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IN FRODUCTION 

The I~-index has been proposed by the present author as a measure of dispersion 

of individuals in a population (MoI~ISlTA, 1959). 

The index value is computed as : 

q 
~, x,(x - 1 )  
i 1 I,s q ~ ( T 2 : i )  ( 1 ) 

where x, is the number of individuals in the ith sample unit ( i - 1 ,  2, 3, ..., q), q is 
q 

the number of sample units, and T - S  xz. The most important property of the 
i=1 

index is that it is uninfluenced by T provided that each sample unit is randomly taken 

from each of q groups into which an infinite population is divided with respective 

proportions. Utilizing this index, methods for analyzing the pattern of distribution 

of individuals and estimating the clump sizes on an area have also been developed 

(MoRISlr& 1959). However, it may further be desirable that the relations between 

Is and the parameters of the mathematical distributions commonly applied to the 

natural and experimental populations are clarified, In this paper, some of these 

relations shall be described. 

PoISSON D I S T R I B U T I O N  A N D  V A R I A N C E - M E A N  RATIO 

When the distribution of individuals follows a Poisson series, we have 

E ( I ~ ) - I  ( 2 ) 

If the distribution is contagious or uniform (regular), E(I~) will be larger or 

smaller than unity, respectively (MoRISIT& 1959). 

The relation between the variance-mean ratio and I~ value is given as : 

V q { ( I~ - -1 )~  (1-~)}  ( 3 )  
q - 1  

q 
Z x,.(x, 1) 

where V is the unbiased estimate of variance, ~= 1 ~ x:, and •- ,=1 
q ,=1 T ( T ~ I )  
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If  q > > I ~ l ,  we have  

V - - ( I ~ - 1 ) ~ + 1 .  ( 4 ) 
x 

A s  the  h va lue  is no t  inf luenced by  the  mean,  i t  is c lear  f r o m  (3) or  (4) t h a t  

the  V/~ va lue  changes  wi th  t he  change  of the  mean  even  if  t he  p r o p o r t i o n s  of 

the  g r o u p s  in the  p o p u l a t i o n  be unchanged .  T h e r e f o r e ,  as  po in ted  ou t  b y  seve ra l  

inves t iga to r s  (EvAws, 1952 ; MORISITA, 1959 ; etc.), the  V/~  s h o u l d  no t  be r e c o m -  

m e n d e d  as an i n d e x  of d i s p e r s i o n  r e p r e s e n t i n g  the  d e g r e e  of a g g r e g a t i o n  of indivi-  

d u a l s  t h o u g h  it  is usefu l  fo r  the  t e s t  of s ignif icance of  the  d e p a r t u r e  f r o m  r a n d o m -  

ness.  

Example  : 

T h e  r e s u l t s  of censuses  ca r r i ed  ou t  by  UTIDA et at. (1952) on the  eggs,  l a rvae  

and p u p a e  of the  c o m m o n  cabbage  but te r f ly ,  Pieris  rapae, on c a b b a g e  p lan t s  a re  

g iven  in T a b l e  1. 

Table 1. The dispersion of the common cabbage butterfly, Pieris 
rapae, on cabbage plants (UTIDA et al., 1952) 

Census I Census II Census Il l  
Stage q=129 (18/V, 1949) q=91 (IO/VI, 1949)  q=190 (15/VI, 1949) 

of insect ~ s2/~ I~* 

eggs 

Ist instar larvae 

2nd instar larvae 

3rd instar larvae 

4th instar larvae 

5th instar larvae 

pupae 

s2/?c I~* 

1. 434 3.59 2.82 

1.94 2.28 1.65 

1, 40 1.52 1.38 

1.94 1.82 1.43 

2.92 1.76 1.26 

2.45 1.86 1.36 

O. 07 1.15 3.58 

sV~ h*  

12.89 9.94 1.80 

2.66 4.58 2.36 

1.34 2.77 2.34 

0.17 1.24 2.60 

O. 10 2.24 15. 17 

O. 16 2.97 13.88 

O. 91 2.09 2. 41 

11.86 

10.08 

7.74 

8.64 

3.30 

0.66 

0.16 

4.02 

3.51 

3.41 

3.96 

3.21 

2.39 

1.09 

1.26 

1.25 

1.31 

1.34 

1.67 

3.14 

1.63 

= mean number of individuals on a cabbage plant. 
q = number of cabbage plants. 
* 18 values were computed and added to the table by the present author. 

I t  was  c o n c l u d e d  by  UTIDA et al. t h r o u g h  the  e x a m i n a t i o n  of the  da ta  by  squa re  

r o o t  t r a n s f o r m a t i o n  tha t  the  d e n s i t y - d e p e n d e n t  dea th  o r  m o v e m e n t  be tween  p lan t s  

o c c u r r e d  in the  succes s ive  l a rva l  ins ta r s  and p u p a e  (UT:DA et al., 1952). H o w e v e r ,  

the  h va lue s  c o m p u t e d  f r o m  ~ and s2/~ va lues  in the  tab le  do no t  s h o w  any  

s y s t e m a t i c  change  of inc rease  o r  dec rea se  in success ive  s tages ,  e x c e p t  fo r  the  l a rge  

va lues  in the  4 t h  and 5 t h  ins ta r  l a rvae  at  t he  census  II. T h u s ,  i t  is be t t e r  to 

cons ide r  t ha t  the  l a rva l  dea th  or  t he i r  m o v e m e n t  be tween  p lan t s  m i g h t  occur  r a t h e r  

dens i t y - i ndependen t l y  in the  o b s e r v e d  field. 



NEGATIVE BINOMIAL DISTRIBUTION 

If the distribution of x is given by a negative binomial distribution as : 

_ ( k + x - 1 )  ! rn ~ 

the following relation is obtained (SIMPSON, 1949). 

k + l  ( 6 ) 
E(~) = qk+l  

Then we get 

1 _ E ( I ~ ) - I  ( 7 )  
k l - E ( 6 )  

When qbbIs ,  we have 

1 - E ( I ~ ) - I  ( 8 ) 
k 

If the distribution approaches  a Poisson distribution, k tends to infinity, and accor- 

dingly E(Is) tends to unity. 

BINOMIAL DISTRIBUTION 

If  the distribution of x follows a binomial distribution as : 

N !  
p(x)  =x[ ( N - x ) !  p*(1-p)~v-~ , 

we have 

When q ))  1 

E ( I ~ ) ~ N N ~ I  1 -  (see Appendix).  

q 

( 9 )  

( 1 0 )  

E(B)  - 1 - @  ( 11 ) 

The  significance of the departure f rom randomness of the distribution may be 

tested by comparing the following Fo value with the value of F~-l(o~) : 

F o -  q N { ( I ~ - 1 ) } + ( 1 - 6 ) }  ( 1 2 )  
q - 1  N - }  

IB-INDEX 

The  binomial distribution is associated with N mutual ly  independent observations 

of an event  which occurs  with constant probabil i ty p. However,  the cases may  

happen that  either the probabil i ty in occurrence differs among q groups  or among 

N observations in each group. Then,  the IA-index defined as : 



N 1 

Ix L N - ~  (13)  

may be used for measuring the dispersion among xa, x.:, x:, ..., x~ which are the 

observed numbers of occurrence of an event in corresponding q groups occurring 

in each N observations with the probabilities p~, p:, p:, . . . ,  p~. The regularity, 

randomness (P~-P2=PJ . . . . .  p~=p) and contagiousness of the distributions will be 

indicated by the values of IB less than unity, equal to unity and greater than unity, 

respectively. The first case may represent the dependence (repulsive relation) of an 

occurrence or occurrences on the others in each group, while the last may represent 

either difference in probability of occurrence among groups or the dependence 

(attractive relation) of an occurrence or occurrences on the others in each group. 

ExampJe : 

A frequency distribution of the days of capturing the vole, Chle~.hrionomys 

rufocanus bedfordiae, by 81 live traps in successive six days is given in Table 2a. 

The IB value computed from total 6 days (N=6)  is 2.15, indicating that there are 

Table 2. 

Days of 

capturing 

vole 

Total (=q )  

T 

h 
N 

a .  

b. 
C.  

d. 

Frequency distributions of the days of capturing the vole, Chlethrio~,omys 
rufoce, nus bedfordTae, by live traps. 

Number  of t raps 

! b c 

a I IS{ - 2nd - 1 s t  - 2nd ...... 3 r c l - - :  d 
period period period period period 

l s t -S th  l s t -3 rd  4 t h - 6 t b  l s t -2nd 3rdz4th~ 5 t h - 6 t h  3rd-6th 
days days d a y s  days days days days 

39 58 45 65 54 52 ! 41 

17 13 23 10 19 20 ! 20 

9 4 6 6 8 9 11 

8 6 7 - -  - -  - -  5 

6 . . . . .  4 

0 . . . . . .  

2 . . . . . .  

81 81 81 81 81 81 81 

95 39 56 22 35 38 73 

1. 796 2.405 1. 420 2. 104 1. 089 1. 037 1. 546 

6 3 3 2 2 2 4 

2.151 3.593 2. 121 4. 182 2. 165 2.081 2.055 

Total of six days. 
Total days were divided into two periods. 
Total days were divided into three periods. 
The data in the period from 3rd to 6th day were treated.  

The data were collected by Dr. R. TANAKA who carried out a census in Hokkaido for 
est imating the population density and home range of the vole. As to the detail of the 
method, see TANAKA (1961). 



some differences in probabil i ty of captur ing voles among the traps. These differences 

are much larger  in the first 3-day period ( IR-3 .59)  than in the second 3-day 

period ( IR=2.  12) (Table  2b). The  resul ts  of examination dividing the total days 

into three of 2-day periods ( N = 2 ) i n d i c a t e  that  the differences in catch probabi l i ty  

among traps are ex t remely  large in the first 2-day period, a~d after this  period, 

the differences become small and stable. These  figures sugges t  that  there might  

be a change in the vole behavior  against the t raps  from the period of 2 days 

immediate ly  after  setting of the t raps  to the per iods  af terwards.  

It is no tewor thy  that  the IR values obtained from the second and third per iods  

in Table 2c are almost  the same as the value in Table 2d, the latter having been 

computed putt ing the data used for  the former  two together.  This  resul t  shows 

that  the / , , - index is useful  enough for  comparing the dispersions with each other 

regardless  of difference in N. 

CONCLUSION AND ~UMMARY 

As the L- index  is neither affected by the mean per sample u n i t  except  for  

regular  dis t r ibut ion nor standing on the assumption of any definite type of contagious 

distr ibution,  it may have the most  wide range of application among the ones hi ther to 

deviced for measur ing the dispersion of individuals in a population. The  relat ions 

of the L- index  to V/.~, k of negative binomial dis t r ibut ion and N of binomial 

dis t r ibut ion as well as the new dispersion index, I,~, given in this paper may serve, 

if necessary,  for  the analysis of data in the ecological  works.  

ACKNOWLEDGEMENT 

The author  is deeply indebted to Mr. H. MITO for his valuable crit icism and 

aid in the mathematical  t reatments  and to Prof.  R. TANAKA, Kochi  Women 's  Uni- 

versi ty,  who kindly permitted to use the catch data of the vole. 

REFERENCES 

Ew~s, F.C. (1952) The influence of size of quadrat on the distributional patterns of plant 

populations. Co~trib. Lab. l/'ert. Biol. Univ. Mich., 54: 1~15. 

MORISITA, M. (1959) Measuring of the dispersion of individuals and analysis of the distributional 

patterns. Mere. F6c. Sci., Kyushu Univ., Ser. E (Eiol.), 2: 215~235. 

S1,1rso~, E.H. (1949) Measurement of diversity. Neture, 163: 688. 

TA~3_KA, R. (1961) A field study of effect of trap spacing upon estimates of ranges and popul- 

ations in small mammals by means of a latin square arrangement of quadrats. Full. Kochi 

Women's Univ., Ser. Nat. Sci., 5: 8~16. 

UTmA et al. (1952) Pattern of spatial distribution of the common cabbage butterfly, Pieris tepee, 

in a cabbage farm. Res. Popul. Ecol. (Kyolo), 1 : 49~63. (.In Japanese with English summary). 



APPENDIX by Hiroshi MITO 

In the binomial distribution (9), 
E(L)= N - 1  

N - - -  q 
Proof : 

q 

~, F,x,(x,-1)(N)p~(l__p)N ......... (N) p,q(l_p)N_~ ~ 
E(L) =q ~=T(T- 1) x~ 

Nq q 
:q~, -~-Tl~---~- ~ ~ x~(xl-- l )(N)P *I(1-p)N-zl 

2'=0 E=I T=Xl+ . . .+~  q 

Here the following relations hold : 

N - - - 2  xi(x~-l)(xN) P*~(1-P)*I=N(N-1)P2 " (x~--2) p*~-e(1-p)N-*i' i=1, 2, ..., q. 

Therefore 
Nq q 

N(N-1)p 2 E(L) =q )' T(T-1)  ~, ~' (x~) ' ~ ' ~ - ' "  ...... ( ~ - ~ ) ' - ~ ( ~ - ' ' - ~ ' - ~  
T=O 4=1 T=Zl+'"+Xq 

N-2  X (XI__2) p~i-2(1--p)N-xi(N+I)P~i+I(1--p)N-xi+I'* 'X (xN) p ~ q ( 1 - p )  N-xq 

Since, by the reproductive property of the binomial distribution, 

we have 
T=',~l+...+x q 

Nq 
E(L)=q ~, N(N-1)P2 

T=O 
pr-2(1-p)Nq-r. 

Here the following relation holds : 

Therefore 

1 (Nq--2"~ 1 (No'~ 
T(T-1)  \ T-2  J= Nq(Nq~I)\ TJ 

Nq 

T=0 

N-1  
N _  1 

q 



T ~E B Jl 

~ ; ~  ~ ~ ~C --~'z~ ~ I~ ~T. ;~ ~- 7o ~/l~k(7) ~ ( ~  ~1~/~ ~ z~]- ~ ~_ b ~ I ~ - ~  ~ ~!~1~ b ~C. 7~ ~ (MoRImTA, 
1959), ~ I ~ - ~ ' ' C  ~1:, 

1. I~ ~ ' ~ : 4 ~  (V/x-) k � 9  


