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ABSTRACT

This paper outl'tnes the desi.gn of a corrputer-based sgsten for
storLng i.nfonnati,on on the Aus tralian geographic &istr"Lbution of
pLant specLes and descv'ibes an instance of its use in the prodtction
of distt'LbutLon tn'aps fot, 729 Australian species of Acacia.
IncLuded also is ut outline of the cartographic design and
production prtnciples of these maps.

INTRODUCTION

The t ask

The objective was to produce for each of the 729 species of Acacia
( l ' las l in  and Pedley,  L982a)  a separate,  s ing le co lour  map of  Austra l ia ,  bear-
ing 1"  x  1.5"  gr id-cel ls ,  wi th  species occurrences ind icated by a nurnber
wi th in the appropr ia te ce l ls .  S ix  maps were to be pr in ted to each 44 s ize
page and each nap was to be titled as to species narne and author. The grid
system was to be a nodi f ied vers ion of  the Austra l ia  1:250,000 nap ser l ,es,
each cel l  be ing ass igned a nunber  accord ing to the systen of  BTook (1977) .
The occurrence of  a species wi th in a ce l1 was to be lnd icated by pr in t ing
the Brook nunber  ( i .e .  the Austra l ian Biogeographical  In tegrated Gr id
System nunber,  ABIGS) in  that  ce l1.

Select ion of  product ion method

I t  was decided to enploy conputer  graphics technology rather  than a
conventional rnanual rnap production systen because of future benefits likely
to accrue f ron nul t ip le  use of  the stored data.  Sueh usages inc lude a var ie ty
of  graphica l  and other  data analyses,  as wel l  as the potent ia l  use of  the
technique in  s in i lar  s tudies in  other  p lant  (or  aninal )  groups.  The corn-
puter iz ing of  d is t r ibut ion in format icn rnere ly  for  the product ion of  a  r rone

of f r t  napping exerc ise,  as an a l ternat ive to a manual  process,  is  not  cost
ef fect ive.
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Development of the proj ect
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The Droiect  was developed in  f ive s tages:  car tographic  design and
speci f icat ions;  design and implementat ion of  the computer  systen;  preparat ion
of  the base naps;  d ig i ta l  capture of  species d is t r ibut ion data;  and gr id-
ce11 nurnber ing by automated p lot ter .

CARTOGRAPHI C DESIGN AND SPECIFICATIONS

(a) The Brook nurbering systen

This uses a 3-d ig i t  nunber  in  gr id-cel1s based on the 1:250,000
Nat ional  Mapping ser ies sheets,  an ident i fy ing in i t ia l  d ig i t  be ing used
for  each State (see Figure 1 in MasI ln  and Pedley,  1982a) .  The hor izonta l
rows of  ce l ls  in  each State are nurnbered sequent ia l ly  and in  nost  cases th is
sequence is  rnainta ined onto the next  row.  However,  as the nunber ing system
is not  arranged as a log ica l  co-ord inated natr ix ,  i t  is  not  innediate ly
adaptable to  a d ig i ta l  co-ord inate systen (see belorv) .  Therefore,  the
design had to incorporate in to the nap-sheet  construct ion,  a co-ord inate
referencing systen for  each cel l  to  which the appropr ia te Brook nunbers
could be referred.

(b)  Product ion s ca le

This  was governed by the naximum s ize of  sheet  able to  be accepted by
the autonated p lot ter  and a lso by the min imum type and pen s ize of  the
plot ter .  These constra ints  necessi ta ted a n in inurn gr id-cel1 s ize of  4 .5 x
3 nm to accomrnodate the 3 d ig i t  Brook nunbers and represented a 3:2
enlargement  of  the f ina l  product ion scale.  Each quar ter  inposi t ion sheet
(see below) was approx imate ly  700 run (X)  by 1000 mm (Y) .

( c )  C o n s t r u c t i o n  o f  t h e  i m p o s i t i o n  s h e e t s

An inposi t ion sheet  consis ts  of  4  subsheets ca l1ed quar ter  inposi t ions;
each quar ter  inposi t ion consis ts  of  4  pages and each page bears 6 naps
(Figure 1) .  Thus to cover  the 729 Austra l ian species of  Acacia 8
imposi t ions or  32 quar ter  i rnposi t ions or  128 pages were requi red.  The
constTuction of a four page quarter inposition was the sane for all 32
sheets involved and was designed as a homogeneous nap sheet network forning
a s ingle gr id  wi th a l l  re levant  data referenced to a pr inary or ig in .  This
arrangenent  requi red that  two of  the four  pages be inver ted i .e .  pa i rs  of
pages head to head.

The pro ject ion enployed was ps eudo-  cy l  indr i  ca l  ,  d isn lay ing the ner ld ians
and para l le ls  as s t ra ight  1 ines,  forming a rectangular  gr id  system to which
co-ord inate referencing was appl icable,

Points  such as page corner ,  map corner  and gr id-ce11 corner  were
referenced f rorn the pr imary or ig in  as co-ord inates expressed in  nul t ip les
of  the gr id-cel l  d lnenslons,  i .e .  4 .5 (X)  by 3 nm (Y) ,  and conver ted to
dis tances.  For  example the SW corner  of  the SW rnap of  page 30 in  F igure 1
would be referenced by 8 Columns (X) and 18 Rows (Y) thereby producing

t
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plot t ing scale co-ord inates 56 rnn (X)
o f  t h e  i n v e r t e d  p a g e s ,  j . e .  p a g e s  2 2
was establ ished enabl ing the re lat ive
1 8 0 0  ( X  a n d  Y  t h e n  b e c a n e  n e g a t e d ) .

product ion of  d is t r ibut ion naps L75

and 54 nm (Y) .  S in i lar ly  in  the case
and 27 In F igure 1,  a  secondary or ig in
c o - o r d i n a t e s  t o  b e  r o t a t e d  t h r o u g h

(d)  Ac cu ra cy

The nethod of  co-ord inate referencing by colunns and rows created the
probabi l i ty  of  cumulat ive error  over  the length of  the sheet .  To n in in ise
th is  factor ,  and because the p lot ter  operated on i rnper ia l  measurement ,  the
dimensions of  a  gr id  ce l1 were conver ted f ron netTic  uni ts  to  6 deci rnal
p laces of  an inch.

Prec ise posi t ion ing of  the Brook nunber  in  each cel l  requi red the
considerat ion of  helght ,  width and spacing of  d ig i ts  ard the specl f icat ion
of  the co-ord inate reference for  the f i rs t  d is i t  to  the nearest  0.001 of  an
i n c h .

(e)  Page- to- Inposi t ion Arrangenent

T h e  p a g e s  i n  i r n p o s i t i o n  f o r m  a r e  n o t  p l a c e d  i n  n u m e r i  c a l  o r d e r :  t h e
correct  sequence is  obta lned when the f la t  sheets,  pr ln ted on both s ides,
are fo lded in  a s ta.ndard procedure to book page s ize (F i .gure 2 -  "pr in t ing

l o g i c " ) .  T o  f a c i l i t a t e  t h e  p r o g r a n n i n g  o f  t h e  c o r r e c t  s p e c i e s  d a t a  t o  i t s
appropr ia te nap on a speci f ic  page,  each of  the 729 species nanes was
sequent ia l ly  numbered on an a lphabet ica l  l is t ing,  and ass igned i ts  re levant
page and inposi t ion nunber .  Prov is ion was nade for  in tToductory text  to
occupy the f i rs t  5  pages.

An a lgor i thn was la ter  deduced to autonate the select ion of  correct
page content  to  imposj . t ion nurnber  ( i . ,e .  the r rpr in t ing 1ogic") .

METHODS

Two basic  outputs were requi red f ron th is  conput ing syste ln:  develop-
rnent  of  the necessary conputer  f i les to  acconpl ish the conputer ized p lot t ing
of  Brook nurnbers for  the 729 Acac 'La species d is t r ibut ions;  and developrnent
o f  a  s e p a r a t e  c o m p u t e r  f i l e  c o n t a i n i n g  t h e  o c c u r r e n c e s  o f  e a c h  s p e c i e s ,  r , e .
t h e  B r o o k  n u m b e r s  p e r t  i n e n t  t o  e a c h  s p e c i e s .

(a)  The Necessary Conputer  F i les

( i )  The Brook Fi1e.  The Brook nurnber ing systen for  gr id  ce l ls  10 x 1.5o is
declared and not  rnathemat ica l ly  der ived f ron a co-ord inate referencing
s y s t e n ,  i . e .  i t  d o e s  n o t  h a v e  a  s e r i e s  o f  h o r i z o n t a l  a n d  v e r t i c a l
te ferences f ron which the Brook nurnber  i .s  der ived.  The absence of  such a
mathenat ica l  number ing systen necessi ta ted the creat ion of  a  separate
conputen f i le  where a l l  nunbers wene referenced to a comnon base,  nanely
row and col lnnn values re lated to a pr inary gr id  or ig in  (see l ' igure 1) .
This  cornmon base or  co-ord inate systen per formed the dual  purpose of :
prov id ing the posi t ion of  each Brook nunber ;  and prov ld ing a l ink or  key
i n t o  t h e  0 c c u r r e n c e s  F i l e  ( s e e  b e l o w ) .

T h e r e f o r e  t h i s  f i l e  c o n s i s t e d  o f  r e c o r d s  i n d e x e d  b y  c e l l  p o s i t i o n ,  i . e .  r o w
and colunn nunber.  EaCh ̂ a]  1  n^c i f i^n h l l {  i fc  ^orresponding Brook number,
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( i i )  The Occurrences Fi le .  This  F i le  s tored d is t r ibut ion data for  each
species der ived fTon the d ig i t iz ing of  ce11 centro ids ( the v isual  centres
of  the gr id  ce1ls) ,  These d ig i t ized centro ids were conver ted f rorn local
co-ord inates (mi l l inet res)  in to posi t ional  co-ord inates of  r rTowrr  and
I tco lunn nr .mbers,  i .e .  so nany ce1ls  up and so nany across.  Thus each
record on the Occurrences Fi1e,  indexed on species nurnber ,  i .e '  the nunber
accord ing to the species a lphabet ica l  pos i t ion,  had i ts  occurrences
represented as r r rowrr  and r rco lumntr  nunbers.  Therefore the Occurrences Fi le

contained no BTook nurnbets but rather co-ordinates linking into the Brook
Fi1e.  Consequent ly  i f  the Brook number ing systen were a l tered,  e.g.  to
a l low extension to inc lude is lands,  the Brook f i le  would be s inply  updated
and the Occutrences Fi le  not  af fected at  a l l .  In  fact  the 0ccurrences Fi le

has been designed to be tota l ly  independent  of  the nunber ing systen and of
the nanes of  species ( the Names Fi le) .  The row and colurnn co-ord inates l ink
into the Brook Fi le  whi ls t  the species nunber  l inks in to the Narnes Fi le
(see be low) .

( i i i )  The Names Fi le .  The species names and corresponding authors were
encoded onto conputer  d lsk and sor ted in to a lphabet ica l  order .  The Nanes
Fi le  was then created wi th each record indexed by species nunber ,  i .e .  i ts
a lphabet ica l  pos i t ion.  Each species nunber  had i ts  corresponding species

nane and aut hor^.

(b)  Plot t ing Method

The p lot t ing program involved the l ink ing of  the nain Occurrences Fi le

wi th i ts  subsld iary dual  l inks:  the Brook Fi le  and the Names Fi le .  This
l ink ing was done in  conj rmct ion wi th an a lgor i thn for  se lect ing the
appropr ia te species for  the appropxiate page and select ion of  the appropr ia te
pages for  the appropr ia te inposi t ion (seeaboveJ.  This  a lqor i thrn could
b e  r e f e r r e d  t o  a s  t h e  " p r i n t i n g  l o g i c " .

The recurr ing cyc le of  events for  each species is  as fo l lows :

( i )  A record (species n lmber)  was ext racted f rorn the Occurrences Fi le '
The select ion of  the record is  governed by the pr in t ing log ic '

(il) Each occurrence (row and colunn) was then extracted frorn that record.

The computer  then drove the p lot ter  to  each of  these occurrence posi t ions
(via row and colunrn) and alnost simultaneously fetched the appropriate Brook
number f ron the Brook Fi le  (again v ia row and colurnn)  whlch was then p lot ted,

( i i i )  For  each record ext racted f rom the 0ccurrences Fi le  the conputer
also fetched the corresponding n arne and author fron the Narnes Fl1e and
plot ted then (name in i ta l ics and author  in  Ronan).

The cont inual  t ravers ing of  a l l  three f i les necessi ta ted these f i les
being of  randon access type.

The p lot  tape referred to in  F igure 2 consis ts  of  a  fu11 inposi t ion,
being 4 p1ots,  one for  each quar ter  inposi t ion.  Each quar ter  inposi t ion
plot  was designed to naxin ise the d inensional  capaci ty  of  the p lot ter  (see
a b o v e J .

(c)  Conputer ised Acacia F i  1e

This f i le  was designed for  fu ture conputer  analys is  and each record

N o ,  6
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was to conta in the species nane as the index and the Brook nunbers for  that
nane as the rest  of  the record.  The f i le  was to be in  a lphabet ica l  order .
The method of  product ion was again a nat ter  of  l ink ing the rnain Occurrences
F i l e  w i t h  i t s  s u b s i d i a r y  d u a l  l i n k s :  t h e  B r o o k  F i l e  a n d  t h e  N a n e s  F i 1 e ,
However the l ink ing in  th is  case was not  done in  conjunct ion wi th the pr in t -
rng log ic  but  s inp ly  in  sequent ia l  (a lphabet lca l )  order .  This  f i le  was
subsequent ly  processed (actua1ly  " inver ted")  in  order  to  produce the specres
l i s t s  c o n t a i n e d  i n  t h e  s e c o n d  p a p e r  i n  t h i s  s e r i e s  ( i i t a s l i n  a n d  P e d l e y ,
1982b) ;  for  each record in  those l is ts  the Brook nurnber  becane the index
and the occurr ing species narnes becane the rest  of  the record.

I t  is  ant ic ipated that  fur ther  conputer  zmalyses wi l l  use th is  Acacra
Fi le  and that  the f l le  wi l l  be kept  current  as new dis t r ibut ion records
cone to hand.

td l  Data Revi  s  i  on

T h e  r e c e i p t  o f  a d d i t i o n a l  d a t a  n e c e s s i t a t e d  t h e  p r o v i s i o n  o f  a n
updat ing progra ln for  the three nain f i les and a d isp lay progran for  ver i f i -
cat ion of  the added data,

As a consequence the f i les that  were created have the low cost  capabi l i . -
t ies of  innediate data r :ev is lon at  any future date.

I r o r  e x a m p l e ,  a n  a v e r a g e  b a t c h  o f  t t a n s a c t i o n s  f o r  r e v i s i o n ,  r e q u i r i n g
10 seconds of  computer  t ime,  is  est inated to cost  $1.00 and a subsequent
conputer  l is t ing,  sumnar iz ing the new contents of  the Occurrences Fi le .
$ 3 . s 0 .

( e )  P r e p a r a t  i o n  o F  t h e  B a s e  l l a p s

The 729 species rnaps involved the preparat ion of  32 x 4 page quar ter
inposi t ion sheets (6 naps per  page)  on t ransparent  s table based draf t ing
f i l n  f o r  t h e  a d d i t i o n  o f  r u n n i n g  t i t I e ,  s p e c i e s  n a m e s ,  a u t h o r s ,  p a g e
nurnbers and Brook nunbers by autonated p lot ter .  A naster  sheet  was
in i t ia l ly  prepared to conforn to the caTtographic  design speci f icat ions
referred to above.  From th is  naster  the f ina l  SZ copies were
produced by photography.  The nastet :  was produced f i rs t ly  in  two conponents:
(1)  the coast l ine and State borders,  and (2J the nap surround and gr id
network.

The coast l ine and State borders were photographical ly  processed as a
40% screened inage pr ior  to  combin ing wi th the surround and gr id .  The
purpose of  th is  was to reduce the in tensi ty  of  the coast l ine and borders to
e n s u r e  t h e  l e g i b i l i t y  o f  a n y  B r o o k  n u n b e r s  o v e r p r i n t i n g  t h e s e  l i n e s .

( f )  D i g i t a l  C a p t u r e  o f  S p e c i e s  D i s t r i b u t i o n  D a t a

Rough work ing naps,  used to score species d is t r ibut ion data (one map
to each species)  ,  were the actual  documents that  were d is i t ized,

Being paper  copies,  the work ing naps had pronounced and vary ing scale
d i s t o r t i o n s ,  T o  e n s u r e  t h a t  t h e  d i g i t i z i n g  r e f e r e n c e d  t h e  c o r r e c t  c e 1 1 s ,
each work ing nap was re lated to a t rue- to-scale naster  and the data
dig i t ized f rorn the Jnaster  copy.
1 6 9 1 8  1 2



778 N o .  6

Dig i t iz ing was carr ied out  us ing f i rs t ly  a Gradicon Dig i t izer  l inked
to a card punch,  and la ter ,  owing to equipnent  breakdown,  completed on a
Sunmagraphlcs Dig i t izer  L inked to a CyBER disk,  The technique involved
record ing the centre polnt  o f  those cel ls  in  which a specie i  occurred,
These centro id points  were autornat ica l ly  conver ted to ' r row" and colunn
co-ord lnate va lues re lat ive to  the pr inary or ig in  and cornpr ised the contents
of  the occurrences Fi le  (see above) .  The d ig i t iz ing of  the d is t r ibut ions for
729 Acaci ,a  species,  represent ing the record ing of  approx imate ly  10,000
points ,  was conpleted in  6 rnan days.

(g)  Gr id Cel1 Nunber ing by Autonated ptot ter

The Plot t lng Progran t reated each inposi t ion,  i .e .  4  p lots  of  24 maps
each,  as a separate p lot .  The product ion of  g  inposi t ions or  52 quar ter
i rnposi t ions necessi ta ted the conputer  generat ion of  a  pfot  tapes
to p lot  the 729 species occurrences on a Xynet ics 11014 f la t  bed p lot ter .

The p lot ter  was of f - l lne to the conputer  and was thus dr iven by the
plot  tape v ia a tape dr ive.

Unfor tunate ly  sone problems in  i rnage densi ty  were exper lenced dur ing
the running of  the p lot  tapes.  The very snal1 pen (0.1 rnm diarn, )  used for
the Brook nunbers dernanded a prec ise ink n ix tur l  and a lso requi red a
reduct ion of  p lot ter  speed to ensure a sat is factory densi ty .

Al l  base sheets were subjected to thorough preparat ion to ensure a
grease f ree sur face.  The base sheets were la id  on ih"  f1 . t  bed,  regis tered
wi th the p lot ter  and held- in  posi t ion by a vacuum dur ing the nr ] rnber ing
process.  The p lot  tapes for  each inposi t ion were loaded in to the p lo i ter
tape dr ive and the p lot t ing contro l led f rorn the operators console.  The
snal1 inherent  scale d i f ferences,  a lways exper ienied in  reproduced inages,
and the f ixed scale of  the p lot  tape created sorne n inor  problerns of
adjustnent  in  the regls t rat ion process.

CONCLUSION

The present  pro ject  i l lust rates how recent  developnents in  conputer_
assis ted car tography can a id the processing of  b io logi ia l  d is t r ibut ion data
so as to produce species naps and t is ts ,  wi th  a h igh degree of  autonat ion.
Though hard ly  cost -ef fect ive in  a s ingle appl icat ion,  the system for  Acacia,
descr ibed above,  has the potenr iar  to  be e i iended to other  ! .or rps o i  pr rnt ,
or  ani rnals ,  cover ing a wide range of  prec is ion and scale,  t , lor"o l r " . ,  ih"
sane conputer ized data base could be nade the subject  of  an extended
ser ies of  analyses for  many purposes.

Prov ided sof tware is  designed for  naximum appl icabi l i ty ,  as in  the
present  instance,  i ts  cost  would be amort ized ovei  a  per iod,  accord ing to
the nunber  of  users.  Hohrever ,  anor t izat ion of  a  systen for  nul t i_user
cost lng must  prec lude the sof tware renain ing the proper ty  of  the developrng
organi  zat  ion.

Foston and But  son
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