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Abstract. We present a li|ear algorithm to cnlculaie the divelsity of species combinations (or
"species list - nunber of plots" diversity) for conpleiely mndom comnunities in an indirect
spaiial selies analysis. It serves as a null model to compare completely landom nultispecres
paltenN to real ones which are obseNed on the field. An efiicient algoritbn to derive explicitly
all the possible species combinalions and their fi€quencies is also propos€d. Turbo Pascal
algorithms to IBM-compatibl€ PC's and results nboul th€ rurning time ofth€ algorithms are also

Kqaeo s:tpatial st.ltistics, itkli|ect spatial saics.tnab,sis, nul nodcl.
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Inxroductlon

A spatial point paflem is a set of locations
within a region of interest, which hnve been
generated by some unknown nechanisns (Diggle,
1983). Comhunities of sedenlrry organisms, like
planis, typically oan be viewed as nultispecres
point patiems. Sometimes the "multidimel$ional
point pattem" terninology is used which is ratlrer
contusing. No\radays the multi-type point pattern
terminology also tends to be more popular. In
mathematics and biomathematics the period of th€
last 20 years was the golden age of paitem analysis
of one- and two-species pattems (Greie-Smith,
1983; Kershav, 1964). However, haLdly any
altention was pjrid ro muhisp€cres point pattems.

Juhisz-Nagy develop€d a brand new way of
analyzing multisp€oi€s point pattems from the 60-s
onward (Juh6sz-Nagy, 1963, 1967, 1976; Juhdsz-
Nagy and Podani, 1983; Podani et al., 1993). He
was €sp€cirlly interested in the partial and nultiple
association of species in a comnunity. The methods
developed by him needs large sample size and a lot
of conputations (Bartha, 1990; SzolHt and Bariha,
1991).

Analyzing one-species spatial point pattems the

hypothesis of complete spntial randomness (CSR)
has crucinl iffpoltance. This asserts that (i) the
number of individuals in any finite region follows a
Poisson distribution and (ii) given,r individuals xi
(i=1,..,n) in a region, ihe xi's are independent
random sample flom a uniform distributjon on a
region. CSR acts as n dividing hypoth€sis betw€en
pallerns which are olassifiable as regular or
aggregated.

Using a multLspecies CSR hypothesis we can
dedve the spatial characteristics ofa random multr-
species community and we can use this one just as
in the case of the one-dim€nsional prttem; i.€. we
cab conpare the charact€ristics of r random
comnunity to the achral one studi€d on the field.

ln this paper w€ propose an effective algorithm
to €alcuiate ihe nultl-species random
cbaracrerisiics, especially the "speci€s llst - numler
of plols" diversiq,. We also studied the compuring
time for an algorithm which explicitly calculate all
the possible species lists and we proved ihat without
an efficient algo.ithm it is very easy to waste
inordimte computing time even for very smail
communities. Throughout he paper we use
synorymously ihe terms "species lists", "floristic

67



composition'r or "species combinations".

General description of the algorithm

The abundance vector ol a community is
denoted by n:(n,,n ,...,ni,...,nJ, where ni is the
abundance ofrhe i-th species ofthe conmunity. N=
ni is the iotal nunber ofindividuals. When ihe CSR
hypothesis is valid then the distriburion of
individuals in the sampling plots can be described
by a Poisson distribution. Thus ihe probability that
we find zero individual ofthe i'th species in a plot

p ( t r t = o \ - q , : e x p ( - l , ) .  , ,  r  / l , -  ( r r

where t is the plot size and A is the total studied
area. This was recognized very early by t[€
botanists (Stevens, 1935). Clearly,

P i = l ' q i
is th€ probability that we find at least one individual
ofthe species i in a randomly chosen sampl€ plot of

For a multi-speoies cornmunity the probability
of the floristic composition vectors cm be
calculated as a multiplioation of the probability of
pr$ence al]dor absence ofthe speciesl

n= p  p , .  .  p ,_ tp t t t  -  p " . r ) ( l -p ,_ :  ) . . . ( l  -? . )  (2 )

where the sp€cres 1.. . . . r  are present and species
i+l,...,S are absent in ihe plot. There ar€ 2'possible
species list vectors and evidently

! f T  = r
L / I \  

'

ftz'

:Ihe "species list - numb€r of plots" div€rciiy,
H(2'), for a comnunity of S species is defiued as

ff(2")= I(fl"rosfl') (3)

re2'
where the sunmation is taken ftom I to 2s (cziran
t992).

It is evident that a dircct calculat;on of (3) is
very t ime-cons-uming because t ie compLling I ime is
Increased by 2- as S increases. we prove. ho$e\ er.
that ther€ is a linear alsorithm to calculate (3). For a
community having species S+1, the "speci€s list -
number ofplots" diversiry can be calculated in the
following way when the diversiry H(S) of a
communil, having S species is known:

H(2*' )= H(v ) + p"-t1os4.,1 +0 4-,)loco-a-r )

: .= - > l p t l o g h  1 ( l  p i ) o g ( l  p . r )  { 4 )
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Evidently

H(21)= Alospt + 0- pt)los(r- pj\ (5)
PLoof of (4) is in the appendix. The compuling

time of our algorithm io calculate (3) increases
linearly with S.

Algari th i  mpl ener ta t io t ls
Two irnctions are presented. CSR Lin Div and

CSR Diversity. The source code is written rn
Borland's Turbo Pascal 7.0.

function CSR_Lin_Div calculat€s and rehnns
the Shannon div€rsiiy of the speoies conbinntions
for CSR pattem without the oaloulatior of the
species conbinalions and il has a linear growth of
running time as S increases. All the indirect spatial
statistics can be calculated using this procedure
which ar€ felated to the "species list - nunber of
plots" diversity; e.g" florula evenness,
distinctiveness, etc. It is d€fined as data_type
which is an extend€d variable in the presented
subroutine, We propose to use ext€nded variables
because the rere species combinaiions have very
small coDrrjbution ro the overall "species hst -
number of plols" diversity,

futrctio, CSR_DiveBit, presents all dre species
combinations and their relativg frequencies, thus the
cohputing tine grows with 2" as S increases. This
procedure may be useful wh€n the species
combinations are directly ulilized; e.g. in the case
ofglobal space series analysis (T6thm6L€sz, 1994b).

Both tunotions return the "speojes list - nunber
of plols" diversiiy in logarithm of 2; it can be
modified easiLy in the source oode. The program
can be run in most 286,386, and 486 IBM
co$patible PCs with or without buiifin
mathemrtical coprocessor. Although inpui drt^
infomation provided through a keyboard in m
irte$ctiv€ fashion is nioe, i! is moro converient and
ef&cient to read all input information from a file. In
th€ driver to the prooedures we did noi present any
sp€cial data input. output procedur€s.

Major scatars a\d lectots
The majof scalars and vectors lre summadzed

message = A label to remember what data set
is us€d during the calculations.

Species = Total number of species of the
snrdi€d community.

plot_size . Area o' $e sanrple olols in
st4ndardunits.

lotal_size = Area of t \e whole sludy area in

n = Th€ abundance vector of the studied
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cornnunity; i.e. tr[i] is the number of individuals
ofthe i-th species.

funct iot l  CSR-Lin _Dir:
lambda = Pa_rnere, of lhe Poisson

distribution; average number of the species in the
plots which size is Plo!-size.

Rel_Fr = A matrix with two rows. In ihe first
row (ReLFrli,0l) are the relative frequencies ofthe
plois wh€re the species i is missing and in the
second one (Rel_F{i .11) i re rhe relat ive frequercies
ofthe plots where the species i is Presenl.

funct iof i  CS R Div ers i  tY :
Sc_Frequency = Relative fr€quercy of the

species lists or species combinations.
ListStr - The speoies combinations ar€ in this

string variable in a "0/1" form, wher€ "0" means
that th€ sp€oi€s where missirg from the plot whil€
"1" meons that the specjes where present.

Case dcmon$fratlon

3+p.c'cccommrnity
Dlot cizc - 0,2000000000_rclntiv. 

lroqucncy SDei.scombimtion

;ffi;;:;ft;il;fi;--16;-**--
5,8121a293012251E|to04 lO0
3.27824225584282E-0006 010
2,8?7302090?8t75E-0002 110
2.211580092305?3E4006 001
1.941096333621?2!4002 l0l
1.033643306348t8!-0004 0Ll
.,-j-l-r.ll-911"!l.l?i9.!-:99.9.'--.-..!1-l-.-..-.-.--..
Div.6ily of st eci.s co'n! in ions i

Hl = 0.33428996t7
H2= 0.3342899617

4-spccics co,nnunrty
plotsizc= 0.2000000000

--J!-4yshei-l}9-t-------s-!-"i1"-:-99,1-bi::1i9!
3.933240363393001-000? 0000
3.21931257330613E-0A03 l0A0
5,600182681433051-0006 0100
4,61050496820707!,0002 ll00
2.12933347416320!-0006 0010
11?5343535394331!-0002 l0l0
2.994430?3436243!-0005 0ll0
2,46523391335t998 0001
3.7230306295r3138000? 0001
?.1314?5?3302023r-0003 t00l
t.22640264063993r-0005 0l0l
1.00966932495757E-0001 ll0l
4.6643026t43t993t 0006 00ll
3.84001593674454E0002 l0ll
6.55?71300596403r-0005 0ll1

-5j1?.3-!-rj?l-?j111?-E.-9.o!!- f "'Div.rsity ofspccics conbnFt'ons :
H1= L4196944272
E2= 1.4D6944212

lig. l Exanplc ru.s for the 3-{ecies dd 4 sp€cies connunltl€s;
plol siz€ is 0.2 u.it.
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The run of tbe program is demonstnted on a
small data set io make it possible to recalculate rhe
result by tedious work using a pocket calculator.
Actually, the three species community is idenrical
with three dominant species of the shrub community
of ihe NE-slope of the "Rejtek Project" Reseatch
Area while the four speoies commmily is ftom the
plateau area (T6thm6r6sz, 1994a). The aim of the
case d€monstration is to illustrate the peformance
and output of tbe program, and not to thoroughly
solve a biological problem. We tried to keep the
fonn.t of rhe ourput as simple as possible. The

3-sp.ctc, comnun'ry
plor si&= o,l0oooooooo

sBl"-r-gl:i:-{-.-:-{-'i-,i:-911l'111:l
2.53658t91222063E-0004 000
2.39753088544691E"0002 100
1.5?031523756926E.0003 0r0
1.45553?753t00978-0001 ll0
1.25080600209370E-0003 001
1.15938209128305E-0001 101
1.59i62632263790E-0003 0l!
7,038592996536068.0001 lll

Divosilt of spei.s conbinitions :
ul = 1.333t304637
H2= 1.333t304637

44.c'cscomdutrtry
plot6izc- o,looooooooo

r.htivo fE.Non.y Src.i.r Co'nbin ion

;ti;i;;il1;;fi;--ffi--
5.663?6310894350E-OOO2 I000
1.8r3053?3292660F-0003 0100
1.63152606t?3046E-0001 ll00
9,539046320rt549F0004 0010
3,605225134522t380002 l0l0
2,1622581 tOt3929E-O003 All0
2.41885529206502E-A0AL l1l0
4,9609|1A7|29A72E-A0A4 4001
4.45t9354662941AE-4042 IOO)
1.42906r67532530E-0003 0l0r
1.282412ra5290468-a0at ll0l
1.5JT5A92254506E-A004 0011
6.J6403n0429274E-4002 tot I
2 . r? t24r50184361E-0003 01 l r
1 .9434?552333130D-0001 l l l l

Divorsity ofspeci.t coh[ ations :
H, = 2-4694726542
H2= 2.4694726542

Fig.2.Ixanple rons fo. ti€ 3 Bp€cicb and 4{p€cica conmorilics;
tlolsi& is0.l nnit

output is ananged into two blocks or columns The
first block contains th€ reiative frequency of the
species combinations. The s€cond one conlains ihe
species l ist  of 'be plors.  '0 '  mears that the spec'es
were abs€nt and "1" means that the speci€s were
pr€sent. Thus "0000" means that the ploi was
empty; i.€. there were no one speci€s present in the
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sampte plot. r'1000'r means that the fi|st species was
pr€seni and the others were absent- "0100" means
that the second speoies was present while the oth€rc

The ourput is presented in the Fig. I for th€ plot
size of 0.2. In the case of tbree"species communiry
the relative frequency ofthe "tull" plots, where ail
the species are present is 0.9511.In the case of fouF
speoies communiq, it is 0.5399. The diversity of
species combinations is €sp€cially low lor that plot
size in the case ofthree-sp€cies connunity.

For the plot siz€ of 0.1 the ouiput is presented
in the Fig. 2. The divercity ofspecies combinations
is rnuch hieher this case, although the plots where
all the species of the connunity were present are
still dominant.

Source Code of th€ Algorlthms

{SNr,E+}
Pogrio LnEu_Algorithmi
CoNl Ln2=0,6ri I 4?l80t6i

M.'xspcicsN = 256; {n!roh ofspocios }

Slrihgl -Sknrsll59lr

I.lRowv.cror = rnnyll,,Mrxs!ecicsNl of intcscr;

ncssiSc rskirsli
{ecr.s : mlcgori
HI, H2.plot sia, tot _Biz.: dala_ryp.;
n rlntRowveclo!;

plot size,rotal sizc:drl! lypci

vtrr tr : intrtor,,v&tot : dnrn lypoi

lailida, sunjilocpi r diti_ttp.;
Rd-rr : {myll,.Mds!rci.rN.O'..'l'l of oiLndcdi

J Calohlon of'lr Nlariv. fEql.nt ) ofrLe ploF qbcr $.ucs

(Rel_F4i,0'l)and prcso,t (Rcl_F4i,'l l) )
for i:- I lo spcci.d do 6.Ci[
Ialalda:-nlil{(rlor sizdrolrl_size);
Rcl I4i, 0 l::dp( Ian6da)j
Rel rrli,,r'li=l.0,Rd rrli,,0l;

{-- Ind of calolalior of rclativc frcqr.dci€s
{ cilcllaLion ofthc "Sleies conbi.ition Numl,er ofPlots }
{ dirdsity by thc lind alsoirhn. }

for i:=l lo ryrci€sdo b.sin
$mjilospi=$n rilospi
+R€r F{i, olalnGel F{i,,01)1
+R€r F4i, 1 l*ryRcl rrti.,t l)rn2r

CSR Li'r Div:=-sml);Locpii

{ calcularion of the rcl.tiv. G.qn.ncy of thc Dlots wlcr.
{ s!{i6'i '*hdc ab,ont (Rdl_F{i,'0,1) dd

for i;-l to Ep€ciee do begin
lambda:=nfilr(rror siz€lolal sizoj
R€l Fdir'olF€xlcrambda);
Rcr_FrLi, ll:-1.o-R.l-Fdi.'0'lt

{ --- Fnd or .alculrrion of r.l,nvc nequcrcics. ..
{ Gonclalion ofall th€ sp.cic6.ohbinrlions Md th.n
{ rclitivc &cquoncics.lh. srccics cohbi'utions olc i',
{ Ur LiltNk'llrins ir !'olt" aoio, whcrc "0" mcMs thot
{ lhc sp.cics whorc missi.g ion llD plot whilc "l' m.ans
{ lhot lho slccics {lEr. pi.sctrt.
( TIE icl ivo frcqucncy ofr lp(ics combination is
{ in lho "Sc_Frcqucn cy va.irblc,

i_nl:=01

Sc_F&qucnoy:=Sc_Fr.qu.ncy
'R.l_Fili,Li,tst![i]li

fln_piLocti:=fllnl)ilocpi
I sc_Frequ on cy. LN(SC-rrcq ucncy )r

{
{

{

Print . spocic5 co'nLination ond ils rcl0livc frcquoncy,
piteln(Sc Fr.4u.hcy.''.Liststr)j

in(i_nt);
in(Lktst{ll);{incrcncnt $ndiinirydisit}
i:=l;
wlilo(Lielsrr[i]-2)AND (i<!p.dictdo bccnl

d4(Lhtsri[4,2); { rctup,0'hcc.M otovodow )
i.c(j): I ihacnoil rhc ncxr bi.ary diBir )
in(Lislstr[i]);

unlil (l-dsrrlspecicsl='2')j { .ll sp*i€s con6inations aie

CSR Divc6ity:=audJril-ocpi,4n2;

tuDctio, CSR Divc6ity(llot,ie,
total siz€: d n_lypej

varn : iniRowvcclor); data rype;

Listslr : Shingi
i,i lll : int.B€r;
lanbda, sc_Fr.qucncy,
srm llil-ocPi : dara_ryP.;
Rel Fr : anyl l.,Maxsp&icsN,'0'.. 11 of dtendcd;

{Nunbcr of individuab orthc dominant shrubs on dE N!-slopcj
nc$.sc:=3+pccicsconmuitrr s!ei€s:=3;
nlll=1135i trl2l:=439; n[3]:= 44rj

{Nrnl,erofindividuh ofthedoninant slmds or thcplale t
{
nc$!gc:=r4-spdics cobnlniry j sp€cies-4a
nlr7.=|t2t: npl=339,
i[3]:=231i nlal:= la5;

l
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BEGIN

Nritcl-n{" t bt riz.:', pldt_rizc strok
q rk' rd dlric irgd.t srcFcoDtrn|lnr'].
v.ileln{-------- -----](

HlFcse lio Di'4rloi-3i2.'rod,r.,W.srr]
H2=cse_Diydnwhr &.'{otal s4E@icr"r}

vnl.Li{Di6db, of sFdar conbimliG +
writclr{ Ut=',Ur@:roB
writclr( xt2= ",F2 rolox

!ND.

Conclrtilorc

Th. algorilhms preser €d in the paper ate
appropriale f,or d€tcrmining rhe divcrsiiy of species
combin@tions in dlc casc of completely spatially
randon multisp.cics conmuniriG" The fimctiot
CSR_LiD_DI may be us€d *hen lhe species
combinaiiotrs rhcrlsclvcs are irrclevam. This is ,
very f,ast linear algorilhm. The function
CsR_Divssity nlay be used to iderti& dl tbc
species cornbinatiore This algoridrn iq howcvet,
very tidrlc-cossid ng because thc nm-timc glo$'s
exponentialbr as tl|e nlrnber of sPecics of rbe
commnmltJ grows Ahe code pr€ser ed bere ts a
Turbo Paical impl.mentatic'tr ofthe Focedures
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Appendirr, . )::) -tr...t !.) )jj)t ., , : ! : 11 ,

F o r  a  l - s o e r i e s . o m m y l r i l y l \ e ' s p e c i e s I s L - . n L , r r b e r o f p l o s " d i v e r s l l y r s d e f i n e d a (
r  i  . :  . ' . r , , r . )  . j  iL l i1 i I r i i , . . r  i : '  rJ t (z ' )  r :? , i i lop i , l  +  (1 pr) los( t - l l )

EvjdlritLy; f6ia 2:slrdcia('cil;;urlily it:dairte b^lc"hted
H(2')= 4(2')t pt)pE p, + (1 pz\tos(r- p,)

= H(2')+ pA logp,*, + (l - p"r, )los(1- p,*r )
and we have proved the proposition

'ra6le l. Examll€ ruD-lnn.s of tho cllcllnlion of the divesily of specica oobbnnlion by dnect calohrion ol all th€ species

IBM PC/XT AT/20 MHz 386DX/33 MHz +
80387

486Dx2/66 MHz

l 0
20 6 w e e k s + 2 d a v s 4 d a v s + 8 h o u r s 3 hours + 41 minutes 2 ninutes
30 181.5 vears l8 vears 30weeks+ l  day I dav + 22 hourc
40 278'432 \earc 789 vears
5 0 42: '000'000 vears 41'100'000 yecrs 1'100'000 vears 10'073 v€aIs
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