
Studia Geobotanica. Voi. 20: 3-16 (2001) 

MALLEE COMMUNITIES ALONG ROADSIDES IN 

SOUTH-WESTERN AUSTRALIA 

Erika PIGNATTI WIKUS ', Giuseppe PIGNATTI 2 and Stephen D. HOPPER' 

' Dipartimento di Biologia, Università di Trieste, Via Giorgieri I O, l-34127 Trieste, ltaly. 2 Istituto Sperimentale per 

la Selvicoltura, Viale S. Margherita 80, l-52100 Arezzo, ltaly. 3 Botanic Gardens and Parks Authority, Kings Park & 

Botanic Garden, West Perth, 6005 Western Australia. 

Keywords: conservation, Eucalyptus, mallee vegetation, phytosociology, Western Australia. 

Abstract: Vegetation with eucalypts of the mallee type along four roadside transects in the South-West of 

Western Australia has been studied. Mallee communities occur under dry-mediterranean climate conditions. 

Species composition, diversity and turnover, locai endemism with particular regard to Euca/yptus and Acacia 

species and habitat conservation are discussed. 

Introduction 

Mallee eucalypts are many-branched evergreen 

shrubs with woody stems of about 2-4 m height 

rising from prominent underground fire-resistant 

lignotubers. In areas with dry-mediten-anean clima

te, where rainfall and soil conditions can only sup

port small trees in natural vegetation, the mallee 

habit seems an adaptation to above ground damage, 

caused more often by frequent fires in ecosystems 

(Beadle 1981). Alternatively, the lignotuber may 

have arisen originally as a simple way of maximi

sing space for access to soil, water and nutrients. 

Besides the mallee eucalypts many different species 

of the genus Acacia of the phyllodineous type play 

an important role in mallee communities (Maslin & 

Hopper 1982). 

According to Beard (1990) in southwestern 

Western Australia mallee vegetation occurs mainly 

in the natural regions (Fig. 1) of the Wheatbelt 

(extent of mallee vegetation 3,596 km
2

), Mallee 

Region (60,680 km
2

) and Esperance Plains (21,410 

km
2

), developing three physiognomic types: mallee 

with sclerophyll understorey, mallee with patches of 

woodland and mallee-heath (kwongan). These 

regions, placed between the low-rainfall zone of the 

interior of Western Australia and the high-rainfall 

of the western and southem coasts, and therefore 

called Transitional Rainfall Zone (TRZ, Hopper 

1979), may be regarded as species rich in relation to 

the other regions (Marchant 1973). The TRZ (300-

800 mm annua! rainfall) includes the four districts 

of the South-West Botanical Province, i.e. Irwin, 
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A von, Roe and Eyre, and is the major agricultural 

Wheatbelt of the southwest and part of the 

Goldfields, woodlands and pastora] country beyond 

(i.e. Beard's Southwestem Interzone). Of approxi

mately 500 species of Western Australian eucalypts, 

about 225 are mallees and the above mentioned 

three regions are the richest in taxa, with numbers 

declining inland and westward (Hopper 1992). As 

discussed by Hnatiuk & Maslin (1988), the TRZ is 

the area of highest species richness for Acacia in 

Australia. There are two foci of richness, one cen

tered on Wongan Hills and the other on Newdegate, 

with in excess of 100 species recorded for each cen

tre. As with Eucalyptus, the numbers of Acacia spe

cies decline rapidly towards the arid interior and the 

temperate western areas. 

At present conservation status of species genera

tes concerns due to the land use in the area, where 

extensive farming has changed most of the native 

vegetation into agricultural land (Hopper 1990). 

Burgman (1988), who studied the design of appro

priate reserves specifically for mallee vegetation in 

Western Australia, determined that reserves should 

be located at least every 15 km for the same broad 

formations and soil types if they are to conserve 

representative flora, especially rare species. Rapid 

geographical replacement of taxa occurs in the 

Western Australian mallee, and a close network of 

reserves is needed as a consequence. 

Of particular interest in this context is the road

side vegetation, which, in a heavily cleared agricul-
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Fig. I - Map of the area with natural regions of rnallee cornrnunities in Western Australia (Wheatbelt Region, Mallee Region, Esperance 

Plains). 

turai land, plays an important role as a corridor or 
reserve for isolated pockets. Roadside vegetation in 
Western Australia is protected by rather strict laws 
which means that it should remain untouched and 
preserved as much as possible; farmers are obliged 
to safeguard and protect these vegetation strips 
along roadsides, around farmland and pastures. 
Even where the present laws are respected, it may 
be sometimes difficult to interpret what the natural 
vegetation might have been Iike, since much may 
depend on the surface extension of such areas and 
the intensity of human impact in the past. 

Nevertheless the roadside vegetation pockets are 
often the last remains of the former natural vegeta
tion, so that it is indeed possible to provide a relia
ble analysis of the changes in species composition 
in strongly altered areas by human intervention. 

This research aimed to study roadside vegetation 
types and their relation to environmental changes of 
mallee communities according to the phytosociolo
gical method of Braun-Blanquet in the TRZ along 
the direction north-west/south-east. 

Materiai and methods 

Climate and soils 

The South-West of Western Australia is under 
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the regime of winter rainfall, but annua! averages 

vary. In the TRZ, to which the transects of the pre

sent study belong, precipitations in certain years 

may be extremely reduced or even lacking entirely, 

while in others unexpected rainfall may alter the 

yearly mean values. The criticai climatic factor for 

vegetation is not the annua! average rainfall but the 

length of the dry period and the season of the year 

in which it falls (Hnatiuk & Maslin 1988, Beard 

1992). 

The vegetation relevés are located in the extra

dry mediterranean to dry-medite1i-anean zone with 

7-8 dry months and winter precipitation from 300-

500 mm per year (Fig.1). Vegetation changes in

composition from W to E (increasing aridity) and

from N to S (increasing humidity). The yearly rain

fall is almost constant from 338 mm (Morawa) and
356 mm (Buntine) in the North to 417 mm
(Ravensthorpe) in the South. But most striking dif

ferences are the number of days with high atmo

spheric humidity (61-70 in the North and 112 in the

South) and temperatures. Therefore the relevés are

scattered along a climatic gradient from a warmer

climate with longer lasting aridity in the North

towards cooler and moister conditions in the South

(Gentilli 1951).

The whole area is characterised by geologica! 
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uniformity with gently undulating surfaces. The 

landscape is largely flattened and shaped by erosion 

long ago. Only modest orogenic activity has taken 

piace since the Permian. Important rivers are no lon

ger active in the area of the transects. 

The different soil types lie on archaean granites 

with unfolded metamorphics of the Yilgarn Block. 

Bedrocks of granites and gneisses are largely cove

red by sandy and gravelly soils overlying iron- and 

aluminium -rich duricrust, the latter above the pal

lid clay horizon. All soil types in the area are 

nutrient-poor for plant life. Nevertheless vegetation 

is interrelated with soil. On the basis of changes in 

soil, in generai, catenary sequences of natural vege

tation can be observed i.e. kwongan (scrub-heath) 

on sandplains, thickets on ironstone gravels, wood

lands of Eucalyptus loxophleba, Eucalyptus salmo

nophloia on loams, and halophytes on saline soils. 

Valley soils usually are red loams. Uplands show a 

deeply weathered profile and are often covered with 

sandplain soils. The sand quantity is varying in pro

portion of ironstone gravels. In generai, woodlands 

are on valley soils, kwongan is on sandplain, while 

mallee occupies an intermediate position between 

valley soils and sandplains (Beard 1976). 

Southwest Western Australia has experienced 

no glaciation since the Permian Era. During the late 

Tertiary and Pleistocene environmental perturba

tions were most pronounced in the TRZ (Bowler 

1982, Martin 1990). 

Species richness 

The entire Southwest Province of Western 

Australia has undergone a long and complex evolu

tionary history resulting in a rich angiosperm flora 

which can be estimated 8,000 and maybe even as 

high as 9,000 species. As a consequence of environ

mental perturbations in the TRZ during the late 

Tertiary and Pleistocene the flora has radiated 

extensively at the species leve! (Acacia about 560 

species in all of Western Australia, Eucalyptus more 

than 400 species only in the Southwest Province, 

Grevillea about 200, Melaleuca about 150, Hakea 

and Caladenia about 100, etc.). The speciation pro

cess has been concentrated mainly on woody peren

nials (comprising ali types of phanerophytes and 

chamaephytes). After continued improvement of 

floristic, genetic and phytogeographic knowledge, 

the number of endemics is stili increasing and may 

be even higher than 80% (Hopper 1979). Many rare 

locai endemie species are concentrated in the TRZ 

and subspecies, infraspecific variants, cryptic spe-
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cies complexes and hybrids are frequent there 

(Hopper 1992). The natural vegetation of this zone 

is complex due to its history. 

By law countryroads in Western Australia have 

to have on both sides a strip of uncleared vegetation 

which has to be left rather undisturbed and therefo

re can represent natural or seminatural conditions. 

Roadside vegetation may not be the best example to 

study plant communities, but in Western Australia, 

especially in the Wheatbelt area, this often repre

sents the only remnants of the natural vegetation. 

The possibility of aliens entering such areas can be 

expected, accidental fires may start more easily 

close to roadsides, fire-sensitive species may be 

destroyed after frequent fires, seedbanks impoveri

shed, and evolution of plant communities and their 

normai species composition might be impeded. 

Human impact and grazing effects may cause 

further disturbance. Also extra run-off water and 

dust may affect plant-life along roadsides. Outside 

roadside strips the natural vegetation has often been 

completely destroyed due to agricultural and pasto

ra! use or human settlements in the vicinity. To 

interpret what the natural vegetation might have 

been like, much depends on the surface extension of 

such areas and the intensity of human impact in the 

past. Nevertheless often it is indeed possible to pro

vide a reliable interpretation of the natural plant life 

based on the actual species composition. 

Study areas and methods 

The relevés were chosen from North to South 

along four roadside transects rich in mallee 

eucalypts. Locations of the four transects are as fol

lows (Fig. 1): 

A) transect from Mullewa to Pithara: the loca

tion is between the Northern Sandplains and the 

Murchison Region, in the northern part of the 

Wheatbelt Region; the transect plots were taken 

along the road within a length of about 250 km, 

from 29.08.1994 to 01.09.1994 (Tab. 1, rels. 1 to 21 

and Appendix). 

B) transect from Jilbadge Rock to north of

Hyden: the location is between the Wheatbelt and 

the Mallee regions, starting southwest of Southern 

Cross; distances between relevés are about 120 km; 

first transect plot on foothill of granite outcrop, the 

others along roadsides in direction of Hyden; 

relevés date: 11-12.09.1994 (Table 1, rels. 22 to 27 

and Appendix). 

C) transect from east of Lake King to Frank

Hann National Park: located in the Mallee Region, 
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Transect plots start about 70 km east of Lake King 

and continue from there into Frank Hann National 

Park; distances from plot 28 to 32 are about 70 km; 

relevés date: 13-14.09.1994 (Tab. 1, rels. 28 to 32 

and Appendix). 

D) transect Cascade Road-Oldfield Road: the

plots start along the Cascade Road and continue 

along the Oldfield Road; distances in between are 

about 80 km; relevés date: 23.09.1994 (Tab. 1, rels. 

33 to 37 and Appendix) 

Along the four transects 37 plots were studied 

according to the Braun-Blanquet method, i.e. areas 

were selected which were homogeneous as to spe

cies composition and physiognomy and in which the 

vegetation was regularly distributed over the surfa

ce. As to the extension of the relevés, it has to be 

mentioned that it was not always possible to have 

the same number of square metres, as roadside 

vegetation can sometimes be limited and shows 

rapid gradients and changes. 

Regarding the usual performance of a relevé, the 

starting point is always the choice of a homotoneous 

surface, the complete list of all given species, their 

cover in % on the same surface and sociability 

(shape of growing within the selected surface, 

which was neglected in the statistic analysis). For 

statistically useful data the Braun-Blanquet's cover 

values scale was slightly modified according to 

Pignatti (1959). 

In order to give a11 interpretation to the vegeta

tion data, Cluster analysis (Fig. 2) and Principal 

Components Analysis (Fig. 3) were applied 011 

cover values of species in the relevés, using the 

package MULVA (Wildi & Orloci 1996). 

For the main groups of relevés obtained by clu

ster analysis, the life form spectrum, based 011 the 

sum of prese11ces of every species belonging to the 

same growth form, was calculated. Life forms are 

"the architecture and shape" (germ.: Bauplan and 

Gestalt) species have adopted during the course of 

evolution to be able to survive best during the most 

criticai periods. In a mediterranean type climate it is 

the summer drought species have to cope with. The 

Iife form system according to Raunkiaer is apt and 

quite sufficient for European parameters but should 

have some extension of new forms for other conti

nents and climates (Box 1981). In Western 

Australia severa! particular growth forms such as 

grasstrees, stiltplants, species with lignotubers etc. 

occur which do not exist in Europe. For the transects 

dealt with in this paper we used only a slightly 

enlarged system according to Raunkiaer and distin

guished the following categories: 
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PH = phanerophytes, i.e. tall trees (PH scap), tall 

shrubs (PH caesp); 

PHc = woody climbers; 

PHm = eucalypts of the mallee type; 

NPH = nanophanerophytes, i.e. small shrubs more 

or less up to 1-1,5 meters high); 

CH = chamaephytes, i.e. dwarfshrubs, lignified 

creeping and cushion plants; 

H = hemicryptophytes, i.e. perennial herbs; 

G = geophytes, i.e. perennial species with bulbs, 

rhizomes, tubers or corms; 

T = therophytes, i.e. a11nuals comprising aliens. 

Results 

The classification of the 37 vegetation relevés 

using the euclidean distance algorithm and mini

mum variance clustering method is shown in Fig. 2. 

On the cluster diagram three main groups of relevés 

at a distance of 1.21 can be traced: group 1 i11cludes 

the 21 relevés of transect A (Mullewa-Pithara) plus 

the first three of transect B (Southern Cross

Jilbadge Rock); group 2 is composed by the rem

nant relevés of transect B and all those of transect C 

(East of Lake King-Frank Hann NP); group 3 is 

composed by the relevés of transect D (Cascade

Oldfield Rd.). 

Ordination of relevés by Principal Components 

Analysis is shown in Fig. 3 (12% of tota! variance 

explained). The three groups of relevés are well 

distinct by the projection of the two first compo

nents: group 1 on top of the left side of the diagram, 

groups 2 and 3 on the bottom of this, with transect 

D relevés on the highest values of the PCA first 

axis. 

The results of this statistic analysis, with sequen

ce following the cluster analysis of relevés and spe

cies ordered in subjective way in order to give 

emphasis to Eucalyptus, Acacia and most discrimi

nating taxa, is shown in Tab. 1. 

51 families are represented by 139 genera and 

over 373 species (742 occurrences: with severa! 

subspecies and varieties; 2 new species have been 

discovered (Acacia sp. nov. in transect A, rei. 17 

and Calectasia sp. nov ., a stilt plant, in transect D, 

rei. 37). (Table 1, see Appendix). 

The participation of the most frequent families 

and the genus Acacia with the observed species 

number in the four transects is shown in Tab. 2. 

Despite the high number of eucalypts recorded 

( 46 species or subspecies), there is a certain number 

of species with relatively high frequencies (20-60%) 

in the three main clusters: E. Joxophleba, E. kochii 
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Tab. I - Transect relevés with cluster groups A-D. 

Number of relevé � "' N :: � N � � � S? � � .... � "' � a, .., ;;; ;! o .... "' "' 
gi 

a, g N ;;; ;:i; � � :Il � N N N N N N "' 
Mallee (surf ace cover in%) � g o 

o o � � g g g "' � o R � o 2 aì g g "' g g g g g o g o o 

g g g R � N N N .., "' N N .... 
Kwongan (surface cover in%) 

o � g � o g g o g $ g 2 2 o 
o o 

o � g o � g 2 g o 

g � o g g � 2 g 2 2 2 .., N .., N N .... .... 
Herbs (surf ace cover in % ) � � g � "' 

g N � "' N � � � "' g "' g o "' g o � o o o � "' N o o � o N a, "' .... N 

Species number S? � N � ;'!: � ;;; "' a, .., 
):j � "' o � :: � .... .... "' � o ;ll "' .... 

):j 
a, "' "' ;;; � S? � "' "' �N N N N N N N N N N N N N N N N N 

Surface (m2 ) 2 o � 2 "' � � � § 2 2 2 2 2 2 � "' 2 2 2 o 8 "' 2 § � � § 2 § § 2 § § § § § "' N N .., .., N 

Cluster group 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 Freq. 
Transect A A A A A A B B B A A A A A A A A A A A A A A AB B B e e e e e D D D D D 

Eucalyptus loxophleba + 2 3 4 4 3 + + + + 11 
Eucalyptus kochii subsp. kochii 1 + 1 2 2 r + 7 
Eucalyptus subangusta subsp. pusilla 2 2 5 

Eucalyptus salmonophloia 1 1 2 4 

Eucalyptus leptopoda + + + 2 4 

Eucalyptus oldfieldii + 3 + 1 5 
Eucalyptus wandoo + + 1 3 

Eucalyptus salubris 2 + 3 

Eucalyptus eudesmioides 1 + 2 3 

Eucalyptus erythronerna var. marginata + + 3 

Eucalyptus py1iformis + 3 2 
Eucalyptus eremophila subsp. erernophila 2 + 1 4 
Eucalyptus kochii subsp. pienissima + + 2 
Eucalyptus platycorys + + 2 
Eucalyptus luteola + 2 2 
Eucalyptus densa subsp. densa 2 + 3 

Eucalyptus perangusta + + + 3 

Eucalyptus grossa 1 + 2 
Eucalyptus conglobata + + 1 3 

Eucalyplus leptocalyx + + + 3 
Eucalyptus tetragona 2 + 3 

Eucalyplus flocktoniae + + + 3 

Eucalyptus cylindrocarpa + 2 
Eucalyptus uncinata + 1 + + 4 
Eucalyptus phaenophylla subsp. interjacens 1 2 3 

Eucalyptus eremophila s.str. 1 1 2 
Eucalyptus platypus 2 + 2 
Eucalyptus kessellii subsp. kessellii + 2 2 
Eucalyptus sheatiana + 

Eucalyptus aff. erernophila + 

Eucalyptus rigidula 
Eucalyptus ebbanoensis 
Eucalyptus ewartiana 3 

Eucalyptus stowardii 
Eucalyptus diminuta + 
Eucalyptus phaenophylla subsp. phaenophylla 
Eucalyptus pileata 2 
Eucalyptus obesa + 
Eucalyptus tereba + 
Eucalyptus stoatei + 
Eucalyptus suggrandis subsp. suggrandis + 
Eucalyptus forrestiana 2 
Eucalyptus tetraptera + 
Eucalyptus aff. conglobata 
Eucalyptus tumida + 
Eucalyplus xyphocalyx + 

Acacia acuminata + + + + + 2 + + + 11 
Acacia acuaria + + + + + 7 
Acacia anthochaera + + + 4 
Acacia neurophylla subsp. erugata + + 3 

Acacia longispinea + + + 3 
Acacia aff. anthochaera + + 2 
Acacia coolgardiensis subsp. coolgardiensis 2 2 
Acacia microbotrya var. borealis + 2 
Acacia andrewsii + + 2 
Acacia aulacophylla + + 2 
Acacia hemit8es + + + + 6 
Acacia yorkrakinensis subsp. acrita + + + 4 
Acacia colletioides + + + 2 4 
Acacia gonophylla + 1 2 
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Tab. [ - Continued 

Acacia tetragonophylla + 

Acacia merrallii s. I. + 

Acacia chrysocephala + 

Acacia fragilis 

Acacia spec. nov. + 

Acacia multispicata + 

Acacia restiacea + 

Acacia nigripilosa subsp. nigripilosa 

Acacia daviesioides 

Acacia cfr. assimilis + 

Acacia longiphyllodinea + 

Acacia cfr. erinacea + 

Acacia assimilis subsp. assimilis + 

Acacia mutabilis var. angustifolia + 

Acacia evenulosa + 

Acacia assimilis subsp. atroviridis + 

Waitzia acuminata + + + + + + + + + + + + 13 

Stipa compressa 2 + + + + + + 1 g 

Thysanotus manglesianus + + + + + + + + 8 

Avena barbata + 2 + 3 + + + 8 

Erodium cygnorum + + + + + + + + 8 

T rachymene pilosa + + + + + + + 7 

Hypochoeris glabra + + + + + + 6 

Podolepis capillaris + + + + + 5 

Arctotheca calendula + + + + + 5 

Hyalospenmum glutinosum + + + + + 5 

Gilbertia tenuifolia + + 1 + 5 

Rhagodia baccata + + + + 4 

Bromus sterilis + + 4 4 

Trachymene ornata + + + + 4 

Ptilotus obovatus + + + 4 

Melaleuca websteri + + + 4 

Cheilanthes austrotenuifolia + + + + 4 

Podolepis lessonii + + + + 4 

Alyxia buxifolia + 1 3 

Choretrum pritzelii + + + 3 

Olearia muelleri + + + 3 

Osteospermum clandeslinum + + + 3 

Podotheca angustifolia + + + 3 

Astrolorna serratifdium + + + 3 

Neurachne alopecuroidea + + + 3 

Podolepis canescens + + + 3 

Ursinia anthemoides + + 3 

Daucus glochidiatus + + + 3 

Helichrysum davenportii + + 2 

Raphanus raphanistrum + + 2 

Brachyscorne iberidifolia + 2 

Ctenocephalus pseudevax + + 2 

Hakea preissii + + 2 

Rhagodia eremaea + 1 2 

Cephalipterum drummondii + + 2 

Cassia sturtii + 2 

Cryptandra leucophracta + + + + 4 

Glischrocaryon aureum + + + +_ 4 

Gre,;11ea eriostachya + + + 4 

Malleostemon tuberculatum + + + + 4 

Calytrix superba + + + 3 

Psammornoya choretroides + + + 3 

Schoenus pleòostemoneus + + + 3 

Hakea coriacea + + + 4 

Hakea sulcata + + 2 

Hibbertia polyclada + + 2 

Verticordia cfr. chrysantha + + 2 

Brachysema daviesioides + + 2 

Cryptandra pungens + + + 3 

Melaleuca conothamnoides + + 2 

Chamaelaucium parviflorum + + 2 

Drosera erythromiza + + 2 

Ecdeiocolea monostachya + 2 
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Tab. I - Continued 

Velleia rosea + + 3 

Gnephosis brevifolia + + 2 

Maireana tomentosa 2 2 2 

Velleia cycnopotamica + + 2 

Blennospora drummondii + 2 

Dodonaea cfr. aptera + + 2 

Exocarpos aphyllus + 1 2 

Dianella revoluta + + + + + + + + 8 
Melaleuca cardiophylla + + 1 + + + + 1 + 9 

Allocasuarina campestris + 2 + + + 6 

Helichrysum lindleyi + + + + + 6 

Grevillea paradoxa + + + + + + 6 

Santalum acuminatum 1 + + + + + 6 

Isopogon scabriusculus + + + + + + 6 

Cornesperma volubilis + + + + + 5 

Allocasuarina thuyoides + + + + 4 

Grevillea armigera + + + 4 

Persoonia quinquenervis + + + + 4 

Santalum spicatum + + + 3 

Eremophila scoparia + + + 3 
Mesornelaena stygia + + + 3 
Astrolorna serrat�olium var. horridulum + + + 3 
Lysinerna ciliatum + + + 3 
Scaevola pulvinaris + + + 3 
Banksia elderiana + 2 
Banksia lul�itzii + + 2 
Goodenia filiformis + + 2 
Grevillea petrophiloides + 2 
Hibbertia aurea + + 2 
Melaleuca uncinata + + + 2 + 1 2 2 + 1 11 
Thryptornene tenella + + + + + + + + + 12 
Melaleuca scabra s.l. 2 + + + 2 + 1 10 
Phebalium tuberculatum + + + + 5 
Phebalium drummondii + + 3 
Allocasuarina corniculata 2 2 + + 1 + 6 
Hakea meisneriana + + + + + 1 6 
Malleosternon roseum + + + + + 6 

Callitris verrucosa + + 1 + 4 
Orummondita hassellii + + + 3 
Grevrnea hookeriana + + + 3 
Hakea multilineata + + + 3 
Eriosternon spicatum + + 2 
Scae'v'Ola arenaria 1 + 2 
Conothamnus aureus + + + + 4 
Leptomeria spinosa + + + 1 5 
Melaleuca calycina + + + 3 
Gastrolobium spinosum + + + + 1 + + 7 

Verticordia chrysantha + + + + + + 6 
Leptospermum erubescens 1 + + + 5 
Calytrix lechenaultii + + + 3 
Logania buxifolia + + 2 
Cassytha racemosa + 1 3 
Hakea nitida + + 2 
Grevillea pauciflora + + 1 + + 5 
Comesperma spinosum + + + + 4 
Hibbertia cfr. rupicola + + + 3 
Grelillea pectinata + 1 2 
Calothamnus gracilis + 1 2 

lsopogon polycephalus + + 2 
Lepidosperma tenue + + + 3 
Banksia dryandroides + + 2 
Banksia media 2 2 2 
Baronia albida + + 2 
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subsp. kochii and E. subangusta subsp. pusilla for 

group 1, E. oldfieldii and E. eremophila subsp. ere

mophila for the groups 1 and 2, E. uncinata and E.

phaenophylla subsp. inte1jacens for group 3. Acacia 

acuminata and A acuaria reach the highest frequen

cies in group 1, A hemiteles, A. yorkrakinensis 

subsp. acrita and A colletioides in groups 1 and 2. 

In the herb layer the highest occurrences (= fre

quencies) in group 1 were reached by Waitzia acu

minata, Thysanotus manglesianus, Trachymene 

pilosa, Podolepis capillaris, Hyalospermum glutino

sum, Stipa compressa, now Allstrostipa compressa, 

Erodillm cygnorwn, nearly all with low cover 

values. Also some aliens like A vena barbata, 

Hypochoeris glabra, Arctotheca calendL1la appear 

frequently. Some species have a distinct distribution 

in groups 1 and 2 (Dianella revoluta, MelaleL1ca car

diophylla, AllocasL1arina campestris, Grevillea para

doxa, Santalum aCL1minatum, Isopogon scabriuscll

lus etc.), only 4-5 species are distributed in all grou

ps (MelaleL1ca uncinata, Thryptomene tenella, 

Mela/elica scabra s.l., Phebalillm tuberculatum, 

Phebalium drummondi1). Some species distinguish 

group 2 (Allocasuarina corniculata, Hakea meisne

riana, Malleostemon roseum, Conothamnus aureus) 

Tab. 2 - Most frequent taxa occurring in the relevés. 

Taxon Specie 

number 

Myrlilceae 85 

Proteaceae 52 

Acacù1 37 

Asteraceae 26 

Poaceae 19 

Fabaceae 9 

Goodeniaceae 8 

Dilleniaceae 8 

Liliaceae s.l. 8 

Chenopodiaceae 7 

Rutaceae 7 

Santalnceae 7 

Epacridaceae 7 

Restionnceae 7 

Tab. 3 - Percentage of !ife forms within the three groups of 

relevés. 

Life Form Group I Group 2 Group 3 

PHm 14.4 15.8 26.9 

PHc o I 3.7 

NPH 30.7 53 41.7 

CH 15.1 25.8 22.2 

H 2.5 0.5 o 

G 8.2 3.5 5.6 

T 29.1 1.5 o 
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and 3 (Grevillea pauciflora, Comespenna spinosum, 

Hibbertia cfr. rupicola). 

The life form spectra in the three main relevés 
groups are shown in Tab. 3. It is noteworthy: 

1) the increasing percentages in mallee eucalypts

from group 1 to group 3 (from 14.4 to 26.9%);

2) the relevant participation of chamaephytes (15.1

to 25,8%);

3) the high percentage of nanophanerophytes in

group 2 (53%);
4) the high percentage of therophytes (mostly

aliens) in group 1 (29.1 %).

Discussion 

Vegetation patterns in the transects 

Although the surfaces of plots in the four tran

sects can often be considered not sufficiently big 

and therefore under the minimum area along the 

geographical gradient NW-SE, where mallee com

munities have their highest concentration, the gene

rai trend emerging from vegetation plots shows a 

clear distinction between relevés of the north

western and south-eastern part. As cluster and scat

ter diagrams reveal, the north-western group of 

relevés is composed by data collected in transect A 

and the first three relevés of transect B, whereas, on 

the contrary, the remaining relevés of the last tran

sect and those of transects C and D form the second 

group of relevés (Tab. 1). This division is not sur

prising, because along a line in NE-SW direction 

between Southern Cross and Hyden, the border of 

the two natural regions is placed, i.e. between the 

Wheatbelt in the north and the Mallee Region in the 

south, characterizing the TRZ. As pointed out by 

Beard (1992), there are differences in climate and 

soil between the Wheatbelt Region vs. Mallee 

Region, which cause a remarkable change within 

the catenary sequence in the two areas. In the 

Wheatbelt Region the mallee which occurs on 

duplex soil comprises a minor portion of the catena 

which is dominated by woodland and kwongan. In 

the Mallee Region, however, mallee eucalypts are 

dominant in the topographic sequence, extending 

along the whole slope and surpassing woodlands 

and kwongan, which occupy respectively the bot

tom and the top of the slopes. This fact is explained 

by the tota! rainfall which is higher in the western 

areas and creates more favourable soil moisture 

conditions. 

The difference in habitat between the two natu
ral regions could explain basically the distinct vege

tation features in the groups of relevés, as underli-
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ned in the multivariate analysis (Fig. 3). In fact we 

can assume that along the transects a climate gra

dient could also be responsible for vegetation chan

ge: mean temperatures decline in a N-S and W-E 

direction, whereas total rainfall is more or less con

stant in the Wheatbelt, but increases in the Mallee 

Region in NW-SE direction. The better moisture 

conditions could explain the ordination of relevés 

on the first PCA axis, which shows, from left to 

right, both groups of relevés, the sequence from 

vegetation data carried out in dryer conditions 

(Mullewa area and Hyden area) to those under moi

ster conditions (Dalwallinu area, Cascade-Olfield 

Rd area). Basically, PCA axis 1 could be interpreted 

as related to moisture (increasing moisture with 

higher x values) and PCA axis 2 to temperature 

(increasing temperature with higher y values). This 

may explain the higher occurrences of therophytes 

(species adapted to dryer conditions) in the northern 

relevés (Cluster group 1, Tab. 1). 

Although climatic and soil factors seem to play 

an important role in geographical replacement of 

vegetation in the mallee communities, biogeo

graphical considerations should also be considered. 

Eucalyptus subangusta subsp. pusilla, Waitzia acu

minata (distribution area: Austin, Avon, Coolgardie, 

lrwin Botanical Districts) and several other taxa can 

be considered as indicator species for the north 

western mallee communities. Others like Grevillea 

pauciflora, Melaleuca calycina etc. seem to be more 

frequent in the southern distribution area of mallee 

communities. Aliens show highest frequencies in 

the relevés of the Wheatbelt Region, where land 

clearing for agricultural purpose was most intense. 

The collected data show a geographical replacement 

of species and explain the main characteristics of 

the Natural Regions, as described on a different 

basis in literature (Beard 1992). In addition they 

point out the potential danger of diffusion of aliens 

and reduction of the corridor role of native vegeta

tion remnants. 

The mallee species of the transects 

Present-day occurrences of mallee communities 

are closely related to edaphic factors dependent on 

rainfall, substrate and landform. Many mallees 

occur over a wide climatic range, and on different 

soil types as extremes of this climatic range (Hill 

1990). For example, Eu. tetragona (now largely 

pruinoca1pa) and Eu. eudesmioides can occur on 

lateritic sandplains but also on calcareous coastal 

dunes. Mallee communities with kwongan vegeta

tion in the understorey are frequent in the SW on 
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sandplains and species-rich, becoming less so in 

dryer areas (Hill 1990). 

Most mallee stands contain severa! eucalypt spe

cies varying mostly from 2-8 in the four transects. 

The most significant development of mallee 

eucalypts in terms of number and species diversity 

occurs in southwestern Western Australia where 

extensive speciation and radiation have taken piace. 

The mallee habit may have arisen early in history or 

at a later time; some species appear to have secon

darily lost the mallee habit and returned to tree 

forms; severa! moort, marlock and mallet species 

are of this type (Hill 1990). 

The mallees of the transects are ali sclerophyl

lous shrubs of 1-5 m height, adapted to fires, seaso

nal drought and extreme nutrient-poor soils. 

Evidently a high speciation rate occurred in 

eucalypts predisposed to such conditions (Beard 

1992). 

The Acacia species of the transects 

Acacias, with 950 species presently recognised, 

form the largest group of vascular plants in 

Australia (Fig. 4A). 560 species occur in Western 

Australia (Hnatiuk & Maslin 1988, Maslin 1995). 

The southwest region is most distinct regarding the 

distribution of Acacia species and shows the highe

st species richness. Species distribution maps of Fig. 

4 demonstrate that the area where transect A is 

situated, is dose to the edge of highest species rich

ness of Acacia within Australia and the world 

(Maslin & Pedey 1982). One third of the taxa of the 

region are present in the transect relevés. Although 

they represent all widerspread and rather common 

species within the area, they are a significant sam

ple of northern Wheatbelt taxa of Acacia. While A 

acuminata and A microbot1ya are widespread over 

the entire Wheatbelt, A coolgardiensis, A. longispi

nea and A anthochaera are restricted to the northern 

part. Very few extend their distribution area to the 

East (A tetragonophylla). All the rest are basically 

endemie to the area. 

Most of the acacias listed in the four transects 

belong to the subgenus Phyllodineae. This group 

has undergone extraordinary diversification within 

Australia (Maslin 1995, see Fig. 4B) and can beco
me an important element of the landscape, particu

larly in arid and semiarid areas (Maslin & Pedley 

1982). About half of the species listed in transect A 

belong to the Phyllodineae, the other half to Ju

liflorae and Plurinerves; none of section Pulchellae 

was listed. (Sect. Phyllodineae has 1-nerved phyllo

des and spicate inflorescences, sects. Juliflorae and 
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Plurinerves have multinerved phyllodes and flowers 

are in globules.) 

Acacias clearly present close correlation to 

edaphic factors (Maslin & Hnatiuk 1983). A hemi

teles, A. microbotrya and A anthochaera (all sect. 

Phyllodineae) grow on heavy soils (i.e. loam and 

clay), Acacia coolgardiensis, A. neurophylla, A. fra

gilis, A. Jongispinea, and A multispicata (sects. 

Plurinerves and Juliflorae) grow on permeable soils 

(i.e. Iighter, gravelly sands). Anomalous is here A 

acuminata (from the Juliflorae group) on heavier 

soils. Acacias generally do not favour very salty 

areas (Maslin & Pedley 1982). 

For the geographic pattering of species distribu

tion in acacias, precipitation (i.e. average quantity 

and duration of precipitation) seems more impor

tant than temperature (Hnatiuk & Maslin 1988). 

Different to transect A, cover values of Acacia 

species in transect B are not significant, besides 

these stands show relevés with different species 

combination on a mixture of soil types. All acacias 

are widespread species, some of them towards the 

end of the range (A hemiteles, A. yorkrakinensis, 

A. colletÌoides). Some of these species often occur

around granite outcrops and have greater water con

sumption. Those species are common and generally

widespread in the area; only A chiysocephala is

linked to the southern Wheatbelt area.

Transect C shows within the relevés a rather 

high percentage of kwongan species, but acacias 

(except in rei. 4) are not relevant. This speaks for 

the fact that in generai acacias are not well repre

sented in kwongan. From 50 acacias gazetted for the 

area grid only 2% are present in the plots. Species 
numbers decline rapidly away from centres of rich

ness; grid 276, Newdegate, shows 101 species in the 

south (Hnatiuk & Maslin 1988, Fig. 4). 

Acacias in transect D are lacking or with insi

gnificant cover values (rei. 33-37). Plants are small, 

shrubby and endemie with rather restricted geo

graphic ranges confined to the southern Wheatbelt 

and the adjacent Goldfields. 

Acacia pollen was found in early Miocene. The 
extensive speciation of the genus may thus have 

occurred at a time when variations in moisture regi

me were the pre-eminent forces in the taxonomic 

and ecologica! sorting of taxa. Climatic oscillations 

during the Pleistocene would have accentuated 

such forces (Maslin & Hopper 1982). 

Conservation issues 

As pointed out by Hopper (1990) Western 

Australia has the greatest diversity and most exten-
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sive communities of mallee eucalypts on the conti

nent. In Western Australia about 500 species of 

eucalypts occur of which about 225 are mallees, 86 

species are indicated as rare (following the IUCN 

categories), 44 as vulnerable, 3 as endangered and 

44 as poorly known. This incredible biodiversity is 

concentrated mainly in southern coastal regions. 

Mallee eucalypts in southern Western Australia 

have an extensive distribution from isolated patches 

in the high rainfall forests and along the extreme 

south western coast, through the heavily cleared 

Wheatbelt out into the western deserts (the Great 

Victoria Desert is especially rich in mallee commu

nities). Those taxa most endangered consequently 

are found where destruction of native vegetation has 

been greatest, i.e. in the Wheatbelt. In the 1990s, 31 

(ali mallees) were given special legai protection by 

being declarated as Rare Flora under provisions of 

the Wildlife Conservation Act. Of these 31, 12 are 

yet to be formally described. 22 are localised ende

mics of different parts of the Wheatbelt. Most 

occupy such small areas that populations are threa

tened by accidental distruction (bulldozing, igno

rance ). 

Consequently a considerable effort is made by 

CALM staff to ensure that landowners and the 

potential users of bulldozers are informed and 

shown the location of populations. In some cases, 

populations are threatened by major activities 

destructive of native vegetation such as agricultural 

land clearings (e.g. Eucalyptus goniantha subsp. 

goniantha) or open-cut mining (e.g. Eu. suberea, Eu. 

Jateriticola). 

In ali four transects locai endemics, species with 

small distribution ranges, endangered species, geo

graphical species variation, interpopulational diffe

rentiation and polymorphism within severa! genera 

have been observed and the necessity to preserve 

these areas seems obvious. Moreover at least two 

transects (B and D) are far from Nature Reserves 

and National Parks and in these cases along roadsi

des they are nearly the only strips of natural or 

semi-natural vegetation left in the area. 

Conclusions 

Mallee communities and related vegetation 

types (woodland and kwongan) have been studied 

along four roadside transects in the Southwest of 

Western Australia according to the Braun-Blanquet 

phytosociological method. The 37 relevés affirm a 

high species turnover (gamma diversity) already 

within short distances and many eucalypts of the 

mallee type and wattles of the phyllodineous growth 
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form show patchy distribution. No single species is 

present in ali 37 relevés. 114 of 742 species listed 

occur only once, among them 11 species of 

Eucalyptus and 20 species of Acacia. The genera 

Eucalyptus (63) and Acacia (39) are the most fre

quent ones, followed in decreasing order by the 

genera Melaleuca, Hakea, Grevillea, Verticordia. 

The number of Proteacae increases from north-west 

to south-east in the southernmost transects. The 

number of Acacia species is higher in the northern 

Wheatbelt area transect than in the southernmost 

transect. Therophytes (mostly everlastings and 

aliens) are frequent in the northern Wheatbelt area 

transect and nearly absent in the southernmost tran

sect. 

In spi te of the fact that several relevés are below 

the minimum surface due to the particular environ

mental conditions along roadsides, the Braun

Blanquet method has shown its applicability and 

practical use also in these vegetation types which 

yet had not been described by phytosociological 

approaches. The groups of relevés resulting from 

the statistica] analysis are related to environmental 

changes (soil, rainfall and habitat) and show that 

vegetation maintains its ecological value also under 

disturbed conditions. 

In a landscape unglaciated for millions of years 

like Western Australia with particular distribution 

patterns of species and rather small population 

sizes, the conservation of ecosystems with rare 

environment and species combination must also 

take into consideration the preservation of areas out

side specifically designated Nature Reserves and 

National Parks. This means that future management 

of specifically small and isolated populations which 

may occur in limited areas Iike roadside vegetation 

is required. 

Appendix 

Localities and sporadically occurring species of the relevés: Rel. 1: 

15 km north of Mullewa. Ptilotus divaricatus (+), Sisymbriwn offi

ciniilè (+), Th,yptomene tuberculata (+). Rel. 2: 7 km south of 

Mullewa. Halgania preissii (+), Maireana carnosa(+), Medicago 

minima(+), Pimelea cfr. wgentea (+), Ptilotus gaudich11udii (+), 

Stipa cfr. hirs!lta (+), Waitzia aL1rea (+). Rel. 3: 18 km south of 

Mullewa. Caesia parvif1ora (+), Cheiranthera filifolia (+), 

Pittospornm phyllyreoides (+), Stenopetah,m tilifolillm (+). Rel. 4: 

Wilroy, 20 km south of Mullewa. Calytrix t7avescen.s (+), 

Cy11tochaeta avem,cea (+), Grevil/ea phanerophlebia (+), 

Onychosepal!lm Jaxif7ornm (+). Rel. 5: 40 km south of Mullewa. 

Ehrharta longiflora (+), Hordeum leporinwn (+), Loli!lm rigidllm 

(+), Sonclws olerace!ls (+). Rel. 6: 46 km south of Mullewa. 

AllocasL1ari1rn lehmanniana (I), Atriplex erilifolia ( + ), 

Codonoca,pus cotinilo/ius (+), Lamarckia aurea(+). Rel. 7: 49 km 

south of Mullewa. D11mpiera haemathotricha ( + ), Westringia rigida 

(+). Rel. 8: 58 km south of Mullewa. Be/fida graminea (+), 
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Chamaelaucium ciliatum ( + ), Eriostemon tomentellus (+ ), Baeckea 

sp. (I), Drnmmondita sp. (+). Rel. 9: 65 km south of Mullewa. 

Gnaphalium indutum (+), Gnephosis erioceplw/a (+), Rhagodi11 

acicL1/aris (+), Sonchus asper (+). Rel. 10: 21 km to Morawa. 

Cassia eremophila (+), Dodonae,1 Jarraeoides (+), Eremaea denti

culata (+). Rel. 11: 5 km south of Morawa. Acanthoca,pus preissii 

( + ), Atriplex prostrata (I), Co1ynothec11 macrantlrn ( + ). Rel. 12: 25 

km south of Morawa. Aristida stipoides (+), Ptilotus lividus (+),

Stylobasi!lm australe ( + ), VL1!pia myL1ros ( + ). Rel. 13: 30 km south

of Morawa. Gilruthia osbomei (+), Pentaschistis airoides (+), 

Ptilotus ex11ltatus (+), Daviesia sp. (+). Rel. 14: 5 km south of 

Perenjori. Hibbertia subvaginata (+ ), Lo/ium temulentum (+),Stipa

elegantissima (I), Stylidi!lm elongat!lm (+), Tragus 1wstrnlianL1s

(+). Rel. 15: 15 km south of Perenjori. Actinostrob!ls psammophi

Ja (+), Danthonia setacea(+), Verticordia grandiflora(+). Rel. 16: 

30 km south of Perenjori. Cyanostegia angustifolia (+), Hybanthus 

floribund!ls (+), Thonlllsia purpurea (+), Verticordia cfr. mona

delpha (1 ), Verticordù1 pict11 (+), Be1wfortia sp. (+). Rel. 17: 51 km 

south of Perenjori. Pelrophile slwttleworthia1l/l (+). Rel. 18: 63 km 

south of Perenjori. Hakea bucculenta ( + ), Phebalium microphyllllm 

(+). Rel. 19: 88 km south of Perenjori. Brachysema tomentos!lm

(+), Chorizema acicu/aris (+), Loxoca,ya flex!losa (+), Mallophora

rngosifo/i11 ( + ), Mesomefaena tetragona ( + ), Patersoni:1 occidenta

lis (+), Verticordia polytricha (+), Anarthria sp. (+), Dampiera sp. 

(+), Verticordia sp. (+). Rel. 20: 123 km south of Perenjori.

Drosera pallida(+), Hypocalymma angustifolium (+), Leucopogon

striatus (+), Pimele11 imbric11ta (+), T1ymalium cfr. Jedifolium (+). 

Rel. 21: I km south of Pithara (water catchment). Bo1y11 sphaero

cephala (+), Briza maxima (I), Dampiera linearis (+), Drosera

macrnntha (+), Eremophi/a maculata (+), Gnephosis gonotricha

(+), Hydrocotyle blepharoca1p11 (+), Hypoxis occidentalis (+),

Loxocarya cinerea(+), Phyllangiwn paradoxum (+), Scaevola spi

nescens (+). Rel. 22: Near roadside and foothill of Jilbadge Rock;

with single high trees plus mallee surface probably a few years

after a fire; 11.09.94. Disphyma crassifoli!lm ( + ), Ha/oragis nodi

flora ( + ), Senecio lautus ( + ), Lomandra sp. ( + ), Melaleuca sp. (2).

Rel. 23: Near roadside and foothill of Jilbadge Rock, mallee with 

few scattered higher trees; light brown sand, gravelly; 11.09.94.

Amyema miquelii (on Eucalyptus) (+), Grevillea cfr. asparagoides

(+), Daviesia sp. (+), Sida sp. (+). Rel. 24: East of Yilbadge Rock,

near roadsicle, mallee with scattered rare taller trees; hard loamy

brown sand; I 1.09.94. Callitris roei (I), Lomandra sp. (+),

MelaleL1c11 sp. (2). Rel. 25: 39 km south of petrol station near

Southern Cross, close to cross section 16 km SW of Moorine Rock

on Southern Cross South Road towarcls Aramasco Roacl; I 1.09.94.

AJ/ocasuarina obesa (I), Danthonia cfr. caespitosa ( + ), Hakea erec

/11 (+), Lepidosperma drnmmondii (+), Petrophile ericoides (+), 

Stylidillm repens (+), Verticordia roei (+), Daviesia sp. (+), 

Hibbertia sp. (+), Hibbertia sp. (+). Rel. 26: 87 km from Moorine 

Rock southwards. Mallee on gravelly sand; 12.09.94. Baeckea beh

rii (2), Borya nitida(+), Chamaelaucillm brevifolium ( +), D1yandra

cyrsoides (+), D,yandra sp. (+) Hibbertia sp. (+), Persoonia sp. (+),

Persoonia sp. (+). Rel. 27: 140 km South of Moorine Rock in direc

tion Hyden; gravels; 12.09.94. D,yandra aff. nivea(+), Hibbertia 

sp. (I), Hibbertia sp. (+), Phebalium sp. (+).\I Rel. 28: 70 km befo

re Lake King from direction Hyden; mallee above kwongan, grave!

over loamy sand; I 2.09.94. Allocasuarina acuti va/vis (2), Calli tris

drnmmondii (+), Grevil/ea s/wttleworthiana (+), Ciyptandra sp.

(+), Hibbertia sp. (+), Leucopogon sp. (+), Pime/ea sp. (+). Rel. 29:

Frank Hann National Park, mallee on loamy sand; 13.09.94.

Anarthrfa prolifera (+), Daviesia spinosissima (+), Patersonia

umbrosa (+), Persoonia tortifolia (+), Beaufortia sp. (+), Hibbertia

sp. (+), Cyperaceae (+). Rel. 30: Frank Hann National Park, mallee 

3 m high, white sand; 13.09.94. Allocasuarina humilis (+),
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Cassytha pomiformis (+), Dryandrn armata(+), Synaphea petiola

ris (+), Conostylis sp. (+), Dwnpiera sp. (+), Juncus sp. (+), 

Loxoca1ya sp. (+). Rel. 31: Frank Hann National Park, on side

track, reddish-grey loam with iron pebbles on surface; 13.09.94. 

lsopogon teretifolius (+), Baronia sp. (+). Rei. 32: Towards the 

eastern end of Frank Hann National Park, near main road, kwongan 

with low mallee on yellow sand; 13.09.94. Calothamnus asper ( + ), 

Darwinia Juekmannii (+), Grevillea excelsior(+), Hakea cfr. recur

va (+), Leucopogon sp. (+). Rei. 33: Cascade Rd. - Oldfield Rd. 

Cassytha me/antha (+). Rei. 34: Cascade Rd. - Oldfield Rd. Rei. 

35: Cascade Rd. - Oldfield Rd. Ci1ustis dioica(+), Chamaexeros 

/Jmbriata (+), Dielsia crispata (+), Hakea cinerea (+), Hakea 

co1ymbosa (I), Hakea rnscifolia ( + ), lsopogon trilobus ( + ), 

Phymatoca1pus maxwellii (+), Regelia inops (+), Sollya hete

rophylla (+). Rei. 36: Cascade Rd. - Oldfield Rd. Beaufortia 

sclwueri (+), Ca/othamnus qw1dril1dus (+), Hakea Jaurina (I), 

Lambertia inermis (+). Rei. 37: Cascade Rd. - Oldfield Rd. 

Astartea heteranthera ( + ), Calecwsia sp. nov. ( + ), Daviesia euphor

bioides (+), Hakea laurina (+), Halgania favandulacea (+), Daviesia 

sp. (+), Leucopogon sp. (+), Cyperaceae (+). 

Species which could not be determinated exactly are listed 

under "sp."; sporadic species in the phytosociologic sense are spe

cies which occur only as a single individuai in the plots and whose 

occurrence seems to have no importance for the species combina

tion of the community. 
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