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ECOLOGY OF SOIL- SURF¿1CE LICHENS IN ARIÐ SOUTII-EASTEPJI ATISTBAI. IA

SU}ßÍARY

Lichens on arid Australian soils have been neglected 1n the

past. ThÍs study establíshes the extent, composÍtion and eeology

of the llchen flora on arid and semi-arld soils ín south-eastern

Austral-ia.

Lfchens htere sought at 345 locatíons scaËtered over 4001000

square miles. 227 of the sites studied had lichens on the soil

surface. From the range of llchens encountered a total of. 42 taxa

were delimlted, and a key to these taxa was prepared. Of the

227 Locations wlth so1l surface lichens 118 shor.red a more or less

contÍnuous ll-chen crust over Ëhe surface.

The comrunity structure of the lichen floras was studied,

lncludfng tsro computer-facilítated analyses (Principal Components

Analysls, and Influence Analysis) 'r¡hich produced sínílar rasults,

and five species-groups delirnited. Tr^ro of these grouPs formed

"background'r floras, These floras occupied adjacent geographic

seglons, wlth a small overlap; the remaining three species-groups

were superlmposed on these background floras to produce five

separate geographic zones of lichen distributfon.



Studies of clirnatic and so11 varlaËíon lndicated that

species distributÍon was closely related to mea:r annual raínfall,

and to seasonal rainfall lncidence. Soíl-extract pH and

available soil calcium ccncentration r¿ere also closely related to

specfes distribution. MosË species were most frequent on crusted

loamy soils.

Studies on the physiology ot Chondropsís semiuiz,idis (Nyl,)

Nyl. demonstrated clinatic control of its dÍstributÍon.

C. senrioiridis, absent from areas r¡ith a surrner raÍnfall paÈtern,

was shown to be sensítfve to nor¡nal- sr:tnnrer aÈmospheric

tenpeïatures (40oC) when wet. Adaptation for existence 1n an

environrnent wlth repeated short cycles of wetting arid drying was

also demonstrated.

The effect of sheep stocking on specÍes composítion of llchen

crusts around waÈering places was studied at two locations. IÈ

was shown that stocking pressure differentially modífied the

distributlon of species, but no 1Íchen species íncreased fn

frequency under stocking pressure as do some angiosperm species.

The worl-d bÍogeographi.c inplications of the new daËa are

discussed. Predictions are made about distríbution of crusts fn

parts of AusËral1a not studied, and a nrap of probable past and

present distributions of llchen crusts corrpíled. The role of



the llchen crust in the ecosystem is considered with specfal

reference to soil nitrogen status. The study has implicatLons

about the future of the pastoral industry, and these are

examlned.
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1.

CHAPTER I

INTR.ODUCTION

Thfs thesls has as lts context the traditlon of

ecological studfes in the arld zone of South Australia developed

in the Botany Department, Uníversitv of Adelaide' Professor

T.G.B. osborn establlshed that Botany DePartment tn 1912, and

lnÈroduced scientific planÈ ecology to south Australia some years

later. A tradltion of aríd zone studles fron the DeparEnent he

founded dates from the early ].]92Ðts, but rarely have more than two

or three botanists been involved aÈ any one tlme. At the tlme of

writing Professor Eneritus Osborn 3t1l-1 appeared 1n the Departnent:

the length of thts traditlon of arld zone studles ís shorter than

the career of lts founder. A sftuation not very different apÞeers

to be Èhe case 1n the other Unlversity centres from r¿hieh ecological

studies of the atíd zone of Australfa could be mounted.

The universitÍes have not stood alone l-n the hl-story of

Australlan arLd zone research. Such lnstltutlons as the Soil Con"

servatLon Authorlty of New South f,Iales, the State Pastoral Boards and

Dl-vLsíons of the Comonr¡ealth Sclentlfic and Industrl-al Research

OtganLzation have made inportant contrLbutlons Ëo arl-d zone eeology,

but, by and large, these contributions have been to applíed

problens of the pastoral industry, not to academic botany.
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settfng thís history against the síze of Australiars aríd

zone (over 5 rnillíon square km. ot 747" of the continent) it is not

unexpected that in 1966 whole asDecÈs of the ecology in thís region

could be found to be the subjecÈ of al-most no scientífic literature'

As part of the Hcnours requirement for the Bachelor of

Sclence degree, the arrthor investigated the so1l surfaces of

Yudnapinna Station in northern South Australla. The aim of that

investígation uras tc determine whether or not there were lichens

capable of niÈrogen fixation on Èhe soil of that station. During

the investlgation it r+as dÍscovered that thousan,ls of square miLes

of arid land at Yudnapinna, and on surroundlng stations, were covered

by an almost contfnuous carpeË of líchens, includíng aÈ least one

species capable of nitrogen fixatíon. The signíficance of this

lichen crust on the soil surface l.Ias recognized, and adopted as Èhe

topic for this doctoral thesls.

From Èhe viewpoint of academfc botany the study of these

crusts was easily justÍfled. The ecological situation was novel,

as the lichens forned a livíng interface betr,¡een the soíl and the

air. Because of this llchen crust, the microclfmate of the soil

surface layer must be modlfied by intercepËlon of lncooing radlation

and by alteration of the aovement of water in and out of the soll.

As a result of its density and continuiËyo the crust rnusÈ alter

the hydrology of the area ít, covers by nodffylng the flow of water
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over the soi!. surface. S:'-n,ce iÈ binds aad covers the soil surface,

the crust rDusÈ restrlct r^rind, rain d::op aarf sheet erosion, and so

affect nutrient status an,J seed-bed charaeteristics ' It is

apparent that Ëhe crust must play a role ín determining the nature

of the angiosperm vegetation that groïIs in it, especíally by

affecting the critlcal stages of, seedling establishnent. In total

thÍs reoresents a l..atge uaexploreC sysËe:n for study'

Apartfromtheecologi.calaspects,theorganisnsdomínant

ín the crust, the llchens, are of considerable lnÈeresË. Llchens

are a 1ittle kno-vm, poorly uncerstood assemblage of organísns. In

Australia, 1-ichen taxonoray has been the subject of very llttle work

as no Australien university or lÎerbariun has had a professLonal

Lichenologist on íts staff until very recently. Líchen collections'

particularly from axl;d eTeas) a:'e few and scaËËered, hence a study

of theÍr taxonomy and distribution clust be profitable. It is also

possible Èhat knor,.rledee of such a group cor:l-d help illuttlnate

blogeographic problems, especially wiËh reference to continental drlft'

Íhe presence of lichens, themselves, the product of a delicatel-y

balanced synbiosls of algae and fungÍ, on such an exposed surface as

an arld soil poses quesËions of a physlologlcal nature whích alsO

f,Tarrant lnvestígatlon.
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The lichen crust must also have lraportant econo¡oic ínplic-

ations, as the arid shrublands of south-eastern Australla suPPort

a multi-mill1on dollar pastoral lndustry, In South Australia alone

the arid lands given over to grazi¡ng sheep (almost a1-1 falling

¡sfÈhín rhe study area) yielded some $21 million in 1967 (Australia'

Bureau of Agricultural Economics 1969). Thís Índustry 1s totally

dependent on the natural vegetation of the area and hence dependent

on the malntenance of a stable ecosysten for its continuity. The

role the crust plays ín the arid ecosysteln has already been noted:

If the crust 1s desËroyed, as it may be so easily by tranpllng stock'

there is no assurance that the ecosystem will contlnue Èo suPpoft

the pastoral Índustry. I{ithout the crusÈ, the vegetation presently

exlsting may not be capable of regeneration.

At the outset, trùo fields of study were deteruined; fírst, a

wide ranging survey of the extent and floristÍc comlrosition of

soil-surface lichen floras 1n arid and seol-arid south-eastern

Australla, and second, an examination of the factors ÍnfluencÍng the

distribution of the taxa Ínvolved. Since the outcome of these

Ínvestigations I'Ías ilot predlctable, consÍderable flexibility in

approach had to be preserved; every possible avenue for study that

presented itself had to be scrutinized as it arose.

The author pursued these studies durLng the years 1966 to

1970 inclusive, during which tírne he held the teaching posftlon of

Denonstrator ln the Botany DepartmenÈ, Universlty of Adelaide.
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Durlng thLs perlod the project developed along the two najor línes

stated above, and along one additfonal líne. FLgure 1.l*outlÍnes

the conceptual development of the lnvestigatíon. Chronologically'

stages shov¡n as successive ofEen proceeded simultaneously as

suffícient ínfomation from one stage became avaflable to start

work at another.

Prelimlnary studies showed that Ëhe líchen ctust was ln fact

a couplex of many organisrns; in addíÈlon to llchenLzed forns, f,tee

livlng algae and fungi were found; nosses and llverworts were

dÍscovered scattered among lLchen thallí and a microfauna of

considerable dÍversity was seen to lfve 1n the crust. Because of

thelr possfble role ín nitrogen-flxatLon, studíes ln the blue-greerr

algal flora of the crust were lnÍtiated buÈ were dfseontÍnued at an

eårly stage because of taxonomfc and other problens. Such actlons

¡sere ínevitable ln a study whlch atteopÈed to probe all avenues as

they arose, 1f any avenue was to be studied fn deoth.

Selectfon of an area for the study was a dlfffcult problen and

the llnlts of the area changed as the study proeeeded. The under-

lylng assunptÍon fn dellmltatÍon of study area was that the influencee

deterafnlng dlstrfbution of the angiosperms (el1nate, soil and

historlc land usage) would also determine lfchen distrlbution patterns.

Ffgures and Tables in this Èhesis are numbered as follows:
Chapter number, period (.), sequence number of aPPearance
1n the chapter

*



FIGURE 1.I

The conceptual development of the study in relation
to Èhe physical structure of the thesÍs. Broken lines
lndlcate the segments in each chapter.
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The area for the study had therefore, to be a conrpromises Latge

enough to embrace wide cllmatÍc, soil and hlstorlc variatlonsr Yet

small enough to be conveniently studÍed from a base 1n Adelaide.

Adelaide whlch has a relatively high rainfall wiÈh a narked

seasonal varlaÈion, aost rain fall1ng in the winterr was selected as

one clfmatic pole for the study. A second pole was locaËed near

Bourke in northern New South Þtrales, vrhere rainfall ls also seasonalo

but shows a marked surÌrfner rainfall- maxfmum. Betr¡reen these two is a

large area wÍth ralnfall erratlcally distrlbuted throughout the

year. IncluCed fs an area around Lake Eyre (due north of Adelaide)

which has the lor¡rest average annual rainfaLl recorded on the

Australian contínent. Inspectlon of so1l maps indicated great

diverslty of soils 1n the atea, r¿hich lÍes across three States

(South Australl-a, New South I^lales and Vfctorla) with three diverse

historl.es of land usâge. Thus for thls study a rectangle Lncluding

Àdelalde, part of Lake Eyre, and Bourke' (Flg. 1.2) was accepted as

optlrnal in balance between scope of varfatlon and technical resources

available.

The fiow chart fn Ffg. 1.1 outlines the develop¡ßent of the

study: the body of this thesis contaíns the ¿letalls of Èhe study,

rshich are dLscussed and sur,t¡arized.



FIGURE 1.2

The location of the study area in south-eastern
Austral{a, in relatíon to some major centrea of
population, and to politícal borrndaries. The
sÈlppled portlon is that area reproduced ln detalled
maps of the sËud¡¡ zone.
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(1)

7.

CHAPTETT II

REVIEÏ,f OF LITEP,},TURE

SOIL LICHEN CRUSTS

An lntroduct{on to the world líËerature

Elenkln (1901b) appears to be the first to have revfewed

Èhe literature relevanÈ to lichens on arid soÍl surfaces. In

that paper he dealt princípally wíth the unattached "Mannatt

lichens. Pallas (L77L-L776), quoted tn Elenkin (1901b) noted

a crust of lichens on the soil in Russla and probably made the

earliest report of lichens rvldespread ín a crusË over arid

soils. El-enkin (1901a) listed lichens from the stePPes of

Russfa ¡ and he also (1901c) díscoursed further on the

"wanderflechtenrt (mígratory or vagant lichens) of steppe and

desert.

lfore recent literature has been divÍded lnto papers dis-

cussing lichen crusts as such, and papers discussing the

fl-oristics of lichens on arld soils.

(a) Reports of lfchen crusÈs

Reichert (1937) bríefly revlewed the llterature on

arid soil surface lichens and asserted as a general

prlncÍpal, based largely on hfs knoT^rledge of the Turko-

Iranian and North African desertsr thattt"""the



I

bare soll of the deserE, when firra and not drifÈing, 1s

mostly covered by líchenst'. This general assertl-on has

been supported by a nunber of '¡orkers. Galun & Reichert

(1960) studied th-¿ soil cr.usts of Ëhe Negev ín Israel, as

did Galun (1962) r+ho reported ".....vast areas covered by

lÍchens, eonsisting nostly of a big variety of specíesto.

[,Iorkers in North Ameríca have also repor'Ëed soil-surface

lichen crusts. Looman (1964a) díscussed crusts on the Canadían

Great Plaír,s; Shields, l{itchell and Ðrouet (1957) an<l

Caneron and Blank (l-965) repofted liehen crusts fron Californiai

and shíelds and Drouet (!962) reported tirem from Nevad.a.

(b) Floristic sËudies

InaddiËiontothereportsofELenkin(1901a,brc)of

lichens fro¡n the Russlan steppes, Keller (1930) published lists

of species of l-ichens from those stepçes, along v¡íth a fine

series of photographíc plates ill-ustrating his paper. Klenent

(1955) recent,LY described soil-surface líchen associations

from EuroÞe. In North Asrerica, Fínk (1909), Herre (1911)'

and weber (1963) stud,j.ed Èhe lichen floras of essentially arld

areas. The fiora of the area studied by Fink was depauperate

when compared vrith that at Reno studled by HerÍe, whereae

the chiricahuan mouniains studied by üIeber jrtaÅ. a very rich

flora. Loor:lan (1964arb) sturlied the f-ichen flora of both the
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canadian Great Plaíns and the Pralries of northern united

states. The lichens fron syría and Lebanon, including arid

areas, have been studied at length by lJerner (L954-L966r.

The literature relevant to North African lichen floras

was revlewed and extended by Faurel, Azenda and Schotter

(1953) wíth special emphasis on arld and semi-arld floras.

Since that review, llerner (1966) has studíed the lichen flora

of Egypt.

TwopapersconcerningthelichenfloraofcentralAsla

(Magnusson 1940, L944, cited ín trleber L962) have not been seen

by the author.

The above revlew does not pretend to be complete; reference to

those papers descríbed as review papers r^¡111 lead to further l-iterature'

There have, however, been few papers of substance directly relevant

to this toplc: the checklíst lf enlarged would conslst basically of

lísts of nev¡ species collected from various desert areas, not of

floristic studíes of those deserts.

(2) Australian Studles

Other Èhan a prelirnlnary report precedíng the present study

(Rogers, Lange and Nicholas 1966) no repofts have been made of con-

tlnuous lichen crusts on arid Australlan soils. Ttrere are, howevert

a snall nunber of publlcattons that deal wlth collectlons made fron

arld Australian sofls.
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During the Elder Expedition across central Australla Ln the

years 1890-1891, Richard Éetms collected llchens qrhlch Ìrere sent

to J. M{lller (of Argau) for deËermination. These determinatlons

were publlshed in reporÈs from the Elder Expeditlon (Mtiller 1893) '

Helmts collectLons included t7 species off the soil'

Durlng studles at the Koonamore vegetation Reserve, lichens

were collected and sent to Ket¡ for determination (Osborn, ttlood

and Paltridge 1935). Regrettably, the na¡ne of the worker whc

deter:mined the material rùas not mentÍoned. The commenËs made by

Osborn, ltood and ?altrídge about the six specíes recorded on the

so1l at Koonamore suggesÈ that the sets of specímens retalned ín

Adelaíde to form a basls for discusslon dfd not match those sent to

Ke¡¡. Their account of specfes growth hablts is coupletely at

varlance with informatlon collected ln the present study.

The Grfmwade ExpeditLon of 1947, organízed by the National

Museum of Vlctoria, collected llchens across the southern margLn of

the Nullarbor plaín. SÈudying the collections, P. Btbby recorded

species that had not been collected since the tyPe material was

found on the Elder Expedftlon over 50 years earlier (Will1s 1951).

(3) Llchen Bio graphy of Arid Area9

weber (Lg62) noted sirnllarities fn the llchen floras of arld

areas 1n south-western United States, Asfa, North Africa, South

Anerica, and, to a lesser extent, AustralÍa.
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Discusslng the biogeographlc ímpllcations of hls study of the

lichene of the Chiricahua mountalns Ï^Ieber (1963) conmented that the

most signlficant bíogeographic observation r¡as the virtual absence

of narrow endemlc species withín the area. He did, horJeverr grouP

sone species together as "desert-steppe dlsjunctso', occurring in arid

areas around the r¡orld. Almborn (1966) nade a similar observation

about the líchen flora of South Africa.

In hls study of llchens on Prairie sofls Looman (1964b) noted

a close sÍmílarity betvreen an assocíation he descrlbed, and a paír of

associatÍons reported by Klenent (1955) from Europe. Some of the

specLes and genera conrnon in the three associatlons also occur in other

areas. Thus evidence has accumulated for similariËy raÈher than

difference 1n the composítÍon of llchen floras of soils 1n arid âf,êâs¡

Table 2.1 presents the records of some of the mote comñon specÍes and

genera reported from a number of atj:ð areas. Among higher plants

correspondence of this sort at the species 1evel r¿ou1d be extremely

unusual. Nomenclature ín Table 2.L foLLows the 
"rrgg""ttons 

of lleber

(1962, L967a,1968).

In discusslng the dlsjunction between very sinilar floras in

Europe and North Amerlca, Loooan (1964b) followed Thomson (1963) in

consfderlng three posslble explanatf.ons. The three ¡ùere:
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TABLE 2.I

Distribution of sone species and genera coclnon on
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Klement llsted two cornmr:riities, Èhe îUþensieLwn fuþentis a¡d

t}re ParsneLiettn Ðagantis, r,rhích Looman believed had merged to fotm

tlne Pætneliet-wn ehLonoeh.toa'e ln North Ar:rerica.
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(a) thaË under similar ecologieal conditlons' convergent

evolutlon had produced slmilar organisms

(b) Èhat lichens had unusual polders of dispersal

(c)thatÈhellchenflorasofEuropeandNorthAmerícawere

relicsofaoncernuchmorewldelydlstríbutedflora.

Looman rejected the first explanatlon, and stated that it nlght

explain a fe¡s of the sinílarities, but not all' He also rejected

the second, claiming that it required that sexual reproduction be

lnvoked, which trasrare 1n arid lichens' He favoured the third

possibllity, and suggested thât continental drift accounted for the

present disjunctions.

A number of atËetrpts have been rnade to denarcate the boundary

between "steppett and "desertt' using lichens as phytogeographÍc

indicators. Keller (1930) suggested that the presence of vagant lichens

characterized steppes, as ceserËs were clinaÈically too severe for

rhem. Reichert (1936, 1937, 1940) has suggested use of the genus

Dip,osehistes to characterize steppe and to dl-fferentiate it from

desert. Faurel, Ozenda and schotter (1953) reviewlng the literature

on lichen distributlon in North African clained that disappearance of

soil lichens províded a more sensitlve indicaÈor of the steppe-desert

boundary than did hlgher plants. All the above authors agreed that

the disappearance of all, or selected lichens, could be used as a

clir¡atfc lndicator.
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Assoclated Algal Floras

A nr¡mber of reports of soil lichen crusts from arid areas

also noted the presence of an assoclated a1gal flora' livlng

free in the soiL, in addition to líchenized a1ga1 forms

(Keller L930, Shields 1957, ShleLds and Ðrouet L9620 Cameron

and Blank 1966), The literature relating to soll algae has

been revfewed by Shields and Ðurrel] (1964) o and the l-lterature

especially relevant to arid zone soil e-Lgae was reviewed by

Caoeron and Blank (1966). Algae have been found in dry solls

on every continent. consÍdering only selected examplesr algae

are recorded from dry soils 1n Antarctica (Drotet 1962, cited

|n Caneron & Blank Lg66), South Auerfca (Schwabe 1960), Central

Asía (Shtína 6e Bolyshev 1-963), Indía (Singh 1961), Central

Africa (Duvigneaudædsyraoens 1950), North Africa (t<.il-lian and

Feher 1939), North America (Caneron 1960, L964a,brc), and

Europe (shtina 1961). In all cases the blue-green algae

(Cyanophyta) doroinated the soil algal flora.

In Australia very little work has been done on soil algae.

Phllllpson (1935) described and determined soil algae fron

near Melbournee and Moewt¡s (1953) determined algae from the

desert near Broken H111. AÞart from these tv¡o atteEpts there

have been no systematic accounts of Australian soil algae'

although a number of other studies on soll algae have been
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pursued. Jensen (1940) and Tchan and Beadle (1955) studied soil algae

in western New South ltrales from the polnt of view of nitrogen balance

but found no sfgnlficant role for theu. Tchan and !trhitehouse (1953)

studied the movement of algae in sand, and Bond and Harris (1964) 
'

studíed Ëhe effect of alga.e, detected by Specht and Rayson (1957) ' on

the stabllity of sand hílls in southern south Australia.

Shields and ÐurreLL (1964) attemptecl to show the sinilarítles

1n varlous so1l algal floras from arid areas around the world. They

present data ostensibly from Duvigneaud and Symoens (1950) and Moe¡¿us

(Lg52), which differ from those acÈually publlshed by those authors'

Ttre value of such biogeographic correlation is at t¡est extrenely

doubtfuL, because of the confusion currenË in the taxonomy of the

cyanophyta, and is more so when the confusion is compounded by error

of the kind mentioned. As an illustration of the scale of confuslon

in the Èaxonomy of the cyanophyta, Drouet (1968) reduced the

number of speclfj-c and subspecífic taxa in the famtly Oscillatoríaceae

from 21400 historical types to some 23 autonomous species, some of

which he believed rnay prove synonymous. Hls radical redefinltion

of genera and species nakes blogeographic correlation irnpossible

wLthout examínatíon of the original material'

(5) Role of the Llchen Crust

A large nunber of roles for the lichen crust on arid soils

are postulated in the Líterature, or nay be inferred fron it. The
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role that originally gave inpetus to thís stucly was the established

rol-e of crust organisms as ni-trogen fixers (Shields, Mltchell and

Drouet Lg57. Cameron and Full-er 1960, Rogerso Lange and Nicholas

Lg66, Mayland, Mclntosh and Tuller 1966). In addition to nítrogen

fixatÍon, it has been shor^m that, because of their abillty to survive

drought íntact, soll lichen crusts act as a reservolr of soil

nitrogen when other soutces are destroyed (Shíelds 1957rShields, Mitchel-l and

DroueÈ 1957). These crusts are also repuÈed to be important sources

of organlc matter Ín desert soils (Shields and Ðurre|I L964, Cameron

and Blank 1966).

The ability of 1ichen crusts to stabflize soils over long perLods

has been conrmenÈed on by Booth (1941), Fletcher anC Martin (1949) 
'

shíelds (L957), Shields, Mitchel] and Drouet (1957), Durrell and

shlelds (1961), I{eber (1962) and by Caneron and Blank (1966). The

effect of these stabilizing crusts on rainfall infiltration is not

clear; Booth (1941) found crusts might slow the rate of fnfiltration

a little, whereas Fletcher and Martín (L949) believed crusts l-n-

creased the rate of lnflltratlon.

It has been demonstrated by Rondon (1966) and Pyatt (L967)

that extracts from some lichens inhibit germination of seeds; ít is

thus possible that elutlon of lnhibltors from the lichen crust

fnhiblts germfnation of se_eds. The antlbacterl-al effect of lfchen

acids discussed by Stoll, Brack and Renz (L947) and the antifungal effecË
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dlscovered by llarder and Uebelnesser (1958) could have a

role io lnhibiting nÍtrogen fixaÈ1on by free living bacterf-a'

and also slowÍng down re-cycling of organic nitrogen by

preventing decay organisus from acting on organlc matter'

I'lhtlethellteraturesuggestsrnanyrolesfortheerust

few have been tested, and those that have been tested, not

studfed at depth. The approach to Èhe so1l llchen crust has

generally been superficial: a much r'rlder range of questions

could be asked about the crust with proflt'

FACTORS ASFECTING THE ÐISTRIBUTION OF LICHENS

Factors affecting the distribution of lichens have been

reviewed by Lange (1953), Smith (L962) and llaynes (1964).

Most of the ififomation avallable deals wÌth water relatlonst

drought resisËance or the effects of heaÈ'

(1) I'later ions

Lt is generally acknor^rledged that lichens have no

particulâr organs for ç¡ater absorption, but act like a

hydrophilic gel, absorblng nater either as a lfquid or

dlrectly as vapour fro¡l the air (smyth 1934, Haynes 1964).

The uptâke of water must be passive, since S¡nlth

(1961) showed thaÈ fûetabolic ir^hlbltors do not affect

the rate of uptake. In studíes of water uptake, Barknan
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(1958) estimated a saturation deficit for eoiphytic lichens 1n

the range of 300-1000 atmospheres.

Scofield and Yarman (1943) noted that while líchens absorbed

rùater vapour fro¡n the air they díd not reach saturation r^rater conÈent.

Reld (1960a) demonstraÈed Ëhat absorptfon from Èhe air rarelv

exceeded 30-502 whereas Snyth (1934) found that absorptlon reached

7A7" of saturation water content. Soofield and Yarman, and Reidt

found that if relative hurni-dity fetl to 7A7", water content of the

líchen very rapidly fell- fro¡n the saEuration level to some value in

the vlcinlty of 20% of saturation contenÈ. None of these 1itorkers t

however, studied an arld zone lichen.

Snyth (1934) and Lange and Bertsch (1965) found that at 1o¡s'¿ater

content the respiratíon rate exceeded the photosynthesís rate.

smyth, studying PeLtigera poLyd,%ctyLa, found thaÈ below 3O7, of

saturation rüater content respiration exceeded photosynthesis; Lange

and Bertsch, working wiÈh the desert lichen Rønalina mae¿fonn¿s'

found ÈhaÈ at about 207" of saturated !,later conËent photosynthesis

fell- to ze1'o, but that respiratioÍì. rÀ'as stí1l detectable until vrater

content fell to about L57" of saturated content. There is thus a

lange of water content r¿ithin which resoíration proceeds but

photosynthesis does not. tr{íthin thÍs rangeo between about l-52

and 2O7" of saturated water contentn lichens must slowly exhaust

thelr food reserves. This depletlon of food reserves r,¡ould be less

narked at lower hunldities, as respiration fe1l away to undetectable
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levels. lhus, prolonged periods of huml-dity a little less

ttra¡ 7O7" could be damagíng to lichens, and so, dlstributLon of

specles could be rel-ated to extended perfods of relatívely hlgh

humidities' as well as to rainfall.

(2) Drought Resistance

In hís review paper Lange (1953) presented a coasiderable

block of daÈa about drought resi.stance for a nunber of llchen

species. He estlmated drought resístance by neastrring carbon-

dloxlde producrlon and by studylng viability of the algal

s¡rnblont after varying lengths and intensíties of drought. Ills

basfc finding was that length rather Èhan íntenslty of drought

hras the critical factor, most lichens belng able to survive

longer droughts than they would ever meet ín nature. Despite thls'

he found a correlatÍon between drought resístance and distrfb-

utLon. this work has been crltícízed because of lts faílure to

take lnto account long term effects of drought, and for

faLlure to measure changes in photosynthesls as well as changes

in resplration (Smittr L962). It does seem to over-estimate

abllity Èo survive drought.

Reld (1960b) showed that after-effects of drought may not

manifest themselveg for a considerable tlme after the drought

perlod. In the same study he suggested that the stless

associated with drought nay be most acute when the thallus
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absorbs watef , for respiratlon rtas shor'sn to surge to

unusually high levels very rapldly, whereas photosynthesls

clinbed only slowly towards its normal level' It was

suggested that PerhaPs noE duratlon of drought, but frequency

of alternaÈ1on of raÍn wtth dry periods, límited the clls-

tribution of lichens (Smlth L962, 196S) ' A study published by

Lange, schulze and Koch (1970) showed that for the lichen

Rønalina mø,eifortnís 1n the Negev, early uorning dew r¡as sufflcient

to a1low a 3 hour burst of photosynthests, with ^ 
n"$ gaín in

flxed carbon-dioxide in that tine. This showed that arid

lichens may behave d.ffferently to temperate ones, and that the

stress period associated with re-úTetting af.tex drought need

not be a serious Problem.

High tempera tufes

Lange (1953) reviewed the effect of high Ëenperature on

lLchens, and also tested the heat resistance of a large nr.¡mber

of different species. Lange enposed llchen thall1 Èo varying

tenperatures for 30 ninute periods, then assessed heat

resistance by measurenents of respiration of wetted thalli:

the tempeïature whlch reduced respiraÈ1on to 50i4 of the normal

level r¿as taken 3s an lndex of heat resistance. Te4eratures

ln the range 70oc - 100"c were found to reduce the respir-

atlon to half ln líchens exposed Ëo heat, while dry, whereas
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temperatures ín the range 30'c - 45oC reduced the respíration

to half ln wet material. Ilowever, these tests were shorË

term only' a ¡nore recent PaPer (Lange L966) has shor^rn that such

experlments would in sorne cases overestir¡ate and in others

underestlnate heat resistance. Lange (1953) found a close

correlation between heat resistance and distributÍon, and

belleved this to be a prfure factor cont,rolling lichen distributl-on'

Lieh t intensitY

The role of 1lght as a factor ln lÍchen physíology has

been revlewed by Quispel (1959). He drew particular attention

ro Ehe data of Stalfelt (1939) whlch showed that the photosyn-

thetlc compensation point of lichen thalli was roughly equlvalent

to that of sun leaves. stalfelt also demonstrated seasonal

variation 1n response to light, and showed that the l"ight

intenslty at conpensatlon polnt for various species varied by a

factor of up Ëo four. Yarranton and ßeasleigh (1969) found a

relationship between light intensity and specles distríbution of

llchens on linestone in canada. I^Ihile light is unlLkely to be

a ltniting factor in typically sparse arid vegetation, it is

possíble that species fron arid areas may not survive 1n the

uore shaded condítions of temPerate areas'
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Nutr l-ent Y

It has been shown that líchens have very efficient

absorptive mechanisms for nutrienÈs, and that these nutrients

are actlvely absorbed and bound to the celis (ttarley and Snith

Lg56'Sntth1960a,b,1961).I^]hílethisabilítyhasundoubted

advantages in areas of minfunal nutrient suPply, (lichens

having no organs for absorptlon) thls very active absorption

can have unfortunate side effecÈs, eausíng the death of líchens

near industríal areas froa absorptlon of pollutants (Brodo l-966)

uraking lf.chens sensitive indicators of atmospheric pollutlon'

I¡ilt¡11e not necessarily f,alal- to the líchen this abillty ls of

considerable danger to reindeer-eating Eskinos' as lichens have

actively accunulated radlo-ísotopes from the atmosphere (Gorham

1959, Hanson :"|966, Hanson, I.IatsonardPerklns 1966), and reindeer

eat llchens.

It ís unlikely, Èherefore, that in a dusty environDenË like

the arid zone nutrlent supplies will lirnlt distrlbution of most

specles.

It has been suggested that some llchens are "calcfphlles'l

or 'roitrophiles'r (Snith L92L, Trumpener L926) but these terms'

because of the irnprecislon attached to them, r'rean little.

Ilowever, Masse (1966arb) has demonstrated a relatíonship

between nltrogen 1n the substrate and distrlbution of some
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lichen species. lfasse (1966a) grouped several species as

ttornlthocoprophlles" or "ornithocoprophobes" related to

the nitrogen concentration of thelr substrates.

Substrate PIi

Alvln (f960) found a close correlation between distrlb-

ution of llchens on sand-dune heath soils and soil pH'

Mattick (1932) had also studied the pH of the soils upon which

a large number of different lichen sDecies occurred. In his

report he presented figures showing the number of occasíons on

which he found each species to occur on soils of each pII interval

used. Uslng these flgures he stated the pH range and pH optinr:rn

for each specles. lÙtrile the range is valid, the optiural

figures are not. The so-called optinun probably reflected

l-ittle more than the so1] pH nost common 1n the area. Mattick

perpetrated the fallacious arguûent by whlch Ashby (1936)

showed that telegraph poles could be demonstrated to have an

optimun soil pH. Statements of optlmun so1l plt require a per-

centage presence (frequency) calculation based not only on sftes

upon whl-ch a species ls found, but on Èhe pli of all sites searched

for the specÍes whether the species tTas found or not.

Yarranton end Beasletgh (1969) found in a study of lfchens

in deep llmestone "gríkes" (fissures) that while specíes d1s-

tribution was related to topography, topography rùas not
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related to surface pH. They therefore considered

pII not to be important in determíníng lichen distributÍon

¡¡fthin theír study aÊea' nevertheless Yarranton (1970)

included pH in the variables used to construcÈ a

predfctive uathematical rnodel of lichen dístribution'

(7) SÈo essure

Llano (L944) cíËed Lynge (1921) at length concern-

lng the effect of gtazl:ng on Arctlc lfchen pastures, and

renarked that tram?l1ng alone can do much to destroy

such vegetation. Although no rnan¡mals have been reported

to eat arid soíl crust líchens' it is certain that

tranpling sheep have badly danaged the so1l surface over

vast areas of the Australlan interíor (Beadle L948,

Jeseup 1951) and so presurmbly destroyed the lichen crusts.

The clai¡n by Scott (1960) that the líchen symblosís is ¡naintaíned

by the conjoint action of linrlting nutrient, moísture and light adds

further dínensfons to consÍderation of controlling factors. This

lnteraction also raises problerns relating to long terrn physiologlcal

ocperiments on lichensn especiall-y the possibllity of disintegration

of the symbiosis r¿hen materials are used under laboratory conditions.
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CHAPTER III

DESCRIPTION OF TIIE STT]DY AREA

An appreciation of the fteld work performed in this study

requires an understanding of the physÍcal context withín which

that rrork was executed. No single work adequately descríbes that

context as much of the inforrnation is scatÈered in detailed studies

of síngl-e aspects of the environment. there are, however, fiüo very

valuable general resources tl:re AtLas of AustraLian Resourees

(Australia, DeparËment of National Development 1951-65) atd The

Austm,Lian Ent;irorunent (Australia, C.S.I.R.o. 1960) .

The following account strikes a balance between brevLty and

complete description of the study atea.

1. LANDSCAPE

The physlcal geography of the area ls the subject of

diverse publications, rnany of which are detailed by Lustig

(1968). ldtrile there are many papers deallng wíth the detail

of single facets of the physlography of the study atea, vety

few lntegrated studíes or maps have been prepared. A

valuable dlscusslon by Mabbutt (1969) dealt with the geo-

morphology of a large part of the area. The most detalled

physLographie nap of the ¡¡hole study area ¡Ías that prepared

by Lobeck (1951), whlch served as the source for the

physiographfc reglons on Fig. 3.1, and as Èhe basis for

regional nonenclature .
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The predomÍnant landscape form is the vast desert plain,

interrupted only occaslonally by relatl-vely low h1l1s. The

generally sltght relief of the whole region is apparent from the

snall area over 300m 1n altitude (Fig. 3.1), and is further illus-

trated by the fact that St. Maryrs Peak in the Fllnders Range, which

1s the hlghest point in the whole al-ea, reaches a heíght of only

1r200n. Apart from the l"tount Lofty and Fllnders Ranges of the

South Australian Shatter Belt, the only significant hills are the

Gawler and Middleback Ranges on Eyre PenÍnsuLa, and the 01ary Ridge

and Barrier Range to the east of the Shatter Belt.

Archíng around the east and north of the Shatter Belt ls the

sweep of the Eastern Australl-an Basfns; Ëhe Murray Basin in the

south, the Great Artesian Basin in Èhe north. Both are virtually

without relief.

The Murray Basin is a flat, low-lyiîg atea across which rivers

from the eastern ranges flow towards the sea. Because of the very

low gradient of the basín, the rlvers meander and anastomoser noÈ

all of them ever reachlng the main Murray-Darling river system.

These rlvers do not drain the l-lurray Basin itself but si-uply flow

across it.

The Great Artesian Basin is also crossed by rivers origlnating

on the eastern htghlands, draining either towards the Darling

Rlver or Lake Eyre. Only rarely do many of these rivers actually



FIGUAE 3.1

The physíography of the study atea, adapted from
Lobeck (1951). The heavy line represents the eastern
l-imít of the ldestern Australlan Shíeld.
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discharge l-nÈo elther the Ðarling or Lake Eyre as they usually

dissipare their ¡ùaters on broad floodplains. the north-west

portion of the basln 1s crossed by a serles of parallel desert

sand dunes.

At the Junction of these tr.¡o baslns lies the cobar platformt

an ancient dissecÈed peneplain, and the Wilcannia Threshold; both

areas of 1or¡ stony hills.

I{est of the Shatter Belt, lies a series of salt-pans assoc-

Lated wiËh internal drainage. In the north{üesË the stuart Range

Basin and pimba platforn are both areas of stony pavenent eiËher on

broad flat tableland areas' or on outlyíng mesas, overlylng the

Pre-Canbrfan Australl-an Shield.

2. CLIMATE

(1) Cllmatfc zones

The sËtrdy area has been zoned clinatlcal-ly in dlfferent

ways by a number of workers; probably the nost widely known

classiflcatlon being that proposed by Meígs (1953) ' On

Melgst zonatlon as shorm in Figure 3.2, virtually all the study

area is classed as arld or semi-arid, wlth a small tegperate

area included in the hills near Adelaide. The UNESCO - FAO

(f963) bloclimatLc map shou's thaË the study area has r'r'lthin

it two basLc clinatic tyPes. These are the desert type
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(wlth varíous nodificatíons also present) and the mediterranean

type (which also is represented by a series of nodified forns) '

Perry(1967)mappedthelinitsof'orangeland''onthe

basÍs of cllmatic varíables in the llght of land usage' For

the purpose of thís study' the area described by Perry as

rangeland has been treated as arid. For convenlence, the 38cm*

rainfall fsohyet has been taken as the uDper rainfall linit of

the sub-atíd zone, all areas wetter than that being considered

hunld.

Ifhechoiceofthe3Scmlsohyettodemarcatetemperateand

sub-arid lands was entirely arbitraryt but it more or less

divíded the study area outside of the arid zone into equal

portions. The limits of the atíd zo¡e, sub-aríd zone and humid

zoneasdefinedaboveareshowninFig"3.3.Thísclassiflcation

has been used throughout this study'

Rainfall

Ralnfall ln the area varies from less than 12cm ín the

Lake Eyre Basin to more than 100cm in restrÍct'ed areas of the

Mount Lofty Ranges, near Adelaide. Rainfall isohyets form a

nested serles paralLeling Èhe coast, except for the distr¡rbance

caused by the Mount Lofty-Flinders Ranges, which have the effect

Ralnfall in Australia is measured and mapped 1n inches; these

flgures have been converted to the nearest centimetre for thls
etudy.

*
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of increaslng precípf-tation on the western faces of the rangè

and craatLng a rain-shador¡7 on the eastern face' The distríb-

utíon of ralnfall- ísohyets as sho¡vn in Fig ' 3'4 was based

largely on infor¡nation in cllmatological surveys published by

the Australian Bureau of t'feteorology (1955-1963)'

In the north-east of the study area' rainfall is con-

centrated in relatively intense srl¡nmer showers whereas ln the

south-l.rest rainfall ls mosËly in the winter, fall-ing in frequent

lightshowers(Leeper]-960).Ftg.3.5showsmeannumberofraln

days per afflum, and was drawn from official sÈatistics (Australia,

Bureau of Meteorology, Lg66). The area with a seasonal maximtm

precÍpitaríon in the rdinÈer is deliníted in Fig. 3"4. (Australl-ao

Department of the InËerior, Meteorological Branch' 1954)'

(3) Temperatl¡re

An indícatLon of variaÈlon in temperature 1s gfven 1n

Flg. 3.6 and Fig. 3.7 t¡hich show respectfvely the normal

maximum temperature for January (southern sumner) and the normal

minimum temperaÈure for July (southern wínter) (Australia'

Department of the Int_erlor Meteorological Branch, 1953). some

areas irfth a normal July minÍmum of less than 5oC have a nornal

January rnaxlmun of more than 35oC, diurnal variatlons in excess

of 15"C not belng uncormon (Jackson 1958) '



FIGURE 3.2

Clfunatic zonation after Meigs (1953).
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FIGURE 3.3

The climattc zoflation used in this study.
The arid / sub-arid boundary is adapted
from Perry L967,
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FIGURE 3.4

Mean annual rainfall, ísohyets are at
5cn Íntervals. The brolcen líne rerrrcsents
the northern linit of the area wíth a
pronounced seasonal naxiri-,um precípitation
in winter.

FIGURE 3.5

Mean annual nunber of rain d.ays. Isolínes
are at 20 day fntervals.
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FIGURE 3,6

Mean dail-rr naximum tenperature fcr Jan-
uary. Isotherms are at, 3oC intervals.

FIGI'RE 3.7

Mean daf.ly mlnfmun tenperature for July.
Isotherns are at 5oC intervals.
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3. SOILS

Soils of the area have been mapoed in soil assoclatíons

by Northcote (1960, Lg66) and Northcote etaL (1968). With

the exception of skeLetal tyDes on hilly aÏeas ' Èhe soils are

climatically zoned. In the humid zofle axe small areas of

podzolÍco solodized soloneluz and solodic soils' but the soils

in most of the areas with rainfall between3Scm and 50cm per annum

are red-brown earths ' In the sub-arid zone hígtþ calcareous

solonized brown soils (Mallisols) predominate' rn the arid zone

of south Australia there are large aleas of híghly calcareous brou¡n

soils, with calcareous desert soils and stony desert loams in

thedrierParts.InsouthernNewsouthl.,]alesisavastareaof

grey or bror,¡n solls of heavy texture, mostly cracking clays'

In northern New south wales there are expanses of arld red

earths, notable because they are Partlcularly susceptible to

eroslon (Beadle 1948) and are neutral to acid in reaction, whereas

vlrtually all of the other arid or sub*arid soils are neutral

to strongly alkalíne in reaction.

ION

Thevegetationofmostoftheareahasbeendescribedby

trlood (1937), Beadle (1943) and Jessup (1951), each of who¡l

publlshed maps and florlstíc lists; t{ood for eastern south

Australl-a, Beadle for western New South ldales, and Jessup for

1
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a La3!}e area iû arid cenÈral south Australia. The vegetatíon

of the whole area :has been mapped by $lilliams (1955) on the

basis of phYsiograPhY.

Thevegetationofthestudye1-eacartbeeonvenientl-y

consídered in three broad units, the desert conplex, the rnallee

and the dry scleroPhYll.

The dry sclerophyll fascles is virtually restricted to the

huuid zone, and varies from EueaLypttts foresËs near Adelaide to

open EueaLyptus savannah, but is always marked by the presence of

EucaLyptus trees. An under-storey of grasses, herbs and forbs is

cournon (but r.ot uníversal) in these vegetaËion types '

The malIee vegetation form is a dÍstlnctive sub-arid form,

characterised by low, many-Èrunked Euæ.Lgptus species, ranging

ia densLty from that co¡aparable with open woodland to thaË

resulting ín a closed canopy. In \úet,ter areas the mall-ee ¡nay

have a sclerophyllous shrub l-ayer belo"r. Hor*'ever, in most Of the

sub-arÍd bare soil is ccmrnon between the trees and bushes r¡rith a

cover of forbs and grasses aPpearing seasonally'

Ttre desert cornplex Ls very varied indeed. Tlíthín the study

zone there al:e areas of layered arid r¿oodland, of atld shrubland

(sonetlnes called "shrub-steppe") and also of virtually bare

desert sandhllls and Pialns.
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Co:mon to the arid shrubland, aríd q'oodiand and also some

Mallee areas, ís a layer of low shrubs of the fanily Chenopodlaceae'

especially AtripLes and Koehía specíes. The soil in the desert

couplex fs bare elrcept fot a grotlih of forbs and grasses in

exceptionally we: 6eason5.

The shrub vegetation rr'hich forms the basis of the arid zone

pastoral indtrstry, has been extensÍvely danageð. by grazing sheep

(Beadle Lg4B, Jessup 1951), leaving nåny areas for¡nerly clad

with Chenopodiaceae devoid of any oerenniai shrub vegeÈation.

5. I,AND USAGE

The tempetate a1ea is utilized for horticultural, agric-

ultural and past,oral activiti.es. tr{ithín the tenperate zone are

most of the daíry caËtie, narket gardens and orchards (other than

those in lrrigated areas in the l{urray Valley) Èo be found in

South Australl-a. The sub-arid zone is vlrtually a wheat-belt,

lriËh sheep as a secondary interest. The arid zone is almost

entirely rrsed for grazltg of sheep or catile on natíve shrub

pastures. These paÈterns of land usage have now been ín existence

for over 70 years.

Developnent of land usage proceeded frorn the coasÈal

fringes of the contínent slowly ínland. This development was

a steady progressíon with flocks of sheep in the vanguard,
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¡streat farmers following aftex, and more Íntensive

agrLculture developfng around urban centres. A not,able

reversal of this pattern occurred in South Australia 1n the

year6 1880-1890, when wheat farmers r¿ho had trled to groqT

clops 1n areas wlth a rainfall as low as 20cm per annumt

retreated precipítously under stress of drought (lfeinfg

1963). Thfs over-expanslon and subsequent retreat of the

wheat faroers left wlde areas on the frlnges of the arld-

zone in South Australla devold of its natural- shtub coverlngt

all of lt destroyed bY the Plough.
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CIIAPTER. IiI

TAXONOMY ANÐ DISTRTBÜTION OF THE SOIL-STIRIACE L ICHBN

F'LOP.A

The fi.rst stage of the study of so1l surface lichens Ínvolved

widespread Èravel across the study a:.-eae collecting materials to

determine the l1chen taxa involved, and to círcumscribe the dfs-

tribution of those taxa rvithin the area. In this chapter, thereforeo

sanpllng method and lichen florístics of, the area are detailed. In

addition a key to the lichens found on the soil surfaee has been

lncluded.

1. SÀ{PLING IIETIIOD

Faced with the problem of samplirÌg aî exÈremely latge

area (about one nrillion square km), a sanpling systen had to

be devised that compromised beÈween the stricË statistlcal

requirement of randon samplíng and the biol-oglcal requirement

that the variation across the entire af-ea be sampled. It was

declded to såmple at regular íntervals along transects formed

by the roads and Ëracks across the area. The exact interval

between sauples, although never in excess of 32k¡r was determined

by an assessment of the variation shown l-n the landscape of the

ãtêâ, If lt was found that sharp changes occurred Ln the

vegetatlon, sarnples nere taken from the varlous vegeÈation

types found.
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The routes !'ere selected Ëo form a grÍd across the study axea,

with the transects normal to xaí:nfall ísohyets' one of the factors

predicted to conÈrol distrlbutíon. As collection and sortíng of

sarapl-es oroceeded, the Ínformation so gaíned was used to moclifv the

plannednuÉberoftransectsrtheirlocationsandthetotalextentof

the sarnpled area.

At each sampling slte specinens of the soil surface lichen

crust were collecÈed fro¡ areas about 50n ín dianeÈer, usually a few

hundredmetresfromÈheroadortrackÈoavolcthedanagedarea

associated wíth roads. a¡rticÍpating an effect of soil- type on

distrÍbutfon pat,terns, a sample of about 40094ì fron the top zcm Iüas

takenofthetyplcalsoilateachsÍte.Allsacpleswereplacedln

serially nr¡mbered paPer bags and stored in boxes for return to the

laboraÈory. Notes on soíl and vegeÈation were made at each site'

Thlsco].lectinginvolvedtravelllnginexcessofu'000kq]-ax¿e]ty

on unformed tracks ín remoËe, very sparselY occupied areas' A

number of the Èracks used r+ere passable only ín a four-wheel dr{ve

vehicle.

InthelaboratorythesamÐlesofsoílsurfacelichensltere

sorted under a dissecÈíng microscope, and placed into form-groups

for determinatÍon. An herbarir¡m record was kept of every apparently

dlfferentforofromeachsite.Ttresegroupswereperiodíeally

reviewed to allow ranges ín variatlon to be assessed, and species
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linits to be determíned. Forrn-groups vtere ultirnately d'etermlned by

referencetoËheliteraturerínthefirstlnstancetothe

Lichen FTnva of the United States (Fink, 1935) '

Toaiddeterminationofspeciesfro'rraridsoil,líchensfrom

varlous substrates 1n aríd, semí-arltl and ÈemPerate areas ¡¡ere also

collected and determÍned" ThÍs ensured knowlerlge of varíation iikelv

to be encountered and also provided a background r¡hich allowed

decisfons ínvolving relative terms such as ttlarge'n and "small-ot to

be r,ade as çrell es providing f arnil latízatían with such uníq.ue lichen

structurê-s as soreáia and lsidia. Ðeterrnínations of material from

so1l Ín the stucy area are discussed at l-ength below (Section 3'1)'

Determinations of other South Australian uateríals ín the authorrs

herbarium are lísted ln Aapendix 1'

Herbarir¡n specimens rrere cotrÞared wlth toldings in the llerbaríura

of the Botany Department,, Llnlversity of AdeLaide (ADU), the state

Ilerbarfum of south Australía (AD) and the National i{-erbaríum'

Melbourne (MEt). Ìfaterials were also sent to T/I.A. I{eber at the

University of Colorado Muser¡n (COLO), Colorado, [I'S'A'
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2. THE D ISTRIBUTION OF SA}îPLES

Samples rlerer in oost cases, collected in a planned

sequence. There were however a nt¡¡nber of reasons r+hy the

plarured sequence was not carrie<i through' In a feçr cases

adverse r.reather conditlons Prevented sanpling in some places at

the tlûe planned. This meant that sanple nu:nbers along any

transect, whlle usually sequentíal , i.'ere not alvrays so. The

gaps left in the sampling pattern on one expedítion llere fltled

duríng the next.

Because of the smali area of Èenperate lands in the study areae

it was decided Ëo sample this nuch more intensively (1n order

to get nr:mbers of statistícal sígnificance) than the rsíde expanses

of sub-arid and arid laods. This unequal sampling intensity and

somewhat disordered sequence of collecting is apparent ln Flgure

4.1, whích shows the distributíon of samole sites, and the number

of each site.

tr{here posslble sítes were placed at arbitrary intervals

along the transects. In the temperat,e and sub-arid areas'

agricultural activitíes had destroyed virtually al-l trace of

natural vegetatlon except for minute pockets beside roads s ot ¡

Eore coúmonly, strips along railway easeÐents. In these ateas

sampl-es had to be coll-ected from whatever natural vegetatfon

could be f ound. In some cases in the lofallee reglon the transects



FIGURE 4.1.

The distribrrtlon of samÞleC locatj-ons.
The nr¡mr-¡ers are Èhose used throughout
the study to refer to the site indicated.
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\rere planned to follorv the rail'"ray linæ because of the

natural vegetatl-on persisting along then ln otherwise denuded

¿rreas.

3.

Thls approach lead to a collection of sanples r¿ith a

blased distribution. Road and rallway surveyors Èended to

survey routes along valley fl-oors' rather than over hii-ls' and

to skirt ror¡nd sandhill sysÈems. This tendency was counteracted

by some samples deliberately collected from htlIy areas and

onsandhlllstomakethesamgllngasunbiasedasÍüaspractical.

In all, 345 sites were vJ-sited and samgled along âpProx-

lmately l-5r000 k-n of transects' Tr¡o of the- samples collected

(numbers228and254)wetelostlntranslt.ofEtre22TlocaEíons

wfth soil- surface lichens ' 118 shor"red the develoPnent of a

distinct lfchen crust over the so1l surface; the rest exhíblted

only a sparse scatter of lfchens over Èhe surface'

FLORISTICS OF TI1E SOIL SURFACE LICIIENS

Ttre ll-chens of the soil crusÈ I'Iere evenÈually classlfied

!¡to 42 taxa. l{ost of these taxa were at the species leve1:

a number, horveverr'ttere not. The taxa have, ín most câses' been

atÈrl-buted to Previously described species, usually in ttre

broad sense of those specíes. It was belleved that arld

materLal ought not to be spllt into a number of narrowly

clrcumscribed specíes in the absence of extensLve studies on
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environcrental modificaË1ons. Generally, the no¡qenclatural

suggestions of tr'Ieber (Lg62, L967a, 1968) have been followed'

In Appendlx 2, a table 1s presented shor'¡ing the taxa present

at each sampling location. Maps showing the distrfbutlon of each

species, based on collections rnade for this study' axe presented

at Ëhe end of thls chaPter.

(1) Annota ted 11

1 Acanospona sehLeieheri (Ach. ) Mass'

A. speci-es widely distrtbuted on rock and soil through-

out the r¡orld' This is one of the two yellow s-oecfes of

Aearospora recognízed by lleber (1968) io his revision of the

yellow subgenus of Acarospora. This species is not coomon

on soLl 1n the study arear but appears as bríglrt yell-ow

granules scattered on hard soíl surfaces'

Aeanospora smatagduln' (T¡Iahlenb.) Th. Fr'

A species ín the bror,rn sub-groua of the genus '

sinílar r.aterlal in Australia has been sometimes referred

to A. fendinnn&ii(Ìfü11. Arg.) Hue; however, the type of

A. ferdinatt'dii ís a very poor specimen, and cannot be

placed in either the bror,rn or yellow sub-genera (W'A' Weber'

pers. com.). A. SmanagdUT,a is not uficofllnon an arid and

seni-arfd so11s, appearing as a snall plaque (less than

2
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2cm in diameter) usually F)t?y at bro'^mísh¡ sometirnes with

i¡mersed pruinose apothecía , oftea tlüo or three in each of

the central aereoles. The margíns are usually conspicuously

lobate.

Aearospora l'fass. specíes indetenqinate '

This forn is an eroded thallus that cannot be plaeed in

elther subgenus af Aearospora. r¡Ieber (L962) has studiec thls

type of thalline rnodificatlon.

5. AspieíLia eaLearea Mudd.

AspicíLia Þr.ass. is sonetimes treated as a section of

Leearpra Ach. but nay be differentíated from Leeanora because

of its ir¡mersed apothecia. Ts¡o radical-l¡l different thall-us

forms of thls species are found in the study area' the typlcal-

ashy or whl-te crustose form, and the ashy fruticose form dís-

cussed by \{eber (1957a), which had been previcusly referred Èo a

separate genus as Agrestia cypheLLata Tlnor¡so¡' The tt¡o forms

nay be found occasionally on the same síte, with all the

linking stages discovered by lleber visible (see plate 1 ).

Because of the striking dlff=rence betro'ean the two forns, they

have been nainteined as separate taxa throughout ihis study, the

crustose form as .4. ealca?ea and, i.f fruticose as A. eaLeaneq,

4,

*
rnod. frwtícosa, Both forms are widespread 1n the study zone'

*
The term 'nmodification'u is used as defined by l'leber (L962) "a
plant which is the phenotyplc producË cf an interplay between

the external environment and the range of expresslon of the geno-

type of the plant." It is an exÈra-Legal designation'



PLATE 1.

the crustose form of. AspieiLia eaLeapea
on nebbl-es merglng with the fruticose
modiflcation on soil. The scale is
callibrated fn half mllllmetres,
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6. ? Biatorel|Æ'1h. Fr. specíes indete¡minate'

Material was rarely tefexred to this genus' That whích

was, had a severely eroded thal-l-us makíng the determination

doubtful.

BueLLia ePigaea Tuck.

Aspeclesofwidespreadaridandsub-arídoccurrencearound

theworld.Inthestudyareathethallusisachalkywhl-te'

usually crustose with distinct rnarginal lobes' but occasionally

almost sub-frutícose; aPot'hecla are not uncorlnon' The

species is not cooltrorl fn the study ãxêa-'

hteLLia subeorcrtatø (utllr' Arrg') ì'lalnre'

Thís name has been applied only to Australian materíal' It

ls a strong possibLlity that the sPecies is extra-Australian

under a prlor naure. This species, whictr has buff-coloured

squamulesusuallyafewnlllirnetersindiaureter,anderumpent

apothecfa, has been collected only rarely fron arid zone soils'

Material collected in the study zone matches the type collection

inthe Herbarlun of the Botany Departnent, university of Adelaide'

Cahop|nea subpym.eeLLa (NyI' ) Zahlbr'

AspecfesrecordedfronsollinsouthernCalifornia.The

thallusJ-sgreyrbutoftendisappearsleavingonlyapothecia'which

aresnall (less than lun diameter) and have an orange dlsk wlth

7

8.

9
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a yellow exclple. Thís specíes occurs usually as a few

scattered aPothecía amongsÈ other lichen thalli' and is

easlly overlooked when sorting collections'

CalopLaea Th. Fr. species indeÈeruinate'

Thís for¡o has a deep oranqe squamulose thallus' wlth

distlncË narginal lobules' ApoÈhecia up to 1'5rnm diameter'

have a deep orange disk with a paler exclple' This ¡laterial

could prove to be a depauperete form of xørtthoría gtowtng on

the soí1.

Chonåropsis semitsiridis (Nvl') Nvl'

Thls is the only specíes 1n the Benus chonfuops¿s (sometimes

referred to PazTnelia). It is liralted to Australía and Neur

Zealand. Ì.ltaterial from grithin the study zone shor¿s considerable

varíatlon in lobe size. The usually sterl-le thallus ls entirely

devofdofattachraenttothesubstrate'androllsuPintoaball

when dry. Ttrís species 1s conmon l-n the sub-arid zone of the

study atea.

Cladia aggregata (Eschw.) NYl'

ThlsspeclesiswldespreadinthesouthernhemÍsphere,and

has been recorded from the northern hernlsphere in Japan and

the west lndies. The pseudopodetía of materíal collected from

the study area ale exÈremely variabLe, ranging from impetforate

dark brown sterlle specínens l-ess than lcm tall' to much
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perforate Pale green fertile sÞecimens over 5cm tall' The

species is comnon in the tenperate part of the study atea'.

but the prlmary thallus has not been found in that atea'

CLaÅ.orña foLiacea Schaer'

This specLes is wldely distributed on solls ln dry areas'

M aterial from the study aÊe| ßay be referable to c. foLiaeea

var. alieowtis (Lightf .) Schaer' only r¡ell developecl (but

always sterlle) specirnens vrere referreC to this specÍes¡

poorly developed material which may belong there was referred

to the form group used for steríle CLadonia squamules' The

thallusisusuallygreenorgrey-brot¡Ïlofltheuppersurfacewith

awhiteorgreylowersurface.Thelowersurfacelsreadlly

seenwhenthesquamuleshavedriedandrolledupattheedges.

On hurríed examinaÈion thÍs species cculd be confrrsed with

Heterodea ¡nltLleri, r,rith whích it sometimes occurs. H, m¿ILLe?i"

hor¡ever, has a dark, rhizoid-clad lower surface' E' Dahl

(pers. conm. ) belleves that all Austral-l-an naterial- reËred to

Cladonia foLíaeea is better referred to the genus Hetez'odea'

Cladonia subsquønosø NY1 .

Aspecleswl.thnuchbranchedpodetia,squamul.oseatthe

baseralwayscupl-essinthestudyareawhereitisnotcoE:mon'
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CLaÅonia uentieiLlata Hof.fm.

A dlstfncÈive species reported from all continents. The

thallus has cupped podetia, usually prollferating fron the

centres or rnargins of the cups to make Èhree or trore tiers'

In the study area the primary thallus coruoonly perslsts.

specimens from the study anea aîte usually stunted and distortedt

but some fine speclrnens up to 5cur high have been found.

CTndonía c.f.fímbriata (L.) Fr.

Thls name is assigned to a forrn-group used in this study

to eûbrace a rvide range of forms apparently close t'o C, fímbtiata

(t) Fr., whÍch is ítself a very variable species. The podetla

are erect, variously decortícate powdery or sqr¡anulose, some-

tines branched, occasionally Írlith abortive cups. The prirnary

thallus conaronly perslsts as squamules. l"lore extensive

collections may per:oít delinitation of species fron wiÈhin the

conplex. The form !s restrlcted to the hunld part of the study

zoîe.

I7, C1'adpnia sguamules.

This form-grouping was used for all the steriLe CLadonia

squamules found in the study area but whlch t¡ere too small to

be certalnly determlned as c. folíaeea, It is likely that

several species of. Cladonia were represented in this group,
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especially depauperate sPecimens of C' foLiaeea' and probably

juvenile forns of C. oertíeíLLata as well' because

c. uertíeiLLata co*,,only has a persistlng prinnary thallus 1n

the study atea-

CoLLema ? eoeeoPhomts Tuck'

The genus CoLLema ís widespread in arid areas and is

notoriously dtfficuLt taxonomical-ly' Tha speefes in Èhe study

area is not cerËaln but it ís in section syneehoblaskts (Trev)

Korb. and approxioates to C' coeeophotws' The thallus usual-ly

for¡ns a deep olive green or al¡nost black rosette, often partially

buriedinthesoil.Critícalstudymaywellrevealthatsaterlal

assignedtothisspeciesj.sinfactacomblnatlonofsevera]-.

Dernatoeatpon Lachnewn (Ach') A'L' SmÍth'

This name Ís useé 1n the sense proposed by Î''Ieber (1962),

lncludlngamonEÌstitssynonyTtsD.desertom¿mTom.,D.hepat.Lann

(Ach.) Th. Fr. arrd D. m,tfeseens ( Acrr) Th' Fr" In the study

areathisspeciesnormallyhasround,pal-e.brol¡Tnsquamuleswith

nany fine rhízoids below. Occasionally the thallus becones

crenaÈe or darkened. The thalli are dífficult to differentlate

from those of Endocarpon EtsiLlwt unless fertlle, when Ëhe non-

sepÈate spores of Dermatoearpon are easlly distingulshed' In
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addition E. pusilLwn fs often grey instead of brown' and Ís

cornmonly r¡mbillcate rather than having nany fine rhízoids

as has D. l,aelt'n'em. D. Lachnew¿ is one of the rnost cormon

l-lchens on soil ín the studY area'

DipLosehístes oeel,Laþus (Ð'c' ) Norn'

This specles is known on soil and rock around the world'

ThespeciesD.suboeeLLatzsNylexCromb"describedfroroAus-

trallan materÍal ís probably only a colour variant of this

normally chalky whl-te fotm. Found only occaslonally in Èhe study

axea,thlsspeciesiseasil-ydifferentiatedfromthemorecoflnon

D. se?uf)osus, by lts large (up to 3rnrn dianeter) almost sessile

apothecia,whlchhaveapromínentthalloldexcíple.Ttrísspecíes

forms a contÍuuous crust over the aríd soil' often lylng nore

or less free on the surface, in patches up to 20cP across'

ÐipLosehí'stes sazuposus (Schreb' ) Norm'

Thlscosmopolitanspeciesiswidespreadinthestudyerea;

Its greyísh often somewhat nealy thallus has mlnute (less than

Llzñ. diameter) irnrnersed apothecia, and ín some âreas covers

patches up to 10cm across. It 1s possibl-e Ëhat nore than one

species has been included under this naue' as some i¡aterial has

a very thlck proper excÍple wlth a radtally strlate nargln whlch

very nearly closes the apotheciun, v¡hereas the species typieally
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has a relatively thln excíple and an open dlsk' tüind

blast could, bowever, possibly erode the thick exciple in

drier areas, leavlng the typica! D' seruposus forrn; for

thls reason only one specíes narte has been used'

Endoeatpon PusiLLt tn Hedw.

This cosmopolitan species ís one of the most conrmon in

the study area. The species E. heLmsiarnun Mllll. Arg. descrlbed

from central Australla is probably onLy a luxurianÈ fono of

E. pusiLLwn" E. pusì,LLWn is comronly urnbilicate wÍth Lts gtey

or bror¡n thallus dl-storted lnto a nore or l-ess crenate forn.

The squamules are usually fertile, as are those of DerqnatoeatTon

Laehneu¡n, but the very large nulÈlseptate spores of E. pusi1'Lton

are readlly visible under a dissectíng microscope' whereas the

small, non-sPptate spores of D. LaelvPm are not'

fiiþensía bracteata (Hof f¡n. ) nas .

Ttris species, vzidespreaC 1n Anerica and Europe' is usually

sÈerile in the study area; only very few ferËite thalli have

beea found. Tlhe thallus is usually gnal1 (about lcne across),

whltish and mealy when dry, and turns a bright cítrus yellow

when ruet. Ttre relatlonshÍp of this maÈerl-al and F' subbraeteata

(Nyl.) Poelt has not been determlned'
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Heppia Lutosa Ãct,,

Ttrls very widespread specíes occurs corrnns¡ly in the

study ar.ea' but usualLy only as depauperate thalll among

those of other sÞecies; fertile material is rare' The thall-i

are usualLy gtey'green in colour and forn a rosette of rather

thlck lobes.

Heppia PoLAsPora Tuck.

H.poLyspord,l.;sapparentlyelosetoll.austraLíens.ísMtlll.

Arg.rdescribedfroncenÈralAustralia'Ilornrevar'theearlier

Anerlcan name seens to fit the naËefial found anc has been

adoptedo Èo avoid use of rvhat is probably a synonyru' Ttre

squamules are small, deep grey-green or brcwn in colour wlth a

somewhatcrenâtemargin,andr,.lithirnmersedredorred-brown

apothecia in each. FertÍle uraterial is conmon'

Heterodea rnilLLeri (ltampe) NYl.

ThisnonospecificgenusísconfinedtoAustralia.The

thallus is folLose, with a green or Brey-green upper surface and

an alnost black, lIore or less pseudocyphellate lor'qer

surÉece. Apothecia are conrlon and narginal' This species is

found only in the temperate ParËs of the study ãxêa '
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Leempra atra (Ítuds.) Ach'

Thls species has snalL (less than lmm diarn') apothecía

wl_th a white thallíne rnargín an,d a oare, akrost flesh-coloured

disk, which turns dark brorun or alnost black in older

speclnens. The thal-lus is whlte2 cornonly forr:ring a crust

up to 5cm across on the soil'

Leeidea coæetata (J'E' Sr:ríth) Nyl'

This species is alnost cosr:opolltane especíally on hard

soil and rocks. In Èhe study area the thall-1 are usually found

on a hard soíl surface as small' scattered' white squarules

wfth erurnPent apothecía'

29. Leeidea ergstaLlífeta laYl-'

Thl-s species, endernic to Australla' is easily distfnguished

by lts grey upper surface, trhich is cracked into a rqass of

solíd angles, giving a crystalline aopearance' There is a form

of lichen in the study area r¿hich, trrough distínguishable frorn

Ëyplcal .t. enystaLLífera, is here íncluded with it' This for¡n

appears to be a luxuriant variant of the specíes' distinguished

also by somewhat ir¡merseC rather Ëiran sessile apothecia'

L. engstaLlifera ts one of the nore coumon specíes in the

studY area,
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Leeidea deeipiens (Ehrh.) ach.

This species is extrernely widespread on soils, and is

the most cotrnon specles on soil ín the study areâ' The thallus

ís cornposed of siqall, usually pink squaloules' All the shape

and colour varíants discussed by -T'{eber (1952) occur ln the area'

In rhis study.õ. crenata (Tayl) St!2., L. eoronífotwLs (Krph.)

zahLbt. and Psora eoncaüa, B. de Lesd. are regarded as synonyms

of L. deeipiens, following T,¡leber.

Leeidea pLætata lltill. Arg.

Thisspecies,descríbedfronsoilinAustralia,hasathin

greyish-whl_te tesselate thallus encrustlng the soil and bears

imrersed to acnate aÐothecia. As r^Iith many of J. Mtlllerrs specíes

of Australlan lichens, .t. pLarnta rnay well be synonymous with

anoth.er species cf wider distribution'

Leeídea psønnophizd (Mttll. Atg) Za}:-J-br'

Ttrfs species, descríbed fron soil in AusÈra1-la, has creaa

or greyish-brown squanules with crenate nargins, and is conmonly

fertfle |n the study arlea. ¡'ttliler conmented that this species

was close to Psora gLanea Tayl.. Although the type aaterial of

L. psærmoplú,La in the llerbarium of the Botany Department'

unlversity of Adelaide, I-s badly damaged, the material found

in the study area Llatched it.
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Lecidea sp"

This species, found only oncê' had a crustose thallus of

Èhick, souer¡hat ccnvel< aereoles' The apothecia r¡ere sessile

upon Èhe squaurules. Thís rnay be only a f onr of L. psawnopki'La

with verY cro¡uded squarcules '

ParrneLia ænpl'ñæatttha TIULL' Arg'

This foliose species occurs on soíl ín Australla and New

Zealatd, and i-s easíly distlnguished by íts relaÈively narro\'Í

dichotonisíng lobes (i-2om broad) and sparse bl-ack rhízoids

be10w. l,Íaterial ls very rarely fertlle. corrall0fd branches

occasionally ileveloP at the centre of the roseËte'

Pæ'rneLia æ'ætraLiensis Cxoab '

This species, recorded only for AustraLia' is simllar in

appearance to P. oagan's Nyi.' The thallus ls quite free of

attachrnents to the soíl, iÈs dístorted greY-green thallus formíng

clrnnps up to 6 ct lcn in diameter lylng free on lhe surface'

t{.4. î'Iebero fçers. cotrrnr') suggested that this may only be a

detached rnodificatÍon of P' conspersa'
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ParneLia eonspensa Ãcll..

Thiscosoopolltanspeciesusuallyoccursonrocks,buthas

been found on hard soil at a number of. Locatíons in the study

area. on sol_I the thallus 1s atypÍcal, the lobes becoming sonre-

what convex and raÈher thicker and darker ín coiour than normal'

Individual thalll have been found rEith lobes on both soil and

rock; the lobes on rock show the typical forn'

Pavnelia mollíusculn I'cn.

Thisl¡ldespreadspeclesoccursinatll-devaríetyofforrnsin

the study area. one extrene €orm has lobes so strongly convex'

that they are rolled into a cyllnder; the other extreße Ínter-

grades r¿íth P. eonspe"sa. Material in the BoÈany Ðepartrnent'

University of Adelaide, deterrnined by J. UtllLer as P. eongugtls

Ach., matches the intermediate forms of. P" moL'íusettLa found

in the study zone. Some of the ¡naterial referred to this species

may be l-dentical w1Èh P. distorta Kurok-

Pænetía pulLa (Neck.) Ach.

Probably thls speeles is more cofrÌmonly known as P. ptoliæa

(Ach.) Rohl., a later synonJ¡m of the nane used here' Ihis brown

specfes of. ParrneLiA is more conmon on rocks than soil, but occurs

in the study area on firn soils. It is pcssible that t\,to

species are interníxed under this nane in the study aree.
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? Rínodina onbata (Ach.) f'faínio.

This CeterrrÍnation is open tc question, only one de-

pauperate dirty-brown thallus baíng found. The apothecla have

a thallold exciple thaÈ sonetlnes disappears leavLng only

the 'olack apotheclal disk.

SipLwLa coriaeea NyL.

The Sí,phaLa colLected from the study area ls identfcal r¡Íth

the collectlon of 5. eaesia Mtlll.Arg. held fn the Botany

Ðepartment, universlty of Adelaide apParently as tyPe material.

However there seems to be no real difference bet¡veen ,9. e^el¿t

and 5. eo?iaeea ldYl., so the older nane has been used' The

materfal collected has short, greylsh, bullate lobes with some-

what crenate narglns. The thalli Penetrate deeply (often 2cn)

into the soil and stand more or less diagonal-ly out of it'

fond.ng rosettes uP to 4cll across.

Synalíssa Th. Fr.

Speclmens placed in this genus are úinute (less than ltnn

dfan.) thalIt, usually aggregated in cluups up to lcn diameËer.

Durl-ng early stages of the study synø,Lissa was confused r¡lth

CoLLena. Ttre deter¡nination 1s 1n some doubt, the material

perhaps being referable to the genus Peeeartía Forss. Because

of Lts mLnute sLze ít is probable that this specÍes has been

overlooked 1n collectLons from sorne locatfons 1n the study atea.
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Thfs speeies, comon in arld areas around the worldt

has snall (up to 2mn diam.) bullate squamules' varfably

pruinose and sculptured. Apothecia are frequently Larger

than the squamules supporting thea. Thls sgecíes shows gteat

variety noË only in pruinosity and depth of sculpture, but

in síze of'squamules and apothecia. In the study area almost

pure patches of thÍs specíes occur up to 10c¡4. across'

(2) A key to lichens in the study area

This key was prepared Èo al1ow determination of lichens from

sotl withín the study area. Only material- coll-ected for the PresenE

study has been used in íÈs preparation.

LÍchens from the area, once deterníned, rsere re-investigated

ñr useful taxonomic characteristícs. Some characters ser¡øed readfly

to dlstfngulsh taxa; others were less readily dl-scerned or had

less taxonomie power. Ttre key rn'as based on the former type of

Charagter. Ttrerefore, the miCroscope, essential 1n "naturalt' keys

to llchens, is usually not requlred until- late ln the key as

macroscoplc features were er,rphasízed. In most. cases, sterlle

materíal can be determlned fron the key.

A glossary of terns used in the key will be found 1n Fink

(1935), hence 1s not dupllcated here.
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ThekeyJ-sarrangedinthreescctionsgoneforllchenswlth

blue-green algae (Section A) and two for lichens r¿ith green algae

(sections B and c). one of the sectíons for llchens wíth a green

algal s;ynblont (phycobiont) is to allow deterurinaticn of sterile'

whl-tish crustose specimens (Section C); the other section

(sectfon B), allows determlnatlon of all other materlal. Deter-

minations of sterile white materials ate dTfftcult, but the key

was shor¡n to correctly place fertile naterial of the specíes

included.

It must be emphasized that thÍs key ought not to be used

with material coll-ected outside Ëhe study atea, as it need not

even indicate a taxonomic affiníty, but merely a superfícíal

si-urllarLÈy.

Ultlnately,thevalueofanykeyisitsreltabllltyand

ease of use: to thls end the key and specimens were submitted to

a graduate studeot who had no prior experience in deter:miníng

lichens. IIís experlence showed that the key worked easily and

rel1ably.
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ARTIFICIAI, KEY TO THE SPECIES OF LICIIEN ON

SOIL IN THE STIIDY ASEA

Phycoblont a blue green aLga,,.... SecËíon A

Phycoblont a green alga. II

II. Thallus sterile ancl crustose, whíte' grey

or sordid b¡rt not yellow ororange Section C

II. Thallus foliose or fruticose or a fertíle
crust or squenules or any yellotl or orange

crust. ..... "SecÈion B

Sectlon A

Thal-lus glístening and gelatinous when wet, colour

very dark olive-green. ApoÈhecl-a sessile. Spores 8

per ascus' thallus almost fol-iose or nicrofruticose 2

Thall-us not gelatínous when weÈ, colour grey-green or

brown. Apothecia inmersed. Spores rnany (nore than

8) per ascus, thallus squanulose (Heppíò 3

Thallus of moderate size (uP Ëo 2cn diao.)

squamulose or folíose to fruticose' spores

once septate, phycobíont Nostoe " ..CoLLema eoeeophon/Ls

2. Thallus minute, rnicrofruticose (barely 2tm

high) packed ínto a "r"sËs,ll:1t""n...",

::::::::: ".'on.o ".::: ": ffi:;:i::. Peeeanía

2
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Thallus a roseÈte of greyish squanules or lobes'

almost folfose at Ëimes, apothecia xaxe"

fnmersed .,'HePPiaLutosa

Thallus dark olive green' ovate or crenate

squanules rsith a Èhickened margin' apothecia

lrrcrersed, usually one Per squai;rule ' ' ' 'Heppia ? poLyspora

Section B

Thallus foliose, fruticose, or, if crustose or squamulose'

wíth podetia arising frou Ëhe prfiaary crusËose or

squamulose thal-lus 2 '

1.

1. Ttrallus crusËose or squamulose, but wíthout

podetia.

2. Thallus foliose" but r^rithout podetla' el-ther

attachedtothesollsurface'oflyingfreeon
the soil surface.. '. '

Thallus fruticose, or with podetía (or pseudo-

podetía), the podetia either free or rí-sing from

a basal crust or squamules, either atÈached to

the soil, or free on its surface

Thallus lying free on the soíl surfacet or

entangled in litter on the surface, but not

attâched to the soil by rlirfzoids or hyphae"

3. Thallus attached t-o the soil surface at

least 1-íght1y by rhizoids or hyohae'

3

15.

10.

4

5,

2

3
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4 The thallus perf ectl-y dichotol'rous, rolllng up lnto

a ball when dry. Lobes green above, yellow below'

rhizoids absent " 'Chondnopsis semioir\chis

Ihe thallus Írregular, aLways contorted and convol-

uted. Upper surface greyish-green' the dark lower

surface usually concealed r'rithin the deeply con-

torted lobesr rhizoids rare 'Pat,nelia austraLiensís

Marginal lobes rolling up fron the extrernltíes when

dry, exposing the lower surface of the Ëhallus 6'

ìfarginal lobes more ol less appressed to the so11'

never rolling uP to expose the lotrer surface

(PanneLiasp.). "..' 7'

6 Thallus green or bror¿n abor,'e, dark brown or

black below, with dark rhizoids and cypheLLae'

apothecia marginal- Heterodea rìùttert

6. Thallus grey or grey-green above" whíte or grey

below, rhlzoíds absent, cyphellae absenÈr aPo-

thecía not found in the study area"CLadonia foLiacea

4.

5

5.

7.

7,

Thallus brown or ol-ive-brown above, usually closely

adnate to the so1l. . .. .. .. 'PazTneLía puLLa

Ttrallus green or yellow-green above, varfably

adnate to the soll. "'t' """"' 8'



8 Thallus neatly dlchotonous, lobes narroút (2nm)

and eotire, lower surface pale with sParse, dark

rhízoidsc.... ...." "Pavrnelia anphíææúha

Thal-l¡rs much branched, not neatly dichotomoust lower

surface brown, rhizoids coúnon and dark""" 9'

Lobes rolled into cylinders or somewhaÈ

convex. ..... ."ParrneliamoLliuscu'La

59

1l_.

8.

9

Lobes flat and appressed' or occaslonally much

dLstorted. . . . . . . . . .. . . . . . . . . . ,PanneLia eonspersa

10. Thallus of dlscrete but not fenestrate oodetia rfslng erect

from the substrater r'¡ith or wíthouË basal squamules

(Cladorda sPp.)..... ."".."' """""""

Thallus of divaricating often fenestraËe pseudopodetia' of

afiastomosing frutlcose or subfrutLcose lobes, or of short'

bullate lobes vrlth bases deeply buríed in the soil......... 13.

9

10

11

11.

PodeÈia wlth wel-l formed cuPs, prollferating further

tfers of these from the centÏe or margin of the cuPs.

. . .Cladqrtia uertíeiLLata

PocletLa efther eupless or with more or less abortive

cups, Dot arranged in tfers...... c... " " ' L2.



13.

13

60.

L2 Podetia shorÈ (up to 2cm), usually branchíng, Èhe

branches all in a vertícal plane, somewhat distorted'

decortlcate, squamules usually at the base'

. . " 
Cladonia subsqttamosa

1,2. Podetia usually quite long, branches not counon, buÈ

when found, often geniculate, always cylindrical'
partly decortícate, wlth many squamules at the base

and up rhe poderfa... ..,.cLadonia aff. finibtiata

Ttrallus of a green or bror,¡n divaricatlng oseudopodetia'

holLow and, Íf fertile, fenestrate. The ends of steríle

branches drar¡n out ínto a hair. Usually free on soil

ssrfaces as the older r¡ortions rot alrtay. ..CloÅia a4gregata

Thrllus of white or grey solid lobes, these blunt or anas-

tomosing, but noÈ fenestrate, bases of lobes may be burled

ln the so1I, pass into a crust, or sometímes be free on the

SUrfaCe............"' ""'"""''o' '"'' """ 14'

t4 Lobes short, bullate, forming a rosette on the soíl

surface, the bases of the lobes deeoly buried 1n

the soll, pseudocyphellae not found..sipLtu\a eo?¿aeea

Lobes enastomosing, often fndistlnet, never buried fn

the soll, but ofÈen passing tlnto a crust on the soil

or nearby pebble, pseudocyphellae coû!ûon on well

L4

developed forms. r... AspieùLia ed,Learea,
mod. fmúícosa



6L.

15. Thallus or apothecfa bright yellow or orange' at least vrhen

wet. If apothecla yellow or orange the thallus may be

missing, yellow ot gtey-green or orange'

15. Thallus and apothecla never yellow or orangeo but may be

whit,e, gte1g sordid, plnk, bror"n or black' ' 19'

16.Thallusofsmall(usuallylessthanlmrrdiameter)
bullaterbrightcitric-yellowgranules'oftenforminga
scattered crust on the soíl' Apothecia' 1f present'

inrmersed with many spores per ascus .. ,Aeavospora schLeieherí

L6, Thallus of greyish granules, or if yellow' noÈ granular

but squanulose or crustose; the thallus ís sometimes

absent. Apothecia with an orange disk and a paler orange

or yellow excLPle "''' ' L7'

L7. Ttrallus of large, orange squamules' aooËhecla deep

orange wlth a paler exciple""'CaLopLaca sp'

17, Thallus míssing, crustose or granular' grey' or

citric-yellow if r¿et' Apothecia orange rvith a

Yellovr exclPle 18'

lS.Thallusforningasmall(lcmdla¡neter)whlteor

ï::,:ï::î;ï:"":.::" ;:' Ï.1 "I.'T:.i;:*'

i::':':":i:Ï:: ïï':::'; ;Ï:Ï"]."',il:'"'
"FuLgørøia braeteata

18. thallus greylsh, often disappearlng, apothecia

small (less than lum diarneter) ' r^rlth an orange

dLsk and yellow exciple ....CaLopLaea subpyraeeLla

L6.
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19 Thallus squamulose.

[The squamules sometímes packed to apparently form

a crust, but the narglns then never show marginal

lobes, and the crust is never reaILy complete' fhe

squamules may be thin or bullate, enÈire or crenate'

colours include black, sordíd rlhite, Ere1y¡ brown,

green or pink] " "' ' 20'

19. Ttrallus crustose.

[The crust sometimes with granules sorne distance from

the general marginr marginal lobes forrned at times'

the crust sometirBes cracking ínLo aereolae. The crust

nay be quite thick and more or less free from the sol-l'

or very thin and barely distinguishable from the soil'

colours vary from white and sordld to grey, grey-green

or brownl ' 27 '

20. Sguamules green ox gtey-green above, when dry

roll1ng up at the edges to show a ¡¡hite lower

surface.. c .. . .,, ".C\aãonía s9' (squanules)

20 Squamules pink, cream, bror,¡n or black above, not

rolling up at the edges 2L'

21. Squamules plnk, sometimes wlth a lihlte margin

of varying wfdth ..Leeidea deeipiens

2L. Squamules white, sordid, brot'n, grey or black'

but showíng no plnk colouratlon. .. ...... 22'

22. Squamules brown or pale gleT, wlth a smooth

upper surface' ascl in perl-thecla which

may be seen to open Èhrough pores in Ëhe

upper surface. 23'

22. Squamules whlte, sordid, BreI or alrnost

black, ascl in apothecia not perithecia' 24'



23.

23.

24.

24.

63

Squamules bror¿n, ovate, entire, rhizoids many and fine.
The spores are non-sePtate and small, usually 8 per

ascus..... ..Derrnatoearpon Lachnetm

Squamul-es brotm or grey, ovate, soueti-mes crenater more

or less umbilícate, Èhe rhízoids always thick and long

(often several centimeËres long) penetrating deep inÈo

the so1l. The spores are large and muriform, usually

two per ascus ....Ertdoearpon pusiLLwn

Squanules dark grey or almost black, often cracked into a

shallow, retÍculate pattern, more or less pruinose, the

squamules bullate. The apothecia may be as large or

:::::: :::: ::: ::::T:i:: :::::::i:r i2i;0" caeruLe.,isnicans

Squamules pale, grey or sordÍd, thin, not bullate. The

apothecia snal1 relative to the síze of squamule .,.,.25

25, Squamules grey (or grey-brown at times) the upper

surface deeply cracked into solid angles, gíving the

upper surface a crystalline appearance, Èhe

margins entire. ..Leeidea crystaLLifena

25, Sguarnules sordid, the upper surface smooth, the

marglns entire or crei,1ate.... ........,26.

26. Apothecía inrmersed or eruÐpent, Èhe sporês trtto

celled and dark, margins of squamules

entire. .....Bue,LLia subeorortata

26. ApoËhecia sessile, the spores hyaliner nargins

: .:: i:l:: :::::: ""ïiZ)oea 
psømn phi,n
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27.

27.

The thall-us a rvhite, 1rey, ot grey-green crust' apothecía

small, (less than lnm dian) wlth nany spores in each

30

28.

Ttre thallue a white, grey or sordíd crust w1Èh spores

8 Ín each ascus, the apothecl-a small ox taxge (up to

3nmdian) ""' 30'

2s,Thethalluswhitergrey-brorvnorgreenish'ofÈenheavily
prtrinose formíng thick plaques (1ess than 3cm diarn)

with sma11, buÈ still distinct marginal lobes' The

::: ::: ::: ::: :î:: : :: :: ::: ";::i::,2ä"21,ï,* **
28, The thallus sordid grey, thin and scurfy and appar-

ently eroded, the nargins Índistinct, without rrarginal

lobes, apothecia immersed to more or less sessllet

dependlng on the degree of erosÍon" ' ' 29 '

29. A thalloid exciple occu'-'ing round the

apothecia .Aeatospora sp.

29. No thalloid excÍple present around the

apothecia ..BiatoreLla sP'

30. Thallus an extensive white or greyísh crust, often

more or less separate from the soil, the thallus

distinctly aereol-ate, but rsithout marginal lobes'

Èhe spores mult,íseptate (DipLttsehistes) 31

Thallus a white or sordid crust, closely attached to

the soil, with or wíthout aereolaee or scattered

aereolae beyond the thallus nargin whlch may be

lobed, sPores not septate or once seDtaËe" 32'
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31

31

Apothecia minute (less than l-rnrn dian) immersed,

sometlmes almost closed by the exciples, the thallus

often grey anð mealy " "Dì'pLoschistes serwosus

Apothecia larger (uP to 3nm dian)

with an obvlous thalloid exciPle,

adnate, the disk oPen

the thallus usuallY whlte

and rather ehalky.. . .. . ,, ...DípLosehíîtes oeeLLatu,s

32

32

Spores once sepËate and brown.

Spores once septate or non septaËe, buÈ hyaline

33.Tha1lusaveryr¡hitecrust,sometimesalmostsub-

: :::: :: : : . ::: ::::: : :l:: " 
n"' ";"äi)'I,;n 

"""
33. Thallus a sordíd crusÈ, rather scurfy, apothecia with

a thal-loid excíple ..'"? Rinodina sp'

Apothecia r"¡íth a thalloid exciple .. " ' 35

ApotheciawithaÐroperexciple ""'' 36

35 Apothecia funmersed with a bluísh prufnose

disk, the thallus a rather nealy, granular

:::::: :: :: ::::: ::" "*:":,;'"oilz"7",carea
(crustose form)

35. Apothecia adnate with a bro¡vn disk, Ëhe thallus

a smooth, aereolate crust, the exeiple

coloured like the thallus, spores usually I
per ascus..... .,,Leeanona atYa

33"

34.

34

34
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36,

36

Apothecia erumPent in a crust of rather

:::::::::::l::::l::::::::i:zi;::'c.a?e,a,a
Apotheefa i¡mersed or sesslle on a somewhat

tesselate, aereolate crust . 37,

37. Apothecia more or less sessile or ir¡mersed

Ln a rather thin crust ,.Leeid.ea pl'anata

37. Apothecia sessíle on a crust l,üiÈh thickt
convex aereol-es ....Leeidea, sP.
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1.

1

SecÈíon C

Thallus determÍnate or effigurate, but not with

scattered aereolae beyond the nargin. " '

Thallus lndeterminate with scattered aereolae beyond

the nargLn... '

2,

2

4

4

a

4

::: ::: :: :: : : : : ::: : i:: ::::'" :::::, * " smaras duLa

Ttrallus of discrete aereolae to the margín'

but not wlth narginal lobes.¡..o.ô""o"t" 3'

3 Thallus rather thin and mealy, often

somerrrhat greyish, aereolae small (less

than lmn) ..... ,DipLosehistes sen'rposus

3. Thallus relatively thick, chalky rather

than mealy, aereolae often more than lmt'

across. .. ... ¡.. . ... "DipLosehtstes oeeLLahts

Ttrallus of smooth, bullate, whiteo discrete

globules..........,.Leeídea coæetata

Thallus of coalesced whÍtish or sllghtly discoloured

often mealy aereolae,.,..AspicíLí'a calearea'
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4. DISTRIBTJTION }.IAPS

In the sectfon whích follows the distribuËfon of

each of the taxa dlscussed above is napped. These maps

are based only on fnformation collecËed during the

present studyr and lndicate not only locatlons at which

each taxon was for¡nd, but those where the taxon was fiot

found. In all the maps' presence of the taxon named Ls

lndicated by fflled clrcles and absence by open clrcles.
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CITAPTEB. V

CO}ÍMUNITÏ STRUCTURE AND DISÎR.IBTJTION

Determinatlon of species groupings, and the spaÈial dis'

tributl-on of Ëhese groupings have been dealt hrith extensiveLy in

the literature (Goodall L962, Ì",lclntosh 1967). Before the complete

data block from the field study had been assenbled an assoclation

analysls (tl1llfans and Lanbert 1959) was execuÈed, and this

l-ndicated a relatively continuous interactlon betr,reen the specíes

found with no significant negative associatLons occurrfng. This

suggested that analyses whlch treated the lichen vegetatlon as a

continuun would be more meanÍngful than dívlsÍve clasí-fications.

llith this in rnind, the specíes groupings and distríbutions were

studied by uslng o'Influence Analysís" (Lange 1968) and 'r?rincfpal

Components Anal-ysis" (Orloci 1966). Species Írere also sorted lnto

regional groups on the basis of the dístributÍon patterns shorsn in

the naps presented in Chapter IV. In this chapter the trso

numerfcal approaches and the regional groupJ.ng are considered.

Results from all Èhree aoproaches are díscussed, and a series of

species-groups used in further studíes proposed.

1. INFLUENCE ANALYSIS

(1) Method

Influence analysis is a species classíflcatíon

and slte ordlnatíon techníque based on assoclation
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analysls. It has been used previouslv by Lange (1968) on

heath vegetation and by Barker and T,ange (1969) on grazed

arid r¡oodland. In this study as no taxon htas present in

more than half the locaÈ1ons, and only 10 of the 42 taxa

occurred ín more than 10% of the locations, Influence

Analysts eompuÈation of 1nÈerspecífic associatíon has been

rnodif 1ed.

Ch¿ value calculaÈions are based ufron thoseassociatlon
sÍtes 1n which either or both rnembers of the specíes-pair

in questlon occurs. Ihis is to avoíd generation of

spuriously hlgh nhi 
^u"o"iatíor 

values due to mutual absence

of the species from mosÈ locations. TLre statistic chi was

used ínstead of the rnore farniliar eh¿z, as ch¿ has a sign,

indícatlng positive or negatlve assocíat1on, but ehíZ

does not. A computer prograrlne to calculaxe ehi association

values for each species paír and to order the speeies pairs

oî eh¿ values was writÈen and run on the CDC 6400 computer at

the Unfversity of Adelaide. Specíes were then grouped ln an

agglomeratlve nanner Lnto nodes on the basis of posltive

l-nterspecifíc association, sÈartiog at the híghest attalned

level of signlflcance, and progressively lowering the slg-

nlficance leve1 for admisslon into a node untll a probability
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level of 0.001 was reached (ehi 1d.f . > 3'3 l' The nr:mber

of specÍes whl.ch are members of a given nodal group and

present at a gíven siÈe Ís the Lnfluence ratlng assígned to

that site, for the node 1n question.

(Z) Results.

A large number of signíficant interspecific associati-ons

were demonstrated by the assocÍatÍon analysis (Table S.1);

all were positive. The developgent of nodes amongst the assoc-

iated species as the significance level for admlsslon to the

nodes was progressively lowered is shor^rn in Figure 5.1. Thís

method of analysis resulted in three nodes at a significance

level of ehi t 3.3 (p< 0.001).

the impllcations of the associaÈlons rúere brought out by

examining the field dístríbutlon of the interacting species aftet

the approach of Lange (1968). liaps lÃIere constructed to illus-

trate the e:çression of each node. IJsing node B as an

example, each of Èhe sites studied could be assigned an

lnfluence value f.tom zero to eleven aceording Ëo the number of

nodal sDeci.es lt contaíned. The lnfluence values for each

sÍte, for each node and sub-node are llsted 1n Appendix 3.

It was apparent that isolines could not. be drar,¡n because of

variation 1n the ínfLuence values in any area. Therefore'

sites nere arbitrarlly dífferentíated into "high'u influence
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ratings and t'lohro' influence ratlngs.

Node B had three centres of developrr:enË, Eyre Peninsulat

northern Yorke Penfnsulao and 1n the north of the llurray Basin

in South Austral-la. Isolated híeh values also occurred

else!ilhere (fig. 5,2),

Node C had one major centre of development in the Mount

Lofty Range and areas çrest of the range Ín the Murray BasLn

(Fig. 5.3) r¿here lt overlapoed patt of the centre for node B.

Node A, because of lo'.v frequency of its species, could

not be mapped meaníngfully tn this way.

If, instead of plottlng the distributlon of lnfluence

values for the termlnal nodes, the inf,luence values for the

sub-termLnal nodes were Dlotted, a dlfferent set of areas of

maximal development hras obtained. Of the six sub-termínal

nodes, five were sufficfently frequent to perruit meanlngful

mapping.

Node B, had centres of development on northern Eyre Pen-

1nsula, and in the Murray Basin (Fig. 5"4). Node B, was

dlffuse in f.ts expressíon, belng scattered across the south-

western part of the study area (Fig. 5.5).

Node C, was most strongly ex,oressed in the Mount Lofty

Ranges (F1g.5.6), ìIode C, on the drier easterÐ slopes of the

range and fn eentral ìIew South 'rtrales (Ffg. 5.7) whereas

Node C, developed too díffusely to nap, but apceared to be stronger

ln its development 1n the Hallee areas of the Murray Basfn.



FIGURE 5"1

The development of nodes as ch'L (level- of signif-
icance) is lorvered and rrêr¡' sDêcies adnitted. The named
nodes are díscussed ín the text, and the species in the
nodes listed belo'r¡ with a k"ey to Èhe numbers on the
flgure.

NODE A

6 Biatorella sp.
39 ? Rirtodirn onbata
9 CaLopíaca subpynaeeLla

:t Sub node Al

NODE B

2 Aearospora, snaragduLa
7 BueLLia epígaea

11 Chorúropsís semiuì,ridis
35 ParmeLia austraLiensis
37 ParneT,ía moLLiuscuLa

23 Ful,grensia bnaeteata
29 Leeidea c4lstaLlifera
30
42

Lecidea decipiens
Tonínía eaeruLeonignieans

NODE C

CLadia aggregata
Cladpnía oertieiLLata
CLadonia finbz'iata
CLadon'ia squamules
Heterode.a mtlLLeú
SiphuT,a eoriaeea
BueLLia subcoronata

CaLopLaea sp.
Le,eanora atra
LecÌ.dea coaretata
Leeidea psøwnophiLa
LeeiÅea sp.
ParmeT,ia pu'î,La

CLadonia foLiaeea
Par¡nel,ia arnphiæantha

DipLo s ehi ste s s erupo sus
Leeìdea pîanata

Sub node 81

I
I

Sub node E2

Sub node C1

Sub node C2

l Sr-rb node C3

L2
15
16
L7
26
40

8

10
27
28
32
33
3B

13

34

2L
3L



chi

9.0

8.0

NODAL CTURE

6.0

5.0

1.O

3.3

@-@

m @-.@ r@

æ@

sub-nod¿ Al

nod¿ Bl

æ
su tsnod¿ 82 sub-nod¿ C3

sub-nod¿ Clsub-nodc C 2

æ

NODE A

NOOE B NOOE C



FIGURE 5.2

The distrÍbuËion of sites with hígh ínfluence values
for node B. Filled círcles represent sites u¡ith an
influence value greater than or equal to four.

FIGURE 5.3

The distributlon of sl-tes rrj-th hißh ínfluence values
for node C. Fllled círcles represent sites with an
influence value greater than or equal to four 
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FIGURE 5.4

The dlstributÍon of sítes with high influence
values for node BJ-. Filled circles represent
sftes with an influence value greater than or
egual to two.

FIGI'B.E 5 .5

The distríbutÍon of sites \rrlth high lnfluence varuesfor node 82, Filled circles represenÈ sltes with
an lnfluence value of t'¿o.
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FIGURE 5.6

Ttre distrlbution of sites wlth high infl-uence
values for node Cl. Fí11ed circles represent sites
¡vith an lnfluence value greater thaa or equal to
tlro.

FIGIJRE 5.7

The dlstribution of siÈes wlth hfgh ínfluence
values for node C2. Filled circles represent sites
w'ith an infl-uence value greaËer than or equal to
trto,
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(3) Interpretation

ThetrendindistributionofÈhesenodesappearedÈobe

frou node c 1n the hret areas, intergradíng with node B species

on the marglns of the desert areas, wíth node A specíes

conf ined to desert areas. I^]itl'rin Nodes B and C the sub-nodes

alsoseemtoreflectagradedseries;Ctconfinedtothe

!¡etareasofthe}fountLoftyR'angeslC,spxeadingontothe

drierplains,t,widespreadinthe'':!alleeareaslB'relatívely

restrieted on the margins of the aríd axeas, and B, spreading

r¿ell into the arid areas.

PRINCIPAL COMPONENTS .ANALYSIS

Princlpal Coraponents Analysis (P.C.A,) is a mathematlcally

sound method of establíshing simultaneous ordinations on nany axes'

Austln (1968) described P.C.A. as "a mathematical technique for

descrlbing the relatlonships of a set of points (speci-es or stands)

in an economlcal- mannert'. As an approach to vegetation studies it

was first used by Good"ll (1954), and the Èheory spelt out more

recently by orloci (1966).

The approach has tr¡o límitations that must be borne in roind.

Ffrst, because the components are matheûatlcal, they need not have

any biological slgnl-ficance, although iÈ is widely assuned that

they "ought". Second, because the axes are necessarily linear'

ft is unlfkely that they wfl1 shol¡ a simple relatlonship to envlr-

onmental variables, whlch are noÈ usually linearly related to
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specles variatÍons (AustÍn 1968). The technique has been shorrn

to be useful on such diverse vegetatíon as chalk grassland in

Britain (Austln 1968), Nlgerian savannah (Kershaw 1968), Tropieal

raín forest in the Solonon Islands (Greig-Sm1th, Austin, and T'lhitmore

Lg67) anrl on saxícol-ous bryophytes and licheos (Yarr'anton 1967a) '

These studies have, however, all been confined to Íntensive

lnvestlgations ln small areas. It appears thaË there is no pub-

llshed account of an attempt to apply P.C.A. to a Large scale land

survey or blogeographlc problen.

(1) Method

The analysis tr,as perfo::ured on the cDC 3600 computer l-n

the c.s.I.R.O. Dlvision of computing science, canberra.

Theanalysiswasbase<lonadatab].ockinwhichthe

qualitative (0/1) scores were replaced by scores nornalized

by species frequencY, i.e. scores rn'ere divided Uy Q,

where r is the frequency of the kth species. Thls approach

equalizes the lmportance of rare and frequent species in the

analysis, so that ssr¡rmoil species do not dorninate the analysLs;

this allor,rs relative floristíc rlchness to affect Èhe outcome.

Followíng Gower (1966) ít was possible to derive sÍte

ordÍnations from the speciee ordínaÈíons, because the conponent

values D (for individuals or locaÈíons) and C (for aÈtributes
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or specles) are related as follows:

trTD(r) = lf tr c(K)x(r'K)

where tr is the root deriverd in the first ordínation, C the

vector fron the first ordination, anC I the relevant value fro¡c

the data matrix used to calculate C. I and K indicate res-

pectively the site and sr¡ecíes being considered.

The inatrices of cornDÊnent loadings produced by P.C.A.

were studied, and the loadings for eaeh specÍes or site dlsplayed

graphically by plottíng its positlcn relatlve to pairs of

components uslng the comÞonents as axes " Only the first 5

components were stuclied, as it \ras thought unllkely that

further components would be anenable to lnterpretation.

The comoonent loadings for each siËe were plotted on to

maps, to l-ndicate areas in r^¡hich poles of the ordinaÈion útere

located.

For convenience in further discussion, the specíes were

placed ln groups on the basis of the ordínatfon. They were

grouped by arbitrary divisÍons clepeading on the sign of Èhe

vector loadings they received on the axes belng consideredt

unless an obvious discontinuity occurred in the ordinatlon,

Ttre groups r4rere assigned a nane, taken from a genus in the

group of v¡hich only one specíes was involved 1n the whole

analysis. The eomponent loadings for sítes rvere plotted as

graphs, then napped, and atels wlth extrer¡e loadings delímíted.

1
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(2,

(a)

Results

Statistical eff iciencY

The analysis removed 38.77" oi- the total variance ín

the data block ln the first five eonponents. The efficiency

of each of the comPonents is shor¡n in Table 5.2.

Table 5.2

P.C,A. : Efficiency of the flrst five vectors

Vector 1 2 3 4 5

Efflciency 0. 1-64 0 .A77 0 .055 0.047 0 .043

(b) Specíes ordinatlons

The cooponent loadíng calculated for each species for

components I-V are tabulated in Appendix 4.I.. In order to

Lllustrate the effect of the coDponents, relatfonships betúteen

four selected separate axis pairs are shown fn Fígs. 5.8 - 5.11."

Conponent II was usuaLl3r used as a basis for these comparLsonst

as ít çrroduced the most cLear cut results.

The effect of the cofiponents, separately and ín com-

blnations, is detailed below.
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Component I

This cooponent had the eftect of glvlng high loadlngs

to frequent species (Fig. 5.12); thus, this conponent

aoproxiraates to an index cf utÈ-rzpícalítyrr of the species.

Component II

Thfs component Cifferentíated most of the species with

hlgh loadlngs on corrponent I between tvro poles (Fig. 5.8) .

One pole ü¡as typifÍed by SíphuLa eoriaeea" Leeidea eoarct'ata,

L. plarata" CLadonia squainules and CLadía a,ggregata' (t.l:.e

SípltuLa pole). The oËher Dole v¡as ¡rarked by ParTneLia

atstnaliensis, P. moLLiuscula, C'Llonáropsis semioíridis'

Tori-nia eaemtLeonigricans and Dí,pLosehístes oeeLT,atus (the

Toninía pole).

Component III

Component III appeared, like co!Ì}ponent II, to differentl-ate

the speeies with hlgh loadings on component I.

Ilowever, the most marked effect of component III r4tas to

dlfferentiate the species of the Towinia pole of component II

into two separate groups (Ftg. 5.9). One of these groups r{as

typified by PæTneLia austraLiensis' P. moLLiuscttLa, Chon'dnopsís

semioiñ,dis and DípLoschistes oeeLlatus (the Ckonåropsis

pole) and the seconrl by ColLenta ? coeeophorus' AspieiLia

ealearea and CaLopLaaa subpyraeeLT.a (tt'e CoLLema pole).
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(ív) Component IV

componenÈ IV differentiated some of Èhe less coÛ¡fÌlon or

tatypicalr specíes r.rith lo'¿ loadings on comPonenË I, but not

those species with very high loadings. This rneant thaÈ

componenr IV differsntiated t]ne síphuLc paLe derived by axis II

Lnto trøo arme (Fig. 5.1-0) in a nanner simllaÎ Èo that by

whích componenÈ III dífferentiated ttle Toninia pote. The two

poles resultlng were tyÞified ín one case by SiphuLa eoríaeea'

cLad.onía squamules and cLadí,a, aggyegata (ttte cLadia pole),

and the second case by Leeartppa att1" BueLLia subeorortata arrd

CaLoplaea sp. (the Leeartora poLe) .

I.ltren the aetion of componenË IV was consldered 1n relation

Eo component IItr, ít was found that four pcles rvere produced

(Fig.5.11).Thespeciescomposltionofthesepoleswas

remarkably slmilar to that of the Þoles created by the lnter-

actions of component II with component III and conponent IV

(Table 5.3). Thls reflects the relative índependence of

coûponents III and IV noted above. Some species were, however,

placed ln dffferent groups on this ner¿ combínation of axes.

? BiatoneLLa a¡rð ? Rino&ina., formerly pl-aced marginally in the

siplntla group, 1{ere placed in the coLLema group. Leeídea

eoarctata alfrd L. pLanata were transferred from a marglnal

posítion in the CLa&ia group to the Lecannra grouP, and
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TABLE 5.3

Shovlng coEpositfon of varlous sPecies Sroups as defined by use of differenÈ axls
palrs. Specfes are ordered to provide mlnimal fragmenÈatlon of columns'

AXXS

síolula cor'í.a.cea
Ct)Åonín squanules
ClaÅia aggrqlata
Hetetdsa nütlerí
C Ladøni.a. o ertíe i LLata
Díploechietes lc?uPosus
PanæLía eonape?act
Cladonia subequøtPsa
Endoeatpon pueíLLø
Parmelia puLla
Leeídea eoatetata
Leeídea pla'ruta
Cladoní¿ fínbriata
BueLLi.a st¿børon¿ta
Leeidea peøttoPhíLa
Caloplaca bolacina
Parmeliø anphìrøÈha
Leeoø¡t attu
LeeÄea ep.
Cladonía folí.acea
? Bíntorella
? Rínodítt¿
Pameli¿ ansttulienaía
Dit Lo eehíates oeelltttts
c*bndrcp e i e s qníu irídíe
Panelia nollíuecula
Aepícilí.a calcæea nn,d.

fnttíeoea
htþensía btseteata
Aearolrya øtumgfula
BueLLí.a epigaea
Lecidea ergataLlífera
T onínía c aemtle oní gri cøte
Denrntoærpon laeløeun
CoLLqra. coeeophotul
Aspieili^a. ealøea
Heppia Lutoea
Heppia polyePom
Caloplaca subpytuceLla
Synalìesa sP.
Acalrolporc echleieherí
Aeatoepozt eP-
Leciilea iÞeíPíetæ

I & II
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LecLdea erystalLífera and Tonínia eaem¿Leonigrícarts were

transferred from a marginel posítion in the Chonåropsís

group to the CoLLema group.

Component V

This conponent I¡Ias unusual in thaË it segregated tv¡o

specles, ? BdatoreLla sp. and ? Rinodina sp., both with

vector loadings grettet than * 0.8, from all others. Because

of this, thís component was not plotted. The next hlghest

loadíng was # 0.29 for CaLopLaea subpynaceLTn. Al-1 other

loadings lay betvreen * 0.183 and - 0.183. IÈ '¿as possible'

therefore, to segregate ? Biatorel.La sp., Rinodina sp. and

CaLoplaca subpynaeeLLa ínto a separaÊe specles-grouP.

OrdLnatlon on three axes

A simultaneous three climensional ordinatíon based on

conponents II, III and IV was coristructed (!'í9. 5.13).

This clearly illustreted the four separate species groups

del-funited by use of paírs of axes; two above the plane of

axes III and IV, and tr^ro below that p1aín.



FICURE 5.8

OrdLnatlon of species 1n relation to components I
and II, producing a simple dipolar scatter. A key
to the species nurnbers is provided below.

L Aearospo?a, sehLeí,eheni
2 Aeatosptow, smaragdula
3 Acapospora sp.
4 Aspíeilia eaLearea
5 Aspieilia oaLeæea llrod. fmúieosa
6 ? BíaLæeLLa
7 &¿eLLia epígaea
8 BueLT.ia subcononata
9 CalopLaea subpyraeeL|,a

10 CaLoplaea sp.
11 Clnnånopsis seniuiridis
LZ Cladí,a aggregata
13 CLadpnia foLíanea
14 CLadonia súbsquønosa
15 Cladonía oentieiLLata
L6 CLadonia fimbrüata
L7 Cladpnía squamules
18 CoLLema coceoplnruts
Lg Derrnatoeazpon Lachneun
20 DripLosehistes oeeLT'aþus
2L Díplosehistes sentposus
22 End.oeazpon pusiLLwn
Zj Fulgensia braeteata
24 Heppia Lutosa
ZS Heppia poLyspora
26 Heterodea nrtllLeri
27 Leecnona atra
Zg Leeidea eoarctata
29 Leeidea ctgstaLlífena
30 Leeì.dea deeípíens
3t- Leeidea pLarnta
32 Leeidpa psørntophila
33 Leeidea sp,
34 Par,¡nelía ønphí,æøtt\ø
35 ParneLia austraLiensis
36 PavmeLía eonspe?sa,
37 PanneLia moLLiuseuLa
38 Pazinelia pulLa
39 ? Rínodína orbata
40 Siphula eoyíaeea
4L Synalissa sp.
42 Toninia eaem.¿Leonðgníeans
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FIGTIRË 5 .9

Ordinatlon of specíes in relation to components
II and III, producing a trl-polar scatter. The
key to species numbers faces fig. 5.8.
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FIGTIRE 5.10

Ordination of specíes in relation to components
II and IV, producíng a tripolar scatter. The
key to specles numbers faces flg. 5.9.
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FIGURE 5.11

Ordination of specíes in relaÈion to components
III and IV, produclng a tetra-oolar scatter.
The key to species nurnbers facesfig. 5.8.
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FIGURE 5.12

The relatlonship between the number of occurrences
of each specleso and the loadtng of the species
for conponent I.
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FICURE 5.13

Three di¡nensional ordination of specíes in rel-
ation to components II, III and IV. Filled
cfrcles are below the plane formed by axes III
and IV, open cJ-rcles are above that pi-ane; the
stal-ks indicate the projectíon of the point onto
the plane.
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(c) Slte ordinatlons

Ttre calculated loadlngs for vecÈors I-V for each sl-te are

lnc|uded as Apr¡endíx 4.2. The relatLonships betvreen ordinatlon's

along four selecËed axis palrs is shor"m 1n Fígs,5,L4'5.L7'

Ttre loCatfon of sltes with extrer¡e ]-oadíngs for coßponents

I - IV are Índlcated 1n Ftgs. 5.18 - 5.2L. Ttre effect of the

varlous components ls discussed below.

(t) ComponenÈ I

Extractlon of the fírst' non-centred component 1s

more informative with respect to sltes than Ít fs to

species. ?he graphíc plot of thls component indícated

that the sites are relatively honogenous. The poinÈs

representfng each location f omed a sÍngl-e, more or

less cigar shaped cluster (fÍg. 5.14) no natter whLch

other component the loadings for component I were plotted

agalnst. ÍJtren napped, it could be seen that there Trras

a band of high values for the couponent in the arid and

sub-arld region of South Australia Ëailíng off into

western New South l^Iales (Fíg. 5.18), Índicatlng the

areas fn which this "typical" flora Ì{as t¡ost strongly

developed.
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Conponent II

Hhen component II r¿as plotted against component I a

Latge cluster of sites with negatíve scores on comPonent II, and

a diffuse lobe of siËes with positive scores on conponent

II, were produced (Fíg. 5.14). The sLrong positive scores

on component II when rnapped proved to be concentrated in the

l4ount Lofty Ranges near Adelalde, and in cenËral New South

tJales; strong negative scores were concentated particularly

in the Murray Basin, and in the north of Eyre Peninsula

(Flg. 5.19), both in South Australia.

çomponenÈ III

Plotting cotrponent III agaínst component II produced a

trlpolar ordinatf-on, ruith a large number of sites 1n one

pole, and dfffuse lobes forming the other two (Fig. 5.15).

Sites with a strong posÍtíve loading for coinponent III (the

bulk of sites) were concentrated in the north of the study

area, and sltes with a strong negati-ve loadÍng for component

III were found to be concentrated in the Murray Basfn and

Eyre Peninsula of South Australia' (Fig. 5.2A).

Component IV

Plottlng conponent IV against couponent II again produced

a tripolar ordínatÍon, the mass of sites at one po1e, and

the other tsro poles represented by díffuse lobes (FÍ9, 5.16).
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Plotting componerrt IV agaínst coaPonent III produced an

ordination showing four lobes represenËing the poles

forned Ln the p1oÈs of conponents II x III and cooponents

II x IV (Fie. 5.L7). Sites with strong positive loadfngs

for component IV \,{ere nostly in central Ner¿ South ttrales;

those with strong negative loadings lrere mostly in the

l"fount Lof ty Ranges near Adelaide (F1g . 5.2L) ,

(v) ComponenË V

Cornponent V produced hfgh loading at only two sites'

one north of Bourke in central New South trdales (site 180)

and one near Mlldura (site 41). these sites had loadings

of *5 and *7 respectively: only four other sites had

a loadlng greater than *2 or less than -2 for this

corqponent.

InterpretatLon

The analysis, after indicatíng the typícal lichen flora of

the study atea) dlvfded the species and sites ln a dichoto¡lous

manner. Conponent II appeared to divide the arid floras from the

hr¡mid floras, each of which was the¡. further dlviéed by conponenË

III or IV. Component III appeared to segregate the species and

sites of the arld zone into a winter-rainfall arid or sub-arid

group, and a more extrene non-seasonal arid group. Component IV

apparently divided the more huririd sites and species i-nÈo two

groups, one confined to the winter-rainfall areas, the oÈher

especlally well developed in Èhe srrrnmer-ralnfall areas.



FIGURE 5.14

Ordinatlon of sites in relatLon Ëcl cor¡Donents
I and 1I, showing a sirrçle d1¡o1ar scatter.
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FIGURE 5.15

Ordínat{on r:f sltes Ín relation to components
II and III, showlng a trlpolar scatter.
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FIGURE 5.16

Ordlnaticrn of síÈes in relation to coxnPonents
II and IV, showíng a tripolar scatter.
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FIGURE 5.17

OrdinatÍon of sítes in relatlon to components
III and IV, shovring a tetra-polar scatter.
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FIGTIRE 5. 18

The dfstrfbutlon of eltes with high loadfngs
on coúporie-at I. Fillecl clrcles reÞresent
sites with a loading gteatet thao or equal to
four.

FTGIIR.E 5.19

The dlstrLbutfon of sltes ltith high loadlngs
êD cotponeot II. Fllled circles represeût sites
¡vlth a loadlng oD conponent II gteater than or
equal to +3, or less than or equal to -3. ltre sl.gn
of the l,oading ls lndlcated on the encloslng lines.
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FIGIN3 5.20

the dfstrlbutfon of sires wtth hígh loadlngs
on corponent III. Fíl]_ed circleg represent
sites wÍth a loading greater than or equal to
-3. Sites encloeed wLthln 1ínes are negatLve,
others posltive.

FIGURE 5.21

The distrlbutLon of eiÈes with high 1oadLngs
oû cotDpoDent w. F1lled circles represent
aftes wÍth â loading greater than or equal to
*3, or less than or equal to -3. Ttre sfgn of
the loadfng is fndicated on the enelosing
lloes.
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3. Æ{ALYSIS OF BXGIONAL GROUPI}TG

Ttre role of the ecologlst ís not to dÍscuss statlstícal

or nunerlcal relationships nLÈhin vegetation, but to reveal-

the nature of the bfological system fnvolved. l{umerical

approaches are only an aid 1n that process. In order to provide

a bÍological framer.rork against rahích to test the numerical

studies, a set of specles-groups based on reglonal distributlon

patterns r¡as established.

To erect the regfonal species-groupsr maps of species

dlstributlons and species lists úrere carefully scrutinLzed, and

the specles arranged into groups v¡ith a cof,rnotl geographic range.

These groups were thus erected on a different basÍs to that

used fn the nunerlcal analyses: coincidence of species raoge

rather than frequency of mutual lncídence at particular 1ocati6s.

Moreover, the composition of these groups was Lnfluenced by

fnpressl-ons gained during the field study.

No t'best" groupLng can be arrived at Ín thfs style, but

sLnply one r¿hÍch seems natural to the worker arranging the specfes.

As a result of this approaeh, five specles-groups wlth distinctive

geographlc zonation ¡ùere delfuníÈed qulte fndependently of tbe

nr:merlcal analyses. These reglonal groups are llsted belor¡.
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CaLopLaea sv.
c'l,aÅí.a aggnegata
CLaåonia subsquønosa
C Laåort:L a o e rti e i LLat a
Chadonia c.f . fimbriata

Gror-rp 1.

Gxouo 2,

Group 3.

Group 4.

Group 5.

Heterodea rn{lLlerL
Parrnelia consqersa
PanneLia PuLLa
SiphuLa eoz'iacea

? BíeioreLLa
BueLLia subeoxonafu'
Cladonia squamules

Leeidea eoaretata,
Leeidea pLøtata
Leeídea PsøwraPhiT'a
Leeíd.ea sp,

Høppía poLysPota
Leeartona atra
Parrnelía onryhiæantha

Leeidea erYstaLLifem,
P av,rne Li a au^s traLi en s i s

P av,rneLi a mo Llius euLa
SunaLissa sP.
rbnínia eae mtl e ortí g xí eans

? Ríno&Lna

EnÅoearpon pusiL|wn
Heppía Lutoea
Lecidea deciPiens

Acatospora sp.
Aearospora s ehLeieheri
CoLLenn coceoPhorus
D errnato e azp on, Laehrzewn

Diplo s ehiste s s entP osus
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of these groups' grouÞs I and 4 ¡'tete eharply delineated'

as the specles had a restricte<l but relatively contlnuous

dístrlbutíon, and cornrnonly recurred in groups as listed'

Group I ¡¡as more ot- less confincd to the Ì'[Ë' Lofty R'ange;

group 4 Eo an arc around the ranges, on Northern Eyre PenÍnsu1a

and in the Ì{urraY Basin.

The species of group 2 anð' tr'oup 3 tended to occur on

sLnLlar sites, but those ín group 3 were absenÈ from the surmer-

raLnÍ.aLLareasofcentralNer¡SouÈhI^Iales.BothgÏoupsTgere

essenËially groups of species that occurred in ariC axeas' but

not 1û the exËrenelY drY Parts'

ThespeciesofgrouP5werereuarkablyvridelydistríbuted'

showing enorÊous ecological tolerance and occurríng throughouË

the sÈudy atea. These specÍ'es seemed to forrn a basic soil-

surface lichen florarupon rEhich the other groups (group 1 to a

lesser extent than the others) vlere superimposed.

ASSESS}-GNT

(1) Speç ies S.

uTrblu 5.4 details the compositlon of fí'¡e species-groups

(ArBrCrDrE) whi-ch, after <lue consideration of aLL

*
Table 5.4 will be found in a pocket at the back of the volume'

4
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analyses r¡rere concludec to embody the essentíal distribution
pattern of the lichens. Th.ís tabie also shorn's the high

degree of simil-arity betr,reen the groups resulting fron the

three primary analyses; tÏ.ris correspoßdence leacing to the

derí.vation of the five nerv groups.

rt ruas epparent fron Table 5.4 that rnfluence Analysls

(I.r\.) Node C r,qas equivalent Ëo rhe p.C.A. Siphula group

(cladia t Leeanora groups) r and that ÌIode B r¿as equivalent to

the ?.C.4. Chondropszis group. The specles not grouped by

rnfLuence Analysis mostly balonged to the p.c.A. coLLema group.

I.A. Sub-nodes C, and f;, appeared to be equívaient Èo the

P.C.A. CLa&ía and Leeanoya, gtorrps respectlvely.

I.A. Sub-nodes B, and B, rvere cogether more or less

equivalent to the p.C.A. Chondropsis group.

I.A. Node A species were the three specíes strongly in_

fluenced by P.c.A. conponentv, prevlousry tentatívely sep-

arated as a species-group.

The regional groups rÁrere less in agreement r.rith the

P.c.A. groups and r.A. nodes than were those analyses with

each other. Ilor¡rever, regfonal group 1 was very siniLat ín
composition to rhe P.C.A. C\adia group and I.A. Node C.

Regíonal group 4 was very sfmilar Èo the p.c.A. c,Ltottdtopsis
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group arid the I.A. Node B. The species of regíonal grot4 2

¡sere included in Ëhe P.C.A. Lecanora or Cladia group and in

I.A. Node C. Group 3 species were dívlded between the P.C.A.

Leeqr¿oraarÃCoLLenø groups, and between I.A. Node C (Sub-nodes

C2, C3) and the species not grouped by Influence AnalysÍs. Most

of the regional group V species were 1n the P.C.A. CoLLema

group, and rnrere ungrouped by Influence Analysis.

only two species, DípLosehístes seneosL¿s and ErtàoeaJpon

pusiLhm were placed in radically dífferent groups by the varlous

methods used for grouping. These $øo species were placed alter-

natively in the trro extreûe groups of an aPparent cllmaËfc

sequence. This was probably a reflection of their wide range

of distríbutlon, from the wet,Ëest Èo some of the drl-est areas

studied,

(2) Distributíon patterns

th¿ lichens of species-group D, which are almost ubiquitous,

form a basic f.Loxa for most of the study aÍea. The geographical

range of the lichens in specles-group D embraced the entire range

of speeíes ín groups B, C and E, and most of the range of those

in specLes-group A. Species-group A is much less extensive 1n

dlstrlbution than speeies-group D, r+hích it overlaps slightl-y,

but 1t does not share lts range with many of the specLes of

groups B, C and E. Líchens of these latter groups are best ì

understood as bringlng regíonal elaboratfon to the group D soil
surface flora.
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lülth thls understandtng of tt¡o overlapplng floras

(groups A and D) and three super-imposed groups (groups B,

C and E), flve geographíc regions wíth respect to lichen

floras could be delimited. These reglons r^lere:

(1) The Mount LoftY Ranges.

(Group A specles predomlnant, often superínoposed on

group Ð species).

(2) Central New South Wales.

Çroup B species superimposed on Group D sPecies).

(3) Northern Eyre Peninsula.

(Group C epecies superinposed on Group Ð species) '

(4) The northern l"furray Basin in South Australia.

(As (3) above).

(5) The remainder of the studY atea,

(Group D species wíth an admfxture of species from grouPs

A, B, C e E),

These genetai-j,zed areas are illustrated in Fígure 5.22,

(3) Retrospective coÍment on procedures

At the beginnlng of this chapÈer 1t was pointed out that

in vfew of what was known abouE soil surface lichens

contlnuous rather Ëhan divisive classifieatíons seemed

desirable. Subsequently boÈh of Ëhe- numerLcal methods used



FIGI]RE 5.22

The areas wfthin r¡hÍch specíes-groups A, Bt
C, and D, (defíned 1n table 5.4) show maxlmum

development.



GROUP A GROUP B GROUP C GROUP D
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reínf orced the belief thaÈ the data r,;as of a conËinuous nature '

Ilowever, the detail of the results p::ovcd írrpossible to naÞ

fn a continuous nanner fo:: two rÌain reasons ' The sanple

locations ïIere too sparsely scattered over Ëhe area to cope with

the variatíon (orie san¡ie to 3rC00 sguale l:iloneËres) and, a

great number of these sanples i.Iore negatíve f or all specÍes.

In practi-ce Ëhere :;Iâs llo option but to con<lense eactr

Contiauum into tic'o classes repreSentative of extrene conditions.

However, 1n È-he f.ínaL constÍirction. cf the species-groups, the

inforrpation from each corrtinrl.ü¡ ,'¡as ínvaluable in ínterpreting the

placement of specles ín those groups.

The essentialLy si¡lílar results produced by iwo very

dífferent nurterical approaches indicated i:hat the relaÈíonships

expressed by thern are real: Èhe manner j-n r'¡hich they reínforced

each other simpl-ifiecl the construction of thc fínal regional

analysis.

The numerical analyses dre-w attention to inforDation not

irmredlately apparent frcr,r ¡r:-T:s and species l-ísts. The speed and

Iow cost of such studies, couçled ¡víth ihe results produced in the

present situatíon, indicate their value in studies of a biogeographlc

scale. This is notrvithstanC,ing the conment of Moore et aL (1970)

who rejected the use of associatioo analysis on a Latge scale
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because of the coquting tÍue Lnvolved; thelr plogr¿l@ co¡-

pleted ¿n assoclatLon analysfs ou 75 tara 1n 20 releves 1n 10

minutes. In the present study using a Dore advanced cortrPuter

an agsociatfoa analysis of 42 taxa in 227 quadtats !Ías co4leted

1n 3.66 seconds. Ttrus, as cotputer facilltÍes are further

developed much larger and nore lnvolved analyses wf1l be feasLble.
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CHAPTER VI

TTIE RXLATIONSHIP BETI.TEEN DISTRIBTITION ÀND ENVIROI{I'ÍENT

I-. CHOICE OF ENV IRONMENTAL VARIABLES

Factors affecting the distribution of plants 1n the

arÍd zone of south eastern Australía can be grouped ínto three

basic tyPes: climatic factors, substrate factors and blotfc

factors. These are aLL susceptlble to study (Moore 1953a'b) '

Ttris chapter deals only wlth those factors of climate and

sofl whích relate to llchen dist'rlbuËíon on a broad scale'

The effect of an historical bíotic lnfluence on Èhe distrlbutlon

of llchens on a relatively smal1 scale is studied in chapter vIII'

At the cormencement of this study two hypotheses were

formulared concerning factors affecÈ1ng lichen distrfbutlon'

These trere that clímate, especlally ralnfall, would be a

signifícant controlling factor, and that soll type would be a

slgnifícant but less ínportant factor. From these h¡rpotheses

it was predicted that the dístrlbutíon of Ëaxa and specles-

groups would colncide wlth clinatic patterns'

ExaminationofthecornpleteddÍsÈributlonmapsofspecles

and species-groups sÈrongly supported the írnpresslon galned

durÍng the field study thaÈ mean annual rainfall, the
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seasonal dlstrlbutÍon of raínfall, and soil tyqe, were closely

related to di.stribut,ion. ExamÍnation of daÈa associated wlth

so1l maps suggested that several soil variables might be

lnvolved; these included pH, nature of the surface, calclum

concentration and sodium concentration.

As the collatlon of envlronmental data fot the study area

proceeded, ít became apparent that mean maxlmum temPerature for

January (the hottest month) was also related to the distrÍbutlon

patterns. Thls suggested that a single value cl1¡natíc lndex

reflectlng both raínfall and ternperature effects would be useful.

A range of such indices was avallable, 1ncl-uding those of Thornthwaite

(1933, l-948), Presoott (1936, 1949), Davídson (1936) and Prescott

and Thomas (1948). Examinatfon of these revealed that the most

suitable lndices were those of ThornÈhwaite (1949) and Prescott

(1949): these IÂrere' holvever, presented on very snall mapsr wÍth

very lfttle detail. The only sultablv detailed nap was that produced

by Davidson (l-936), who used a very crude and rather unsatÍsfactory

index. The use of sLngl-e value cllnatic indfces was therefore

pursued no further.

The relationshlps between all of the varlables discussed

above (except sfngle value clirnatíc lndíces) and the distribuÈlon

of both lLchen species and crusts are discussed belor¡.
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2. COLLECÎION OF EIWIRON}ÍENTAT DATA

(1) Mean Amrual Rainfall

Each site was placed in a rnean annual rainfall class

using the rainfall nap presented as Fig. 3.4. This produced

a 5cm class interval úrith a Èotal range from 10cm to 60cro per

annum.

(2, Seasonal lncidence of raínfall

sites were placed into two groups; those with a pronounced

wfnter rafnfall- maxlmum and those with eíther a pronounced

sr¡¡lmer rafnfall maximum, or with more or less uniform rainfall

dLstribution throughout the year.

(3) soil

Information on the nature of the so1l surface was cooplled

fron a study of notes collected at the sanpling sltes, and from

soil maps. the soils rntere grouped broadly into clays, saads,

crusted loam and earth, hard set,tÍng loam and eartb, a'morphous

soil"s and rock pavenent.

Ttrese soil groupings referred only to the nature of the

soil surfacer so cannot be equated wfth the usual soil

classLf lcations. Clays vtere usually rl-verlne or less cornmonly

arLd claypans; ganCs íncluded sand-hllls and thín mantles

of sand over aûy other so1l.
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soils with â crusted surface and a nore fríable lower layer

were placed in the crusted loact group' Any soll with a hard

surface when dry was classed as hard settíng. Amorphous sofls

f¡ere usually very fine textured, friable ancl non-crustlfig.

Rock pavenent referred to areas so ccmpletely covered with rocks or

pebbles ("gibbersu') that no soll was visíble betlreen the rocks s ot ¡

in a few cases, to a¡ exÈreme form of skaletal soil conslsting

Eostly of fine schlstose scree which vtas restrícted to hllly âtêâÉl'

Chenlcal characteristics (pH, extracted calcium and sodiurn)

lrere, because of usually hlgh calciun content of ttre soLl, deter-

mlned from a saturated soll extract prePar.jd after the rnethod of

Rlchards (1947). A subsaErple of the soll frorc each síÈe was ground

wlth a rDorÈar and pestle untll it passed a 2mr sieve, and a 50gn

portion puddled r^rith w.ater to form a saËurated suso¿nslon. The sus-

pensíon was covered and left for 12 hours, then some of the v¡ater

extracted under pressure. Imrediately after extraction the pH of

thls extract was measured usíng a glass electrode 1n circuit ktíth â

resístance brldge, and the sample stored under xefttgeration. tr'Ihen

all extracts had been prepared, sodiun con¡ent was deÈernined usíng an

EEL flaue photomet-er, and calclum content determlned uslng a Techtron

A2 atomic absorptÍon spectrophotometer. 1-00C p,p.trr. strontium

chloride buffer was used to Prevent phosphate ínÈerference ín

the calcl-r¡m determlnation. Concentrations rcere calculated 1n terms

of nill1 or mLcro-moles of element Per gran of soil'
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The pII values obtained, vrlth the exceptfon of a

slngle very low value (pII 5.4), tanged between plt 6'5 and

plt 8.9. These val-ues were assigned to groups, the class

intervals for these groups being 0.4 plt units. The very 1ow

value was included in the lowest class (pH 6.5).

The class intervals for calcium and sodium concentratÍong

presented a problem. The range of calclum concentrations

encoufltered was fron 100¡ rnolesÉp soiL up to 15 JSO ¡ moles/g¡n

soíl and the range for sodir¡m concentratlons fxom 32¡ moles/gn

up to 491590¡ noles/gm soil; in both cases the vast bulk of

values were in the lower part of the range. Classes rltere there-

fore constructed on a logaritbnic scale to ensure more unfform

representatlon of sltes in the hígher classes.

Nornal- maximum JanuarY üenpera turg

Nornal rnaximr¡m tempefature in January was deternined fOr

each slÈe by lnterpolation from Fig. 3.6. This allowed only

four classes, with a class lnterval of 3oC between 26"C and

3goc,

The environmental daEa xeLatlng to each sitd have been

tabulated, and presented as Appendlx 5.
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3. SELECTION OF METITODS FOR EVALUATING THE RELATIONSHIP BETWEEN

DISTRIBUTION AT{D ENVIRONMENTAL DATA

The relatlonshlp between dlstributlon and the environment

could be sr:marlzed in a number of ways, elther qualLtative or

quantitatíve. The simplest form would have been to indicate

the range for each variable wlÈh1n which each species was found.

This could be quantified by calculatlng the percentage frequency

wíth which a species occurred 1n each of a number of class intervals

for the varíable (i.e. number of occurrences of the specles at

locatlons fall-ing into that class interval divided by total

number of sites falling into that class 1nÈe.rval rnultlplled by

100). lhis treatment would yield data from whlch histograms could

be constructed to indicate dístributional modes for each specles

wlth regard to the particular environmental variable.

The relatlonship illustrated ín a histogram could be further

quantlfíed by calculatlon of regressíon coefficlents descrlbing

the relation between frequency and the variabl-e studied. It was

found,, for example, that the relatlonship between frequency and

mean annueL xaLnfall for CLadonia squamules took the form:

logt' frequency = (0.11 x ralnfall) - 0'45'

the probabflity of such a f.Lt beíng achieved by chance is less

than 0.001. I'fuch more complex expresslons could have been

devel-oped to descrlbe the relationship of other species to

rainfall. The biological signíficance of such expresslons are

not, however, lonedfatelY obvious.
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Yarranton (L967b, recormended the use of such regresslons

1n studles of the relationship between species occurrence and

the envlronment. Thís approach has been applied ln a series of

sÈudies (Yarranton. L97O, Yarranton and Beasleigh 1969). Such an

approach, however, pre-supposes that a detall-ed data block is

avallable.

It was decided to present the relationshlps between distrib-

ution and environnental varlables as hlstograms. No further

statistical treatment was attempted because of the low intenslty of

the data (presence / absence of speeies without knowledge of frequency

or densl-ty at each location). This method is hlghly informatÍve and

useful, although less rigorous than the Dultiple regression approach.

In order to reveal the factors important 1n influencing species

distributÍon the followlng argument rpas invoked.

Species dístrLbution is Laxgely controlled by environmental

varlation. Thus, lf a nu¡aber of specl-es tend to occur together, it

is because they respond in a like rúay to environmental condl.tions.

Therefore, 1f the specíes of a group tendlng to occur together all

show a simí1ar response to any glven envíronmental variable, but a

response dffferent to that of other species, the variable either

controls, or is correlated r,r'lth a variable whl-ch controls the

distrLbution pattern.
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Thus, for exampLe, if tt could be shown thât â11 the species

of specles-group A (defined in Table 5.4), responded ln a like

manner to rainfall, but in a nanner different to that shown by

groups B, C and Ðo it could be claimed that ralnfaLL (or a

correlated factor) played an irnportant part in control of the

distribution of Èhe species-grouÞ.

To determine whether or not specles in a specles-grouP responded

in a like tnanner to environmental variables, the followlng procedure

was followed.

The histograns relatlng species freque.ncy to values of envl-ronmental

variables rrere ordered. The order tras detefrnlned prirnarily by the nodal

value of the histogram í.e, the species wíth íÈs modal value in one

extreme class interval r,ras placed first in Ëhe ordination, and

followed by that with its mode in the next hlghest ínterval, and so on'

Once the specles were arranged in order the species-group to which each

belonged wâs scored beside it. If members of specíes-groups were

placed 1n close proximity by the environoental ordinatlon, thfs was

taken to indícate Èhat the specles in tha group responded to that

envlronnental factor 1n similar ways, i. e. they were elther controlled

by that factor, cr by a closely correlated factot.

If the dístrlbution of a specíes-gtotrp 1a controlled by the

variable being considered, it would be expected that the centre of

development of that species-grouo would be related to the paÈtern of

the environnental variable being considered. This v¡ould allow a check

on the conclusfons reached on the basls detailed above.
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4 TTTE FREQUENCY HI

Inthissectíontherelatlonshipsbetweenspecles

frequency and the set of environmental varlables are presented,

and some renarks about the nature of the frequency dfs-

trlbutions acfoss the range of envlronment made. causatlon

of the pattern 1s considered 1n a later section'

(1) dl-stríbutlon in relation to mean arrnual ralnfall

Distributlonofspeciesvariedwidelyinrelation

to rainfall. Ttuo species, Enãneas'pon Etsil'Lwn ar.d

Í,eeídea deeipì,ens occurred at sltes in each of the

rainfall classes. Dì,pLoechistes seruposus a¡d Cladpnia

sp. squamules occurred at sites ín a1-1 but the driesÈ

class , DerrnatoeazTon Laehneum and Leeíd.ea erystaLlifera

occurred at sites 1n all buË thê rüettest class' Ttre

mosË restricted range 1ltas thaÈ of ÙipLosehístes oceLTÃtlla'

whlch occurred only at sltes r¡ith a rainfall beÈween

15cn and 25cm. Other species wÍth very restricted ranges

wexe CltonÅnopsís senittiridís and AspieiLia eaLeæea mod.

frutieosa whlch occurred only in the classes between 15cm

and 30cm.

In Fig. 6.1 the frequency hÍstograms for Èhe nore

co@on specíes are ordered by the mode of the histogram'

those with modes in high ralnfall classes appearing at



(2)

(3)
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ttre top left hand side of the figure, Ëhose with :nodes ín low

ralnfall classes at the botÈom rlght hand side. In this

figure the broad rainfall tolerance of most species Ìras apParent'

The histograms have a nore or less smooth outline, usually

without marked díscontínuiÈíes. The 10cm to 15cm per annum'

or driest class, was the only one in whlch all lichens Trere

notably less freguent.

Frequency in relation to seasonal rainfalL incidence

The frequency of connon specles for sites in suermer and

wlnter rainfall areas was calculated (Table 6.1). l{any specfes

did not occur at all in areas with sun¡net raj¡¡fall, and most

others had a narkedly hígher frequency in areas with winter

rainfall. Two specles, BueLLia subeoaonatd, and Leeídea pLarnta'

\rere more frequent in areas wiÈh summer rainfall than 1n areas

wfth r,rinter rainfall; the frequency of Lecidea psØrîtlophiLa,

was virtually the same in both raínfall reglons'

Freq 1n relation to soil extracË oIL

The relatíonship between freEuency and ptI ís illustrated

1n Flg. 6.2 in which the frequency hístograms for each species

âre arranged wlth their nodes in ascendíng order of pH value.

Frour Fig . 6,2 it is apparent Èhat most histograms exhiblt

definite pH modes, although Leeídea deeipiens and Heppia

pOLUSpo?a, occur with a more or less uníform frequency across

the whole pH range.
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TABLE 6.1

T'he frequency of species in areas wLth predominant

stÍîn¡er and winter rainfall

Spectes

Aeæosporu, smanagduLa
AspicíLía eaLeanea
Aspì,eilì,a ealcatea

rrod. fmúieoea
Buellia epígaea
&rcLLia subcorottata
CaLopLaca subpgz'aee LLa
ChontJt op s is s emiu íridí s
CLa&ia aqgregata
Cladpnía sguamules
CoLT,enø. eoceophom,æ
D e nrøto eazp on Laehnettn
ùí.plo s ehis te s oe eLlatus
Díplos ehíste s s em4to sus
Endocatpon pusiLhnn
Ful4ensia braeteata
Eeppí.a Lutoea
Heppía polyspona
Heterodea nllLleri
Leeanota atra
Leeidea eoatefuta
Lecid.ea eta etalTif ena
Leeidea deeLpíens
Leeídea pLanatn
Leeidea psornnophiLa
Parmelia øphíæantha
PanneLia aætraliensis
Pannelía eonspersd,
PærneLia noLliuseula
Pænelí.a. pulla
SípTuln eoriaeea
Synnlíssa sp.
Toninia caeruLe oni gvi ean's

Su¡nmer
Rain

0
0
5
2

0
0
I

13
13

0
4

t2

tliater
Rain

16.1
37.2
37 .5
4.2

35.4
39 .6
2L.2
18.3

0
3

6,3
].4,6

5.0
2,L
0.4
5.4
8.4
5

0
11

7

0
I
2

2
11

7

2

3
0
0
0
0
0
2
2

9.6
1.6
2.L
3.8

37,8
54.1
4.6
2.r

10.0
8.4
2.8
5.0
5.4
4.2

10.0
26,7



FIGURX 6.1

Ilfstograms shcwing the relationship between
specles-frequency (Y-axis) and mean annual rain-
fall (X-axts). The scale divLsions on the Y-axls
are 1O7. frequency lntervals. A key to Èhe species
treaÈed 1n each histogram 1s provided be1ow.

1.
2.
3.
4.
5.
6.
7,
B.
9.

10.
11.
12"
13.
L4.
15.
16.
17.
18.
19.
20.
2T,
22"
23.
24.
25.
26.
27.
28,
29.
30.
31.
32.

Hetenodea mlllleri
PanneLia eonsperla
SíplwLa coniacea
Cl.adonia equamules
Leeidea pTa.nata
CTadia aggnegata
Leeidea coapetata
Diplo s ehi ste s semrpo sus
Par¡neLía ønphí^rantha
Lecidea psønaophiLa
Pæ,¡nelía pulLa
Enåoeatpon pusiLlwn
Lecidea erystaLLifena
Leeætona atra
hrcLLia subcoronata
îulgeræia bnacteata
Leeidea deeípì.ens
BueLLí.a, epigaea
I on:ini a e ae vwL e oni,g r i e an e
A enr o sp ora srnatag &tLa
AspieiTia calearea
Parnelia nolliuseula
PanneLia australiensi s
Cltondrop sis s emiuínidi s
Aspieilia ealearea mod, fmttíeosa
Dí.pLo s ehi s te s o eeLTnA¿s
Ð errnato eazp on Laehneum
CoLLenø, coceophom*s
Symalissa sp.
C alopLaea subpy nae eLLa
Heppia polgepona
Heppia Lutosa
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FIGTIRE 6.2

IlLstograms showing the relaÈionship between species-
frequency (Y-axis) and pll of the soil extract (X-axfs),
The scale divlslons on the Y-axls are 102 frequency
lntervals. -A key to ttre specJ.es treaËed fn each
hlstogram ls provided below.
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FICT'RE 6.3

Hfstograms showing the relatlonshLp between specles-
frequeney (Y-axls) and calcium concentratfon (X-axls).
The ecale dLvislons on the Y'axis are 102 frequency
lntervals; the class intervals on the X-axis are
logarithnic. A key to the specl-es treated 1n each
hlstogran ls provJ-ded below.
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FIGI'RE 6.4

Ilistograns showing the relationshlp betweòn specfes-
frequency (Y-axis) and sodíum concentratlon (X-axts).
The scale dlvisfons on the Y-axls are L07" frequency
lntervals; the class l-ntervals on the X-axfs are
logarlthml-c. A key to the specíes treated 1n each
histogram is provfded below.
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FIGIIRE 6.5

Bistograrns showlng the relatfonshlp beËrveen specfes-
frequency (Y-axls) and nature of the soLl surface
(X-axfs). The scale divisions on the Y-axle are
102 frequency lntervals. The letters on the X-axlg
refer to Rock, Sand, Amorphous, Loân, Hard-settfng
and Clay surfacee respectfvely. A key to the specles
treated fn each histograär ls provided below.
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FICIJRE 6.6

1. Heterodea rtrlllleri
2. Siplwla eoriaeea
3. Cladía aggregata
4. C1n'dPnia squamules
5. Pannelia eons7ersa
6, Parmelía PuLl'a
7, Lecidea PsurmoPhíLa
8. Leeidea Plartatag. PatneLía ønPhí'æantln

10. Leeidaa eoatetata
11. Diplosehistes semtPosus
L2. Ertãoearyon PusiL'hn
13. Leeantnta aiYa
14. BueLLia subeononnta
15. &rcLLí'a ePì4aea
16. Toninia eaemtleonigrieans
17. AcatosPora smatagduLa
18. Patnelle moLLíuseula
19. tes ocel'lnkts
20. caLcarea moð,. fm'úieoea
2L. s seniuirLdis
22, Parcnelia austtaLien'sís
23. Fulgensía braeteaþa
24. AepieiLia eaLoatea
25. T'eeidea cznstallífera
26. Leeidea dncipíen's
27 . Synøl,issa sp.
28. CoLLetru eoeeoPhomrc
29. DermatoeatPon Tnchtewn
30. Calnp\aea subPYrceeLla
31. Eeppi.ct PoT,YsPota
32. Heppia Lutosa
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FIGTIRE 6.7

Ilistogram showfng the relatlonship beÈween

the frequency of ll-chen-crust fotmation
(Y-axis) aad selected environoeatal
varlables (X-axfs). The scale divLefone
on the Y-axl.s ate 1.OZ frequency lntervals.
A key to the envlronmental varlable treated
1n each hlstogram is provided below: further
explanatton of each appears eLther 1n the
text or fn the precedlog figures deal-lng wtth
the relatLooshLp between epecies-frequeûcy
and envÍro¡rmental variables.

üean annual ralnfall.
pII of the soil-extract.
Exttacted calclum I gxæ of so1l.
Exttacted sodfr.m I Exæ of soLl.
Nature of the soil sutface.
Ìlean dal1y ¡aaxlmum te$Perâture for
Jaauary.
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in relation Ëo calcium

The relatlonship between frequency and determl-ned

calcium is shown in Fig , 6 '3' Tr¡o species ' DerTtøtoea?potl

Tnelmewn atd CoLLema eoeeophomts, occurred across the enÈire

range of calcium concentration' ylost species were absent

fron the higher class which, because of the logarLthmíc class

ínÈerval' represents half the total range'

1n relatlon to sod lum

The relatlonshíp betr¡een frequency and determlned sodium

1s shown 1n Fig.6,4. The shape of the hlsËograms in Fig' 6'4

suggests that sodium concentration does not play an important

role in deternining species dlstrlbutl-on withln the range of

concefrtrations encountered. ìtost. specles are broadly spread

across a Laxge part of the range, but some have more línited

ranges, especia LLy ÙipLosehistes oeeLLahrc " Caloplaca subpyraeeLLa"

CLadía aggregata' AspieiLia calearea mod' fmttieosø and

BueLLía epigaea.

yínr elation to soil surface tJ¡pe .

ïhe frequency of the more conmon species on each soLl

type Ls presented graphically 1n Fíg' 6'5' No soil- llchen

can occur on areas completely paved with rocks, but occur

on all other so1l surface types' Maximum' frequency for all
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species occurs on either crusted lo¡m or hard setting

surfaces, CoLLema eoeeophorus and Endoeazpon pusíLLun both

occur on all surface tyPes that support any soil lichens.

AspíeiLia eaLeayea nod. fruticosa, DipLosehistes oeelLatus and

ParmeLia molLiuseuLa oceur only on crusted loams, and

Hetenodea rn[tlLení occurs only on hard settlng surfaces. All

other species occurred on more than one soil surface typet

resulting tn 7 of. the total of. 42 species occurring on clay

surfaces, 30 on hard setting surfaces, 39 on crusted loans,

6 on amorphous surfaces and 18 on sands.

l-n relation to mean Íle,Xl-rÐuD erature for
January

The frequency of the more conmori speeles in each temPerature

class is presented 1n FÍg. 6.6. The specles are ordered in

this figure first by mode of the frequency histogram, then by

tolerance of high temperatures. ÌIo species has a maximum

frequency 1n the highest maximum temperature class. Only one

species, Heppia Lutosa, falls in the second highest class,

all others are ín the turo lower groups.

Frequency of lichen-e.rust format,ion fn relation to environnentaL
variation

The histograms in Fig . 6.7 summarlze- the relaÈionships

between freguency of crust formation and mean annual rainfall,

so11 extract pH, soil extract calcium and sodÍum concentratJ-ons,

(8)
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the nature of the soil surface and mean daíly maximum

temperature for January. It was calculated tl:.at 457"

of sites examined r¡ith a winter talnfall rnaximum, and

1-37" of sites wtth a sunmer raínfall maximumr were

crusÈed.

TIIE RELATTOIdSHIP BETI.IEEI¡ ORDINATIONS AND SPEC IES.GROUP ìfE}IBERSTIIP

In this sectíon the envlronspntal factors vlhlch ate te-

lated to the dlstribution of species - groups' are determíned

by comparing the environmental ordinatlons of specíes with specÍes-

group membershlp.

In Table 6.2 tt,e species are ordered by the rafnfall

correspondtng wíth thelr modal frequency, and also the conmunity

group to which the specles belongs. It is âpparent that specles

ln group A all have their highest frequencies in high rainfall

areas, species of group B 1n somewhat 1orúer ralnfall areas'

and speeies of groups C and D at stil1 lor^rer raínfall levels.

tlean annual rafnfall rnust therefore be considered a factor

related to the distributíon of the specles involved.

!'lhen specfes are ordered on the basis of the ratio:

frequency 1n 'nrinter raínfall areas

frequency in sumner rai:,l'f.al,I areas
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Ti¡BLE 6.2

The relationship betr.reen the ordination of species on the
basis of frequency noCe fcr rainfali, and the assigned
species-gïoups. bpecies uíth noCal frequencies ín hígh
rãtnfall areas are aË Ëhe toP of the lí-st'

SpecÍes

Heterodea r,rtlLLexi
ParmeLia. ccnspersa
SíphuLa eorirteea
CLadonía squaraules
Leeidea plenata
CLadí^a aggregata
Leeídea eoarctata
DipLo s chiste s s eruP o sus
Parrne Lia arcphinørttha
Lecidea psannoPhíLa
Pawnelía puLLa
Endncarpon pwsilLun
Leeídea cny staLl-íf era
Leeanota atra
BueLLia subeoronnta
FuLgensia bz'acteata
Leeidea decipiens
BueLLia epigaea
I oninía caeruLe onigri emts
Aearo spora smarag dtfi.a
AspieiLia eaLearea
ParmeLia moLliuseuLa
PæmeLía australiensis
Chondz, op s í,s s emiü ìtidí s
AspiciLì,a caLcanea

mod. fxwtieosa
ùipLos ehíste s o eelLatL¿s
D et ntat o earp on' L aehneurn
CoLLema eoeeoPhomts
Synalíssa sp.
CaLoplaea s bPyraeeLLa
Heppia þoLyspona
Heppia Lutosa

Species-grouP

BC Ð}l

-L

+

+
T

.L

+
T

+

+

+

+

+
+

+

+

+
+

+

+
+
+

+
+
-t

+
+

+
+
+
+
+
+
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TABLE 6.3

The relatlonship between the ordlnation of species based

on the raÈfo in wlnter rainfall areas and
frequency in sunrmer rainfall areas

asslgned speeies grouPs. The bar across the table sep-
arates species which occur in surmer ralnfall areas
(above the bar) from those that do not (beIow the bar).

Species Species-group

A D

BueLLia subeo?onata
Leeidea pLætata
Leei.dea psøwttophila
Heppia poLAspora
Heppia Lutosa
Leeidea eoarotata
Leeanora atra
CaLopLaea suhpy nae eLLa
Pazmelía øttphíæa,ntha
D ennat o e atp on Laehneum
CoLLe¡ru, eoecophomts
Endoearpon pusiLlurn
Synalissa sp.
Leeidea deeípiens
AspieíLia ealeatea
ùiplos ehiste s s emtpo sus
Toninia eaetuL eonig ri e arts
Cladonia squamules
Lepidea erystaLlifexa

Aspíeilia caLearea
mod,. fmfiieoea

Aearospona smanagduLa
BueLLia epigaea
Chonòlr op sis s enixiridi s
C1ndia aggregata
Diplo s ehístes oeelLaürc
fuúgensía braeteata
Heterodea rruLleri
Pæ,rne Lì,a, aus traLi en s í s
Parmelia conapersa
Pannelia moLLiuset¿La
ParrneLia puLla
SíplruLa eoriaeea

cB

+
+
+

+
+

+

+
+

+

+
+
+
+
+
+

+

+
+

+

+

+

+

+
+

+
+
+
+

+
+

+

+
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TA3LE 6.4

The relatJ.onship between the ordinatlon of specíes on

the basís or tt.q,rãi"y todu for soil-exÈract pII, and Èhe

assigned species'lto"p"' Species'¡-lth ¡nodal frequencies

;;-;iã (läw pH) ãoirä are at the top of the list '

Specles Specfes-grouP

BC DA

+
+

B,eLLia subcorortnta
CLa&La aggregata
Heterodea ntüLLeri
Leeidea eoarctata
Lecidea psønnoPhila
PaflneLí,a. ønPlúæatttha
PameLia PuLLa
LeeanPta atra
SíphuLa eotíaeea
Leeidea PLanata
Pæ.rneLia eøixspersc¿
Cladpnia squamules
Endocarpon PusiLLwn
Diplo s ehí ste s semtP o sus
Lecidea deeíPiens
Eeppia polYsPora
&rcLlía epí4aea
Par'¡nelìn moLLius euLa
Caloplaea subPYraeelLa
Synalíssa sp-
A-e ar o sp ora sntatag duLa
oí,pLo sâhí s te s o eeLLatus
ParmeLì'a mtstraLíensís
ChonåtoP si s s enrLuit'idi s

Heppia Lutosa
AsoieíLí.a ealcatea
De'møto c azP on Laetmeum
CoLLema eoecoPhomts
Leeidea erYstaLLifera
Fulqensia bYacteata
r oiiní a c ae ruL e oni g ri e an s

Aspíeilia eaLeanea
mod. fmitíeosa

+

+
+
+

+

+

+

+

+
+
+
+

+

+
+

+
+

+
+

+
+
+
+

+

+
+

+
+
+

+
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TA3LE 6.5

The relati.onshÍp betr.reen the ordínatlon of soecies on the
basís of frequency mode for soil-extract calcium
concentration and the asslgned species-groups. Species
with ¡nodal- frequencíes on soils lrith 1or¿ calcium concenËratfon
are at the top of the líst.

Species

Leeidea p'lnrnta
Síphula co?'íaeea,
Heterodea mllLleri
Leeídea psørvnophíLa
BueLLia subeoronnta
Leeanora atra
CLadia aggz'egata
Lecidea coaretata
Heppia Lutosa
Heppía poLyspora
Parmelía eonspers(l
CaLopLaea subpyraceLLa
Aspieilia eaLearea
Endoearpon pusiLLwn
Aearo spora snørag dula
AspieiLía ealearea

mod. fruticosa
BueLLia epigaea
Cltondtop si s s enrLu iridi s
ParmeLía aus tnaLiens í s
CT.adnní.a squar.ules
Pav'rneLia øtrphi'æuat\n
ParmeLia pulLa
SyrnLissa sp.
I oninía e aemtLe onigrieans
Eu-Lgensia bracteata
Parrnelía moLLìuseuLa
DùpLasehí ste s o eeLlatus
DipLos e7ú ste s s ett4to sus
Leeidea erystaLLifera
Lecidea deeípiens
D errnato e azpon Laehneum
CoLLema coeeophomts

Specíes-grouP

BCA D

+
+

+

+
+
+

+
+

+
+

+
+
+

+

+
+

+
+
+
+

+

+
+

+

+

+
+
+
+

+
+
+
+
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TABLE 6.6

It¡e relationship between the ordinatíon of species on the
basls of frequency mode for soil-extract sodlun con-
centration and the assigned species-groups. Species
wÍth modal frequencies on soil- wíth low sodium concen-
trations are at the top of the list.

Speeíes Specles-group

BC¡I

ùþLo s chíste s sentposus
BueLLía subeoronata
Panmelía awhi,rantha
Heppìa poLyspona
Chondt op sís setriuírddís
C aLopLaea subpy rac eLLa
CLadLa aggregata
AspieiLia eaLearea

mod, fmttícosa
HrcLLía epígaea
DipLoschístes oeeLT'atus
Aearospona smanagduLa
I oninia e a erul e oni g r i e arz s
CLadonia squatnrles
SynaLíssa sp,
Endocazpon pusíLhan
AspíeiLí.a caLearea
Leeí.dea decípiens
Lee\dea etAstaLLifena
Fuþeneia braeteata
PfimeLia austraLiensís
PanneLia moLliuscuLa
Leeíde,a pLanata
Leeanpra atra
Lecídea eoatctata
SiplwLa eo?ùaeea
PartneLia puLLa
D ernøt o eatp on Laehtt ewn
PatneLía conepersd
Leeid.ea psønnophiLa
Heterodea nr{lLLer'L

+

D

+
+
+

+
+

+

+
+
+
+
+

+

+
+
+
+
+

+
+
+
+

+
+
+

+
+

+

+

+

Eeppia
Collema

Lutosa
eoecoplzorws

+
+

+



TABLE 6.7

The relatlonshlP between the ordination of sPecies on the

raÈío
f on hard surf sol1s and the assigned

frequencY on crusted loams

speeies-grouPs Species whiih were more cornmon on hard

soil surfaces are at the top of the llstt

Specíes Specles-grouP

BC D

LLz.

+

+

Cl,a&ia aggtegata
CLadortia squamules

semtposas
siLLwn
Letí

Leeidpa eodretttd,
p
pLa

d. tha
Parnelía eonsqe?sa.
ParrnøLia PulLa

BueLLí,a epigaea,
hrcLlia subeoronnta
C aLopLaea subpy rac eLl'a
Chondr op sis s emíuirídí s
CoLLema eoecopthom'ts
D errnato cæp on Laehneum
ùipLos ehistes ocellatus
EuLgensía braeteata
Heppia Lutosa
Heppia polyspora
Leeanora atra
Leeídea erystaLLífena
Leeidea deeipiens
ParrneLia mts traLi ens i s
ParrneLia moLLíuscuLa
SynaLissa sP.
Toninia eaemtLeonigrieans

A

+
+
+

+
+
+
+
+

+
+
+

+

+

+
+

+
+

+
+

+
+

+

+

+
+

+

+
+

+

+
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TABLE 6.8

The relatlonship between the ordination of specles on the
basis of frequency node for mean maximum temperature for
January and the asslgned species-grouPs. The species with
model frequencies ín low temÞerature areas are at the
top of the l1st.

Species Species-group

BC

Heterodea tntlTLeri
Sip\tuLa eoriacea
Cladia aggnegata
CTndpnia squamules
ParneLía eonspersa
PanneLia pulla
Leeidea psatrntophíLa
Leeidea plarnta
PæqneLia ønplñæantha
Leeídea eoapefuta
DipLo s chís te s s erwp osus
Enãoearpon pusíLLun
Lecanora atra
BueLLia subeononata,
htelLia epigaea
Toninia eaevwLeotigrieans
Acatospona smaragdula
Panne Lí,a mo LLíus e¿ú. a
Díplosehiste s oeeLLatus
Aspíeilia eaLeatea

mod. frutieosa
Chondrop sis s enriuívídi s
Pæ,¡nelia aarc traliensí s
Fulgensia btweteata
Aspieilia caLearea
Leeidea crystaLlifera
Leeidea deeípiens
SgnaLíssa sp.
CoLLena eoeeophorus
D errnato earp on Td.ehnewn
Caloplaca subpyraeel'La,
Heppía poLqspora,
Heppùz Lutosa

ÐA

+
+
+
+
+
+

+

+
+
+
+

+
+

+

+
+
+
+
+

+
+
+
+

+
+
+
+
+
+
+
+
+
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it 1s apparent that grouPs B and D occur in su¡mer ralnfall

areas, whereas those specles in groups A and C el-ther do not

occurr or occur only rarely in areas with surmer rainfall

(Fie. 6.3). Seasonal distributiort of rainfall is thus

deuonstratedtobecloselyrel-atedtospeciesdlstrlbution.

If the speclas are ordered on the basis of modal-

frequency in relation to pil of Èhe soil extract (Table 6.4)

it is apparent that species in groups A and B tend to occur

onacld-neutralorsllghtlyalkallnesoils,whereasspecies

of groups C and D tend to occur on strongly alkaline soils'

The same effect, although not as sharpl-y defined, is apparent'

if calclum concentratfon of the soil extract ís consLdered

(Îable 6.5). Thls indicates thaÈ lfhll-e both pII and calcium

content of the sol-I extract are related to dístribution

patterns, ptt is more closely related to distríbutíon than

is caleium concentratlon-

Wtren the specíes are ordered by frequency mode in

relation to soil extract sodium concentration, no relation

wíth species-grouping can be detected (taule 6'6)' fhls

inplles that speci-es in all groups reacË Ín a simllar way to

sodfum concentration.

Sinceallspecieshavetheirhlghestfrequencíeson

either crusted loams or on hard setting sollsr lt ls possible
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to group the species into two classes; those v¡ith maximum

frequency on hard setting soils, and Èhose with maxlmum

frequency on crusted loarrs. It ís apparent fron Table 6,7 that

species of group A are all more coqt-non on hard setting soils,

and that species of group C are all more cortnon on crusted

loamy soils. Exeeptlng Endoeavpon pusíLLun (whlch could

alternatively be placed ln the qroup A), group D specíes are

more connton on crustecl loamy soíls. Four members of group B

are more coÍtlron on hard soils, and two me¡rbers more colltrDotr or!

loarny soils.

This indicates that the nature of the soil surface ís

more strongly related to factors Ínflueneíng the dlstributlon of

species-groups A and C than to those factors lnfluencing Sroups

B and D.

Ordering of specles by frequencv mode ln relation to

normal January maximurc teflc.peratures sholrs a close rel-atlonshlp

between temperature at whíc.h nodal frequency j-s found and

species-group (Tabl-e 6.8). Essentially group A ís most cornmon

in the lowest temperature c,lass, groups B, C and Ð occur in

an ascendíng order of tenperature classes. The placlng of

BueLLia epigaeq, is ambiguous, so it is lncluded in the low

temperature preference, but at the end of the series with

low tenperature nodes. The specles of qroup A are, with

the exception of Diplosehístes serwposll,s, limÍted to the lower
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te¡ûperature classes, and those of group B are relatively more

corrrnon in the three lor,rer classes. Generally species of

group C are eonfined to the two central temperature classes,

whereas specles in group D occur j-n each class, except Hepia

polgspora anð. H. Lutosa, which occur in all but Èhe lowest

tetrperature class. Thls ís tlre rnost clear cut relatíonshíp

between specíes-grouoi.ng and environmental ordinatíon found,

lndicating either a strong causatlve influence or close

correlation wíth such an influence on the dlstributLon of

specíes.

6. DISCUSSION.

(1) Factors controlling tha dlstributlon of llchen species.

The environmental r'arfables d.íscussed ordered the specfes

of the speeies-groups in three dlfferent hrays. Mean

annual rafnfaLl and mean naxirnuar teÍrperature for January

both arrayed the four seoarate species-groups quite

distinctly, ln the order A, B, C, D. This order proceeded

from wet tc dry frequency modes for rainfall and fro¡n

cool to hot frequenc.¡ modes for tempêrature. WÍthln the

study area it was true that Ëhe rüettest areas were coolest,

and that the driest, areas vrere the hotte-st. In the

L1ght of thís relationship it is not unexpected that both

rainfall .and mean maximu¡n January terûperature appeared

to affect the species frequency ln a like mânner.
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In t,erms of seasonal rainfall, there wcre only two

detectable groupíngs. Species-gÏoups 'À and C were linked

together 1n this ordínatlon, both occurring in areas wÍth a

marked predominance of winter rainfall" SímÍlarly snecies-

groups B and D r¡ere found to occur in areas wiÈh winter

rainf all and also ateas vrith predorninantly sulmûer rainf all '

A simílar grouping of species reflecttng the order

resulting from the rainfall and temperaËure ordínatlons result

from consideration of the three influential soitr- factors

(surface typeo pH, and calciuur- content) ' Species in grouus

A and B tended to have rnodal frequencies on soils u'hich were

relatively acid wíth 1ow calcium concenÈratLon and hard

surfaces. Species in groups C and Ð tended to have nodal

freguencíes on soils which were relatively a1kal1ne, 'adth high

caLcium concentration and crusted surfaces'

Thus, while Írean annual ralnfall or mean maximum temp-

erature for January could explain the forrnation of Èhe specles-

groups, the seaeonal dístríbution of rainfall, anC soíl

characterlstlcs could also be used to explain those groups'

The sJ-tuation 1s not, however' as sÍm¡rle as lt aPpears

from the dlscussion above. soil ÈyPe is largely controlled

by clinate. -tcid, hard setting scíls with 1ow calcfum

content are mostly resËricted to Intetter areas: alkaline and
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loamy soils wlth high calcÍum content are nore or less re-

strlcted to dry âreas. Hence, 1t is expected that soil

factors wÍll produce ordlnatíons reflectÍng Ëhose produeed by

mean annual rainfall.

símilarly the remaining faetor, seasonal distrlbution of

ral-nfall, is not lndeoendent of mean annual rainfall because the

highest ralnfe"ll reached in the suulnler ral-nfall area rüas not

nearly as hlgh as that reached in the w:Lnter ralnfall atea. The

excluslon of specles in specles group A from areas with s1¡rmer

ralnfall predomfnance could be a reflection of the relatlvely

low rafofall in that area. Only one speeles in group A corunonly

occurred in areas ¡¡ith ralnfall as low as the -v¡ettest ârea lúfth

sulmer rainfall. For the lower rainfall areasn however, Èhere

are areas of slmÍlar mean annual raínfall in both surmer and

winter raÍnfall zones.

Thus, the absence of species of group C from suÍI[rer rain-

fall areas must be the result of the seasona.l dístrlbutfon of

ralnfall, or of a variable relaÈed to 1t, but not related to

so1l type.

Therefore , orJ. a broad scale there l-s no necessity to

i-nvoke factors other than climate to explain the dístributlon

of soil surface llchens. It allpears that mean annual rainfallo

rsean maximup temperature and the seasonal distribution of

rainfall arè the najor paraneters required to e:çlain the dls-

tríbutLon pattetns discovered.
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Itrtren urapped (Fig. 5.22) ÍË was apparent that specles of

qíoup A occur in the cool, lret winter rainfall area near

Adelaide. Species of e¡esp B occur mostly in the rather warner'

somewhaÈ dríer sullmer rainfall area irl central Ner.r South Wales.

group C specíes occur in the dry, vrarm \{lnÈer rainfall areas of

South Australia. Species of group D occur 1n dryr IùarD sulnmer

ur \.Iinter ralnfall areas.

The factors dlfferentíaÈing species-groups C and D are

more clearly indÍcated than those dlfferentíatrng specles-groups

A and B. Tc determine which of the variables does in fact control

distrlbution of any snecÍes would require detailed experimental

etudies.

Sone specÍes sho'.ved a remarkable tolerance Èo the extreiles

of environment encountered fn this study. Èiateríal referred to

the specles Erl.doealpon pus¿Llwn occurred on all soil surface tyPes

that supported any lichen growth across the compl-eÈe pH and sodium

range, from the hlghest to lcr¡rest rainfall and January teryerature

classes, and in all but the híghest calcium concentratíon range..

Other specles wíth wide tolerances included CLadonia sÞ, squaqrlest

CoLLema coecophorus, DípLosehistes scruposus " Leeidea ergstaLLífena'

Leeidea deeipíens ard Dernrztocaryon hepatiet'un.
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Some specie-s in group C, notably DipLosehístes ocelLahts,

Aspieilia ealcapea mod., fmúieosa anð, BuelLia epigaea have

sfngularly restrÍcted ranges in relation to all the variables

exa¡nined.

A comparison of specÍ-al interest ls that between the

Èolerance ranges of AspieíLía eaLearea ar'd A" eaLeatea mod..

fmúicosa" The fruÈicose rnodlfícation ahrrp*ys occurred 1n a

restricted range rvithin the wíder range of the crustose f,orm.

The fruticose nodificatíon occurs on1-y in the drier (15-30cm)

rainfall areas compared r¡'ith a ranqe fron l-5cn to 45cm for the

crustose form, only in wfnter rainfall areas (crustose foru in

boÈh su¡mner and nrinter ra1nfa1l), l-n the pH range 7.2-8,9

(crustose fornn pH 6.8-8.9), Ín the calcium concentratfon range

0.41-0.80 n.mole/gn soJ-l (crustose form 0.0-3.2n nole/gn soil),

in a sodiun concentratlon ran1e 0.10-0.31 n rnole/gin (crustose form

0.03-3.17 n nole/g¡n) and ln a restricted January nornal maxlmu¡n

temÞerature rânge centraL to that occupied by the crusËose form.

Because both f,:rms can occur in close proxlrnlty to one another,

micro-envLronmental factors are probably involved in determLning

fruticose or crustose development even within the narrosT range

of so1l and cllmatlc variables suÍted to the frut,ieose

nodlfication.
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Factors control1íng the dístríbutlon of tscrus
(2)

Sínce a llchen crust ls the result of developmeot of

populatl-ons of the lichen species ' it t'u-as expected thât the

factors influencing the distrit¡utíon of the crust r'rould be

those lnfl-ueocing individual specíes'

It was apParent from the data thaE crusts develop over

a very wíde range of rainfall- and pII conditfons' Crust

frrrmation díd, howe'¡er, sholv a marked retationshlp to so1I

calcium and sodium concefltratlon (mcsÈ coÛmon ín the mld and

lowrangesre6Pectively).Crustsvreredevel-opedpredominantly

on loany so1ls, although they did occur on soils with hard-

setting, claY and sandY surfaces'

The data. relevant to seasonal distribution of rainfall

lndicated Èhat crusts tended not to occur in areas wlth

sunûer ralnfa11. Ilowever' a considerable develooment of

crust 1n centrai New south lJales suggested that Èhe general

absence of crusts from areas with sunÍler rainfall was

related to the rel-atlvely lor'r rainfall conmon in those

areas. The absence c¡f crusts fxoc' areas with high mean

maximr:¡n tenPeratures for January may be exptr'ained in a

slmilar ñârlllêf .

Dístrlbution of llchen crusts wae thus apparently

conÈrolledbymeanannualral.nfallandbytherelatedfactors

of caleiu¡l and sodium concentratíons and the nature of the

soíl surface.
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CIIAPTER VII

TTTE AUTECOLOGY CF CHONDROPSTS SEMTVTRTDTS

Intheprecedlngchapteranu¡nberoffactorsbelíevedto

cofitrol llchen distrlbution were enumerated. It 'ivas recognizedt

however, that the factors acÈually controlling the distrfbution

of any gfven specles could onlv be cletermíned by experimental

studíes. Experioental assessment of the roles of the factors

apparent,ly control-1íng the distributíon of a single specles is

reported 1n thís chaPter.

1 CIIOICE OF SPECIES ÀI]D FIELDS OF STUDY

It was decided that the specÍes chosen for stud-v

ought to have a restrictec distributíon largely embraeed by

the study atea, so that fnferences about factors affecting

its dístrlbution could be made. There. eTas practlcal ad-

vantage 1n use of a foliose or fruËicose lichenr as crustose

and squamuLose lichens are. dlfficult to t¡rork rtlth in

physiologlcal studles, because of thelr close attachment

to the substrate.

c.hondropsís semiuirô&is meË the requlrements Lísted

above and had the added advantage that if-s taxonomlc status

was beyond dlspute, as chemlcal straíns or species lvere noÈ

known to occur in the genus. The existence of areas in whlch
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C. semioinidis literally could be picked up by the handful

ensured a sufflcienÈ supply of material.

C. setniuiridís Ls unusual ln a nusber of r¡rays. The thallus

ls hygrochasic¡ ç-hen Þret ít lies flat on Ëhe soil with its

green upper surface shovring and it.s yeJ-low surface apressed to

the so1l. I,Ihen dry tt rol-ls up into a ball, wlth lts lovrer surface

outernosÈ (Pl-ate2,3), and the upper cortex becomes almost opague,

masking the green of the algal Layer. Th¿ thallus Ís alrnost perfectly

díchotomous, witLr an angle of about 90" between branches.

ReproducÈion must l¡e almost entirely vegrrÈative by fraguentation of

thalli, as soredia and isidj-a are rrct forned, and fertlle speclmens

are very rare. Spores hrere not described until Fflson (L967)

augmented the orÍginal specíes di?scripticn. Thallus fragments arê

presumably scattered by the wlnd; Latgc- thalli probably rarely

move very far because of their habit of curlir:g around sticks and

lltter on the sofl surface, so anchorlng thenselves in the aanner

describcd by '*ieber (1967b).

Informatíon 1n Chapter VI suggested ttrat meân annual ralnfall"

seasonal distributíon of rainfall, and possibly maxinum tempe.ratures

were Èhe factors f.initlng dístríbution of C. seniuír'idis. Since

C. setftiuíridis was not at,tached to so11 the likelíhood of control

of fts distríbutlon by soíl Èype was rejected. Frequency of



PLATE 2

Cltonåtopsis semitsixídís when dry, showing
the thallus rolled into a ba1l. Thc
scale is calllbrated 1n hal'f nlllímetres.



I

r/zlâm
\
'!.
á
il
ã



PTATE 3.

Ttre same thall-us of. Chondropsis seníu'ùridís
shown 1n Plate 2, but after wettlng. To
the same scale as Plate 2.



I t*
t r/zìâm I



L24.

c.semí'uirídisinre].ationtothesethreeclinaticfactorswas

extracted and presented in Figure 7'L, which indicates that

C.sewLuíyL&Lstendstooecurínareas¡,¡hichareboÈhcooland

dry. It is completely absenÈ fron'"+et or very hot areas' and

does not oecur in areas with sur,mrer rainfall , although there were

areaswithsunmextajLrrfalrlapparentlysuitedtothespeciesín

terms of tenperature regime and mean annual rainfall'

AlthoughLange(1953)hadsuggestedthatdroughthTasnota

factor coi:rrolling lichen distribution in Europe, Reid (r960a'b)

shoruedzonaclonoflichensinrelaËicntoTfatersupplyand

demonstraÈed that consíderable physiological stress could follou the

ending of a droughÈ. Reid also sho,¡ed thal upon !^7etÈíng of a lichen

thallus resplratíon rose rapídly to very high 1-evels but photosyn'"

thesj-s did not, hence. depleting food reserves' It has been shown

that when weÈ, lichens are much more suscepËible to heat damage

than when dry (Lange 1966). Thus there aopeared to be a physiol-og-

ical basis for conËrol of dísÈribution by the factors seLected for

investigation.

The autecological study, therefore, resolved íntothree more

or less J-ndePendent Parts:

(1) a prel-iminary study to cheek the distribution of the species

from available herbariun records, and to document variation

TtithÍn the sPecies;
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(2) a study on the effect of drought on viability of the

specfes, lncluding studles of metabolic acËivity in the aír-

dry condftion t,o allcw estlûEtion of use of food reserves

during drought;

(3) .a study of the effect, of heat stress on the viabflity of

the species, and of the temD,lratures llkely Ëo be en-

counËered by the thallus in nature.

SPECIES DISTRIBUTIOT{ A}TD ?}ÌALLUS V^{R.IATTON

(1) collection of ínforna tion

Thc primary source of informatlon on the dístributloc

of C" semíuiridis had to be the authorls ovm coll-ections,

as these providecl ínformation about vtiere C. sewiuiridis

\^74s, or rras not, found; other herbaria conÊain only

records of presence of the sÐecies, Ttre government

herbaria of South Australía, Victoríao New South lùales

and Queensland supplied lisËs of locations for collections

they hel-d, as díd the herhariun of the Universlcy of

tr{estern Australla. Mr. G.C. Bratt (lfest Moonah, Tasmanla)

and Dr. D,l{. McVean (Australian }latíonal University,

Canberra) provided inforsntion about colleeÈions in their

private herbarÍa.
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the locations from which all knovm Australian collections

were taken are listed in Appendíx 6. The dístrl-bution of these

locations ís shown in Fig. 7.2.

Collectíons have al-so been nade l-n Nevr Zealand (Martin,

1966): the author has seen material from the alps of the South

Island. RoberË Brown reported a collect,ion rrom Table Mountain,

Van Diemens Land (nol¡ Mt. I{ellingtor¡, î2ar Hobart, Tasmania) but

careful searches have not found any ôn that mountain sínce theni

this has been regarded as a confused locatÍon in the past (Bibby,

1955), but irr light of cellecticns on the Snorry Mountains and New

Zeal.and Alps it uay not have been st-. It is possible that flre may

have recently destroyed any colonies once there.

For a mrmber of sites sufflcient ¡nateríal had been collected

to allor¡ statistical study of lobe ç¡ÍCth. For seven such sites,

the width of the lobe imrnediately preceding the final dichotony was

measured on a number of specimens, and Ereans and standard deviatÍons

for lobe widttr calculaÈed for each of these l-ocations. Environmental

correlaËíons Tùere soughÈ for Lobe widËh variation.

Study of r¡ariatLon of lolre r"'idtti showed considerable variatíon

in widtt¡ bet'¡een síÈes (Table 7.1) , '¿ídËh apparentlv belng

close1-y related to nean annual rainfall (Fig. 7.3). During Èhe

study a number of thalli with r^rell developed apothecia were found.

it was also noted that èpi-Þhytíc gror.rttr ot PanneLía spp. occurred

on some older thali-í.



FrGttRx 7 .1.

the relationshtp between the frequeaey of
ãhottdwpeis se¡riuíridie, øean ao¡tral rafnfallt
and normal maxlmum temperature for Jaouary.
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IIGIIRE 7 .2

The locaÈlons from v¡hich Chonã'ropsís semiuíridis
has been collected for herbarium records'
in relatfon to the 15c¡r and 35cm rainfall
;;"Ñ;.", and the northern linÍt of the area

rid'" "å""orr^1 
maxfmum rafnfall 1n wfnter'
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TABLE 7.1

The mean width of the penult,luate lobe of C. semíuívidís
at various sítes.

Site

Swan Reach

Bower

Morxrt Mary

Oodlawlrra

llesso

Quondong

Koonamore

Number
of rhalli
used

Nu¡lber Mean
of nneasure- T"fidth
ments

õ

t5

L6

B

L3

16

t_3

T4

100

100

79

101

101

75

100

1.71m

1"91um

l-.94nn

2 .33¡sit

2 .36nn

2.76rm.

2.84mt

.28

.46

.34

.38

,34

.4L
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FIGURE 7.3

Ttre relatlonshfr¡ bet¡peen uean wídth of lobe
of. GltonÅropsíe senrùuiridis from the named
locatlons and the mean arüiuaL rainfall at
thoae locatlons.
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(2) The disÈribu tion pa rn

3.

The pattern of distrtbution v¡Íthin the study area Ìlas

not materlally affected by the extra lnformatfon colLected'

butthedfstfibutionr,¡asextendedacfosstheNu]-larborPlaírt

lnto tdestern ^{ustraLia. Nearly all locatlons for the

co].lectlonsll.ebetweenthel5cgrand35cnralnfalllsohyets'

in areas wlth a pronounced winter rainfall season' Erratfc

occurrences have been reported from Scone in northern NeTu'

South tfales, and from the Mtlller River in Queensland' The

species also occurred on the sub-alpine highlands near Cooma

in southern Ner^t South l'Ialesr Ìthere its developaent was profuse

on shallow solls in a rain-shadow area with a raÍnfall below

50crn per annum.

EFFECÎ OF DROUGIIT

TostudytheeffectofdroughtonC.sewiuíridis'ltwas

decided that gas-exchange was the gtost suitable parameËer to

measure the damage done by drought, and to assess probable

viablLity of thcr tha11i. The use of gas-er:change as an indícator

of viabilíty was proposed by Lange (1953) and had been found to

correlate closely wLth percent survlval of lichen a1-gae'
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Rei<l (1960arb) showed that studíes of longer duration than

those of Lange (1953) Irere necessarlt if after" effects of stress

were to be observed, It r,ras possible that damage done by

droughtcouldbeofsuchanaturethatitdidnotirmediately

show in gas-exchange studies, but had an lrreversible effect

leading to Premature deaËh'

InnatureC.sem¿ü¿!"Ldlisspendsmostofitslifeinanair-

dry state. It was not íunnedlately apparent' therefore' under

r+hatconditionsitmlghtreasonablybeexpecËedtoexíst\^Tithout

suffering greater damage to í-ts physiology' than that suffered while

aír dry. Since tlme did not permit studies to determine tbese

condltionso physlol-ogical studies on the effeet of drought ltere

necessarilY short-term.

three aspects of droughr--related stress l¡ere studled:

(1) i'he effect of wetting on photosyntl¡esis and respiration of

previouslY droughted thallí;

(2)theeffectofprolongeddroughtontherespírationrateto

which wetted thallí stabilize;

(3) the ratê of resplratíon of thalli when air dry'
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(1) Methods

(a) Effect of wettlng

lising onll' termínal dichotomies of tha1l1 the

effect of terrperature on respiratory and photosynthetlc

rates of lobes satulated wíth waËer vtas measured in

î{arburgnanometers.Athiourea-"írrdiethanolan-inecarbcn

dloxÍde buffer was used for photosynthetic studies

(Umbreit, Burris and Stauf f'er L9('4) ' The relatíon beÈrveen

tenpeïature and gas-exchange is shohln ín l'ígure 7'4'

Uslng the graphs in Fígure 7 '4 ít was decíded that 25"C was

an aPproPriate temDerature to sturiy ga"s exchanget as oo

adverse effect of t'eoperature $tas apparent after an

e:(posure of several hours at that tenperature' and the

metabolic rate \üas hígh'

Allshort'Ëergstudlegv¡eremadeusinganoxygen

electrodeo and long Èerm studíes uslng Warburg manometers'

To study the effeet of *¡etfíng' fragments ôf thalli were

lntroducedintotlrereacËioncha'nberofano:rygenelecÈrode

full of water at 25oC, and Èhe raËe of oxygen consumptíon

1n the dark, or evolution in the llghto recorded' After

notBorethan30rnlnutesthethalllwereremoved'oveft

dried ancl weighed so that rates of oxygen exchangelw

dry weíght could be calculated' The study of resplration

Ii'âsextendedto43hoursusingl.iarburgDafiometers.
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(b) Effect of Prolonged drought

Tostudythceffectofprol-ongaddrought,collectlons

werenadeoverathreeyearperiod,andstoreddryínbrown

paper bags. For prelímínary respíra*-ory studies te::mlna1

10bes nere wetÈed and all0r¡ed to stand r,ret for 12 hours

whilst transient wetting effects passed. Oxygen uptake

tüas measured fn hÌarburg manometers. To assess the change ln

stress followíng wetting (Reid Lg6}arb) as drought period

lengthene<l, dry termlnal lobes were placed in an onygen

electrode reacticn cell filled with weter; the tlme taken

toreachconpensationpoínt,andLoreplacethecxygenused

in the lnitial respf-ratory bursg utas noted'

(c) Measurement of respiration rates in aír-dry thalli

InordertodeternineÈhedemandonmetabolfcreserves

of the lichen caused by long perÍ-ods in aír-dry conditions

It was decided üo measure respl-raticn of aír-dry thalli.

Thallí were placed in a desíccator over a saturated

solutl-on of sodium chloride in v¡ater at 25"C, (Relatíve

Humtdity = 75î() or over a saturated sol-utíon of amnonium

nitrate in rrater at 25oC (Relative Hurni'dity = 607")

(tJexler and Ilasegawa 1954) f or seven days, by whf ch

time equllfbríum was reached between ar"4ìospheric vapour

pressure and the l"'rater content of ¿he thal1i'
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The thallí were then transferred to f¡Iarburg Eanoneters in which

solutlons of sr-rdium hvdroxiáe of a concentratlcn calculaÈed to main-

taín the rel-atlve hunnic.ity at 757" or 607. (Robinson and stokes

::g5g) had been introduced to the centl:e well instearl of the usual

potassium hydroxl-de. Extra 1-arge wicks of f{lter papeilnrere used

to ensure absorptir:n of the carbon dicxide evolvecl. The resoiraÈory

rates of thalli in equillbrfurn with a"i-r of knoçm hunldÍtíes l¡rere

then calculated.

(z)_lþsurtq.

Theínitialburstofoxi,,qenu.Dtakeapparentlyreachedapeak

after about 3 minutes, and then slowly fe1l to about half the peak value

in 40 minutes. This level was then maintained fot 48 hours (Fig' 7'5) '

oxygen evolution gradually rose. to a stable value within 30 minutes'

and then rnainÈained Èhat val-ue. In Èh-is sÈudy comÐensatíon plínt was

reached in I mÍnutes, anrl restoration of oxygen Èo lts original con.-

centration in the reaction charnber took about 16 minutes.

Even the 1-ongest drouqhted material available (38 rnonths) showed

some respiratory activity. It ís apDarent frou Fígure 7.6 that the

respiratory half-life for droughted C. seniuiv'ì.dís ís about 9 months '

respfration rare. falling from about 5OyL0rlSrf,/]nl- for frash naterial tc

abour za¡L Or/øn/hr at 8 months, Èo about lz¡L Arltn/hr aÈ 18 rnonths

and to a líttte above 8y1- }rlerl./ux at 24 mo:rths'

The effect of prolon¿ec úrought on the tlme taken to reach com-

pensatlon point and restoratlon ooint is shotm in Figure 7'7' MaÈería1

subject to a 36 week,i.rought reacheá conFensatlon pointn but falled to

show producËion of oxygen j.n excess of usa.ge" l{ateriaL aftet a

64 week drought shou'ed no photesynthetic abilíty. oxygen con-
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sumption proceeded at a uniform raÈe regardless of light

conditions. It ls, however, possible that material stored

inthelightmayhaveshownsomephoÈosynÈheticactivity'

as the chlorophyl-i nay have decayed more raplCly in the dark

than in the l1ght.

Therateofoxygenuptakeofair..drythalllÌ¡asex-

tremely lorv, averaging O.37y1- Ar/æi'lllrr at 60% Relative

Ilurnidlry and 0,39yL Orle[¡l]nx at 757" RelaÊive Hunldity. This

was about L7" of the rate when sa-turated with water at the

same temPerature (25"C).

EFFBCT OF HIGH TEMPERATURE

(1) Methods

Varfation in gas-exchange physlology rras used as

an índlcator of vlabillty afte'r exposure to heaÈ'

FollowÍng the rnethod of Lange (1953), heat resístance

was measured by calculating rates of gas exchange after

treatment as a percentaEe of the rate before treaÈment'

Termlnal l0bes cf c. Semitlínídís ltere lncubated

at a xaîge of temperature from 25oC to 105"C on fl-lter

pâpers in closed petri dishes for 30 ml-nutes' There

!Íere ttro treatments with equal replication: water

saturated thalli and afr-dry thal-lf' On removal from

the oven, all uraterial was thoroughly wetted' allowed

to stafid for se-veral hours, then gas exchange ratês

measured uslng an oxygen electrode'
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(2') Results

The effect of heat on gas-exchange is illustrated

1n Figure 7.8. Irlhan wet thalli were used it r¡as

apparent that e:çosure to tenPeråtures 1n excess of

30oC for 30 minutes inpaired boÈh oxygen uptake and

oxygen evolution. Gas exchange was completely stopped

by exposure for 30 mlnutes to a temÐerature of 55oC'

On the other hand, dry thalll r¡ere much more resistant'

Oxygen evclutlon proved nore sensltlve than oxygen

uptake to dry heat¡ cxygen evolutíon was reduced

by exposure to temPeratures 1n excess of 65"C' and

ceased by 85oC, rorhereas oxygen ccnsumptlon qTas not

af.fected at temperatures below 75oCa and not stopped by

a Èreatment less severe than l05oC'

TEMPERAI'I'RE STRESS ACTUAI,LY ENCOUI'NEREÐ IN T-tiE FIELD

(1) t{ethods

As part of a progrannme to <locument Ëhe clinatic

environnent on the Koonamore Vegetation Resetr¡e, 254

miles north of Ade].al.cle, ancl on the northern boundary

of the distrtbutfon of C. semíl;irí'&is, an aír and

so1I temrperature recordfng apparatus was installed

in Ðecembet 1967. Temperature sensors were PIIILLIPS
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E 24L r\P, IK5 therrnlstors, whieh ¡¡ere llnkeC to

a BOTH type R12 galvanometric recorder. The whoLe

system wes Pohtered by a 3M 510-1-2 gas heated thermo-

electric generator.

Thermistors were installed at 10cn and 0.5cm

depths ln the soil, and at 5cm, 25cnn and lm helghts in

the alr. The thernistors in air v¡ere housed in

small double roofed, venÈed alunrlnium shields. The

whole system was designed to run for a month unattended.

Results

Because of technfcal difficulties, notably the

failure of electrlcal- lnsulation under the stress of

arid climatl-c condltions, no reliable temperature re-

cor<lLngs were obtained until February 1969. At thls

stage pressure of other work and mechanical faflure in

the recorder linltetl the amount of data r¡hlch could be

collected. Complete and accurate records were ohtained

for the months of February, March, April and December

1969.

Uslng the record for the month February 12 - llarch

11 1969, an indication of heaÈ stress could be obtained.

Flgure 7.9 shows the daily march of temnerature at

0.5cn depth in the so1l, and at 25crn in the air.
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Ðuring that Donth Ëhe highest soil temperature

rneasured at O.5cn depth r'ras 65oC, whlch was recorded

Èr¡1ce for short periods (see Figure 7 '9) ' Table

7.2 shows the average nulber of consecuËfve hours

per day wÍth temperatures in excess cf the range of

values LnCicated.

TABLE 7.2

Mean nunber of hours per day above the índicated
temDeratures C,uring one month (February Lzt'}:^ -

l{arch l.lth' 1969).

Air tenPeraÈure (at 25cn)

35"C 400c 450C

Hours 10. 1 6,9 L.4

Scil t ature r 0.5

600c40"c

4"9

500c

1.9Hours 0.3

On one occasion soíl ternperature at 0'5cn depth

was 1n excess of 600c fot a perlod of five consecutlve

hoursS on the saue day al,t tenperature røas in excess

of 45oC for six consecutlve hours.



FTGURE 7.4

Ttre relatLonshlp between gas-exchange of.
Chottåtopeís semiuiridis and ternDerature .
Open clrcles represent o:rygen evolution Ín
the l1ght, f1lled circles represent oxygen
uptake in the dark.
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FIGT]RE 7 .5

The change 1n rate of oxygen exchange by
Cilnttårops¿s sern.LuiríÅís after dry tha1l1
were inmersed in water. Crosses reprêsent
oxygen exchange in the light' circles
represent oxygen exchange ln the dark.
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FIGTIRE 7.6

Ïhe ¡ate of oxygen uptake by L'hartllnopeì.s
sewiui?i&Ls thallf subJect tc varyíng lengths
of drought, then !üet for several hours before
oeasuremeots were oade. Ttre letters indicate
the locatlon frou whích the experinental
naterl^al wae collected: I{, Hessoi Ot

Oodla¡¡frra¡ Qo Quoodoog; B, Bower; and
SR, Swan Reach.
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FIGTIRE 7 .7

lte relatlonehfp betløeen tlme taken for
67ønãtopeís thall1 to reach
coopensátin s exchange, and to
replace oxY dlum used in the
1nlt1al bur tlon, after varÍous
lengths of drought. Open clrcLes lndicate the
foroer. Material subject. to 64 weeks dLd not
reach eompensatloa point. Crosses indfcate
time takeo to replace the oxygen lnitially
consuoed: oaterial subJect to 36 weeks drought
did not replace the oxygen used lnitially'
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FICT]RE 7 .8

The effect of heat on the gas exchange of
wet aod dxy Chondropsis senittíridís thallí.
Open circles represent the rate of oxygen
evolutlon ln the light; f1lled circles
represent the rate of orygen consumptíon ln
the dark.
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FIGURE 7.9

The dl-urnal varietLon in tenperatures at
Koonamore Vegetation F.eserve bet'¡een 13th
and 24th of February, L969. l.l:e thlcker
lLne represents ternperature at 0.5c¡n depth
ln the soLl, the finer line represents
tenperature at 25cD ln the alr.
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IMPLICATIONS OF AUTECOLOGICAL STT;DIES

It was apparent that the iniÈ1a1 surge of respiratoty

activlty iasted only a feu mlnutes, compared lrÍth several days

ln lichens srudíed by Reid (1.960b) . c. semiuiridís when wet

for only a few minutes ín full sun would Èherefore be capable

of augmenting its f oo'å reserves, r¡hereas those species studied

by Retd would have seriously depleted theirts. It appearec that

C. senitsiridís ri'as adapted to uakÍng use of light showers and

heavy morning dews.

This ís confr:rmable r¡1th the flndlngs of Lange, schulze

andKoch(1970)rwhorinastutlyinth.eNegevshowedthat

R, nw.eífonnis absorbed sufficíent moisture overnight from dew

and the air to pernit a three hour burst of photosynthesls at

dawn. To do this À. macifotwLs must recover frorn the ef.fect

of wetting as rapidLy as C. eemiüùnidís. The ¡ne.asuremenËs they

made showed that in the Negev (much drfer than any Australian

desert) R. nneifotwis eotLd, wLth a norning dew, fix an average

of 0.54øg C)rlÊ.¡l dry rveíght ner day' Thrus it appears that the

response of. C, semLuíridrls tc'wettl-ng is sinril-ar to that shown

by the other arl<l llchen studierj. ín deta1l, but dl-fferent from

the resfionse of humld zone materials'

TheabllityofthespeeiestosurvlvedroughtTìIagcon-

slderable. Short term ercPeriments indicated Ëhat after a

droughtperiodof20nreeksoxygenevolutl.oncouldrapidly
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recover to the stage wl¡ere it exceeded oxygen uptake, and so the

thallus was presumably capable of continued growth. This

period of 2O weeks is longer than any drought perioC the lichen

is l1kely to lneet in Australia. Hor¿cver, the respiration during

flve dry days would metabolize the amounË r:f photosynthetÍc product

produced by the saÉe thall-us whe-n saturated wlth water, and 1n

full sun for one hour. This is calculated on the. basio of an

averåge relatfve huuridíty at K-oonâmore Vegetatíon Reserve of

about 60%, (osborn, Ìlood and Paltridge 1935), anrl assumíng a

teÍiperature of 25oC an<l a resplratory rate when dry less tha-n 1%

of the rùeÈ rate. Lange, Schulze ancl Koch (1970) shor¡ed that

photosynthesis ln desert lichens ought to occur relaÈively comnonly

afÈer dawn, either in response to absorpti-on of Eioisture from the

airn or by wetting from dew. Slnce C. semixi.ridís takes nany

hours to unroll at 1002 relative hunldlty, and v¡111 not unroll at

all in 757" reLative humídity, absorï'tion of r,rater vapour from air

at night probably does not pernít photosynthesis Ëo occur aÈ hígh

levels although it wculd stimulate resPLration. It is likel-y that

in nature only lLquLcl r¿ater (<]et¡ or rain) al-lows t. semiuiridís to

unroll and erpose íts photosynthetic surfac3s Ëo full light.

Therefore, C. seniuír\dís must be re,strícted ín distributl-on

to areas w1Èhln which the. thallus intercePts rain or is wet by

dew for at least 73 hcurs per annuill in sun light (The amount of
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tlme calculated âs necessary for reÞlacement of metabolic res-

erves ueed in a year by alr-dry thalli). ResniraËory lncrease

due to absorptlon of water vapour at night lrlthout correspondlng

photosynthesis, wcruld increasc the necessa.ry weÈ daytine hours

required for the liehen to survive. .Acceptíng the estímate of a

3 hour photosynthetic burst in response to dew, and allowing for

the same photosynthetlc perlod 1n response to rainfall

C. senùliridís could not survive ln an aree','¡ith less than 25 days

with either dew or raln Per annun. Since in southern AusÈralia nean

number of rain days per annum and mean annual ralnfall are closely

related, it is not surprislng that the clry lLnnit of distributíon

of. C. sentitsiridis colncides with a rainfall lsohyet'

Thalli of. C. seniUirí&is are very sensitive to heat when weË'

Àt a tenperature cf 45oC, an air tenperature trot uncomtron in the

study areae the thallus, 1f wet, has lts photosynthetíc ability

reduced Ëota1f 1n thlrty mlnutes. l]hen dry the thallus ls much

more heat resistant, showlng no danage afÈer 30 minutes at 55oC,

and l1tt1e daoage at 65ot. The latter ternperâture ís the highest

recorded at a depth of 0.5crn in the soil during the sumraer of

1968-9 at the Koonamore vegetation Reserrre' rrear the northern limf't

of C, sewitsiridis. Sensltivity to heat r*hile weÈ thus explains

the absence of C. seníUiyù&is frorn those areas wlth a pronounced

surmer rainfall maxlmum.
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The southern 1i¡oit may be ex¡'lained íf it is assurned that

c. seniuiridís requires relatively high light lnÈenslties to

photoeynthesÍze" Ttre data of Staflcft (1939) suggest that this

is so for many l-lchens. such intensitíes probably do not occur

on the soll surface in the rather denser vegetation of higher rain-

fall areas but only in sparsely vegetated regíons. Í/his results

in thall1 on the soil 1n hlgh rainfal-l areas beÍng exposed sl¡nul-

taneously to hfgh respiratlon rates and 1ov¡ photosynthetlc ratest

especlallY during the wínter.

If it Ís assumed that the physlology of the alpine naterlal from

Coona 1s the same as that from arld lands, there is no simple

explanation for the clistributlon of the sDecies. It l-s posslble

that the alpine vegetatíon ls too sparse to reduce the light intensity,

suspecte<l to prevent C. semiÐin-dzis grcwing in other wet areas' to

a level DrevenÈing its growth. The 1o*r temperature and hrroidity

ln wlnter nay also serve to minimize t]ne effect of low light lnten-

sitles on the metabolic reserves of the thalli'

In sur¡mary, í.t can be said that the hypotheses concerníng

factors affecting the distribution of c. semittíridis have been largely

valldated. It has been shcl¡n that the interaction of rainfall and

temperâture would prevent if frono survivÍng ín nany areas I'fith a

pre<lorninantly sur:uner ral-nfall, and that the infre-guent rains
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assoclated wtth los¡ rainfall areas would pTevent it from sur-

vívlng there. wtrlle there is no evídence that over-supply of

nater per se restricts l-ts dístrlbutlon, it ls suggesÈed that

competition for 1,ight fron htgher Dlants whtle the thallus ls

oetaboll-cally actl-ve usually prevents c. semíUiri&is from

growing in areas trith rainfall in excess of 35cm per anntxtr'
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*

LICHEN POPULATICIN

CHAPTER VIII

SONS

I,'tÀlERING

OIL CRUSTS AROUND SITEEP

PLACES

During the broacl scale sampling of llchen poptrlatlons 1t

became apparent that historical factors ruere important in

deteruining the speefes constituting a soil surface líchen crust'

The e:cpansion of wheat farrnlng in the years 1880-1884

and subsequènt retre.at of the farrners from arid areas (Þleinig 1963)

le.ft large afeas once covered wj-th shrub steppe bare and all

Èhelr surface soil eroded. Poor, dfsclinax grasslands carne ínto

being on these areas. subsequent graziog has apparently prevented

regeBeratLon of shrubs on maDy of these areas: it aPpears also to

have restricted Llchen growth. In other areas whlch had not been

ploughed, adjacent paddocks have very dlfferent llchen floras;

the only plauslble explanation for which appears to lie ín varying

histories of stocklng. It r^¡as decided, therefore, to study the

effect of stocking on the soil surface lfchens'

The effect of sÈocklng on arid lands in Australla has been

studled by a nurnber of workers, Ínclrrdins osborn, llood and

Paltridge (1::32), Beadle (1948), Jessup (1951), and Barker and

*̂  ThLs chapter contaíns the substance of a paper entitled 
-

"Lichen populations on arid soil crusts around sheep wateríng places

in South ^A.ustralia" accepted for publication in )ikos'
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Lange (1969). All these studles indicated that conslderable

deterforation in the vegetation had been caused by stocking.

A funda¡nental ecological unit cf the sheep-vegetation

systenî appears to be Èhe piosphere (Lange f969). The piosphere

concept holds that a special ecological situation comes into

operation r.rhen a wateríng place for stock ís est,ablished ín

otherwfse r¡aterless rangelanC, and stocl: r¿hictr must drínk are

depastured theÌe. This causes a gradient in stocking pressure

whlch attenuates with radial distance from the watering place

(Lange 1969), and ¡¡rhich is reflected by changes ln the vegetation

(Osborn, Iüood and Paltridge 1932, Barker and Lange f969).

Because study of the piosphere \,ras apparently such a

sensitive nethod of detecting changes in plant populatlons

resulting from stocki-ng pressure, it rvas declded to use the plo-

sphere concept 1n this study of the effect of stocking pressure

on soll surface lichen populatfons.

1. STUDY êß.EAS

Analyses of piosphere sítuations were undertaken at

Èwo locatfons 1n South Australla, orìe in ï\'¡o-rnile paddock

on Middleback Station, the other Ln BarretËrs paddock on

Tregelana Station (Ftgure 8.1). A testatíon" in Australfan

usage is a large area (usually fn excess of t00rn2) ot

arld land used for grazLng.



FIGTIRE 8.1

The location of study sltes at Two-mile and
Barrett's Þaddocks in relatfon to the 24Om
and 350m ralnfall isohyets.
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Two-m1le paddock, with an axea at 20Kn2, has two sheep

watering places about 5Km apart. One of Ëhese, Tluo-mfle

darn, was chosen as the focus fcr an fntËial study and

attenËfon dl-rected to adjoinfng eountry served by this

watering place, covererl wít]n Koehia se&ifoLia E.v.M. shrubs

interspersed wlth smal1 groves of Aeaeia soUdenii llalden tfees.

The soils are ne-inly solonlzed brown calcareous earths. Sheep

have watered at the dam fcr 7C years, and change in vegetation

close to the dam is quíte noticeable.

BarreÈt¡s paddock, with an a.rea of 15Kn2, has only one

üTatering place for sheep; a trough supplied r¡lth water through

a plpeline. The trough is sltuated near the centre of the

western boundary of the paddock, ebout 150m from the fenee.

There 1s a sllght dor¿nslope from htest to east' The vegetation

ís complex, rtith de.nse sloves of Casuorína e?istata' Míq' and

Aeaeía soudenü over a shrub stratun. mcstly ctf. Koehia sedí,foLi<t

or Atnipleæ xesieanía Hewatd, The solls are solonized brown

calcareous earths. The eastefn part of the paddock is subject

to inundation after heavy raíns. the n'aterÍng place has been

f.n use for 30 years.

MEtttt)DS

(1) Saoollng

Samples were laid out on radLal traverses des-

lgnad to bring out pattern centred on the waterlng
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point. At sample siÈes, a transect 20o long was laid

out and the presence rúas noted of allllchen specíes in

each of ten 15cm x 20cm quadrats placed 2u apart.

In Tr¿o-mÍle paddocli., 10 trave-rses at lntervals of 10o

r¡ere rrlaced !"ith trânsects aË ranges of l-8, 45, 90' 135'

180, 225, 3L5, 405, 495, 58-5, 675 and 760 ¡netres from the

dam.

At Barrett's paddock a pemanent radÍal grld existed,

hr-ith 32 traverses at fntervals of 11åo for¡nLng a complete

circle for sarngline. The positLons of saraples on thls grld

rrere staggered on alÈernate traverses; samples along one

series of traverses were at ranges of 10, 23, 70, L35, 225,

360, 630, 990 and 1170 netres, and on the alternaËe traverses

at ranges of 10r 45r 90, 180, 270,450r8l0 and 1l-70 netres

from the watering place.

Data treatmenÈ

Frequency of each species at each Êan1e from the rratering

place was calculated as the percentage of quadrats at that

range with the given specLes occurrÍng in it.

Ln order to demonstrat,e changed species compositlon

around the wateríng place, species incldence data derived

by poollng the data fron the ten sma1l quadrats ln each

transect were srlbJect to Influence Analysis (Lange 1968).
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Two-mi ck

I\üenty taxa of licherr occurred in the 120 tran-

aects, at least one species occurrlng ln each. Tfie

taxa, and their frequencies at each range from the

dam, are listed in Table 8.1.

Many signiflcant lnterspecific associatlons' all

pcsitive, occurred at ehi levels on one degree of

freedo¡r > 3.3 (p < 0.001).

The underlytng patterns in thfs mass of Lnter-

actlons were revealed fi.rst by grouping those species

associated at the highesÈ aÈt,ained levels of signlficance,

then by lorverlng the significance level and adnftting

further associated species fnto consÍderation. This

process resulted in the recognition of nodes 1n the

populations. Ttre development of these nodes is shown in

FLgure 8.2.

1\,ro separate nodes exlsted at the hlghest levels of

sfgnlficance. They remained Índepenclent and gained

further sfiecies as signifi.csnce l-evels were lor'lered,

untfl- the level- at v¡hlch ehi > 3.5t¿f . was reached. At

that signiflcance 1evel Èhe two nodes fused so that 10

of the 20 specíes Trere linked into a single node, node

III.



TABLE 8.1

pGrcentage Frequency of llchen specle! At Tlto{1,le paddock aÈ each ranSe from the waÈerlng plece'

100 quadrate vcre exaofned at each range'

specLee

Range from wateE fn Eetres

45 90 13s 180 225 315 405 495 585 675 760No. 18
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the implications of these lnteractions ríere brought

out by exagrinlng the field dlstribution of the lnteracÈing

species, after the approach of Lange (1968). M-aps could be

constructed to illustrate the e:rpression of any node. In

Ëerns of node I, each of the 120 transects in ftso-mlle paddock

took one of the values frorn zero to sLx accordfng to the

number cf nodal- species contalned. On a mep showing the

disrributlon of transects classificd in Ëh.ese tenns, isotels

(lines enclosing a3eas of the same outcone) could be constructed.

Ihis was done for each of the nodes I' II and III (Ffgure B.3arb).

Barrettrs paddock

lwenty-four taxa of llchen occurred in 146 of the 175

transects. these taxa and their frequencies are llsted 1n

Table 8.2.

As at ft¡o-mfle paCdock, many slgnificant interspeciflc

Ínteractions, all positlve, occurred. These llere grouped into

nodes, the development of which is shown in Figure 8.4.

Three lndependent nodes existed aÈ the hlghe.st levels of

signifÍcance. Ttrese three gained specfes as the signiflcance
\

level ¡rlas lowere4, but renalned independenÈ at the lowesÈ

ehi LeveI (ehí > 3.3f¿f.) considered. The terninal nodes

(nodes IV, V and VI) contained respectlvely ten, six and

three specfes, a total of 19 speeies out of tll.e 7.4 recorded



ÎADLE 8.2

Freque¡cy of llchcn apeclc¡ rod ûurbcr of qu¡dratt aÈudlêd at Barrettts paddock for each range fron th€
v!È.rlDg place

speclG.

No. 10 23 45 70

Range fron sater ln ætrea

90 135 180 225 270 3ó0 450 ó30 8r0 990 1t7o
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40 37
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for the.site. Meaningful isotel maps (Flgures B.5o

8.6) coul<l be constructed for nodes IV and r/. Noda

VI species !Íere too infrequenÈ for sìeanÍngful rnapping.

4. DISCUSSION

(1) Trso-r.if 1e dock

The frequency data left no doubt that the watering

placc çras Èhe focus of an inflrrence whlch rerluced Ëhe

frequency of each soil crust 1íehen snecies. Different

species were affected to different degrees and accordÍng

to different relationshíps' as tras apparÊnt from the

natlrre of the curves ín Fígure 8.7. CoLLena eoeeophorus

was relatively Ínsensltive to the influence causing the

paÈtern, its frequency not fal1-ing until very close to

the wateríng place. Other less sensítivc species included

AspíeiLía calcarea (crustose), Endoeatpon pusíLium,

Heppia Lutosa, Leeidea deeþiens and To?Linía eaemlLeotig-

vicans. Because the watering place lras the centre of

paÈtern for both stocking and drafnager these effects

could not be ascr{bed solely to steckLng prcssure, buÈ

coul-d have been the product of a topographíc varlable.

Influence anatr-ysís also showeel the watering place to

be the centre of an influence, because noclal sçrecies

were rrostly absent near the b'atering place (Figure 8.3arb) "



FIGURE 8.2

Developnent of nodal structure derived fron
data coll-ected in Two-nrfle paddock as ehi
(signiflcance) 1evels of associatlon are
reduced. Numbers refer to specfes name6 listed
1n Table 8.1.
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FIC{lpO 8. 3.

Isotel maps for nodes I, II and III fn T\ro-
n1le paddock. The lntensfty of shadlng
pârtrays the nr¡mber of nodal specíes present,
from the darkest shading representing areas
wlth no nodal species present to whiÈe,
lndicatlng four or more nodal species.
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FIGURE 8.4

Development of nodal structure rlerived
from <lata collected at Barrettts paddock
as ehi (slgnificance) levels of association
are reduced. Numbers refer to species nalnes
ll-sted Ln labIe 8.2.
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FICURE 8.5

Isotel maps for node fV ín Barrettrs
paddock. Intensity of shading has the
sane aeanlng as in Flgure 3.
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FIGIIB3 8.6

Isotel map for node V Ln'Barrettts paddock.
Intensity of shadlng has the same meanlng as
ln Figure 3.
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FIGURE 8.7

Relationshlp betr'reen Z frequency and dlstance
frorn the waterfng place for
(a) Ileppia lutosa,
(b) Der+mtoeazpon Laehnewn,
(c) Coltenw eoeeophomts, and
(d) Lecidea ileeipíens.
Soltd triangles indicate frequency at Tr¿o-rai-le
paddock, orren trlangle at Barrettrs paddock.
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It was interestíng Èhat nodes I and II, while lndependenÈ

of aach other (and r,rith isotels dif f erently dlsposed), both

reflected an ínfluence centred on the wateríng place.

A featura of nodes I an.l III (Figure 8.3a,b) was a Long

tongue of low ratings along one Ëraverse r¿hich ran along

a drainage l1ne into the dan. Thls observation would support

an hypothesis that the low ratings ï¡ere associated with

topography,

In other plosphere studíes all isoÈels of lnteractions

betrveen plant species úIere essentlall-y concentric oo the waterlng

place, and 1t seemed reasonable to expect that all isotel-s of

any signfficanÈ interactíone in ¡'losphere l-Íchen crust pop-

ulatlons would be símllar. ThÍs raas not the case. At distance

from the watering place general concentricítv disappeared and

the pattern becarre a nosaic, making the drawing of ísotels

soner¿hat arbítrary, e.vett though the patËern ls real . The

nosaic patterrr showed no correlation with obví¡:us envl-ronmental

r¡ariables.

(2) Barrett¡s paddock

Ihe laynut of specles frec¡uency value around the waterfng

place in Barrettts paddock r,ras very sinilar Èo that around

Tr¡o-nile darn (Flgure 8.7). At Barrettus paddock there r¡as

no reåsonable doubt that the ínfluence causing the 1or,: fre-

quency values near the wateríng place was stocking pressure,
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as the rúaterfng place was supplied by a plpell-ne, and was

hence sÍted independently of topography.

Exanination of the lsotel maps for nodes IV and v (Figures

8.5 and 8.6) showed Èhe waterlng place Èo be the centre of

an area of 1ow ratints. ThÍs left no reasonable doubE that

stocking pressure was aÐ i-nfluence causÍng Èhe low ratings. It

was clear from Figure 8.5 that there were Èwo tongues of low

raÈÍngs running more or less east-htest across the study atea.

One was north of the wateríng place, anrl the other was an

extension of the low value zone around the nratering pl-ace. The

more northerl-y tongue vras found to correspond r,.rl,th a watercourse'

hence it appeared that ï¡atercourse conditfons had an effect

sfmLlar in consequence to intense stocklng. Fron aerfal photo-

graphs lt was apparent that the tonque extending frorn the waterlng

place was coincldent T,7ith an exËraordinary densíty of sheep tracks

apparently skirting Casuæina thlckets- Thís observatíon

appeared to account for t-he distorÈed concentricíty of Lsotels

about the watering place.

The species of node V, whíle showÍng a pattern of isotels

(Flgure 8.6) sintlar to that of node Ir/, (Figure 8.5) dld noÈ show

a tongue of low values alcng the watercourse. NoCe r/ sPecies

rüere apparently susceotible to stocking Þressures, buÈ were not

l-nfluenced by the topographíc factors effecting the specLes of

node IV.
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Comunlty stËucture

Ðata presented suggesÈed thaÈ unrler intense stocking

pressure a lichen flora doninated bv CoLLema coeeop'lØrus

was lfkely to resulÈ. Other specles that reoain under such

condítions included Aspi,eiLia eaLcaz'ee 4nd Heppia Lutosa

at both sítes. Follose species appeared to be Eore sensitive

to stockÍnEç pressure than did the crusËose specíes.

It v¡as notervorthy that no species of l-fchen showed

developnent of popula.tions ín !ùatercourses, or ín response to

stocking. Thus the overall soil crust líchen vegetatlon

differed from the hígher plant flora which, in the

plosphete, had elements vrhich increased in frequency under

the highest sÈocklng pressutes. Deterloration of higher

vegetaÈion under stocking need fnvolve no change in pl-ant

cover, buÈ sirnply change in species conpositíon. In contrast,

deterloratlon of lichen populatíons ín this study inplied

reCuction in lichen cover, ar.d resultant soil mobllity.

It is clear that ûode III, at Two-rriile paddockr and

node IV, at Barrettrs naddock, behe.ve. in very sirn1tr-ar rvays

in relatl-on to stocking and topographic faetors. The species

composition of these nodes Ís also very simllar (Table 8.3).
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TABLE 8.3

The compositfoo of node III at Tr'¡o-Mile Parldock and Èhat

of Node IV at Barrettts Paddock.

Noilal Species Node III Node IV.

Aeanospora Bmædg&tld,

Aspieilia eaLcæea (f ruticose)
D ertrwto cøp on Laehneum

Diplosehistes oeellaats

ùLpLo sehí ste s semryo sus

Fulgenaia bracteata

Heppí.a, polyspora

C1,aipnia folí,aeea
Lecí,d.ea eoatetata

Leeí.dea erg stalLif er a

BueLLia epigaea

Leeidea èleeipíens

I onirtia eaemtLe onþrieans

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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T\ro nodes at Barrett I s paddock r¡ere absent at Tr¿o-m1le

paddoek. It was not clear v¡hat these nodes reflected except a

differenCe in environment betrseen the tv¡o paddocks. Node V

contalned three foliose species ParneLia ønphíæantfu, P, moLLíuseuTn'

and P. VtLh, and norle VI two vagant foliose specl-cs that L1e

free on the soil surface, Chonãtopsís semíUíridis and Paz'¡ttelia

aU,sþnaLíensis, The only f,olÍose specles occurrlng 1n a nodal group

at I\¡ro-'rile paddock was CLadonía foliaeea; all other specles were

crustose or squanulose.

There âre two factors whtch may emlal-n the dffference

betr¿een these two sltes. Fírst, the hígher rainfall at Barrettes

paddock whích ís generally regarded ¿s mr:re favourable for the

development of foliose lichens (Calun 1962) 3 and seeond, the longer

gtazLng history at lbo-m1le paddock may have caused nore conplete

destructfon of fol-Íosc foros than has yet oecurred aÈ BarretËrs

paddock.
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CHAPTER. IX

OTHER BIOÎA IN TIIE SOIL CRUST

From the begínning of the study iÈ was recognfzed thaÈ

organisms other Èhan U-chens r^rere slgnf f icant ín Ëhe soil clust.

In particular it was believed that algae would be an lmPorËant

component; these were therefore studied at 6ome length. During

the study 1t becarne apparent that Ln some places Bryophyta formed

a prominent perÈ of the crypËogamle flora, and were therefore

collected. The study was not extended to cover the sofl mycoflora

(other than llchenlzed forms), nor t,o bacteria, Èhough these are

Lmportant and are discussed 1n thfs sectíon.

Durlng the study soil saqles were collected for T.G. i,lood,

who later nade avallable a manuscript coverlng hls studies on the

soLl microfauna. A corrnent on the microfauna is therefore íncluded.

1 ATGAE

Algae have been found to be wldespreaC in arid sofls,

some capable of nfÈrogen fixatLon (Singh 1961). A study

of the algae ln samples of soil from the study area rùas

lnitiated. Culture techaiques r.{ere necessery as dl-rect

ex¡minatÍon of soil surfaces generally falled to detect any

algae present. These technlques proved unduly time
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consumlng for a subsidÍary portion of the najor project. This,

coupled wlth extreme Èaxonouric d+fficulty experi.enced wlth the

tdenÈlfication of blue-green algae, eventually led to the Prem-

ature termlnation of the studY.

(1) Method

soiL surface sar&:les from 112 sltes fn south Australla

and Vlctoria r¿ere collected ín sterile l4cCarÈney bottles and

returned to the laboratory. In the laboratorv about 10gn

of the sample 1^tere transferred under aseptic condltions to

a p]-ugged Ehrlenmeyer flask, which contaÍned 30gnn of acid

washed quartz sand and 25n1 of medium D (Kratz and Hyers

1955), all prevlously autoclaved as a single unÍt. control

flasks were set up at the same ËíDe. The flasks hrere lnclined

at 45", slopfng the sand and culture medium to form an envlr-

onmental cline from damp sand to fully aquatfc. The flasks

r.¡ere then incubated in continuous light (30000 lux) at 25oc

for eight weeks. Ðuring ttris Èime f luld levels were rnal-ntained

by the addltl-on of sterlle dlstílled water.

After lncubatlon the cultures &tere examined under a

dÍssecting microscope and samples selecÈed for determfnation.

l,Iorks by Gelrler (1932), Preseott (1951) and Ðesikachary

(1959) served as bases for determination; nomenclature

generally follows Geitler (L932). The taxonomy of the
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Oscíl1atoríaceae has been revo-lutionized sínce the study

by Ðrouet (1968), so no generíc names are given for

that famíly.

(2) Results

All but tr¿o of the one hundred and tr,¡elve cutrtures

prepared produced sone blue-green algal grovrth. À coccold

green alga was very cotmoilr as t,rere moss protonena, both of

which vJere more atrundant Ín soí1 samples from the n^allee

vegetatíon regions. Very fine fungal hyphae cormonly ocourred

amongst the algae and Èhe sand graíns. Fflamentous green

algae and dfatons were rarer and occurred only in sanples

from very hlgh ( 50cm per annun) rainfall areas.

The cultures produced blue-green aLgal forrns wh.ich

could be ascrlbed to four genera knortn to fix nitrogen;

Ana,baena Bory, Nostoc Vaucher, Seytonema Agardt. and Tolypothni'æ

Kutzing. Other genera recorded wete Mieroehaete Thuret,

and ? þh.a,noeapsø Naegeli. FílarnenÈous OsclllatorÍan forms

exhibitlng a varLety of mucilage ensheathment l,rere also found.

t'lhereas in older taxonouríc treatnents (Geitler 1932,

ÐesÍkachary 1959) these fo::ns rrroul-d have been ascribed to

üurny genera, the taxonomÍc revislon of the famíl-y

OscillaÈoriaceae produced by Ðrouet (1968) suggests that

these forms are probably only in one or t!üo species.



FIGI]RE 9.1

the dlstrÍbutLon of saryl1ng sl.tes for
so1l algae, and of reputedly nltrogen flxlng
algae.

A All sftes examlned for sol,l algae
B Sites from which Anøþaena sp. appeared

ln culture
C Sites from whÍch Nostoc sp. appeared

ln culture
D Sftes fron ¡rhlch Scgtonema sp. appeared

1n culturs
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Ana,baerø, r{as present in 5l sannples in tr¡o distinct

forms, probably tlto specles . ? Ap\t'an'ocdpsa lras f ound once

only, as thê only alga 1n drifting whlte sands in the

north-east of south Australia. Mietoevtaete was Present 13

times Ln a single form, close to M. tenena ThureË, Nostoe

occurred in several different forms in 85 cultures, often

more than one form in the same culture. ScytOnemA occurred

51 tines in a form close to 5. ocelLatwn Lyngbye' but occas-

1ona1Ly exhfbÍting branching patterns rather more líke

ToLypothriæ, Iolypothnic ín a fonn close to ?. bouteíLlei

(Breb. et Desm.) Leum. occurred in only 3 cultures. Oscíll-

atoriacean forms were found 1n 105 cr¡ltures. the distributlon

of the reputedly nitrogen-flxing genera is shown in Figure

9.1.

on

The soil algaL flora found was slnrllar to that founC by

cther workers fn arld areas. It was donlnated by blue-green

algae, especially Oscillatoríaceae, but contained numbers of

potentfally nftrogen flxiag specíes. Wtrlle nlËrogen fixaÈ1on

ls 11kely by some species, and Èhe sheathed forms are

undoubtedly able to bind sand ínto a coherent nnassr lt 1s

not known how cornmonly these forms develop Ín nature as
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culture methods initiate the grorøth of resting cells

of varÍoug forms as well as continuirig grorrrth of

act,íve, ve6{etaÈil,e cslls. Eecause of this it is nct

possible to say iøhich of rhe algae found grerü actÍvely

in the acíd soils and which ïere present only as

resting stages. Exaninaticn of ín-tact lichen crust

sa.rrples o howeve.r r -ehor,'red that Seytonema and ensheathed

Oscl-llatoriaceae werê not unco$ltrotl in uallee vegetatlon

areas. Elsewherer macroscopÍc colonies of algae were

not found except in lichenized form.

2, BRYOPI{YTA

llosses and h'-verr,toris !,7ere not collecÈed systeaatically

at any sÈage durlng the study, nevertheless the presence of

these organfsms in nany areas was quíte notíceable and some

samples were col-lected and deterqtlned.

As a general observation, mosses r^7ere nore colrrnon on the

soÍl fn the sub-arid areas, especÍally on sandy mallee soils,

where Bapbula tonqteta Tayl. roas çrartícu1-arly prornínent. Other

rnallee soil species included Tovtt¿La ¡ntraLis Hedw. and ALoina

sulliuaniana (CþÐ Broth. On drier, truly aríd solls Barb)La

tonqnta !¡ras present as srnall cushions, along ¡+ith mlnute

scattered indlviduals of Aloína suLLiuaniarta, The cushLons of
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BarbuLa torqtnta were alnost black. when dry, but on the

slightest shower of rain their leaves unfurled and turned

bright green in a few seconds. OËher mosses collected from

the aríd and semí-arid areas studied, and othere fron the

same locality lodged fn the State llerbaríum of South Australia

fncluded BatbuLa piLifena Cl'[ and HPE, Bnyum bíLLatdierL

Schwaegr ., B. pachytheea CY', B, atgentewn iledw. , Desmatodort

eontsoluttts (Bríd.) Gront. " h,maria bygrometriea Hedw.,

Si.gasperrmtn repens (Hook.) Lrndb ,, GrLwnia Laeoigata (Bxlð..) Brid.,

G. puLoirnta (Hedw.) Sm. , Tortella eaLyeina (Schwaegr.) Dix.,

IortuLa pz,inaeps De Not., fuíquetxeLLa pappíLLatd (H.f . & Id.)

Broth., and tleíesía contvouersa Hedw..

Liverworts were not, as promlnent, as cÌosses on the arid

and semi-arlci solLs. Riecia Línbata Bisch. was probably the

most corîmon species, and was notable for its habit of con-

tractl-ng the centre of the thallus when drying' so wíthdrawLng

lnto a snall crevlce in the dust, dísappearing but for a

trecery of lobe margíns vísible from above. Other HepaÈic

species from arid soils housed 1n the State Herbarium of South

AusÈralia included Riccia erinaþa Tayl., .R. LøneLlosa Raddl,

R. mocrospora ST. and an undetetmined species of. Pl'agioehasma.
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3. FT'NGI

4

Ä1gal cultures usually shou¡ed a considerable development

of fungal hyphae, Éostly very fine (less than 10¡ dLame'ter),

usually hyallne, and often rather irregular Ln thÍckness.

Ttrfs hyphal growth was stíck-l', binding sand graíns quite

strongly and formÍng a nat of hyphae and sand Ln areas not

colooized by blue-green a1-gae. This gror,rth was very simil-ar

to that descri-bed by Bond and llarris (1964) from sandy soils

ln higher rainfall areas. l,lhen arld soil crusts were broken

flne hyphal fragments could tre seen at the edges: some very

fine textured calcareous soLl crusts could be gently pulled

apart and the nesh of hyphae stretched across the gap betneen

the portlons of Èhe crust. Killían and Feher (l-939) and

Caroeron (1969) both reported that PenieíLliwn and Aspergillus

are the fungi most frequentl-y encountered ln arid soils.

BAClERIA

Casleron (1969) studied the bacÈerial populations of many

types of arid so1l. For sone soils sír:ílar to Èhose of much

of the study area he found counts ranging from 87 x 103 to

15.3 x 105 aerobÍc bacteria and actfnomycet€s per gtam, and

from 0 to 8 x 105 anaerobic bacterla per gram. The most cotmon

genera for¡nd by Cameron in hot desert solls were BaeilLuso

Pseltdomonø,s and Míeroeoeeus. Killian and Feher (1-939)
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Lsolated 98 specíes of bacteria ln L2 geneta from Saharan

soils, with BaciLLuso Aetinornyees, |4ìeroeoeeus and

CeLlwnona.s Ëhe most coünon genera. Correll (1967)

r,rorking wittrin the study area at Yudnapfnna (near Port

Augusta) founC counts for aeroblc bacteria capable of

growth on nitrogen free media ranging from 1.04 x 104

to 1.12 x 1G6 per gran.

MICROFATINA

ïlood (1970, pers. courrn.) studied the sofl micro-

fauna fro¡n 169 sites, mostly 1n arLd and seml-arld areas.

In these sites he found a mean microarth.ropod denslty of
na.,

4490/sretre', conslstíng of Collenbo]ra (2 x 10J/m¿),
2..rc

Àcari (2.3 x LO'/m'), and Crusracea (t8S/n'). A nev¡

soecies of. EoLsomtdes corçrtsed 561l of the CollemboLa

population, and uras restricted to arfd or semi-arid areas:

it was noted that this soecíes vras absent from the s¡0a11

pocket of seml-arid sub-alpine land near Cooma ln

New South trdales ín rshích an isolated occurrence of

the sub-arid líchen Chondyopsis semLuiridís occurs. The

Acarí found included menbers of the Prostigmata, Meso-

stigrnata, Cryptostlgmata and AstÍgmata. An unexpected



L64

feature of the mlcro-arthroood fauna rsas the douinance

of. Colle¡¡ibola. vîhJ.c}l. were poorly sclerotlsed, small-' and

geoeraLly regarded as susceptlble to deslccatlon.

Nematode populations hrere found to be low (1.76 x 1IA4

- 3.L4 x 105/Íû2) coupared wfth Èemperate European figures

(1 x 106 - 2 x Lo7 ,,m2), with nr¡mbers consistently greater

1n the driest sftes studied.
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CITAPTER X

ÐISCUSSION

There have been no previous integrated ecological

studies of desert líchens. This facË, nore than any other, has

shaped the devel-opaent of this thesis: because there had been

so llttle previous study, the scope for rsork was far bevond Èhat

which could be accomplished in a Ph.D. Progrprnr¡e. After due

consl.deraË1on, attention was dlrected to two ffelds:

(1) the extent and floristÍc composition of soil-surface lfchen

floras in arid and semf-aríd south-eastern Australla.

(2) factors Lnfluencing the dlstrlbutlon of the taxa lnvolved.

It was belfeved that these studies vrould allow connent on

the phytogeography of the study area, and would have lmplfcatlons

concerníng the pastoral lndustry based La the area.

The first of the two prLmary ffelds has been reported and

discussed in chapters IV and V, and t?re second ín chapters VI,

VII and VIII.

For further dlscussfon there remaíns only the phyÈogeographic

problems, the fnpact of the pastoral f.ndustry on the lichen crusts,

and the fmpllcatlons of the study for the pastoral industry.

A brl-ef statement of achlevenent and suggestlons for

further research co4lete the chapter.
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I. PHYTOGEOGBAPTTY

Ilaving completed a study r:f the lichen flora in a large

part of the arid area af Australia, a r:nique phytogeographic

opportunfty arose. The lichen flora from arid areas on all

other continents (exceot South A¡rerlca) had been reported on,

but few atteÍlpts at phytogeographíc correlatl-on on a wrrrld

scale had been uade. Slnce !{eber (1962, 1963, L967a' 1968)

had, to a large extent, ratl-onalized the taxonomy of desert

llctrens, the occaslon Tiras opportune to nake a phytogeographlc

study of the llchens from the worldrs arLd lands, and to

examlne the role of lichens as ¡rhytogecgraphic Lndicators. The

Þreserit study area \,{as also large and diverse enough to allow

dlscussfon of phytogeographic matters lnternal Èo Australfa.

(1) Relation to the floras of other continents

The large element of the so1l surface llchen fl-ora

cormon to the study zone a¡d aríd areas around the world

is shown in Table 1C.1. 0n1y four arid zone species

found 1n the study atea (h¿eLlia subeononato,, Leeídea

erystalLifera" Leeidea planata, and PanneLia austral-iensis)

are Australian endemics. If the materlal referred to as

Cladonì.a folíaeea does Ín fact belong in the genus

Hetenodea, this too would be an AustralLan endemlc.

I{eber (1961) considered Pannelía eorlspe?Ba vat. üagans
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TABLE 10.1

the distribution of some comnon arid zone ll-chen

species across fíve contínents.

Aeazosporu sehLeiehesù

Aspicí,Lí.a caleatea

BueLLía epigaea
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ùip1.os ehiste s s emtpo sus

Endoeatpon EtsíLLwn
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Ny1 . (Syn. P. chLoroela,oa T.ue'*) te be an n'urrattached ecad

of wíndy sÍtes'? of. P, eonspersa. It ís tirereforc likel-;r that

P, australíensis couLd be einiLaxT.y reduced.

Loonan (1964b) held that thc líchen floras cf arid soiis

ín North Ameríca end Asia r¿ere relics of an ancient, once more

extensive Í.l',:^tae nor,r separated as a resul-t of co*Ëinental drif t.

The number cf specíes that Australia has in colMon r'rith extra-

Australian arid areas is sufficient, Èo discounÈ Loomanrs ideas;

Ëo maíntain his case, Australía musÈ havo been part of the sane

continental block as Asía and North ,A,rnerica. It is '*ídely recog-

nized, horr¡ever, that Australia'.ras Dart of the ttGondwanat' block

and North Anreríca and Asia of the 'nl,âurasíau'b1ock (Ho1s:es 1955).

It rernains, therefore, Èo exånine cther hypoÈheses to account for

these similarities. One is convergent evoluËion, buË this is

rareLy lnvoked tc explain inËer'-contÍnental <lisjunciions. ¡\nothe-r

explanatlon proposed by Looman nas that lichens have extraordJ.nary

pcr^rers of dispersal . --t,ooman rejected this explanation on the

grounds Èhat sexual- reproduction (resulting i.n spores) was rare ín

aríd zone lj.chens. This may be so, but ín the present stuCy all

of the arid lichens r'rere found bearing apcÈhecia or pe,riEhecia at

least occasíonally. All the species fognd :ln Austtal-ía listed in

Table 10,1 were frequentiy found fruitíng, and with spores in

thcse fructifications. Even ra::e production of spores u'ould be

sufflcient to allow long-ranee rlíspersal of cryptogams r,¡hich are
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notorlous for thelr pohTers of dispersal (Rogers and Meler L936,

Gregory L961). Itris idea cannot be rejecËed as easíly as Looman

would have us believe.

The relatlvely large number of species-l-eve1 inter-

continental dlsjunctlons shown by lichens (27 cf the 4,2 taxa found

fn the stud,v area also occur in tlorth America) prompts clucstlonlng

of their ro1e, and the rol.e of other cryptcgans, ln phytogeographlc

dfscussions. For organlsns such as the fungí, with spores so

snall that they may be catried lnto the upper-atnosphere (Rogers

antl Meler 1936) lt seems likely that the factors limitÍng their

dlstributir:n ara ecologl-cal rather than phytogec'graphlc. It ls

not unreasonable to assume that given a long Ëia.e sPan, the spores cr

ilåny terrestrial fungi (including lichen fungi.) wil-l become sFread

right around the worl-d, and w111, given suitable ecological

condítions, Elrolr? where they land.

The val-ue of an organism ín argunent â-bout interconÈlnental

nfgration routes and bíogeographíc zonatlon is heavily dependent

on the dispersal mechanism of the organlsm. Those organfsms with

mLnute, potentially aír-borne propagules, as are bactería, blue-

green aLgaeo fungi (including líchens), and Perhaps sone bryophytes

and orchlds, are of l1ttle value in such discussíons because of

their abíL1ty to spread over long dístances. They may' hoÌrever'

be very sensitive indicators of ecological factors.
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Dtscussing the srnall number of lichen endemics l-n arid ereas r

I,leber (L962) rrrote "It gives one the uncomfortabl-e feellng Èhat

lfchen evolutlon ls now essentially at a standstill. If this is

lndeed true, then the genetic systerl nust differ fundamentally

from that of hlgher plants. For, as Stebbins (1952) ably points out,

the envlronment of arld areas fs a distinct stinulus to evolutiont'.

The snall nurnber of endernlcs does indeed suggest that llchen evol-

ut,íon in arfd areas has nearl_lr stopped, but that there are some endem*

lcs lndlcates that it has not stopped al-together. In SÈebbinsl

(1952) discussion the reason for thls slorv rate of evolutlon can

possiblv be found. Stebbíns traced Èhe evol-utionary stl-mulus of

arldlty to the forrnr.Èl-on of isolated conrounities leading to spec-

iation whlch, wÍth sma1l fluctuations ln clínate, then hybridised

and so on. In organisms r,¡hich are probably able to disperse over a

Iong range, isolated couununitles are unlíkely to develop. The

stimulus to speciaÈion resulÈíng from aridity whieh is so apparent

1n the anglosperas cânnot therefore affect the líchen populations.

Ttre genetlc response of Èhe llchens is not necessarily dJ.fferent,

but the ecological response is.

Given a long time span, then, 1t woul-d be expected that those

lichens now endemlc Èo certain arld areas'¡i11¡ Lf ecological

condítlons are suitable, spread to the others. How long thís takes

wLll depend on the degree of special-isatlon of the sÞecies (Í.e.

the lfkelihood of a propagule landing in a place where lt can develop),

and the power of dispe.rsal of the propagule.
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A speclal disjunctlon found in the present study is that

shown by ttonãropsis semittiridis and ParrneLiq, ænphi.æantha

between Àustralia and New Zealand. Because of the docuuented

rain of Australian dust and spores on New T,ea].and (Moar 1969), it

1s not surprisÍng that Australia and New ZeaLa¡d have many lichen

specles 1n ç6rnmon. While Tasmania l:^as 487. of its llchen flora ín

cotìmon wíth New Zeala¡d (Martin 1965) n Ëhe disjuncËion of arid

llchens is surprlsing, as Ne-rtr ZeaLand has so little arid land,

It appears that even species which form spores so very rarely as

C. senduì-rì-dis are capabLe of long range díspersal.

The recolonl-zation of the volcanic lsland Krakatoa by lichens

has been s1ow. Although the Èime perioC ínvolved (about 9CI years)

Ls short fn geologlcal terns, Gregory (1961) has suggested this

índlcates that líchens Co not dlsperse rvell over long distances.

Tt¡e evidence presented by Moar (1969) about trans¡rort of Australlan

pollens, dust, and fungal spores across the Tasrnan sea to New

Zeala¡d (a dlstance of about 2000km) demonstrates what has been

h¡r¡pothesized about long dlstance transport. It aFpears that at

least some of the fungal spotes transported across the Tasman sea

are viableo because they are able to cause outbreaks of rust in

u¡heat. Long dlstance transport of l-ichen spores is, thereÍ.ore,

a vlable hypothesls.
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Since the pattern of dÍstrlbution of arid sofl

surface lichens does not confor¡n vri th the geologfcal

evidence concerning continenÈal drfft, lt ís likely that

long-range dfspersal 1s involved in the present dlstribution

of. attd-zone soíl-surface lichens. thus' knowledge about

the drift of continonts al-1-ows coment on the neÈhod of

lichen díspersal. The converee, however, ls not valid.

Evidence presented by l{eber (L962) suggests that the

sfunilarLties discussed above may Þrove to be even stronger

than bell-eved noç'. Às more collectLng and crítfcal re'¡ision

of arid lLchen taxe proceeds, it seems llkely that the

number of specles will be further reduced, and the percentage

of fnter-continental <l1-sjunctlons Èhus increased. It is

probably only 1n Èhe ¡¡ake of such revislons that valÍd bio-

geographic conclusions can be drar¿n involvlng any but the nost

striklng simLlarities or dffferences.

The Australfan F*e.gion

The mcst conplete phytogeographlc study of the Aus-

trallan region is that of Burbldge (1960), 1n r'rhích Australia

was dl-vlded into three zones: Tropl.cal, Temperate, and

Eremaean on the basis of their phanerogamic floras. Between



FIGTIRE 10.1

the phytogeographic zonation of ¡nainland
Australla, after Burbldge (1960).
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the Temperate, Tropical and Erernaep-î zartes Burbidge defined

broad fnterzones withín which edaphic conditions caused an

intermfxture of the floras of the abutting regíons. The present

study area includes part of the Tenperate and Eremaean zones, and

also part of Interzone 2, as deflned by Burbldge (Figure 10.1).

The dlstribution of lichens in the study area is conipatlble

with Burbidgees zonatlon. Consídering the species-grouos deflned

Ín ehapter V (Table 5.4) groups A and B are essentfally Temperate

species, and gtoups C and D essentially Erenraean. Interzone 2 shows

relatively extenslve developnent of gro-rJp B species, but all of

these (except BueLLia subeo?orlÍIta) also occur in the Temperate zone

near Adelaide.

Species of group C form a band across the south of the

Ereoaea 1n South Australia, but do not extend as far north or east

as species of grouo D. Thus, the Erenaea could be dfvided into two

sub-zones, one fringlng the Temperate zone in the south, the

remaínder acrose the north of the study atea.

Species-group C contains the vagant l-fchens ccnsidered by

Keller (1930) to be indicators of step¡e vegetaÊion, and also a

species of ÐipLosehisteso Èhe genus considered by Reichert (1936,

1937) to indicate steppe vegetatlon. Thus, it is likely that the

division of the Ere¡raea ín South Australia into two portlons on

presence or absence of group C soecies '¡roul-d be equirralent to
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dividing it lnto Steppe and Ðesert as in t{orth Afríca and

the Turko-Iranlan areas.

The Lnformation presented in chaptersVl and VII 1s

pxoof. cf the sensltívity of the soll lichens to climatic

variation, supporting the contention of Faurel, Ozenda and

Schotter (1953), and provldes a basis for the use of the

soil surface lfchens as cllmatlc indfcators.

2. THE IMPACT OF TTTE PASTORAL INÐUSÎRY

Two special flelds of interest ln relation to the pastoral

índustry have been pursued. The first rùas a study of the present,

and inferences about the past, distributÍon of líchen crusEs on

arld so1ls. The second was a study of the role cf the soil surface

lichen crust in the nltrogen status of the so1ls.

(1) The plgbable eëtent and dístrfbution of lichen crusts in
South-Eastern Australia.

Data presented in chaçter VI were used to construct a

nap showing postulated dlstribution of lÍchen crusts actoss

southern ¿\ustralia (Figure 10.2). To construct Figure 10.2

all areas wlth soll types known to support líchen crustst

and wlth suitable ral-nfall were demarcated. l{íthin the

study area, regions known to now suppcrt a lichen crust

were demarcated from areas 1n whích crust formation was

expected, and this lnformatlon also shorm on Figure L0.2.



FIGURE 10.2

Ttre riostulated distributfon of llchen crusts
on southern Australlan soíls in relation to
thaÈ actually found ln the study aree.
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r¡lithin the study zone tl'o extensive areas for rEhich a

llchen crust has been postulated do noÈ support one. These are

the areas centred on the Barrier Range in western New South

Wales, and on the Flínders Fenge ln South Australia (arrowed on

FÍgure 10.2). IË is probable that the rugged nature of these

areas allows relatíve1y permanenÈ \^rater supplíes' and hence has

permitted. more sustained stockíng than in other areas. This

would oçlaín the absence of lichen crusts from them. More

intensive study in those areas may reveal the reualns of líchen

crusts not seen in the present study.

The predicted extensj-on of lichen crusts across Èhe

Nullarbor Plain is suoported by D.N. l{cVean (pers. comm.) and

G.C. Bratt (pers. coum). No eorroborative evldence is avail-able

for the predicted crust areas near th"c slestern coast of l{esËern

Australia, nor for the area 1n southern Queensland.

It is likely that the area of lichen .t,r"a r^r111 r¡e re-

duced under the influence of contj-nual stocklng of the arld lands'

although data from chaoter VII show that stocl'-ing need not

completely desÈroy the crust. Infor¡natíon ín the unpublished

records of the Koonamore Vegetation Reserve shows Èhat some large

areas devoíd of lichens in 1926 noI¡I are covererl with a lichen

crust. Thus, Ín the absence of stock the lichen crust has

regenerated on some areas from which all topsoil had been stripPêd.

fhis regeneration is,lnrøevcr? apparently not yet cornpleÈe even after

a recovery period ot 44 yeârs.
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The crust and soil nitrogen status

The lichetized soil crusË is significant in the

nitrogen status of arid soíls in a number of !.Iays, lncludlng

fixatíon of nitrogen, and preservation of the relatively

high nitroBen topsoils.

The role of the crust ín the nltrogen status orlg-

inally stimul-ated this study. It cân no!'t be asserted that

lichens aod blue-green algae capable of flxlng nltrogen are

widaspread ín arid areas. The only nJ.trogen fixing lichen for¡nd

was CoLLema, eoeeoplprus which had been shor,sn to fix nitrogen

by Rogers, Lange and Nicholas (1966). 0ther lichens r¿ith

blue-green algal syrnbionts did occur (Heppía Lut'osa, Heppia

po1,Aspo?q,, and SynaLissa sp.) but the algal symbíonts in

these lichens r¿ere from genera not reported Ëo flx nltrogen

(PoLyeoeeus and Xwtthoeapsa).

The disËribution of CoLLema eoccophorws is mapped at

the end of Chapter IV, and íts density under various stockíng

pressures detailed in Chapter VIII. It is slgnificant that

this species is so wldespread, and that its frequency is

¿rpparently not reduced except under extremes of stockfng

pressure. Hence, moderate stockíng probably does lfttle to

reduce the input of nitrogen into the system from this source.



L77 ,

Informatlon concerning Èhe effect of stocking fntensity

on fhe frequency or densíty of niirogen fíxing blue-green algae

for¡nd fn the axea (Anabaenn, Nostoe" Seytonema and TolypothrLæ)

rrüas not availabie so no conment can be rnade on the effect of

stocklng pressure on. free living aLgaL fixatlon.

Correll (1967) found hlgher numbers of potentíal,ly nitrogen

fixing bacterla lnhabited the sofl- ín Koehia pyrønidata shrubland

than io other vegetatfon types. Sínce K. pyrmtidata ts comonly

assoclated with heavfly gtazed areas (JessuP 195L), it 1s posslble

that stocking pressure aay âctual1y stimuLate nitrogen fíxation

1n arid soils.

Lichen crusts are r.¡irlely credited with the abll1ty to stab-

ilize soil surfaces (Weber L962, Cameroo ancl Blank L965). It was

observed that areas on the Koonamore r/egetatlon Reserve whlch in

1926 ¡,rere either loose sand or from which all topsoil had been

stripped, ate now stabllized by a continuous llchen crust vrl-th a

rough, veslcular surface. H.ence, líche-n crusts not only preserve

stable surfaces, but are capable of stabj.lizing eroded ones a1so.

Such crusts protect the upper layers of the so1l fron wind eroslon

and probably fron erosion due to sheet floçr of uater also. It ís

1n these upper layers of the soíl that nitrogen and phosahate are

aË thelr highest concentrations (Beadle and Tchan, 1955; Correll

1967). Ioannou (unpubllshed data) has found significant differences
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fn nitrogen status betr,reen an area which had not been grazed

and had an intacÈ l-iehen crust, and an adjacent are.l upon which

the crust had been totally desfroyed, and several inches of soll

apparently lost by eroslon. The nitrogen status of a third area

with a crust partly destroved by stocking verged on being sig-

nlficantly lo*rer (p = 0.06) than Èhat of the ungrazed area'

These findings are consistent with those of Shields, Mltchell and

ÐrouetÈ (1957) ln the Unlted StaËes.

Hence, destruction of the Liclìen crust necessaríly results

Ín the loss of part of the nitrogen and phosphate capi.tal of the

area because of the lnevítabillty of erosion, especially by wlnd.

Particularly sígnificant l-s the fact that it is the soil ruith the

hlghest nutrleot status which is lost, l-eaving behind a soil surface

lower ín nuÈrient status than thaÈ upon whlch Èhe gresent vegetation

developed.

Thus, whl-le stocking presaure may not reduce the rate of

nftrogen input into the ecosystem, it destroys Ëhe llchen crust

and causes the loss of nitrogen capitalo thus reduelng the

nítrogen statuE of the soil sutface.
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3. IMPLICAIIONS OF TTIIS SflloY F'OP. THE PASTORAL IT\¡DUSTRY

The probable ecological signifícance of the lichen crust,

has been discussed in the Introduction (Chapter I) and ín

the preceeCÍng sectlons. There is a series of evenËs, vízz

Introduction of Stock + Ðestruction of Crust +

Loss of Topsoll + Change in l{utrient Status +

Change in the VegeÈat,ion.

whích could have far reachlng effects on the shrubby vegetatlon

even 1f the stoek did not dlrectly destroy it. If the crust

is destroyed and the seed bed high in nitrogen and phosphate

is lost lt is possible that condÍtions suitable for the regen-

eratlon of perennial" shrubs at present forming the fodder

reserves on much of southern Australlafs aríd lands will not

be found. If this 1s so, when the rrresent bushes die there

w111 be either no bush to protect the soil surface from wind

erosÍon, or bushes other than those novl senring as fodder

reserves will appear. Investigators h¿ve suggesËed that the

íncomlng bushes are less palatable than those thev have

replaced (Beadle !948, Jessup 1951, Correll 1967).

It is possi.ble that in the short term, desÈructlon of

the crust is profitable Lo the pastoral índustry, as areas

hrithout crusts appeat to produce more ephemeral growth after
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rains than símilar crusted areas nearby. ftrtríle ephemeral

growth 1s the preferred fodder for sheep 1n good seasons

(Ílilson, Leigh and Mulham 1967), in drought years it is the

perenníal growÈh which maintains stock- and protects the

soil from erosíon. It ís also likely that the growth of

ephemeral vegetation after raín ís slowly exhaustlng the

nitrogen capltal buílt up by the crusto and, as a resultn

the pastoral industry is nining the soil nitrogen reserves.

It is, thereforer essential for the continulty of

the pasÈoral lndustry that stocking be kept to such levels

that the l-ichen crust is not destroyed. It Ís lilcely that

this dellcatee and previously lgnoredo crust of lichens is

the flrst part of the ecosysteuÌ. to be damaged by stocking.

!ühfle the crust regenerates only very slowly it Í-s possiblv

the key to the regeneratlon of all the other vegetation strata.

4 CONCLUSIO}ÏS

The study has been successful l-n achievlng fts objectives.

It has been established Èhat3

1. Aust,ralia hasn ín the south-eastern part of its arid

zone, a soil-surface líchen flora simílar in flor-

istic compositi-on to that iû arid areas of oËher contínentsS
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2, the soil-.surface ll-chens of the area are dlstrib-

ut,ed Ín five speeles-groups, parallelíng the phyto-

geographlc zo¡atíon of the phanerogans in the area ;

the dJ-stríbutíon of the lichens sÈudied ís conÈrolled

prlnarily by clínate, but ln local areas stocking

intensity has had a ¡rarked effect on Èhe species

compositíon of the soil lichen flora;

stocking of douestic anlnals (sheep and cattle) has

destroyed the lichen crust over wide areas and

threatens further destructíon.

5. FT]TI]RE RESEARCH

SÍnce lt has been established that stocking lo destroy-

ing the líchen crusts and that the pastoral industry is

probabl-y de1;endent on the presence of the lichen crust for

l"ts continuance, it is important that relevant studies proceed.

Such studies ought to include a detailed one of the role of

the crust in Èhe ecosystÊm, and of the effect of stocking on

the crust. Speculatfons made above regardl-ng the effect

of stockinß on nltrogen fíxation and nitrogen status of

to¡rsoíLs, and the effect of nltrogên stetus on vegetation

succession are suscept,ible to study. Studíes on the

3

4
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long term effect of the stocking of domestic anlrnals on the

ecosysËerû are probably the most pressing research need Ln

the arid zone of Australía. These studies ought to be ained

at the development of gr-ridelines for the management of the

Þastoral industry to ensure the continued sËabllity and

productivity of the arid lands.

There i.q academic value ín simultaneously documenting

the lichen crust in other areas at the sane time as conser'

vation oriented studj-es proceed, because soon there ¡oay be

little evidence of líchen crusÈs over area.s nou well coveredt

sinee nore and more arid land is belng subject to sÈocking.

Tr¿o noËatrly íncomplete se-ctions of the present study

ought also be pursued. 3'irst, the auÈecologícal study of

útonåtopsis sewLuíridis, for rvhich studies to detemine the

factors controlling lts dietrlbutíon alcn6: lts v¡etter liniË

are needed, as are physiological studies in the field to

conflrrn the deductions based on laboratory experirrents. Second,

the study on blue-green aLgae, It continuedr rJould produce

inforoatlon on what Ls probably an important source of

nftrogen ín arld soils.
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APPE¡TDIX I

LIST OF SOT'TH AUSIRALIAI'I LICIIENS IN TIIE }TERBARII'M

OF R.W. ROGERS

This ltst comprises 104 specles in 41 genera, arranged

alphabetically. For each species lts climatic zonatlon

[arid (A), sub-arid (SA) or humid (II)] ls indLcated' as are

its comron substrates.

Aearoepora eerùina. Mass .

A, smanagduLø (Wahlenb.) Th.Fr.

A, schLeiehe'f (Ach.) Mass.

Aspieilía eaLearea (t) Mudd.

? BiatoreLLa sp.

Bl'zstenia sp.

BueLLia diaLyta (Nyl.) Tuck.

B, epigaea (Hoffm.) Tuck.

B. panasena (Ach.) de Not.

B, spu?ia (Schaer.) Korb.

B. subalbula 0{y1") ì{u11. Arg.

B. subeoronata MuLL. Arg.

Calcíun pusíLhnn (Ach.)
Floerke

CaLopLaca autqrttiaea
(Lishtf.) Th. Fr.

C. eerina, (nnrt. apud Hoffn.)
Itr. tr'r 

"

C. eínnabarirø. (Ãch.) zahlbr.

c. ferruginea (Huds") Th. Fr.
C, pynacea (Ach.) Th. Fr.

C. rmpomnt (ttoffn.) Th. Fr.

C, eubpgraeelLa (Nyl,)
Zahlbr.

A, SA, H wood, bark

H batk

A, SA

sA, H

¡t

A

A

so11

bark

wood

rock

soil

A, SA

A, SA

A, SA, H

A, SÀ, H

A, SA

H

SAo H

SA

A, SA, ll
H

A

SA

H

stones

pebbles

soil, rocks

so1l, rocks

sol.1

bark

bark

soí1

bark

rock

rock, pebbles

soil
wood



CandeZlaria eoneoLor (Dlcks.) Arn.

Cattì,LLarí,a sp.

Chond.nopsis semiuiridis (Nyl. ) Ny1.

C'l,aãia aggregata (Sw.) Nyl.

C. fædínattåi Mull. Arg.

C. sehizopora Nyl.
Claã,onia fìmbriata (L) Fr. (s.L.)
C, foliaeea Schaer 

"

C, pyæidata (t) Fr.
C. stíbsqtønosø (Nyl. ) Valn.

C. uertieillata Hoffm.) Schaer.

CoT.Lema eoeeophomts Tuck.

C, nigneseens (Iluds. ) O.C.

Dernatoeatpon eompaetwn Mass .

D, Laehnem (Ach.) A.L. Sm.

Dí,p Lo s chi s te s aetino s tormts
(Pers.) Zahlbr.

D. oeelLatus 0.C.) Norm.

D, sen¿posus (Schreb.) Norn.

Enåoearpon pusí,LLwn Hedw.

Eulgen^sia byaeteata (Hoffn. ) Ras.

Eeppia euploea (Ach,) Vain

H. Lutosa (Ach.) Nyl.
H, poLyspora Tuck.

Hetepodea nfllleri (Ilanpe) Nyl.
Hypogynrnía lugubris Pers.

H. aff. physodes (1,) Ach.

Leeanora atra (Hru.ds.) Ach.

L, splø.enospora MuLJ-. Arg.

L. oaria (Hoffn.) Ach.

A, SA

H

A, SA

H

H

H

H

A, SA

H

H

H

H

H

A

A, SA

H

A,

A,

A,

A,

A

A,

A,

SA,

H

H

A,

A

1I

SA

sA, H

sA.n H

SA

SA

SA

H
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bark

bark

so11

so11

soil
rotting wood

rotting TÀtood

sol-1

soil
soí1

sofl
soil
bark

pebbles

soil
rock

soil
so1l, rocks

so11

soil
rocks

soil
soil
sofl
rocks, bark

rock, bark

so1l, rocks, wood

pebbles

bark

sA, t{



Lecídea eoaretata (J. E. sn.) NYl.

L. erystaLlifera Tayl.

L, deeipiens Èc}:..

L. gLauea Tayl.

L. gLobifera, Ãel:',

L. pLannta Ì1u11. Arg.

L. psøtrnophiLa (Mu11. Arg.) Zat:.l-br,

Lepra eitrLna Schaer.

Líehinø eonfinis (Mu11. Arg.) c. Agg.

Maronea eonstans HePp.

Meneg azzía r t eae sioprttnírtp s a"
P. James M.S. name

)ehnoLeehia palLeseens (L) llass.

Parmaxia nubiginosa (Thunb.) oet.

ParrneLia ønphíæantha l'tuLI. Arg.

P. austraLiensis Cromb.

P. eonspersa (Ehrh.) Ach.

P, molTiuseuLa AcF..

P. oLiuaeeø (L) Ach.

P. perLata (Huds.) Ach.

P. pnoLíæa (Ach.) RohI.

P. puLla Ac};..

P, mfiidota (t) Ach.

P. subalbiccrts Strtn.
P. subntdeeta NyL.

P. terruírïma Hook. f . et TaYl.

P. spp. lndet.
PeLtigera af.f..eanina (L) lüilld.
Pertusaria LeiopLaca Lam. & D.c.

Ptryseia ? aípolia (rnrtr.) Hanpe

P, aLbíeqns (Pers.) Thours.

P, aåseendens (8. Fr.) ollv. em' Bftt.

A, SA, 1I.

A, SA

A, SA, II.

SA

H

sA, I!
SA

11

!ûaritime
A, SA, H

H

H

H

A

A

A

A

H

H

SA

SA

sA, H

SA

soil
so11

soil
soil
soí1

so11

sofl
utood

rocks

bark

batk

bark

bark

soil
soil
soÍl-, rock

soll
bark

bark

rock

sofl-, bark

bark

bark

bark

bark

185.

soil
bark, wood

bark

bark

bark

,

,

t

,

H

A,

A,

A,

H

H

SA, II

SA, H

sA, H

H

A, SA, II

H

A, SA, H

H
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P. ea,esia, (Iloffrn.) Ilanpe.

P. caLLosa Ny1.

P. stelLarí,s (t) Nyl.
P. syncoLLa Tuck.

P. teneLLa (Scop.) D.C. em Bitt.
P. tribaeoides Nyl.
P, sp. indet.
P s euåo ey p7æ Llaría au.s tnaLien s i s

Magn.

P. enoeata (t) Magn.

Røw,Lina fastígiata xyL.

R, eckT.on¿ Mont.

R. ínflata llook f . et Tayl.

Rhízoeatpon geog?aphiewn (L)
Lam et D.C.

? Rinodina onbata (Ach.) Vain

DíphuLa eoriaeea NyL,

? Synalíssd sp,

TeLosehistes ehtA soptftal,nws (t)
Th. Fr.

T, sieberianus (Laur.) H111n.

I. spinostts (Hook f et Tayl.)
J. Murray

T. telife:p F. t{llson
Tþty sanotheeiun hyaLinun NyL .

I onínia e ae m¿L e oni g r í e ans
(Lightf.) Th. Fr.

Aenea flonidn (t) wrgg.

U. æanthopoga ñyL.

Xant\toria eetanea (Ach. )
Ras. ex R. Fflson

X. parietina (L) Beltr.

A, SA, E

A

A, SA, H

A, SA

H

E

H

H

H

H

sÀ, H

A, SA, H

H

A

SA, H

A, SA

A, SA, H

sA, H

H

rock

bark

bark
bark

rock

soil
soil
soil
bark

bark

bark, rock

bark

burnt wood, soll

soil
bark, wood

bark

bark

rock

rock

bark

bark

bark
bark

bark
rock

H

H

A, SA

sA, H

H

A, SA,

H

H

bark
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APPENDIX 2

LICHENS fü EACH LOCATION

Thís appendix consists of a llst of the lichens present at
each locatíon studied. The first number 1n each line is the
location number (as in Fig. 4.1), those following lndicate the
specles present aÈ that location. A key to species nunbers appears
belor"r.

Unlisted locatÍons r,¡ere r¡íthout lÍchens.

Key to species numbers.

1

2

3
4
5

Aearo spora s ehL ei eheri
Aeæospora smdrag&tLa,
Aeatospora sp.
AspieiLia eaLearea
Asg\eilia eaLeanea

mod.fmttieosa
?Bíatore,Lla sp.
BueLLia epígaea
BueLLia subeoronata
C aLopL aea subpy raeeLLa
CaLoplaea sp.
Cløndrcp sis semLttirídis
CLadia aggvegata
CT,adnnia foLiaeea
CLadonía subsquønosa
CLadprri a p erti ciLLata
CLaÅonía cf. fímbrLata
CLadonia squamules
CoLLena ? eoceopVnmts
Derrnat o e atp on L achneum
DùpLo s ehístes o eeLLaüts
Diç tr'o s ehistg s s erwpo sus

22. Fndoearpon pusiTLwn
23. FuLgensia braeteata
24. Heppia Lutosa
25. Heppìa polAs)ora
26. Heterodea rn{llLeri
27. Leeqnorc atna
28. Leeídea eoanetata
29. Leeidea erystaLLífena
3a. Leeidea deeipiens
3L. Lecidea pLanata
32. Leeidea psømnophiLa
33. Leaídea sp.
34. Paz,¡nelía ønpVriæantha
35, Parrnelia austraLiensis
36. Parmelía eonspersa
37, ParrneLia moLLiusatla
38. PavcneLía puLLa
39. ?Rínodí,na onbata
40. SiphuLa eoriaeea
4L. Synalissa sp.
42. Ioninía eaentLeonigricans

6.
7,
8.
9.

10.
11.
1,2.
13.
L4.
15.
16.
L7.
18.
19.
20.
2L.



2, 24, 29,
22, 25, 29,
L9, 29, 30

23, 25, 29,

L9,
3o
25

7,
18,
4,
4,
4,
9,
4,
11'
2,
18,
4,
4,
4,
1,
18,
4,
IB,
1,
9,
L9,
tg,
lrl.

1
2

3
4
5
6
17
I

B

9
l1

4, Ð5. 37, 38,
3), 35, 37 '

5.
22,

1' 2
4L,

4,
L9
4,
11
5,
T9
18
4,
4,
4,
6,
4,

18, 2L, 29, 30, 37,
Lg, 30.

9, 18, 19, 25, 3A, 4

9, 18, 2L, 25, 27, 2

9, 18, L9, 2L, 25.
18, 19.
11, 18, 2
Lg, 20,

4, 5, 18,
L9, 2L,

5, 18, L9, 22, 30.
18, L9, 2L, 25, 29.
18, L9, 22, 24, 25, 3c.,
4, 18, L9, 29, 30.
L9, 29.

18, 19, 2r, 22, 25, 29,
19, 2L, 22, 25, 30.

9, 1Bo 27, 29, 30.

30, 35, 42.
30, 35, 37, 41,

, 35, 42'
30, 42.

30,

30, _42 .

4t.

188.

42.

4
4

1
9

2
2

L2:
L3:
l-5:
L6:
18:
i,9 :

20:
2L:
22
to

24:
25:
26:
27:
28:
29:
30:
3L:
32:
33:
34:
35:
37:
38:
39:4o:
4r:
42:
4l:
44:
4S:
46:
4Z:
48:
4g:
50:

18,
2L,
ZLt ,

2L, 22, 25, 29,
, 41.
, 30, 4L'

18,
L7.
18,
18,

2L,22.

L9, 29.
19, 23, 29, 30, 42.

9, 18, 22, 23, 29i 30, 42.
2L, 22, 29, 3O, 41, 42.

5, 11, 18, l-9, 2L, 23, 29, 3

I8,
18,
18,
22,
18,
9,
19,
18,

, 18, 19, 20,
9, L9, 20, 2

, 2L, 23, 30,

22, 2g, 30, 42.
18, 22, 42.
18, 30, 42.
9, 18, 2L, 39.
Lg, 30, 42"
L9, 23, 29, 30.
L9, 2L, 22, 30.
2L,34.
42.
19, 2L, 23, 29,

J-9, 2
2L,
22,

23, 29,
29, 30,
30.

23, 25, 29,
3, 29, 30, 3

42.

1,
27'l-., '29,

30.
30, 4L, 42.

42,



189.

5L
52
53
54
55
56
57
58
59
6o
6T
6t
65
66
67
68
69
7L
73
Z4
75
Z6
78
81
82
86

102
103
ro6
109
1_11
l-L2
1T9
L25
L29
130
L3L
L32
L33
l.34
L35
L36
L37
138
L39
r4o
r4r

: 18,
t 17,
z L2.
: 10,
I L7,
: 8,
I L7,
: 13,

z 15,
: 18,
. -JF1
. Ll t
z 17,
z 17,
i 2¡
: 11,
z 23,
t L2.
: 18,
: 18,
: 18,
z 5,
z 22,
: 18,
: 1,

L9'
2L,

L7,
1,9.

10, 2
18,
'ì4.

17,
18,
2L'
2L,
18,
2L,

L9,
l-9,
29,

2L,
22,

23,
30'

29,
32,

30.
38.

L, 22,
L9, 2L,

23, 29,
2lr- 21 ,

38,
42,

23,30,
23, 28,
2L, 22,

22 , 31.

23, 30
2L,22,
23, 29
30, 41

3O'
30'
42.
29,
23,
3L'

25,
30,

'i4.
3L.

30'
29'
4L,

29,
34,

38, 42.
42.

27, 28, 30, 32, 34,38, 40.
23, 29, 3c , 42.

3r,
30,
42.

30'
35,

42.
L9,

Lg, 24, 4r.
L9, 22, 24,
24.

L9, 22, 29,
25, 29, 30.
L9, 24, 29.

18, L9, 22,
22, 24, 25.

30.

30.

30, 4L, 42.

2\ , 25, 29 , 30, l+r.

9
I
I

9.
9,
9.
9,
9,
9,
4.
,
1,
6.
9'

9,
I
1
I
I
1
1
2

L9
2
1
1

lrl
18,
IB,
18,
18,
18,
18,

35
lr?2

o, 2L, 23,
29, 30' 35,
29, 30, 38,
23, 29, 30,

,2
3'
3,
2,
23.
o,
9,
30.

42-

L7,
2L,

4,
4,
]-9,
L9,
L9,

22
29
22

,
,
,

24, 2

3O, 4
zl+,4

_?o.

L9,
4,
T2,
L2,
18,
2,
5,
2,
2,
L2,

22, 24, 30.
22.

5, 1
11'
L9,

2L,
1' L9
20, 2
2I, 2
21, 2
22'

2L, 23, 3
2?, 2J, 2
23, 29,
4t,42,
22, 29,

22, 30, 4r
29, 30,
37, 4z
41.
42.

37, 42,22'

42.
30, 4r.
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L42 :
143 :

144 :

]-L+S :

L46 :

L47 :

148 :

L4g ?

r50 :

L5L :

L52 :

L53 :

L54 :

r55 :
L56 :

L57 î
158 :

t63 :

L64 :

L65 :

L67 :
168 :

180 :

181 :

182 :

183 :

184 :

185 :
LB6 :

188 :

189 :

1go :

191 :

L92 :

L93 :

L94 :

L95 :

r99 :

20o. :

202 :

209 :
zLO :

zLL :

2L4 :
2L5 3

2A6 :

L2, t7, 2L,
23, 29, 30.
4, 18, 22.
11, L9, 21,
7, 11, L9,
L7, 22, 30.
17 , 2L, 22,
L2, L7, 2L,
17, L9, 2L,
L7, L9, 2L,
L7, L9, 2L,
2, 3, 18, I
22.
22.
22, 30, 41,
18.
LB r22 , 4L,
]-9.
18, L9, 24,
18, 24,.
18, 42.
18,

22,
22,
18,
1()--/ t

L7,
25,

tÉk)t

30,
2L,
22,
2L,
28,
3L,
34.
22,

L9,

3I,
2T,

18,
22.
18,
L9,
4,
18,
18,
2,
11'
22.
)t
18,

19,
24.

18,
L9,
22.

L3,
18,

22.

2L,
2lt

22, 23, 29, 30.

22, 23, 30, 35, 4Z
20, 23, 29, 30, 34, 35, 37 , 4z

34,
9, 30

38,
l+o.
36,
3L,
30,
,2

22, 28,
9, 2I, 23

29
22
29
29

28,
3L,
25,
30,
30,
30'
34.

30'
34,
30'
30,

40, 4r-.

42.
34, 4o.

36.
, 34, 42.

42.

29, 30, 4r.

3L,22, 25,

2L,

6,
22.
2lr
B,
B,
8,
4,
9,
8,
8,
2>'-.- t

18,
4,

18, L9, 22, 25, 30, 31.

30.
33.
27,
3]-.
32.
3L,

30.

34.

L9,
24,

Ðo.

24, 30, 42.
29.

30, 3L,
24, 29,

34.
30,

Lg, 22, 28, 30

34, 37.
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2L7 :

218 :

zLg ;
22c- :

2211 :

222 :

223 :
224 :

225 :

¿¿o :

227 :

229 :

230 :
23t :

232 :

233 :

234 :

235 :

236 :

237 :

238 :
239 :

24t :

242 :

243 :

z4lt :
246 :

248 :

249 :

25O z

25L :
270 :

271- :
275 :

282 :

284 :

285 :

286 :

287 ?

288 :

289 :

2go :
29r :

292 :
293 :

294 :

295 :
296 :

L9,
L9,
2,
LL,
L3,
18,
18.

L7,
LL',
4,
18,
T9,
2L,
L9,
t7,
2I,
L7,
24.
18,
5,
L9,
19,
22,
24.
24.
9'
18.

11'
47,
2

2,

34.
22,
,23

23,
,24
22,
30'
23,

3o
2t

5,
1_7

22, 2g, 3C , 4Z
, 30, 42.

' L9.

29, 30.2g, 3C^, 34.

34
30, 42.

23, 29, 30.

30,42.29, 30.

42.

24, 2g, 30, 42.

29"

3,
29
32

30,
2j.

t
2L

2L,
2a,

2L
23
22

Lg.
18,

22,
18,

L9,
23,
22,
2t,
21

22,
l-9,

L9,
29,

rg, 22,
18, 2r,
24, 29.
2L,22,
25.

29, 30.
30.

23, 29, 30, 42.

42.

34
32
29

4,
L9
18
1E
1B

2L,
30,
23,
23,
30,
29,
29.
23,
29,
30.

24,
42.
30,

,2,
*9¡22,

2L
29
23
2't
22
23
2T

2l+.
22,

30,

L9, 25, 30"

22, 30.
24.
L9, 29, 30,

18,22.
29, 3o-.

18,
L9,
18,
4,
L9,
4,
9,
3,
18,
18,
)
2*t

5,
2L,
4,

L9
22

2L,
7,

18
2L

2L,
11'

18, ].9, 23,
2)

18, 22, 25,
, 24.
, 42.
22, 29, 30, 34,

20, 2L, 22, 2

, 19, 20, 2L,
, 27, 29, 30,
22, 25, 29,
20, 2L, 22,

42.
29, 30, 37, 42.
, 30, 35, 3?, 38, 42.
, 37, 42.
34, 37.
25, 29, 3O, 36, 42.



r9?".

297 :
298 :

299 :

300 :

301 :

302 :

303 :

304 :

305 :

306 :

307 :

308 :

309 :

3TL :

3L2 :

3r3 :

3L5 :

3]-6 :

323 :

324 :

325 :

326 :

327 :

328 :

330 :

33r :

332 :

333 :

334:
335 :

T6z
337 :

338 :

339 :

34C. :

34L :

342 :

343 :

344 :

345 :

18,
L7,

18,
18,

18,
35.
22,

L9,
18,
L9'

18,
18,

2,
11'
18,
L9,

11'
11,
¿,
11,
18,
4,
4,
18.
18,
Lg.
L2,
L2,
L7,
12,
L2,
a7,
17'
2,
l!
14,
L7.
L7,
L2,
2L,
12,
L7,

5,
18
L9
2g

17'
, 19, 2L, 22, 25,
, 22, 23, 29, 30, 4z
, ,?O , I+2'
4L, 42.
2L, 22, 23, 29, 42.

L7, 18, L9, 22, 25,
, 2L, 29, 30, 35, 36
rg , 24 , 29 , 30, -"5,

, 35.
11, L9, 22, 24, 30,
22, 23, 29, 30, 35.
22, 24, 29, 35.

22, 29, 3O, 35.

, 23, 29, 30, 38,
2g, 30, 34, 42.

222L,20,18, 42.

4z

4z

9'
L9

18,
22

9,

Ltt

2,
L¡,
1.1,
It
18,
4,
4,
11'
4,

29, 42.

23, 25, 29,
25, 27, 3L,
Lg.
29.

L9, 23, 29,
L9,30.

30, 35, 37.
34, 4r.

30.

26, 28, 30, 3L, 38, 42,

24.

L7, 2L,
L7, 2L,
2L, 22,
17, 18,
L7, 2L,
22, 26,
2L,22,

17, 2L,
L7, 2L,
17, 2T,

32.
22r 28,
28, 30,
34,36,
_3O,' 32 ,

23, 29,
29, 30,
3L.

38.
38, 4O.

22,
26.
28,
2I,
22

30'
28,

22,

30,
3L,
4o.
34.

30'
42.

4z
22,

22

2L,
17,
22,
L5,
2I,

22,
26,
30'
2L,
22,

3L,
4o.
36.

36, 4o.

30, 40.22, 29
34, 40
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APPEI{DIX 3

INFTUENCE VALUES

This appendix consists of a table of influence
values for locations with values other than zer.o for at
least one influence.Blank colurnns indicate a zero value.
The location nurnbers eorrespond with those in Figure 4.t;
nodal structure was illustrated in Figure 5.L.

SITE A B B2 c tl '2 '3
I
2
3.
4
5
6
7
I
9

11
L2
L3
t5
L6
1B
L9
20
2L
22
23
24
26
27
28
29
3o
31
32

1

I

I

Bt

3
1
2

3
1

6
5
6
4
2
2
2
3
l_

3
1
2

3
1
1_

1
4
5
3
7
6
5
4
2
3

1

l_

3

t2

I
I
I
1

2
1

I

1
1

1

I_

1
I
1
¿,

1

1
1
1
1
1
1

2
4
3

1

1

I
1
1

1
1

1

3

1

I
2
2
L
1
2
2
1

I

4
4
3

11
33
34
38
39
4o
4r 1
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SITEÂBB,BZ
1 2cc c

3
c

+<
4g
44
4S
46
47
48
4g
50
5L
52
53
S4
55
S6
57
58
59
60
6t
6l
65
66
6Z
68
69
7L
Z4
76
78
81
82

103
109
111
L25
L29
130
131
L32
L33
L34
L35
L36
L37

2

2
1
1
2
2
I
I
2
2

1
1

I

1
1

2
2
1
I
2
2
2
1

2
2
2
2
I
t_

1
J
3
1
3
1
3
4
4
2
3
1 1

1
1
1
1
1

t-
1

1_

1
1

1

1
2

1
1
1

1
4
1
4
1
9
2
2
2
3
1
5
2

3
2
1

1

1
2
2
1
2

1

1

2

1

6

1

1
2

1
4
1_

5
2

3
4
4
3
3
7
3

1
3
2
1
2
I
2
2
2

I_

2
1

2

1
1

1

2
1
I
7
4
5
2
4

6
5
1
1 1

I

1
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SITEABB tsz
1_

rf,ð
L39
r4o
r4r
:-4z
L43
:.44
145
t46
L47
148
L49
150
151
L52
L53
L56
l-64
180
183
184
r85
186
t_88
189
190
r-9L
t9z
L93
200
2o.2
210
2IL
zt6
2L7
2]-8
2Lg
22o-
22L
222
zz4
225
23a
23L
232
233
234

]-

1

cc c c
1 2 3

2
5

1

4
3
1
2
4
3
1
5
9
1
2

t_

3
3
2
6
2
2
1
1
1
I
I
I
2
I
1

2
3
1
3
4
1
2
3
5
2
3
4
4
2
3
4
5
3
4

2
2

2
2

1
¿

1

1
1

2

1

2 1

1
1
1
4
j
¿

5
4
2

1
2
2
3
1
3
4
4
2
3

1

1

4
3
1
1
1
2

3
4
1

2

1

2
2

1
2
1

2
1
2
2
2

1
1
2

3
1
2
1

1

1

1

1
1
1

1
1
I

2
2
2

1
2
1

1

1-

1

1
1

1

1
1
1-

1

1
1
21

1
1



\oo\

oo cafilA
I

Ê
qtrtrÉ
l

É
.r

HØ oo
Ê

ñt
N

C
¡

el 
C

ô\ F
{ N

¡F
.lN

F
{N

F
l 

F
{

F
{ 

N
F

{N
-+

N
F

l 
C

î N
O

¡ F
{ F

l
C

ì
¡\.t.:f, 

!ñ

N
N

N
C

\ 
N

F
J

ftl 
F

{N
 

F
{ 

F
IN

F
IF

{F
{N

N
F

{N
F

{ 
F

l 
F

{F
{

N
F

{F
{ 

N
N

F
{-Ì-S

 
dN

 
caC

aF
l

F
l 

N
F

{F
{F

l 
F

l (\|F
I 

N
C

IF
{F

l

S
 N

 C
lC

. F
{ ç'l-t 

N
 F

l F
{ N

 
F

1 N
 Iñ 

N
 F

l ùllF
\O

 
(1-? Þ

-\O
 ¡r\S

 
c..t N

-t 
ñ-ï 

rñF
{iÚ

 
tñcî 

(lsl 
IñN

 
F

{ t-'l-T
 C

\l N

Ê
+

F
{

F
l

r{

Ì^\o r-æ
 c¡\cî-r \o F

{ d c^l-r Ð
\9 Þ

gQ
 I 

n ql ¡+
 

5p 
Þ

æ
 o\ o ':l c-q ql{ n\o ¡-@

 o\ -l 6¡ cnrñ\o cn-r tño F
l (\l (1

(F
ìc.\cîñcî-ï-?-:r!ñr-æ

oo@
æ

oæ
õ\it\ôo\òo\o\o\ääõööe'õoöooÔ

-lF
{F

lF
lF

{N
N

N
(1 

cî (.l(n
N

N
N

N
o¡N

N
N

N
N

N
N

N
N

N
N

Ñ
Ñ

Ñ
runrN

N
C

\¡Ñ
'Ñ

'óc1ócl 
cl eìc'lcrncncrìcîc¡ñcÊ

rclcîcîÕ
c^r<

'\c.r



r97.

SITE A B CBt Ez

1

ct "zu
?'ì
335
T6
337
338
339
340
34r
342
343
344
345

2

.,]

3
I
1
t
I
I
z
4

3
2

Lt

5
2
2

3
I
4
4
1
4
4

2
L

1

1
2
2
t
4

1

I

1
1

I
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APPENDIX 4.1

PRINCIPAI COI4PONEI]TS AIi-IALYSIS LOAÐI]¡GS - SPECIES

Loadings in this table are
I

Aearospora sehLeíeheri +13
A,-arrspcra smaxagdula - +42
Aearosponø sp. '113
AspicíLia caLearea +41
AspiciLia eaLearea mod, frutíeosa +4L
?BiatoreLLa sp. + I
BueLLia epigaea +24
BueLLia subcoronata +16
CaLopLaea subpynaeeLLa +27
CaLopLaea sp, +L2
Chondropsis semiuirudis +49
Cladia aggxegata +18
CLadcnía foLiaeea + 9
Cladpn¿a suhsquønosa + 6
CLadonia uertieiLLata +14
CLadpnia cf. fímbriata + L
CLadania squamules +45
CoLLema eoeeophonts +56
Derrnatoearyon Lachneum +63
ùtpLosehistes oeelLatus +47
ùipLosehtstes sem,posus +74
Evtdoearpon pusiLLwn +68
EuLgensí,a braeteata +65
Heppia Lutosa +26
Heppia poLyspora +43
Heterodea m{lLLeri +13
Leeanora atra +ZL
Leeidea eoæctata +28
Leeídea ezgstaLLifera +77
Leeidea deeipiens +88
Leeídea pløtata +28
Lecidea psønnophiLa +2L
Lecidea sp. + 5
PanneLia ønphínantha +4L
Pav,rneLia austraLiensís +48
PatmeT,ia eonspersa, +22
PanneLia moLLiuseuLa +47
ParrneLta puLLa +41
? Rinpdina orbata + 4
SiphuLa coz.Laeea +25
Syrnlissa sp. +31
Toninia caemtleonigrLcøns +67

nultiplied by
II III IV

--5
-7
-4
-24
-23
+2
-L2
+38
-7
+36
-32
+45
+11
+7
+32
+6
+50
-19
-23
-34
+27
+13
-18
-16
-8
+37
+23
+58
-23

0
+47
+38
+L2
+29
-38
+16
-31
+35

0
+59
-8
-19

+30
-2L
+9
+40
-r3
+30
"30
+9
+40
-10
-38
-11
-7
-1
-4
-2
-10
+46
+35
-52
-2
+L2
-t2
+32
+32
-11
+L7
.J
+5

+4
-4
+5
-18
-36
-L2
-50
-18
+26
-L2
+22
+6

+9
+4
-1
-8
-l-
+B
+5
{{0
+9
+4L
+13
-47
+16
-(^
-28
-14
-27
-7
-9
+13
-10
-9
-13
-7
+24
-38
+51
+14
-i0
-5
+9
+37
+26
+24
+11
-L6
+23
-1
+6
^22

t

-L2

100.
v

-11
-1
-B
-15
-1
+83
+8
-10
+29
-8
+L2
+l_0

-2
+2
+6
+4
+2
-4
-L2
+18
+B

E
-J

-4
-18
+L
+8
-7
-4
-10
-10
+8
-5
-5
-3
+11
+5
+15

+85
+4
-12
-8

+15

+1
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APPE}TDIX 4.2

PR.INCIPAL COI.çONEIITS 
^]üA.IYSIS 

LOx*'iiNGS - SITES

Loadings in this table are mulËiplied by 100.
numbers correspond with those ín Figure 4.1.

COMPONENTS

I II III IV

Locatfon

LOCATION v

6

-9
1

27
5
2

57

27

2T

I
2
3
4
5
6

7

I
9

11
L2
13
I5
16
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
37
38
39
40
4L
42

37
45
t,<

39
39
24

56
55
67
44
50
4B

43
62
55
23
59
4t
36
L2
43
t7
43
OJ

55
60
44
62
53
54

54
42
44
13
45

-16
-L4
-18
-1

-11
-11
-33
-37
-31
-16
-19
-L4
-16
-t2
-21
-11
-26

t
-11
-2

-I3
-4

B

28
-2r
-24
-18
-7

-20
-40
-30
-10
-1û
-L4
-r4
-17

0

-18

-19
37
52
39
50
4L

5

-32
-2
28
20
42
52
36
32
44
37
35
43
22
38
L4
2L

-7
32
22
38
22

-28
-34
-t7

16
30
25
34
35
31
32

-3
18

-4
-6
-8
-2
-2

0

-11
-4
I

25
0

-9
2

-3
-11
-19
-11
-L7
-9

-15
I

T7

4
_1r
-5

-L4
-13
-L2

6

-t2

5

-11
-1

I
9

15

-7
l2
-6
-8

-10
-9

-18
-15
-11
-12
-5
-4

7

-10
-t6
-9

0
1

-11
-L4
-2

-r4
4

T4
L7

-12
-3

-16
-13
-L4
65

-17



200

LOCATION

43
44
45
46
47
4B
49
50
51
52
53
54
55
56
57
58
59
60
61
63
65
66
67
6B
69
7L
73
74
75
76
78
81
82
86

LOz
103
106
109
111
LL2
119
L25
L29
130

Ii III IV vI

5B
59
34
36
64
54
66
54
64
35

7

L4
27
30
69
BB

35
26
58
50
73
48
57
5B
42

7
29
45
19
50
46
38
35
2L
32
45
32
53
46
35
2T
42
23

7

-21
0

L6
-4
-13
-13
-13
-9
-13

38
25
33
L7
58

-1
11

4
24

-1
42

2
2T

-1
-24
-13

25

-1_6

-L2
-13
-18
-6
-16
-L2
-7
-16
-14
-16
-L6
-r6
-1.3
-L4
-13

30
25

23
31

3
8

20
29
10
25
20

-8
-7

c
6

-2
L4

-8
-2L

2
13

-7
16

6
3

-23
11

-7
39
4L
'.3
I

23
4r
43
35
37
37
17
39
33
39
29
41

-5
-7

-15
-13

9

-11
-15
-9
-L8
-11
-16

10
-33

24
-L9

55
-25
t6

-1
-19
-16
-5
-26
-13
-3

7

-11
-33
-9
-1L
-7
-10

-10
-11
-9
-3

7

"4
-3
-10

L2
-7

0

-7
-9

3

-9
-8
-13
-10
-10
-7
-t2
-34
-33

E

-2..9

-13
7

-18
-L7
-13
-L2
-7
-L7
-17
-13
-8
-11
-.B
-19
-16
-18
-16
-2L
-8

7

-9-z
1
5

-3
-4

0

6

-9
3

7

-8



20L

LOCATION

131
L32
133
r34
135
136
L37
138
139
140
141
t42
143
t44
L45
L46
L47
148
L49
150
151
L52
153
154
155
156
]-57
158
163
1.64
165
L67
168
180
181
L82
183
L84
185
186
188
189
190
191
L92

I

52
67
59
52
61
31
53
50
54
31
55
40
49
33
61
54
39
4s
31
43
44
39
37
26
26
4L
2t
29
24
44
19
33
2L
22
26
10
25

2L2
27
39
28
27
2l
25
34

-3
-38
-41

2
4

24

-10
-L4
-L9
-13
-Y

2

-L4
-9
-25
-32
25
38
53
T2
45
37

-5
7

7

-5
-10
-5
-13
-18
-13
-15
-10

6
7

-9
33
32
22
L2
25
43
37
31
25

32

-48
-50
-4
-9
-7

16
24
11
22
2L

-L2
9

11
-B
-t7
-35
-15
-L4
-14
-9
-13
-10
-L2
-10

16
-19
-2r
-30
-23
-11
-6
-2
-7
-7
-10
-5
-8
-6
-11
-7
-10
-5

oc

-7
-5
4t
37
54

-3
15
44
4L
13

-2

-11
L2
L4

-8
-5

6

-10
-L7
-L2
-13
-13

3
-9
-t2

4
13

-4

II III IV v

-L7
1

37
-t9
-51

3
-4
-L4
-1_
-3
-6

5
I
8

18
30
27
23
39
33
22
30
32
I

2L
13

9
22
26
11

7
10

-3
L4

-2
-10
-3
-3
-1_3

-3
-10
-9
-20
-13
-6
-3

55
-J
-t4
-9
-6
-9
-7

-3
6

-2
1

9

-6
-3

2
5



202.

LOCATION

193
L94
195
199
200
202
209
210
zLL
2L4
2t5
2L6
2L7
2L8
2L9
220
22L
222
223
224
225
226
227
229
230
23L
232
233
234
235
236
237
238
239
24L
242
243
244
246
248
249
250
25r
27A
27t

-13
7

-9
-14
-22
-2i.
-2

18
46

-6
-8

16
20

-9
-10
-r4
-L4
-L6
-10
-16

4

-L4
-20
-16
-2L
-6

2
L4

-2
2L

-9
-13
-16
-18
-1

0
-9
-9
-9
-10
-2

48
B

35
29
46
37
27

-10
-7

I
8

L2
-11
-23
-B

15
30
25
20
37
30
37
L4
25
28
28
L2

5

-2
-1

3
I

2L
4A

2
28
18
22
2L
2L
40
30
28

IV

0
-7
-11
-7
-14
-11
-8

15
4

-7
-7

3
10

-L7
0
3

24
-18
-5
-L4
-11
-8
-5
-8
-24
-L4
-18
-t6
-L6
-18
-8
-23
-15
-20

E

-11
-L4
-10
-15

L2
-5
-5

11
-5
-9

-L2
-3
-9
-16
-2L
-17
-4

0
-4
-3
-3
-9
-9
-9
-8

6

-4
-9
-3
-16
-L2
-8
-3
-8
-7
-t6
-16
-15
-L4
-8

1

-4
-6
-3
-14
-16
-6
-L7
-8
-1
-14
-L4
L2

-3
-8

I

49
¿a
4L
2L
47
38
35
24
50
26
26
36
35
66
50
42
23
70
2L
54
47
32
2L
32
64
54
63
59
60
67
15
6L
62
47
10
36
60
32
60
26
10
10
32
2T
46

II III V

L7
4

7

7

23
B



203

LOCATION

275
282
284
285
286
287
288
289
294
29L
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
311
3L2
313
31_5

316
323
324
325
326
327
328
330
331
332
333
334

I

2L
54
33
50
56
27
22
2B
42
55
51
61
38
52
55
63
66
68
5s
34
55
53
43
55
33
47
56
44
51
26
55
32
33
45
57
43
2L
19
24
36
T7
27
40
33

4

-8
-I7
-9

5

II

-L4
-19
-9
-16
-29

-23
-27

L7
-5
-15
-5
-10
-20
-19
-16

8

-5
-r2
-32
-L9
-22
-26
-30
-24
-28
-32
L7
24

-L4
-24
-18
-10
-13
-13

56
39
46
50

III

29
33
37
2L
22
25
2L
4A
23

-9
-43
-42
-8
-19
-26
-27

I
z3
19
35

-9
47

-20
24

-6
29
I

-8
L2

-34
-30

L2
-1

37
34
45
30
33
23

-10
-L2
-4L
-5
-t_0

IV

-7
-11
-10
-10
-L4

11
35

19
0

-7
I

-18
-13
-L1
-16

L2
17
35

3

-9
-15
-10

-31
-44
L6

-2r
-30

v

-16
-13
-L2
-r4
-t7

20
-10
-16
-7
-6

11
L4

-L4
-15
-15
-4

3
7

-14

L2
10

-7
3

-11
-L7
-16
-3
-13

1
0

-9
-I2

2
7

-3
3
I
3

-3

5
2

-7
0

-6

-5
-6

I
2

-1
-7

2

-4

-9
6

-4
2
7

-5
-7
-6

10

63



204.

LOCATION I

26

II III IV v

335
336
337
338
339
340
341
342
343
344
345

36
61
61
16
L7
29
15
28
26

-L4
-6
-9

L7
0

-7
-9
-L4
-4
-6
-L2

-3I-
20

-L7
-23
-8
-19
-2L
-46
-L4
-4
-L4

5

-5
-5
-11

4
1
7
I
2
6
2

42
48

4
7

20
28
45
47
L4
39
4733



205.

APPENÐIX 5

EM/TT-OhIME}ITAL DÀTA

The values of envirorrnental Paraneters at each
locatlon for the study on llchen dJ.strl-butlon.'
The location nunbers are those i¡sed to indÍcate the
posÍËion of each collecting slte in Flgure 4.1.

The values given acloss the ta!:le whích foIloræ ¿rel

(1) P"aínfall
The figure gíven ís the lower value definl'ng a

five centlmeËre class. An asterÍsk lndlcates
that rainfall at the locatÍon shot¡s eLther â

¡narked seasonal maximtrm fn the srrtnlner, or has a

unlform precipitation throughout the year.

(2> pII

The grH, readlng rounded to one decinal place, of
the so1l extracË.

(3) Calcium concentratíon

The figure gdven is nílli-¡noles of extrâcted
calcfurn x LÐ'| gram of so1l

(4) Sodl-un concentratiûn

The flgure-gfven is mlllf-molas of extracted
sodíua *LOZ-' I gtam of soll.

(5) lhe nature of the soll surface

R Rock L Loam
S Sand II llard-setting
A Anorphous C ClaY

(6) M.ean maximum dafly tenperature for January

The flgure glven 1s the lower llrnlt of a

3oc class.



pI{ Ca Na Surface

206

January
Temperature

Statlon
Number

B-aln-
fa11

29
29
29
29
29
2A

32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
26
26
26
26
26
29
29
29
29
29
29
,o
29
29
29

L
L
L
L
L
L
L
L
L
S

L
L
L
ù
L
L
S

L
L
L
L
L
L
L
t
H

H
H

L
L
L
L
L
L
L
c

L
L
L
L

73

5
4
3
2

4
4
3
4
5
5
6
A

1
6
c
2

0
5
4
4
2

3
0
4
6
4
6
0
6
2
5
4
3
3
7
4
4
3
3
l-

65

L79
64
65
42
42
66
99
58
4L
64
7B
22
62
48
36
z5
54
13
27
26
73
70
63
T2

LO2
392
372
L79
L75
133
266
L62
L57
L44
109
153

56
L73
L24

61_

LO7
27
50
35

7

B

8
I
8
oU

B

I
o
<)

I
I
8
8
8
Õ

7

I
7

7

I
B

8
I
7

7

7

7
I
7
8
7

I
I
I
7

I
B

B

I
I

35
30
2A
20
2A
2A
15
15
15
2A
15
20
15
15
i5
15
15
15
!_5

15
15
15
15
15
15
45
45
45
35
30
25
2ß
20
20
20
20
20
25
25
25

1-

2
3
4
5
6
7
B

9
10
11
T2
13
L4
15
16
L7
1B
19
2A
2L
22
23
24
25
26
27
2B
29
30
31
32
33
34
35
36
37
38
39
40

34
2-o

45
26
80
28

106
22
34
40
2L
34
61
78
28
13
L4
93
77
89
99
31
29
50
38
4L
35
35
42
2T
15
11
29
31
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Jaouary
Temo.

Sur-
face

pH Ca NaStation
Nunber

Raln-
fa11

32
32
32
32
32
29
29
29
29
29
26
26
26
26
26
26
26
26
26
29
to
29
29
29
29
29
29
29
29
26
26
32
32
32
32
32
32
35
35
35

L
L
L
L
L
t
L
L
L
L
L
H
H

H
E
H

L
S

L
L
L
s
L
S

L
L
L
L
L
H
H
S

L
L
L
L
S

L
A
L

22

74

7.8
8,4
8.3
7.6
8.3
8.5
8.5
7.5
8.5
8.5
8.4
7.7
6.2
7.4
7.7
6.8
8.2
8.0
8.3
8.1
8,4
8.1
8,2
8.1
8.3
8.4
8.6
8.7
8.5
8.4
7,1
8.3
7,8
8.0
8,4
8.6
8.0
7.6
8.7
8.5

25
25
25
25
25
30
30
30
35
35
35
45
55
55
45
40
35
35
3s
35
30
25
25
25
25
25
25
25
25
30
40
15
15
15
15
15
15
15
10
10

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7L
72
73
74
75
76
77
78
79
80

L25
t26
ro4

57
65

L26
L40
r20
1_03

107
L66
7I
29
37
42

601
L67
L74
139
tzt
t44
L42

83
136

99
78

L20
137
165
1-74

161
26
22
28

LI
10
20

9

7
I
9

15
I

24
30

108
46
58
59

72L
62
37
30
24
19
68
32

T2I
46
15
29
29
22

92
t7
54

r23
576
49
49
22
L7
27

59
16
31
53
34



208.

Statlon
Number

RaLn-
fa11

Sur-
face

January
îe¡ap-
erature

PTI Ca Na

67

29
23
34
28
19

.5

7

3
2Ð

53
65
54
26
16
62
53
48
L7
6i
80
82
23
69
52
86
47

173
77
74

262
4L
68
74

105
54

112
160

34

81

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
lJ3
104
105
106
107
108
109
110
111
LLz
113
1L4
115
116
LL7
118
119
r20

15

10
10t
10*
10rt
10*
10*
10*
10*
10'k
l_ß*
10i
10't
10?t
10*
10*
10*
10'k
10
1cì

10
10
15
15
15
15
10
10
10
10
15
15*
10
10
10*
10*
10*
10*
15*
15*

45

47
25
35
42
L7
10
14
L6
L7
19
66
18
13
15
20
16
19
34
23
15
18

455
703

40
47
4s

t24
83
95
54

l.a2
73
98
48

320
85
54
57
35

32
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
3s
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

L
L
A
A
A
L
S

s
R
R

A
tl
S

S

S

L
S

R
s
s
R
L
L
TI

R-

L
R
H
L
A
L
L
L
L
L
L
L
S

c
L

8.9
8.6
8.7
8.7
8.5
7.0
7.4
7.8
7.9
7.3
7.6
8,2
8.3
7.8
8.0
7.5
8.2
7.3
8.0
8.1
8,4
8.6
8.2
8.3
8.6
8.6
8.6
8.7
8.6
8,7
8.4
8.0
7.9
7.8
s.b
7.9
7.6
7.4
7.8
70



209.

Station
Number

I2T
L22
L23
]-24
L25
L26
l-27
128
L29
130
131
L32
133
LZ4
135
136
L37
138
139
140
L4L
r42
143
L44
L45
L46
L47
148
L49
150
151
L52
153
L54
155
L56
L57
158
159
160

Rain-
fa11

Sur-
face

January
temp-
erature

35
35
35
35
35
35
35
35
26
26
32
32
29
29
29
29
29
29
26
26
29
29
29
29
29
29
26
29
29
29
29
29
29
29
32
32
32
32
32
32

L
L
L
L
L
L
L

H
q

tú
L
L
L
L
L
L
L
L
s
s
H
TI

S

L
L
H
H

H
TT

E
}I
L
L
L
L
L
A
A
A

15

75

22
34
27
65
72
98
28

37
46
37
66
73
62

105
60
49
72

171
100
101
105

86
38

116
B9

105
91
41
88
35
69
31

ro7
52
86
67
32
44

t23

pH Ca Na

44
2L

L69
39
15
25
?6

74
34

Lzt
4C
2L
18
24
25
18
31
38
T6

30
78
18
51
16
37
30
29

6s
56

130
49
34
34
70
53
78
7B

7.9
7.9
8.0
8.4
7.9

7.3
5.4
7.5
7.8

orl

8,2

7.8
7.9

15*
15
15
15
20
25
2A
10*
50
_50

20
2A
2A
25
30
35
30
30
40
35
30
3C

30
25
25
20
50
45
45
5C
4s
4)
2A
15
15
15
15
20
2A
20*

8.0
7.8

8.6

8.2

8.0

7.4

7.2
7.6
7.6
7.3
7.8
7,6
8.0

8.1

7.7
7,7
7.6
7.5
7.2
7.5

8,2
8.3

7,6
7,9
7.8
8.1



StatLon
l.Iumber

161
162
L63
L64
165
L66
L67
168
L69
r_70
L7L
L72
173
L74
L75
t76
L77
178
L79
180
181
L82
183
184
185
186
187
188
189
190
191
L92
193
L94
195
L96
L97
198
L99
20a

Raln-
faLl

Sur-
face

zLO.

January
tenp-
erature

PII Ca litra

20r,
20x
20rt
20*
20r,
20?t

20r,
20rt
20*
20rc
20tc
25Ìt
25r.
25r,
25t
30*
30*
30't
30't
30*
30*
30*
30't
30*
35't
35*
35*
35't
35¡t
30*
30'*
25*
?q*
25rt
20tc
20*
2C*
20*
20*
2AÌ,

32

32
32
32
32
32
32
32
32
32
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32

H
E
L
L
L
s
s
c

c
c
c
c
c
c
î
c
rt

c
c
H
H
H
L
L
L
L
L
L
L
L
L
L
L
L
L
H
H

t
L
t

6
4
6
0
1
2
7

4
3
0
I
2
0
2
?
4
6

9
4
I
2

4
7

0
4
3
4
5
6
3
3
0
5
0
I
4
3
I
0
1

7

7

7

I
I
B

7

I
I
I
8
I
I
7

I
7

7

7

7

6
7

7

6
7

7

7

7

7

7

7

7

7

7
8
7

8
I
7

I
8

L7
2L
32
45
29
65
77
39
56
63
23
38
59
48
76
78
46
53
20
25
15
24
L2
1_3

t8
19
L2
25
L4
10
L9
10
50

119
99
L6
94
41

L25
50

89
44
28
50
72
27
33
39

189
185
2t6
43
83
34
13
80
18
29
55
19
22
23

7

9
I
9

16
20
T2
I
8
9

26
23
L2
70
22
L7
45
L2



zLL.

StatLoo
Number

RaÍn-.
fa11

Sur-
face

January
te!ûP-
erature

29
29
29
29
29
29
29
26
26
26
26

PII Ca Na

20L
202
203
204
205
206
207
208
209
zLO
zTL
2L2
2t3
2L4
2L5
2L6
2t7
2L8
2L9
220
22L
222
223
224
225
226
227
228
229
230
23L
232
233
234
235
236
237
238
239
24Ð

20*
2A*
25*
25*
25*
25*
30*
30*
30
35
30
30
30
3C

30
30
25
25
25
25
25
35
30
35
35
30
30

88
LzL
t29

43
4Z
42
31
32
s9
30
64
44
29
26
3s
22

156
88
28
27

L26
130
108

57
753
TzL

199
158
108

76
LzA

96
108
L07

93
84

267
385

7
2L
29
73

133
138

29
45
16
10
L4
39
94
43

365
40
33
13
13
11

6
24
4L
52

7

L222
94

7

7
8
7

7

I
I
7

7

7
7

I
7

7
7

7

7

I
8
7

7
8
7

7

I
8
B

I
8
I
I
I
8
7

I
8
I
8
I

30
30
40
30
35
35
35
4s
40
40
40
40

9
5
3

9
9
5
2

9
9
4
7

3
6
7

5
9
9
2

4
6
8
4
9
I
1
4
5

5
5
4
4
4
4
I
2

4
5
4
3

32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
29
29
29
29
29
29

s
L
H

H
H
E
H
H

H

L
H
H
E
H

c
c
L
L
L
L
L
S

L
L
L
L

L
L
L
L
L
L
L
s
L
L
S

s

13

91

276
54
24
L6
L6

32
29
63
79

L22
96 26
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Stetlon
Number

24L
242
243
244
245
246
247
248
249
250
25r
252
253
254
255
256
257
258
259
260
26t
262
263
264
265
266
267
268
269
274
27r
272
273
274
275
276
277
278
279
280

Raln-
falt

?ô

2C
20
20
20
2Ð
20
20
20x
20',c

20*
20*
2Otc

20*
20rt
25*
20*
20*
2A*
20*
20*
20*
?.0*
15:+
15*
15*
15*
15*
t_5*
15*
15*
15*
15*
15*
15*
10*
13?t

10*
10

Sur-
f.ace

January
teûP-
erature

9H Ca

83
55
84
2L
36
32
68
35
22
5B
13
13
11

155
43
15
59

9
6

89
73
36
27
32
25

L23

7,6
8.4
8.5
8.5
8.5
8.2
8,2
8.3
7,7
7,8
7.2
8.2
7.4

49

15
T2
10
L2
1_0

L4
39
4L

8
2I
35
34
23
59
38
67
73
34
,,^

25
20
18
46
31
30
47

7.7
7,7
6.5
6,7
6.9
7.3
8,2
8.4
8.0
7.6
8.4
8.6
7.4
7.6
7.6
7.6
8.0
8.0
8.2
8.1
7.8
7.9
8.3
8. r.
7.5
7.9

Na

4A
103

15
43
23

45
10
10

5
9

3Z
40
79
39

134
31
62
14
2B
33

9
19
22
55
80

32
32
32
32
32
32
32
32
32
32
35
35
35

35
35
35
35
35
35
35
3s
35
35
35
35
35
35
32
32
32
32
32
32
35
35
35
35
35
35

A
L
L
L
L
s
L
L
c
L
H
R
s

H

A
A
A
A
A
A
s
s
H
s
c
s
L
L
t
L
A
A
A
L
s
S

s
S

s



Statlon
Number

Rafn-
fal1

10
15
15
15
15
15
20
20
2A
15
2A
20
2g
20
20
15
15
1-q

15
20
20
20
20
20
20
25
.)^

20
20
20
15
20
20
15
15
15
10
10
10
10

Sur-
face

2L3

January
teEp-
erature

pit Ca Na

2BL
282
283
284
285
286
287
288
289
290
29L
292
293
294
295
296
297
298
299
100
301
3A2
303
304
305
306
307
308
309
310
311
3L2
313
3L4
315
316
3L7
318
319
32A

I
I
B

I
7

I
7
7

I
7

7
I
8
7

I
I
8
I
B

8
B

7

B

7
I
7

I
8
I
7

7

7
7
I
I
I
7
I
7
7

1
2
4
3
7

I
7

5
6
9
5
1
4
4
0
2
2

7

5
3

5
6
3
9
3
I
2
I
3
1
6
9
9
0
0
4
I
0
9
7

20
25
43
37
60
59
55
64
72
44
50
47
6s
47
40
79
82
64
67
58
72
66
44
46
L7
70
27
46
39
2L
47
53
53
42
26
50
25
t2
49

238

30
81
27
4L
24
t6
11
10
47
74
29
26
2A
83
4t
18
L7
20
34
32
20
60
29
46
46
11
5t
25
16
11

9
13
I
7

33
69
54
32

104
ra26

32
32
32
29
29
29
29
29
29
29
29
29
29
29
29
29
29
)c
29
32
32
32
32
32
32
32
32
32
32
32
32
32
32
3Z
32
32
35
35
35
35

s
L
L
L
L
L
L
L
L
L
L
L
L
t
L
L
L
L
L
L
t
L
L
L
L
L
L
L
L
s
L
A
L
s
L
L
t
L
L
L
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Statlon
Number

32L
322
323
324
325
326
327
328
329
330
331
332
333
334
33s
336
337
338
339
340
341
342
343
344
345

Rafn-
fa11

Sur-
face

January
teDP-
erature

pH Ca Na

35
35
35
35
32
32
32
29
29
26
26
?6
26
26
26
26
26
26
26
26
26
26
26
26
26

L
L
L
L
L
L
L
L
L
H
s
H

H
u
H
H

L
s
S

s
H
H

H
L
H

7,3
7.7
7.6
8.3
a¿.

8.6
8.6
8.6
8.5
7,4
6.7
7.2
7.3
7.2
6.9
7.4
7,4
7.7
7.8
7,3
7.2
7.2
7.2
7.O
7,4

10
10
15
20
2t
25
25
30
25
50
50
50
45
4_s

55
4s
35
40
45
50
55
55
50
40
40

1515
656
165

47
35
47
53
58
B4

30
23
53
23
45

148
23
84
s5
25
15
19
13
26
6L
27

4989
2254
500
64r
L22

65
23
82
34
63
33
16
L9
15

L23
25
16
L4
t7
13
15
20
13
22
24
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APPENDIX 6

LOC.q.TIONS FR.OM IdIIICH CHONDROPSTS SEMTVTRTDTS HAS BEEN
COLLECTED

Listed by State, then in alphabetícal- order of collector,
and chronotr-oglcal order of collectlon. Abbreviations are
AÐ, State Herbaríum of South Australlai ADU, Herbarium
of the Botany Department, Unlversity of AdeLaide;
MEL, National Herbarium of Víctoria. Coll-cctlons urlthout
herbarlun citation are ín the private herbariun of the
collector.

Collectíons of ChonÅ,ropsis semiuirídis

I,TBSTER}T AUSTBALIA

I'orrest, A.M, Baírd Aug. 19130 (.lrEL 6279); Eucla J.D. Ba,tt

1886-96 (i-.{'Et 5B4B); Ðundas Rocks, south of Norsenan,

A.C. Beo¡.tgLeVnLe 74798, LBlg/L965 (IfEt 1433L)z 42 miles
east of Balladonla, A.C. BeauglehoLe L4839, 22191L965

(ÞlEL 22858): Abra Kurrl Cave, ca. 30 miles from Eucla,

A.C. BeaL,qlehoLe L4883, 23/9165 (tfEt 14330): 11 nlles ¡¡esr

of Mundrabilla, 370m. east of Norseoan, A.C, BeaugLehole

L4859 23/91L965 (MEt 14334): 20m rvest of Madura G.C. Bratt
67/277 Aú. !967; 15m vrest of Caiguna, G.C. Bratt 6?/240

Oct. 1967: 6Bn west of Caíguna, G.C. Bratt 67/249 Cct,

19672 27rn r¡est of Balladonia, G.C. Bratt 67/267 Oct. t9672

Lake Co¡¡an near Norseman, G.C. Bratt 67/282 Oct. 19672

llave Rock, near Hyden, G.C. Bratt 67/338 Oct. 19672 54n west

of Coolgatdíen G.C. Bratt 67/506 Oct" L9672 30m south of
Coolgardie, 5Om east of Balladonía li.ü. Donner 3L03 (AD)z

13n north of Mt. Ragged N.N, Daryter 3096 (AÐ), R. EiLson

8873 & A.S. George L6/9/66 (MEt 2.7630): Ftazer Range,

R, HeLms Act" 1891 (MEt 5849, !.,{EL 5850, 7 ADU).



216.

SOT]T}:I AUSTIL¡\LTA

I(oota,:¡ye riegetation P.e.serve, B.S, Ba:eríen" L944 (Ìæt

5B5l-, ADU): 23nr south-east of T¡Iirrulao Eyre l!ny,

A.C, Bea4TLeVtoíe 14963 2919/L965 (lt{EL 22850): 26m west,-

souÈh-west cf, -T(oonairla, bTullarbor regionn A.C. BeauglehoLe

1-4907 (MEL 22843)t 17n easÈ of Kinbao G"C. Bnatt 67/150

Oet. 1967: 10rn r¡est of lwy Tanks, Eyre Hw'', G.C. Btatt
67/it.1, Oct. L9r¡72 30m v¡esÈ of Nullarbor Il.S., G. C. Bratt
67/J90 Aet. L967 z Bunyung Station, 20m north of Morgan,

J"B, CLeLand 23/7/L966 (AD): Bulgunnía Station, north of

tis=gan, 'J,8. CLeLand 23171L966 (A¡): 47n ldorth r,rast of Pt.

Ar¿g'.rstar IJ.N. Donner' 7857 (AÐ): Refuge Rockholes, 45m west

of ;;lbyalla on road to Kinba, Il.Itr, Donner 2L95 (AD): 15m

-ruest oi' Iiliyalla, N.\tr. Donner 2202 (tÐ): Blanchetown,

nrt. Fagg 127 (AÐ); '¡iciníty of Koonalda Qa'te, I'Iullarbor

regíon, R, Filson 9424 281121L966 (MEL 25376): vlciníty of

I¡le-e-ks cave, Ìdullarbor region, R. FíLson 9430 29/12/L966

(l.mI, 25364): The Catacombs cave, Nu1-larbor reglon,

R. FðLson 9441 4/l/L967 (MEt 25369); Knowles cavee Nullarbor

reglon, R. Fil.son 9452 5/L/ 1967 (MEL 1000 447): 11 nlles
north-west of ¡trul]-arbor H.S., R, FiLson 9490 LL/L|L967

(l{Et 25373): flssurc near South Diprose Cairn, Nullarbor

region, D.S. NensLey 511-/L962 (r,ffiL 6282): Chor.ril1-a staË1on,

R. I"ueheL 229L (A-Ð): Ìtrullarbor H.S., 5m south of Malboona'

B,G. Lau 26/9/t97C (!..W. R0GERS 1838) , y.R,N. Lothiar¿ 3629,

(AD), I'fuiray RLver F. xon IhrcLLer Neb. 1851- (ÌfEL 5847

ISOTYPE, MEL 5859): Yrrdnapinna gtation, 50n north of Pt.

Augusta, R.W. Rogers 54 26161L9652 L7a ûorth of Pt. Augusta,

R.l/'\. Rogens 61 26161L965; Líncoln Gap Statíon, 20m west of



2.L7 .

Pt. Augusta, R.b/, Rogers 73 13/L/L9662 l8m norrh of pr.
Augusra, R.ll, Pogeps L3g ?-2/2/L966: Mr. tlary, gOn north-
east of Adelaíde, R.Í1. Rogers 2BB Bl3lL966z 8m wesr of
Morgan, R,tl. Rogers 249 8/'tlLg66: 4m e¿sr of Swan Reach,

R.W. Rogers 447: LL|5/L9662 13rn south"-nest of lron Knob,

R.ll. Rogers 566 L/LO/L966: 23rn south-r¡esÈ of lron l(nob,

R.W. Rogers 572 LIIO/L966; 35m north of Cowell near r.,{hyalla

road, R.W, Rogers 643 1-11.011-966z LZm sourh of f{tryalla
R.l!, Rogens 652 LILA/L966: Canegrass Starion near Ì,forgan,

R,Il. Rogers 7073L7151L967: Quondong Statiort, B.W. Rogers

11.35 L8l5/I9672 25m north-wesr of lron Knobo along road to
Yardea, R.ll, Rogers 7773 2215/L967: 55m norrh-¡oest of lron
Knob along road to Yardea, R.W. Rogens 11.90 ZZISIWO: near
south-west corner of Lake Galrdner, R.w. Rogers 1206 z3ls/Lgø'lz
B5n south of Kingoonya, .R.W. Rogens lZi.g Zj/5ltg67: 7Om

south of Kingoonya, R,W. Rogers L235 23151L9672 Mr. !ùÌryalla,
R.W. Rogers 7756 LA/81L969I 72m easr of Wlrrula, D. Seoles

47 (t\D) e Loveday, Nullarbor region o E.J. Vícke4¡ July 1951

(IfEt 5855): Colona Starion near Fowlers Bay, J.11. WiLLís

27lBlL947 (LfEt 5853, ltEL 5857): Nullarbor H.5., J,II, FtiLLís
29181L947 (MEt 5852): llm easr of Koonalda, J,H. htiLlis
L8/LO/L961 (lmt 6289); lSm norrh of Lordrs r,Ielt Srarfon,
R.W, Rogers 7153 I8/51L965.



218.

VICTORIA

Kulkyne National Forest A,C, BeøugLehoLe 7153 L947 (MEt

5853) : ÍIalpeup near the Pfnk Lakes, P. Bibby L947 (l'fEt 5856) :

ÌIattah Lakes dLstrict R. FíLson 7334 L4l6/tg0s (MEt 11082) *

Rocket Lake, 24m west of No,ringie, R. Eilson 7375 9181L965

(Ì'fBL 11081), 6m west of Redcliff s on the Thurla road

R. Filson 7999 (MEL 11082): Head of McArthurrs lease, Sunset

Country, D. il. GoodnLL 4lLIllgsL(MEt 24802); Sandhills near

Ilattah Lakes, J.H. l'LilLis Sept. 1940 (lrEL 5846): Thurla,

J.H. î¡iLlis Sept. 1940 (IfEt 5854) Lendrook Plain, Kulkyne

NarÍonal Foresr, J,H. þlíLLis 27181L955 (Þmt 6293).

NEII SOUTII T^IALES

Road to Trfple Chance Mine, Broken HI1-L þlarLe ALLenÅ.er

719/L967 (Ì4Et 100024L)¿ Between Michelago, Cooma and Dalgety,

J.J. CoLLett 201611968 (lßL 27926); 9n east of cooma on the

Numeralla B-oad, .R. FiLson 7876 2lI2lL965 (MEL l-001963) '
Nr:meralla D. MeVeqr¿ Mt. Itópe Ð, IfieVean 52m rrest of Balranald,

R.W. Rogere 846 2/II|L966: lÛrn west of Goolgowi, R.l'l. Rogers

514 2lILlI966z Belrrees, near Scone IJ..t. Ilhite 2218/L9o6 (sYD).

QUEEI¡SLA¡ID

Mueller Range, 60m south-htest of I.Ilnton, Bíreh ca. L877

(MEL 5860).
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