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sut'1t.'¡RY

Stuclies are reportecl of r¡or..ù:at grazed vcqetation of thc

Brookfield Zoological ,Societl' Rescrve near Blancheto\'rn, South Lustral-ia

where r,¡ombats occurreci naturally, persisted throughout a historv of

livestock grazing ancl cther disturbances attributed to man, and are

now protected

Study aims were to analyse ?trd describe the vegetation of the

Reserve, to investigate its ç¡rovrth dynamics in areas v¡here v¡ombat

grazing vras pronouncecl, and to demonstrate the nature and impress of

such grazing.

The vegetation of the r,¡hole 65 Km2 Reserve \tras sampled closely

for the distribution of all taxa in the higher-plant fl-ora and the data

hrere analysed to reveal community structure using a comouter method for

,association analysis. À verl¿' highly significant pattern t.ras revealed

rvhichr oD analysis, shor,¡ed that the visuatly similar vegetation

consisted of five subtle but distinct community types intermingled.

Their distributions did not correlate directly with natural habitat

variables such as topography and soils. It was concluded that the

Reserve vegetation 1.¡as in a state of gross, complicated and probably

unstable disclimax followinq tinber cutting, sheep qrazíng and other

historical disturbances of which there rvas insufficient documentation

to unravel individual influences.

Over the period February L972 ÀpriI 1974t the short-term

ongoing changes in vegetation about selected active \^¡arrens were

followed in detail with particular attention to fluctuations in the

above-ground biomass of all the main plant species in the herbage

stratum. These data \lrere related to concurrent information about

Iikely driving variables such as rainfall, soil moisture and other

climatic effects suc¡ as season. The general circumstances of herbage

gror+th dynamics l'¡as thus revealed.

Speciat arrangements \vere made separately to reveal the impress
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of v¡ombat crrazincr uÞon this backoround picture of herbaoe d)'namics.

These involvecl comparative observations at different distances from

t¡e active t^rarrens, urrA a 5rTstem of shiftinq excfosures rvhich

perrnittecl cross-fence comparisons aimed at demonstratinq t'¡on'J:at

arazínq effects, month bY month.

l,lain conclusions are as fo11o,.r=: ïloml¡at grazinc effects

upon lìeserve veoetation during the study v/ere slight and the

animals rrere unobtrusive, except for pronounced effects close to

their \^/arrens. Since abundant grass between \'Jarrens v¡as untouched,

there was no evidence that the ouantity of food supply rvas Iímitinq

the r,¡ombat populations. From the evidence of the exclosures , the

rvombats apparently ate only qrass, rnainly Stipa nitida.

Their grazing inpress was expressed both bY depletion of the

quantity of herbage near v¡arrens and by an influence on grass

regror.rth . Grazeð. Stípa butts reacted more slorvly than ungrazed in

the production of ner.¡ foliâ9êr so that a gradient in Stipa vitality

awav from the warren \{as generated-

The qror.rth of StLpa lg72-L974 showed a distinctive seasonal

pat.tern modified by strong episodic influences. The reaction of Stipa

to rainfall varied dependin<-r on time of year. Rainfall in .Tune-July

was not essential for stimulating a grorvth episode, but September

raíns enhanced grorvth. Later rain tended to have littte effect and

Stípa tended to mature and die off by the follor'¡ing February regardlesr

of rainfa1l.
Observations on a variety of l-esser issues connected r'¡ith the

study also are reported in this thesis.

Co
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CHAPT]IR 1

INTRODUCTTO]T ;\¡JI) DtrSCF,TI?TION OF TllB BI-'.4ÀïCI]ETOI/ÍN ÄP'EA

This chaptel' consists of the following 3

.f. A brief recent history of the pu::chase of and intentions

for the Brookfielcl Zoological Societ'y's trrrombat Reserve

,near Blernchetoln in South Australia"
'2. (a) Hov¡ the decision for the topic of this thesis ca:ì1ei

about"

(b) Out.line of the aims of this studir.

3" A series of photographs to enable the reader to l¡etter

appreciate the rnethods used, and data obtaj-necl in this

study "

4. The physical context of the Reserve, includj-trg

(a) the need for a base maP

(b) tl-re l"arrdform

(c) a brief description of the GeoJ-oqy of the area

(d) a L-,rief description of tþe clj-mat,e of the aroa wj-th

:spec:ial reference to rainfal-I clata collectecl in the

Iteserve over a Period of tÍme

(e) a l¡rief descríptíon of the broaclscal.e veget'atiotl

classification of the region j"n ruhich the Reserve

OCC-rllîS.

1. LOCATIOI{ AND HTSTORY O]T TIIE RF${)K¡'Ï ELD ZOÖI,OGICAI, I]OCTNT]¡ ! S

I^7O}4B.AT RISBRVE.

The existence of the Brookfielcl zootogical society's

Wombat Reserve near Blanchetown in Sor.rth Australía htÉìg brought

to my attention irr Ig72. The lìeserve r,vas pu'rchased at the

instiqation of the Curato:: of ti-re ßr'oo"¡:fielci' Zloo in Chic;:go'

u.s.A., Dr. Peter crolcroftn the ree;ent curator of Aåel-¿rj'de

Museunr, The prcrperty, 6Ccr:pying 65 5Q. ktn., \tAS Crigi¡:el11'

d"evelorrecl ¿ìs cì sheep-grazi-r:q farm situatecl l.l. k¡r- i'¡est oJ:

Blancheflcrvn.ÌI.¿rp L"-t inoLicates the posj'tj-on cf tl're l.ìese;:ve



Aê-P_L.L

/i

wrH^ .vesaecÊ fo Adela¡de a".d Bla^"Løloun.
oYeo.

Blanchefot.r¡

à
c

À
ò{

ßArteAAoo Is.

P-E-sEAvE

d
(

T¡vro

Adeløtdø

N

I

O 20 l+o 6o 8o ttr r -_-i_______.j--r l{h



¿

\^Iith respect to Bfancheto'lvn and Adelaide'

Tire i-and hacl been ext,ensively cleared prior to the

mÍd 1950's to allorv for an j.ncrease ín the area of grassland'

ancl t,i.mber cutters Ìrad removed all but a fev¡ smaÌI stands of

larger Eucalypt trees. As a consequence the mallee is l'Io\\¡

in tl¡e tnain regenerated growth" Two large coke pits l'¡ave

been tef t, as remínclers of earlier tintes. A number of scars

occur along the Southern boundai:y where li.mestone was

c¡uarríed durÍnq f,he construct.i-on of the Trurcoo"Blanchetown

road.

The oroperty vras oÌ:taj"ned for the purpose of

investÍgating the hairy-nosed r^¡ombat I Lo-¿iot'"ltinu¿ La"tL(nond,

an endangerecl species), a¡rd developíng a maRagement progrä-nüne

to ensure ibs continued existence in the face of inants

encroachment in the area. Whe¡r the sheep were removed

competÍtion f-or food was greally reduce<] and tl're wombats

again hacl a chance to survive,

A lOcal committee of managernent was anxíOus to foster

research aci:-i-v-i-ty on the P.eserve. D::' Crorvcroft was in

Aclelaide at tþ¿rt time, and lr[r. R. wells (porv Dr. R. I'le'lls)

of zoology Depart--ment, univers.ity of AdelaS.de, was actj-ve1-y

researchinç¡ som.e behar¡íoural and physíologícal facets on

the site.

2 " REStr¡ARCII PÌìOG}ìAM},ÍB

DrnR.T.LangeofBotanyDepartmentrUnive::sityof

AqleJ.aide, harl for sone tíme been i¡rvolved in studj-es of ar'i'd

ancf serni-ar.id pasture, and had srJme ínterest in the

veget.ation of t'-he J-ocali 1:y, It v¡as suqc¡est'.ed t'hat' T míght

unclertake a study of tlre flo::a of the P.eserve a¡rd in

¡:ar.ticularpalrattelnt.iolrtotlreherba.ceousst'ratav¡hicÏt
preSUmerlrJ-y rvtis tlle food solu:cê for t!rest': tvonrhat'sr ôDd j'f
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possí.ble find out something about the vegetation dyna.mics

and grazing interacLions generally.

/\s the basÍs of an external l.{aster of Science progralluìtÉ},

the situation offered substantiat challenges and posecl sofiÌe

novel ancl interesting siÈuat,ions. The chall"enges v/ere

obvic¡us enough the Reserve is fairly remote front AdeJ-aieleo

and field v¡ork would have to be åccomPlished i'n smaIl

concel:ted field trips' At the Same time I was beç15-nning

my career aS a secondary school teacher, and had bO cope

wíth develoning family commitmenLs" 3ut' on the other hand,

the property was païtly at least eì reclaj-meci farmo and'

offered an opportunity r.or a first cletailed study of

disclimax vegetations.

A lot has alreacly been established about' the haíry-

nosed wombat frr:m studies by larrdowners ar¡d ínterested

naturalists, br¡t much clf the data is sub jecti've and

anecdot.al. Research Ì:y R.Idells .(J-973 ) shclwed t'Ì¡a.t' the

r,¡onrbat mai.¡1tains a stat-¡le thermal environntent by emerqing

at night when temperatures are lower and water loss ir;

di,minj-shecl" lnjombats can toler:afe Ïrypotherm-ta anrl have a

low met,aJ¡clli-c rate ancl v¡ater furnover corn¡'rared w'j-th ot'her

mammals of simílar size" Bgesta'r¿¿lter loss is l'ol, and

urine is relartively concentra'becl. By spending the hottest

part of the day in the conf ines of a hiqh hum.i-dity, 'low

temperature \val:ren resp:i.r.'utory rvartc*r loss c¿rn be rerluced '

"In summary, a lov¡ oxygen consunptíon', lov¡ ther:r¡al

cond.uctance, l:;rskíng behaviotr.rr lj-rnited'ancl variabl"e perieds

of above-grc-¡und activity' and a le1ati.vell' i.ab-ile þçt1y

ternperature are all consj-ste¡rt r^¡j.th energy frugal"j'ty'"

There v.rasr'bhen, t.Lre gap concernj.nq the vegeÈa{-".ion

clyrramJ-cs of f:þe r"^¡otnl,¡at,-j-rrhaþj-tecl ¿ri:eas t'o þe fi1led-' þli-t'ir
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this in mínd I set about wíth the follov¡ing aims :-

(a) To regularly measure quantitatively the changes in

tlte vegetation around wombat, warrens over a period

of time

(í) according to the differe¡rt taxa

(ií) at different distances from the warren

(iii) exposed to wombat grazing, and protected

from it,.

(b) To estal:lish the importance of the data obt,ained in

the light of va::ious active agents, namely

(i) rainfalls
(ii) soil moistures ancl dePths

(iii) time of year

(iv) wombat acÈivity, egesta and influences of

other fauna"

(c) To survey Èhe Reserve and develop a picture of the

vegetation Pattern bY

(i) coll.ecting an herbarium

(ii) itlvestigating species interactions

(iíi) producirrg communíty maps.

3. 
'\PPEARANCB

One can better appreciate the present st'udy by

actually seeing the area. For this reason I have carefully

seLected a series of colour photographs that show the range

of vegetation Èypes t.hat typify the Blanchetown area.

Plate 1. 1 shows a Mqo,¡totLum-Stípa plain.

Ptate L.2 shor.rs a mallee-grassland lEueaLtiptu's-Stíytal a::ea"

Note the exposed limestone and many small rocks.
' The soil overlying the l-ímestone is very sha.llow

throughout "

Pla.te t. 3 ma.1lee-bl'uebush-saltbush lEuco-Lq¡ttu's- l'lai'nøana-
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Atnípt-e.xl region.

P]ate L.4 blueþusþ grassland (Ma-L¡teana.-Stípa") r'¡ith the

occasional bullock bush (Hetenod¿ndn-onl and

sandaltvoocl I lrlt¡ o P o ttum) -

'P.late 1. 5 Geij Q,,Ld- l,løLa.!-øuca"-Euea!-qpt uâ- Lç7 eíun-Stipa'

interaction.
.4,. 'PHYSICAL CONTEXT OF T}TI1 RESERVB

(a) Base map

/\ base rnap is essentíaI for a detailed survey of

such a region. ft is necessary in the compilation of

data and in the íllustration of that data. An a-ir-

photographr taken in I97I for the Department of Lands,

'was an invaluable aid in the production of the base

'mâp, and ín recosnísíng clifferent flora species.

Ptate 1.6 ís a phot'ograph of the Reserve.

The base map (t'tap I.2) consistecl of the position of

the property Ì:oundari.es being marked on a sguare grirl

.reference system in Ìreeping vrith Àrmy Survey l{aps on

tire area. l.{ajor: Lracks are also marked.

{b) Landform

A second map (¡tap.1.3) hras produced from analysis of

:stereo-airphotoç¡raphs, ancl shorr¡s contours marked at

:25 fi-. (B metre) interva]-s. Altitude is in feet above

sea .leveI. .It is interesting to note ttrat the 1anc1

-slopes generally a\{ay from the Fjver l'{urray and not

towar,cls ít, í.e. from east to v¡est. A dam near the

homestead collects run off from a sma1l occasional

-stream t.[at flov¡s in a north-rvesterly direction from

the roarl" In the northern part of the property ä'

:rídge runs north-south, It drops a vertjcal clistance

.of over 25 ft.. rathe:: steeply to the r^¡est" Pl.ate L.7
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shows part, of this l'¡estern slope. Not.e the sandy

soil and spinifex lTnLodial that, occurs for a short
.ctistance south along the slope, and nowhere else ín

ttre Reserve

(c) Geology

The geology of the area lras described 'gerreral-Iy by

Jessup, R.I^l. (1948) , as "mal.lee plains Ã'ûÐ- composed 
:

of level-bedded Tertiary límestones, overlain by shallov¡

brown solonízed soils. -..,. They are usually sandlz

f-oams averaging a depth of al:out 6 inches (IS cm. ) .,

and overlayíng a'layer contaínÍng abundant nodula-r

.:Límestone and a smal1 amount of hardpan. Beneath

tþis layer ís a zone containing much fríab.le lirne and

c1ay." There are also a large number of sma}l liine*

stone depress.ions which have a hígh clay content..
. I- _

(d) Climate
'While the area has a blzpical l4ecliterränean c.1"íma19e

.wit,h rainy winters and <1ry summerË r sununer rains also

occur. Jessup (1948) associaÈes sununer rains w.ith

.thunderstorms and. air masses frCIrn Èropícal re-qio¡s "

"A characteristíc of much c¡f the .raÍn associ:ated r'rIith

SurTuner thunderstorms o.. , . iS the sCatterecl 'natUre

.and sharply def ined lirnits of the showers.. "

Rainfall dat,a were obtained at. the P.eserve during

the períod from 1963 to 1973 incl-usÍve (er;cept for

,1967) . These data a.ppear in -Appendix ,1".-1 and .a¡:e

surnmarised in Table 1"1 Yearly :rainfall ioLals a¡icl

the disfríÌ:ution patter:rs (in terms of days'rvhen

rain occurred) are shown .i.n Graphs 1.1 ancl '1.2

respectively. The picture is one r:f greart varj.atiotr

frcm year Lo year, makì-ng t^he ¿lverage of 2.58 ftr.l,ln ove]î
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the I0 year period almost nteaningless. Similar1y the

disLriÏ:ution is quite irregular in' terms of tinring

c1urinç¡ the year (see Appendix 1.1) and also in t.he

number of dal¿s on v¡hích rain occurrerl (namely front

12 in 1.965 to 72 days in 1973), givíng another aLnost

.meanínqless averaqe of 42 daYs "

Temperature data for any length of time do not exist

,at the Reserve. Ilorvever, the Bureau of Meteorology at

J\del.a.ide was able to supply the average maximum and

.minimum c1ai1y temperatures per month for Nil<lottj-e.

.This is a smaIl t.ownship further south, but havinc; very

.similar conditions as at Blanchetown. The data, (shov¡n

in Tal:le L.2') was obtained from a brolcen record from

1965-197I. /\ linear regression v¡ith the records of

.Tailem Bend providecl an estintate of the remainder.

Graph 1.3 shows the typically hot summers and cold

.winters, v.rith monthly maximum temperatures ranging f rom

'1.5.3oc to 31.soc, and monthly minimum temperatures

rangíng from 14"2oc to L7.4oc. The generally cloudless

nights allov¡ rapid radíation of heat, and temperatLlres

often clrop belo¡ condensatíon point. Dew often occurs

.in the early hours of the rnorning and rapidly <lisappears

after sunrise.

Vegetation

Tlre vegetation is similarly described as a l'|qopotum

ytLatqcanf)un- Ko chict tedí$oLía- association in the south-

east, i:trrderinq a, EueaLgt¡ttud o'Let^ a-Euca'Lqptud

.grLeciLíÁ association in the north. Ttris is ç¡enerally

descr:ibed as a tnallee scrub-sh::ub steppe. Jessup

found ttrat t:he trvo Eurcalyp'b's occur as codomj.nant,s,

althouqh r,r'here li-urestone is near the surf ace,



/\orfh Te^P' ^ 
th.

Tønp.

r 3t'6 I+L
F 3t.s t+-l

27.7 t2.3

A 23'3 Q'a

r 8'7 6.t

J tb.3 5.o

J t5.3 h.2

A tL.+ l+'o

S t1't s.6
O 228 7.q

N 26'5 to.3

D 289 t2.l

-rÁBLE t'2
vera

Nldottie, E.A

U'N and nìninum

-f uve- , nronlA o
(-,

W:-Ll-

of Nrld off i¿. (Alofe tLø lav¡e diurnol ro"ge)

Tenp. ('c)

y.ìr^(./rr\ anol ynìni øu*t

o¡ o rlvrOX.
æ fnln.

\

\" \ 5."r. é

e. + r¿s

C@l \
\

ntt'\ 2\ a ,
li

4
o,= a

.¿

J'FAAA /^Ï
/AONTH

so
o r N



B-

EucoLqptun gnacLli-,s is perhaps more p:rominent,.

A detaí1ecl díscussíon of species oðcurrence :anil

díst,ribution is given by Jessup (pp- 50-55 Íncl'. ) :anðl

a specíes checklíst is gíven in Chapte.r '3 'ol.'fhi:s

thesis.

Further Laxenomic studíes of EucaLy¡ttut ,oLø'ol'a- :and

Euca,Lqyttu's gttaeíLit have sho'wn that such 'variation

exists withín themselves, and a qrading Ínto 'other

species occurs, that they have been recent.ly

accepted as variants of other species, namely

Euca(-qytLut po jL1^ a ancl E.uea.X-gptu'S ¿ o cíalid :respect.ì-'ve |y.

Similarly Kocltia te.didoLia has been pl'aced in a :nerv

genus ancl is now knov¡n as îrlaínøana- 
^e-dLdoLía'
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CITÄPTER 2

¡fETHODS

Methods descríbed in this chapter relate to the

following phases of t,he clata-collectíon progranìme :

l. Studies of pasture about, wombat, vJarrens and the

influence of wombat gxazing.

2. Broadscale vegetation survey of t'he Reserve"

I. PASTURE STUDTES

(a) SÍte Selecëíon

The desirabilíty of obtaining as much data as

possibLe on many replícates was well-recognised"

However, the practical lirnits to resources and man

hours avaílable had to be aclcnowledged and a

compromise had to be reached ÍnvolvÌ.ng a few replicates

studíed as carefu-tly as possible.

A feature of the \^rarren past'ure system was that very

many rrarrens were available for study, nearly all of

them ín the one sort of pasture sítuatíon. (litost

vrarrens occurred on the grassed p1a:'.ns, wíth fewer and

smaller v¡arrens néar or amongst lltrcalypt stands and in

the predominant,ly bluebush area. lttt these cases '
grasslancl was v¡ithín t,en metres of t,he warrens anyway")

Visual observation indi-cated that. the differences in

the'composifíon and abundance of pasture about t'ypical

warrens \rere found to l:e very slight' -indeed- This led

to the opinion that it did not, matter very much r'¡hich

v¡arrens were st,udied so f ar as pasture was concerned,

since it: r,¿as essentially the same throughout.

trdar:ren selection invotved. pi:j.ncipaIly the facLors of

aplrarenb acL,ivity, dist,ance from neighbouríng warrens'
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t^rarren size¡ and terrain unevenness" Clearly, Ít was

desirable to simplify sÈudíes by avoicling complications

int,rocluced by overlapping grazíng zones, minor t,opo-

graphic complications, infreguent use, surrounding

vegetation type and the like"

Accordingly, the method used for site selection \tas

to walk through the area extensively, building an

impression of rvhat r'¡as typicaf , and noticing and

avoiding the complicaÈíons menti-oned, to produce a

short list, of t1'pical, yet uncomplicated sites. Of

t,þese, trvo \4lere eïentually selected. Theír locations
'are shown in l"lap 2.1" The first', which was call-ed

Zone 1, \,"as of medium-Iarge size and located in the

typical lrltjoponum-EnodLun-Stípa count'ry which occurs

on the sha1lc¡v¡ soils overlayíng limestone. 1t

appeared to be very active, from observaLi-c¡ns at
'suceessive vísits before this s'budy proceeded. It rnras

regarded as epitonizing the Lypical Blanchetorr'n regíon

habit.at.. The second, (zone 2) , was establishecl J-ater,

and was a smaller.warren in tl:e same î,4q0'¡tonum-Etodium-

'stiy:a, country. There was less activíty apparent front

vísual c¡bservation of tracks, digrgings, egesta and the

'fike 
"

(b) Recordi.nq the Gìrazing Zone

lleconnaissance had established. that pasture about'

act.ive warrens dì-splayed a cireular halo of grazinc;

effects, easily n¡rticed, and that the guter limit.s of

th-is halo were fairly sharply defíned. Tt was possible

to say wj,thin 20-30 cm" t¡here the grazed halo ended and

Lhe ungrrazed surrourlclíng grass startecl"
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By measuri-ng-tape and compass survey, six

traverses radiatirrg from 1-he centre of the vrarren

.were marked. c¡ut wit,h permanent steel pegs " These

traverses were spacecl at 600 intervals and pegqeci at

I0 r[n íntervals in the renge to 90 m., for ease of

lr¡cating posi.tíons quíckly and accurately..

.Thus on the occasíon of each vísit it was possil:.1e

note the posit.ion of the halo perimeter and bui.3-d up

a history c¡f i,ts ¡rosition as tj-nre passed." These data

v¡ere accumulaÈed"

l\ símílar me'¿hod for delineating grazerl and unc¡:::azed

past,trre h;rs been used by T4¿nctr' J"J" (L9741 , rvhere

he stuclied {:he beha.víour of qra.zíng vertebrates a:rclund

.watering points" The same pri-r'rcíples are expected to

åpp1y around vlartetts.

0uadrats

Tn order to make quantit,ative measuremenLs of Lhe

cornFosition aud al:und¿uce of pasture ít v¡as nesess¿ìry

to denrarcate grround c¡uadrats of precise rneasuremenf,s

of area conìmênsurate lvíth the abundance anct

variabílity ctf 1:he herbagre.

Reco¡rnaissance showecl that in ¡iny area stlccessive

squåre metres of parsture diffe.r:ed frr.rm e;lch other in

compos-itíon a¡rd abuncl"ance by only a very small ext.en'L.

{l'ypically, t.hcr lowest biomass of three sr,rccessi\,'e sclLtã.re

metres fell. short of blie highesb by only 4"8 t (averaçre<I

for l0 suc;h tleasurÊmr*nt:.E;) ¡ vrhi.cir was almos'h' withi.n t-'he:

'lj.rriits of the rneasu::i.ng tecl:r:i.que. Thus Lhe si't,lra'Lj-on

Ì'/äsj f airty anal.oEous to an írnproved pastune, and tlte

p::obl.em of replícatÍen v¡as bo iì larqe erxLe¡tt m-j..ni-rn-i.ze'å

by hh-i-s homo'¿eneíty "
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.It was felt that a qttadrat cf 2 square metres r,¡ould

provid.e as accurate and reliabl-e a picture of the biomass

âs need be achieved. Àfter considering the availabl.e

resources and estimating manpolÍer hours, this size v¡as

'increased to "a 3 x 1 m. quadrat, in which vegetatíon

could be bulk harvested or estimated. Obviousl.lz the

larqer the sample síze, the more accurate ancl relíable
'is the biomass picture.

Quadrat corners Tvere markecl with small pegs driven

'í'rrto the ground, bu€ pr:otrucling just enough to allorv a

tauL string t.o be attached around them at reading ti-me.

Careful inspection yiej-ded no evidence that' rr'onl¡ats

'noticed these pegs.

Tn order to measure the effect's of wombats on

pasture at any one place, comparíson had to be made

between quadrat-s that were available to r'¡ombat's for

Çrazinq, and quadrat,s in which wombats were excludecl

'for periods of a month or more. AccordÍngly, porLabl.e

fencing r,vas designed using ler-rgths of "we1dmesh", a

liqht steel fabriç of 15 x 15 cm. mesh (wíde enorrsh to

allow ral:bits ) " Lengths of {:his mesh vüere v¡ired

togettrer to produce a free-standing struct'ure

4.5 m. x 2.5 m. x 1m. high. IÈ rtras recognised that'

any "edge effect" around the 3 x I m" guadrat was not

d.esirable, and so a larger area than the quadrat j.Lsei"f

vras exclosed to rvoml:ats.

Quadrats and exclosures were est,ablisrred in zone 1

at distances of 20 nì. ¡ 2oo m. and later 40 m. from the

centne of thë v/arïen. Reconnaissanee showed that at' 2A

the¡:e was heavy grazing o v¡hile at 2A0 m" there was no

eviclence of woml¡ah a.r.:';i.víty. The 40 m" quadrarÈs

I'rt "
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occurred in an interzonal a¡:ea rçith varying evidence

of wonrbat. activity over the period of this study. fn

Zone 2r v¡hich was esÈabl,ished a few months lat.er, the

resources and manpovrer allowed for the inclusion of more

samplíng points. AccorclíngJ-y, c.luadrats and exclosures

were establíshed at dístances of 10 Ir. r 20 ffi. r 30 R. n

40 ftI. r 50 m. ând 70 m. from the centre of the v¡arren"

Irfap 2"2 shov¡s the positions and label.s of guadrats in

each Zone. It r^ras considered that the closer ::egj.ons

would be msst affecÈed by grazingr, r,vhile the more

dist,ant regi-ons would be less affected" PhotoÇrciph

series 2"L 2.4 shows the quadrat placement about

Zone 1 122/7/72) t whíIe Photoqraph series 2.5 2.8

shov¡s the typícal appearance around Zone 2 (L9/8/72) 
"

Markinqr out Quadrats

The c¡uantíty of herbage on any quadrat, rr¡iLl vary

greatly as time goes by, reEardl.ess of wombats " This

variat,ion will reflect the periodic sharp increases in

herbage due to growth epísodes, periods where cured

herbaqe is sÈatj-c (more or less lilce a haystaell) , and

period.s of decline due to a ruide variety of cleqradatÍon

processes "

The effect. on pasture biornass b1z grazing wot'¡l:ats hac

to be measured aqainst this changincl baclcgrouncl, årrd

for present purposes a special means of demonstrating

it was devised. The techníque rests on the stanclard

idea that eontrasts wiIl de.ve.lop betrn¡een pro't,ect'ed ancl

unprotected quadrats in conseguence of ç¡razíno, and

can be measurecl" Tribe' I).1J. (1950) revíev¡s the basíc

methods of determining rvh¿rt free-graz.ing animals eaL"

J\. speci-fic exaraple of quaclrat studies of sheep effects
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on past.ure is given by Leigh' J"fI" and tfulham, W"E"

(f966). They made nìeasurements of progressive effects

of sheep-grazi.ng uTroìì ttre qtrant.ity of plant, mattel:

avaí lab Ie "

Thus -if one of ti^¡o quaclrats installerl in hornogenelous

pa,sture is protectecl and the other is not, and both

are left for a month, the measured'difference in final

I>íomass betrveen then can l¡e attributed t'o wombat

grazing. At tiris time, ho\,üever, it is also very .'l.ikely

that the pasture as a v¡hole has chancred to a nevr

cotrd:ltion no longer represented by the protected

quadrat,. [Ience it is lrecessary to shift the prolSecting

encft¡sur:e to a fresh site so thab for the begínnipg of

the ensuing rnon.Lh, protect.ed an<l unprotected quadrats

again start fr:om an ec¡uivalent cclndition. This calls

for a pattenr of shiftJ_ng quaelrats. The contrasts

gencratecl month b]' monLh, thus refleci' rvonù:at gJrazing

tnorlth Lry month, in a pasture that is changingn ntonf-h by

month "

At any one visit, t.hen, bhr:ee quaclrats \fere sarn¡:J,*cl :

the "enc.losed" qu.adrat from t--he previous lrtonth.

the "open" quadrat frorn the previous ,month"

(This quad-rat rvas then o'enclosed").

the fresh quadrat" (This quadrat roas left "c)pen").

(e ) åenÐJ,iis*Issl*ls-g
Tt tuas r:ecoqnísed tl¡.at' once sc.Lrnpled, ;r quaclrat

shoul-cl not Ì¡e usecl ac1aj-n unt'il it ha<l cotnplet'eI1' )

.recovercd. By reccrclinq the veqr*tati.on in each r¡uelil::at,

on each of trvo s:Llccessj-r¡e v-isii:s, the nee<l to do th:Ls

woul-cl not ari.se ovei: 'Lhe two'-126;1¡ period' even ät a

<lis'l*ance of 10 m, f:r"om the r,'¡arre)1. At fire satûe tinte,

ma-lr hr.rur:s v¡cluJ.ci be r:cilucr:¡l l-'Y *el:'tí'rig up cne cTuadrat
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at each visit instead of Èwo"

Ilov¡ever, this approach requíres that the only

quadrat lvhich cou1cl be b.ulk harvested is the "enclosed"

,-one; the vegetation of the "or)en" and "fresh" quad.rat

could only be estimated. Nor was ít desirable, anyway'

to ctenude so many quadrat.s of their vegetation, especially

nearer the warrens, where by doing so rvould certainly

alter the r,¡onbat-vegetatíon interaction over a period

of ti-me.

I{iren deating v¡íth a nrrmber of flora species of

dÍfferj-ng habits.it is obvious that different tec)rni.ques

.for sampling or est.imating the speci.es biomass need be

employed. While the desírabilíÈy of obt¿rinitrg much data

.based on the t+hole quadrat was well recognised, the

practical limít,s to resources and man hours had to be

aeknowledged and a compromise reached. IÈ was expect.ed

.that Èhe herbage in any one sampling area v¡ou1d vary

great,Iy with timer so a varie'by of techniques were

devised to estimate the amount of each speeies. Thus

it would be expected that even for the same species, a

modifícat,ion of the technic¡ue, or even a different

tecl"rníque t^¡ould be employed f rom time to time,

depen<1j-ng on resources , man hours, and the state of

:the herbage.

The methocls of sanrplíng decided uPon and used are

described as fol-lor'Ys :

(i) Bulk Harvestín q

trnrhenever posrsil¡le the herbage of the "enclosed

quadrat" rvasi compJ-etely harvested.. I{hen excessive

herbage r,ra.s judged to be present, however, a

visuaJ-ly represenf:atíve sarnple was bulk-harr¡estecl
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ínstead" Proportions of from I/LO to L/3 size

r^rere used at different times as deterrninecl by t.ire

plant speci-es , size a¡:<1 number of plants, the

amount of herbage and the tinre factor.

In the other qu;rdrats, whenever this technirJu.e

\tras used, ít l'l.as not desirable thaL the herbage

insicle the quadrat be rernoved" Accordinqly, a

sample a-re,a outside of the quad-rat was selected- a.nd

harvested" It r.¡as recognised that the sainple h¿rc1

to be hornogeneous in all resÞects rvith Lhe qua-dra1-

vegetation of as large a size as coulcl ]:e ð-ccornrno-

dated, ancl a short distance a\^/ay tc¡ avoicl any

"edge effects".

This method r¿as tlsed consistently r^¡jth Stiysa,

ground litter, small to medium E.ttodiu¡n and medirrm-

sízecl TtJgophqLt un species, but r.vas unsat.lsf actory

for ßa,t¿La and larger EttodLum and Zqgophq.Llum

planLs.

Iland Sneci-men

Because of the variation ín size and- shape of

ßatt-ca plants, and the occasíonal larger SLLpa',

Enodiun ancl Zqgofrhq'LZum plants, a clif'ferent

technique hacl to be used for these situations. A

hand specimen was sel.ectecl and a method of estima-

lirg descrj-bed. ancl used by Pechanec, J.I¡. and

Píckford, G.D. (1937) , 1{as enployecl" rn essertce r

a "useful" sam¡:le was obtained from outside the:

qua.clrat ¿and a vÍsual estimate mad.e of the nurnt¡er of

"hancl sampL'es" present in t'he e.luadrat by hord"irr;r

the hanct sample alongside each ::elevant quaclrat

plant. in turn. 7r "nseftrl" sainple was one harv'inc1
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identical characierístics to t,he herbage beíncl

sampled" At times more than one hand specimen

'was required to estimate the amount of plant

matter in the one quadrat because of the conditions

of diffërent Plants.

It was recogní.sed that t'he method requires

constant practice and checJeíng. For this reason'

afEer an inítiaI practice session each visit, the

same two recorders made indepenclent estimates

throughout the entire research progranrme. Any

variation greater than 108 l¡etween the two

estímations v¡as closely examined and a collectiv<-:

.re-estimation made" (This method proved quite

suitable and there was verY good. agrreement (93eó)

l:etv¡een both estimators durinq the tvro year

prrogramme. )

A number of problems ,.wíLh sampling v¡ere foreseen.

Reconnaissance showed. that the wombat appeared to cons".rme

only above-ground herbage. Consequently only above-

ground herbage rvas measured" To facilitaLe thísr al-'l-

vegetatíon \\¡as cut off at grout:d level by l<nife. (By

leavj-nq the root-stock, strpa. was given an opportuníiy

to regenerate).

It provecl very díffícult to d'istinguish one Stíyta

'plant from anotherr âs parent plant and vegetative

offspring occur -ì-u a clump" Hovrever, the clumps vlere

.not large, and each clump at least represent,ed the grovrth

frc¡m one plant, so for ehis reason and simplicity eif

recorcling, one sÍ.ipa plant was defined ä.s the leafy

fol.íage arísíng frorn a cluinp or group of a.',c,tached rÕoi:

str:ej<. As a "l,,rorlçíng definitíon" 'i:hís rvas ctruiLe+

adeq.uat,e.



1B

(f)

Díff-i-culty also occurred when consicleríng the "grouncl

Iitter". Some herbage v,ras quite däsiccat,ed and brítÈIe

while other materíal appeared to be composed of both

l-ì-ving and d.ried-off planL maùter; Consequently it' v¡as

decided that all plant matter that tvas dried' non-green

ancl brittle woulcl be consídered as part of t'he "ground

Iitter". This involved separat'ing the dead parts of

StLpa from the remaínder. In practice this again proved

to be a sensible "workíng definitíon".

ggtL-q-ÐPleÉ

In orcler to futly appreciate the changes in the

vegetation, some indication of soil moisture would be

useful for comparison with. Rainfall amounts aird

dístributj-on patt-ertls \vere recorded on the Reserve for

the years 1963-1973 inclusive (except, for L967 when no

records v¡ere made) " Soil moisture would þe a reflectíon

of total precipítation, i.e. rainfall and der,v.

Accord.íngly, a number of soíI samples r{ere pbteined from

the same areas around each of the \^tarrens under si:udy.

It, r,¡as felt that surface soil moisture data v¡ould be

useful tei have because of avaÍlabitity to germínating

seecls, and that, moísLure data in Èhe first 20 cm. or so

v¡e¡u1d ínclícate availabítíty to root systems of the flora.

specíes uncler observation. However, it was found that

the soil overlying the limestone l:ase rvas typíca11y onl'y

about 10 cm; deep ¡ so in practíce soil samples htere

ol¡taíned from 0 cm. and IO cm. depths. Care was taken

to exclude most stones and to obtain the same size sam¡rl'e

of apprÕK. 150 grams eaeh visít.

Weic{hinq Samples(s)

Tt, \,vas recognísed that when plant' matter j-s cut, if
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continues metabolic actívities, j-ncluding trans-

pírationo for some time after" Tire pro<luction (and

consequent loss during drying) of some subst,ances sueh

as gases, and volatile líquids tuould cause a lowering

of t,he dry vreight of such samples . Kermond,y, E. J. ( 19 76 )

desc::ibes the basic prínciples and techniques involved

with obtaining dry weight of cut herbage. It was

imperative, thenrthat the following occur as soon as

possibte after pícking :

(i) PlacÍng collected mat.erial in air-tíght contaiuers'

suitably labelled, into a box. Thus any plant'

producL would be sealed in t'he j ar and photo-

synthesis reduced.

(ií) Vüeighíng of t,he freshly cut samples.

(iíi) ptaci.ng the open jars and samples in an incubator"

Due {:o the lím.itation of time on sit,e at each visit',

no wej.ghing occurred at the Reserve. Samples v¡ere

transported to laborat,ory facilities in /\del"aj-de and

weighecl (at the most) wj.thin 6 hou::s of pícking. The

following procedure was adoPted :

(i) I'leigh jar t lid + freshly cut herbage.

(iÍ) Remove IÍd and place jar + lid + herbage j-n an

incul¡at,or set, at 85oc for a peri-od of 7 days.

(Íij-) AIIolv the incr¡J¡ator t,o cool to room temperature

ar:c1 rveígh jar + líd + cl.ried herbage.

(ív) Remove herbage and weigh jar + lid.

I¡rom thís data the dry rveíght, and B moisture v/ere

ext-"racted and cornpilecl throughout t'he proçl.ram.

soil samples were treated in a similar mannern and soil

rnoísture data extracted and coml:iled"

(h) Coltnt.i"ng PIant,s

rt v¡as cle¡;i.::ab1e to cc,unt the nu¡nbers of pt'ants fe:t:
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the following reasons :

(í) al¡soluÈe density ín each quadrat

(ii) obtain the average biomass per p1ant,

(ííi) as a means for extrapolating quadrat. ì¡iomass from

sample biomass"

Two methods rnrere employed, depend.ing on the numbers

presenÈ, and man-hours available" On occasion it rvas

possible to use both met,hocls and cross checlc.

(í) l."Ihen numbers \^Iere relatÍvely low, a count was

made of the numbers of each species in each

quadrat. This was achieved for all species (at

least mosÈ of the time).

(ii) I{hen numbers were relat,ively híghr âr estimate

was obtained by using a fine metal qrid simila::

in construction to the "tveldmesh" enclosure

mentio¡red earlíer, but having overall dimensions

of 30 x 25 cm. It, was relatively easy to count

a1t specimens insÍde this sampling device. It,

was felt that. 3 such samples, ât carefully selected

places that were representative of the species

charactei:istics in the quadrat v¡ould gi-ve a very

accurate overall picture of the numbers" J\ graph

was construct,ed so tha'L' estimated quadrat numbers

could be obtaíned from sample numbers.

It was earlier stated that in many situations, a

sarnple area t^¡as l¡ull<-harvested and t.he quadrat bit¡mass

ol¡taÍned on a per area basis " At the same t,ime it. v¡as

possíble to count, the numbers in Lhe sample, and

e>rt,rapolate est.imated i¡iomass of the quadra| from this.

Thí.s lvas a useful exercÍse as a check on the ol:server's

accuracy in selecting homogeneous areas outside a
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guadrat as the sample ar:ea, and in over 808 of such

' checks there appeared to I¡e ver)' IÍttle discrepancy.

In the remaining cases a third recordinq r+as made and

the data adjusted by sensiÏ¡le compromise" I'he data

f-or Stiyta and Ettodíum are particularll' accurat,e (rvithin

t,he bounds of the technique and estÍmatorsr

capabilities) as both methods \,vere used to obÈain mc¡st

of these data during t.he programme.

(í) Photopoints

ft rtras thought that any notíceable womÌ:at effect

would pro):ably be faírly small from month to month

and so ít v¡ou1d be useful 'b.o compare wombat-grazed and

wombat-excluded quadrat,s over a longe:: períod of time.

At the same ti-me it rvould be of value to exclucle r¿rbbits

(atthough few occurred near the tv¡o selected warrens)

and ol:serve changes in the vegetation due to the

factors mentj"oned earlier ín Section (d) nameJ.y,

períodíc íncreases due t.o growth episodes, periods

where the herbage is starÈic, and períods of declíne

clue t,o a wi-cle variety of deqradation processes (except

in thís case the larger manmal.ian herbivores). This

woulcl prove a useful t,oo1 in the final analysis of

quacLrat data"

F,ccorclingly, 4 x 2 m. permanent fencinq tuas erected

around 5 selected pernanent quadrats using B0 cm" hígh

chj.clcen wj.re (approx' 3 " 5 x 3.5 cnft. mesh) attached

arouncl 4 steel star clroppers hammered into the ground.

These five exclosurcìs vlere sítuated at St'at-ions A' B

anrl C Ín Zone 1, an<1 D and B in 'åane 2. Äny rla'La f rr:rn'

A and D woulcl p:rovide írlfor:matíon from the areâs

closer=:t to 'bire v¡arrens, whiclr \^/ere almost cl<rvc.¡id of
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herbage at the outseL of this study" C and ìl

represent fringe-grazíng areas, and B rvas typical of

an area almost unaffected by wombaÈs as far as could

be o}¡served.

ln order to collect data from these quadrats, a

photograph-i-c method was used. Beíng permanent, the

herbac¡e could not be harvested. Nor would the herbage

inside the exclosures be the same as that outside after

a month or two from the start. Consequently eight

permanent photopoints Ìvere set up. The technique

follov¡s the idea that when photographs âre taken of

the same area at each of tv¡o places 20 cm. apart, ancl

at a dj-stance of approximately I m. av¡ay, the trvo

phot,ographs constít,ute a sLereo pair. Stereo pairs

can be viev¡ed. under a stereo vieler to obtaín a

3-dimensj-onal ímage. The principles of the use of

stereo paj-rs âre exemplifíed by Ga1loway, R.W.,

Gunn, R.H., ancl Ped1ey, L" (L974) j.n a vertíca1

stereo pair analysís of the Balonne-lÍaranoa area of

Queensland. The same pr.inciples apply to ster:eo photc,-

grapÏrs taken of a smaller area of vegetation in a more

or less horizontal plane"

At.l pegs were driven int.o the ground and made permanen{-..

The camera \{as at,tached Èo a ùripod v¡hich was centred

over the two marl(er pegs. /\ backing board with nun.

grapþ paper at,tached r,,¡as placed beh.i-nd the area being

photographed ín order to record qua.ntítatively the size-

chatrges from month to mc¡trth.

( j ) EESl=e

In orcler to iclenti.fi¡ tl:e {:ype of herbage an<] qualrbífy

the amount inqested, wonrbats woulrl have to be exi:eilsivell'
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tested" Due to their nightly feeding pattern this rvoulcl

prove r¡ery difficult" Studíes woul-d necessariì-y have to

be carried out in a laboratory situation, either locatecl

ât, or ::emoved from the Reserve. oesophageal or

ruminal fist,ulation (Leigl"r, J.H. ancl Mulharn, Vü.8. 1966)

would not be a satisfactorlz approach because of the

surgery-recovery costs and the abrasing action of the

burrolr habitat. Attempts have been made to rel.ate

undígest.ed plant cuticle material to voucher cuticle

preparations for the purpose of quantífyinq. St.orr, G.l.f 
"

(1960) examined microscopi.cally the faeces of some

herbivorous mammals and obtained cuLicle fragment.s from

rvhich he ascert,ained their diet.

After díscussíon with my supervisor, Dr. Lange, it

Ì{as decj-ded t}rat i.nvestígatíon in thís direct,i.on would

go beyond the Ëcope ancl depth of the present study.

Furt.hermore it would constitute research far be1'6nd the

resources available to me.

However, at each vis-it, fresh egesta pellets v¡ere

collectecl, aír*dried, ancl transported to the Botany

Department, Uníversity of /\delaide. Tt is the intenti.on

of the author to further study their composítion in the

near f ut,ure.

2. VI'GET.ATTON SURVEY

(a) Transects

Agai.n the desj-rability of obtaínj-ng as much data as

¡rossil:le on many replicates t'ras v¡el1 recognised.

IIor¿eve¡:, the practical lj.rnits to man hours in

particular hacl to be aclcnowledged" Ilven so¿ c1l'l

ambitious project was undertaken and achíeveil. 1o
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adequat.ely survey an area of approximately 50 sg. krn.

ít was obvious that a regular pattern had to be

employed. Consequently a map of the Reserve ruas dívicled

up by transect lines using the t.rack A-B on }lap 2.3 as

the base-line. North-south traverses were marked either

side of the base-líne and samplinq points located alor"rg

these" The base-Iíne was div-{ded up into approximately

.7 km. íntervals and pegged, and each transect line rvas

sul:dívided into . 35 km. íntervals. This provide<l l¿hat

was considered to be the most effective technique that

could be used wít,h the resources available, and gave

rise to 285 sampling points, i.e. 5 sq" km. Map 2.3

shorvs {:hese stops, numbered acco::cling to the order in

which they were traversed"

(b) Voucher Specímens

Before starting the survey it was necessary to

reconnoitre the Reserve very extensively ancl build up

a picture of the number of flora speci-es present a¡rd

the.ir promínence and dist,ribution. This rvas carríed

out. by vehicle and on foot. Äcco::dingly, voucher

specimens were obtained for 64 species which v/ere more

or less obvious to an observer, and occurred at a number

of places j-n the Reserve. These small specímens \'lere

given a number, fíxed onto heavy-duty cardboard and

sealed under cLear "contact" sheeting (plates 2.9 2.10) "

(c) Data collected

Tt Ís obvious that inforrnation concern.ing the derrsity

of each species would be most desírable. lvith such ä

large nurnber to record at, each of the 285 stops thís r'vould

he en impossÍl:Ie t,ask. I{ot,rever, 6 species that, .ì.ppcared

to J:e mosL prominent in that they were present os.¡ev-' Flr:;sL
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of the: ered in l.arge numher:s or ti'rat t-.hey \,Jere trees or

lar:ge bushes and therefore i:ot-iceal:1.e, were selected out

and a neasure of density recorded"

Again a simple method wasl reguÍred. trt vras decided

thcet a satisfactory procedure would be to raLe the

densíty on an arbS.trary L-2-3-4 scale whose const,r:ncy

t4¡as maínt,a.ined by compar:Lson vz.ith photographs

represel'rtínq fhe densíty ratÍnçls (Fatchen, T.J" 1971) "

Bxamples of these phot,oqraphs appear :ln Chapter 3"

For t.he remaínÍ.nq 58 specicrs, all that cc¡ulcl ]¡e

expecte<L was the contpiling of i.ne-i"c1.ence rlata llased rrn

presence or al:sence at. each samp-ling poir-rt.

(d) Recorclílict dal:a

In order to carry out the siurvey, trail bikes were

used. Trr much of the Reserve, larger vehicl.es v¡ottlC¡

not be al¡le to fínd free passâgê r and one coul.d r:ot

cover the clistance of over 110 km" oTt foot.. lvfotor b.il<.es

had the advantages of

(í) bei-n_q small enough to pass c¡asily betrveen Lhe

veget,atíon

(ii) car:able of going over the toP <¡f- obstaeles t,hat

woul.d normally be ínçossibte for a 4-wheelecl

vehie--Ie to braverse,

(Ííi) spered in such conditÍons"

Tlhus Ít. v¡as pclssj,bl.e to travel in an almeist st.rai.qht

lÍr¡e a"long Èransects.

Tr¡o traÍt bik;es and the sict.Ine trvo ol-ls;ervÉ:rs t/c::re used

for the survey f or reasons i:h¡rt r^¡ill l:ecome obvj.or¡s.

It r^¡as¡ felt, that tþe slÀrvey sþouLd þe ca::r-igd ol'it art å

time v¿hert grotvth of-" many of the annu¿rl ¡:J-ants occuri:'¡:d"

Tloo cons;ecu.t-Íve r^¡eekends :i"n I'{arctr*/\pr:i-l of I97:l v,rr;-:rì:r

chof.ic¡n,
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one observer, using a compass bearj-ng, sighLed a

distant object and proceeding in a straiqht line, used

the bikest odometer t,o locate each stop. (The compass

and bíke were always kept in the same re1at,íve posítions

and dírectíon when compass readings tdere mad.e so that

the bearing error clue to the steel of the bike would

be constant) "

Records \^¡ere made at each stop and betrueen stops.

(i) At each stop a record was made of the vege'La'bion

in area of approximat,ely 300 metres either side,

and 150 metres to the front and rear. fn other

worcls, the stops marked on Map 2.3 represent the

centres of quadrats 600 x 300 ITl. À guick visual

recOnnaissance of each block region was made f¡:c¡m

the centre point by reference to the Voucher

Specimens, and any unusual features visited and

checked by the seeond ohserver. A more cletailed

survey was made on foot' in a smalle:: area of

about 50 m. díameter around each stop ¡:oint.
(íi) Between stol:s any noticeable changes in vegetation,

vrarrens, traclcs, claypans and other such features

were separately recorded by Observer 1 on a Tran-

sect map. Map 2.4 is one such example. Obvj.ously'

as each t-ransect line progresses ' the margi'n of

er:ror ín locatíng stop points could increase. Ïn

order to compensate for thís ¡ fêference v¡as later

made with the aerial photograph (a much larger

versj.on of Plate I"6) , and the actual" loc¿rt'Íon

marked on the Transect Route ì'1tap 2.3" It ís for

thj-s reason that the stops are not in an exact

straight. line t öt evenly spaced.
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(e) Ilerbaríum

ft was felt that, it. v,rould be desira]:le that plant

material ]ce collect,ed and labelled so that, visítors '!o,
and future users or researchers in the Reserve would

have immeclíat.e access t.o samples of the flora occurring

there.

Large síze herbaríum sheeÈs for over 130 specimerrs

vrere carefully prel:ared and IabeLled. Unfortunntely,

alttrough kept ín napht,halene f lakes, small inseets

entered and dest,royed the majority. lrlhat could Ì:e

was recovered and remounted on smaller cards as voucher

specímens for future use on the Reserve. They v/ere

mounted on white card and covered with clear "contact"

sheet.ing. The under surface was left unsealed and

label-ted wj.th the family and specíes names of the plant.

(No moisture would accumul-ate and cause further

destruction.) These are nolr lodqed at the Reserve,

with the authors' intentíon of makíng addit'ions to and

replícati.ng for use as ídentification vouchers which

should have a useful and extensive Iifetime"
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CI'TAPTER 3

TI]E FLORT\ ÀND TTS DTSTRTBT.]TION

Thj-s chapter includes a flora species checklist fo::

the Reserve. The voucher specimens are also listed. The data

obtaíned from the Vegetation Survey ís analysed and díscussed"

I. T1TE FT,OP"À

Over: the períod of research, herbaríum speeimens t'/ere

collected, pressed, dried, mounLed and named as far as

possíble using t,he specimen=' .i hand. At the same tíme

J.Z. I{eber collectecl and i<lentifíed a larqe proportion of

t,he species for the South Australiè.n I'fuseum. Below i.s the

Spec.ies Checkl.ist to dater âs collected and .i<lentified by

P. Lehm¿rnn (and usi-ng Ì'{eberts list as a part refe::ence) "

(a) Species Checl<1j-st (nlack , J . ¡4" t9 43-57 )

ATZOACB/\E

T øl.ttagonLa e.rLe"ma"8.a- ostenf .

ÂM1\RANTiI.Þ.CEAE

PÍ.iLotu,s tytatltula"lu¿ (R.Br. ) poir

APÏ.ACEAIJ

ßuytLe-unum ¿ ¿¡nicomfroLilum t.

|aucul gl.oeLtidiatu¿ (Labitl. ) Fisch.Mey. a .A.ve-LaIl.

AST]1RA.CE¡\E

Angianthu's prt.Q.i^tía"nu¿ (Steet,z) senth.

Angiant.hua,s t¡tíctuá (Steetz) Benth.

Anç¡íanthu,s Lo¡nemtotu.t [rlendl.

Ãnctothøea ca"I-enduL.a (L. ) Levyns

AthnÅxia athn.ixioLd.e..t (Sond. ç Fvl{" ) Druce

ßttaah!!A c0me eiLia.ttÍ,s (Lab.i1l. ) Less

13na-chA^cama. l-Ln¿nttíLoba (Dc" ) Druce

CaI,olia hil¡tidu.La. (rvt'{" ) nvt¡.
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ÄSTEIìÄCEÂ-E (cont.d. )

Ce-ntípedn níní,ma- (ri).Ä.,Braun & Aschers

Cnø¡sid 
^ 

p ,

Gna¡thtaLLum X,u:t¿o - ctlb um -L.

Et-achanthu,s puaLL,Lut'r'vM.

GnøythotLt ¿ cittt.oph.oncr (Sond. & Fvl4. ) Druce

7¿ oe.topAi^ gnamLnL(1oLia'Turcz

il ø.t-iehnq,s un .Løueo yta LdLum .Dc.

ll et iyttønum j ø,s,s e.niL .r.¡v[Í.

It ø.Lipt e.ttum pAgma.Q.un (nc. ).genth..

Le¡cta nhqnchut teLttach.ae.tu¿ (Schld. ) Black

lvlin.uttio. Leptoy:hgLLa .Dc,"

Re,icha-ndia tingiÍ.ctna .(,L. ) .Roth '

,0LucL¡ía muøLI-¿ni (S.on.d)Benth.

Ðnoyto ndo n. a-cauLo n L.

Picna mo n a"eartna" ( L. ) Cas s,.

Sønøcio alß. i.-a.utu's ïLo.rsL,.f .ex wi:ffa

Seneeío cluadn.í.dønta"tué,Labi11."

Sonel+u¿ a-^frQ.n (r,,. ) tlill

Vittadinia eune-a.ta Dc"

l)itt adinía mQ.gcLcQ-fJhaLa (rvt'{." ex Benth,. ) BIack

VLâ.Ía"dínia. tttLI-oba (Gaudích,. ) Dc.

BORÄGÏI{ACEI\E

E chiutn .Lq co pâ i^ r,.

ilaLgania Lava-n.duLacøa Endl,.

0 mythaLo,La.ytyt u.La" c.0 t1 cuv cL (trvM" ) Brand

BRASSÏ CACEAE

Si,s qrnb tti.um e-rLuAinoidød Desf,.

SLa tlmb ttLum o tú¿nta,t-ø

S.Ld qmbníunt i.nia .r.

S,Í¿li opøttLL-urn ,L.Ln,øo"nQ. R."Br.ex DC"
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CAIIPANULI\CEÃT

(tlahL-ønbe.rtgi.a communít Caroli-n

CARYOPHYT,LACE.¡\E

Henniania hin¿uta" L.

Si8.¿ne G-p¿tala Vüil1d.

spenguLania" dLandna (Guss.)He1dr.

CHËNOPODT¡\CEAB

At.ni¡t.Ler. d.eutLbn.aetøa Anders.

Atttí¡cl,øx nummuLa"nia (.tindl 
" )

A,t,ni¡tLex,s ub øn¿ct a Verdoorn

Ätníyt Le x v e.^ i ca,LicL

Ba¿ t ía. yta"na-Lletieulytít An<lers.

ßa"¿,sia yta-tønticut ysit Anders..

ßa,¿,sLa t c.Lø¿oLaenoídø¿ (nv¡n. ) !.vM.

Chønoy:odi.um crList.a.tum (rvll. ) FvM.

Chønoyto diun ntu,ta.Lø t.
DuttiaLa viLLo,s a" (IrvM" ) utUricfr

EnchqI-aøna tomøntota R.Br.

lrtraLtt¿ana bttøvLdoLLa (R.Br. ) P.G. ÞJilson

I'lainøanct exeavctta Black

Mainea.na ¡tentatnoytí,s Tate

hlaitt¿anq ttad.iã"td, I,rfilson

l:,\aineana ¿ødi(oLia (F.Muell)P.G. Wilson

Rhøgadia ¡cana"boLLea" R.Br.

Rhago did" ,s ytLnøa cen^ v a"tL, de.Lto rthql,X-d- ( R. Br. ) rvll"

Rhagctdia tysínøa cQ.n^ va-tL. ,sytinet c¿n^ (R.Br" )

Sa"I-do'Lct ha'LL L.

CJ\SUARÏN,ACEAN

Cat uan.ína cní^t.ata Míq.

CONVOLWL¡\C,.EAE:

Co nv o .Lv uI-u,s e-nub Q,á e.Q-n^ s ims
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CR?\SSULI\CEÀE:

Cna.stu.La coLotta-ta (Nees) Ostenf.

Cnat¿u.(-a. pødiceLLo'sa '(rvu. 
) ostenf .

EUPI]ORBÏÀCE.AE

Eupho ttbía dnum¡nondLi Boiss.

FABACII.AE

AcaeLa. coZLeX,íoLdøt Benth"

Acacía o'swa"Ldií FvB.

Adtzagal-u¿ ha-mo¿ u.^ L.

Catti.a n¿mo,¡thi.La va-rL. eoniacøa (Cunn.ex VogeI)

Caatia nenophíia. vd"rL. nemophiLa. ( " rt rr 
)

Catdia nemoythiLa" vatL. pl-a-l:qysoda ( " rr r' 
)

Eutaxía micnophul-.La (n.gr" ) ex Àit. BIack

hlød.Leaç1o minLna. varL. bnevi¿pina Benth"

Medica.go po,Lqmon¡cha vatL. vuLgatít (Benth" ) Sh.i-nners

GFJRÄI{ÏACEF''E

Eno dLum cieutaniutn ( L. ) t ¡ ller . ex /tit .

EnodLum cAgnorLum varL. cUgnorLurn Nees.

GOODNNIACEAE

Go odenia ytudíLI-i(Lona" Fr¡Ùl.

V e.L!.eia, palLado xcL R"Br.

.TRIDACETlE

Romu!.ecL .LongL(oLLa. (SaLisb. ) eaker

LA.}4ÏACEAE

Aiuga iva Schnel

l,ltttnubLum v ut-gane L"

Pn.o,ttanthøda (a{Á bav"tøLil

Salvia" !-anigøna Poir.

T eucn"Lttm )LacernoA um R" l]r"
r,ile-dtnin.rlio" nígLd-ct R.Br.

. LÏLÏÄCEÄT

Anç3u'-I-Xæt.í.rt d.i.oi-ca. R.Rr

A.Cunn.ex Benth.
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A,nqøma- míc¡uøLLi

/tm1¡ema pLei^^Li

Lqtiana. exocanpi

LYTTIRACFIlI.E
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(l,ehm. ex Friq. ) TIEGH

(¡líq. ) Van TIEGH

(Behr.) TIEGH

Lqthnum þtqt¿ opißo Líd" L"

ry\Tlv4cEJ\å

lvlaLv a. v Q.ntLciL,Lata L.

Se-L¿nol.h&mnut A qua,natu¿

Sida" ed",LdiophqLLa FvM.

MYOPORACEAB

(Nees ex Míq. ) l4elvi 1l-e

Ez¿mo¡chí.(.a" g!.,abna- (a.nr. ) ostenf .

Enømo ythi.La 
^ 

co p atuLa ( R. Br. ) Fvl4.

MUofJolLurn montanum R.Br.

I,lqopo num pI-a"Íll calLpum R.Br.

MYRTACE}f,

Euca'(.qyttu,s po rLo^ a" Fvll" ex lt'liq "

Euea.(.t¡ptur ¿ o cLaLi¡ Fv[[" ex Miq.

Ë.ucaLtlptud vinídi,s

l,le.La!-øuea acumi.nat-a Fvtt'Î"

Iule,L0.Løuea" .Lancø0.(.a"t.a- Ottc>

OX¡\LïDl\CaÄ-tr

0xat-i.r eonnLcul-ata" L

PITTOSPORACEI\B

ßun¿ cutia's yti.no's a Cav.

Pittct,spolLum ythíLLq)Leoídø¿ DC.

PL¡'NTÃGTNACEAE

PLantaç1a d¡tum¡nondii Dene.

PO.ACIIAE

ßLumub nubøn¿

Do"nthonia auttLau.LctLa Bl.ack.
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POACEAB (contd" )

DanlhonLa ceetpiÍ.oda Gand.inFreyc.

Hondøum Le.po ninum Línk

Loythochl-oa phleoídø,s (vi11" ) Rchb.

Lophoch.Loa punLla (oesf . ) Bor.

Scl,ti¿mu¿ battb atu¿ (L) The11.

Stíyta dttunmondLL Steud.

Stipa niÍída" Summerhayes et Ilubbard

Stiyta.,p.La.tq chae,ta Hughes

Tnio dia in¡tít an¿ R.Br.

PORTULÄCACEAE

CaLo"ndn.inia e,Lema.øa Ewart

RESEDACE.AE

Ret eda Lut¿a r,.

RUTACE.AE

Gøíj ena Línea"rLí{oLia (ÐC. )Black

SAPÏNDACËAE

Dodona¿a at.tenuata A. Cunn.

Høtenodendnon oLeL$o!-Lum Desf.

SANT/\LACË.AB

Exocanpo^ 
^uILtícoLut 

(Fvlil"exl'fi.q. ) Stauf fer

SOLANÀCE?\.8

Ltlcium a-u^ilLa,LQ- Fvl4.

NíeotLatta gL-a-uea GRI\I{.

Nícotiana" ve,Lulina wheeler

Solanun coaetLli.dønum Blaek"

SoLa"nun níctttun L.

\ÆRBqLï¿rcq-4g

V on-b øna o í lieín.aLi,s L.

ZYGOPHYLL¡,CE.i\J

7tJSlo ph-rylLum npi*u!-c.t.ttn Fv}{
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ZYGOPTIYLL,I\CIJAE (con+,d 
" )

Zqgophql,Lutn a.u^.ar'ticlcum (r,inat. ex Mitch. ) Fvt'l.

ZUgophq.LLum ovatum Ewart e ldhite

2 " TIIE TT¿./\NSECT VOUCHER SPECI¡4ENS

64 species for which voucher specimens were obtained

and mounted ín a large folder, numbered, and sealed under

clear "contact" ar:e list.ed in Table 3.1 as far as'-possil:1e.

3. DTSTRIBUTION O]T T}TE FLORÀ

A fírst look at the dat,a collected Ín the

vegetation survey of the Reserve shows a nurù:er

worth follovring :

(a) Prominent Species

(b)

b::oads cale

of aspects

The vegetation is dominated by a number of more

promínent trees and bushes, and many less prominent

shrubs, forbs and grasses. It would be useful for an

interested observer to l¡e able to recognise these more

obvíous species in the broad picture. obviously early

botanists would have used just such species lists ín

order to produce general vegetation maps of a larg'e area

of Ianc1" Tab1e 3.2 is a short list for the Reserve,

divided into the groups listed above.

Dj-st.rÍbutj-on accord.incl to Densi.ty

Às described in the previous chapter, data for the

distribution of 6 species r¡ras in the form of an arbi.trary

densÍty ratJ.ng according to a L-2'3-4 scale. I means

highest density and 4 means absence ¡ 2 and 3 are in-

between values. (S.. APPEND;Is'Ù,

These data \^¡ere plotted onto base maps and isotels

vrere drawn to demark areas of one density rating from

aII other areas of dífferent density rating" It rvas

recognised that the isotels vlere influencecl ):y the nced



.TABLE 3. 1 LIST OF VOUEHER SPECII'!E].qS USED IN TTANSECT

1.

a

3.

4.

5.

6.

7.

8"

g.

10.

1r.
'L2.

13.

-r4.

'15.

ie.
:tz.

'18.

-19.

'20.

:zr.

'22.

'23.

"24.
25.

26.

27.

28.

29.

30.

Geí j ena. Líned.ti(oLia

{tree parasite on Geíiøtta- LineanL'('o'LLal

I,Iq o yt o nun p La.t.q eattp um

H øtøno d¿ndtto n o L¿L (o Lium

Eucat-ç¡ yttut po rLo^ a-

Euca.Lqptut ¿ o ciaLí¿

hybrid EucaLtlytt.ut fr()rLo^ a--Euca"Lqplu': 's o cia'LL¿'?

E ueaL g,¡tl.ut v ítídil
Exo eanytod t qntico.Lut

MeL aL øu c a-'Lan ce" o.L af. a"

P itt o a p o rLLLm ¡tl+ilLg nøo ídea

A,cacia co LL-e.tio Ld¿t

A,eacía otçoaLdLL

Ca"¿ ua"zLna" crLiá tat a"

Cat¿ía nemophiLa- (varieties)

Amqema" nic¿ueLLL

LgtLana pteittíí
Lyt ía.na øxo eattpi

l,laíneana d ødL ( o Li a"

l,laine ana p e.ntatno pLt

Sa'e¿ oLa I¿a.LL

)Løania mueLlenL

'€. 
ze.mo phi.La g La-b na

A,t ni pL øx n unmut-anLa"

Ãttti¡c.Løx tp.

Rhog o dícr t pLnQ.^ ce.nl

Rhog o día, t píne.t ce.n^

Lgciun autttaLø

Centi¡tøda. míníma

vo,rL" døLtaytLtqLLn

v a"rL. d ytLnøt cøn^

7



31.

32.

33.

34.

35.

36.

37.

39.

39.

40.

4I.

42.

43.

44"

45.

46.

47.

48.

49.

50.

51"

52.

53.

54.

55.

56.

57.

58"

59.

60.

61.

Ch.¿no po dium ctLí^tat un

At.níplex r p ,

Re,s øda L-utea

Aju7a iva

0xaI,í,s co nnLculata-

Mødica"go po Lqmo nythta

Enodium eLcutaníum

Ùnopondon aca"uLon

Manrutbíum vulgatte

NLcotíana. gLauca

Md"Lv a v uLti ci.Lt-a"ta.

?.

?.

Si-r qmbtuLum specíes

Enodíum cAgnorLum

Sonchu,s species

7t7go¡thql.Lun ovatun

Z A g o phq LLum apicul.atum

Z tJ go ythq.LLum aunantLa-cum

NLco,tíana" v eLutina

Euphonbia dnummondii

Ba's t La- p atøntLeut ytit

ß a¿ 's La ,s cl-eto L-a-øno idet

B a¿ t ia p a-naLX,ø.Li cud ytia

lßat¿ía or lrla.itøano. 
^p.l

IÅaLneana bnevi(oLia

EnchqLa-ena tom¿nto¿ a

AtnipLex 's ¡t .

Ca¿tia tyt.



62.

63.

64.

?

I'lain¿ana- nadia.î.a

?

t

T¡BLE 3.2 - PROI\IINE}¡T SPECIES

Trees EucaLqptut po,Lo^ o.

Euca!-qptud t o eLaLí¿

H øt eno d¿ndzo n o Leí $o Líum

¡.IA o p o rLum p Latq ca-tLp um

Acacid caX-Løtioide,s

l+cacia otwaLdLi

Gøi j øna Linøa-n"iúoLía

Lqeium o.u^ttLa.!.e

MøLnøana t ød.í{oLía

MøLaLøuca" I-aneeo Lata.

Rhago did. t pínød cøtLA vo-,1. de-!-ta¡tl'tq!-I-a-

Rhag o día ,s ¡tined cen^ v d-,1. d ytined cen^

grasses, forbs

Shrul¡s

T,orv shrubs,

B at ¿ i a p at,øntí eut yti's

ßat ¿ ia ¿ ¿Letto Laenoi de¿

Enodíum cqgnorLum

l,laLn¿ana" tomento¿ a

Nicotíano" veLutina

Sit qmb tt Lum âpp.

Sf.íyta dnummondíi

St|y:a. nitída
Zggo¡thq!-Lum ovatum

I
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for a sensible compromÍse of accuracy r^¡ith simplicity.

Thus instead of a map with rectangular shapes, corners

have been rounded out. This is, of course, a source of

possible error, but at least a fairly accurate picture

of the density dist,ribution pattern can be produced.

A second source of error exi-sts in the selection of

photo.graphs for the density ratíngs, and the observer's

interpretation as the survey proceeded. Again it was

felt Lhat this possibílity vras of minor importance. The

compì-eted maps have been spot-tested at a number of sítes

in the Reserve and appear to be reasonabl-y accurãte.

The species for whích densi.ty data vrere obtained are:

Gei j e.na Lineati do LLa (ptrates 3 . l- 3. 3 Map 3 . 1)

Irlaín-ea-na ¿ e-dido.Lia- (plates 3. 4-3. 6 Ì4ap 3.2')

l,leLaLeuca, LanceoLata (Plates 3. 7-3.9 Map 3. 3)

Ilr1¡opottun pL-aLqcazpum ( nap 3.4)

ZAgophg.LLum apículatum( Map 3.5)

ZAgophq!.Lum ova.tum ( t"t.p 3.6)

Distribution maps and a selection of density rating

photographs apDears in brackets. (See Appendix 3.1 for

original data.)

Because a subjective densíty rating tr'as appliecl, and

not an absolute density rating, valid comfiarison can be

made between densíties of each species but not between

'dens|ties of different species. For exarnple, the highest

density of l'ldinøana tedí[ol-ía is greater (in terms of

coverr or number of plants per unit area) than the

lrighest density of l,ltlopottun pLaÍqca"ttputn" For this

reason each species must be considered i¡clependently.

{Í) Geije.na Líneani{o!-ia (l'{ap 3.1) occurs ín 73"39¿ of

the samples, renainÍng' clear of the area occupied,
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(iii)

(iv)

(v)

(vi)
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by [|l-ine.ana tødi[aL-ia (l{ap 3..2). Greatest

density occurs j-n areas along the northern and

rvestern boundaríes.

llainøana .sedidoLia (t'tap 3"2) occurs in 13e,t of the

area ancl is concentrated in a dense patch al-ong the

southern boundary. From the dead' remains of plants

it can be seen to have once covered a wider regi.on

to the north an<1 west, but' it is thought that the

pressure of sheep grazing has reduced the area.

The area occupied by bluebush is almost' devoid of

tal.ler specíes r Possibly due to Lree-cutting

activities of earlier times.

!'leLaløuca LarrcøoLa"ta. (Dlap 3"3) occupies 35.42 of

the Reserve, and occurs 5-n irregular patches

throughout the northern and rvestern areas, l','l'rere

overall vegetatÍon densit'y is also greatest''

ÌIowever, regions of greatest l'leLa'Løuca density cio

not show any obvious distribution pattern'

^,\Ltopo,Lum 
pLd"tqcanpum (Map 3- 4) occtllis 'ïn 65"68 of

quadrats and is widespread. It does not occur

where ure Ettcaltl,¡ttu,s species are densest and in

the area occupied. by flainøa"na tødi{oLía.

Zggo,¡tht¡!-Lum apieu.LaLun (l'tap 3.5) occurs in 22 '82

of quadratè, situated mainly in the nori:hern sector'

together wíth a closely related species zqgct¡chq(-I-unt

autta-nti&cun (Map 3.14) .

Tqgoythtl\.(.um ovo-lum (l'lap 3.6) c¡n the ot'her hand'

occurs j.n 75.1% of satttples, and is obviously bebter

suited to the southern region of t,he Reserve. There

appears to be a <lífference in the environmer¡t of

thís species wíth Èhat of the other tvro species of
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TtJgophq!-I-un; v¡hat it mi.ght be is nct at all"

obvious.

Dist.ri)¡ution accordínq to Incidence

Of t,he remaining 58 species fo:: which data lvere recorded

rluring the vegetaf-ion survey, a few have been selected on

the basis of their prominence, to have their clis Eribution

plotted in a similar wcr.l/ to the previous 6 species" (The

oríginal data for all 64 species can be found irr A¡:p,endix

3.2) .

l'hese species are

Aeac-ía eo.(-Le.tioLd.øt (tlap 3"7)

Ba¿tía pa¡taL.LøLicu.tpít (Map 3.8)

E¡todLum ctJgnorLun (ItfaP 3-9)

Euco-Ltlytlu,s porLo^ 0. (I'lap 3.10 )

EucaLqptu.t doeía.Liá (Map 3"11)

Hetønod¿ndnon oLøí(oX-ium (Map 3. 12)

\t6Lne.ana tome-ntota (Map 3.13)

Zggophtl.LI-um auttantíaeum (Map 3. 14)

Of parÈicular interest are EucaLqptu'S Po,Lo^a (llap 3"10)

havíng an incidence of 45.38 and EutaX-qptut ¿ocLct(-i¿

(Map 3.1lt 55.43) , i.¡hich occllr together in the northern

sector and vrestern bor¡ndary. Perhaps there is a very

close trrosítive association betr.¡een these species. The

absence of any sign of regeneration in Èhe clearer areas

suggests that this may l:e the case; tímber-cutting does

not appear to have been the cause for this pattern" The

di.sclímax vegetation has resulllecl in multi-trunke<l

regenerated Euca"I-qpíut species"

Bullock Bush, Høtønodøndnon oLøíÁo!*Lutn (tøap 3"12), has

a f:reguency of 49.5t , and occurs throughout the propert'y '

with no anparenL relationship v,'ith other environmen'Lal



¡4.AP 3-7

CD LET¡ OI DES

î= sZ

N

+ O '5 t.o tL^.



x

+ o .5 t oll\



/\AP 3.9

AO IU c GNORU

f= s+Z

N

+ o .5 lo ¡(-
L¡I



/{.AP 3.¡o

EUCALYPTUS

î=us/

d

+
O .s ¡o¡¿*



o -s t.o l-
It

+



/ AP 3'12

HÊTERO

ç= 5oI

DÊN Âo

olElf i_Ll-u^ -

O '9 l'Ot(¡



37-

f actors. Three other species with .f,ai.rly wü1espr:ead

distribution äre AeacLa. coLLøt.toid'¿it i(I4ap 3,.'7:¡ :25'3,)..

Ma.i¡tean"ct tom¿ntota" (Ì.{ap 3"13'; 34.. 7'B) iand''.ß.a,s'tLa

¡tanaLLeLLcutpLt (Map 3"8; 20'å inc.iclence) .

EtodLum cqgnorLum (Map 3"9) occupies 53'.7? o.f the ,areã

and occupies a simí1ar regÍon .as l,lq:op:onum yt!-atglca'tpun.

No record was made for Sti'yta :spe-cies since .in '-the

early reconnaissance these species oeeurred in ieveq)' area

of the Reserve. Dan.thonLa species 'v/e:re ;norvher.e Jlear as

dense, but similarly occurred throughout thi= :property.

From the two foregoing sections,' a numbe.r rof

interesting associat,ion questions are pose'd,. Fçrr iexanrpJ-e,

how strong ís the positive association b:etween the'r'¡o Eucalypt:

species? Similar investiqations can .be ,made l¡etw.een 'Enodi.um

and hlg¡oytottum, and Geíjen-a and lrlaine.nna ,sed'Ld.oLL.a.. 'Í.hese

associat-ions and others âTê 'êxãmined in 'Chapber '4'.

(d) lrli crbhabi. tat Vari ¿rti ons

Part of the landscape has been c]-eared for :stock

grazing, other parts have been severely lopped and .as

a resuLt a pattern of vegetation emerses that does not

sêem to follor,¡ any ecologicalfy-bas'e.cl ;rules- F'urtl-re'r'-

mOIe, Complj.cations have been cau.sed -by the .introduction

of sheep, wombat activity, introduced '"trveeds'",, and the

existence of claypans and. the north-south ri.dge

descrj-bed in Chapter 1. Taking each in turn r:

Ani.ma1 effects

t'tte-moyth.Llla gLabn.a., Ca"¿¿ía 'nemlphiLn and oJ-d 'I{an

SaILbush (A,t,tLp.(.øx nummuX-a-ttLa.l , alL favou.red bv

sheepr at:e found scattered mainly in the denser

vroodlat:cf rvhere grasses are more scrlËce, an<1 j"rt

ctrners of the pro¡rerty r+here sheep \'u"ould not:

{i)
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(ii)

usually congregate. I.|a,L¡t¿ana ¿edL$oLia lnas

already been ment"ioned. The many seeClings

encountered during the survey sugqests that these

species may be a-ble to revive ancl not be elim.inaLed

from the flora of the Reserve"

Àround the r,¡ornl:at warrens of the open woodland

and grassland, St.Lpa, Da.nthonía and Schi,smu¿

populatíons are depletecl and Ettodíum, ßaatia ancl

Zqgo¡tl,ttllLum populations flourish. Ol¡viously Èhe

grazíng and earth-moving habits of the r.¡omirats

have altered the vegetat,ion dynamics in these

Iocalísed areas. The grasses are eaten out and

the less edj-b1e plant species thrive, but tn a f a::

greater extent than tvould be thought reasonable.

Perhaps the earth mounds produce<l by the wombat.s

act as a moisLure reservoir, so sustaini.ng lusher

populations particularly of Enodi.um. l'taybe the
'rernoval of competition for resources such as vraLer,

has allor,-'ed the existence of the distincLíve

vegetation around warrens. (Plate 3 " 1.0 " )

This microhabitat is examined in depttr in

Chapter 5.

Landforms

Porcupine grass lTnLodia" intítan¿ ) occurs along

the top and sandy slope of the north-south ric1ge

found in the norther:: secLor. Tt appears to be

r^¡ell suíted to the deep,er relatively stat¡le sancl

that. only occurs i.n this region. (plate 3"11")

In lower'-lying areas o water tends t.o be trapped

in l:asj.ns of timestone' F-unoff carr-ies clay

par:ticles iuto these basíns and claynans al:e forrnerl"



Plale 3'ro Zon¿ I ilCtyyeh (nlto/tz)
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The soil. conditions of t'his microhabitat appear

to susLain a unigue fl-ora consísting mainly of

Cøntípøda mínima, Aiugd. iva" and Rededa Lutøa,

none of which occur in other areas of the Reserve.

(P1ate 3. 12. )

Introducecl PIants

A rnicrohabitat exists around fallen trees and

living trees, especially !'4qo¡co¿rm over most of

the open rvoodland and grassland. Presutnablyrsheep

gathered at these spots for shacle on hot clays, ancl

the exotíc plant species brought there in thej'r

r^roo1. These microl'rahítats with their own micro-

climat,es sustain a unique flora v¡hich includes a

number of species of the family Brassicaceae.

Even after re¡noval of the sheep these annuals

remaín in larqe numbers. The lack of spread

inclicates unsuitable condítions in the remainder

of the Reserve for their existence.

The greatest effect of introduced s¡:ecies oc:curs

along the southern boundary as a result of the

sealed, highway and transport of seeds by vehicles.

These plants include z SaL¿oLa- l¿aLi, NíeotLana

gLa-uca., 0noytottdon d'cau-Lon, Mannubium vu!-ganø,

l,laLva. v¿ntLci.Lldta, SLtqmbtíum 
^PP. 

, Sonchut aPP' ,

Pícnomon aca"tLnfl , Echíum I-gcopyL^, Hondøum Lø¡con.inum.

Some have spread northward, probably by t'ire act'ion

of sheep movenrent (attachmenf, to wool or trotters)

and v¡incl, but Èhe concenÈration is on the roa'dside

v¡here runoff f-rom the road increases the avaílat.¡l'e

water to this microhabit'at.
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cIï APTBR 4

CO}\I-1UNITY ORG.ANISATION .AI!D TIItr VEGETATION }4AP

From t'he prevj.ous chapter íe will be self-evident tha,t

the vegetat-ion of the P.eserve is complex since there are over

L20 species each with its indiviclual distríbution pattern' No

ecologist can envisage all of the patt'erns simultaneously' In

the Reserver âs elser¿herer it is necessary to determine which

of the many features of the vegetation shoulcl be noticed first '

Jrecause they seern to be the most' important and to procluce some

form of map v¡hich displays these feat'ures '

.Averygreat'clealhasbeent.¡rittenaboutthep::oduction

of vege.bation maps. For broad-scale work, notice is usually

gi.ven to the structure of the vegetation for the floristics of

the precloninant species only' To take notice of more than

these features produces more cletails that' can be accornmcl<latecl

conveníent1y at any reasonable mapping scale' llowever' at

smaller scales st,ructur:al maps are i.nsufficientllz perceptive

oJl the cletails ancl ecologist's can ¿rfford a more nercepLive

arralysj.s with confidence that its main features are capaÌ:-Le of

being mapped. A further feat'ure that' determi'ues the k'incl oÍ- narp

that,catrbemadeisman-hourcost.Inthepresentcasev¡ehave

an area of about 65 km" v¡ithin v¡hich informatíon -i's recTui'red

at a scale of a few hunclred metres. situations like thi's are

highly ammenable to influence analysis which com]cines the best

feat,ures of ob jectivity, nr.j-nimal cost for maximal information

and adaptabi-tit'y for inappi-ng purpoÍìes"

The 2 best known strategies for influence

more qeneral.ly, association analysis t are those of

Vtilliams & LamÌ:erL (flSS-AÐ. These have been clj'scussed a¡d

clisserni'atecl .in ttre major text book of "Quant.it,ative Plant

analysis , ax

Goodall- (1g s :),
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Ecology", GrÍeg-Smith 1964. t,ange f lge B & 'I97:-) discus.sed

these techniques and ooj.nted otrt certain modifications that he

considered necessary for their use 'in S.A. vegetation.. First,
he pointed out that the origtnal strategies are preoccr.rpiecl

with $ort-ing vegetation samp.les i.nto .a :single set 'of mutualfy

exclusíve groups, according to a criterion .of group homogeneit-y"

These strategies, he argued, are not. ,s'uitable 'f.or analysis äis

Ín the present case, rvhere interspecifíc ínteractions :may exist,
bu.t, nray be rnutually exclusive, i.e.o to sayr'vrithi.n the one

target area, one set of interactions may:relate for e.xamfrle to

soil tlzpes r^¡hile u u..ond interdependent .set of interspecifj.c

intera-ctions may reflect the grazing factor, and 'fhere may be

no ínLeractions between the 2 groups. It rvould appear that the

strategies of Goodall (1953) and Williams & Lambert (l-959) mal<e

ì.no provision to dj-scr-iminate between ,2 such i.ndependent sets of

interactions ín the or:re target area.

The rvork of 'üüelbourn & Lang.e 'Q-'96'B) :on vegetation of

the Lower S.E. of S"A. shows clearly fhat these límitatíons do

apply to the two afore-mentioned strategies. The influence

anall¡sis recommended b1z Lange (t9'71), on the other lrand, is

dernonstrably capabJ.e of discrinrinating h¡etween inderrendent sets

of interactions in the one target area (see J,ange (1971) fí9. 2l "

For these reasons a s-imilar form of analysi,s has .been adopt,ed

for use in the present study. Influenc.e ,anajlysis requires the

êoIlect,ion of Íncidence data from quadrats representing the

diversÍty of situatj"ons ín the Reserve- f)ata as collected in

the precddínq chapter are j.c1eal for Èhe purpose," l,ange '
Stenhouse & Of fler (1965), l:clweve.r, establíshecl that data on

incidence v¡hich are eíther too infrequent or too fr:equen.tr are

of no use for the purposes of influence analysis because thely

leacl to spurious X2 va--l-ues. Accord.i.ngly, clata 'col.lected j-n
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the present char:ter were vetted to elíminate, or set' to tne

sicle, those spec.ies for rvhich the scores vJere either l.ess than

20 or more than 220. This left 30 species capable of supporting

an influence analysis of the Reserve'

37 specíes appear on the computer printout

(Appenclix 4.L), but 7 r,¿ere omitt-e<l' because their inclusj-on

would not. l:e meaningful. Computer nurrrber 7 was left out for

ease of distinguish.ing between 5 and 6. 15 and 22 occur rnaitllv

aloncJ the road. and appear to have been introduced, L7 occtl]:s i¡r

small pockets where sheep have not had easy access; it t¿as

probably more vridespread before the introduction of sheep'

2l occurs only ín claypans o 23 arouncl wo'mbat \farrens and along

the roadside, and 24 covers species j.nt,roduced to selected

habitats by sheep. It is f.ikely that 37 covers a mixture of

specíes, whose younger stages appear simílar'

Table 4"I list,s the 30 species and their frequerrcies in

the 2BS quadrats.

Dataontlreinciclc;nceofthese30speciesoverthe

285 quadrats h/ere punche<l for computatíon usinç¡ program Lanc¡e,

a program written for the cDc640O, comput.er at Adelaicle

Univers.itY.

Program Lange, in effect, compiles the 2x2

contingency tables for each speci.es pair -in turn, computes the

X value for association rviLh the sign negative or positirrs,

and prínts a.gpecies by species matrix of whích ceII entries

are the sígned X values. (Table 4"2). The program then sorts

species pairs in descending order of I value, starting wj-th b'l:e

hj-ghest positÍ.ve ,{ values and printing out pairs in descendinr¡

order to non-significant leveIs of posit.ive assocíatíon and

then ascencling levels of neç1atÍve assocíatíon, l-ermínatirrg with

the pair havinq the highcs'c negertive assocíation" (raLrle 4'3) "
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Thís printout allorvs the observer to cluster species firstly

according to very hiqh levels of interaction and then admittíng

furt,her specíes at lower levels of interactíon" In the present

case this results -i-n Tables 4"4 and 4.5. Tabfe 4.4 shov¡s L,he

positive interactíon pattern" At .{>90 there are 2 strong nocles,

and it is not untíL we geÈ to value of 50 that a third node

occurs. TabIe 4.5 shows strong negatj-ve associations invol.vinq

4 specíes at. l>g}" Tab1e 4.6 shows firstly species v¡hich have

j.nteractions at / values on I degree of freedom greater than 100

and then the development of these nodes on interactíons as the

level drops to greater than 90, greater than 80, etc. to

g::eater than 50, by which t.j.me 20 specíes are involved ín the

constellation of interactions. At .f values of greater than 100

on I deg::ee of freedom (which is very signifícant indeed), only

2 species show such ínteraction. These are species 6 o

Euea|t¡ptutt 'Soc,ia|ia, and species 25, Enodium, and t'he assocía-

tion is negatíve. Both are natíve species (Table 4.6a).

Ì4ap q.L shows a plot of this clistrÍbution in v¡hich the isotel-s

are developed to reflect. the classification l¡oth present'' O;

one present, but not the other, 1; ancl tþe other present bu| not:

the first, 2¡ rvith a no-sc6re area for mutu¿l absence' So far

as can be seen this remarkably strong negative interaction

bears no close relationship to landfo::m, soils or lancluse

patterns so far a.S \^/e knorv and reflects nothing so much aS ouJî

general iEnorance of the ecology of the species in the lìeserve

AE X>g0 the pattel:n develops substantS-a1ly. (Table 4'6b)"

First , Ettodium (25) the species whích had stronq negative

ässociat-j-on !v-ith EucaLqptut 
^ocid,LL^ 

(6) , develops a posj'tive

interaction with species (3) , l,4t1o¡tatLurn pL-atqcanryuffi. 
^t 

the

safire tj.me, species, (25) o E¡todiunt, devetops necf¿Itíve associations

with specÍes (5), EucaltlytÍu,s lr0tLl,5h species (6) , EucaLqytt'u'S
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.á,oci-aLit, anÉl species (14), Ma"inøana pentatnoytít..,Tndepend-

î.1'1-V, s.pecies (321 ,, ßattía pataLt-e.Licu¿PiÁ', ancl .s.pecies (2:î) ,

Lr1¡gophqL,Lum a-ytieuLatum, .develop a 1:ositive association..

At fhe next lot+er level of X.>9O,, the nodes of int.er-

action d.evelon as fol.lorvs;: posít,ive ,as.sociations .develop

;t¡etween Euca",Lq¡ttu,s docia",tLÁ (6),,EucaLqy:tu's p@rLo^& (5) , and

i[,la"Lha.a.n& pønta"tnopLt (14), ar:d negati've interactions as shown

ín lÎab'Ie 4..6c.. These negative int,eractions involve the fu.sinç1

rof the ,2 norles of i:nteractions .whích above l=90 v¡e're separate'.

These interaclions \,¡ere d.eveloped :forplotting a.s follov¡s.

,euadrats scoring lriqopotLun (3,) and E¿odíun .(2.5) and the abse¡rce

,of. ;ßatzia yta-naZLøLieuapLd (32) and 7 ggophqlLum apieulatun (27)

',were regarded .as one po1e of the ,ana1ysis,, and vice versar for
.lhhe ottrer pote.. T.lap 4.2 is quite comp1î:catecl and so a further

.Map .4,.3, vra.s proöucect to ,sinr1r.lify the síÈuation Ì:y ¿¡¿-l-gamating

r.atings'O and 1,, and 3 and 4. 'This is a j'ust,ifiable simpllfíca-

!íon, and has 'led to the very .clearcut communi-ty pattern

Ftructure shown in l,lap 4,, 3. .Indepetrdent of fhe f ore-going

j-n¡eractiçns a secånd node of interacting snecíes emerges,

namely Gei!e.na LLn¿a-ni6o!,ia (1) o .has a neqative interactj-on

rrvith .MaLne.ana. ¿ødídoLía, species (13). Thus at f>80 it is

fiecessary to account, for the informatj-on.in lrvo, not one' ¡:odes

,of interacting species,, one a fai:rly large nocle, the other a

r.elatively small- one whicir at that l-evef .o,f i:nteraeLions n are

.ü-,ndependen*t,. Irlap 4,.4 disptays the plot of isotels for thís

:s.econcl node in wirich a rat.ing of O implies bluebush present'

ßøijølca absent, 2 ,is Aeii¿na without bluebush., a :rating of I

nreaTls bfuebush and Ge,íie,tLa,, and a rating of 3 Ímp}{es no $coJre'

'This plot, is rather remarkable because it' shorvs a no-score

,aïea betrn¡een Lhe Gøíiel¿a :and bluebush populations rather t'han

.an ecotqnal afea rshere the two are mixed'" As the ¡lt¿ìp rsho\fs '
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only a very few v¡idely scattered quadrats, involve an ecotonal

sítuation. In accordance wíth the philosophy of muttiple

classificatÍons of quadrats, whích is inherent ín influence

analysis, the first order vegetation map of the Reserve must

take account of the two independent. nodes of information.

Vüe then have two maps representing the two nodes of

interaction. These are both independent. This situation can

occur only with an ínfluence analysis. One block of inter-

actions is happening for some ecological reason, and, this cause

is quj-te different and indepenclent of the cause that produces

the second block'of interactions.

From the point of vierv of making a map rvhich

summarises this ínformation, it ís necessary to combine the

t'çr¡o in some useful rlray. Technically speaking, it is arguable

that we should combine them; the purist would argue that one

map cannot sumrnarise these two independent blocks. Howeve::,

the averag'e user is going to require æ map.

From Map 4.3, the three inf luence ratings \,tere cross-

classified wíth infLuence ratíngs 0, 1, 2 and no-score of

Itlap 4.4, giving a 4x3 matrix v¡hich ídentifies 12 vegetatíon

mappíng uniÈs. Ãnalysis of the data gave Table 4.7, which

shows that only fíve mapping unit.s in effect, exist. Thís Ís

not surprisíng because GøLjøta and lrlaíneand" are virtually

mtrtually exclusive (elirnÍnatÍ.ng 3 units) trre l'lt¡opotLum-Enodiun

species occupy the region of no-score for both Gøíietta and

Ma.Lne.ana (accounting for another two units) and the l'lgoporLum-

Enodiun species occur in the bluebush region to the exclusion

of TugoytLtqlLun and Ba,¿¿ia" (accounting for the remaining two).

Map þ.5 shows the dístribution of these mapping units"

Unit I Mqoytonum pla-t7ca"rLfrum and./or Enodium eqgnotLum and

Gøi. j erLa !-i.nea"tL¡.6oLia-
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ünit 2 - Ecotone of l\l1oporLum and/or Enodium, TtJgophgLL-um

and.,/or Badtia, and Gøije,za-.

unit 3 - ZLtgophq.Llum apicuLd.tum and,/or Ba¿¿ia pana,LL"eLi-

cu,spLt, and GøL j e.rLa LLnealLi6oL-ia.

Unit 4 - llrqo¡tottun and/or Ettodíum, and lr4aLrLøa.na. ¿ødido(-La

Unit, 5 l,|LloporLum and,/or EnodLu¡n only"

All the other specÍes that have not come into consideration Ín
the fore-goinq are all obviously affected by ttre same influence:;

that have af fected the key species. A table rvas drarvn up, using

the mappíng uníts of the generaJ- vegetation map, ancl finding the

percentage of each species' occurrence for each vegetation

rating. These are summari.sed in Table 4.8. Table 4.8 shorvs

the data for the ràmaining 24 species that ï¡ere computer-

analysed. Plant species found. predorninantly in },lapping unit 1

witlr Geí j Q-tLa", Mt¡oponum and EnodLum, are PittotfrorLutn (70*)

Nícotia"na (B4t) and LqcLum (722). There are no prorcinent

species in Zone 2 (the Ge-í j ena zone havíng the ecotone of
/

l,lo¡aponum, Ettodíunt, ZAgo¡chqI-Lum and ßa¿¿ia) 'Ehe highest

frequency being 222 for !"laLnøana pent.atnopi^.

Promi-nent soecies in Zone 3 (GeLje-tLa-, 7t¿go'phqI,Lum and

Bd"t¿ia.) are 0L¿attia. (70*), Rhaç¡odia. tpinø,scÉ.n,s va-tL dø.LLaythqL.Lct

(543) Rhagodía tytLnetcen^ vo,,L áytLnueQ.n^ (528) 2t¡gophql-!-um

auttd"ntíacum (53?). lteacLa o¿uta.Ldíí (31u) and Rhagadía tpínø-

Ecen^ va"rL 
^ytínedcøná 

(2BA) , are the most prominent species in
'.Zone 4 (MqopotLLlm, E¡-odium and, l'|aín¿ana-l , v¡hi1e the Aca"eict

,species and Píttolpo,Lum have the highest frequencies (1-58 and

168) j-n Zone 5.

Ilaving producecl a base mâp, it is fitting that associa'-

tions of other species with the mapping units be examined.

Analysis of the table indicate that there are a number of

specíes that occuï in I'iappir:g Uni-t I r+ith a frequency of fottr

times (or bette::) the frec-Juencf in any other }{apping lJni+;"
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These are 29 (B4A) " over 10 times 'more frequent here

than ín any other l,fapping Unit, 35 (7221,, .10 (7Ot¡ and 4 (672')

all over 6 tlmes, 1I (638) and 36 (638) over 4 t'imes..

ln lt4apping Unit "3, 16 (7Oa) Ís almost 4 times more

frequent than in othe'r lvtapping Units.. .5 ,(.508) is only 2'times

more freguent, than in other t'lappi.ng Uníts,.

Tn Mapping Units 2, 4 and 5,, the'best we can find is

less than "7 the frec{uency in other .Mapping Unit's,.

Hence Map 4..5 can be modified by the:acldítion of other

interactions. Table 4,..9 indícates the contmunity assoeiations

rvith decreasíng signi.fícance of associatíon of .species ,for each

Mapping Unil"

SU¡{},IARY

A. Âny îesearcher can go to a 'rp,lace't 'on the Rese-rve,,

find the mappíng unit desïqnat'ed bo that .area and .can

expect. to find certain species present there (on average)

ãnd caR compare fhis site ruífh any other síte' e"9- 'an

entomoloqist, in olcserving a partícular insecb. finds that

it is exclusive to a particular map¡:ing unit,,.

B. Tl:e virtue of thi,s table lçhich summarises all the

ancillary data Èo the vegetation map is that it would let

any kind of observer r\rhether of soj"ls., etc.-, 90 to the

Reserve, locate himself 'on the map., ,ani1 'know what lci,nd Of a

system he is in and where he :must c¡to to get inÈo a

dif fe¡ent kind of a system, ,and how .it'wí1.1 dif fer,.

A further map can be 'produced to Índicate the

distribution of the rnore promitrent (t.ree) specíes, namely

M1¡o¡tctttutn (3) , EueaLqyst.ut porLo^0. (5) and Eueal,qptud 
^ocia"Lií 

(6) -

Fort,unatety l:he values of int,e::actions betrveen these three

species is síq.nificant (a).L beyoncl t=t75), making a compalÍsr:n
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TÀBI,E 4.9

inq Unit Species Assocíatiot:s (in descending order

of significance)

I filU o rt o num rt X-at q co"ftr) ufr, Enodium eLlqnonum anð.

Gøi í ena- Line-ani do Lia

Nícotiana ve-I-utína

Lqcíum au^ttL(rLQ.

M e-.La-Le. uca La.n cø o.La-t o-
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E uyth o nb i a dttunmo ndií
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Llq op o,Lum p Latq ca"zp un,
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Eno dium cU gnotLum,

ï11¡oyt0,Lum pLatqeatpum and EnodLum cUgnotLutn only

2

3

4

5



48

that, is both statistically valid, and a sensibÌe tool in the

field. Map 4.6 shows this distribution pattern, (Because both

species 5 and 6 occur together'lþA+Z) it is useful to h¡np

both toqether, and compare with species 3).
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CHAPTER 5

VEGETATION DYNAì,ÍTCS ÀROUND VIOI\/IBÀT I{ARRI]NS

The presentation and díscussion of data in this

chapt.er relaÈes to the quantitative changes in the vegetation

around v¡omL:at warrens over a period of two complete seasonal

cycles

(i) according to the different taxa,

(ii) at different clistances from the rvarren,

(iii) exposed to rvombat gtazíng and protected from

it..

An at,tempt ís made to relate the data t,o rainfalls throughout

the study period.

1. VEGTTATION AT DTT}'ERNNT DISTANCES FROII IV/\RRENS

From chapte:: 2 iE Can lce seen that trvo v¡arrens v¡ere

closely investigatecl. The first to be set up was called

zone l, and the "stations" radiating out from it were

labelled as fol.lols :

/\ (20m.), B (200m.), C (40m.).

The second warren, zone 2t l:acl "stations" as follov¡s :

D (10m.), E (20n.), F (30m.), G (40m.), H (50m') and r (70n') '

These are shov¡n in Map 2.2 | and some of the statio¡s appeal:

in Plates 2.I - 2.8.

The rar^7 da.ta collected as described in chapter 2 can

Lre foun<l in Append-ix 5.1. (¡n explanation of the method of

r:ecorcling precedes fhis clata. ) Analysis of the raw data has

resulted in further tal¡Ies which are referred to in the text'

Because sampling occurrecl in 2 "open" quadrats each

visit, and, þoth \4¡ere sul:jected to the same enviro¡rmental

conclitions, it is obvious that tþese da{:a can be combined

ancl an average obtainecl. I¡le then have tivo replicates;, not
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one, thus makinct the follorvíng discussion more meaninçfuJ-.

The species found ín the area under study are listed
in Table 5.1. This list includes the ground. litter (as

defined in Chapter 2) and species to occur j-n low numbers

at various tin¡es over the two-year period from IB/3/72 to

6 /4/7 4.

In the followinq discussion a number of relevant poÍnts

to be considered are dealt with first, l:efore proceecling to

analysis of the Ï:iomass data,, One can appreciate clat,a far

more if preserrted in a visually-stírnulating forrn.

Àccordingly, a series of gra¡:hs lias been produced f rom the

raw data to indicate changes from t.ime to time.

(a) Precinitation

Rainf all data appears i-n AppendÍx 5.2 " Because of 'bhe:

relatively 1ow rainfall and staggerecl dístribution for

the area it rvas thotrght that it might be difficult.

relating month Ï:y month herbage chang,es to rainf.el.l.

ObvÍously 'b,he duration and amount of rain, and the tirne

of year r,¡ould have an äffect on veqetation growth.

À seríes of rainfall graphs was drav¡n ín an attempt to

correlate them with vegetatJ-on trends " These v/ere the

rain in the previous week (craph 5"1) and 2 v¡eeks

;(Graph 5.2) before a visit. I¡7here a large single fall'

or smaller accumulating fal1s occurred, their effect was

expectecl to last longer than perhaps one or trqo'øeeks"

'Thus it could be reasonaÌ¡ly expected that this "effectj"ve"

rain r¡¡oul.d produce grotvtlt. Gr.eph 5"3 indicates

"effective" rainfall and must be considered keeping :Lts

subjectivity in mind.

It is r¿ell-knor,vn that dew regularJ-y occurs -in t'he

early morníng ( It]ells, R. 19?3 ) , and v¡ould. cerLaÌ-n1y



SPECIES
NUI\TBE:R

1.

t

3.

4.

5.

6.

7.

8.

o

10.

1r.

TABLE 5. I

SPECTES NATVIE

ground litter
HøLipten-um pqgmas.un

S chít nu.t b atb at u'5

StLpa" nítida
EttodLum cAgnorLum

I t o øtopt ír gLamLni (o L.ía

E. upho nb i a" d¡tummo ndii

TqgopltqLLum ovatum

ß at d La. p at.enticut pi,s

lrt hnixía a"t hní xío i det

HøLLptønun ! et,s ønLi

Other s¡recies to occur at various times:

ß at ¿ La,s cL.øno Laeno Ldø,s

Gnepho,s ia a cinno ¡tho nd

ßtach¡^ come Line.atL(ob a.

Angidnthut díoLca

EttodLum cicutattium

Elachanthu¿'¡tua LLLUI
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(b)

5I :

affect surface soil moisture and possibly leaf

moist,ure during the early hours of dayliqht by

decreasing evaporative loss from the plant.

Unfortunately data could not be collected, and the

significance of dew is noÈ considered in this study.

SoíI waÈer

SoiI moisture data aPpear in Appendix 5.3. The

average for each zonê was obtained for the Ocm. and

10cm. depths. The two z,ones are compared in Graphs 5.4

and 5.5 respectively. Graph 5.6 compares the overall

averages at the two dePths"

Soílwater vs. rainfall

Àt the surface leve1 (Graph 5-4) , the only dis-

crepancy betl+een the two zones \^Ias in June L973 when

Zone 1r¿as lower than Zone 2. (ft rained on that day

and soil samples were taken from Zone I before the rain

and from Zone 2 after the rain had set in' ) The soil

picture obtained fits in without much difficulty with

the raínfall data. In some months it appears that der+,

or moisture from deeper down, reached the surface

(wells, R. Lg73 ) in the early morning, and higher \^¡atêr

content than expected is observed. At the 10cm. Ievel

(Graph 5.5) both zones show parallel trends, and again

the picture fits the rainfall data closely. I'rhen the

data for both depths are comparecl (Graph 5.6) with

respect to rainfall it can be seen that the dist'ríbution

and amount both play a significant part in t'he figu::es.

For example, (a) from July to August 1972, 43 points

had fallen in the previous 4 days to the August sampli-ng"

Both the 0 and locm. soil water levels rose accordinglY,

but the Ocm. level rose more. (rt was also rai'ning at
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the time of sampling. )

(c) Biomass

Biomass data (in grms/quadrat i.e. grms/3 sq"m.)

appears in Appendix 5.1. For each zone a series of

graphs showing trends in each station was drawn. A

trend in the average biomass \.¡as obtainecl for each zone,

and these were compared in another graph. Finally, a

graph of bÍomass as an average of all stations in both

zones was drar¿n. Thís v¡as as close to being representa-

tive of the vegetation about v¡arrens as could be obtained.

The number of plants of each species per quadrat v/ere

compared between zones, and a graph was produced to shorv

the average of all stations in both zones. Biomass v¡as

also considered in the context of species numbers from

month to month.

Plant v¡ater conten! (as a 8) v¡as compared v¡ith soil-

water content (as a B), and biomass v¡as considered in

relation to both. Distribution graphs were drawn for

the average water content for each zone'and also graphs

of both zones werej represented for each species.

Considering each species in turn,

(i) Stiprt nitida.

Processed biomass data appears in Apoendix 5.4.

Generallv the biomass of SÉ1. pa (Graph 5.7) showed

two peaks in Èhe period of the exercise - a sma1l

one in the dry 1972-3 season, and a much more
,.

pronounced one in the r'¡etter L973'4 season. Biomass

increased from an average of 4 grm/quadrat in

Irlay ].g72 to 37 grm/quadrat in June, peaking¡ at

54 grm,/quadrat in September. After Èhj-s time there
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was a gradual decrease to j\pril L973. The second

season saw an increase from 24 grm/quadrat in
July 1973 to peak at 194 qrmr/quadrat around

November. A more rapid decrease occurred to

61 grm/quadrat in March J-974

Relation with Rainfall

Examination of the rainfall data implies that rain

is not of prime import,ance in triggerinq grovrth in

June or July. The length of day and/or níght may

be more import,ant. Howeverr-heavy rains in

September appear to be important for a buíId-up

of biomass, although further rain after September

does not apprecÍably affect biomass, it only tends

to prolong drying off.

Comparinq the 2 Zones

From Graph 5.8 it, can be seen that there is a close

relationship between the biomass until September

L973, vrhen Zone 2 biomass increased dramat,ically

and peaked at 269 grrn/quadrat in November, but the

Zone I bíomass improved much more slowly at first,

peaking at I73 grm/guadrat, in January I974.

Further, Zone I biomass lags behind Zone 2 biomass

with respect to time. Grov¡th starts from a much

lortrer biomass initially, and the same climat,ic

effect may produce less obvious grovrth, ât least

in terms of biomass. Further information can be

found in the number of plants occurring at each

month in the two zones (Graph 5.9). Their simi-

l.arity implies that Ì¡iomass should be sirnilar also.

Another source of evidence is the fact that Station

B is significantly hígl"rer in bíomass than Station C,
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(Graph 5.I0), and C is much higher than ¡\. The

wombat grazing effect rvhich, subjectively, is

lnuch more obvious in Zone Ir means the zone

average vrill be far lower than for Zone 2-

-Ànother argument worth considering could be that

there is natural variation between the two zones

änyway in terms of soi}, depth of soil, texture,

structure, and sloPes.

Initial biomass is larger in B than C, and in C

than in A, implying that growth could be dependent

lrh old stock plants as well as on new plants

Eerminating. Similarly stations H and I (Graph

5.LI) have significantly higher biomass than

Stations closer to the warren in Zone 2. Due to
'the sampling technique (i.e- green parts only) ' H

ãnd I Stlpa" "died off" early ín 1914" There was

þrobably a lot of competition between plants for

-both space and v¡ater.

.Relation with Locusts

The four fold increase from the maximum biomass

teached in Ig72 to that of l-973 cannr¡t be solely

due to the different seasonal climatic conclitions

that occurred. The presence of locusts in plague

proportions ,in septernber and october ]972 rqould

õertainly have removed a siqrnificant proportion of

'the grasses- No objective data r^las obtained oD the

extent of t'he damage to Stipa, but the grass

certainly appeared to be severely affected'

ReIat-íon with soil water

The soil water (Graph 5.6) 'does not appear tp affect
'ttre biomass and the dat'a implies there is no simp]e
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relationship betr^¡een soil water and. biornass.

Relat,ion r.vith Plant I^trater ( Appendix 5.5)

Similarly the amount of water (Graph 5.12) ín the

plant does not appear to bear any relationship

with the bíomass; plants can be drier and have a

higher biomass while at other times they can be

very turgid yet not gain significantly in dry

weight.

The amount of water in the plants appears to

closely parallel the moisture changes at the 10cm.

depth; there is less correlation v¡ith the surface

soil moisture. At every sampling time, the % plant

water content was very much higher than soil water

at both Ocm. and lOcm. depths. This implj-es that

v¡aLer is being absorbed by the plant's with the

expenditure of energy

The readings for both zones (Graphs 5.13, 5.14)

vrere very símiIar. In conjunction lvith the biomass

data it appears that the plants are stimulated by

seasonal changes, and rain and the natural varia-

tion from one station to another have little effect.

The plant water content is more closely related to

the distribution of rain than to the actual amount.

There ï,\rere not enough samples in }îarch to May 1972

for any useful- discussion of these months" Varia-

tion in the å water in Zone 1 was greater than ín

Zone 2, probably because of greater natural

varíation of soil, topography, shade, vegetation

cover ancl so on.

Iìelation wi th the number of rrlants (appendix 5.6)

In Ig72 the number of plants (Graph 5"9) peaked
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in September when biomass was at, it,s rnaximum, in
L973 the number rose to a maxímum in November, as

did the biomass. In 1973 there was a dranatic

drpp in number in January, rvith biomass f alIinq of f.

more gradually from its previous peak, and in 1974,

with the same dramatic drop in numbers, there rvas

an accompanying decrease in biomass. The data

indicates that the number of plants increase and

decrease at the same time as the biomass, i.e. new

growth and new germiuations occur at about. the

same tíme, and cessat,ion of germinatíon and dryinç¡

off also parallel each other.

The number of plants seem to vary according to

season. Rainfall does litt1e to modj-fy this

seasonal effect. For example, in L972 rvhere there

was litt1e effective rain tl:e numbers remained

fairly high, and ín L973 where there v¡as much nìore

effective rain, there was no tremendously signífi-

cant ef fect on the numl¡er of plants.

The J,972 r:eak was not as great possibJ-y because

of the locusts' preference for young shoots ' this

vrould have occurred in September and october"

Perhaps less plants were there to start off with

or there was less overaLL moisture avaíIahle.

Many plants germinated in August L973, but few

survived to become very largq. Perhaps there r¿as

a water problem and only those plants which coulcl

get adequate moisture could survive to a reasonable

síze.

There appears to be litt'le relatic¡nship with soíL

water except, for an increase of both soíl water an<l

new plants in Ap::Íl and August of 1973'



57

(ii) Enodium cqgnorLum

Generally: Before the biomass dat,a can be dis*

cussed in general it is necessary to look at the

variation between stations because station D has

such an enormous biomass value for l4arch and April

Lg73 that it, can be regarded as aL)zrrical of the

ieqion as a rvhole (Graph 5.15, Appendix 5.7).

It appears that close in around each warren there

is a significant development of E¡todium and Ba¿tia,

Lo the exclusíon of Stípa. which ís presumably

eaten by wombats. For the purposes of a general

discussion, rvithout involving vrombat effects, the

ilata for station D v¡as not used during these months.

The modified data are índícated by the dotted lines

1n Graphs 5.17 and 5.18. (Gt"ph 5'16 sl,ows Zone t bio-ass)

From Graph 5.tB it can be seen that there was

iTrowth in }ttarch 1973, followed by 
.a 

slight slump

in early Aprit. The biomass then rose gradually to

July, took a leap to September, and had died off by

October. It is interestitg, and puzzling, that

measurable growth occurred only in one of the

three seasons that it may have been expected in.

fni= occurred after the dry summer of Ig72-3.

Perhaps there should have been gror'rth by April L974

êfter a wetter suntmer.

.Relation v¡íth rainfall

The biomass cloes not seem to be affected by the

rainfall greatly up untíl June Lg73. After this

there v¡as a dramatic biomass increase associated

rsith regular, higher rainfall. !{hen "effective"

rain in October was 1or.+, the biomass decreased to
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zeîo. The implicatj-on here is that somethíng

else other than rain triggers the initíal grorvth

Relation with soil water

Generally increasíng soi] water content after Dec-

ember L972 led to a gradual increase in ¡:Iant biomass

but there rvas over a monthrs delay betrveen the

soil water risirrg to a level that could easily

support the species, and the time that they qrev/.

This further supports the suggestion t'hat some

factor other than water, triggers initial grorvttr. 
,

A high soil water content in August and Septenùrer

produced rapid increase in biomass. However, the

I0cm. depth soil wat'er remaj-ned fairly even from

then on, yet the plants died off. There does ¡rot

appear to be a simple explanation for these events"

Re latíon r'sith nlant water ( Appendix 5. B)

The plant moisture actually decreased from I'larch to

June L973, and then rose more rapidly to septenber

(Graf:h 5"19). In the initíal drop the biomass

increased, while in the latter increase ín moisture,

biomass also increased. Perhaps some factors

(possibly involving photoperiodic responses t'o

seasonal changes) allowed initial germínation and

growth but the water available in lat,ter months

enhanced growth. Then other f actors again led t'o

the dying off of the species. Comparing the planf

rht"r content for the two zones (GrapSs 5.202 5.2!)

the graphs are virtually ídentical- in both value '

and trend, although. Zone 2 hact a broader dist::il¡u-

t,íon patterno implying a greater clegree af varia-
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tion within the regíon

.In March 1973 the plant,sr water content was above

the level suggested by the soil rr¡ater content; the

'soil water content only very roughly illustrates a

similar trend as the plant water content.
'Relation r^¡ith the number of plants (Appendix 5.9)

The number of plants appears to be related pro-

portionably to the biomass from February to July

L973 (Graph 5.221, but, although the numbers

fluctuate dramaÈically, the biomass does not alter

al.l- that si-gnifícant,Iy. After July, hovrever, the

number drops to almost zero in October, yet the

biomass continues increasing t,o September, and at

.an ever-increasing rate. It appears that the

smaller and/or less viable plants are being

selected out, v¡hiIe establ.ished plants are stil1

,growing. This coulcl be a case of competitíon for

::esources, namely space, moisture, minerals.

Comparing the number of plants in each zone (Graph

5.23) there. are significant differences. Zone 1

numbers increase generally to a peak of 1215 in

July, while Zone 2 reaches IB15 in March, then the

number decreases g'enerall1z. The discrepancies are

not explained by soil waterr or plant moisture

.dif ferences, which leads us to believe that there

must, be some other variabÌe that has not been

monitored, such as those mentioned earl--ier or a

wombat effect on the vegetation since each warren

had quite differen'E amounts of activity.

Zugopl'ttl.LLum (Biomass data Äppendix 5.10)(iii )

GeneraIl : Graph 5.24 shorvs a low peak at April
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1972, followed by a gradual clecline to zero in

October. Biomass again increased in lrebruary J.973,

peaked in Ju1y, dviindled slightly unt,iI Sept.ember,

thgn peaked suddenly in October l¡efore dyÍng out

by November 1973. The data suggests very rigid

adherence to some grovrth pattern. Comparing both

zones (Graph 5.25) similar trends occurred. Hot¿-

ever, within Zone 1 (Graph 5.26) there rvas

tremendous variation. Station A appears to lag

about a month or tr¿o l¡ehind station B, and stat-ion

C .i.llustraËes quite a different pattern from the

others. Station B al-so had the greatest average

b.iomass. Similarly in Zone 2 (Graph 5.27 ) there

is a large amount of variation from one station to

another" This is probably due to the fact that

,there \^/ere relatively few of this species cornpa-red

.with sti¡ca, and they rrere not distributed as evenly

as Sf.cpa. Even sor by averagi-ng all the stations,

a. fairly reasonable representative picture can be

obtained.

Relation with rainfall

.lomparison with the raínfa1l data shorvs that

effective rain will produce marked growth ín 4 Eo

6 weeks time. Rainfall appears to be at least

partly responsible for triggering growth. Perhaps

seasonal changes also have some effect, since

growtÌr started neâr Flarch 1972, and ín l{arch 1973

but not in l.Iarch ]-97 4.

R.elation rvíth soil- water

There does not appear to be any relatíon ot'her

than in-itíal growth in 1973, where growth does not'
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occur until there ís some v¡ater in the soiJ- after
Èhe hot dry summer of 1972-3.

Relation wj-th r;lant rvater (Appendix 5.11)

Similarly, no simple relation can be observed ín

the data, (Graph 5.28). Comparinq plant v¡ater

content with soil rvater, however there is a strong

'parallel with the 10cm. depth content, except for

March and early April 1973. Here a very J.ow plant

content ryas obtained, possibly from a typical

guadrat Lhat contained many specímens that appeared

to be dying off. If these data are eLiminated from

the sampJ-es the average is somewÌrat improved.

(Compare Graphs 5.29, 5.30). Comparison with

"'effective rain" (Craph 5.3) shows a very close

parallel correlation rvith plant v¡ater content.

Variation betr'¡een zones can be el-iminated if we

ïemove the samples that are very different from the

averag'e. The distribution pattern is then very

sirnilar for each zone"

Relatíon rvj-th number of plants (açpendix 5.12)

'lhere appears to be almost an j-nverse relatÍon

betrveen the numbers and biomass. (Compare Graphs

5..31 and 5.24.1 In lfarch and -ÞçriI 1973 a larqe

,number of new plants dramatically appeared but the

.number declined stead,ily to November. on the other

Ìrand the biomass gradually increased to October,

,before fallinq agai-n dramatically to zero in

November. The data 5-mplies that plant growth is

trigger:ed brz some seasonal factor other than rain

alone, and new germinations occur. Às plants grow

and mature, only the strong survive to reproduce
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and then die off quickly.

The very large number of ner^¡ plants germinating

in JuIy I9?2 is probably due to the high rainfall

prior to it. However, follow up rains in August

rdo :not appear to have stimulated contínued grovrth.

It is interesting to note that despite the fact

that the plants' moisture content remained fairly
-êV€n, the number of plants decreased markedly.

There is no obvious relation betrveen the trvo. The

10cm. depth soil water content appears to be pro-

portional r+ith the nurnber of plants, where soil
'water fluctuates the number of plants vary

.accordingly" It aPpears that when there is water

available in the soil in February 1973, that the

plants started germinatitg; a relatively damp soil

in early 7rpri1 supported a large number of plants.

The soil moisture decreased gradually, then r;eakecl

again at August, paralleled by the number of plants.

llov¡ever, after August the number decreased while

the soil water content remaÍned fa-írly high. This

.implies that the availability of rvater does noÈ

seem to trígger the end of growth. PerhaÞs it' is

'temperature or length of day and night.

Comparingr the two zones, (Graph 5-32) there is

very Little difference betrveen themr the main one

.being the fact that in Zone I the peak germination

period in lrfarch produced twice the number that

qernrinated in Zone 2.

ßat t ia. p at¿n7:íc-u¿ rsit

Generall the biomass fluctuated dramatically

(iv)

with peaks j-n grov¡th in May and December l^972'
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(Graph 5.33.) June and December of 1973 and lol"s

ín betr,¡een. The b.iomass was very low (less than

20 grm,/quadrat) and the distribution of Lhe plants

was not random but moie congregated around \,vamens

and under trees. Stations A ancl D had by far the

greatest. densities and quality' implying that

wombats are affecting this species quite noticeably.

Relat.ion v¡ith other Factors

There does not seem to be any relatj.on between

biomass and rainfall' (Graph 5.34) soil water, and

plant content," There appears to l:e only a vague

relatíon to numbers, mostly in L973, and less so

in L972.

Other relations

There does not seem to be any relation betleen the

water content and rain, soil water or number. There

were too few specimens for our sample size and no

valÍd comparison can be made. Even so there are no

obvious trends. (Compare Graphs 5.33, 5-34, 5'35.)

EurthottbLa. dnumondLí (Appendix 5. 13)

Generally there was a high biomass in March 1972,

followed by a rapíd <1rop (GraPh 5.36). A second

peak occurred from April to ,June L973. À seasonal

relationship is possíb1y operatins here.

Comparing both zones, Graph 5.37, shows similar

trends. Hot^rever, there Ís a. lot of variation

between st,ations n with no regutar pattern apparent'

(Graphs 5. 38, 5.39. )

Relations r¿Íth other factors

There does not appear to be any relation Ì:etv¡een

biomass and rainfallrsoil water or plarrt water
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(Graph 5.40), but there is a.parallel relationship

rçith the number of plants. (Graph 5.41.) An

increase in numbers is accompaníed by an increase

in biomass and vice versa for a decrease. The

plants are very small and so biomass is increased

by the presence of new plants rather than grorvth

of those already established.

Other relations

The data supports the suggestion that "effective"
raín affects the water conÈent of the plants to a

degree, but a positive relationshíp is by no means

obvious.

There does not appear to be any rel-atíonship

between plant water content, soil water and nurnbers.

llhe plant. is so small and probably grotvs only in

niches where moisture content is higher such as in

deeper soils. Graph 5.40 shows a lot of fluctua-

tions, and a broad dístribution pattern of rvater

content from the various station samples. This

implies that there are unnoticeable regional

variations rvhich could only be investigated with a

great deal of difficulty.
(vi ) (Species 2 & 11) 11øLipt¿nun species. (Appendíx 5.14)

fn March 1972, there htere dead or dying remains of

what appeared to be one species of composite. It

was not until September 1973 when it was noÈiced

that, thís species vras really two. FortunaÈe1y the

species rttere not prominent,, and had the same grorving

patterns, and so they are dealt v¡ith as a single

unit rather than separate.

Generally there was reatly only one complete grotuth
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cycl-e from Jul1z to Septeml:er L973. (Graph 5"42.)

The 1972 equiva.lent was f ar loryer in amou¡rt, ancl

in growth períod.

The trvo zones show similar trends, rvith similar
variation betv¡een stations, except for an

exceptíonalIy high September 1973 value in

station I, (371 grm. Graoh 5.44\, whích gives

the Zone 2 average a higher pealc than the Zone I
averagre. (Graph 5.45. )

Relations with raínfaIl

The biomass appears to follov¡ the raínfall trends

in 1973 from June t'o Octol:er. The fact that

there is more "effective" rain in Noveml¡er 1973

and January 1974, Ìrut no gror^r'bh of these species

Êugçlests that other factors trigger grovrth.

Ìelation rvith number of planLs

The nurnber increased rapidly and the biomass

increased also, but more slor,rly. (Graph 5.46.)

The plarrts became estal:lished and aclded further

grorvth before dying of f . Corn¡:aring zones, (Graph

5.47) grov¡th occurred in the same ntonths but rvas

erratic from station to station, suggesit,ing local

variation. The high soil r.¡ater in August and

September 1973 tie in positively i+ith the large

number of plants. Hov¡ever, water does not appear

to be a trigger for inítíatinqr growth in June,

although "effective" rain increasecl from June to

September" Compare with Graph 5.48.

Grouncl l-itter ( Àppendix 5.15)

There v¡.rs an overall íncrease in bíomass after

September of each year, associatecl r'¡ith a prior
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grov¡th periocl, (Graph 5.49) ", The amount v¿as

greater durj-nq 1-973-74 since the rain had produced

more growth. Gr.eph 5.50 compares both zones, ruhj-ch

follow similar t::ends until I'Iovember ]-973 r,u'hen

Zone I bíomass drops and never recovers, rvhi-le

the Zone 2 biomass cont,inues to increase.

Analysis of Graphs 5.51 and 5.52 shovrs that the

trends in Zones 1 and 2 are somervhat o¡rposite in

effect. The excep't,ional hiqh readinç¡s j.n station II

and I after llecember 1973 clistort these trends

further. At that time there rvas a large amount of

dried off Sf.r-pa in the disLant stations of Zone 2.

ToÈal Veqetati-on ( Appendix 5.16)

Graph 5.53 shorts the biomass trencl for all lj.ving

species conrl¡ined. It is of interest 1-o note the

'close opposite relationship betr'¡een this qraph and

the ground litter biomass. (Graph 5 " 54. ) Inlhere

the amount of living mat.erial decreases the ground

litter increased (in I out of the 10 such changes),

and rvhere Lhere r'¡as an increase in the antount of

living material, ground litter decreased (in I out

of the L2 such changes).

Comparison rvith the rainfall graphs shows, âs

expected from the fore-going species comparisons '
.little pos-itíve relationshirr betr¿een total quadrat

biomass changes and any of these graphs. Obviously
'the dynamics of the situation are extremely complex

ancl rainfall is but one factor to have an

inf 1ue¡rce "

Similarly, soil moisture l¡ears litt1e relationship"

Graph 5,55, of the total l¡iomass of all plant



B I0Í'tA 5S
(gmo/3sq.nr. )

Í¡ AÍ1 JJA
"t972

P vey I SS ¡e¡d fl.

Õ

JSONDAr r¡ AJSOND f'¡JJ
1 9?3

FMA
1974

AAP 550. G^ r¡'90n

ln 2e^4s I ûnd a

wl

1 9?3

Q vev e touad /" ¡".B I OÍYIASS

(gmar/seq.n. )

2.

3oo

.floo

o
At'î I'IJJA

19?2
50N FIlA AJJASDND lJ F frl

1974
o l¡



(rn 5c l¡ L, ?one

8I0f'A SS

(gma/saq.m. )

\
\

A

B

c

^I
\I

\---.--¡r \

V

o I
fr¡ A]T¡ JJ

1972
ASON D J Í fî A r¡ JJ

1 973
JDNs0A r INA

1 9?4

\

È
I



t SS

BI0tvlASs
(gnrc/3sq.n. ) G -S5.52. Co ìrÍ Sox

4

rl

il

ft

tt

Ir

ll

tt

II

il

fI

ft

il

il

I

900

T

il
il

il
il

I É

G

.;F
I

ri
I

i\
¡

¡

,tl

\

X\r I\
.Y i./\

o
IrlMJJ

1 973
JTNA

197û'
DNuA5IIF AASONDJn AfNJJ

1972



8I0 flA 55
(qma/3eq.m. )

AI'IJJ
1972

N'DlJ'AS0 f '¡tt'A' rr¡' J' J' A 
t s' o'N'Dl J tF'

m

1

It

41 9?3 97

;GRAPH 5.'
B I0l|lAs5

(gmrr/Ssq . m. )

c fr SCn C Av¿ fol"l l¡;a^..ss It" a"d

/

r "eJ

^.
rlMJJ' '1973

5-

lir¿-L-^a

ncn-lt

ra

t
T

J

!

^
\

I
I
I

rì

ASONDJnAfrl

\- ¿
I

JJ
'1972

F l'l

I

FJDN50AAf'l H

t4

I

97



PH 5-/l e total l¡ ior^o ss all r'eS hc

a.rouPd l;**er).-_-

I

1 9?3

B I0 fvtA ss
(gmar/3eq.m. )

JFNADASONAm
ll

NJJ
1972

'N'Dl¡'F'frrtAtIIJJASO
1 974



-67

:matter collected, shov¡s very distinctly the almost

four-fold incr:ease in plant material from the

driest season r""oid.d on t,he property and the

wettest up to that time.

2. RADIAL TFJ\VEPSES

Âs outlined ín Chapter 2, six radíating transects \'rere

'set up from the centre of each warren. They rr¡ere labeIled,

:and. at each visit the visual interface betv¡een qrazed and

',ungrazed was noted, The data appears j-n Table 5.2. By

plotting these data on transects ' maps r"¡ere drawn to

approximaÈe the area of completely grazed pasture, and.

changes occrrrring from month to month. This is shorvn in

.Map 5.1 (Zone 1) and l4ap 5.2 (Zone 2) .

Both maps indicate 'movement of the interface in and out

from the warren from month to month. Presumably, the amount

of movement, and directi.on of rnovernent, are related primari.ly

to the amount of pasture available and the number of wornbats

feeclíng from mont-h to month.

The warren in Zone 1 appears to have been far more

active than that in Zone 2 especially during Èhe last five

rnonths of the study. Thís is borne out byrthe follolving

.evidence:

(i) the greater distances eaten out by the wombats

l(as seen from the Table and MaPs)

(ii) more 'recordings of an obvious interface (f3 for

Zone 1 versus B for Zone 2). Ilor¿ever, Graph 5.8

of. St.ípa biomass shows that from Âugust 1973 to fiecenrber 1973

there was far more feed availal¡Ie in Zone 2 than Zone 1so

that any vrombaÈ grazing effect would be difficul't. to detect

anlruay. (This is shovrn by the lack of daÈa in these montfis")

ft is interesting and not unexpected, to note the
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concentric patÈerns that hatre occurred. I{ovrever, Sti,oa

biomass increases generally as one goes further from the

hrarren (Refer Lo Appendix 5.4 and Section 5.1(D) , and althouglr

wombats appear to graze in a circular pattern radiating

outrvard from the warren, and tend to denude this area

methodically there must be some grazíng further out. This

undoubtedly complicates the picture, and any interface is

only but an indication of feeding behaviour"

It should be apparent that once an area is grazed out

(as occurs nearer the v¡arrens), it t.akes a longer tirne to

regenerate than pasture further out from the rvarren. For a

meaningful comparison of denuded area rvith pasture availa-

bility, then, averag,e biomass must be calculated from quadrats

within the grazed zorle. Thus Tatr1e 5. 3 compares iuhre StLpa"

biomass with the mean distance eaten out. (The average of

stations A and C, and D and E are averaged, respectively. )

One would expect that as pasture decreased the ínter-

face would move out, and as it became more plentiful ihe

interface v¡ould move in. The first seven mouths of

recording fo'r Zone 1 and the first four and last six months

of Zone 2 are in l<eeping with this, but. the other ti-mes shots

a dístinct difference f.rom the expected. Obviously the

sit,uation is not as uncomplicated as one might expect"

IIad it þeen possible to maÍntain a count on the wombats,

monitor their movements to and from the burrovzs and observe

their feeding, this clata coulcl be better comparecl wittr the'

seasonal veqetational changes that oceurred.

PHOTOPOTNTS

(a) Sterecr alrs

AnoLher souree of

the

information

photopoints

about the changes in tl:e

located vrithin Þer¡naRent-

3.

vegetation are
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quadrats , exclosing l^lombats. i\s s,tatecl ín Cha.¡:ter 2

photoooints 1{ere established v¡ithin five permanent

guadrats. The partially stereo-photoqraphs that were

obtained supplement the s:ampling data and leave a vísual

record of the seasonal ef fect.s. Of the large number of

stereo-pairs obtained, four have been sel-ected that are

representative of the kinds of chang'es that occurred.

clurÍng the present study, and, also ref¡resent crucial

st,ages in these changes. The remaining photographs are

housecl at the Botany Department, University of Adelaide.

consider the seríes of photographs Plates 5 " I tc¡ 5.4

taken from Station A on L4/5/72, 3/3/73, L3/I0/7 3 and

3/3/74 respectively. Using stereo-glasses it can be

seen that Vast changes have occurred during th,u st'uc1¡z

period. The detaíIed changes are shorvn in Table 5"4'

rvhere the complexity of the' situation again shorvs itself

wiÈh a numl:er of young, thriving TtlgoythqL'Lun plants at

3/3/73t yet no living plants at 3/3/74, 12 months lat.er.

This difference appears to be as a result of rainfall"

From Graph 5.3 ("effective" rain) it apPears that the

grgrvth periocl gíving rise to the large 7,/gophuLLunt plant

at 14/5/72 occurre<l as a result of significant March

rains. In January of 1973 rains again seem to have

initiatecl germination of 7ggoplnrlL'Lum, Stipa", HeLi'¡ttØ'Lum

and Enadium. Comparison wit,h the soíI moisture qraphs

(5.4a, 5.5a) suggests that although the surface moisture

had dropped to about 2eo, the soil at I0 cm' clepth

increased in moisture content to about 94, apparently

enough for the root system to gather.

By L3/lO/73, and after heavy falls in Àugust-septern}:er,

the vegetation reached maturi-ty, and althouqh soil
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TABLE 5.4 PIìOTOPOINT CH.êNGES ( srarroN A)

z l3 l0 3 3 1

0antltoníq,

Ettodium

H ø.Líptønun

Stipa

Z q gophq'LLum

Ground

Iitter

Lichens

I mature plant; fruits
opened¡ d1'ing off

smalI amounti Enodium

seeds, Stípa

small area covered

I plant; small

5 new plants;
30 ,20 ,15 leaf

approx. 13 r27 ,

stages

dead

L2 plantsr + other forbs;
6-10 leaf stage

a fevr plants; sprouting

2 plant.s; I leaf stage

Larger area covered

large ZqgoythqlZum plant

all mature; Iarge;
fruit mature

3 plants i grot¡n
largeri mature

dead

Iarge; f lovrering

(obscured)

(obscured)

more litter;
Enodíum seeds,
Stípa

d.ead, base had
grown larger

dead,

small amount coverei

dead

dead

large amount¡ Stipa,
Zqgophq!-Lum, Enadíun

?a"nthonía. tlelíp-
tetun.
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moisture at the t0 cm. 1eve1 is sti1l about 9%, t'he

plants are dying.off. It thus appears that seasonal.

chanqes and,/or life-cycle of these flora species is

more important than v¡ater availability (at this tirne).

/\t 3/3/74, all is dead. Even the heavy rains in

November-December-January have had no effect. The soil

.¡noÍsture at the 10 crTì. depth has remained fairly constant

yet no nerv grovzth seems t'o have occurred. A very

,similar situation occurrpd 12 months earlier, Yet there

has not been the same response. This j-s obviously a

fi:ustrating situation and one which would be very

.difficult to explain. Future detailed studies may

reveal more of the intricate interaction of the many

factors that are operating in this semí-arid pasture

system.

.Final1y, comparison with Graph 5.54 of living and non-

l.iving biomass, shor.¡s that the photograOhs are sensible

choices that illustrate the trends, and parallel the

;changing average biomasses found by the quadrat analysis.

(b) _othsr Photggaphs

?.late 5.5 rvas taken on 16/4/72 at Stat,ion A, r'rhen the

'permanently enclosed quadrat (at right) was set up'

(The quadrat at left was replaced with the more mobile

'',weldmesh" the follorving month.) The vegetatíon ís

'very sparse.
.P.late 5.6, taken on LB/12/73t near the end of the

research programme, is of the same quadrat. 'A number

of features can be seen here:

3 permanent phofopoint pegs (to support the graph

Þaper for the taking of Pl-ates 5.1-4)

'- wombat actívíty as shor^rn by the egesta material ín
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the clear area by tl're star droppe'rs;

-- the grazed-ungrazed interface in Èhe 'middle

disÈance. (This ,shorvs the .SÍipa.has .been eate.n

out, leaving mainly ßattia .ne'ar the v¡arren'.)

.- the ef fects of exclud.ing wombats after i20 -months,

as sholvn by the large., mature :Stípa- i¡side the

guadrat comparecl with outside ..the .exc'Iosure'.

Station C enclosure is at top .left'.

Plate 5.7, aLso taken on IB/.T2/73' ,j-s of the :area

nearer Stat,ion C. The change i:n'pas-ture i's very

noticeabl-e, and the demarcation .line fai:rly easy to see.

A. VEGETÀTTOI{ TN PPOTECTE D AND UNPI.?.OTECTED OUADRATS

As statecl earlierr âD at,tempt v¡as ,made |o .measure tlre

effect of rvomt¡at grazj-ncr around Èhe'w.arren.. .By measur.ing

the change in the vegetation r¿ithin the 'enc,ilosed quadrat ' an

estimate of change \!ithg!g womb,at ef fect. .conld be .macle,. By

:measuring the Change in the veqetatj-on in the "'opeIl'" :cfuadrat'¿

an est.i-mate of change y.itL r'vombat effect 'could:be lmade" A

comparisolr would. give a first objecti've ia.ccount of 'v¡-omb.al

activity.
lL has been shorvn from biornass rana'lysis that .i:n

generalr ä5 one moves out from the warrensr pasture bíomass

increases. Rad.ial traverses have indicated a -concentric

crrazing pattern from the war.ren that .chancfes rvifh p'.ast-ure

av¿rilabilitl' (and probably vronùrat n.uml:ers)."'PhoÈogra¡rhs

have shol¡n that over the period 'of the 'present study

SÍqnÍficant plant matter has ascum.ulatecl Ín a'uadrats that

have bee¡ e:<c.losed to vlombats, compared v¡ith 'the area out-

side these exclosures.

The rar,¡ data rva.s analysecl and b.iomass extraeted.

Talrle 5"5 shotvs the S.t,Lpa nitida b.iomass at Sta.tíon B. As
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stated in chapter 2, for valíd corrparison, a ¡'rreviousllz

"open" quadrat r,ras enclosed each month so that no curnulati.ve

effects over long periods of time wc¡ul-d affect the compa::ison.

Similarly, because the starting biomass of "open" and

"closed" quadrats at. any one visit \,Jere not the same, a

method had to be employed, Eo malçe a realistic comÞarison"

The follor,¡ing procedure was used :

The proportional change in each situation is obtained

by dividing the score for that visit by the corresponding

score for the same quadrat from the previous vj-sit. For

example, for the change betrveen the "open" quadrats betrveen

I7/6/72 and 22/7/72, the proportíonal chanqe is given by the

latest biomass clivíded by the previous, i.e. 86.5 + 74"5 = I.2.

{.4 value greater than I means an increase in biomass i a

Value of less than I means a decrease, and a value of I means

no change.) Thus Table 5.5 starts l'¡ith the art¡itrary value

of 36.4 grmsr/3 sg.m. (the average of the 2 "open" scores at

l.8/3/72) and using the proport,ional chcl.nge fractions each

time, a biomass value can be found, i.e.

t8/3/72 36.4 qrms

16/4/72 36.4 x :91 25.2 grms.

14/5/72 25.2 xé L1.7grms.

17/6/72 11.7 x 9.8 114 srms.

etc.

The biomasses obtained are not the actual biomasses that

occurred, but prog'ressíve pror:ortional values prcducecl for

.comparison; they are artifacts of the method used.

To enable the change in "closed" quadrats to be validly

compared, the same starting values must be userf. In this

analysis the "closed" changes are

'"{)pen" values, i.e.

shown relat-ive to the
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L8/3/72

L6 / 4/72

L4/s /72

L7 /6 /72

et,c.

36. 4

25.2

11. 7

.69

.42

10.0

x

x

x

36.4 grms,.

25.2 grms.

10"6 grms.

117 g:rms.

The processed data for Sti¡ca" at Station B are shown

in Graph 5.56. A sign of wombat feeding would occur where

the "open" value drops sígníficantly compared with the

"closed" value ¡ oY there is a signíficant increase in the

t'closed" Va1ue above the "open" value. Tt'13 such significant

situations occur, From August to September Ig72, and

December 1973-January 1.974, and are asterisked on the graph.

Atthough t,he "closed" graph stays above the "open"

graph in most months r oD 3 occasions the opposite occurred.

The data for the other stations can be found in Appendix

5.17. They show a similar trend. Some idea of the

cumulative picture can be obtained by adding the "closed"

Values for each visit, and subtracting the "open" values.

The follorvinqr results :

Station A Lnsufficíent data

B + 797 grms/3 sq.m.

c+119rr

D 3758 rr

E + IlB5 rr

F+28rr

G + 2630 rr

H + 278 rr

r+38rr

Atthough the absolute values are not signifj.cant because

of the arbitrary start,i.ng values, the *igg i= signif icant.

/\t only one sLatÍon v¡as the va.lue negative. (It v¡as also
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apparent that other factors affected the vegetation close

in Èo the v¡arren, suggesting that the values for Stations

.A and D are not representative anyvr¿y.¡

Similarly, if it is assumed that differences between

any tv¡o cÍuadrats measured at the Same station at the same

time v/ill t,end to even themselves out over the prograTlìme

period, then an absolute value can be foundr dS t^¡ell as the

síqn. The relevant claÈa was extracted from Tlppendix 5.1

Consider each zone in turn :

(a) Zone 1

Secause stations are set up at I0 IÌì. r 40 m. and 100 m.

disÈances from the v¡arren, ít has been assumed that

StaÈion A ap¡;roximates the average biom.ass turnover f::om

o-24 metres from the rn¡arren. station c from 25-70 m.,

and station B from ?0-l0o m. (There are a number of

assumtrtions here, none of r¿hicþ can be verified -i-n the

present study, but the pict,ure is the best that can be

'shown. ) The results are :

Station À cumulative clifference + 153 grm/3 sq.m. over

24 months.

,;St.ation B cumulative difference + 195 grm/3 sg.m. over

24 months.

.station C cumulative difference + I20 gtn/3 sq.m. over

24 months.

computing the average bíomass in a circle of 100 m.

radius abouL the rvarren gives an average loss of S'tipa

Èlue Èo v¡ombats of 70.6 kg.,/month.

(b) Zone 2

the ra\.r data is :

-334 qrn/3 sq.m.

1-223 qrm/3 sq"In.

S j-rni IarIy

Station D

Station E

over 22

over 22

rnonths

months
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Statíon r¡ +351 qrm/3 sq.m. over .22 months

Stat,íon G +225 grm/3 sq"m. over 22 months

Statíon H -I41 grm/3 sq.m. over 22 months

Station I +599 grm/3 sq.m. over 22 months

Agaín it, is assumed that the value at Station D

represent.s 0-15 tn. feeding distance from t,he warren,

E represents 15-25 rû" r Fr (25-35 m.), G (35-45 m.),

H (45-60 m.) , r (60-100 m.) . The averase loss of StLyta

thaÈ can be attril:uted to v¡ombat,s is lq I kg/month in

a circle of I00 m. radius from the warren.

It can be seen that although a figure of somethinq like

6l kglhectare (approx. l9o tcg. in 100 m. radius-cj-rcle)

uras obtained, this value is tikely to be an under-

estimate for a number of reasons :

(i) Lor,v numbers of samples ol¡t'ained. The data for

Zone I do not correspond very well with that of

similar stations of Zone 2.

(ií) complex vegetation-soiI-season-rainfall relation-

ship giving rise to more pasture accumulating

outside excfosures than inside at Stations D and

H, especially since these are widely separatecl

geographically. Comparison r^¡ith the earlier

"proportional change" discussion shov¡ed a

negative cumulative value of "closed" minus "open"

for Station D onIY.

(iii) It has been assumed that womþats prefer the green

shoots of StLpa and leave the dried pasture; the

data used is only for living material. Egesta

cut.icle anallzsis showed one l<índ of St'ipct cuticle

on11r. Carefully controllecl laboratory tests wottld

neecl to be carried out to determj-ne any difference
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(v)

(vj- )

(vii)
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betrveen fragntents from living and dead spear

grass ín the egesta material.

It has also been assumed from the very small

amo.unts of other herbage cutícle fragments in the

egesta material that Stipa, ís the main dietary

component. Perhaps less of other species cuticles

remain after dígestion. I{orvever, during pasture

grorvth periods noticeably denser Ettodiun, ZAgo¡thgtL'Lum

and ßa¿aZa plants occurred within 5-B metres of

the warren, and appeared untouched by wombats.

(See Plate 3.10.)

It rvas not possible, in the present, study, to

know how many wombats v¡e::e present from time to

t,íme o anil because rvombat.s are known to move arourd

from warren to w¿rrren (R.trnÍells; pers. comms. ) ,

this number could vary quite considerably.

It was stated earli-er that the enclosed quadrats

excluded larger animals, but this did not preclude

birds an<l insects. At trvo times a large number of

Iocusts \^/ere observed. There seemed to be a

greater concentrat,ion on the SLiyta that was

enèIosed suggestinq they preferred nerv grass that

would occur here rather than outside the encl0sure.

The significance of this observation cannot be

det,ermined.

The texture and clepth of soil arouncl \'\tarrens is

very different from the unclisturbed soil further

away. This has influenced the luxuriànce of thc:

specíes sampled, especially ZrTgo'¡thq.LLum and Ba^^ia

which are denser ancl larger in size, and proba"bly

compete effectively rvit-h Sl-i¡ttt.
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(vííi) ns stated earlier, it appears that once grazecl,

Stipa rootstock takes an appreciably longer tÍme

to develop ner,¡ shoots than does relatively ungrazed

pasture. Thus growth rate for the one species wil.l

change r,¡ith distance from the warren, and therefore

affect thc cumulative values of ]:iomass differences

betreen qrazed and ungrazed areas.

In summary it can be argued that there has been a

r¿ombat*clrazíng effect, too suhrtle to be sígnificant frorn

month to nonth, but. more obv.ious in the accunttlated

results. Photoqrarrhs of the same enclosures taken at

different tímes, ancl stereo-pairs are undoubtal:Ie proof

of a grazing effect" Ilol.rever, in order to obtain a

quantitative influence on pasture, a much finer and rnore

detaíIed approach than the one used here would have to l:e

emptoyed, and consideration made of a broader range of

influences actinçr on the v¡arren ecosystem.

I^lOl4BÃT BEIIAVIOUR

Discussion of the v¡arren and its surrounding vegetation

would not be compleLe rvíthout a brief mentíon of the vrombat

itself . /\ numÌ¡er of photographs, taken at different times;

can be trsed to give an idea of the behaviour: of thj-s mainly

nocturnal mammal.

tr{arrens can be foun<l in various places on the F.eserve

on the open grassland areas (as in the ¡rresent study)

Plate 5.8, in the limestone areas of clearíngs ín the

Gøíj ø4a-ma11ee, .in bltrebush count¡y, and even in cl.aypatrs.

Plate 5.9 shov¡s a l>urrot/ openinq soon after rain"

Very lj-ttle ra-in falls, ancL v¡hat does o soaks iirto the g::outid

quickly, keeping the burror^r dry" llhen moj-sture does

penetrate deeper, the v¡oml:at lciclis the datn¡: soj-I out as
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pellets

Vlombats shov¡ certain behavioural patterns associated

wíth clefecation and urination. The egesta pellets

(P1ate 5 " 10.) 
, 
tend to l:e deposited in special places like

the one in Plate 5.11, where pellets of different ages can

be seen, and rvhere a hollorv has been scratched out. The

star dropper has had soif pÍ1ed against it. It is not

unusual to find. a wallorv as in Plate 5.12 v¡here rvombats can

bask in the sun. Perhaps tlle rock acts as a backscratcher

or as a wind-break. Other wallows can be found at the end

of a distinct path, (Plates 5.13, 5.L+), not far from a

vrarren, and near fal-}en logs"
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RiìTROSPECTIVE INTERPRETATION ÀND TNPEPENCtrS

Of the issues dealt rvith in this thesis the grazíng interaction

betrveen the wom]:ats "tìd th.ir food supply probably will be of the

greatest interest to most readers. Therefore it will be treated first

in this chapter, which attempts to extract and itemise the esselrtial

conclusions and generalisatíons from the study.

1. DemonÁt,Lation and a,nalu^i^ ol the wombat g,Lazing e{(ect about

tgpiea.L a"ctLve Na.,LtLQ-n^ on the Brookfíeld Zoological Societyrs

Reserve de¡tendt upon vQ-ntJ {Lne-¿caLe obtøttva.tiou at thont,Lang¿

dttom tLtø watt,Len. 
r

2. Thut u^Lng the no^t ÁQ-ntítív¿ î.øcltniquet avaLLabLe (cross-fence

biomass comparisons extending into the very focus of the warren,

and nose-to-the-ground detail) no døtectabLe grLd.zing ¿ll¿ct utat

evz,L (ound bøqond 7 0 m. (nom tlte warL,Ls-n.

3. Demonyt,LatLon a,nd ana.LgdLt ha¿ to bø a.ccompl-ithed again,st a

com¡cLíea,ted baclzgnound o{ changø du¿ to oÍ.hett dactottt o( whielt'

. Ãomø a,rLQ- not a-pparLent to tlte ea¿ual' ob'settve¡.

(i) There is much variation in the soil properties from place to

place around each warren. The following factors influence

this particular habitat and must be taken into account :

(a) soil texture

(b) soil struct'ure

(c) water-holdíng caPacitY

(d) microtopogra¡rhy and drainage

(e) mineral makeup

(f) mineral concentrations

(g) dePth of soil
(h) shape of underlying limestone'

considering the soil moisture distribution at 0 cm.

(Graph 5.4a) and 10 cm. (Graph 5.5a) depths, in the table

below for only two occasions., it can be seen there are large

dif ferences in botl'r the proportíon of t,he change v¡ith depth,



Zone

B2

and the <lircctj-on of the chancle.

3/2/73

0 crn. t0 cm. ? change Zone 0 crn. 10 cm.

Ie /B/72

? change

-237.0

-166.7

-256.9

s1.3

-237.0

+ 5.3

25

9.7

1B
I.I

25 .5

13. B

This is not consistent with a relatively homogeneous set of

soil conditions at any time.

Further evidence can be seen v¡hen some plants rvhich vrere

guite green and actively grorving occurred within centimetres

of others of simil-ar size that \^/ere dried off .

(ii) Seasonal changes in diurnal temperatures and dail)' tempera-

ture ranges, rainfall distribution pattern and lenqth of day

and night obviously have an effect on the fauna and flora.

lhe effects of these changes are modífied by episodic

climatic chanqes and other factors such as locusts which give

rise to dramatíc shífts in the growth dynamics of the flora.

Thø ute 06 
^hidting 

øxclo,surLø^ u)a"A the (ín,st appLication od it's

,sottt in non-euLtivat¿d S outh Ä,u,stnalicn gtLa.^¿Land, wa^ 
^ucce^L6u!-,

and i¿ worLth th¿ attention od otheu concetLned with timiLan pnobLem¿.

The size of the samples taken could only be improved by the

addition of more manpo\./er and/or time, but I suspect it v¡ould only

marginally improve the accuracy of the data. Because the same

peonle carried out the same techniques in each guadrat fo:: the

duration of the proeranìmer âDy fail.ing in an índividual's technique

rvould tend to be included in all data of the samc kind. This

particularly applies to the hand specinren method rvhich could be

open to criticism. Ilorveverr âs stated on p.17, there v¡as very

À
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qood agreement in 93t of the estimates betrveen the tr\ro independent
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estinatcs.

llombatt eat the. grLa^A component o I th¿ Á.Lona and do not d¿l-ibena.t,eltt

íngeal, the nemaining, tpeeíe,s.

(i) No evidence for grazinq other specíes rvas found at any time.

Àll plants observed appeared to be free from rvombat grazincl

except Stípa and the occasional S chitmut. Éven around the

r.¡arren itself rvhere there rvas a high density of Ba,sÁía,

Tttgopht¡Ll-um and Enodium (r,",hich was cruite luxurious at times) ,

no parts of these plants appeared pruned.

(ii) Àt any station there rvas no significant dif ference betr.¡een

the exclosed and enclosed biomass of Ba.a,sia,, Trlgophq.L.Lum and

Eno díum.

(iii) Initial faecal analysis produced a large quantitv of Stípa

cuticle compared v¡ith other species v¡hich vrere nrobably

ingested accidentally.

)nez g,Lazed Stipa nootttocb tal¿e¿ an app,Lecia.blq Longøn time to

devel-op neLLt ôhoot¿ than doø¿ tø.LativeLtl ungnazød pa-^tu,Le; t|te

degnee o I gn-azíng ha¿ a. non- uni[ottn ed dect on ,Leg,LoLatll.

In closed quadrats closer to the v¡arren the starting biomass ís lorv,

because grazíng is heavier here r ârrd there are fewer viable plants

remaining. fn his article "Measurement of the Primary Production of

(Arid Zone Plant Communities", pp. 53-59 IBP Handbook No. 6¡ Methods

for the I'teasurement of the Primary Production of Grassland, êd.

C.lrtilner, R.E.I{ughes, 1968) R.o. slatyer suggests that "under

uniform "rr.rrtorr*."a., .o.rularor,= trr. ¡i-omass t'¡i1l increase from Iotv

Ievels rvhen leaf area al-one ma]' be limiting photosynthesis through

a period of most rapid'grouth which may be determined largely by the

genetic characteristics of the species, to a stage of declining

grorvth rates as senescence or specific environmental factors becomes

Iimiting". It is not unlikely that close grazing at this distance

rvould cause some damage to the plants and gronrth rate rvould be

6

further depressed, at least in the initial stag,es.
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In quadrats furthcr frorn the warren the starting biomass is greater,

and the initial qrowth rate wiII be higher leading to a higher

final biomass beinq'reached in a shorter time. Both situations are

modelled in oraphs 6.1 and 6.2.

The present data are consistent v¡ith this model :

(i) From Graph 5.10 (Comparisori of Stipa nítida. biomass at

stations in Zone 1) it can be seen that at Station A Sti¡ta

biomass starts each major grorvth period from a l-ower leve1

than C, and C starts lor^¡er than B. Similar1y the amount of

biomass at the height of each season is least at A and

great,est at B.

Further, from the slopes of the three graphs in Graph 5.10

rvhich represent grovlth rate, there is a correspondíng

increase in rate of addition of biomass from inner to outer

stations.

From Graph 5.tO (Comparison of Stipa nitida biomass at

stations in Zone 2) it, can be seen that a similar trend

occurs between the inner stations D and E, and the outer

stations H and I. (This point is expanded below).

(ii) No such trends appear for the species Enodíum (Graphs 5.15,

5. 16 ) , TqgophqLLum (Graphs 5.26 | 5.2'7, , Euphonbía (Graphs

5. 38, 5. 39) and HeLLptønum (Graphs 5.43 , 5.44) .

fn recording data for v¡ombat grazing effect at stations closer to

the warren only about one monthrs gror,vth on heavily grazed StLpa

vras obtained. One would not expect a significant difference

between biomasses inside and outside of an enclosed quadrat.

Similarly at some distance from the rvarren, rvhere there is no

evidence of grazingr Do significant difference wiIl occur. Graphs

6.3 and 6.4 strongly support this inference and shot^r plots of biomass

inside and outside of the shifting enclosures for Stations D and B

respectively (see App. 5.I). Station D represents areas'close to
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a \^¡arren and Station B represents tl'tosc f urtl-rer out. There is

no station that truly represents the intcrzone throughout the studlr

neriod. ¡

Tr,¿o areas of data need to be considered in the light of Point 6.

(i) The seemingly remarl<abIe differences between photopoint data

and actual biomass data can now be easily explained. In the

permanentÌy enclosecl quadrats the Stipa grorvth in the first

season allorr'ed the pruned plants to become re-established,

and new plants to germinate and also become established.

Àfter the second main grovrth season recorded, these quadrats

developed to the extent that thel' l¡ere indistinguishable from'

the quadrats at 70 m. or beyond. This is ñot inconsistent

rvith the biomass data.

(ii) The second area of evidence that does not at first seem

compatible with the biomass Cata is seen in the radial

traverses. The data of Table 5.2 as expressed in Maps 5.1 and

5.2 show distinct radial patterns of grazing. This is further

supportecl by the photographic evidence exemplified b)' Plates

5.5 5.7.

Hor.¡everr âs intimated on p.68, once eaten out, the areas

around a v¡arren rvill tend to remain in that state. Regenera-

tion v¡ilI be slolver, and grazing rvil-I contínue to remove the

small amounts of Stipa produced. Therefore what appears to

be a devastating grazing effect is in fact a reflection of the

maintenance of rather sma1l compounded grazing effects on

Sti¡ta. gror.rth.

Nha.t 
^øen18 

impottt.ant í¿ not thQ, Lnneh a.rLea that i¿ aLmo'st denuded

o( ve.geto.tion, noL tlte outel a,L¿a that i,s ttel-atíveLq untouched bU

wombatt, but the bondez a,Lea. It ít hert¿ t|tat the vegøtatíon ehanget

duø to womba.t¿ toouLd bø gneatøtt and mo^t tígni(ícant. It is this

region that future researchers rvould do r,¡ell to consider. Not onlv
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vJiII the biomass changes here be a most obvious reflection of

wombat activity, but the changing extent of the grazed zone as

mcasured by the vis\¡al method employed in this study v¡ould probably

be the simplest indicator of wombat actívity for population manage-

ment purDoses.

euaclrats v¡ould best be establishèd in this regíon rather than at

set intervals as in the present study. Because the grazed-ungrazed

demarkation line moved ín and out from time to tíme through

different station areas (notabll¡ Stations C, D' E and F)' the

present data cannot be used to indicate the irnportance of this

region.

. Epitodie ¿nvL,LonmøntaL e(dectt a.,Le a. maion {aeton in con|ídøning

ytLant gttou.)th dqnamicl .

The total biomasses of Stiyta" (living and dried off) for Stations B

and T I furthest from the warren and sharing no wombat grazing

effect, are displayed ín Graph 6.5. The grovrth and die-back periods

are marked. There is a striking similarity vrith Slatyer's model

(Graph 6.6) and the síze of the variations from Graph 6.2 suggests

that the episodic effects need to be investigated very closely

indeed.

Further, by averaging the biomass of all stations (Graph 6.71 h/e

achieve a graph that closel-v resembles Graph 6.2. This is

remarkable in the light of the data for Stations B and T I and

suggests th'at

. t¡ø øpitodic ød[eett d-,Le cluite rlillenent at th-e miettohabitat L¿veL;

6ome- quadna-t,s thow a cha-ngø Ln biomat¿'whí.Le othønt nea"rLbg ahow a

quíte dL66enønt change both in ttte quantítq o{ Stípa and al-¿o the

dín¿ction o{ the change.

O.Raín(a"LL L,s not og pníme inytontanc¿ in tnLggettíng gttowth oI Stipa-.

Photopettiodíe o,L ôe,a;ona!. tømpezatune rLe^pon^e^ a.rLe mucLt motLø Lihelq

a!-t¿nnative¿. These could be investigated by future researchers.
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The evidence is as follov¡s:

(i) From Graph 5.8 it can be seen that growth occurred in

June July rcf each year although not preceded by any

increase in rainfall, and indeed not much rain at all
(see Graphs 5. I 5. 3)

(ii) From Graphs 5.1 - 5.3 (rainfall), 5.7 (average biomass of

Stípa) and 5. 12 (moísture content of Stipa), it can be seen

that in tlay June 1972 and again in t4arch /\priL'1973,

plant moísture t¡as hígh yet there rvas no corresponding

increase in biomass at this time.

II. The amount od moL¿tutt¿ ín Stípa pLantd do¿t not a"ppe.a"n 10 bea¿

much n¿Lationthip wLth tlte bLoma¿,s. one might think that an

íncrease in moisture would lead to a state conducive of activity,

including growth, yet the March ÀpriI 1973 moisture was greater

than the June JuIy J.973 content but the corresponding biomasses

did not show the same trend.

Even the moisture distribution pattern (Graph 5.12 ) shor^¡s that at

the height of growth plant moisture varied from 20t to 43t in

September 1972, and from 322 to 598 in 0ctober 1973. Even plants

with a moisture content of about 108 appeared quite healthy.

12. Gnoutth od StLpa it pnomotød bq ¿ignídiea"nt Augutt-Søptømben raLn¿.

Some August L972 rain led to an increase in the biomass and

significant September L973 rain led to a greater increase in

the biomass.

13. Ra.ín in Decemben-Feb,Lua.,Lu ha¿ LittLø ed(eet on gLourth ol Stipa

and onI-q 
^etLveÁ 

to pttolong thø dnqLng=o({ p'Loce'^6.

Significant rain in January L973 and in February 1974 was

not able to stop the drying-off of the plants. In fact the

plant moisture content decreased significantly despite rain

after September, in both seasons studied

14. Stípa nøachet a- pa,LtícuLan ttage od nat.uttLtq and dníe¿ o6{

eompletelq.



88

Because closely ctrazed Stipa takes longer to rccover it rvould be

expected to mature later.

(i) This lag in jror.rth is reflected in Graph 5.10 by the

maxímum biomass of Stipa after the 1972 and 1973 seasons

occurring later at Station C than at Station B. Símilarly

in zone 2 (Graph 5.fI), D (and to some extent E) lags H ancl

I. It can also be seen thát at G a similar trend to that at

D occurs in the 1973 season. The station G area sampled was

particularly well grazed in July August L973 and thus

started the growth season in about the same condition as

plants at D.

(ii¡ From Graph 5.II H and f Stípa- biomass decreased to zeroby

tlarch 1974, and from Graph 5.52, H and I ground lítter

biomass increased significantly beyond that of any other

station in Zone 2. Stipa made up almost aII.of the biomass.

Thus ít appears that once Stipa had reached a particular

stage of maturíty, it dried off, but until a suitable stage

of maturity occurred' senescence was prolonged.

(iii) From Graph 5.8 (Comparison of averaqe biomass of Stipa

nitida in Zones I and 2), Zone I biomass in Àugust 1973

dropped, while Zone 2 biomass increased rapidly. This set-

back at the beginning of the grovrth period led to a lag in

the regrorvth and also in the timing of maximum biomass.

Thus these similar trends between stations v¡ithín each zone r âs

well as the trends between zones are illustrated in the data, all

being consistent with the inference.
I

The wombat ís relatively unobtrusive on its environment on the

large scale but very effective on the immediate warren locality.

Thus it appears that the limiter of the rvombat population is

not the avairable food' Even after the sheep l^tere removed the

amount of available food increased and yet there did not appear



to be any increase in

The second thing to be

B9

wombat activity.

considered wiII be the vegetation survey

15.

16.

and analysis.

TLt¿ ute o( tnail bíl¿e¿ in vegetatíon LampLing í¿ rLecomnended in

opQ.n woodl-and drLe-a^ ¿uclt a^ at ßLanchetown. Not only is it
quicker than by foot, but falleìr trees are no obstacle. By

relatíng information from stop sites with the large aerial photo-

graph a hiqh degree of accuraclz \,üas obtained; the transects as

shorn¡n in llap 2.3 are almost linear and stops l^/ere almost. equi-

distant from each other on any particular route from the base

line .A-8.

Fivø di¿tínct eomnunitq tqpøt exiÁt on the Retenve.

This is surprising in the light. of the individual distribution
mâps and also the visual observations, and reaffirms the value of

both statistical analyses and the concept of the vegetation

community. One would hardly be like1y to associate the tree

l\lAoponum v¡ith the small forb EnodLun, let alone ZAgophqL'Lum

with Ba¿,sia from visual observations alone.

The independent associations are reflected by the very significant

polarisation of species interactions into trvo large and one

smaller nodes at y- greater than 50 as can be seen in Tables 4.4

and 4.5. What amplifies the importance of these interactions is

the level of significance of the positive and negative associations

of these species. At X= 5O which is usually accepted as

significant., L9 of the species show interactíon with others and

7 of the species:have an incredible / interaction greater than 90

which is highly signifícant.

Tab1e 4.7 shows the 4 x 3 matríx which gives rise to a possible

L2 community types, yet onÌy 5 are represented, the remaining 7

not even occurring in small numbers r or even at all for some

ratings.
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Stipa species \^¡ere observed in all parts of the Reserve, and thus

the Mappinq Units should also include these species. For

simplicity one can, consider I'1ap 4.5 to be of a Stipo. woodLand

community incorporating these five sub-communitíes.

1. Stipa - I'4qopottum/Enodium - Gøiiena

2. Stipa - l'4tloporLum/EnodLun - -ßattia/ZqgophqLI-um - Gøíieta

interzone

3. Stiyta - ZqSophqLLum/ßaatia - Geii øtta

4. Stipa - l,lqopo,Lun/Enodium - l,laín¿a-na

5. Sl.ípa. - l,lqopo,Lun/EttodLum

Further, the other species with significant association with

these five community types fatl into distinct categories too.

Thus 19 of the 30 species analysed occur in a particular

community type with a frequency of an arbitrary four-times (or

better) the frequency in any other community type.

Obviously some unobtrusive but dramatic factors are producing

these relationships; future ínvestigators may wish to study

this aspect.

17. Thø topogttaphq and toLL a.,Le. not od p,Lime impotttance in døtettminíng

the di¿t¡t-Lbution o( tltø majonLtq o( taxa. Of greatest interest

is the obvious complementarity of the GeLjetta LLneatL[oLía

distribution (Map 3.f) r¡íth l,laineana tedidot-La (Map 3.21 . There

is no apparent reason for this to occur as markedly as it does.

The topography is no different. Future analysis of the soil may

reveal some difference rvhich a1lols one but not the other to

survíve. Perhaps one plant (or both) produces a chemical

substance (e.g. hormone) which inhibits germination of the other

The dist,ribution of l"lqopottum appears very haphazard, as does that

of the Euca|qptd. From the many fallen logs and secondary regrowth

18. it, is obvious lt:nal th¿ arLec- unde¡t ttudq Lt gttoÁáLq di¿c!.inactical

and woodcuttent and tl'teøp-grLazent in thø pa.^t have bnougltt thit

¿ituaf.íon about As indicated on p .37, certain species that were
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favoured by sheep are restricted to less accessable parts of the

Reserve. For reasons that are not apparent, quite overt effects

attributable to man can be seen in the distributions of

Tt,tgophgI-Lum species. TtjgophqLLum apieuLo"tum (t'lap 3.5) .and

Tggophqllum aunl.ntíacum (t*lap 3.14) occur in the northern sector,

but Zqgophq.Llun ovatum (Map 3.6)' only, appears in the southern

sector. The east-v¡est track seems to act as a demarking line

suggesting a man-caused disÈribution pattern. Perhaps at some

time sheep may have been forced to eat out the missing species

through lack of preferred food in each area, leading to complete

removal. Further investígation could be made concerning the

historical aspects, as vrell as the annual growth periodicity of

each species to throw further light on this situation.

19. Sone 
^pe.cLe^ 

a,Le. weLL tuíted to the nodí(íed condLtíon¿ o( nieno-

habit.at¿ on th¿ Røtenve.

(i) TnLodia ittttita.nt is well adapted to the sandy soil

conditions that occur along part of the north-south ridge.

(Íi) Claypans, with their specialised soil conditions aIlow

Centipøda Sp. r A,iuga sp. and Re¿eda sP., among others to

ftourish where other species cannot.

(iii) The earth mounds of the h¡arrens provide conditions of soil

texture and structure, depth and therefore water-holding

capacity that allorv denser populations of zagopl'tgt-Lum sP.,

Ettodíum sp, artd, Bat¿ia sp. to thrive. This can be likened

to the success of Nícotiana gLauea, Sa"Lto La l¿aLi and

various species of the family cruciferae in disturbed soil

conditions.

During Èhe period from rvhen the data collection ended (1974)

growth of bluebush and the

perimeter have occurred. Young

species that sheep preferred have
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begun to re-inhabit the property. The Reserve is in a state of very

ranid flora pattern changes.

I^Iith the abundance of feed one would expect the perimeters

of warrens to be extended, grazed haloes to Íncrease in size and the

number of warrens to increase. None of these has occurred, but

present studies indicate that the p'opulation has increased markedly.

Our understanding of the intricate relationships that are occurring
is only just beginning.

Having the opportunity to take into account such changes

over a number of years has proven invaluable in writing this thesis
and situations such as this should perhaps be the rule rather than

the exception.
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PREAI\{BLE TO ÃPPENDTX 5 " I

T(EY TO RF]ADTNG DATA ( Ro- luolrol d"l-)

1. ?\ fraction índj.cates the ¡rroportion of the quadrat

sampled, e.go x l/5)

2" The figurer's in bracl(ets are the fresh (wet) weíght and

ctry r,,reiglrt res¡-'ecLÍvely of the specj-es in ea.cþ quadrat,"

ê¡gt (85.41136.0) means the fresh tveic¡ht per 3 sq"m-

is 85.4 grm. and the dry r.veíght is 36.0 grrn/3 sq.m.

3. The truml¡er of pl.ants i.n a s-3ulg}S is gi-ven the prefix
lrsrr e"çr" S1.7.

4" The nutul:er of pl.ants in;r quadrat, is given the su:Ëfix rt;-rtr

e,g. 3BP,

Tlhis Ís obt'ained in ei'ther of two tn"alzs (or bclth Jlor

compari.son v¡ltere tjme allowed) " The fírst ís based o¡

acl-ual- couuti.nq, or the sample beíng vísually a Erue

represent-.atj.on of the quad,r-'at total, and extrapolatÍnt¡

acegrdj-nçTly" The second :!-s based on a gricl sampling

device and rvas used r.vhen larcfe num]:rers, and/or írregula-::ly

sparcecl, ancl/or very smaJ-L plant,s occurrerJ. and/ot the-i:e ruas;

o]:r¡i.or¡s per.-ranclom variat-ì-on in sÍzes of ¡:lants. /r 300 rnr¡,"

x 250 mm" metal ::ectangrle was furLhe:: dívidecl ínto a J.iìrc.¡r.:

ntrmÌ:er: of sm.al-]er rêctanqles that a.l.l.olred for accurate

counts to ]re¡ macle "

fn rLy:sL cases 'b,hat the g::id v,ia"s used, three samples v/ere

talcen t.¡at gave as trure a repr:esent¿rtion of the quad:::a1- as

pos.;síble" The ¿ivetrage \,ras obtaíned and J:y refer:ríng tn t:he

acc:omrlãnlzing T¿rbIe, the aoproxÍ.mate numbe¡: of plants vr¿i.ti

ol:t ainecl.

€r$¿ grid 26, 7o L5 i6 345P means that' 3 s;rn:tFl-es

yielil.eci 26, ? a¡rcl i.5 pl";rrtts respectíveLy" T'he aver'äcfe

of: 16 v¡as refer:recl to tTrc conversíon q::a"¡rh and 34!;



'p1.anLs rvas recorded for the quadrat (see gra¡:h).

.NO'Irj_: 5" Species 2 and 11 líe!-iptø,Lun ^pp.l 
were indistin-

guishable for most of the visits, Itence their

occurring together in earlier vísits, ancl sepa,rate

later"
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