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SUMMARY
A computer program, GURU, was devised as an objective

and consistent way of identifying the site-vegetation
tlT)es at any given survey point, Verbal definitions of
the site-vegetation types are converted to nullerical
definitions in the forrn of a control rnatrix, and a
weighting systern is incorporated to ensure that the
data ate accurately assessed.



INTROTX]CTIOhI

Natiye vegetation can be used as an
indicator of edaphic characteristics
(Tansley, 1920; Cajarder, 7926) . Although
vegetation rarely changes abruptly, but
rather graalually along a nunber of
enviTonmental g:radients, it is sonetines
practical to divide these vegetational
contlnua into discrete segnents. In a
study of the northern j arrah forest of
Westem Austra l ia ,  Havel  (1975 a and bJ,
identified certain environmental gradients
by principal conponent analysis of native
vegetation data, and on the basis of his
results defined different site-vegetation
t)'pes, each designated by a letter of the
alphabet. These site-vegetation types have
potential use in land-use planning since
they represent a relatively rapid way of
assessing site characteristics such as
feTtility, drainage and soil stlructure.
Site assessrnent entails a vegetation survey
of the area, classification of the survey
points into site-vegetation t)?es, ard
finally rnapping of the site-vegetation types.
Classification has until now been done by
a person experienced in plant taxonony and
ecology and familiar with the site-
vegetation types. this is, however,
t ine-consuning and hence expensive,
particularly when the set of floral survey
data is large. A conputer progran, GURU,
was developed to cope with the task,

METHOD
Firstly the verbal definitions of the

site-vegetation types nust be translated
into nurnbers. For the northern jamah
forest Tegion thls trarslation took the
forn of an 80 x 21 control natrix
(Appendix 1). The rows of the natrix
' represent  the species l ike ly  to  occur  in
any survey of the region, and the colrmns
represent the site-vegetation types. the
elenents of the natrix take the values +1,
O or -1, according to whether each species
is positive, neutral or negative evidence
of each site-vegetation type.

Bias can ar ise,  however ,  in
interpretation of the natrix. To take an
extrene case as an exarnple,  i f  a  cet ta in
species is  posi t ive ev idence of  only  2
s i te-vegetat ion t )?esr  then i ts  presence
is stronger evidence in favour of those
types thar if it were positive evidence for
15 out  of  the 21 t )?es.  Sin i lar ly ,  i f  a

particulaT site-yegetation type has more
positiye indicatox species than another
type, then it is 1ike1y consistently to
get a higher score.

A weighting systen is therefore
incorporated into GIIRU to corre ct both
these sources of bias. When the control
natrix has been read in, the progran
cal culates two nore rows and colr.wrs,
showing the narginal totals of the positive
and negat ive e lenents respect ive ly .  The
score of any suryey polnt with regard to
ary site-vegetation type is the surn of
the abrmdances of all positive species in
that type and the nunber of types of
which that  species is  posi t ive ev idence,
less the surn of the abrmdances of aI1
negative species present weighted in a
sinilar fashion. This systen will work
for presence- absence data or abundance
scores. Since in the case of the northern
jarrah forest the abrmdance scores ranged
fron 0 (absent) to 5 (highly abrmdart), the
weighted contributors to the score for each
type could, in the logical extrene cases,
range fron -5 to +5.

The weighting systen carr be expressed
mathenat ica l ly  as fo l  lows.

( x i e i i

eikernj

llrhere S1 is the weighted score folr the
j t h t Y P e U = l ' . . . q )

p is the nunber of species
considered

cxi is the abundance score of the
i th  speci  es

e i j  i s  t h e  e l e n e n t  o f  t h e  c o n t r o l
matr ix  for  the i th  species
and the j th  s i te-vegetat ion
t y p e  ( - 1 ,  0 ,  o r  + 1 )

n  i c  t h A  n r r n h a r  n f  5 j 1 s -
vegetat ion types

k = Q + 2 - e i j + 1 ) / e 2 i j + t )

n = p  +  2  -  ( e i j  +  1 )  /  ( e r i j  +  1 )

The contTol natTix can, of course, be
altered in size and content to suit other
regions with different species and
site-vegetation t)'pes. Once the weighting
systen is grasped, the prograrn becornes
se l f -expl  anatory;  a  l is t ing is  g iven in

s j K



Appendix 2. Data are read in for one
survey point  a t  a  t ine,  wi th  species
observations prnched across the cards.

To test  the re l iab i l i ty  of
c l .ass i f icat ion us ing CLIRU, data of  nat ive
species abundances at various sites viithin
Yarragil Catchment, Western Australia, wele
analysed and site-vegetation types were
al located to the s i tes,  Some of  the
abr . -nrdance data are g iven in  Appendix 3,
and part of the conputer classification in
Appendix 4.  The resul ts  agreed wi th f ie ld
assessnents rnade of  the s i te-vegetat ion
types,  conf i rn ing the accuracy oF both
Havel rs  or ig inal  descr ip t ion of  the
site-vegetation types and GURU
c l a s s i f l c a t i o n .

DISCUSSION
Apart from the tine-saying aspect of

c lass i f icat ion by conputer ,  i t  is  va luable
to have an ent i re ly  object ive and
consis tent  nethod of  c lass i fy ing survey
points according to previously defined
si te-vegetat ion types.  Whi ls t  those who
sort by inspection and personal judgenent
are no doubt  sk i l led,  i t  would be contrary
to hunal experience if there were not
slight differences in interpretation betra'een
different individuals and even drift
within the sane individual with passing
time. The progran car cope with changes;
the control matrix can be adjusted at any
tine to include nore site-vegetation t).pes
or  more species,  or  to  a l ter  the ev idence
value of  any species ln  the l ight  of  bet ter
knowledge of  i ts  d is t r ibut ion.  In  contrast

vtith the conyentional rnethod of
c lass i f icat ion,  however ;  these changes wi l l
be dellberate rather than r:nconscious, and
a record will renain of the contents of
the previous natrix.

CONCLUSIONS
Cornputer  c lass i f icat ion of  survey

points according to their site-vegetation
type is not only possible, br,rt is
complete ly  object ive and consis tent .  Where
large arnormts of data have been collected,
for example with the object of mapping
s i t e - v e g e t a t i o n  t y p e s  o v e r  l a r g e  a r e a s ,
computer  c lass j - f icat ion is  possib ly  the
only  feasib le nethod.
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APPENDIX 1

Part of GURU control matrix
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APPENDIX 2

Listing of GURU progran

PROGRAM GURU ( rN?Ur, OUIPUT, TAPE2=INPUr, TAPE 3=OUTPUT)
C.GURU READS IN ABUNDANCE DATA (ABLIN) ON BOTANICA', SPECIES TN A NUMBER
C.OF PLOTS. IT MATCHES EACH PLOTS CHARACTERISTICS AGAINST NTYPE SITB-VEGE
C, IATION TYPES
C.AND GIVES EACH TYPE A SCORE ACCORDING TO PRESENCE AND ABUNDANCE OF
C.SPECIES PROVIDING POSITI\,T OR NEGATIVE EVIDENCE OF THE PLOT BELONGTNG
C.TO THAT TYPE. THE SPECIES ABUNDANCE TS WEIGHTED ACCORDING TO A CONTROI,
C.MATRIX {KODE) .

REAr ,  SCORE (25 ) ,ABUN (1OO)
TNTEGER KODE (  2  7 ,  IO2 ) ,  T rT l ,E  (  16  )  .TypES (  25 ) ,  F l tT  (  8 )

C,NTYPE VEGETATTON TYPES (IJP TO 25)
C .NSPEC SPECTES lUP  TO IOO)
C.KODE MUST BE DIMENSIONED (NTYPE+2 .NSPEC+2 )
C.NFTRST IS THE NUIIBER WHTCH I{ILI.  BE PRINTAD BESIDE THE FIRST PLOT.

R E A D  (  2 .  1 1 1 )  ( r r T r , E  (  J ) ,  J = I ,  1 6  ) ,  ( r y p E s  ( K ) , x = I , 2 5 ) ,  ( F r " f l  ( L ) , L = 1 ,  8 )
*  ,  NSPEC,  NTYPE ,  NPLOT,  NFT  RST

111 FORMAT (16A512 sA2 / 8AL0/ 4Is)
w R r r E  (  3 ,  1 )  ( T T T L E  (  J ) ,  J = l ,  1 6  )  .  ( T y p E S  ( R ) , K = 1 ,  2 5  t

I  FoR l .4A r  {  1H I ,5x ,16A5 l1Ho ,5x ,  *p ] , oTs  *  . 2  5A5  )
JO=NTYPE+I
KO=JO+1
LO=NSPEC+I
MO=LO+1

c.sET tAsT rwo coLUMNs AllD Rows oF KoDE TO ZERO, THEN USE THEI.{ TO TOTAT,
C.PLUSES AND MINUSES IN EACH SPECIES AND TYPE.

DO lOO J=1 ,  NSPEC
DO IOO K=JO, Ko
KODE (K ,  J )  =O

lOO CONTINUE
DO 1OI K=I.NTYPE
DO 1O1 J=LO,MO
KODE (K ,J )  =o

1OI CONTINUE
C. R-EAD IN CONTROL MATRTX

DO 2OO J= l ,NSPEC
READ(2 .2 )  (KODE (K ,J )  ,K=1 ,NTYPE)

2 FORMAT (2512 )
DO 3OO L=l,NTY?E
TF  (  KODE (L ,  J )  )  lO ,  3OO.11

10  KODE (RO,J )  =KODE (KO,J ) t 1
KoDa (L,Mo) =KoDE (L, l . , lo)+1
GOIO 300

11  KoDE ( Jo ,  J )  =KoDE ( Jo ,  J )+1
KoDE (  L ,  Lo )  =KoDE (L ,  Lo )  t I

3OO CONTINUE
2OO CONTINUE

DO 4OO J= l ,NPLOT
DO 5OO K=l,NTYPE
scoRE (K) =o. o

5OO CONTINUE
READ(2 ,FMT)  (ABUN (K )  , x=1 ,NSPEC)
DO 600  L= l ,NSPEC
DO 7OO M=1, NTYPE
IP  (  KODE (M ,  L )  )  12  , 7OO IT3

12 N=KO
NN=MO
GOTO 14

13 N-JO
NN=LO

L4 SCORE (M) =SCORE (M) +FLOAT (KODE (I, ,1,L) ) *ABUN (I,)  /FLOAT (KODE (M,NN) *KODE (
'rN, L) )

7OO CONTINUC
600 CONTINUE

C.ROUND SCORES TO TWO PLACES
DO 8OO I=1,NTypE
rF (scoRE( r )  .E0 .o .o )  Go ro  8oo
scoRx(r)=scoRE(r) . f  .oo5* (scom (  r  ) /ABs (scoRE (r )  ) )

8OO CONT]NUE
KPLOT=J+NFTRST_1
wRI rE  (3 ,  4 )  KPLo r ,  ( sCoRE (K ) ,K= I ,NTYPE)

4  FORMAT (  6X ,13  , lX ,2 I I ' 5  . 2 )
4OO CONTINUE

STOP
END



APPENDI X 3

Abrmdances of indicator species at 7 sample
sites in Yarragil Catchnent

Species

Sanple point

L 4 41 45 t% 408 558

Acacia browniana

Agonis linearifolia

Astartea fascicularis

Banksia grandis

Banksia Littoralis

Bossiaea ornata

Casuarina ftaserana

Clenatis pubescens

Dryandra nivea

Eucalyptus calophylla

Eucalyptus narginata

Eucalyptus patens

Eucal)'ptus rudis

Hakea ceratophyl la

Hakea Lissocarpha

Hakea varia

Hibbertia lineata

Hypocalynnna angusti fo litun

Kingia austral is

LasiopetaLun floribundurn

Leptospermun e1 lipticur

Leucopogon capitellatus

Leucopogon propinquus

Macrozania riedlei

Melaleuca affin. incana

MelaLeuca affin. scabra

Persoonia longifolia

Phyllarthus cal.ycinus

Pteridiun esculentum

Xanthorrhoea preissii

Xanthomhoea gracilis

A A

J I 5 T

A 1

J

t

1

z

3

I

1

4

3

1

4

I

J 5 +

I

3

I
A

2

2

2

3

2

Havel  rs  s i te-vegetat ion

type (GURU allocation)
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