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ABSTRACT

The geographi.c distributions of the 481 speci.es of Acacia
h,eue been arnlgzed to detect uhat Wttems are present based upon
j oint occwz,ences of species in 147 10 r 1.5o gz,ids coueriTtg 82%
of tlestent Austnali.a. At the bt oadest Leuels, the fani.Liar south-
uestern, not therm, and ?id centTaL regi.ons bf the Stal;e uere
cleorlg defined, uhile sub&iuisinnl of these 3 z,egions into
subunits uere readilg interpretoble. flne patterns del;ected bore
stz,ong resernblances to the Phgtogeognaphic regions of Beard
(1980) but onLg in the uestern part of the State. The main
secti.ons of Acacia uene found. to form a broad r,epLacanent serLes
fron north to south. The tropi.cal JulifLorae and Plw"Lnerntes
uere found. to define a noz:thet:n element, uhilst the tempenate
PtlehelLae"PhgLlodineae , and ALatae better defined south-uestet n
and uestern elements. Thez,e uas an indication that utLntet,
ternperatrues rnay be rnone infLuenti.aL dn controLling the disl:t ibu-
tion of Acacia species tlnrt rainfalL.

INTRODUCTION

This is the third paper in a series on the distribution of Acacia in' 
Western Australia. Previous papers of the series are published by Hnatiuk
and Masl in  (1980 and 1980a) whi le  the four th is  in  the present  vo lume (pp.
z - t - 5 )  t .

Taxononlcal ly the genus Acacia in Western Australia is reasonably well
knornm. Currently in the State there are 397 described species (Maslin and
Pedley 1982)  and an est inated 115 as yet  undescr ibed.  0f  the l0  sect ions
compr is ing the genus (Pedley 1978) ,  7  sect ions are recorded for  Western
Austra l ia .  The ex is t ing col lect ions of  Acacia are extensive wi th about
16,000 specirnens curr.ently housed at the Western AustTalian Herbariun
23469 1
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(PERTH).  These col lect ions are bel ieved representat ive of  the geographic
dis t r ibut ion of  nost  species (Hnat iuk and Masl in  1980) .

Western Austra l ia  occupies about  l /3  of  the Austra l ian cont inent .  I ts
nor th to  south extent  of  about  2,700 kn^crosses neaaly 21 degrees of
latitude - fron the tropics at about 14"S to the temperate zone at about
35"S.  I ts  c l inate encompasses the monsoonal  t rop ics,  an extensive ar id
zone,  a tenperate medi terranean zone,  and a cool ,  no is t  tempeTate zone.
Nowhere are there high nountains, but low rugged rellef is an important
feature in  some par ts .  Never theless,  the landforn is  a complex mosaic of
physiographic  and edaphic var lab i l i ty ,  compr is ing uplands,  p la ins,  coasta l
s t r ips,  sa l t -1ands,  la ter i tes,  and gorges.  Acacia species occur  in  a l l
these areas,  thus the study of  the i r  geographic  pat terns is  l ike ly  to
contribute to the understanding of major phytogeographic trends in Western
Austra l  ia .

Previous phytogeographic studies in Western Australia date back to
at  least  the wr i t ings of  Muel ler  (1867)  who f i rs t  d is t inguished the south-
western par t  o f  the State as a f lor is t ic  uni t .  S ince then there have been
severa l  s tudies,  but  that  of  Die ls  (1906)  was seminal  in  subdiv id ing large
por t ions of  the State us ing botanic ,  edaphic,  and c l inat ic  cr i ter ia .  An
excel lent  rev iew of  th is  and other  c lass i f icat ions of  the State is  found in
Gent i l l i  (1979) .  The nost  recent ,  comprehensive at tenpt  at  xecogniz ing
phytogeographic regions has been that of Beard (1980) based primarily upon
stTuctura l  vegetat ion uni ts  but  incorporat ing soi ls ,  geology and c l imat ic
data as wel1,  Aspects of  phytogeography of  Acacia,  not  covered by the
present paper, have been presented in Hopper and Maslin (1978) . These
aspects inc luded the detern inat ion of  areas of  specles r ichness as wel l  as
an invest igat ion in to the mechanisms of  speciat ion.

The object ives of  the present  s tudy r , rere:
(1] to deternine the broad geographic patterns of Acacia in Western

Austra l  ia ;
(2) to docunent how sections and species of Acaci.a contribute to these

paEterns;
(3) to evaluate the relative contribution of several environmentaL

factors to the distinguishing of these patterns; and
(4) to evaluate the relationship of the patterns in Acacie. t-o the

curent knowledge of phytogeographlc districts in Western AustTalia.

METHODS

The data set used in this analysis cornprises distributional infornation
based on specinen records for  the taxa l is ted in  Par t  4  ( th is  vo lune pp.  3g_
55) .  These inc lude 387 descr ibed specles and 94 undescr ibed taxa.
Distribution rnaps for the described species are given in Hnatiuk and Maslin
(1980)  .  For  each undescr ibed taxon,  a voucher  specimen is  c i ted and a
distribution map is lodged at PERTH. Subsequent to conpleting this analysis
a nunber  of  new W.A.  species have been descr ibed.  Also,  the d is t r ibut ions
of nany species included in the i?resent work have been updated. This new
informat ion is  surnnar ized in  Masl in  and Pedley (1982) .

Deta i ls  of  the method of  record ing d is t r ibut ions are g iven in  Hnat iuk
& Masl in  ( f980)  but  br ie f ly ,  the technique was to record whlch species had
b e e n  c o l l e c t e d  i n  e a c h  o f  t h e  1 7 9  l "  l a t i t u d e  x  1 . 5 "  J o n g j t u d e  g r i d  c e l l s
for  the State.  Each ce11 was t reated as a sample s l te  ln  a nanner  s i rn i lar
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to  that  used by Booth (1978)  for  eastern Austra l ian forest  species,  by

Br idgewater  ( f976)  for  cer ta in species in  Vic tor ia ,  Austra l ia ,  and by

Proctor  (1967)  for  Br i t ish l iverworts .  Analyses d iscussed below used the

147 grids for which four or rnore species of Acacia were recorded. This

restriction elininated 32 grids and served to reduce the data matrix to a

s ize that  could be machine -analyzed at  reasonable cost .  The gr ids

eliminated largely carne fron the renote, arid parts of the State where a

conbinatlon of undercollecting and actual low species diversity contlibuted

to the low nunber of  species recorded.

Analysis was done using the TAXON libraay of computer prograns at the

CSIRO Divislon of Computing Research, Canberra. In particular, the follow-
ing were used:

aJ classification using MULCLAS ' The index of similarity chosen was the

Canberra netric with "double-zero-natches" suppressed (which, for presence/

absence data is equivalent to using the Jaccard coefficient - Clifford and

Stephenson 1975) . This metric was chosen because we wanted an index of
sinilarity between sites which was based upon what was known about where

Acaci,a spectes occurred and not influenced directly by information about
where it had not been recorded (i.e. an as)'runetric index). The absence of

records for a species nay be caused by either the fact that it does not
occur  natura l ly  in  a gr id ,  or  that  i t  has not  yet  been col lected there '  We

did not  want  these two possib i l i t ies to  in f luence the resul ts .  The c lass i -
f icat ion used the " f lex ib le sor t ing technique'  wi - th  B = -0 '25 '  MULCLAS
produces in a hierarchical structure of groups, with no a pTiot:i criteria
for accepting or rejecting any particular nunber of groups at any particular

level in the structure. The analytical procedure of MULCLAS is agglomera-

t ive,  but ,  as the f ina l  sequence can be read in  e i ther  d i rect ion,  i t  is

convenient  here to repor t  the resul ts  as d iv is ions.

b) MINSPAN: the determination of the Minimun Spannlng Tree (Gower and

R o s s  1 9 6 9 ) ;

c) ordination of grids using GOWER and the sane matrix of similarities

used in  MULCLAS analys is  '

MULCLAS analyses were rtm on 5 sets of data that diffeLed only in the

species used:  a)  a l l  481 species,  b)  only  species f ron the taxonomical ly

c losely  re lated sect ions Plur inerves and Jul i f lorae and c)  only  species
f ron the re lated sect ions Pulchel lae,  Phyl lod ineae and Alatae.  The la t ter

two analyses were done to see i f  these two rnajor  groups,  largely  t ropica l

versus largely  temperate,  were contr ibut ing analys ls .

A quantitative evaluation of the relative inportance of environmental
variables to the distinguishing of groups resulting fron the MULCLAS analysis
was done wi th d iscr in inant  funct ion analyses (Klecka 1975) .  The method

does not appea, to have been used previously for this purpose in large-

scale phytogeographic  s tudies.  The genera l  ob ject ive of  the d iscr in j -nant
function analysis is to "weight and linearly conbine the discrininating
var iables in  some fashion so that  the groups are forced to be as s tat is t ic-
a l ly  d is t inct  as posslb le"  (Klecka ib id ,p.  435) .  The rnethod assumes that

the d iscr i rn inat ing var iab les have a mul t iva l ia te normal  d ls t r ibut ion as wel l

as equal variance -co -variance natrices within each group. However, the

technique is said to be very "robustrr such that strong adherance to these

assunpt ions is  not  necessar .y  for  i ts  use (Klecka i .b id '  p .  a35) .

The following discrininating variables were scored separately for each
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Westcrn Australia

llElsriy6 ffi"' qtw Nrur %sr ffir,re

W.. l l l l l l l l  SWE : l Eruwe ffi

Figure 2, I\' lap of Western Australia showing the L0 Acacia Areas derived frorn
MULCLAS. Nunbers for  the 10 x 1.5o gr id  ce l ls  fo l low those g iven
in Hnatiuk and Maslin (f980). Abbreviations for Acaci.a Areas are
those given in the caption to Figure 1. Blank grid cells are ones
not included in the analysis because they have fewer than 4 species
recorded.
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gr id  ce l l :  nean annual  Lainfa l l ,  l0-percent i le  ra infa l l ,  season of

rainfall, mean naxinun tenperatutes for January and July, and nean rnin imum

tenperatures for January and JuIy. The data were obtained fron rnaps showing
isohyets, therno isopl eths, and rainfall seasons for Australia (Anonymous

lg75-77) .  On each nap was drawn the 1"  x  1.5"  gr id  and each var iab le was

reduced to a s ingle va lue for  each cel l  as fo l lows:

-u  =  ) -  D  t m  I- a -  a '
a=L

where:  6 = gr id  ce1l  va lue for  a var iab le;
n = the no.  of  regions ( i .e .  areas between isopleths) ,  which

are crossed by the prinary diagonals of a given grid cell;
a  = par t icu lar  region between isopleths;
p = proportion of a total length of the two prinary diagonals

of  a gr id  which cross region a;
n = mid-point value of the variable of region a.

Calculation of nidpoint values for rnean and lO-percentile rainfall
and tenperature variables were stralghtforward, but fox rain season a special
procedure was necessary. Rain seasons Zones were nunbered frorn 1 (for
sunrner dominant, high rainfall areas) through 6 (for arid zone, uniforn or
non-seasonal areas) to 15 (for winter doninant, high rainfall areas) . See
Anonyrnous (1975-77) for detailed explanation of zones.

In order to deternine how individual species xelatedto the groups
recognized in  MULCLAS, an associat  ion -  s ty l  e  tab le,  fo l lowing the genera l

forn of those used in the Zurich-Montpel li er school of phytosociology for
expressing conposltion of vegetation units, was constructed (see Appendix
1 in Part 4 - this vol . pp. 58-59 . The order of sites was derived fron
the MULCLAS and MINSPAN results, whilst the inltial order of species came
from an examlnation of the species naps in Hnatiuk and Maslin (1980) whereby
species were assigned to either one of the MULCLAS groups or to tTansition-
al gr:oups. The final order was deternined from subjective evaluation of
sequential copies of the table, produced via a program written by
P. Bridgewater, Murdoch Univers ity.

We cornpared the pattern of Acaci.a Areas as determined by the MULCLAS
analyses wi th the phytogeographic  regions of  Beard^(1980) .  We selected
Beardrs system both because h is  nap inc luded the l "  x  I .5-  gr id  system, and
because his was the nost lecent comprehensive attempt to exanine the
vegetat ion pat terns and f lor is t ic  var ia t ion wi th in the State.

The nethod used to gauge the sinilarity of the two systens was as
follows, By conparing naps of the two systems, we deternined for each grid

ce1l to which our Acaci,a Ateas and to which of Beard's regions it belonged,
For  the la t ter  we used the cr i ter ion of  ass igning i t  to  the Beard Region
which occupied the greatest  propor t ion of  the cel l  (Table 2) .  For  each of
our Acaci.a Areas, we calculated the Beard region cornposition in terns of
percent. of the total grids for that Area. The Beard region with the larg-
est percentage for each Ae'acia Area was noted at the bottom of Table 2.

In order to determine whether there was any geographic pattexn to the

degree of sirnilarity, a nap was constructed which showed firstly those
Beard regions that represented gxeater than 50% of the gxids of at Aeacia
Area (F igure 6) .  The 50% level  was chosen,  af ter  subject ive exaninat ion of
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Table 2,  as a level  o f  s in i lar i ty  which was of  nedium st r ic tness.  A 259.

sinilarity was then rnapped to see if the sane trend was to be fotmd ' These

resul ts  were a lso shown in F igure 6.

RESULTS

The analyses us ing a l l  481 species (387 descr ibed and 94 undescr ibed)

forn the basis of most of the following paper, and it is this data set that

is neant r.rrless otherwise specified'

a) Geographic Patterns

The first division of MULCLAS split off the south-western grids (here

called the South-West Region) fron the renainder, whilst the second

division separated the latter group into northelcn (Kinberley Region) and

central (Erenaean Region) groups (Figures I and 2). At this level the

three groups roughly represent the three Botanical Provinces of the State

as recognized by nany ear l ier  workers '

The next split divided the Erenaean Region into a north western unit

and an interioT desert unit. The former was subdivided into a I4lest Exenaean

Area (WE), a North-West Eremaean Area (NWE), and South-West Exenaean Area
(SWE) whilst the interior desert h'as subdivided into Northern Erenaean
(NE), Central Erenaean (CE) and South Erenaean (SE) Areas. The South-

West Region was divided into a South and West Coastal Area (SWCJ and a

Central and Nor.thern Wheatbelt Area (CNW). The Kimberley Region was

divided into a North Kirnberley Area (NK) and a South Kinberley Area (SK).

The three Regions and ten Areas thus recognized forn the basis of the
pres"nt pap"i. A description of these districts in terrns of th.ei:r Acacia'

l lora is  the subject  of  Par t  4  of  th is  ser ies ( th is  vo l  .  pp '  23-55) '

A conparison of the lo-group level of MULCLAS with the Mininum Spanning

Tree shows tr"ro rnain features (Figure 3). Firstly, four of the Areas are

well defined (SWC, CNW, NK and SK) and represent the extrerne north and

south-to -southwest parts of the State' Secondly, the six groups of the

Erenaean region are not well deflned as indicated by both the nr.unerous

l"inks between groups and the fragmented natune of some groups when plotted

onto the Minimun Spanning Tree'

The apparent distinctness of all the groups ' fostered by the classifi-

catory natuTe of MULCLAS is fi.rrther modified by examining the first two axes

of the GoWER ordination (Figure 4). The two features enphasized by these

axes are firstly the continuous nature of the variation and secondly its

curvi- l inearity. The latter is highlighted by the fact that the first two

axes account for only 5.69% and 4.54% respectively of the variance in the

whole data set ,  whi le  the f i rs t  5  axes only  account  for  18.02%. However,

that there is a general trend with only two extrenes (the south-wesl Dersug

the north), with the arid regions in between, was evident fron the plot of

MINSPAN linkages on the ordination (not shown here) ' The distribution of
grids when pfotted agairist the first two Discriminant Functions showed a

very sinilar pattern to that just described for the GOWER r.esults.

MULCLAS analyses of grid cells using species grouped according to their

najor  sect ional  a f f in i t ies ( i .e .  conbined sect ions Jul l f lorae -  P lur inerves

and conbined sections Phyllodineae - Pulchellae - Alatae) produced Tesults
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Figure 4. GoWER ordination of natrix of the Canberra rnetric similarities
between al l  s i tes.  Numbers refef  to lo x 1.5o gr id cel ls as shovrn
in Figure 2. Abbreviations fot Acacia districts are given in the
caption to Figure 1. Proportion of variation accof,nted for by axis
1 :5 .69c "  and  by  ax i s  2 :4 ,54eo ,
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Figure 5. Simplifled I\ULCLAS dendrograrn and corresponding nap of Western
Australia for the genus as a whole (Figure 5A), the conbined
sections Julifloxae and Plurinerve! (Figure 58) and the cornbined
sect ions Phyl lod ineae,  Pulchel lae and Alatae (F igure 5C).  Zone
nunbers refex to the sequence in  which zones ( i .e .  sets  of  10 x
1,5o grid cells as shovm on the rnaps) were deaemined by MULCLAS.
Grid cells not included in these analyses are shown on Figure 2,
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partially conparable to that for the genus as a whole (conpare Figures 5A,
B and C). In both subsidiary analyses the South-West Region proved the most
distinctive set of grids (Figures 58 and C) . Except for ninor difficulties
involving a few grids along the inland, north-eastern nargin of the South-
West Region, these section -grouping ana'lyses produced patterals for this
Region which were the sane as for the genus as a whole (Figure 5A). For the
rernainder of the State, however, there were substantial differences in the
upper levels of the hierarchy although nany of the subunits stil l
distinguished the essential Areas as seen in the complete species data-set,

Figure 58 shows that following segregation of the South-West Region,
the JuLiflorae - Plurinerves analysis delineated a large northern zone which
comprised the Kimberley Region and Noxth Exemaean Area of the genus analysis
but also included the coast al/ near -coastal grids of the North-West and West
Eremaean Areas. Inclusion of these coastal/near-coastal grids within the
northern zone is sonewhat surprising but is presunably accounted for by
species such as A. coz:iagca and A. riphophylLa, The affinities between the
Kinberley Region and th€i northern Erenaean Areas are expected and are
discussed in  Par t  4  ( th is  vo l .  p .  28) .  The next  rnost  important
Juliflorae - Pluxinerves MULCLAS zone was one essentially miting the inland
grids of the Norlh-West Erernaean Area wlth the Central Erenaean Area, This
relationship was expected and was accounted for by wide-ranging Arid Zone
species from section Julifloxae e.g. A. aneutq., A. euthbe:ntsonii,,
A. kanpeota, and A. stouatdii. The widespread, Arid Zone Phyllodineae
species, A. Ligulata is present in rnost of the peripheral grids of this
zone e.g,  141,  151,  I79,  190,  261 and 27L,  but  is  absent  f ron a substant ia l
ntmber of the central grids. l '{ost of these central grids have another
widespread Arid Zone species, A. dictyophleba, These two species are
rmdoubtedly contributing significantly to the discreteness of the zone.

Figure 5C shows that following segregation of the South-West Region,
the Phyllodineae - Pulchellae - Alatae MULCLAS analysis then delineated a
zone centred on the desert regions of central Western Australia. The third
zone of this analysis represents the North-West Erenaean Area, peripheral
parts of the adj acent South Ki:nberley Area, and the Central and Western
Eremaean Areas of the whole genus analysis, This last zone includes many
widespread Arid Zone Phyllodineae species but those which predorninate here
and which are less frequent elsewhere presunably contribute to its
delineation e.g. A. anpliceps, A. bi.uenosa, A- gregorii, A. pyrifoLi.a and,
A. sclez,osperna,

b) Discrininant Function Analysis

The discriminant function analyses (Table l) indicated that the MULCTAS
groupings of grid cells could be strongly distinguished by the four tempera-
ture and three rainfall variables used. About 90% of the variance between
groups was accor.nted for by the statistically highly significant first 2
functions. It was the mean maxirnurn temperature in July that doninated the
first function, followed by the seasonal rainfall zone which was only about
one haLf as important but opposite in sign. There was vaxiation between
analyses in variable scores on the second discriminant function. In the
all-species analysis it was nean maxirnun July temperature that was nost
irnportant, followed by the l0-percentile rainfall. For the temper.ate group
of  species (sect ions Phyl lod ineae,  Pulchel lae,  Alatae)  the doninant  var iab le
was lO-pef,centile annual rainfa1l, closely followed by mean maximun July
tenperature. The second function for the tropical group of species
(Juliflorae, Plurinerves) showed nean nininun January tenperature to be nost

1 l
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Table 1.  Results of  discr in inant funct ion analysis -  f i rst  two funct ions.

Variable A11 species Conbined sections Cornbined sections
Pulchel lae-  Ju l i . f lorae-

Phyl lod ineae-  p lur inerves
Alatae

0 . 0 2  0 .  1 1  0 . 1 0  0 . 1 6

Ftnction

L 2

Function

t 2

Frmction

t 2

0 . 1 4  0 . 2 8
50 -percent i le
ra infa l l

10-percent i le
rainfal l 0 . 0 2  0 . 6 0  < 0 . 0 0  0 . 6 5 0  . 2 3  0 .  3 1

R a i n  s e a s o n  - 0 . 3 4  0 . 1 6  - 0 . 4 5  0 . 2 4  - 0 . 3 7  - 0 . 1 7

Mean rnax, Jan .
temperature 0.  05 -0 .09 -0.  16 -0 .  15 0 .02 >0,  00

Mean max. July
t e m p e r a t u r e  0 . 6 8  0 . 8 5  0 . 7 7  0 . 5 6  0 . 7 4  0 . 1 9

Mean nin. Jan .
ternperatuxe 0.05 -0.55 -0 ,02 '0  .  25 -0 .02 -0.  93

Mean nin. July
t e n p e r a t u r e  - 0 , 0 7  - 0 . 2 2  - 0 . 1 2  - 0 . 3 0  - 0 . 1 9  0 . 1 9

% variance
a c c o u n t e d  f o r  6 7 . 5  2 2 , 4  6 2 . 5  2 9 . 6  6 4 , 8  2 5 . 9

important, followed by l0-percentile rainfall which was only about one third
as important.

c) Phytogeographic District Correlations

A conpalison of out Acaci,a districts with the phlt.ogeographic regions
of Beard (1980) showed that at the S-group level (i.e. Aeacia iegion) of
the MULCLAS hierarchy and the Botanical Province level there was an overall
similarcity, with the najor exception that the Kirnberley Region as deflned by
Acac'La extend,s well south of the southern boundary of the Northern Botanical
Province of Beard.

At the lo-group level (i.e. Acacia Area) of the MULCLAS hierarchy, the
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agreement between the two systems was formd to be best along the westeTn and
nirth-western half of the State, and worst for the arid interior (Table 2'
Figure 6). Seven of Beard's Botanical District-s and our Acacia Areas we're
foind to correspond reasonably wel l  at  the higher ( i .e.  50%) simi lar i ty
level (nanely, and in decreasing order of similarity, the Carnarvon, Austin,
Gardner, Darling, Avon, Fortescrre and Ashburton Botanical Districts) ' For
the Central Erernaean and North-West Erenaean Acacia Ateas the western grids
approxinated Beard's Ashburton and Fortescue Botanical Districts lespective-
fyl tire eastern extensions were not indicatlve of any particular Botanical
District of Beard as night be inplied by Figure 6' By relaxing the
sirnilari.ty criterion, it was found that three further Districts (the
Darnpier, Irwin, and Coolgardie) could be natched to sub-groups of the
l0-group level MULCLAS results. For exanple, Beardrs Ixwin Botanical
Disirict approxinated a subdj.vision of the Central and. Northern Wheatbelt
Acacia Atea, while Beardis South-West Interzone and the Darnpier Botanical
District were subdivisions of the South Erenraean and South Kimber.].ey Acacid
Areas respect ively.  Only just  nissed by the relaxed cr i ter ion was Beardrs
Ey.re Botairical Diitrict as a subdivision of the South and West Coast Aal,cid
Area.

DISCUSSION

(a) Geographic Patterns

Our analyses of geographic patterns in AcacLa in Western Australia

have shown a nunber of geographically distinct districts that can be

related to one another in a hierarchicaL manner. In the pattern shown by

the thTee Regions recognized (i.e' the South-West (SWR), Eremaean (ER) and

Kinberley (KR) Regions), there is a broad sinilarity to previously

recognized phytogeographic subdivisions of the State and to several

c l i rnat ic  var iab les (see below) .

The distinctness of the south-western corner of the State is ernphasized

in our analyses, whether based on the total species set ox upon the najor

sectional groupings. The interior boundary of the SWR follows that first

defined, in general teflns, by Mueller (1867) as extending fron Shaxk Bay
south- eas twards to Israelite Bay. It is similar to the South-West
Botanical Province of Beard (1980) but lies within the SW Interzone of

Burb idge (1960) .  I t  fo l lows approx inate ly  the "7-8 dry nonthsrr  l ine of

Gentili i (1970) except in the northwest where our area extends further

north than his line does.

The subdivision of the SWR at the lo-group level of MULCLAS' into the

South and West Coastal (SWC) and North and Central Wheatbelt (CNW) Areas

is an overs inpl i ficat ion of the complexity of patterns that appe ar to

exist there. The northwestern extrerne of the CNW, the westem end of the

SWC, and the eastern SWC represent areas that have been variously

recognized by several authors using very different criteria - zonal

c l in i to logy (Gent i l l i  1970) ,  so i l  and ecologica l  regions (Teakle 1938) ,

regional landscapes and landforrns (Holmes 1944), physiographic regions -
(cent i1 l i  and Fai rbr idge 1952)  ( these references a l l  f ron Gent i l l i  1979)  '

The south-eastern and inland northern parts of the CNW are not well

reDresented in the works noted above, but together they have a reasonably

st iong corre lat ion wi th the Avon Botanica l  Dis t r ic t  o f  Beard ( f980) .

The Kimberley Region appears to represent the western end of pan-
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\Mestcrn Australia

Figure 6. Results of a conparison between the Acacia districts derived from
the MULCLAS analysis (see Figure 2) and the phytogeographic regions
def ined by Beard ( f980) .  ^Beard 's  Botanica l  Dis t r ic ts  (bold l inesJ
are super imposed on the l "  x  I .5"  gr id  used in  the MULCLAS analys is .
Correspondence between the two systems is shown by cross-hatchi'ng
( for  nore than 50% s in i lar i ty)  and st ipp l ing (25 -50e.  s lmi lar i ty)  .

1 5
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continental, tropical suites of Acacia species. The patterrr of Acaei.a Areas
within the Kirnberley Region is that of northem and southern elements. The
North Kinberrey Area (NK) is climati.calry distinguished fron the south
Kimberley Area (sK) by its higher and nore reriabre precipitation, and by
lower sununer naximun and higher winter minimun tenperatur;s. The MuLCLAS
subdivisions of these 2 Areas enphasize a pattern that appears related to
the conbined average July maximun tenperature and the raittratt (annual
average and l0-percentile) which a1l show maxima in the central Dant of the
North Kimberley Area. The subdivisions of the sK show eastern, tentral and
western groups, rather than concentric ones, but this may be an artifact
due in part to the truncation of our study atea at the eastern border of
t h e  S t a t e .

. Whilst there appears to be concensus anongst various people who have
produced naps of regions in the state that there is an indigenous northern
elenent, there appears to have been little agreenent as to ;here to place
i ts  southern boundary.  iu tson 's  ( r9r4,  1934,  see a lso Gent i l l i  1979 p,  L2)
physiographic division shows a very restricted area as belonging to tile
northern elenent. Gardner and Bennetts (1956) and Burbidge lrsoo; each
extended their northern elenent to include parts of the c6asial and inland
Pi lbara area ( i .e .  par ts  of  our  Nor th-West  Erenaean Area) .  The geologica l
nap of the western Australian Departnent of Mines (1979) does .roi proiid"
a basis for the botanicar extension of the Kirnberley Area south of-the
Fl tzroy River .  Nei ther  do the soi l  maps of  the At las of  Austra l ian soi rs
(sheets 6,  9  and 10 N.W.)  corre late wel l  wi th  an extended Kinber ley in
botanical (Acaeia') terrns, but then the soil naps were based in pari on
correlations between soil types and geological substrate.

Part of the explanation for the southward extension of our Kimberrey
Region can be formd in the discrininant function anaryses, which indicated
that the average naxirnurn tenperatuxe for July was the mosi significant
c l inat ic  var iabre of  those we considered.  An exaninat ion of  ihe isothern
rnap of this variable showed that the 270c isotherm approxinated the central,
southern parts but not the south-western part of the- southern boundary of
our Kimberley Region.

Apart fron the SWR, the responses of the two najor groups of sections
of Acaci'a, were different fron each other (Figures so ana c). The sections
Jul i fl orae -Plurin erves, define a northern Ausiralian zone and include a
bToad coastal region across the noTth and west of the North-west Eraenaearr
Area ( the Pi lbara) .  The sect ions Pulchel lae-phyl lod ineae-Alatae wel l  def ine
separate Pilbara and carnarvon areas, thus restricting the Kimberley in the
v ic in i ty  of  the Pi lbara.

There is some evidence fron recent studies of nanmars (McKenzie r9gl,
p lus McKenzie pers.  conn.)  that  there is  a c lear  extension of  a  t ropica l ,
Kinberley suite of marnnal s into the Eremaean Botanical pxovince as iefined
by Beard. In this respect, our findings support his for a nore southern
boundary of Beard's Northern Botanical province. Clearly more work is
required before a definitive statenent can be made on the position and
nature of  boundar ies,  i f  they ex is t .

The Erenaean Region of our analyses is very complex. It is also the
Region for which we have least data. It covers a Xast area approachine
nearLy two th i rds of  the state or  about  g40,000 kmz.  0n1y in  ihe "est6r '
part of the Erenaean Reglon do orrr Acacia Areas bear correspondence to
Beard 's  (1980)  Botanica l  Dis t r ic ts .  The MINSpAN, GOWER, ani  d iscr iminant
function analyses showed variations in how the MULCLAS units of the Eremaean
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Region related to one another (see Figures 3 and 4). The differences between
the two Acacia sectional analyses further tmderlined the conDlexitv of
variation in this Region.

Despite the large variation between analyses, thexe appears to be a
broad pattern, or set of interacting patterns, influencing ihe conposition of
suites of Acacia species in the Erenaean Region. Firstly, from noith to
south there appears to be a gradual change both in the total species
conposition (see Appendix l in part 4 - this vol . pp. S8-s5) a;d in the
proportion of species fron different sections of Acacia (Figures 7 and g).
Secondly, there is an area that centres on the North-west Eremaean Area (the
Pilbara) which perturbs the north-south trend seen in the deserts further
east  (see Appendix l  in  Par t  4  -  th is  vo l  .  pp.  jS-55) .  F inal ly ,  there are
the peripheral intergradations wherein south-westem species extend
obliquely north-eastwards and northern specles extend southwards into the
E?enaean. An analysis of Acaci.a biogeography of the arid/seni-arid centre
of the Australian continent (l{aslin and Hopper 1982) showed somewhat sirnilar
north to south trends, even though their basic units were nuch larger.

the geographic patterns of Acacia in our analyses bear sorne resernbrance
to the pattern of species richness in Acacia shown in Hopper and l,laslin
( f978) ,  In  both s tudies,  the south-western par t  o f  the State is  c lear ly
conspicuous, the Kimberley or northern part is distinguished frorn the
adjacent Eremaean area to the south, and a weak distinction within the
Erenaean, of the westem and south-western rirn fron the rernainder. are
indicated.  The s imi lar i ty  is  not  l ike1y to be due to the methodology used
in detecting patterns because species composition played no part in ihe
richness analysis, and species richness was rmlikely to influence signifd.cantly
the MULCLAS results since the ca,nberra netric wg.s used as the sirnilaiitv
coef f ic ient .  Rather ,  the s in i lar i ty  of  these essent ia l ly  independent
analyses strengthens the case for the reality of the phrogeographic patterns
d e t e c t e d .

Upland areas in the Eremaean Region were noted as being areas of locally
increased species r ichness by Hopper and Masl in  ( lg7g) ,  In  our  analyses,
such areas do not show particularly strong affinities to each other and
often have rather different sultes of Acacia species.

(b) Species Contributions to ceographic patterns

The general picture of geographic variation in Acacia specles conposition
is that of a finely-graded replacenent series which has steepened gradients
of change whj.ch we here have used to delineate Acacia Ateas. These inter_
gradations are discernable frorn a detailed study of Appendix I given in part
4 ( th is  vo l  .  pp.  58-55)  and a lso in  the resul ts  of  the nuner ica i  c lass i f ica_
tions and ordination.

Individual species were found to contxibute less than 4% towards
infornation gain on group fusion in the GRoupER results. our. analyses thus
strongly emphasize suites of species as deterninants of phytogeographic
pattern rather than a few character species. Such a conclusion, if it is
true, needs further investigation, particularly because our results fail .o
recognj .ze such a wel l  known vegetat ion uni t  as the "nu1ga zone" (e.g.  Nix
and Austin 1973) or a less well known but irnpoxtant vegetation unit of the
Murchison area cal led "Acacia scrub"  by Beard (1976) .  The large s ize of  our
sample units must contribute to these differences, but other factors are also
likely to be inportant. For exanpre, these two vegetation units are defined
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by the phys iognomical l y doninant species, whereas our Areas are floristically
b a s e d .

(c) Environmental Influences on Geographic Patterns

Our exanination of environnental factors has been very linited in scope.
Not nary of the potentially relevant factors are known for the entire State,
and others appear impossible to reduce to a single numerical value for each
of  our  gr ids,  e .g.  so i l  type,  The present  pre l in inary est i rnat ion suggests
that temperature might be a better discrininator of Acacia Areas than rain-
fall which seems to rank second in inportance. Our studies suggest the
hypothesis that species of Acacia are prinarily linited in where they nay
occur by ternperatures that are sufficiently warm for them. If the lower
tenperature limlts (i.e. average rnaxirnun July (winter) tenperature and
average ninlmun January ternperature) are not met then presr.rnably certaln
species are excluded from an atea.

Rainfa l l ,  both i ts  season and i ts  drought  levels  ( lo-percent i le  amounts) ,
was indicated as the next rnost important discriminator of our Acacia Areas.
I t  is  no surpr ise that  water ,  in  a d is t inct ly  semi-ar id  cont inent ,  ls  s t i l l
a major liniting factor even for a widespread genus. That the 10th
percentile, and not the average rainfall, was the inportant factor, suggests
a high degree of drought tolerance for the genus. However, our sinple
analyses are only broadly indicative of possible rank orders of inportance.
We have not conpensated, for exarnple, for the conplicating fact that rainfall
increases both northwards and southwards away fron the Erenaean Region.
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