r

Neventheless the layout does identify the water-cour-se featu::es

and vlifite:: FJ-at and Two-Mile Plain, which ar:e also picked out by

Nodes Ia and 1b. In additíon, Node lc IRs of 4 and 3 identify highen

gr.ound nor:th-west of Two-MiLe Dam and north-east and north-west of

Ba::berrs Dam wate::counse and south of winte:: T::ough. This is due

to the pnesence of K. sedifolía in combination with eithela oll

both of B. seley,oLaenoides and /(. eæcaUata. It can be seen that

the incidence of C. uLicónum neinforces this set of intenaetíons '

As /(. pakamí.dø.ta (a possible piospher-e plant) is pnesent in

aJI watencouirses as wefl aS nean alf water-points, the influence

affecting the species of this node apPealrs to be a pu:rely topognaphic

one.

Density data

Data col-fected as in Ba::::ettts Paddock, included juvenile

popuJ-ations of the p:rincipal shrub dominants acco::ding to Tabl-e 16 '

The ::esuÌts ane depicted in Maps 34-37 inclusive. The juvenÌle

populations of 4. Uesicaria and K. sedLfoLia are not shown as they

did not.appear to be of any significance. The juvenile populations



¿¿,).

of K. pAnffnid'ata consist mainly of young pfants, whieh al:e those

shown on Map 37. The l-ack of seedlings is atb:ibuted to a dry

season prior to sampling"

¡l :l

Looking fi:rst at the population densities of ,4" Ues-Lcaria in

Map 34, it is immediately obvious that the a::ea extending from Two-

Mil_e Dam out on to Two-MiIe Plain is pnactically devc¡id of

saltbush. some denser populations oceur on the lWo-Mile Plain,

but populations dec:rease again on the southern rim of the Plain

bo::de:ring Banbe::rs watercoullse. Refenence to Map 33 shows that

this is whe:re .I(. eæea\atq is most consistently p:resent " This effect

is continuous thr.ough the fence into Banbe:rrs Paddock. south of

the Ba::be::rs Dam l^Iatellcourser K. eücauatq' is not consistently

pr.esent and in Two-Mile Paddock the density of Á" üesì'earöq' appears

to be only slightly lower- wher-e K. eæeaÞata occurs' In Banberrs

paddock, howeve:t, populations of saftbush alre as 1ow on the south

side of the water.course towar.ds I'linte:r Trough as they are to the

nånth of the watercourse.

Inspiteofthevaniationsassociatedwiththepr.esenceof
K. eücaÐata in some pants of the gene::al :region nea:: Barbenrs Dam

it appeans as though populations of A. Desicdli,a a::e smalLe:: in

Barber.rs Paddock than in Two-MiIe'
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