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ABSTRACT

This paper describes the application of the indices of nonrandomness of

Pie lou, Hopkins and Skellam, and Clark and Evans. Details are given of sampling pro

cedure and applicability. Theory and confidence interval tables are included. These three

distance sampling methods are useful for measuring the extent of regularity, randomness,

or aggregation of objects in space which can be represented by point spatial patterns on a

plane.

FORTRAN IV programs are available at the Pacific Forest Research

Centre for calculating each of these indices. Listings of these programs are given in the

appendices. Examples of some point spatial patterns and their calculated indices are

also included.

L'auteur ~crit I'application des indices de points non aleatoires (indices

of nonrandomness) de Pielou, et de Hopkins et Skellam, puis de Clark et Evans. II donne

les details d'echantillonnage et d'applicabilite. II inclut des tables de theorie et de limites

de confiance. Ces trois methodes d'echantillonnage adistance sont utiles pour mesurer

I'importance de la regularite, I'aleatoire, ou I'aggregation d'objets dans I'espace qui

peuvent etre representes sur un plan par des points spatiaux formant un dessin.

Les programmes FORTRAN IV servant a calculer chacun de ces indices

sont disponibles au Centre de recherches forestieres du Pacifique. Le repertoire de ces

programmes se trouve dans les appendices. On y retrouve aussi des exemples de quelques

dessins formes de points spatiaux ainsi que leurs indices calcules.
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INTRODUCTION

There is an increasing interest in examining the distribution of objects in space which can

be represented by point spatial patterns on a plane. Various indices vf nonrandomness have been developed

in recent years to measure the extent of regularity. randomness, or aggregation (clumping) in point spatial

patterns. Of these methods, four quadrat sampling and three distance sampling techniques have gained the

most acceptance.

The four quadrat sampling methods involve the procedure of choosing quadrats (randomly

spaced or contiguous) and counting the total number of points in each quadrat. The variance over mean

radio (Vim) can then be used to calculate indices interrelated as follows. David and Moore (1954) suggested

an index of clumping

1= V/m-1.

Lloyd (1967) suggested an index of mean crowding

m=m+L

and an index of patchiness

C = 1 + 11m.

Morisita (1959) devised an index of dispersion

18 = N~l C

where N is the total number of points. A frequent disadvantage of these quadrat sampling methods is that

the index mayor may not be independent of quadrat size (the first two are not, whereas the last two arel.

But the most serious objection to those methods· is that they involve an excessive amount of sampling.

In an attempt to reduce the amount of sampling and calculation, three distance sampling

methods have been developed. These methods generally involve the choosing of either random positions

(locations given by random X· and V-coordinates) or random points (representing the objects) and the

measurement of the distance or squared distance to the nearest neighboring point. Pie lou (1959) suggested

a sampling procedure which consists of choosing random positions and measuring the squared distance

W to the nearest point. The average of these squared distances wand the point density p are then used

to determine the index of nonrandomness
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ex = rrpw

Hopkins and Skellam (1954) suggested a sampling procedure of first choosing random positions and mea-

suring the squared distance w1 to the nearest point, then choosh,g random poi nts1J and measuring the

squared distance w 2 to the nearest neighboring point. These squared distances are then used to determine

their index of nonrandomness

Clark and Evans (1954) suggested a sampling procedure of choosing random points and measuring the

distance r to the nearest neighboring point. The average of these distances r together with the point density

p are then used to determine their index of nonrandomness

R =2-2Ypr.

Each of these distance sampling methods is a procedure for calculating an index value.

This value is within a certain confidence interval of 1, if the point distribution is random.Y If the distri-

bution is regular, the value is less than 1, and if the distribution is aggregated, the value is greater than 1.

Thus a hypothesis of randomness is acceptable if the index value falls within the confidence interval.

The following sections describe the mathematical basis and application of these three dis-

tance sampling techniques.

PIE LOU'S INDEX OF NONRANDOMNESS

Pie lou's index of nonrandomness is

where

p = point density per unit area

and

W average squared distance between a randomly chosen position and the nearest point.

11 Care must be taken that the process of choosing a random point is indeed random. For instance,

finding a random position and then choosing the nearest point is not random but is biased toward
points away from cluster centers. A better method consists of listing all the points and choosing
one randomly from this list.

Y If using a p% confidence interval, there is a (100-p)% probability of a random distribution yielding
an index value outside the confidence interval.
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The average w is taken over a designated number n of samples. It can be shown (Pielou 1959,1969;

Mountford 1961) that in a random distribution, a. has an expected value~

E [a] = 1.

In a regular distribution, a would be expected to be significantly less than one, whereas in an aggregated

distribution, a would be expected to be significantly more than one. In a random distribution, ex has the

probability density function

f( a ) = nn a n-1 e-na I r (nl

where

r (n) = (n-1)! is the gamma function evaluated at n,

2na is distributed like X 2 with 2n degrees of freedom. Confidence intervals can then be specified for ex

by referring to a X 2 distribution table (Pearson and Hartley 1962).

99%

n i 95

%l

20 0.518 0.611 1.484 1.669
30 0.592 0.675 1.388 1.533
40 0.640 0.714 1.333 1.454
50 0.673 0.742 1.296 1.402
60 0.692 0.759 1.264 1.355
70 0.713 0.776 1.244 1.327
80 0.730 0.790 1.228 1.305
90 0.745 0.602 1.214 1.287

100 0.757 0.811 1.203 1.271
120 0.777 0.827 1.185 1.247
150 0.799 0.845 1. 165 1.220
200 0.825 0.865 1.142 1.189
300 0.856 0.889 1.1 15 1.153
400 0.875 0.904 1.100 1.132
500 0.888 0.914 1.089 1.118

Table 1. Confidence intervals for Ct with random distribution.!!

'J/ It is assumed that the point density p is predetermined and is not estimated by sampling methods.
Mountford (19611 has shown that, even when P is estimated by sampling, E [a J = 1.

1/ Pielou 1959. Note the corrected values for 99% confidence intervals. Pie lou's table tabulates values for
98% confidence intervals.
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For example, by using a 95% confidence interval with n = 200, a hypothesis of randomness is acceptable

if .865 < ct .::. 1.142.

HOPKINS AND SKELLAM'S INDEX OF

NONRANDOMNESS

Hopkins and Skellam's index of nonrandornness is

where

w, = squared distance between a randomly chosen position and the nearest point

and

W2 squared distance between a randomly chosen point and the nearest neighboring

point.

Both summations are taken over a designated number n of samples. It can be shown (Hopkins and Skellam

1954; Pie lou 1969) that in a random distribution, A has an expected value

E [A] = 1.

In a regular distribution, A would be expected to be significantly less than one, whereas in an aggregated

distribution, A would be expected to be significantly greater than one. In a random distribution,

x = AI (A+ll

has the probability density function

fix) = xn- 1 (1_xln- 1 181n,n)

where 0 < x < 1 and 8(n,n) = r Inl . r (nl I r (2nl. Confidence intervals can then be specified for A as

follows. For a smaller number of samples (n':: 501. the probability that x is within a certain interval can be

obtained from tables of the incomplete beta function (Pearson and Hartley 1962; Pearson 1968). The

function f(x) has a mean value of .5 and variance of 1I4(2n + 1), and it rapidly tends to normality as n

increases. For larger numbers of samples (n > 50). it is then sufficient to take

X = 21x -.5) /2n+1

as a standard normal variate and refer to tables of the standard normal integral (Pearson and Hartley 1962).
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,----- 99%------,

n

20
30
40
50
60
70
80
90

100
120
150
200
300
400
500

0.436
0.510
0.558
0.594
0.621
0.643
0.663
0.679
0.692
0.715
0.741
0.772
0.810
0.833
0.849

0.533
0.600
0.641
0.673
0.698
0.717
0.732
0.746
0.757
0.776
0.797
0.822
0.852
0.870
0.883

1.875
1.667
1.556
1.484
1.434
1.395
1.365
1.341
1.321
1.289
1.255
1.217
1.174
1.149
1.132

2.296
1.962
1.792
1.685
1.612
1.554
1.509
1.474
1.444
1.398
1.349
1.295
1.235
1.200
1.177

Table 2. Confidence intervals for A with random distribution.

For example, by using a 95% confidence interval with n = 200, a hypothesis of randomness is acceptable

if .822:':.. A:':.. 1.217.

CLARK AND EVANS' INDEX OF

NONRANDOMNESS

Clark and Evans' index of nonrandomness is Q/

R = 2-2,pr

where

P = point density per unit area

and

r = average distance between a randomly chosen point and the nearest neighboring point.

The average r is taken over a designated number n of samples. It can be shown (Clark and Evans 1954;

~ Clark and Evans' original index is A = 2 vpr: Their expression is adjusted here to permit regular dis

tributions to have index values less than one and aggregated distributions to have index values greater
than one, rather than the converse. This is consistent with the other indices of nonrandomness.
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Morisita 1954; Thompson 1956; Pie lou 19691 that in a random distribution, A has an expected value

E [RI = 1.

In a regular distribution, R would be expected to be significantly 1",,iS than one, whereas in an aggregated

distribution, R would be expected to be significantly greater than one. In a random distribution, r can be

approximated by a normal distribution with mean

E[r] =1/2/P

and variance

Var [I' J = 14-'l1/4,,-pn.

Hence R has mean

\-=E[RI=1

and variance

0 2 = Var [R 1= 14-1T I /lTn.

Confidence intervals can then be specified using

(R ->lIla = IR -111 ,1(4-11 1/11 n

as a standard normal variate and referring to tables of the standard normal integral (Pearson and Hartley

19621.
99%

n 1 95

%1

20 0.699 0.771 1.229 1.301
30 0.754 0.813 1.187 1.246
40 0.787 0.838 1.162 1.213
50 0.810 0.855 1.145 1.190
60 0.826 0.868 1. 132 1.174
70 0.839 0.878 1. 122 1.161
80 0.849 0.885 1.115 1.151
90 0.858 0.892 1.108 1.142

100 0.865 0.898 1.102 1.135
120 0.877 0.906 1.094 1.123
150 0.890 0.916 1.084 1.110
200 0.905 0.928 1.072 1.095
300 0.922 0.941 1.059 1.078
400 0.933 0.949 1.051 1.067
500 0.940 0.954 1.046 1.060

Table 3. Confidence intervals for R with random distribution.
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For example, by using a 95% confidence interval with n = 200, a hypothesis of randomness is acceptable

if .928'::' R'::' 1.072.

APPLICATIONS

These three indices of nonrandomness may be applied to point spatial panerns in two

dimensional regions. For ~xample, they may be used for studying the distribution of a population of

sedentary organisms dispersed over a continuous surface. They are used extensively at the Pacific Forest

Research Centre, Victoria, British Columbia, for measuring the distribution of trees on forest plots. They

have also provided a means of testing the distribution of forest stands when applied to stand centroids

(Stauffer 1977a, in preparation). Furthermore, by reversing sampling procedure for derivation of the

index, these algorithms have led to the development of methods of generating artificial stands of trees

with appropriate spatial distribution (Stauffer 1977b, in preparation; cf. Newnham 1968).

Originally developed for points in two-d imensional space, they may be generalized to other

dimensions so that points on a line or in three-dimensional space may also be examined for distribution

(Stauffer 1977c, in preparation). For example, spatial patterns of various organisms in the soil, atmos-

phere, or water may be measured; i.e., organisms such as defoliators, pathogens, or soil fauna.

These indices can be hand-calculated in the field or in the laboratory. Better still, the cal

culation can be done by computer. Programs are available from Computing Services at the Pacific Forest

Research Centre to calculate these indices: Pie lou's index of nonrandomness (PTEST), Hopkins and

Skellam's index of nonrandomness (HSTEST), and Clark and Evans' index of nonrandomness (CETEST).

See Appendices J·III and Stauffer 11976a, 1976b, 1976c1 for details. These computer programs have been

used extensively on both simulated and actual forestry plots (Appendix IV). The simulated plots include

sites with regular, random, and aggregated spacing. The actual plots include plots of coastal British Columbia

Douglas-fir from sites at Shawnigan Lake (Crown and Brett 1975).

COMPARISON OF THE INDICES

Of the three indices of nonrandomness, Pie lou's index is the best (ct. Holgate 1965; Payandeh

1970). It involves only IJOsition to point distances, whereas Hopkins and Skellam's index involves point-
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to-point distances as well as position-la-position distances; Clark and Evans' index involves only point-ta

point distances. For this reason, Hopkins and Skellam's method and Clark and Evans' method tend to

measure the concentration of points within clusters. Pie lou's met~od of just choosing random positions

is able (0 detect holes in spatial pattern. Furthermore, Hopkins and Skellam's index has the largest confi

dence intervals and tends to vary considerably even for random patterns. Clark and Evans' index has the

smallest confidence intervals but tends to place index values for both random and nonrandom distributions

within these limits. 6/ Hopkins and Skellam's index requires the greatest amount of calculation and compu

ter time, while Clark and Evans' requires the least amount of time, but only slightly less than Pielou's.

For these reasons, Pielou's index is recommended as a good measure combining high sensitivity for dis

tinguishing between random and nonrandom distribution with a minimum amount of calculation.
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APPENDIX I:

THE FDRTRAN IV PROGRAM PTEST
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c••••••••••••••• _••• __ •• •••••• _••• •••• _•••• *.* •••• __ •• -.-.-.
C
C PROGRAM: PT~Sl

C
C D~SCWIPTION: CALCULATES PIELOU'S INDEx OF ~ONRANOOMNESS

C ALPHAaPloRMOoOMEGA
C wH~RE

C RHOaPOINT DENSITY P~R UNIT AREA
C OME'AaAVERAGE SQUARED DISTANCE 8ET~EEN A HANOOMLY CHOSEN
C POSITION AND TME NEAHEST POINT
C
C REF~HENCES:

C PI~LOU, E.C. IQ5Q. THE USE OF POINT-TO-PLANT OISTANLES IN
C THE STUDY OF THE PATTERN OF PLA"T POPULATIO S. J.~COL.QI:

C b07-bI3.
C MOUNTFORD, M.D. IQbl. ON E.C. PIELOU'S INDEX Of NONMANOOM-
C NESS. J.ECOL.Qq: 271-i75.
C
C VARIAbLES:
C NOHO.SaWIOTH OF PLOT
C NOCOLSaLENuTH OF PLOT
C NOIREEaNUMBER OF POINTS IN PLOT
C NOSAWPaNUM8ER OF SAMPL~S IN PIELOU'S INDEX CALCULATION
C X(IlaX-COOROINAT~ OF THE I-TM POINT
C Y(Il,Y-COOMOINATE OF THE J-TH POINT
C HHU'POINT DENSITy PER UNIT AREA
C OM~GAaAVERAGE SQUAkEO OISTANCE BET.E~N A RANOOMLY CHOSEN
C POSITION AND TM~ NEAREST POINT
C ALPMAaPIELDU'S INOEX OF NONkANDOMNESS
C
C SUBPROGRAMS: DISTSQ, PLOTI IFIX, AMOO, SECNUS, ACC, CLOSE,
C ASSIGN, FLOAT, RAN
C
COATE: 20 AUGUST IQlb
C
C AUTHOk: E.C. PIELDU
C
C PROGRAM DESIGNER: H.8. STAUFFER
Cc._.*._ .•• __ ..• _. ._ •• _...•._.• __ ._. **t._._ ... t __ .t. __

COMMON /LIST/NOROWS.NOCOLS,NOTREE,X(20001,YI2~001

DISTSYIA,B,C,OJa(A-C)oIA-CJ+(B-OJolb-O)
NlaIFIXIAMOOISECNDS(0.l,320 00.ll
N2 a l

C
C••••••wITE INT~RACTIVE TERMINAL INFORMATION' READ INPUT
C

WRITEI5,10l
10 FORMAT(' THIS PROGRAM CALCULATES PI~LOU"S INDEX OF NONWANnOMN~SS.

I THt CDORDINATES',/,' OF THE POINTS WHOSE SPATIAL PATTERN IS TO bE
2 DETERMINEO MUST BE INPUT IN')
wRIT~(5,20)

20 FORMAT(' ONE OF THE FOLLOwING Twa WAYS:',/,' I) USING IBM UATA
leAROS ON THE CARD RfAOER (INPUT ONE SET OF COOROI-')
WRITE(5,30)

30 FORMATl' NATES (X,Y) PER CARD _ITw FORMAT(2F8.5)l, DR',/,' c) U
ISING A FORMATTED SEQUENTIAL OATA FILE MAP.OATII (INPUT ONE SET OF'
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I~U'x U. ~ON"ANUUHN'SS

PloJ.I"I;"
"Muo'LrJAT I~,)l~f.l /'LOol (NO~u.;;"OCOL')
~IJM=I/I.t

UlJ lh., 1s:1,~~O~A~P

~oFLOAl (NuCJLSl .... N(.I ,N2)
CoFLUAI(NU"uwSl'~'N(NI,N2J

U:Q"QQQ.0
t.u tb~ J-l,~OT~EE

t.OlSISO('(JI,V(Jl,o,Cl
If (f.L 1.0) Dol
Sl./M-SUM.O
OMtbAoSUH/FLO'TI~uS'HP)

A~PHA.Pl·~MO.OM~GA

~ I
""I It. (~, "~l

'll"HAl(' COU~"INAlt' (',V) Pf" "'Cf'kel .IIH H).MAII2f<'.SJ).')
,,~IIU5,5~)

FUWMAT(/,' PLUT wIllr ... (I/t,WTICA.L o~ Y-AllS 1)1~TANCt)z7 (!NPIJl A J"I
ITfGt~ c= 1I~4Q~")',I,' '$)

NO~U"":ACC(It.wl

w"JTE(S,blfl)
fURHAII' PLOT Lt.NbIH (HURIZUNIAL Ok X-AXIS UISTANLt.lo? ([NPuT 'N I
lNT~~~~ <~',I,' "qQqq") 'S)

NUCUL, ..CC(!tWl
."ITf(~,I~1

fUIol:M/J.l r" r~u""'Bt:.R Ot- fJOINTS&? (lN~UT A~ INTI:.GE:~ ca: "41.jQQ"; If lJI~K ~Ufj

IN, INPUT 1101")',1,' 'i)

Nc>I"tt"CC(lf.l
I' (NUI~tt.'O.~) 'OI"tl:J~~M0

"wITU~,8")

FlH'I!MAI C" NLJ'1btJ-l n.. ~AMPLl:l>Z:? (INPUT A
tr't:.LJ VALU~ 1')',1,' "t!I/I~''') '\)

NO ~,,,,,, ~ z: .6(': L ( 1 t I'i )

w... ITf'l"q~}
F(JUMAT(' 00 y~u ~A~T THt f'LUT GWAPHtD7 (IF 1M!:. AN&~t~ l~ "NU", I~P

lIlT II~"; If" '1-'1:.',1," ANSIolf:"w j~ "Yr:~Il, INPUT tol"1 ':0)

NoALCllt"j
.oI~ t Tf.: {i;'I, 1 V't~ J
~()~MAT(' [~O 'Ol) wA~T lHt ~U1NT LnCATltlN~ ~tAt) fijOM TH~ CA~U ~tA0lk

1 (jlof ~W{lM A UATAfI,l,fI FtLt:1 (IF U~lN~ lrlt CARll READe-hi, INI-'LJT "(I",
er", IJSI~(' A UATA FILt:, r",puTfI,l,fI "1 11 ) '!o)
~"CC (It~)

tALL CLnSl('ll
If (H ••• 1) GO 10 ll~

(ALL AC;~I(,"'(U,flCR:fI,_\)

Gil In I'~

(ALL AS~l(,N(Q, flMAP.DAT:tfl,Q)
"tAu(",l3~,ENuol"~J('(II,V(I), 1.\,~OI"tEJ

Fu"~Al (2F8. 3)

GO TO l;~

NU1Wfl'l-l

Ibl\
I 1~

70

I "~
C
C ••••• [ALCULATE PttLOuflS
C

150

C
t ..... wRITt UlJT~ur

(
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W~lTE(b, 1~0)

IAR ·U~MATCII,51~,'PIELUU·'S INDEX OF NONRANOOMNESS',1,5IX,'******** *
li •• ~ * ••••••••••••••• ]

wkITE(b, I~")
1?0 FO~MATCIIII.' DESCRIPTIUN: THIS PROGRAM CALCULATE~ PIELOu"S INDEX

I OF NONRANOQHNESS')
WRITE(b,2"0)

20~ FO~HATC' ALPHAoPI*RHO*DMEGA')
WRITECb,210l

210 ~ORMATC' WHERE')
wWlTE(b,22~)

220 FORMATC' RHO'POINT DENSITY PER UNIT AREA'l
WRITE(b,23e)

230 FORMATT' OMEGAoAVERAGE SQUARED DISTANCE BETWEEN A RANDOMLY C
IHD3EN POS:'ION AND THE NEAREST POINT')
~t<I fr- (h, 2 .. ~)

240 FUWMATC/,' REFERENCES:')
wRI TECb, 25~l

250 FO~HAT(' PIELOU, E.C. 19~9. THE USE OF POINT-TU-PLANT OISTANCES
I IN THE STUDY OF THE PATTERN OF PLANT POPULATIONS. J.ECOL.471 b07
2bI3,')

WRITE (b, 2bil)
2b0 FURHAT!' MOUNTFORD, M.D. 19b1. ON E.C. PIELOU"S INllEX OF NONRA

\NUOMNESS. J.ECUL.49: 271-275.')
WRITECb,210)

270 FOPMAT(/,' AUTHOR: E.C. PIELOU')
wRITECb,251l)

250 FOR~AT(/,' PRUGRAM DESIGNER: H.B. STAUFFER')
If (N.EO.l.ANO.NOROWS.LE.h5.AND,NOCOLS.LE.bS) CALL PLOT
wRITECb,290l NOROwS,NOCOLS,NOrREE,NOSAMP.ALPHA

290 FORMATCII,14X,'PLOT wIDTh",I4,5X,'PLOT LENGTH'·,I4,5X.·NUMBER Of
IPOINTS",14,S~,'NUMeER OF SAMPLESo·,I4,SX,·ALPHA'·,Fb.3)

STUP
E"ID

C••••• ••• •••• _•••••• - •••• •• _••••••••••••••••• _••••• • ** •••• *•• ~*.**•• *
C
C SU8PROGRAM: PLOT
C
C DESCRIPTION: PLOTS THE SITE
C
c. ••••••••••••• _•••••••••••••• _••••••••••••••••••••••• ***.**** ••••• *

SU8RDUTI"IE PLOT
COMMON ILIST/NOROwS,NOCOLS,NOTREE,X(2000),YC2000)
DIMENSION MATRIXCbb, 132), IA (7)

DATA IBLANK,IPOINT,tAST/' ',',','0'1
DATA. 14/'0','1','2','3','4','5','0'1

C
C••••• FILL A MA'~IX TO REPRESENT THe PLOTTED SITE
C

00 1010 lol,NORowS+l
DO 1~11l J'I,2*NOCOLS+2

1010 MATR!XCI,J)'leLANK
DO 1020 lol,NUROwS+l,NDRD~S

DO 1020 J o2.2*NOCOLS+2.2
1020 MATR!X(I,J)o!POINT

DO 1~30 J o2,2*NOCOLS+2,2*NOCOLS
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~O l~J~ l;l,NU~O.S.l

1~J0 MAT~IXII,J).IP01NT

~u l~"~ J'2i,i*NOtOLS-l,2~

MAT~I'II,J)_IA(J/2~ol )
I~"~ MAlwl,INOwO.Sol,J)_IA(J/2i+l)

UO 1~'~ J-cJ,2*NOtOLS,c0
MA1.ll(I,J)·IAC1)

I~'~ ~'T"I.(NO"U.S+I,JJ-IA(l)

00 l~b" 1'1I,"'0~0.5-?,l~

~AT.ll(I,I)·IA(I/I~ol)

l~o~ MA1.1'(I,c'NOCO~S+I)·IA(I/I~+11

00 1~/0 1-II,NOkO.S-2,10
MAT~I_ (I.e) alA (1)

1~7t MAT.I.(I,c*NUtO~S.2)-lA(I)

lJU 1~80 1'I,NOT~~~

1.. IFIUlll)·.~)
IvoUIXIY(1)o.5)

l~b~ MATkl.(IY.l,2*lx+~)_IAST

C
C...... wlT~ MAT~lx UUTPul
t

.Rllt(b,l~q~)

I~_~ ~lJ~MAT(IIII,' 51H:',/l
00 1110 l'I,NwwlJ.~.1

• ~ I T~ ( b, 1 I ,,~) ( M• T~ I • I I , J ) , J • \ , 2 *NO C(J~ S • 2 )
11~A FURMAlCll,l3?AlJ
111~ CONTlNU~

IJtlU~N

t",n
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(._.e**. ._. __ t_._ ........• _*. .. .... _._._*at '.t •• _•• •
C
C PPOGPAH: HSTE~T

C
C D~SCRIPT IUN: eALCULAns HOPKINS ANrl SK~LLAH'S INDU Of NON"AN-
C uOMNESS
C A'~UHHATION(0MEGAI)/SUMMATION(OM~GA')

C WH~Rt

C OMEGAI'~WUAktD ulSTANCE ~ETw.EN A RANDOHLY CHOSEN POSI-
e TII)N AND THE NtAHt~T POINT
C 0HtGA.:,QUAMEO DISTANCE BtT.EEN A RANDOMLV LHOSE~ POINT
C ANO THt NtAREST NEIGHbURING POINT
C
C PE~ ~RtNCE:

e HOPKINS, B. ANrl J.G. SKELLAH lq~4. A HETHrlO FrlH OETEMMIN-
C ING THE TvPt OF OISlkl~UTION OF PLANT INUIvIDuALS. ANN.
e HOT.LONU. N.S.To: 213-227.
e
C ~PteIAL VARIAHLtS:
C NONO.Sa.IOTH OF PLOT
C NOCOlSalENGTH uF PLOT
C NOTNEt.NUMoER OF POINTS IN PLOT
C NO~AMP'NUHbtR OF SAHPLtS IN HOPKINS AND SKtLLAM'S INDEX
e CALCULAT 10"1
C x(IJaX-COOMDINATt DF THE I-TH POINT
C VCIJ<Y-CUOROINAH IJF THE I-TH POUI
C OHEGA1'S~UAREO OISTANCE btT_fEN A 'ANOU"L' CHU,EN PU,I~

t TION ANU THt NEAk~ST POINT
C UHtGA2'S~UAREU DISTANCE HET.tEN A .. .,.llUHL' CHO~fN PUINT
C ANO THE NtAwE~T NEIGHbOwlNG POINT
C AaHOPKINS ANO ~KELLAM'S INDEX OF ONRANDOHN~SS

C
C SU~PROGRAMS: UISTS!), PlOTl IFlX, AHOv, HCNUS, ACL, CLOSE,
C ASSIGN, FLOAT, RAN
C
C DATE: 20 AUGUST \Q70
C
C AUTHOR: H. HOPKINS AND J.G. SKEllAH
C
C PROGRAH OESIGNEw: H.B. STAU~FER

CC__ t •• _. __ a_ ••••••••• , ••••• __ • ._. * *'*._t.a_._ ••• t _

COHHON IlIST/NORO'S,NOCOl~,NOTkEE,X(2000),'C2000)

OISTSQ(A,H,C,O)arA-C)oIA-C)+CB-O)orB-D)
NlaIFIXCAHODISECNOSC0.),3.000.»
Ncal

C
C•••••• RITE INTERACTIvE TERHINAl INfORHATION7 READ INPUT
C

wRI It C5,10)
10 FORMATC' THIS PROGRAH CALCULATES HOPKINS AND SKELLAH"S INDEX OF N

10NRANDOMNESS,',I,' THE COORUINATES OF THE POINTS WHOSE SPATIAL PAT
2TERN IS TO BE UETERHINED')

WRIHI5,20J
20 FORHATe' HUST BE INPuT IN ONE D~ T~E FOLLOWING Tw~ wAY~I',I,' I

I) USING IBH DATA CARDS ON THE CARD READER (INPUT ONE SET OF COORD I
2-' J
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REAU FROM THE CAR0 REAUER
CARD RE.OER, INPUT ""'"I I

THl POINT LDC.TIONS
fiLE? (IF uSING THE
INPUT",I,' "1") 'S)

AND S~ELLAM'S INDEX Of NONRANUOMNESS

SU MI·IlI.1lI
00 170 I'I,NOSAMP
B.FLOAT(NOCOL5).R.NI~I,N2)

C.FLO.T[NOROWS).RANINI,N21
0.99999.0
00 Ib0 J'I,NOTREE
E.015TSGlx(J) ,T [J) ,B,C)
IF IE.LT.O) O.E
5UMI·SUMloO
SUM2·"."
DO 19111 I*I,NOSAMP
~'IFIx(FLO.TINOTREE)'PAN(Nl,N2))·1

IF (K.EG.NOTRlEol) KoNOTPlE
B'XCK)

wRITt (5,30)
FORMHI' NATt~ (X,V) PEP CAHO wITH FORMATI?F8.3)), oR',I,' ~) U

ISING A FORMATTED SEGUENTIAL DATA FILE MAP.OAT;I" (I PUT UNE SET')
wIiITEIS,40)
FORMATI' OF COORDINATES (x,y) PER RECORO wITH FOliMAT(2Fe.3)).')
wlilTUS, S0)
FORMAT(/,' PLOT WIDTH (VE~TICAL OR Y-AXIS DISTANCl)-? (INPUT A~ IN

llt:.Gt.Ji c. IIqqQl.I")',I," "S)
NOHOW~-ArC(IER)

WHITf(S,b0)
FORMAT!' PLOT LENGTH (MORIZONT.L OR X.AXIS OISTANCE)-? IINPUT AN I
lNT~GER ca",I," IIqqqqllJ '$)

NOCOLSUCC [IER)
WHITE[S,7,,)
FORMATl' NUMBER OF POINTS.? (INPUT AN INTEGER c, "9999"/ IF UN~NOw

iN, INPUT "0")",1," .,)
NOTREEUCC[IER)
IF INOTREE.EQ,0) N01REE.3,,000
wRITE [S,80)
FORMAT[' NLIM8ER OF SAMPLES'? [INPUT AN INTEGER c. "9999"' RtCDMMEN

IDEO V.LuE 15',1,' "200") '$)
NUSAMPUCC lIER)
WHIHIS,9"')
FORMAT!' 00 YOU WANT TME PLOT GRAPHED? (IF IHE ANSWER IS "~O", INP

lUT "0"' IF THE,',I,' '''''Swt.w .lS ""ft:SlI, INPUT "1") "Sl
N'ACC[IEH)
wRI TE IS,I"0)
FOHHAT[' DO YOU WANT

I OR FROM. OAIA',I,'
2F USI~G • DATA FILE,

M.ACCllER)
CALL CLOSE (S)
IF lM,E~.I) GO TO 110
CALL ASSIGNI4,'CRI',3)
GO TO 120
CALL .SSIG NI4,'MAP.OHII',9)
REAO(4, 130,ENO'140) [X [I) ,TIl), l'I,NOTRlE)
FORMAT 12FB.5)
GO TO 15111
NOTRff·I·1

30

110
120
13111

bill

Sill

1111'"

H'I

Ib0
17111

14111
C
C••••• C.LCUL.TE MOP~INS

C
15111
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laV(It)
ll::l.I4qqq.~

Ull 18~ J:t. HJll<tE
H lJ.tQ.K) GU TO 100
t =II 1ST 5" [l ( .I ) , Y( J ) , ~ • C)
I' If.L T.UJ 0=,

I!<~ CIlNTINllt
\ QA ~IJHc?=SUMc?+U

A.SU~q ISUM,?

C
t .•.•• wRJTt OuTPuT
C

'RITE(e.2~0)

2~0 ~OkMAl (II,Q~X, '~np~lN~ AN0 ~ktLLAM#'S lNOtx O~ NONWANU0M~tS~',/,~,

1x,' •••••••••••• * •• _••••• t •• ** ****_, •• _,.,.')
"<lTE(e.21~)

210 FOI<MATUIII,' Ot~CRIPT\ON: THIS p~Or;R.M CALCULATE' HOPKINS 'NU ~'t

lLlA~"S t~l)tX 0~ ~ONkANr)UMNlS~'J

••.rTf le,2,"dl
2;> ~ Fu' M• T( , .. SUM MAT I (j N( UMt r, • 1 ) IS UMM. TION ( (] Mt G• 2) , )

wRITEle.2j~)

2~~ ~ORMAT(' wHfWE')
"'"ITt Ih.2"~)

24~ FOR~AT(' OMtGAt.SQU'REO DI5T'NCE bETwEEN • ~ANUO~LY CMO,tN P
tU~lTION 'ND TME NE'~'ST PUINT')

w_ITE (e.2"~J

250 FO~MAT(' OMEG.l'SQU.I<,O Ol5TANCt HET"'EEN • I<'NUDMLYCHU~E~ P
IOINT ANO TME NEAREST NEIGMAUI<IN~ POINT')
"'I<I1E(b,~b~)

2b0 FURMATCI,' RErE~ENCE:')

wRIHCb.?1~)

in~ FORMATC' HOPKINS, 8, ANU J.G. SK,LLAM 19.,4 •• METMon F(]_ L'tTE"M
lINING THE T,PE OF DISTRI8UTION OF PLANT INDIVIOUA~S, 'NN,bUT.LONU,
? N.S.")
w~ITECb,28~)

280 FURMATC' 18: 2U-c!?7')
wRITE (b,290)

29~ FO_MAT C/,' AUTHOR: b, HOPKINS AND J,G, SKELLAM')
"'~ITE (e, 3~~)

3~~ FURMATCI.' PROGRAM uE,IGNtRI H.", STAUFFE_')
IF (N,EQ,I.AND.NOI<O"'S,LE,e5,AN~.NOCOLS,LE,b5) CAL~ PLOT
wRITElb,310J NO"O"'S,NOCOLs.~or~EE.NOSAMP.A

310 FOkM4T(//,1bX,'~LOT "']OTH.',]",~X,'~LOT Lf,NGTH=',1a,'Jx,'NIJf"'It'SE.k UF
lPOINTS.',lij,5x,'NUHBtk OF SAMPLlS.',14,~X"'.',Fb.3)

STOP
ENO

C_** •••••• _•••• _••••••••••• * •• _. • __ ••• **_.* • __ *_ •• t_ ••• _ •••

C
C Su8PROGRAMI PLOT
C
C OESC~IPTION: PLOT~ TM~ SITE
Cc•••••• __ .*** ._ •• _._ •• •••• _* .. _* ... __ .. _.*.*. **_. t •• _ ••• _

~UbRDUTINE PLOT
CUMMON ILIST/NOROwS,NOCDLS.NOTREE,XC?~~~).'(200~)

DIMtNSION MAT_I X(bb, 132) ,lA (7)
DATA 1BLAN~,IPOINT, 1A&T/' ',',','*'/
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e
C••••• FILL • MATRI. TU REPRESENT TME PLOTTED SITE
e

00 I~I~ l'l,NOWowS+l
Ou 1010 Jal,c+NOeOLS+c

1010 MATRllCI,JJal~LAN'

00 10c~ Ial,NOROwS+I,NOWOWS
DO 1020 Jac,coNOeOLS+c,2

1020 MATRIlCI,J)aIPQINT
DO 1030 Jac,c+NOeOLS+2,2oNoeOLS
DO 1~30 lal,NOROWS+l

1030 MATRIXCI,J)aIPOINT
DO 1040 J ac2,c oNoeOLS-l,c0
MATRIlCI.J)aIACJ/20+1)

1040 MATRIlCNOWOwS+l,J)aIACJ/20+1)
00 1050 J a23,c oNoeOLS,c0
MATRIX(1,J)aIAC1)

1050 MATRIX(NOROwS+l,JJaIACl)
00 1000 I a ll,NOROWS-c,10
MATRIX(I,l)aIACI/10+1)

1000 MATRIX(I,2oNoeOLS+IJaIACI/10+1J
00 1010 lall,NOROwS-c,10
MATRI.CI •• I-IACI)

1010 MATRlxCI,2+NOeOLS+cl a I AClJ
00 10b0 Ial,NOTwEE
Ix a lFIXCXCII+.51
IyaIFIX(YCI)+.51

1080 MATRIxCIY+I,col.+cJaIAST
e
c ••••• wRITE MATRIX OUTPUT
e

WRITECo,10Q0I
10Q0 FORMAT(IIII,' SITEI',/I

DO 1110 Ial.NQROwS+1
wWITECo,1100) CMATWIlCI,JI,J a t,2oNQeOLS+21

11~0 FORMATClx,13cAl)
1110 CONTINUE

RETURN
ENO
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Ct._ •• - •••••••• *- __ •__ ._ ••• _••••••••• __ ._. • .t.t t _

C
C P~O~~AMI CETEST
C
C OESC~IPTIONI CA~CU~ATlS C~A~K AND EVA~~' INO~X OF NO~~A~-

C DOMNESS
C ~a2.0_2.0'SQRTC~HO).R8A~

C wHEHl
C RHOaPUI~T OENSITY PlR UNIT A~EA

C R8A~aAVEHAGE DISTANCE B~T.EE~ A HANOOM~Y CMOSEN POINT
C AND THE ~EAHEST ~EIGH80PI~G POINT
C
C ~EFEkENCE:

C CLARK, p.J. AND F.C. EVANS 1954. DISTANCE TO N~AHEST

C NEIGMBOR AS A MEASURE OF SPATIA~ .t::~ATlONSHIPS IN
C POPU~ATIONS. ECO~OGY 35: 445-453
C
C VAPIA8~ES:

C NORO.Sa.IOTH Of P~OT

C NOCO~Sa~ENbTH OF P~OT

C NOT~lEaNUM8E. OF POINTS IN P~OT

C NOSAMPaNUMBER OF SAMP~ES IN C~ARK AND ~VANS' INOlX
C CA~CU~A1ION

C X(I)aX-COOROINATE OF THE I-TH ~OINT

C yrI)aY-COOWOINATl OF THE I-TM POINT
C RHOaPOINT O~NSITY PER UNIT '.EA
C RBARaAVERAGE OISTANCE BETWEEN , RANOOM~Y CHOSEN POI~T

C ANO THE NEAREST NEIGH80~ING POINT
C RaC~APK 'NO EVANS' INOtX OF NONRANOOMNESS
C
C SU~PPOGRA"S: OISTSQ, P~OT' lFIX, A"OO, SECNOS, ACL, C~USE,

C ASSIGN, F~OAT, RAN
C
COATE: 20 AUGUST 197b
C
C AUTHORI p.J, C~ARK A~D F.C. EVANS
C
C P~OGRAM OESIGNE~I H.B. STAUFFE~

CC ._. * ._ ••• __ ._ ••••• ._. ._. __ • t ••• •• _. __

COMMON I~IST/NOHO.S,NOCO~S,NOTREE,xC2000l,Y(20~0)

OISTSQ(A,B,c,OJa(A-C).(A-C).(~-O).(H-U)

NIaIFIX(AMOO(SECNOSC0.),3c~~0.JJ

N2 a l
C
C••••••RITE INTERACTIvE TERHINA~ INFOWMATION' RE'U INPUT
C

wRITE(S,l0)
10 FOHMATC' THIS PROG~AM CA~CU~ATES C~AH. ANU EVANS" INDEx OF NONWAN

IDOMNESS. THE',I,' COORDINATES DF THE POINTS wHUSE SPATIA~ PATT~.~

2IS TO BE OETE~MINEO MUST')
.RITE(5,2~J

20 FURMAT(' ~E INPUT IN ONE OF THE FO~~O.ING TWO WAYS:',I,' I) USI
I~G IBM DATA CAPUS ON THE CA~D PEAOEH (INPUT ONE SET OF COOROI-')
.~ITE (S, 30)

30 FORMATC' NATES (X,Y) PE~ CA~D WITH FO~MAT(2F8.3)J, U~',I,' 2) U
ISING FORMATTED SEQUENTIA~ DATA FI~E MAP,DATII (INPUT ONE SET O~'J
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wEAl) FROM 1M!:. CAI(I) .... tAur.h'
CAQI) kEAuElot, II'J?IIT "C',"j 1

TH~ POINT lOCATIONS
FIt< 1 (IF IJSIN[, THE
JNf.lUY·,I,· 111") .,$)

AND EVANS' INOEK Of NUNRANUOM ESS

kMO_FLOAI (NOTRE!:l/FI.OAT (NURGwS.NO"OwS)
SU,..·~.0

00 "'" Iq,NOSA~P
" • If II If L UAT rNOT R~ U •• " rN 1 , N 21 ) + I
IF 1'.E~.NOIRtE+I) "NOTRtt
8-X(0)
C-Y(O)

O-qqO~q.0

OU Ib'" J-I,NOT"~E

IF [J.~ .K) GU TO IC~

t - U1ST su r I (J) , V (J I ,b, C)
If It.l LOJ O-E
CUN 11 NUE
SUH:SUM+SQRIIO)
R~AR_SUMIfLLlAl (NOSAMP)
Fi.~.0I.~.~hS9~T(~HO)*WB.lj;il

""IH(5,4l'll
FO~HAT(' COuRijlNAHS (X,n PtH RtCUkG WITH FO~HAT(;f8,.l)).')

w"lIt(5,S")
FORMATC/,' PLUI "101M (vE"T1CAL OR V-AXIS IJISIANCt):1 (INPul AN IN

)TE:Gtlot ca "Q..yq'ojll}-,/,' '$)
NOkOwS-ACCeIE")
WRllt (5,b~)
fORMAT(' PLOT LtNGTM (HOHIZONTAl 0" X_A. 15 OISTANCt)-1 llNPUT AN I
IN'tG~~ ca',I,' Ilqqqq"j '$)
NwCOlS-ACCIIE")
wRIlU5,7")
FtJRMi' (. NtJMl1tW 01- POINTS.? (}t-,PUT AN INTf:.Gttol CI: "QQ4Q"; I'" tJI\;"\I0~

\~, INPUT "~") ',1,' 't)
Nulktt-ACC(IEk)
If (NwTkEt.E~.") ,,01"tt-3,,0""
w"IIE(5,8")
FUIooIMAT(' NUMHlQ OF SAMPLlS.? lINPUT'N INTEGr~ cs "QQQ'1"; l.ft.CUt'fltr...

lUtO VALUE 15',1,' "2~~1') '~)

NU~AHP"LC(Ifkl
"HllE(5,00)
FCJRMAJ (' uu VUU WANT '''''t PLuT GRAPHE.O'/ lIfo TI"H: ANSw!:.1'l 1.3 liND", INP

lUT lie"; IF TNt',I,' ANS\lil;k IS ""'1:.5", INPUT 111
11

) ')I}

"_ACC(!tk)
wwI rr (~, 1~~)

FIJ~~A' {' UU you ~ANt

1 l]~ ~~(lM A OATA',I,'
;f USING A DATA F IcE,

H:ACCIHR)
rALL Ll{ISt (5)
If IM.t~.I) Gu TO 11~

LALL A~'IGN[". 'CH:',3)
GO 10 120
(ALL ASSIG~(", ·HAP.UAl II ',q)
"tAU(", 13~,E"U-140)1'lll,V(II, 1:1,NOT"tE)
hJ"MAT(,Fo.31
(,0 TO lSI'
NOT"tt-l-l

71/>

10"
\70

I \ '"
12'"
13i'

b0

50

\4'"
(

C ••••• CALCULATE CLAH"
(

15f1,

C
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C••••• WRITE OUTPUT
C

wRITE(b,180l
180 FO~M'TIII,q7X,'CLAR~ 'NO ~VANS" INDEx OF NONW'NDUMNcSS·,I •• 7x,·"

1* •• t.* ttt_._ *,* __ .t .. **.**.****.~)
wRITE(b,I~0)

I~~ FURM'T(IIII,' DESCRIPTIONI THIS PROGR.M C'LCUL'TES eLAR, AND EVANS
I" INDEX Of NONR'NODMNESS')

WRITE(b,200)
200 FURM'T(' R.2.0-2.0.S0RT(RHO).~B.R·)

wRITE(b,210)
210 fORH.T(· WHERE')

WRITE(b,2l0)
220 FORM'T(' RHO.POINT DENSITY P~R uNIT 'RE.·)

wRITE(b,l30)
230 fORM'T(' RB.R"VER.GE DISTANCE BETWEEN' R.NOOHLY CHOSEN POI

INT 'NO THE NE'R~ST NEIGHBORING POINT')
WRITE(b,2.0)

2.0 FORMAT(/,' REFERENCE1')
WRITE(b,2S0)

2S0 FORM'T(' CLARk, p.J. 'NO F.C. EV'NS IQSQ. DISTANCE TO NEAREST N
IEIGHBOR AS • ME'SuRE Of SPATI'L R~L'TIONSHIPS IN ~OPULATIONS. teOL
lOGY')

wwITE(b,2b0)
2b0 >uRM'T(' 351 q.~-.53.·)

wWITE(b,l7~)

270 FORM.T(/,' .UTHORI p.J. CLARK 'NO F.C. EVANS')
WRITE(b,2~0)

280 FORH'T(/,' PROGR.M DESIGNERI H.B. ST'UFFER')
IF (N.EO.I.'NU.NOROwS.LE.bS.AND.NOCOLS.LE.bS) C'LL PLOT
wRITE(b,l~0) NOROwS,NOCOLS,NOTREE,NOSAMP,_

2~0 FORM'T(II,lbX,'PLOT wIOTH'·,I.,SX,·PLOT LENGTH",IQ,Sx,'NuMdEW O.
IPOINTS",I4,Sx,'NUMBER OF S'MPLES.·,IQ,~X,·R.·,Fb.3)

STOP
ENDc•••••••• ,*,." ••• , __ • , ••• ,., __ , ••••• t*t_t.t,_.t." __ '_

C
C SuBPRuGRAMl PLOT
C
C DESCRIPTIONI PLOTS THE SITE
Cc__ * ••••••• , ,." •••••••• ,_ •• " •• ,_, •••• , __ •• , **t. ._._t _

SUBROUTINE PLOT
COMMON ILIST/NOROwS,NOCOLS,NOTREE,X(20001,Y(~000)

DIMENSION MATRIX(bb,132),I"7)
O.TA IBL.NK,IPOINT,IAST/' ','.',"'1
0&" l'/~~','1','c','3','4', '5','e'l

C
C••••• fILL A M'TRIx TO REPRESENT THE PLOTTED SITE
C

00 1010 I'I,NOROWS+I
DO 1010 J'I,2.NOCOLS+c

1010 M.TRIxII,J)'IBL.NK
DO 1020 I'I,NOROWS+l,NOROwS
00 1020 J'2,2.NOCOLS'2,2

1020 MATkIX(I,J)'IPOINT
DO 1030 J.c,2.NOCOLS+c,2'NDCDLS
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UO 11'.\1' lal,NO~O.~.1

11'31' MATRI.II,J)aIPOINT
DU lli1~1i\ J:2c,c."OCO~~·I.?1'

MAT~IX( I,J) alA lJ/21il+l)
11'"" MAT~IXI"ORO.S+I,J)·IAIJ/2111*11

00 llil~v1 J'2.\,c.NOCO~S,21i\

MATRlXll,J):IA(11
1051' MATRI' l"O~Ow~+I,Jl <1A tIl

UO 10b0 Iall.NORO.S-2.l~

MATRI.II,I)aIAII/10+1)
Ili\bl' MATRI'(I,c<"OCOL~+1)aIAlI/10*11

00 llilTIiI lall,"ORO.S-2,10
MAIRIXII,2)aIAII)

lli\llil MATRI'II,2*"OCOLS+2)alAlIJ
UO 10~0 I-I,NOT~EE

1.a1FIXIXCIJ*.5)
IV a jFIX(VII)+.5)

lli\~1i\ MAT"IX(IV+I,2<lx+?)aIA~T

e
e ••••••~JTE MATRI. OUTPUT
e

.RIH lb,10 Q"1
10QI' FO~MATlllll,' SITt:',/)

DO II 10 I-l,NORO.~+1

•• ITE lb, 111iI1l) lMATRIX II,J) ,J-l ,'<"OeOLS.21
111il0 FORMAIll',132'1)
1110 CONTINUE

~EIUR"

tNU
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APPENDIX IV:

EXAMPLES DF SPATIAL PATTERNS AND THEIR CALCULATED INDEX VALUES
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Figure 1. Calculated index va lues for simulated regular distribution.
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Figure 2. Calculated index values for simulated random distribution.
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Figure 3. Calculated index values for simulated aggregated distribution.
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Figure 4. Calculated index values for Shawnigan Lake plot No.6.
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Figure 5. Calculated index values for Shawnigan Lake plot No.9.
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Figure 6. Calculated index values for Shawnigan Lake plot No. 18.




