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SUMMARY 

The c h a r a c t e r i s t i c s  of 25 s i m i l a r i t y  i n d i c e s  used i n  s t u d i e s  o f  eco- 

l o g i c a l  communit ies were i n v e s t i g a t e d .  The t y p e  o f  da ta  s t r u c t u r e ,  t o  

which these i n d i c e s  a r e  f r e q u e n t l y  app l ied ,  was desc r i bed  as c o n s i s t i n g  o f  

v e c t o r s  of measurements on a t t r i b u t e s  ( spec ies )  observed i n  a  s e t  o f  sam- 

p les .  A genera1 s i m i l a r i t y  index  was c h a r a c t e r i z e d  as t h e  r e s u l t  o f  a  

two s t e p  process d e f i n e d  on a  p a i r  o f  vec to r s .  I n  t h e  f i r s t  s t e p  an 

a t t r i b u t e  s i m i l a r i t y  score  i s  ob ta i ned  f o r  each a t t r i b u t e  by  comparing t h e  

a t t r i b u t e  va lues observed i n  t h e  p a i r  of vec to r s .  The r e s u l t  i s  a  v e c t o r  

of a t t r i b u t e  s i m i l a r i t y  scores. These a r e  combined i n  t h e  second s t e p  t o  

a r r i v e  a t  t h e  s i m i l a r i t y  index.  The o p e r a t i o n  i n  t h e  f i r s t  s t e p  was char-  

a c t e r i z e d  as a  f u n c t i o n ,  g, d e f i n e d  on p a i r s  o f  a t t r i b u t e  va lues.  The 

second o p e r a t i o n  was c h a r a c t e r i z e d  as a f u n c t i o n ,  F, def ined  on t h e  v e c t o r  

of a t t r i b u t e  s i m i l a r i t y  scores f r om t h e  f i r s t  s tep .  Usua l l y ,  F was a  sim- 

p l e  sum o r  weighted sum o f  t h e  a t t r i b u t e  s i m i l a r i t y  scores. 

The func t ions ,  g  and F y  were then s p e c i f i e d  f o r  24 o f  t h e  25 s i m i -  

l a r i t y  i n d i c e s  cons idered  (see Tab le  4 ) .  The i n d i c e s  were grouped i n t o  

7 c lasses .  The i n d i c e s  i n  each c l a s s  have b a s i c a l l y  t h e  same way o f  

a s s i g n i n g  a t t r i b u t e  s i m i l a r i t i e s .  Each index  was d e f i n e d  and c a l c u l a t i o n a l  

formula e x e m p l i f i e d  by a p p l i c a t i o n  t o  20 sample vec to r s  w i t h  10 spec ies 

( a t t r i b u t e s )  each. The da ta  f o r  t h e  example were e x t r a c t e d  f rom a  much 

l a r g e r  s e t  of a c t u a l  da ta  c o n s i s t i n g  o f  278 samples and a  spec ies l i s t  

w i t h  203 species.  The goal o f  t h i s  part o f  t h e  paper was t o  f a m i l i a r i z e  

t h e  reader  w i t h  t h e  wide range o f  s i m i l a r i t y  i n d i c e s  a v a i l a b l e  and t o  

i n t r o d u c e  some o f  t h e  problems i n v o l v e d  i n  t h e i r  c a l c u l a t i o n .  

S ince  " s i m i l a r i t y "  has conno ta t i ons  o f  c loseness i n  some sense and 

t h e  da ta  a r e  i n  t h e  form o f  vec to r s ,  an a t t emp t  was made t o  r e l a t e  a l l  t h e  

i n d i c e s  t o  'a v e c t o r  space model w i t h  N dimensions, N be ing  t h e  t o t a l  

number o f  a t t r i b u t e s  (number o f  spec ies on t h e  spec ies 1  i s t ) .  I n  such a  
/ 



model, "closeness" can be o b j e c t i f i e d  as "d is tance"  and t h e  s i m i l a r i t y  

i nd i ces  can be charac ter ized by how they d i s t o r t  t h e  vec to r  space. 

The bas ic  p roper t y  o f  t h e  samples measured by t h e  i n d i c e s  i s  thus a  

distance, o r  complement o f  a  d is tance,  i n  some vec to r  space def ined t o  

f i t  t he  opera t ions  g  and F. A1 1  o f  t he  i nd i ces  except Mount ford 's  KI and 

Gooda l l ' s  Sp were charac ter ized i n  t h i s  way. A  summary o f  some o f  t he  

c h a r a c t e r i s t i c s  o f  t h e  25 i nd i ces  i s  g i ven  i n  Table 15. 

It was po in ted  o u t  t h a t  some o f  these ind i ces  might  be use fu l  i n  

d e s c r i p t i v e  ecology, b u t  n o t  i n  o b j e c t i v e l y  d i s c r i m i n a t i n g  between two 

populat ions i n  the  s t a t i s t i c a l  sense o f  d i s c r i m i n a t i o n  through hypothesis 

t e s t i n g .  The s t a t i s t i c a l  problems a r i s e  from f a i l u r e  t o  be a b l e  t o  

s p e c i f y  t h e  popu la t i on  sampled, and so d e f i n e  meaningful sampling u n i t s  

be fore  t h e  sample i s  co l l ec ted ,  and t h e  l a c k  o f  proper a p p l i c a t i o n  o f  

p r o b a b i l i s t i c  models t o  d e r i v e  the  s t a t i s t i c a l  d i s t r i b u t i o n s  o f  t h e  

var ious  s i m i l a r i t y  i nd i ces .  Consequently on l y  minor re ference was made t o  

s t a t i s t i c a l  concepts; t h e  c h a r a c t e r i s t i c s  o f  t h e  i nd i ces  were po in ted  o u t  

by merely us ing algebra. 

The major conclus ions were as fo l l ows .  

S i m i l a r i t y  i nd i ces  should n o t  be used as t h e  t e s t  s t a t i s t i c  t o  d i s -  

c r i m i n a t e  between two eco log ica l  comnunities. 

" Some o f  t h e  i n d i c e s  do n o t  use t h e  i n fo rmat ion  conta ined i n  t h e  num- 

ber o f  i n d i v i d u a l s  per species, and so a r e  i n s e n s i t i v e  t o  changes i n  

biomass o r  t o t a l  number o f  i n d i v i d u a l s .  

" Some o f  t h e  i n d i c e s  i gno re  negat ive  matches ( ins tances where a  species 

i s  n o t  observed i n  e i t h e r  o f  t he  two samples being compared). This 

r e s u l t s  i n  changing the  d imens iona l i t y  o f  t he  vec to r  space, making 

the  comparison o f  i nd i ces  c a l c u l a t e d  f o r  d i f f e r e n t  p a i r s  o f  vec tors  

. from t h e  same study quest ionable. 



' Some of the indices make the number of individuals per species rela-  

t ive  to  the to ta l  number of individuals in the sample. Such indices 

a re  also insensi t ive to  changes in biomass or total  number of 

individuals. 

Some indices use d i f fe rent  divisors of numbers of individuals per 

species. Thi s destroys the equal interval property required for  

meaningful comparison of indices from the same study. 

" Some indices require s t a t i s t i c a l  standardization, or  categorization, 

of the data to  avoid being unduly weighted by species which have very 

many (say more than 1000) individuals per species. 

" Gower' s (1 971 ) General Coefficient of Similar i ty ,  when negative 

matches are included, has none of the above defects and can be 

appl ied to  any level of measurement (d iscre te ,  presence absence 

data through continuous, biomass data) .  I t  i s  recommended as the 

index of choice fo r  descriptive studies among those considered. 

The specif ic  indices which have the above f a i l ings  a re  identified (qui te  

crypt ical ly)  in Table 15. 
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SIMILARITY INDICES: I. WHAT DO THEY MEASURE? 

INTRODUCTION 

This r e p o r t  i n v e s t i g a t e s  25 s i m i l a r i t y  i n d i c e s  t o  s p e c i f y  t he  prop-  

e r t y  o f  an eco log i ca l  community measured by each index. Although the  

i n d i c e s  discussed have been used o r  suggested f o r  use i n  s tud ies  at tempt-  

i n g  t o  determine whether o r  n o t  dumping phys ica l  o r  chemical waste has 

caused a  change i n  a  b i o l o g i c a l  community, t h i s  s tudy stops s h o r t  o f  such 

a  grandiose goal .  The goal i s  t o  c l a r i f y  what i n fo rma t ion  each index uses 

and how t h a t  i n fo rma t ion  i s  summarized i n  t he  index.  It i s  expected t h a t  

from the  ana lys i s  of the  type o f  data and c a l c u l a t i o n a l  formula used, i t  

w i l l  become ev iden t  t h a t  s i m i l a r i t y  i nd i ces  can o n l y  i n d i c a t e  a  change i n  

a  very  l i m i t e d  aspect  of t h e  eco log i ca l  community under i n v e s t i g a t i o n .  

The quest ion  of whether t h e  data adequately cha rac te r i ze  an eco- 

l o g i c a l  community i s  sidestepped by o p e r a t i o n a l l y  d e f i n i n g  an eco log i ca l  

community t o  c o n s i s t  o f  t h e  a t t r i b u t e s  (species i n  these data)  a  s p e c i f i c  

sampling method cou ld  c o l l e c t  f o r  measurement. It i s  understood t h a t  

t h i s  k i n d  o f  d e f i n i t i o n  makes the  sampling method the  c o n t r o l l i n g  considera-  

t i o n  i n  t he  d e f i n i t i o n  o f  an eco log i ca l  community, thus p a r t i t i o n i n g  t h e  

community i n t o  the  var ious  components a v a i l a b l e  t o  the  p a r t i c u l a r  sampling 

methods used. 

The  25 s i m i l a r i t y  i nd i ces  t o  be discussed were se lec ted  t o  demon- 

s t r a t e  the  wide v a r i e t y  of measures o f  t h e  undef ined concept " s i m i l a r i t y . "  

Apparent ly,  s i m i l a r i t y  can o n l y  be de f i ned  o p e r a t i o n a l l y  as "what a  

s i m i l a r i t y  index measures." Since t h e r e  i s  g r e a t  d i v e r s i t y  i n  what s im i-  

l a r i t y  i nd i ces  measure, i t  i s  impor tan t  t h a t  users o f  these i nd i ces  have 

a  c l e a r  understanding o f  what t he  index they  a r e  us ing  does measure. 

A l l  of t he  i n d i c e s  considered here f a l l  under our  d e f i n i t i o n  of a 

s i m i l a r i t y  index:  a  s i n g l e  number which i s  a  func t i on  o f  t he  scores 



resulting from the comparison of the value measured fo r  an a t t r i b u t e  

(species) in one sample w i t h  the value measured fo r  the same a t t r i b u t e  in 

a second sample. This def ini t ion will be c l a r i f i ed  w i t h  several examples 

in what follows. The defini t ion r e s t r i c t s  consideration to  those indices 

applicable to  exactly two samples from a community. The indices considered 

are  a l l  based on a two step process. F i r s t ,  the observed values f o r  each 

a t t r i b u t e  a re  compared and an a t t r i b u t e  s imi lar i ty  score determined. 

Second, these a t t r i b u t e  s imi lar i ty  scores a re  summed, or  otherwise com- 

bined to  provide the index of paired sample s imi lar i ty ,  the s imi lar i ty  

i ndex . 

The word community i s  used i n  the narrow sense implied by the defini-  

tion given e a r l i e r .  A sample i s  indicative of the s ta tus  of the com- 

munity a t ,  or over a par t icular  time period and place. A s imi lar i ty  index 

based on the two samples i s  calculated in the hope tha t  i t  will indicate 

the degree of resemblance between the two ecological populations repre- 

sented by the samples. If the resemblance i s  "high" t h e  samples may* be 

judged to  come from the same population. If  i t  i s  "low" the populations 

may be judged to be d i f fe rent .  I f  the judgment i s  "different"  some might 

say tha t  the two communities (under a res t r ic ted ,  more ecological defini-  

tion of conlmuni t y )  a re  d i f fe rent .  

The problems encountered a re  complex enough so tha t  t reat ing them in 

the abs t rac t  will only conlplicate matters fur ther .  Consequently, data 

on the study of the borers and foulers (periphyton) comnuni t y  sampled 

using exposure panels s e t  in Niantic Bay near the NUSCO Power Station a t  

Millstone Point, Connecticut, will be used to  c l a r i fy  ideas. The objec- 

t i v e  of t h i s  report  i s  t o  investigate the usefulness of s imi lar i ty  indices,  

not to  do an analysis of the Millstone data.  - 

*This i s  not a permissive "may" only a factual "may". Such decisions 
usually have no objective s t a t i s t i c a l  basis.  



The nex t  s e c t i o n  discusses t h e  k i n d  o f  data base f requen t l y  subjected 

t o  a  s i m i l a r i t y  index ana lys i s .  The t h i r d  s e c t i o n  def ines the  s i m i l a r i t y  

i nd i ces  discussed and g i ves  examples o f  t h e i r  c a l c u l a t i o n .  The f o u r t h  

sec t i on  analyzes what t he  i n d i c e s  a c t u a l l y  measure and p o i n t s  o u t  t h e i r  

shortcomings. The Sumary  i s  conta ined i n  t he  f i n a l  sec t ion .  An appendix 

conta ins  l i s t i n g s  o f  some M i l l s t o n e  data and o t h e r  i n fo rma t ion  used i n  the  

exampl es . 

A CAUTION 

The t i t l e  of t h i s  paper has a  Roman numeral I, imp ly ing  t h a t  t he re  

w i l l  be a t  l e a s t  a  Roman numeral I 1  on the  s u b j e c t  of s i m i l a r i t y  i nd i ces .  

The s p e c i f i c  sub jec t  o f  t h e  second paper i s  t he  usefu lness o f  s i m i l a r i t y  

i nd i ces  as t h e  s t a t i s t i c  i n  a  d i s c r i m i n a t i o n  r u l e .  The c r i t e r i o n  of use- 

fu lness  i s  t h a t  t he  d e c i s i o n  r u l e  have adequate power t o  d e t e c t  a  change 

when i n  f a c t  t he re  i s  one. The main conc lus ion  i n  t h a t  paper (Johnston, 

1976) i s  t h a t  s i m i l a r i t y  i nd i ces  a re  v i r t u a l l y  useless i n  t he  s t a t i s t i c a l  

d i s c r i m i n a t i o n  problem. 

I f  t he  reader i s  l o o k i n g  f o r  methods which w i l l  he lp  him decide 

whether o r  n o t  two samples come f rom t h e  same popu la t ion ,  he i s  now 

advised t o  l ook  elsewhere. He w i l l  n o t  f i n d  i t  i n  t he  s i m i l a r i t y  i nd i ces  

discussed here. I f  he i s  i n t e r e s t e d  i n  f i n d i n g  o u t  why s i m i l a r i t y  i nd i ces  

have poor power t o  d e t e c t  change, he can read t h i s  and f o l l o w  i t  up w i t h  

" S i m i l a r i t y  I nd i ces :  11" t o  ge t  a  s t a t i s t i c a l  demonstrat ion o f  t h e i r  l a c k  

o f  power. I f  he i s  i n t e r e s t e d  i n  us ing  s i m i l a r i t y  i n d i c e s  i n  d e s c r i p t i v e  

ecology o r  taxonomy, the  f o l l o w i n g  sec t i ons  should he lp  g i v e  an under- 

standing o f  t h e  c o n s t r u c t i o n  o f  many s i m i l a r i t y  i nd i ces .  



THE DATA BASE 

Studies of ecological communities could be based on many d i f fe rent  

types of data. This report  considers only the ( f a i r l y  common) type in 

which a par t icular  instance of a community's s t a tus  can be represented by 

a vector of measurements on the a t t r ibu tes  used to  define the community. 

For the Millstone borers and foulers data,  (Bat te l le  1975, and 

Brown, R. T. and S. F.  Moore, 1976) the a t t r ibu tes  measured were the spe- 

c ies  attached to the exposure panels. The species were not preselected 

for  measurement, b u t  were accumulated on a species l i s t  as the species 

were observed. From the s t a r t  of panel collection in July,  1968, through 

December, 1975, 203 d i f fe rent  species were observed. The measurements 

made were the percentage of the panel covered by each microscopic species 

and the number of individuals fo r  each of the macroscopic species. The 

panels had been in the water for  12 months before being collected. One 

panel was removed from a rack holding 13 panels each month and replaced 

by a fresh panel. For th i s  example, four d i f fe rent  sampling locations 

will be considered. Two locations,  FN and M H ,  were in the eff luent  plume. 

WP was somewhat removed and the l a s t ,  GN, was quite removed from the 

ef fec ts  of the plume. The data selected t o  exemplify a typical data base 

a re  l i s t e d  in the Appendix, Table A-1. Only 2 years (24 monthly vectors) 

were selected fo r  each s i t e .  The f i r s t  year, 1970, was before plant 

operation began and the second, 1972, was during normal operation of the 

plant. Only 97 of the 203 total  reported species were observed i n  a t  

l eas t  one of the 96 (4 s i t e s  x 24 months) samples. Further explanation of 

the data base i s  contained in the Appendix. 

The data base can be viewed as a s e t  of 96, (4 x 24), vectors of 

dimension 203 ( the  total  number of species observed over the period). 

There i s  a vector for  each s i t e  by time c lass i f ica t ion ,  each vector having 

203 elements, many of which are  zero. The elements correspond to the 



attributes (species). The observation for any species by time by s i te  

measurement can be specified by x i j k  where: 

i = 1 ,  2 ,  ..., I = 4 si tes  

j = 1 ,  2 ,  ..., J = 24 time periods 

k = 1 ,  2 ,  ..., N = 203 species. 

For example, i f  the four si tes are assigned the i -subscripts: 

Site F N WP MH G N 

and the months correspond t o  j in temporal order, and the k subscript i s  

assigned according to the listing order in Appendix Table A-1, then 

X 
1,632 

would be the observation for s i t e  FN in June of 1970 and the spe- 

cies BALE (Balanus eburneus) . The values for x1 ,6 ,2  i s  0.25. For 

X1,6 ,4  
i t  i s  23. Each sample vector of observations will be designated by 

using a capital X and dropping the k subscript, that i s ,  X i  i s  the N 

dimensional vector for s i t e  i a t  time j. In this view the da ta  can be 

characterized as 4 mu1 tivariate time series, one series of 24 time periods 

for each s i te .  

The data can be divided into the months before full scale operation 

began (January, 1971, when the plant attained a power level of 200 MW for 

the f i r s t  time) and the months after plant operation began. The pre- 

operational or operational classification of the months, a1 ong with the 

I n  Plume and O u t  of Plume classification of s i tes ,  partitions the X i j  d a t a  

vectors into four mutually exclusive sets as follows. 

Operating Status 

Pl ume 

I 
Pre-Op Operating 

Locati on 1 5 j 5 1 2  13 5 j < - 24 

O u t  i = 1 , 2  

In i = 3,4 



The preoperational, in the plume location vectors ( s e t  11) ,  represent the 

locations which will be in the plume once operation begins. In t h i s  form 

the data a re  c lass i f ied  according to  the paradigm analogous to  the Pre-Post, 

Control-Treated experimental design frequently used by social s c i en t i s t s .  

The f ina l  consideration f o r  the characterization of the data base i s  

the nature of the observations, xi jY As pointed out above fo r  the Mill- 

stone data, some species provided percentage coverage data, others pro- 

vided counts of individual s data. Generally, studies of ecological change 

provide measurement types ranging from a t t r i b u t e  presence or  absence [vari-  

ously referred to  as binary, dichotomous, binomial or (1,O) data] through 

the t ru ly  continuous type such as biomass. In between these extremes each 

a t t r i b u t e  may provide categorical (niul tinomial or c lass i f ica tory)  data, 

ordered categories,  or posit ive integral counts. Of course, continuous or 

counting data may be reduced to c lass i f ica tory  or dichotomous data by 

grouping into ce l l  s .  

Some data specif ic  problems frequently encountered, and present in 

the Millstone data, a re :  

Different measurement types, e.g., counts of individual periphyton per 

species for  some species and percentage of panel coverage f o r  others.  

Missing data due t o  l o s t  or  destroyed samplers. 

O A large fract ion of a t t r ibu tes  (species) a re  not observed very 

frequently. 

O Different individuals w i t h  varying degrees of s k i l l  classifying the 

species and measuring (counting or estimating percent coverage). 

Methods f o r  resolving these problems are  not discussed, b u t  should be 

developed whenever such data a re  to  be used. 

To provide the reader with an example which could be used to  check 

out ideas by hand and carried along in the t ex t ,  a subset of the Millstone 

data consisting of 20 samples by 10 species was selected. The species 



were selected to  s a t i s f y  the - a pr ior i  condition tha t  the f i r s t  10 samples 

come from one population and the second 10 from a d i f fe rent  population. 

Call these populations A and B. The populations were defined by the prob- 

a b i l i t i e s  tha t  a  species be observed i n  each sample. As i t  turned out,  

the - a pr ior i  conditions were very closely approximated by species from 

s i t e  FN, the f i r s t  10 samples being from 1970 and the second 10 from 1972. 

I f  we l e t  pAk be the probabili ty tha t  species k be present in a  sample 

from population A ,  similar ly f o r  pBk,  and p be the probabili ty tha t  a  

sample from e i the r  population contain species k ,  then the populations f o r  

the example a re  specified by the probabi l i t ies  i n  Table 1 .  The species 

were selected by looking in Appendix Table A-2 fo r  species which came 

c loses t  t o  these a  pr ior i  probabi l i t ies .  Table 1 assigns a  species 

TABLE 1.  Population Probabil i t i e s  of Observing 
Species i n  a Random Sa.mple 

Species (k) 1 2 3 4 5 6 7 8 9 10 

Code SERW CREF OBEX GRAI CODD LEPS CORC SERP CERR CHAA 

ID No. 123 132 6 8 56 5 105 162 6 9 2 1 2 

Meas. Type* C C F F F C C F F F 

*For the measurement type; C implies counts, and F fract ion coverage. 



sequence number ( k )  t o  each species, g ives  the  corresponding a lphabet ic  

code (Table A.3 g ives  t h e  f u l l  name o f  t he  abbrev ia ted species) ,  the  

numerical I D  code and t h e  measurement type--C i m p l i e s  counts o f  i n d i v i d -  

uals,  F i m p l i e s  f r a c t i o n  coverage. I f  a  species w i t h  a  p r o b a b i l i t y  o f  

being observed of 0.9 i s  c l a s s i f i e d  as a  predominant species, o f  0.5 as a  

common species and o f  0.1 as a  r a r e  species, then i t  w i l l  be noted common 

species i n  popu la t ion  A a r e  e i t h e r  r a r e  o r  predominant i n  popu la t ion  B, 

and those common i n  popu la t i on  B a r e  e i t h e r  r a r e  o r  predominant i n  popula- 

t i o n  A. The o v e r a l l  e f f e c t  when bo th  populat ions a r e  combined i s  t o  g i v e  

h a l f  t h e  species a  p r o b a b i l i t y  o f  being observed o f  0.3 and t h e  o t h e r  h a l f  

a  p r o b a b i l i t y  o f  0.7. Th is  holds except f o r  species 9  and 10, i nc luded  

t o  show what happens when a  species has zero p r o b a b i l i t y  o f  being observed 

i n  one o r  both populat ions.  I t  i s  expected t h a t  t he  two populat ions 

def ined by t h i s  c o n s t r u c t i o n  would be judged t o  be d i f f e r e n t .  

Table 2  l i s t s  t h e  data f o r  these species taken from March through 

December o f  (Table A. l )  f o r  s i t e  FN and 1970 and 1972. Some data were 

added o r  s e t  t o  zero i n  order  t o  make t h e  samples e x a c t l y  r e f l e c t  t h e  

popu la t ion  p r o b a b i l i t i e s .  Table 2 has t h e  same column headings as 

Table 1, w i t h  the  a d d i t i o n  o f  a  column ass ign ing sample numbers ( a )  t o  

each sample. ( I t  i s  hoped t h a t  t h e  f a c t  t h a t  species head columns and 

rows correspond t o  samples i n  Table 2 b u t  Appendix Table A-1 has t h e  

opposi te fo rmat  w i l l  n o t  cause the  reader problems.) This se lec ted data 

base w i l l  be used i n  the  nex t  sec t i on  t o  i l l u s t r a t e  t h e  c a l c u l a t i o n s  

i nvo lved  i n  t h e  var ious  s i m i l a r i t y  ind ices .  
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INDICES OF SIMILARITY 

GENERAL DEFINITION OF A SIMILARITY INDEX 

The use of the word "similarity" i s  not intended to  exclude indices 

of diss imilar i ty .  One i s  the logical complement of the other in the sense 

tha t  s imi lar i ty  indices indicate how "close" two samples a re  to  one another 

and diss imilar i ty  indices how "far  apart"  they are.  Indices which have 

been c lass i f ied  under e i the r  name will be considered b u t  a1 1 of them will  

be called s imi lar i ty  indices. However, only those indices which use inter-  

mediate s imi lar i ty  scores defined on the pairwise comparisons of the values 

for  each community a t t r i b u t e  in the two samples will be discussed. This 

excludes the type of index which only summarizes the a t t r ibu te  values fo r  

each sample into a s ingle  index and then makes comparisons between these 

indices. Such indices, called measures of community s t ructure by Pinkham 

and Pearson (1976) and indices of sample diversi ty  by others,  summarize 

each sample by a s ingle  number, thus removing any possibi l i ty  of consider- 

ing the re la t ive  number of individuals per species and species ident i ty .  

As will become evident in what follows, many of the indices based on 

pairwise comparisons of a t t r ibu tes  a l so  suffer  from t h i s  drawback of giving 

identical values to  the s imi lar i ty  measure when species numerosity and/or 

species ident i ty  have obviously d i f fe rent  s t ructures  over the a t t r ibu tes  

considered. 

The basic def ini t ion of a s imi lar i ty  index i s  here res t r ic ted  to  be 

a s ingle  number which i s  a function of the pairwise comparisons of the 

values fo r  each a t t r i b u t e  fo r  two samples. Generally, we consider the 

"a t t r ibute  space" or  "universe of comparison" to  be the complete s e t  of 

a t t r ibutes  for  which comparisons a re  possible. In the Millstone example 

the a t t r ibu te  space was determined as the study progressed and consists 

of the 203 species observed to  date. A general s imi lar i ty  index can be 

defined on two N dimensional vectors, say X g  and X,, where i: and e l  are  

two selections of location by time ( i  j )  community samples,* as / 

*The subscripting of vectors i s  changed from i j  to  R merely to  avoid a 
confusing array of subscripts. 



where F i s  some function of the N pairwise comparisons, s e a l k ,  and 

where g i s  some function of the a t t r i b u t e  values observed in the two 

sampl es.  

Any par t icu lar  s imi lar i ty  index, S,,,, can be defined by specifying 

the functions g and F. Someone has proposed almost a1 1 of the possible 

basic operations on two variables for  use as g  or as part of a  two-step 

calculation of see,  k. Usually F i s  a  simple sum, or  average, over the N 

a t t r ibu tes ,  although weighted sums and more complicated functions a re  

sometimes encountered. The functions g and F will be specified fo r  each 

of the s imi lar i ty  indices in the discussion which follows. 

A number of S,,, are calculated based on a  transformation of the basic 

data to  presence-absence form by 

The data matrix in t h i s  case, o r  when binary data a re  col lected,  consis ts  

of vectors of 0 ' s  and 1 Is. Table 3 i l l u s t r a t e s  the application of the tigk 

transformation t o  the data of Table 2 .  

I t  i s  a l so  possible t o  reduce individual counts and continuous data 

to  more than two categories by defining c e l l s ,  usually of equal or loga- 

rithmic intervals ,  and classifying the data into these c e l l s .  In t h i s  

case, the transformation i s  of the form 



TABLE 3. The Operator 6,k Applied to the Basic Data for Example 

. Species ( k )  
No. 

- 2 3 4 5 5 7 8 9 1 0  -1 - Obs. 

Sample ( R )  



An illustration of this type of transformation will be found in Table 10. 

It is possible that a mixture of binary, classificatory, counting 

and/or continuous data may be encountered in a single data set. Some 

are constructed to handle such mixed data sets, but most require 

transformation of the data to the measurement level they were designed to 

SPECIFIC SIMILARITY INDICES 

The number of similarity indices used or proposed for use in studies 

of the type of data structures exempl ified by Table A-1 and Table 2 is 

no doubt in excess of 50. Pinkham and Pearson (1976) attribute this 

proliferation to "the general dissatisfaction with the indices and the 

complexity of the problem," and propose a "new coefficient of similarity" 

which is claimed to be more sensitive to differences in species identity 

and numbers of individuals (or biomass) per species than some conlmonly 

used similarity indices. This recent addition to the literature is adduced 

to show that dissatisfaction with current measures of similarity used to 

describe community changes in pollution surveys is still with us. 

There are many ways of classifying similarity indices. Sokal and 

Sneath (1973) discuss over 30 coefficients classified into: Distance 

Measures, Association Coefficients, Correlation Coefficients, and Prob- 

abil istic Coefficients. G. H. Ball (1966) 1 ists 14 unclassified coeffi- 

cients used in cluster analysis. They could be classified according to 



the measurement level for  which they are  appropriate. Here we will 

c lass i fy  t h e m  according to  the function, g ,  used t o  make the i n i t i a l  

pai rwise compari son. 

Table 4 l i s t s  25 s imi lar i ty  indices c lass i f ied  by seven basically 

d i f fe rent  ways of calculating the s imi l a r i t i e s  between pairs of a t t r ibu tes .  

The f i r s t  column of Table 4 gives the c lass  (1 thru 7 )  fo r  the index. The 

second column gives the a t t r ibu te  s imi lar i ty  function, g ,  and other alge- 

braic manipulations of the data required to  calculate  the a t t r i b u t e  

s imi lar i ty  score, s e a l  k.  Under the column headed "Name of Index" the name 

of the author of the coeff ic ient  i s  given along w i t h  the date of a reference 

i n  which the author discussed the index. Those indices which have acquired 

an accepted name in the 1 i t e ra ture  have tha t  name given under the author 's  

name. The next column gives the formula for  combining the a t t r ibu te  simi- 

l a r i t y  scores into the index of sample s imi lar i ty ,  SLe,.  These symbols 

are  given in the l a s t  column. The symbols a re  composed of a l e t t e r  and a 

subscript. The subscript i s  e i the r  the i n i t i a l  ( s )  of the author or the 

common name of the index. The l e t t e r  " K"  i s  used for  indices based on 

binary data ,  "D" for  indices commonly referred t o  as  distance measures, 

"P" for  indices based on the fraction of total  individuals (or total  bio- 

mass, e t c . )  in a sample belonging to  a par t icular  species ( a t t r i b u t e ) ,  and 

"S" i s  used for  the other indices. A n  exception t o  t h i s  symbol assignment 

scheme i s  made for  the formula defining the "Pearson Product Moment Corre- 

lat ion Coefficie'nt" which i s  almost universally designated by the lower 

case " r . "  This i s  subscripted with a question mark since the algebraic 

manipulation indicated does not produce Pearson's r .  

Indices for  Binary Data- 

The f i r s t  c lass  of indices, containing 11 coeff ic ients ,  i s  based on 

the operation of reducing the data to  binary presence-absence form, then 



TABLE 4. Some Similarity Indices 

A t t r i b u t e  S i m i l a r i t y  
Class Func t ion ,  g 

1 6 ,  f o l l o w e d  by 

g(6,k'6a' k )  

= ( a , b , ~ , d ) ~ ~ ,  

where 

a = N o .  o f  ( 1 , l )  

b = No. o f  (1,O) 

c = No. o f  (0.1 ) 

d = No. o f  (0,O) 

N = a t b t c t d  

Name o f  Index 

Au thor  Date 

P. Jaccard 
( C o e f f i c i e n t  o f  
Comnuni t y )  

L. R. Dice  and 1945 
T.  Sorenson 1948 

L. W. Watson, W. T. W i l l i a m s  1966 
and G. N. Lance (Nonmetr ic 
C o e f f i c i e n t )  

M. Levandows ky 1971 
( B i n a r y  Appl i c a t  i o n )  

M. D. Mount ford*  1962 

R .  R. Sokal and 1958 
C. D. Michener (Simple 
Matching o r  A f f i n i t y )  

D. J. Rogers and 1960 
T. T. Tanimoto 

U. Haman 1961 

Yule 1900 
(Q  C o e f f i c i e n t )  

Computing Formula f o r  SLL, Symbol 

a/ ( a t b t c )  
K~ 

(b+c)/ ( a t b t c )  s~ 

KI i n  t h e  s o l u t i o n  t o  
I 

~ x p [ ( a + b ) K ~ ] +  Exp[(a+c )KI1 

= 1 t ~ x p [ ( a + b + c ) ~ ~ ]  

K~ - Za/(ab+ac+Zbc) 

(a+d)/N 

- - -  

*The r e l a t i o n  I means " i s  approximated by."  
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counting the  number of pairwise a t t r i b u t e  compari.sons f a l l i n g  i n t o  each 

c e l l  of  t h e  two by two tab le :  

Sample a '  

0 C 

The nota t ion attempting t o  speci fy  this conceptually simple operation i n  

Table 4 makes t he  a t t r i b u t e  match score  impl ic i t ,  which may lead t o  some 

confusion. An example, using the  data of Table 2,  should c l a r i f y  t he  pro- 

cedure. The 6 j k  function was applied t o  Table 2 resu l t ing  in Table 3 .  

Suppose t h a t  t he  indices of the  f i r s t  c l a s s  a r e  t o  be calcula ted f o r  

samples 7 and 8 (a = 7 and a '  = 8 ) .  From Table 3 the  observed sample 

vectors  a re :  

There a r e  four  kinds of r e s u l t s  f o r  t he  comparisons of the  a t t r i b u t e s ,  

namely (1 ,1 ) ,  (1 ,0 ) ,  (0 ,1 ) ,  (0,O). 

The a t t r i b u t e  s i m i l a r i t y  function can be e x p l i c i t l y  defined i n  terms 

of these  four  kinds of r e s u l t s  by considering four  counters (a ,  b y  c ,  d )  

which a r e  s e t  t o  zero a t  the  s t a r t  of each paired sample comparison. Then, 

( a + l  f o r  ( 1 , l )  

b+l f o r  (1,O) 
g('ak9 6, tk  c+l f o r  ( 0 ~ 1 )  

\ d+l f o r  (0 , o )  

That i s ,  1 i s  added t o  the  appropr ia te  counter based on the  r e s u l t  of the  

a t t r i b u t e  comparison. Essen t ia l ly ,  the  a t t r i b u t e  s i m i l a r i t y  function 

ass igns  each a t t r i b u t e  t o  one of t he  four ca tegor ies .  The number of 



a t t r ibu tes  in each of these four categories i s  then determined and p u t  into 

the two by two tab le  from which a l l  s imi lar i ty  indices based on such two by 

two tables  (not jus t  the 11 discussed here) are  calculated. Table 5 

expl ic i t ly  shows how the counters cumulate to  the f inal  resu l t  

( a y  b y  c,  d),,,, for  a = 7 and a '  = 8. The sample vectors and the value in 

each counter a f t e r  each a t t r i b u t e  comparison i s  given. The f inal  resu l t  i s  

( 4 ,  1 ,  2 ,  3)  and these numbers are positioned in the appropriate c e l l s  of 

the two by two table .  The l a s t  row of Table 5 gives the val ues of each of 

the 11 presence-absence s imi lar i ty  indices fo r  samples 7 and 8. 

Since many of the coeff ic ients  of the f i r s t  c lass  use some of the 

same intermediate quant i t ies ,  i t  i s  e f f i c i en t  and instruct ive to  calculate  

these f i r s t .  They are ,  in addition to the marginal t o t a l s  of the two by 

two tab1 es: 

a ,  the number of posit ive matches, 

m = a + d ,  the number of posit ive and negative matches 

n = b + c ,  the number of mismatches of e i the r  kind 

N '  = a + b + c = N - d ,  the number of a t t r ibu tes  (species) present in 

a t  l eas t  one of the two samples 

ad-bc, the determinant (differences between the product of the matches 

and the product of the mismatches) of the two by two table.  

For the example, 

and these quantit ies are:  

a m n N '  ad-bc 

4 7 3 7  (12-2)' = 10 

I t  i s  then obvious that  5 of the 11 indices do not use d ,  the number 

of negative matches. These are: 



TABLE 5 .  Example o f  Ca lcu la t ions  f o r  
I nd i ces  o f  t h e  F i r s t  Class. 

Species 

k - '7k - - '8 k 

1 0 1 
2 1 1 
3 0 0 
4 0 0 
5 1 1 
6 0 1 
7 1 1 
8 1 1 
9 1 0 

10 0 0 

Comparison Counter 

(1 31 (1 $0)  (091 (0 3 0 )  

Two by Two Table 

Index 

*The approximation KI 2a/ (ab+ac+2bc) was used. 

a+b = 5 

c+d = 5 

N = 10 

Sample 7 

1 

0 

Sample 8 

1 0 

a=4 b= l  

c=2 d=3 

a+c b+d 
=6 =4 



and K I  2a/ (ab  + a c  + 2bc)  = 8/(4+8+4) = 8/16 = 0.5 

J a c c a r d ' s  and D i c e ' s  (Sorenson ' s )  i n d i c e s ,  KJ and Kg,  a t t a i n  a maximum 

value  o f  1 . 0  when a1 1 s p e c i e s  p re sen t  i n  one sample a r e  a l s o  p r e s e n t  i n  the 

o t h e r  samples. The complements of t h e s e  i n d i c e s ,  SL and K W y  r e s p e c t i v e l y ,  

a t t a i n  a maximum of  1.0 when t h e  number of  mismatches, n,  equa l s  N'. A 

value  o f  1 . 0  f o r  K j  o r  KD i n d i c a t e s  maximum s i m i l a r i t y ,  but  ze ro  i n d i c a t e s  

maximum s i m i l a r i t y  f o r  SL o r  KW. 

The c a l c u l a t i o n  o f  Mountford's Index, K I ,  i s  q u i t e  compl i c a t e d ,  

r e q u i r i n g  an i t e r a t i v e  process ,  so only  t h e  approximation t o  KI given by 

K i  = 2a/ (ab+ac+Zbc) 

w i l l  be discussed  here.  (The exac t  formula w i l l  be d iscussed  in  t h e  f o u r t h  

s e c t i o n . )  Sokal and Sneath (1973, p. 137)  sugges t  t h a t  

K I  A Ea/(ab+ac+bc) 

is  a "good approximation" t o  K I ,  b u t  t h e  f a c t o r  o f  2 mu l t ip ly ing  bc i s  

a l g e b r a i c a l l y  implied by Mountford's equat ion  f o r  c a l c u l a t i n g  t h e  i n i t i a l  

approximation i n  h i s  i t e r a t i v e  c a l c u l a t i o n  of t h e  e x a c t  K I .  Mountford 's  

f i r s t  approximation ( i n  ou r  n o t a t i o n )  i s  

where N, and N,, a r e  the numbers o f  s p e c i e s  observed in  samples e and a '  

r e s p e c t i v e l y .  

The approximation (and t h e  e x a c t  formula)  f o r  Mountford 's  K I  has some 

a1 geb ra i c  problems a t  the extreme o f  conlpl e t e  agreement,  o r  complete 



disagreement. In practice having the number of positive matches equal t o  

zero or N' (the total number of species observed in either sample) would 

be rare, b u t  investigating these cases determines the minimum and maximum 

value of the index. 

Generally, if n i s  the number of mismatches, then the two by two 

table i s  

and 

Sample a 

1 

0 

2(N1-n) 
Ki = 2(N1 -n+b) (NL-b )  - ( N t  -n+b+N1 - b)  ( N '  - n )  

In the case of no agreement, a i s  zero and K; i s  zero unless b or c i s  zero. 

If b o r  c i s  zero (and a i s  s t i l l  0 ) ,  then KI  i s  the indeterminate quo- 

t ient,  ( 0 / 0 ) .  The case of a equal t o  zero and a1 so b or c equal t o  zero 

Sample a '  

1 0 

N'-n b 

n-b ( d )  

N '  -b 

= Na, 

implies t h a t  one of NQ or N Q ,  i s  zero; t h a t  i s ,  no species were observed in 

N'-n+b= 
a 

N 

one of the samples. Excluding this trivial case, K; has a minimum value of 

zero. In the case of perfect agreement, a i s  N' and b = c = 0. Then K i  is  



which i s  undefined. If there i s  just one mismatch so thal ,  say, b = 1 = n ,  

then a = N1-1 and c = 0 and Ki i s  

b u t  i f  b = c = 1 ,  then 

I t  requires exactly one mismatch for K; t o  attain i t s  maximum defined 

value of 2. If there are two mismatches, Ki equals 1 when one of b or c 

i s  zero, b u t  i t s  value i s  dependent on N '  when both b and c are unity. 

If ei ther  b or c i s  zero, say c ,  then 

that i s ,  2 divided by the number of mismatches independent of the total 

number of different species, N' , observed in both samples. 

If the number of mismatches, n, i s  even and i s  sp l i t  evenly between 

b and c then 



using the  r e l a t i o n s  

and 

Ne = N,, whenever b = c .  

The  r e l a t i on  

shows t h a t  K i  will  be qu i t e  small i n  r a t he r  moderate p rac t i ca l  s i t u a t i o n s .  

For example, a  t a b l e  with i n t u i t i v e l y  high associa t ion such a s  

has 

- 0.1 - 0.0111 = 0.0889 Ki = - - - -  20 90 



whereas, f o r  exampl e , 

I f  (a,b,c) were (8,1,1), a r e d u c t i o n  by  a f a c t o r  o f  10, then  

an inc rease o f  a f a c t o r  o f  10. 

The t h r e e  i n d i c e s  which use t h e  t o t a l  number o f  matches o f  e i t h e r  

k ind,  (a+d) = m, were c a l c u l a t e d  as f o l l o w s  f o r  t h e  example 

( a , b , ~ , d ) ~ , ~  = (4,1,2,3). 

Note t h a t  a l l  t h r e e  i n d i c e s  a t t a i n  a rnaximunl va lue  o f  1.0 when m = N, i .e. ,  

whenever a match o f  e i t h e r  k i n d  occurs f o r  a l l  species, s i nce  i n  t h a t  case 

n i s  zero. The i n d i c e s  KSN and KRT a re  zero when no matches o f  e i t h e r  k i n d  

occur ,  bu t  Haman's KH i s  nega t i ve  whenever more mismatches than matches 

occur  and a t t a i n s  i t s  minimum va lue  of -1.0 when m = 0 and n = N. 

Haman's KH uses t h e  d i f f e r e n c e  between t h e  sum o f  t h e  matches and t h e  

sum o f  t h e  mismatches o f  bo th  k inds.  The l a s t  t h r e e  i n d i c e s  (Ky, KyC and 

Kg) use t h e  d i f f e r e n c e  between the  produc t  o f  t h e  two k inds  o f  matches and 

t h e  produc t  o f  t h e  two k inds  o f  mismatches i n  t h e  numerator o f  t h e i r  com- 

p u t i n g  formula ( a t  l a s t  imp1 i c i t l y ) .  Consequently, these i nd i ces ,  1 i k e  

KH, vary  between -1 f o r  complete disagreement t o  +1 f o r  complete agreement. 

Both o f  Y u l e ' s  i n d i c e s  use t h e  sum o f  t h e  products o f  t h e  matches and mis-  

matches i n  t h e  denominator, KyC t a k i n g  t h e  square r o o t s  be fo re  sumning. 

The b i n a r y  product  moment c o r r e l a t i o n  KB uses t h e  produc t  o f  t h e  marginal  

t o t a l s  from t h e  two by two t a b l e  i n  t h e  denominator. The r e l a t i o n  



shows that  KB i s  formally related t o  the usual formula for calculating the 

chi-square s t a t i s t i c ,  xOBS, for two by two contingency tables. This fact  

i s  pointed o u t  merely t o  indicate that a  calculational routine giving 
2 xOBS may be used, along w i t h  the relation 

t o  calculate Kg, provided the sign of (ad-bc) i s  saved and applied t o  the 
2 

result .  This fact  should - not be used to calculate xOBS in an attempt t o  

judge the s ta t i s t i ca l  significance of the degree of association o r  dis-  

sociation since the two by two table generated by the two samples i s  not 
a contingency table. More will be said a b o u t  th is  in the next section. 

This concludes the discussion of the calculation of the indices based on 

the two by two table. 

Indices Based on the Absolute Difference 

Four examples of the coefficients based on the absolute value of the 

differences between at tr ibute values as the measure of a t t r ibute  similarity 

are given t o  represent the second class of similarity measures. The f i r s t  

three of these ( D M ,  DMCD and D c )  are distance (dissimilarity) measures 

attaining their  maximum value when the pair of data vectors are most 

separated. The fourth, GowerLs SG, i s  constructed t o  attain i t s  maximum 

value when the two vectors are identical so that Ixek-xi, 1 = 0. These 

coefficients can be used with binary o r  categorical data, b u t  are usually 

applied t o  xak which result from counts or continuous measurements of the 

at tr ibutes.  

The conlputing formulas will be applied t o  samples 7 and 8 of Table 2.  

Table 6 gives these samples in column vector form and the intermediate 

values required for calculating the indices. The indices are calculated 



TABLE 6. Example of  C a l c u l a t i o n s  f o r  
I n d i c e s  o f  the Second Class  

Col umn 

1 2 3 4 5 6 7 8 

I x7k-x8k 1 I X7k-X8k 1 Species  
k 7k '8k - - I '7kwX8k I '7k+'8k - Rk X7k+x8k k 

Tota l  16.18 4.239 3.253 

Based On 

N=10 N=7 

16.18 16.180 



a t  t h e  bottom o f  t h e  tab le .  As w i t h  t h e  i nd i ces  based on presence-absence 

data, it i s  poss ib le  t o  exclude species which a r e  n o t  p resent  i n  e i t h e r  

sample being compared by n o t  count ing  those species which have 

xak = xeI 
= 0. Th i s  reduces the  denominator i n  DMCD and SG from N  = 10 t o  

N' = 7, and t h e  number o f  terms i n  t h e  sum t o  7  f o r  a l l  4 i nd i ces .  O f  

course, sk ipp ing  t h e  species w i t h  (xek, xi, ) = (0,O) does n o t  change t h e  

sums when t h e  q u o t i e n t  (010) i s  de f i ned  t o  be zero. 

C a l c u l a t i o n  of  Gower's SG r e q u i r e s  determin ing t h e  range, over  a l l  

samples under study, f o r  each a t t r i b u t e .  For our  20 sample example, each 

a t t r i b u t e  ( k )  has xek equal t o  zero  f o r  a t  l e a s t  one sample (a ) ,  so t h a t  

t h e  range, R k y  i s  t h e  maximum va lue  observed. These Rk a r e  g iven f o r  each 

species i n  Table 6. The Rk a re  used t o  "range" the  abso lu te  d i f f e r e n c e s .  

Since t h e  abso lu te  d i f f e r e n c e  on a  p a r t i c u l a r  species ( k )  f o r  two samples 

i s  l e s s  than o r  equal t o  t h e  range, t h e  ranged d i f f e r e n c e  l i e s  between zero 

and u n i t y ,  i n c l u s i v e .  Sub t rac t i ng  t h e  ranged d i f f e r e n c e  f rom u n i t y  makes 

Gower's index a  measure o f  t h e  degree o f  closeness r a t h e r  than degree o f  

separa t ion  and d i v i d i n g  by N assures t h a t  SG w i l l  be between zero  and 

u n i t y ,  i n c l u s i v e .  

It i s  i n s t r u c t i v e  t o  consider  t he  a p p l i c a t i o n  o f  these c o e f f i c i e n t s  

t o  b i n a r y  data. For b i n a r y  da ta  Ixek-xal i s  1  f o r  a  mismatch, (1,O) o r  

(0,1), and 0 f o r  ( 1 , l )  o r  (0,0), thus 

and 

1 0  f o r  (0,O) 



Also, for  any data type, 

so tha t  fo r  binary data Rk = 1. We define N '  = a+b+c to  be the number of 

valid matches so that  negative matches (or missing data problems) can be 

eliminated from consideration when they a re  not considered appropriate to  

include. The coeff ic ients  of the second c lass ,  based on binary data,  a re  

then related to  the coeff ic ients  of the f i r s t  c lass  as follows. 

If  negative matches a re  excluded, 

For the Canberra metric, the r a t io  

I 
1 for  (1,O) or ( 0 , l )  I x L k ' x a '  k l  

= O f o r ( 1 , l )  
X R k + X R '  k 

undefined for  (0,O) 

so tha t  the a t t r ibu te  match score i s  the same as for  DM. Dividing the 

absolute value by the sum has no ef fec t  fo r  binary data. Similarly, Gower's 

"ranging" procedure has no e f fec t  since the range of binary a t t r ibu tes  i s  

1 ,  provided the a t t r ibu te  i s  present in a t  l e a s t  one sample vector; other- 

w i  se s a e l  would involve a  division by zero. When the range i s  1 for  a l l  

a t t r ibu tes ,  d must be zero so that  



These considerations have shown how the binary coefficients can be made 

into distance measures defined on the u n i t  hypercube, and point o u t  some 

n o t  immediately apparent implications of the use of KSMy KL and Kj and the 

binary application of SL or SG. 

When unordered categorical data (e.g., a t t r ibute  k i s  color with 

categories Red, White, Blue) define the measurement type of a t t r ibute  k ,  

Gower recommends using his coefficient by defining 

1 i f  xek - - X e ' k  

Ootherwise 

With ordered categorical data, each category of the a t t r ibute  can be 

assigned i t s  integer rank, or the cell midpoint for categories constructed 

from counts or continuous data, and any similarity measure appropriate for 

continuous data used. 

Indices Based on the Squared Difference 

The third class of indices i s  exemplified by three more distance 

measures ( D E y  and D C )  and SC a function of DE. Here the measure of 

a t t r ibute  similarity i s  the square of the difference between a t t r ibute  

scores. The f i r s t  of these indices DE i s  the Eucl idean distance obtained 

as the square root of the sum of the squared at tr ibute score differences. 

A t  th is  point, a few words about the meaning of "distance" might help 

clarify things. The distance referred to i s  the distance between observed 

samples in the N-dimensional at tr ibute space. Since only two dimensions 

can be easily represented on a sheet of paper, suppose we have only two 

at tr ibutes to consider, and call them at t r ibutes  A and B. Figure 1 shows 

such a space with possible at tr ibute values being the integers (0,1,2,3,4) 

for each at tr ibute.  Suppose the two samples ( 2 , l )  and (3,4) are observed. 

These samples determinne the points 1 and 2 in the at tr ibute space. The 

distance, or degree of dissimilarity, between these two points could be 

measured in many ways. The two ways used here are City Block Distance 



Sample A B - - 

1 2 1 
2 3 4 

FIGURE 1 .  A Two-Dimensional Attribute Space 

using the absolute value function, and s t ra ight  1 ine,  Euclidean Distance 

using the squared difference function. The City Block Distance acquires 

i t s  name from the fac t  t ha t  i t  can be determined from the "c i ty  block map" 

by counting the minimum number of blocks (un i t s )  which must be traversed 

along the "s t ree ts"  t o  go from one point to  the other.  The Euclidean 

Distance on the other hand i s  the s t ra ight  l ine  shortest  distance between 

the two points. Obviously, the City Block Distance will be greater than 

the Euclidean Distance, except in the case when a l l  b u t  one of the a t t r i -  

butes scores a re  the same. Then DM equals DE, o r  in the case when the 

points are ident ical ,  and both DM and DE are zero. 



The picture can be extended t o  three dimensions (at tr ibutes or 

species) by envisioning a skyscraper covering each block w i t h  the stories 

numbered with the integers to correspond to the number of individuals i n  

the species. Suppose that two observed three-dimensional samples are: 

Sampl e A B C 

1 2 1 3 

2 3 4 1 

Then, 

The conceptualization of the three-dimensional case should require only an 

elevator for the City Block Distance b u t  i t  requires the capabil i t y  t o  f l y  

i n  a straight 1 ine (through buildings) for the Euclidean Distance. The 

distance saved by the "flying capability" increases rapidly with the 

extension t o  more than three dimensions. This extension i s  algebraically 

straightforward, b u t  conceptually di f f icul t .  There are no great problems 

either in extending both kinds of distance measure t o  continuous data. 

Returning to the calculation of the third class of indices, note that 

the f i r s t  two, DE and lk, are analogous t o  DM and D M C D y  and DcD i s  ana lo-  

gous to  D C ,  except that DCD i s  an average distance, whereas DC i s  a simple 

sum of at tr ibute similari t ies .  

Cat te l l ' s  Coefficient of Pattern Similarity i s  not a distance measure 

b u t  more of a constructed correlation coefficient. I t  i s  assigned t o  the 
2 

third class because i t  i s  dependent on D E ,  the value 2x 5(N)  being a 

constant for N (twice the median value of the chi-square distribution with 

N degrees of freedom). 



The preliminary calculations of Table 6 can be used t o  calculate the 

indices based.on the square of the difference between a t t r ibu te  values for 

samples 7 and 8. The Euclidean Distance measure i s  simply the square root 

of the sum of the squares of the numbers in Column 3 of Table 6, 

The Average Euclidean distance i s  

Clark's Coefficient of Divergence i s  the square root of the average of the 

squares of the numbers in Column 6 of Table 6, 

Reference to  a table  of the cumulative chi-square dis t r ibut ion (e.g. ,  Ostle, 

1963, p. 533) gives, 

then 

I t  should be obvious tha t  DM, DMCD, DE, Dg. and SC are a l l  sensi t ive 

to  the d i f fe rent  orders of magnitude of the values for  d i f fe rent  a t t r ibu tes .  

For example, the values for  a t t r ibu te  5 are 0.06 and 0.15, so tha t  the 

difference re la t ive  t o  0.15 i s  60 percent. For a t t r i b u t e  7, the values are  

30 and 40, a re la t ive  difference of only 25 percent. Attribute 5 con- 

t r ibutes  0.09 and a t t r ibu te  7 contributes 10 t o  DM, and 0.09 i s  only 

0.6 percent of DM b u t  10 i s  61.8 percent. The s i tuat ion i s  even worse when 



the differences are squared. Attribute 5 contributes only 0.0081 and 
2 

at t r ibute  7 contributes 100 to D E y  or 0.007 percent and 83.3 percent, 

respectively. 

The problem of th is  imp1 i c i t  weighting of at tr ibutes with values 

orders of magnitude larger than other at tr ibutes i s  usually handled by 

somehow "normalizing" the individual a t t r ibute  comparisons so that  the 

order of magnitude differences from at t r ibute  t o  at t r ibute  are eliminated. 

The Canberra Metric, D C ,  and the Coefficient of Divergence, D C D y  accom- 

plish th is  normalization by dividing each at tr ibute difference by the 

at tr ibute sum before doing the other operations, so t h a t  the a t t r ibute  

similarity score l i e s  between zero and unity. Gower's SG divides by the 

range of the a t t r ibute  values t o  accomplish the same end. Cat te l l ' s  SC 

involves normalizing D E y  not the at tr ibute similari t ies ,  so that i t  i s  

also unduly affected by large at tr ibute t o  attr ibute variabil i ty.  

When DM, D M C D y  DE3 Dr or SC are t o  be used, s ta t i s t i ca l  standardiza- 

tion i s  recommended. (Sokal and Sneath, 1973). This i s  usually accom- 

plished by calculating the arithmetic average and standard deviation over 

a l l  samples in the study for each a t t r ibute  (species). That i s ,  for 

example, the d a t a  of Table 2 are transformed from x e k  t o  

where, for the example, 



I f  we aga in  env i s ion  our  t h r e e  dimensional c i t y  block w i t h  skyscraper  

model, the uns tandard ized  d a t a  could be r ep re sen t ed  by a c i t y  w i t h  North- 

South s t r e e t s  1 m i l e  a p a r t ,  East-West streets 1 f o o t  a p a r t  and skysc rape r s  

wi th  s t o r e s  1 inch a p a r t ,  w i t h  only  t h e  numbers and no t  the u n i t s  given 

S t anda rd i za t i on  p u t s  a l l  a t t r i b u t e s  i n t o  the same u n i t s ,  namely s t anda rd  

d e v i a t i o n  u n i t s  and t r a n s l a t e s  t h e  p o i n t  from which measurements a r e  made 

from t h e  o r i g i n  [the v e c t o r  (0 ,0 ,0)  i n  t h r e e  dimensions] t o  t h e  average  
- - 

v e c t o r  [(x. l ,  x. *, x. 3)].  The average va lue  of  t h e  zak f o r  a t t r i b u t e  k i s  . 

zero .  In t h e  t ransformed ( s t anda rd i zed )  a t t r i b u t e  space ,  va lues  g r e a t e r  

than the average  a r e  p o s i t i v e  and va lues  l e s s  than the average a r e  n e g a t i v e  

The conceptual analogue i s  t o  pu t  t h e  o r i g i n  a t  the c e n t e r  o f  t h e  c i t y  

i n s t e a d  o f  a t  a p o i n t  on the Southwest c o r n e r ,  and t o  a l l ow  the skysc rape r s  

t o  have basements of  adequate  depth .  S t anda rd i za t i on  does no t  gua ran t ee  

a symnetr ical  " c i t y "  u n l e s s  t h e  o r i g i n a l  a t t r i b u t e  d a t a  was symmetrical.  

- 
Table 7 c o n t a i n s  the ave rage ,  x a k ,  t h e  s t anda rd  d e v i a t i o n ,  s d k ,  and 

t h e  s t anda rd i zed  d a t a ,  zak ,  f o r  t h e  d a t a  o f  Table  2 .  The averages  a r e  

i n d i c a t i v e  o f  t h e  range o f  o r d e r s  o f  magnitude i n  t h e  d a t a .  A t t r i b u t e  9 
1 has t h e  s m a l l e s t  average ,  2 . 5 x 1 0 - ~ ,  and a t t r i b u t e  7 ,  t h e  l a r g e s t ,  6 . 9 ~ 1 0  , 

so t h a t  t h e  d a t a  span a t  l e a s t  4 o r d e r s  o f  magnitude. Note t h a t  Table  7 

c o n t a i n s  a l a r g e  number o f  nega t ive  va lues  f o r  zek.  Most of  t h e s e  r e s u l t  

from t h e  x a k  which a r e  z e r o ,  f o r  then  

Table  8 c o n t a i n s  the c a l c u l a t i o n s  f o r  the i n d i c e s  based on the two 

kinds of  d i s t a n c e  measures.  Each index has two va lues  r epo r t ed .  The * 

f i r s t ,  under Z ,  i s  the value  f o r  the s t anda rd i zed  d a t a ,  and the second, 

under X ,  i s  t h e  va lue  ob ta ined  p rev ious ly  us ing  the b a s i c  d a t a .  



TABLE 7. S tandard ized  Data ( zek)  

Species  (k) 1 2 3 4 5 6 7 8 9 10 

Standard 1.261 1.809 .00754 .0313 .0342 1.5035 84.385 .06904 .01936 0 
Deviat ion 

Sdk 

Sample ( R )  



TABLE 8. Example o f  Ca lcu la t i on  o f  "Distance 
Measures" from Standardized Data. 

Iz7k-'8kl Iz7k-'8kl 
Species 

k '7 k 8k Z7k-z8k Z7k+z8k h '7k*'8k k z 

Tota l  -1.483 6.154 8.669 11.923 3.256 

Based On 
z X 



Again considering the contribution of a t t r ibu tes  5 and 7 i t  i s  seen 

that :  

1 )  Attribute 5 contributes 2.629 of DM or 30.3 percent, and a t t r i b u t e  7 

contributes 2.661 or 30.7 percent, which i s  in tu i t ive ly  more reason- 

able than the 0.6 versus 61.8 percent contributions obtained e a r l i e r .  

2)  Attribute 5 contributed 38.1 percent and a t t r ibu te  7 contributed 

39.1 percent of D:, which i s  again more reasonable in tu i t ive ly .  

However, standardization has a bad ef fec t  on DC and DCD.  This i s  due to  

the fac t  that  negative values for  z e k  are possible so tha t  

can be greater than unity. This happens for  Species 1 ,  6, 8 and 9 in 

Table 8. I t  i s  also possible for  the above r a t io  to  be negative, as fo r  

species 7, since the denominator can be negative. The difference between 

SG computed on Z and on X i s  small enough to  be a t t r ibutable  to  rounding 

error .  This i s  indicative of the robustness and effectiveness of Gower's 

ranging procedure against orders of magnitude differences between a t t r i -  

bute values. C a t t e l l ' s  SC indicates a more moderate degree of disassocia- 

t ion between samples 7 and 8 than was indicated by the SC calculated fo r  

the basic data. 

Indices Based on the Minimum and Maximum of an Attribute Pair 

The f i r s t  coeff ic ient  of the fourth c lass ,  based on using the smallest 

and largest  values observed in a pairwise a t t r ibu te  comparison, sums the 

minimum and maximum values separately before taking the r a t i o ,  and the 

second takes the r a t i o  for  each a t t r i b u t e  and then sums over the a t t r i -  

butes. Levandowsky c a l l s  his index "the 1-complement of a modified 

Jaccard's index." His modification consists in using four ordered cate-  

gories (0,1,2,3) instead of jus t  ( 0 , l )  based on the level of abundance of 



a spec i e s  o f  plankton ( a t t r i b u t e )  i n  each sample. A f t e r  t a k i n g  t h e  r a t i o  

i t  i s  sub t r ac t ed  from un i ty .  I f  SL were app l i ed  t o  ( 0 , l )  d a t a ,  t h e  sum 

over  t h e  a t t r i b u t e  o f  min(xLk, x L ,  k )  would be t h e  number of p o s i t i v e  

matches (1 , I  ) and t h e  denominator t h e  t o t a l  number o f  s p e c i e s  observed in 

e i t h e r  sample ( N ' ) .  Negative matches a r e  excluded (0,O) having max (0,O) = 0 ,  

so t h a t  nothing i s  added t o  t h e  denominator f o r  such pa i rwise  a t t r i b u t e  

comparisons. For t h e  b inary  c a s e  

a s  pointed ou t  i n  the d i scuss ion  o f  t h e  f i r s t  c l a s s  of i nd ices .  Presumably 

Levandowsky's index can be used f o r  any measurement type .  I t s  n a t u r e  a s  

a "1-complement" makes i t  a measure of t h e  s e p a r a t i o n ,  r a t h e r  than t h e  

c loseness ,  o f  two samples. 

Pinkham and Pearson ' s  index measures t h e  average a t t r i b u t e  s i m i l a r i t y  

r a t i o .  For ( 0 , l )  d a t a  

min(xeky X e t  k )  I 
1 f o r  (1 $ 1 )  

max (x, k >  Se 1 k 
= 0 f o r  (1,O) o r  ( 0 , l )  

undefined f o r  (0,O). 

Again, nega t ive  matches a r e  excluded from Cons idera t ion .  Suming  t h e s e  

r a t i o s  over  a l l  a t t r i b u t e s  p re sen t  i n  e i t h e r  sample g ives  t h e  denominator,  

N ' .  Thus, f o r  t h e  b inary  c a s e  

t h e  propor t ion  of p o s i t i v e  matches. Pinkham and Pearson po in t  o u t  t h a t  

(0,O) matches can be included by formal ly  de f in ing  t h e  r a t i o  o f  zero  t o  

ze ro  t o  be u n i t y .  

The a p p l i c a t i o n  of  SL and SDD t o  samples 7 and 8 from Table 2 i s  

i l l u s t r a t e d  in  Table 9. I t  i s  o b i i o u s  t h a t  Levandowsky's SLY l i k e  t h e  

d i s t a n c e  measures DM and D E ,  i s  unduly a f f e c t e d  by o r d e r  of magnitude 



Species  
k 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 9. Example o f  Ca lcu la t ions  of  - 
Indices  of t h e  Fourth Class  

Original  Data 

m i  n - 
'7k '8k m i n  max max -- - - - 

Standardized Data 

max - 

1.031 

. I66  

-. 531 

-.415 

3.842 

1.630 

-. 345 

.905 

.387 

m i  n - 
max - 

Total  31.09 47.26 3.35 -1.999 6.670 4.954 

Without Species  7 



d i f f e r e n c e s  between a t t r i  bute ranges. For example, a t t r t b u t e  7 c o n t r i  butes 

30, o r  96.5 percent,  o f  t h e  value o f  t he  numerator and 40, o r  84.6 percent  

t o  t h e  value o f  t h e  denominator o f  SL. Pinkham and Pearson's S does n o t  
PP 

s u f f e r  from t h i s  s e n s i t i v i t y  s ince  t h e  r a t i o  o f  t h e  values f o r  each a t t r i -  

bute i s  taken before the  summation, r e s u l t i n g  i n  t h e  summed scores being 

normal ized t o  be between zero and u n i t y .  

T h e r i g h t  h a l f  o f  Table 9  shows what happens when no rma l i za t i on  i s  

attempted through s tandard i za t i on  t o  zek. The negat ive  values cause acute  

problems i n  the  c a l c u l a t i o n  o f  S i ,  based on the  standardized data w i t h  t h e  

r e s u l t  t h a t  S i  exceeds u n i t y .  The e f f e c t  i s  somewhat masked i n  the  ca lcu-  

l a t i o n  o f  S '  where the  t h r e e  species f o r  which no i n d i v i d u a l s  were 
P P  

observed were g iven a t t r i b u t e  s i m i l a r i t y  scores o f  1.0, s ince  f o r  

I f  these th ree  ~ a l u e s  a r e  removed f rom cons idera t ion ,  S '  i s  reduced 
PP 

from 

It i s  obv ious ly  poss ib le  t o  cons t ruc t  a  case f o r  which S '  would be 
PP 

nega t i ve . 

A "normal iza t ion  procedure" i n f e r a b l e  f r o m  Levandowsky's use o f  

c l a s s i f y i n g  t h e  data i s  attempted i n  Table 10. The ca tegor ies  a re  de f i ned  

by l ook ing  a t  t he  range f o r  each a t t r i b u t e  (Rk, taken from Table 6 ) ,  

r e t a i n i n g  a  value o f  zero f o r  xek = 0  and p a r t i t i o n i n g  t h e  o t h e r  poss ib le  

xek values i n t o  ca tegor ies  w i t h  values 1, 2 and 3  as e q u a l l y  as poss ib le .  

(No c l a i m  i s  made t h a t  t h i s  i s  i n  any sense, o t h e r  than immediate expedi-  

ency, an opt imal  p a r t i t i o n i n g  i n t o  ca tegor ies .  ) The columns headed C 7 k  

and Csk g i ve  the  values assigned t o  the  observed xek by the  ca tego r i z ing  



Species 
k k - 

1 4 

2 8 

3 .03 

4 .13 

5 .15 

6 5 

7 300 

8 .25 

9 .O1 

10 0 

To ta l  

TABLE 10. I nd i ces  o f  the Four th  C lass '  
Based on Categorized Data. 

Category D e f i n i t i o n  H i  n - 
0 - 1 - 2 - 3 - -- '7k '8k -- Min Max - Max 

Without Species 7 



t r ans fo rma t i on .  For  example, x7k  was zero  so C7k i s  a l s o z e r o  and xgk was 

2 which i s  one o f  t h e  va lues  (2 and 3 )  which i s  ass igned a  ca tego ry  va lue  

o f  2. S i m i l a r l y ,  f o r  a t t r i b u t e  5, x  equal t o  0.06 impl  i e s  C7k i s  2  and 
7  95 

x equal t o  0.15 impl i e s  C i s  3. For  a t t r i b u t e  7, b o t h  x ~ , ~  and x 
8, 5  8, k  8,5 

g e t  C equal t o  1. 
a,5 

The i n d i c e s  a r e  c a l c u l a t e d  a t  t h e  bottom o f  Tab le  10 and t h e  p r e v i o u s l y  

c a l c u l a t e d  va lues  g i v e n  f o r  comparison. The i n d i c e s  S  and S"  a r e  b o t h  
P  P  P  P  

s l i g h t l y  l e s s  t han  0.5 i n d i c a t i n g  (perhaps*) t h a t  t h e  a s s o c i a t i o n  between 

samples 7  and 8  i s  s l i g h t l y  l e s s  t han  m i g h t  be expected by chance. The 

index  S; a l s o  i n d i c a t e s  a  degree o f  a s s o c i a t i o n  s l i g h t l y  l e s s  than  m i g h t  

be a t t r i b u t e d  t o  chance. (Remember SL i s  t h e  1-complement o f  t h e  sum o f  

t h e  a t t r i b u t e  abso lu te  d i f f e r e n c e  scores so t h a t  i t  i nc reases  w i t h  i n c r e a s-  

i n g  sepa ra t i on . )  But  SL i s  o n l y  0.352 i n d i c a t i n g  (under t h e  w i l d  assump- 

t i o n  i n  t h e  l a s t  f o o t n o t e )  t h a t  t h e  a s s o c i a t i o n  i s  somewhat more than c o u l d  

be expected by chance. T h i s  i s  a  r a t h e r  tenuous b a s i s  f o r  a rgu ing  t h a t  

c a t e g o r i z i n g  t h e  da ta  and c a l c u l a t i n g  S i  r e s u l t e d  i n  a  b e t t e r  i n d i c a t o r  o f  

t h e  s i m i l a r i t y  between samples 7 and 8 t han  d i d  SL, b u t  i t  i s  hoped t h a t  

i t  a t  l e a s t  i n d i c a t e s  some o f  t h e  problems o f  comparing i n d i c e s .  

Pearson 's  Product  Moment C o r r e l a t i o n  C o e f f i c i e n t  

Pearson 's  Product  Moment C o r r e l a t i o n  C o e f f i c i e n t ,  r, i s  t h e  o n l y  

r e p r e s e n t a t i v e  cons idered  i n  t h e  f i f t h  c l a s s  o f  i n d i c e s .  T h i s  c o e f f i c i e n t  

has a  l o n g  h i s t o r y  o f  use i n  b i o l o g i c a l  s t ud ies .  The popu la t ion**  c o r r e l a -  

t i o n  c o e f f i c i e n t ,  p, i s  d e f i n e d  f o r  - two v a r i a b l e s  which have a  mean and a  

*The p o t e n t i a l  f o r  e r r o r  i n  comparing va lues  o f  two d i f f e r e n c e  c o e f f i c i e n t s  
i n  an i n t u i t i v e  way i s  q u i t e  h igh ,  even when t h e  i n d i c e s  a r e  ca l cu la . t ed  on 
t h e  same data.  The comparison i s  based on t h e  w i l d  assumption t h a t  t h e  
d i s t r i b u t i o n  o f  SL" and s ip ,  and o f  SL and Spp a r e  symmetr ic about  0.5, 
t h e i r  mid- range. 

**The te rm " popu la t i on"  i s  here  used i n  t h e  s t a t i s t i c a l  sense t o  s p e c i f y  
t h a t  a  p o p u l a t i o n  parameter,  n o t  a s t a t i s t i c  es t ima ted  f rom a  sample, i s  
be ing  discussed. 



variance. I t  i s  a normal ized measure of the degree of co-variance between 

the - two variables, the normalization causing r t o  be limited to l i e  between 

the values -1 and +1 inclusive. In order t o  calculate an estimate of p ,  a 

number of instances of the joint occurrence of the two variables are 

measured so that  a pair of numbers-is associated with each instance. A 

common example of two variables i s  height and weight and instances where 

these variables might be found are as properties of human beings. An 

example closer t o  the subject of th is  paper would be the measurement of 

the number of "Serpolid Tubes" (SERW) and Crepidula fornicata ( C R E F ) *  

observed on an exposure panel. A number of exposure panels (instances) 

would need to be observed in order t o  determine r ,  the sample based e s t i -  

mate of p .  For the example of  Table 2 ,  r would be calculated from the 

20 pairs of monthly observations under species 1 and 2. 

This rather basic discussion of how d a t a  for estimating the most 

familiar correlation coefficient arises,  i s  intended t o  provide a basis 

for pointing out t h a t  the correlation coefficient i s  not even defined for 

the type of pairwise comparison attempted by similarity indices. The 

algebra i s  s t i l l  valid, and the condition 

s t i l l  pertains, b u t  the result i s  n o t  an estimate of p and equating i t  t o  

Pearson's Product Moment Correlation Coefficient can be very misleading. 

Table 2 provides measurements of 20 instances in which ten, n o t  two 

variables (species) are measured. The algebraic manipulation required t o  

calculate r are carried o u t  on two row vectors, n o t  the column vectors of 

Table 2. The resulting pair of averages and pair of sums of squares used 

in the calculation of r are n o t  the averages and sums of squares of two 

variables. They are a mishmash taken over a1 1 1 0  variables, and become 

meaningless when the variables are not commensurate i n  regard t o  order of 

magnitude. 

*It  i s  true the at tr ibutes ("species") are no t  species specific fo r  the 
Mil lstone data. 



The usual computing formula f o r  r i s  

This formula i s  more convenient computationally, b u t  i t  masks the  basic 

indicator  of a t t r i b u t e  s imi l a r i t y  which i s  e x p l i c i t  in the  def in i t iona l  

formula: 

Here i t  i s  obvious t h a t  a t t r i b u t e  s i m i l a r i t y  i s  the  product of the  devia- 

t ions .  The quan t i t i e s  i n  the  two equations f o r  r a r e  defined a s  follows: 

N 

x,. = 1 xek = t o t a l  f o r  sample a 
k= 1 

- 

Xa. = xe /N = average value f o r  sample a 

- Z 1 (xak-xa ) = sum of squared devia t ions  from the  average f o r  
k= 1 

2 2 
sample a = 2 xek - xe /N 

k= 1 

N - - 
1 (xak-xe ) (xa lk-xa!  ) -  = sum of cross products of deviations 

k= 1 

from sample averages f o r  samples a and a '  



The equivalence of the two forms fo r  the sun~s of squares and crossproducts 

can be proved by simple algebra ( i f  one understands the meaning of the 
- 

summation sign and recognizes tha t  x,, = Nx, 1. 

Table 11 gives an example of the calculation of r, fo r  samples 7 and 

8. Again, Species 7 contributes an unduly large amount to  the value of r,. 

The contributions to  r ?  were determined by dividing each crossproduct, 
- - 

( x ~ ~ ' x ~  ) ( x ~ ~ - x ~  ) , by the common denominator, 1060.32765. Species 7 con- 

t r ibutes  almost 90 percent of the value of r, and the other 9 species con- 

t r ibu te  sl ightly more than one percent each. A t  the bottom of Table 11 i t  

i s  pointed out tha t  without Species 7 r, drops to  0.0365. When the a t t r i -  

butes a re  normalized by categorizing or standardizing before calculating 

r?,  the r e su l t s  a re  both s l ight ly  l e s s  than 0 .5 .  Those in the habit of 

interpreting r ,  might say that  samples 7 and 8 have a moderate degree of 

posi t ive association. They cer tainly wouldn't throw away an observation 

nor attempt to calculate  r ,  without some kind of normalization of the 

a t t r ibu tes  before applying the sample normalization implicit  in the use 

of r,. 

Indices Based on Sample Fractions 

The s ixth c lass  of coefficient depends on calculating the fract ion of 

the to ta l  individuals (or total  biomass, e t c . )  in each sample f a l l i ng  into 

each a t t r ibu te .  These indices are  based on the re la t ive  abundances of the 

species ( r e l a t ive  to the total  for  each individual sample) in each sample. 

This f ract ion will be called q E k  and calculated as q e k  = xak/xa. ,  where 

X, 
i s  the same as above, i . e . ,  the sum of the xak for  sample L. 

The f i r s t  of these "percentage" indices was used by Johnson and 

Brinkhurst (1971 ) in conjunction with Jaccard's KJ in a study of macro- 

invertebrates in Lake Ontario. I t  i s  simply the sum, over a l l  a t t r ibu tes  

present in e i ther  sample, of the smallest of the two fract ions for  each 

a t t r ibu te .  When the two samples have. no species in common, miri(qEk, q a l  k )  
will be zero for  a l l  N '  a t t r ibu tes  so that  PJ will be zero. PJ a t t a i n s  i t s  



TABLE 11. Example o f  C a l c u l a t i o n  o f  "Pearson's 
Product Moment C o e f f i c i e n t "  

Species - C o n t r i b u t i o n  
k '7 k 

t o  r, 
- - '8 k !x7k-X7.) (x8k-x8.) ( x ~ ~ - ~ ~ . ) ( x ~ ~ - ~ ~ )  

To ta l  31.09 47.25' 0.0 0.0 
- 
X ~ .  

3.109 4.725 0.0 0.0 

Without  Species 7, r, = .0365 

Based on C7k, Csk o f  Table 10, r, = .4910 

Based on z7k, zsk o f  Table 9, r, = .4879 



maximum value ,  1 ,  when qkk equals  q,, f o r  a1 1 N '  a t t r i b u t e s ,  t 6 a t  i s ,  when 

each sample has the same r e l a t i v e  numerosity f o r  each a t t r i b u t e .  The more 

s i m i l a r  the r e l a t i v e  numerosi t ies ,  t h e  c l o s e r  t o  un i ty  P will  be. 
J 

The c a l c u l a t i o n  of  M o r i s i t a ' s  index,  PM, i s  somewhat more complicated 

than PJ. Due t o  c e r t a i n  complexit ies  i n  Horn's (1966) expos i t ion  of P M y  

t h e  exact  formula f o r  Mor i s i t a '  s PM a s  quoted by Horn, and Sokal and Sneath 

(1973, p. 137) ,  i s  not given i n  Table 4.  Horn de f ines  PM ( h i s  Cp), using 

our no ta t ion ,  a s  

where 

Horn poin ts  ou t  t h a t  hi  " i s  Simpson's (1949) index of d i v e r s i t y . "  Note 

t h a t  the  denominator i s  a cons tant  a s  f a r  a s  k i s  concerned and t h a t  sub- 

t r a c t i n g  un i ty  in hi  i s  based on unbiased es t imat ion  arguments which a r e  

p r a c t i c a l l y  i r r e l e v a n t .  Then we can wr i t e :  

and 

which i s  t h e  formula appearing in Table 4. 



I n  p r o v i d i n g  an example of t h e  c a l c u l a t i o n  o f  these-two percentage 

indices,  having two d i f f e r e n t  k inds  o f  measurements (counts and f r a c t i o n  

coverage) creates a  p ro  b l  em. Prev ious l y  o n l y  r, r e q u i r e d  ca l  c u l  a t i o n  o f  

X ~ .  
, and the re  t h e  "dimensionless" nature  o f  Pearson's r l e t  t he  quest ion 

o f  mix ing  t h e  two data types s l i p  by. (Note t h a t  r, was f a r  from being 

independent o f  t h e  dimension used. When t h e  dimensions were those i n  t he  

bas ic  data, counts and f r a c t i o n s ,  r ?  Gas 0.9941. But when t h e  dimensions 

were transformed t o  a t t r i b u t e  standard d e v i a t i o n  u n i t s ,  r, was reduced t o  . 
0.4879. This p a r e n t h e t i c a l  d i g r e s s i o n  i s  purposely p laced here t o  empha- 

s i z e  another impor tan t  reason f o r  p u t t i n g  t h e  quest ion  mark on r as a p p l i e d  

i n  s i m i l a r i t y  s tud ies .  ) 

I n  o rde r  t o  app ly  PJ and P i  a  t o t a l ,  xR , i s  requ i red  which should be 

a  t o t a l  o f  cons i s ten t  u n i t s .  For t h e  sake o f  p r o v i d i n g  an example, t h e  

f r a c t i o n a l  da ta  was m u l t i p l i e d  by 100 and t r e a t e d  as though the  r e s u l t  

represented counts so t h a t  a l l  species have count ing  data. Th is  was done 

i n  Table 12. Again Species 7 unduly a f f e c t e d  t h e  r e s u l t s .  The p e r f e c t  

match f o r  Species 2 c o n t r i b u t e d  a  r e l a t i v e l y  m i n i s c u l e  amount t o  bo th  

i nd i ces  and t h e  n o t  so p e r f e c t  match f o r  Species 7  c o n t r i b u t e d  72 percent  

of PJ and 92 percent  o f  P i .  Without Species 7, t h e  i nd i ces  were consider-  

a b l y  reduced. 

Goodall ' s  Probab i l  i s t i c  Index 

The f i n a l  example o f  a  s i m i l a r i t y  measure i s  prov ided by Gooda l l ' s  

" ? r o b a b i l i t y  based" index.  Gooda l l ' s  (1966) i n t r o d u c t i o n  o f  h i s  index 

i n  Biometr ics i s  so compl icated t h a t  a  b r i e f  summary o f  t he  procedure i s  

ext remely d i f f i c u l t .  Gooda l l ' s  mind-boggl ing d e f i n i t i o n  o f  pa i rw ise  

a t t r i b u t e  s i m i l a r i t y  (which must be r e l a t e d  t o  our  f unc t i on ,  g, i f  our  

o b j e c t i v e  i s  t o  be a t t a i n e d )  doesn ' t  he lp  much: "Once a l l  p a i r s  o f  values 

f o r  an a t t r i b u t e  have been ordered i n  respect  o f  s i m i l a r i t y ,  the  s i m i l a r i t y  

index f o r  each p a i r  i s  de f i ned  as the  complement o f  t h e  p r o b a b i l i t y  t h a t  

a  random sample o f  two w i l l  have a  s i m i l a r i t y  equal t o ,  o r  g rea te r  than, 

t he  p a i r  i n  quest ion."  Emphasis i s  added t o  s t r e s s  the  c i r c u l a r i t y .  The 



Species 
k 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 12. Example o f  C a l c u l a t i o n  o f  P j  and P M ' .  

Counts 

'7 k - - '8k 

0 2 

1 1 

0 0 

0 0 

6 15 

0 4 

30 40 

2 10 

1 0 

0 0 

C o n t r i b u t i o n  
t o  P i  

S urn 40 72 1.000 1.001 .770 .45550 .94444 

A'!L 
.5888 .3758 

Without  Species 7 

J 
= 0.7000 

P i  = 0.9153 



only hope i s  t o  ignore most of what Goodall says and t r y  t o  figure out what 

he does. However, t h i s  will not be done here.* The interested reader i s  

referred to  Goodall ' s  (1966) a r t i c l e .  He will there find tha t  the applica- 

t ion of the "probabilist ic" index i s  not based on any theory of the p rob-  

a b i l i t y  of an observed outcome (event or  sample point) b u t  rather on the 

observed frequency of the pairwise matches tha t  do occur. The en t i r e  s e t  

of N samples a re  treated as i f  they constituted the s t a t i s t i c a l  population. 

Goodall ' s  index i s  based on the observed frequencies of the possible kinds 

of matches not "probability" in the s t a t i s t i c a l  sense. The computational 

e f fo r t  involved to a r r ive  a t  an index which only has va l id i ty  as a descrip- 

t i v e  measure of s imilar i ty  makes Goodall's index hardly worth the e f f o r t  

since there i s  already an ample number of descriptive indices. 

This discussion of s imi lar i ty  measures has ignored some s t a t i s t i c s  

frequently employed, or  which could be employed, as measures of s imilar i ty .  

Among these i s  the distance measures of Mahalanobis (1 930), excluded 

because i t s  calculation i s  based on the comparison of two samples of s i ze  

greater than one from two (supposedly) d i f fe rent  mu1 t i va r i a t e  populations. 

Excluded for  the same reason were Sanghri's (1953), Crovello's (1968) and 

Pearson's (1 926) mu1 ti-sample indices. Measures based on ranks, e .g . ,  

Kendall ' s  T and Mann-Whi tney 's  U (Siege1 , 1956) were a1 so excluded mainly 

due t o  lack of time fo r  adequate exposition. 

*Such an explanation would require adding more complexity to  our notation 
and unprofitably expand the bulk of t h i s  paper. 



WHAT DO THE SIMILARITY INDICES MEASURE?' 

A DEFINITION OF MEASUREMENT 

"Measurement i s  t h e  process o f  ... a s s i g n i n g  numbers t o  o b j e c t s  o r  

events.  " (Siege1 , 1956).  T h i s  v e r y  broad d e f i n i t i o n  o f  measurement i s  

adequate f o r  i n t r o d u c i n g  t h e  d i s c u s s i o n  o f  what s i m i l a r i t y  i n d i c e s  measure. 

The even t  t o  which a  s i m i l a r i t y  index ass igns  a  number i s  t h e  comparison o f  

two vec to r s ,  each v e c t o r  i t s e l f  c o n s i s t i n g  o f  measurements on N a t t r i b u t e s .  

I t  i s  d e s i r e d  t o  measure t h e  closeness, i n  some sense, o f  t h e  two more b a s i c  

events  ( v e c t o r s ) .  Two p r e l  i m i n a r y  measurement ope ra t i ons  a r e  r e q u i r e d  t o  

p r o v i d e  t h i s  measure o f  c loseness.  F i r s t ,  each sample (exposure pane l )  i s  

observed and a  number ass igned t o  each o f  t h e  N o b j e c t s  ( a t t r i b u t e s ,  

spec ies )  d e f i n i n g  t h e  c o m u n i  t y  under s tudy.  T h i s  process produces t h e  

bas i c  data.  The second measurement o p e r a t i o n  ass igns  a  number t o  each 

a t t r i b u t e  based on t h e  even t  o f  comparing a  number ass igned t o  a  p a r t i c u l a r  

a t t r i b u t e  i n  one sample w i t h  t h e  number ass igned t o  t h e  same a t t r i b u t e  i n  

ano ther  sample. T h i s  process produces t h e  a t t r i b u t e  s i m i l a r i t y  score.  

F i n a l l y ,  t h e  r e s u l t s  o f  t h e  assignments f o r  a l l  N a t t r i b u t e s  a r e  used t o  

ass ign  a  number t o  t h e  p a i r  o f  vec to r s  f o r  wh ich  t h e  M a t t r i b u t e  s i m i l a r i t y  

scores were measured. The " o b j e c t s  o r  even ts "  t o  which numbers a r e  

ass igned i n  our  example are,  c l e a r l y ;  spec ies,  p a i r s  o f  spec ies measurements, 

and v e c t o r s  o r  p a i r w i s e  spec ies scores. 

The second e s s e n t i a l  i n  p a r t i c u l a r i z i n g  t h e  genera l  d e f i n i t i o n  o f  

measurement t o  our  exa.mple i s  t h e  s p e c i f i c a t i o n  o f  t h e  "process"  f o r  

a s s i g n i n g  numbers a t  each stage. I n  t h e  p h y s i c a l  sc iences t h e r e  i s  u s u a l l y  

much concern t h a t  t h e  measurement process be i n  " s t a t i s t i c a l  c o n t r o l "  so 

t h a t  i f  t h e  process i s  a p p l i e d  t o  t h e  same o b j e c t  o r  even t  a  second ( t h i r d ,  

f o u r t h ,  . . . )  t ime,  t h e  number ass igned w i l l  be w i t h i n  t h e  measurement 

c a p a b i l i t y  o f  t h e  process w i t h  a  h i g h  p r o b a b i l i t y ,  t h a t  i s ,  t h e  process i s  

repea tab le .  Ins t ruments  o f  s u i t a b l e  accuracy a r e  s e l e c t e d  and used t o  

ass ign  numbers t o  t h e  p a r t i c u l a r  p r o p e r t i e s  o f  t h e  o b j e c t s  t h a t  t h e  



i n s t r umen ts  a r e  des igned t o  measure. For  exampl e, t h e  o b j e c t s  measured 

m i g h t  be meta l  r ods  o f  h a l f - i n c h  d iameter  and t h e  process m i g h t  be p l a c i n g  

one end o f  t h e  r o d  a g a i n s t  a  b u t t  p l a t e  so t h a t  i t  i s  a l i g n e d  w i t h  a  meter  

r u l e r ,  zeroed t o  t h e  b u t t  p l a t e ,  and t h e  l e n g t h  o f  t h e  r o d  recorded  by 

read ing  t h e  r u l e r  t o  t h e  l a s t  cen t ime te r  be fo re  t h e  o t h e r  end o f  t h e  rod.  

No doubt  t h i s  measurement process would a lmost  always g i v e  t h e  same r e s u l t s  

w i t h i n  p l u s  o r  minus one cm. whether t h e  same o r  d i f f e r e n t  i n d i v i d u a l s  d i d  

i t  on t h e  same rod. T h i s  would be an adequate process f o r  c l a s s i f y i n g  r o d s  

f o r  s a l e  a t  d i f f e r e n t  nominal leng ths .  However, i t  would n o t  be adequate 

i f  t h e  rods  were be ing  s t u d i e d  t o  de te rmine  t h e  c h a r a c t e r i s t i c  thermal  

expansion c o e f f i c i e n t  o f  such rods. 

T h i s  example o f  measuring t h e  l e n g t h  o f  rods  p o i n t s  up some problems 

w i t h  measurements made i n  e c o l o g i c a l  s t u d i e s .  F i r s t  o f  a l l ,  i f  we want t o  

determine whether o r  n o t  two rods  a r e  i n  t h e  same l e n a t h  ca tegory ,  we can 

do t h i s  by l a y i n g  them s i d e  by s i d e  a g a i n s t  t h e  b u t t  p l a t e  and n o t i n g  

whether o r  n o t  t h e i r  end p o i n t s  f a l l  between t h e  same two s e q u e n t i a l  c e n t i -  

meter  marks. I f  so, t h e y  a r e  t h e  same w i t h  r ega rd  t o  s a l e  p r i c e .  The 

p rev ious  measurement process would p r o v i d e  us w i t h  numbers which would make 

t h e  p h y s i c a l  comparison o f  t h e  two rods  unnecessary p rov ided  each r o d  was 

l a b e l e d  w i t h  i t s  nominal  l eng th .  A  s i m i l a r  o p e r a t i o n  cou ld  be d e f i n e d  

w i t h  r e s p e c t  t o  d iameter  p r o v i d i n g  us w i t h  t h e  p o t e n t i a l  f o r  t h e  b i v a r i a t e  

measurement o f  l e n g t h  and d iameter  f o r  each rod. The p o i n t  i s  t h a t  r ods  

can be p h y s i c a l l y  jux taposed f o r  comparison. E c o l o g i c a l  comnun i t ies ,  as 

t h e  te rm i s  o f t e n  and l o o s e l y  i n t e r p r e t e d ,  cannot.  Under t h e  narrow opera-  

t i o n a l  d e f i n i t i o n  o f  e c o l o g i c a l  comnunity (p.  1 )  o f  t h i s  r e p o r t ,  t h e  

communit ies (exposure pane ls )  cou ld  be p h y s i c a l l y  p laced  n e x t  t o  one 

ano ther  and t h e  r e l a t i v e  q u a n t i t y  o f  each spec ies compared. The r e s u l t i n g  

measurements w i l l  be p r o p e r t i e s  o f  t h e  exposure panels .  Any e x t r a p o l a t i o n  

t o  a  broader  i n t e r p r e t a t i o n  i s  bound up w i t h  t h e  adequacy o f  t h e  sampl ing 

scheme f o r  sampl ing t h e  more b r o a d l y  d e f i n e d  community and t h e  b i o l o g i c a l  

t heo ry  suppo r t i ng  t h e  broader  d e f i n i t i o n . *  The f i r s t  i m p o r t a n t  d i s t i n c t i o n  

*Discuss ions of sampl ing schemes and broader  d e f i n i t i o n s  o f  community a r e  
beyond t h e  scope o f  t h i s  paper.  



i s  t h a t  t he  measurement o f  " eco log ica l  communitiestt i s  me-diated by sampling 

methods. We o n l y  have fundamental measurement (Campbell , 1 928) o f  t he  

exposure panels, n o t  o f  t h e  broader community. 

The second d i s t i n c t i o n  i s  t h a t  t h e  measurement process i s  repeatab le  

o n l y  f o r  t h e  exposure panels, n o t  f o r  t h e  broader community. "Eco log ica l  

cormlunit i es"  (broadly i n t e r p r e t e d )  a r e  compl exes o f  1 i v i n g ,  i n t e r a c t i n g  

e n t i t i e s  and so i n  a cons tant  s t a t e  o f  f l u x . *  The "community" can change 

i n  t h e  process o f  being measured, o r  t h e  measurement process can b i a s  our  

p i c t u r e  o f  what t h e  "community" (broad sense) l ooks  1 i ke .  The o n l y  p a r t  o f  

the  measurement process which can be t e s t e d  f o r  s t a t i s t i c a l  c o n t r o l  i s  t he  

repea tab i l  i t y  o f  t he  measurements made by the  s c i e n t i s t s  app ly ing  the  c l a s s i -  

f i c a t i o n ,  count ing, and percent  coverage procedures. It i s  u s u a l l y  impos- 

s i b l e  t o  make t r u l y  repeated measurements o f  t he  same t ime and p lace 

"community" (broad sense). Th is  i s  no problem w i t h  rods and r u l e r s .  

A t h i r d  problem i s  t h a t  t he  e f f e c t  o f  extraneous v a r i a b l e s  on the  prop-  

e r t y  measured i s  n o t  p r e d i c t a b l e  w i t h i n  s p e c i f i a b l e  e r r o r  1 i m i t s ,  based on 

subs tant ive  theory. For example, t he  thermal expansion o f  s t e e l  rods can 

be accu ra te l y  p red ic ted ,  bu t  t h e  e f f e c t  o f  heat ing  t h e  water a number o f  

degrees on t h e  numerosity o f  a p a r t i c u l a r  species o f  a lgae f o u l i n g  exposure 

panels cannot. Fur ther ,  t he  extraneous va r iab les  which must be c o n t r o l  1 ed 

o r  measured t o  make a t h e o r e t i c a l  de terminat ion  o f  t he  l e n g t h  o f  a s t e e l  

r o d  under var ious  values f o r  these v a r i a b l e s  a re  known. Such i s  no t  t he  

case f o r  exposure panels. The a r r i v a l  o f  one type o f  organism on the  panel 

may a f f e c t  t h e  numerosity o f  another type, j u s t  as an increase i n  tempera- 

t u r e  may a f f e c t  the  l e n g t h  o f  t he  rod,  bu t  such r e l a t i o n s h i p s  a r e  o n l y  

r a r e l y  q u a n t i f i a b l e  f o r  exposure panel s (and ,other types o f  environmental 

samples) . 

*Depending on t h e  p a r t i c u l a r  t ype  o f  community and t h e  a t t r i b u t e s  measured, 
t h i s  f l u x  m igh t  n o t  be apparent under "normal" c o n d i t i o n s  f o r  a s h o r t  t ime, 
e.g., f o r e s t s  and communities o f  l a r g e r  animals e x h i b i t  f a i r l y  p r e d i c t a b l e  
changes over  t ime.  



The point of t h i s  discussion i s  tha t  measurement in ecological s tudies  

i s  qui te  d i f fe rent  from measurement in the physical sciences in three impor- 

t an t  respects. The object of in te res t ,  a broadly defined (or ,  more f r e-  

quently, undefined) community, i s  not d i rec t ly  measurable, consequently, 

the properties measured are  properties of the sample. Since repeated mea- 

surements of the same "community" a re  impossible in most cases,  there i s  no 

way of estimating sampling error  or bias leaving the va l id i ty  of the mea- 

surements as representative of the "comnunity" open to  question. Finally,  

the theory relat ing concomitant variables to  the measurement of in t e re s t  i s  

not well developed, making inferences regarding causes of observed changes 

in "corrnnunities" open to  a mu1 t i tude  of a1 ternatives.  (See Brown and Moore, 

1976, Section 3 for  a discussion of the problems involved in applying the 

Island Colonization Theory t o  the Mill stone data. ) 

The process through which numbers are  assigned effect ively r e s t r i c t s  

the meaningfulness of any analysis done using the numbers t o  the part icular  

samples collected. Brown and Moore (1976, p .  31 ) essent ia l ly  concede t h i s  

when they r a i se  the question of how the community on the panel represents 

the " total  community." Their best "hope" i s  that  "the exposure panel i s  

a sor t  of measure of the adaptiveness of those species arriving on the 

panel." The r e s t r i c t i v e ,  operational def ini t ion of community i s  the best 

we can do. 

Siege1 ' s  (1 956) definit ion of measurement which introduced t h i s  sec- 

tion leaves out one important word, "properties." Measurement assigns 

numbers to  properties of objects or events. Table 13 specif ies  the pro- 

cesses by which the properties of the three kinds of objects or  events are 

assigned numbers. Fundamental measurement occurs when numbers a re  i n i t i a l l y  

assigned t o  the species by observing the exposure panel. The processes are 

particularized for  the Millstone data. The measurement of species presence 

uses species c lass i f ica t ion  alone, assigning .a value of unity i f  the spe- 

c ies  i s  observed and a value of zero i f  i t  i s  not. The measurement of 

numerosity uses the processes of species c lass i f ica t ion  and counting the 



TABLE 13. Measurements Made i n  C a l c u l a t i n g  ~ i m i l a r i  t y  Ind ices .  

Object  o r  Event 

Species 

P rope r t i es  Processes 

Presence Species C l a s s i f i c a t i o n ,  
Numerosity Counting, 
Percent Coverage "Eyebal l  " es t ima t ion  

Pai r s  o f  Species Closeness axik x,lk) 
Meas urernen t s  

Vector  o f  Pai r w i  se Magnitude 
Species Scores 

Sum o r  weighted Sum 

number o f  i n d i v i d u a l s  o f  t he  species. (Some authors use "species numerosity"  

t o  mean t h e  t o t a l  number o f  d i f f e r e n t  species observed on a panel . )  Percent 

coverage was determined by species c l a s s i f i c a t i o n  and es t ima t ing  t h e  f r a c -  

t i o n  o f  t h e  pane l ' s  area covered by the  species. 

The second step prov ides measurements o f  t he  p r o p e r t y  o f  t he  " c lose-  

ness" o f  two exposure panels w i t h  respect  t o  each a t t r i b u t e .  The na tu re  

o f  t h e  "closeness" measure i s  determined by t h e  f u n c t i o n  g de f i ned  on the  

p a i r  o f  a t t r i b u t e  values ( i n  Table 4 ) .  The f i n a l  o b j e c t  o f  measurement i s  

t h e  vec tor  o f  pa i rw ise  species scores. A magnitude i s  assigned t o  t h i s  

vec to r  by t h e  sum o r  weighted sum as s p e c i f i e d  f o r  each s i m i l a r i t y  index 

i n  Table 4. The end product  o f  t h i s  t h ree  step measurement process i s  a 

measurement o f  t h e  closeness o f  two exposure panels. The r e s t  o f  t h i s  sec- 

t i o n  w i l l  be devoted t o  c l a r i f y i n g  the  meaning o f  "closeness" f o r  each 

i ndex . 



INFORMATION LOSS COMMON TO ALL SIMILARITY INDICES 

The e n t i r e  s e t  of data taken monthly over many years provides a vast 

amount of information which could be extracted using many d i f fe rent  kinds 

of s t a t i s t i c a l  manipulations. Reducing the data to  a matrix of s imi lar i ty  

indices causes much of t h i s  potential information to  be l o s t .  The exposure 

panel data potent ial ly  contain information on not only the numerosity of 

each species b u t  a lso  on the time sequence and location f o r  each sample. 

When the en t i r e  data se t  i s  viewed as a matrix, say D L x N y  consisting of 

L rows, 1 row fo r  each sample, and N columns, 1 column for  each species 

then there i s  a potential for  using the time ser ies  information content for  

each species (how the species numerosity changes over time). If each sam- 

ple i s  viewed as  a multivariate observation, then the pattern of species 

numerosi t y  could be analyzed. 

Similarity indices ignore both the time ser ies  and response pattern 

information in the data. They are a l l  defined on an arb i t ra ry  pair  of 

sample vectors. These vectors are ident i f iable  as representing part icular  

time and location samples. The samples may be selected for  comparison by 

a s imilar i ty  index to  r e f l ec t  a potential change between two time periods 

a t  the same location or a difference between two locations for  the same 

time period. B u t  the indices are  algebraically symmetric so tha t  the f ac t  

t ha t  one was taken before the other has no impact on the calculation. All 

the functions assigning pairwise a t t r ibu te  s imi lar i ty  scores are  s y m e t r i c  

so t h a t  

The pattern of species numerosity i s  l o s t  in the calculation of s imi lar i ty  

indices since the order i n  which the species appear in the sample data vec- 

tor  i s  i r relevant  as long as i t  i s  consistent from sample to  sample. 

(Goodall ' s index does involve ordering the possible pairwise comparison 

for  each a t t r ibu te  based on the fraction of samples in which each a t t r ibu te  

value appears. The species a re  thus d i f f e ren t i a l ly  weighted to  give 



different contributions t o  Sp. The less common and less numerous species 

get relatively more weight. The pattern i s  not preserved b u t  a t  least  d i f-  

ferent species are differently weighted.) No matter what the species order 

in the data vector, the species which contributed to the value of the simi- 

la r i ty  index are los t  in the process of summation. 

A MODEL FOR DEFINING "CLOSENESS" 

Use of similarity indices implies the decision to investigate how near, 

in some sense, two samples are t o  each other. The concept of nearness or 

closeness connotes a potential for measuring the distance between the two 

objects that  are close. The fact  that the objects are vectors encourages 

use of a vector space in which the degree of closeness can be measured. 

The geometric model t o  be used t o  clarify the meaning of closeness i s  the 

at tr ibute space of N dimensions discussed ear l ier  in connection with dis- 

tance measures. Such a space of two dimensions was i l lustrated for two 

species in Figure 1 .  Figure 2 i l lus t ra tes  a three dimensional space. The 

two points, numbered 1 and 2 ,  are the locations of the end points of the 

vectors (samples) 1 and 2 with the three at tr ibute values X I  = (6,5,5) 

and X 2  = (5,1,5). The heavy black 1 ine represents the Eucl idean distance 

between the two points, and the heavy black arc represents the angle 

between the two vectors. The dashed lines are the projections of the 

points onto the (k=l ,  k = 2 )  plane and onto the three axes. The distances 

between the projections on the axes i s  a measure of at tr ibute (species) 

closeness. The angle between the vectors from the origin t o  the two 

points i s  also a measure of the degree of closeness of the two points. 

The length of the vectors can be determined by applying the Eucl idean 

Distance formula, D E ,  to the null vector and X I  or X 2 .  This produces 

9.27 as the length of X I  and 7.14 as the length of X 2 .  The Euclidean 

distance between X I  and X2 i s  (1' + 4' + o2)'I2 = 4.12. This model will 

be referred t o  as each index i s  discussed. 



FIGURE 2. Example o f  Two Vectors i n  Three-Space 



THE PROPERTY OF THE SAMPLES MEASURED BY THE INDICES 

Presence, Absence Ind i ces  

A l l  o f  t h e  i nd i ces  o f  t he  f i r s t  c l ass  d i s rega rd  the  i n fo rma t ion  on 

species i d e n t i t y  and number o f  i n d i v i d u a l s  per  species. T h e i r  use i n  t h e  

study o f  the  e f f e c t s  o f  p o l l u t i o n  thus imp l i es  acceptance o f  t h e  t h e s i s  

(o r  assuming) t h a t  two communities can be d i f f e r e n t i a t e d  based on o n l y  the  

number o f  species c l a s s i f i e d  i n t o  t h e  f o u r  c e l l  s  o f  t h e  two by two t a b l e .  

Th is  i s  an eco log i ca l  quest ion c u r r e n t l y  under d i spu te  and so cou ld  be a  

v a l i d  t h e s i s  as f a r  as an eco log i ca l  layman ( s t a t i s t i c i a n )  i s  concerned. 

However, t h e  t h e o r e t i c a l  cons idera t ions  o f  Ma i l  l f e u r  (way b a ~ k  i n  1929) 

and t h e  p r a c t i c a l  examples o f  Pinkham and Pearson (1 976) p l u s  many i n t e r -  

vening c r i t i c i s m s  o f  t h i s  type o f  c o e f f i c i e n t ,  p a r t i c u l a r l y  Jaccard 's  

(e.g., M o r i s i t a ,  1959; Levandowsky, 1971; Ashby, 1935, Wi l l iams,  1949), 

w o u l d l e a d  a  nov ice  t o  wonder whether t he  Jaccard c o e f f i c i e n t  KJy i s  use- 

f u l  f o r  anyth ing s ince  i t  i s  so dependent on s i z e  o f  t h e  sample and d e f i n i -  

t i o n  o f  t he  popu la t ion  sampled. The o the r  c o e f f i c i e n t s  based on the  r a t i o  

o f  sums o f  t he  (a,b,c,d) from the  two by two t a b l e  would seem t o  be open 

t o  the  same type o f  c r i t i c i s m ,  g iven R. A. F i s h e r ' s ,  e t  a l . ,  (1943) theory  

t h a t  t he  frequency d i s t r i b u t i o n  o f  genera w i t h  d i f f e r e n t  numbers o f  species 

can be represented by a  l o g a r i t h m i c  se r ies  (see e.g., Wil l iams, 1949). 

Negative Matches Excluded 

These f i v e  ind ices ,  Jaccard 's  KJ, D ice ' s  Kg, t he  Nonmetric C o e f f i c i e n t  

%, Levandowsky's SL and Mount fo rd 's  KI, consider  o n l y  whether each species 

i s  present  o r  absent and exclude from cons ide ra t i on  i n  any p a i r  o f  vec tors  

a l l  species which a r e  n o t  p resent  i n  e i t h e r  vec tor .  The numbers o f  i n d i -  

v idua ls  o f  each species i s  thus l o s t .  

The f u l l  (N dimensions) a t t r i b u t e  space i s  conta ined i n  the  u n i t  
N 

hypercube o f  N dimensions. Such a  hypercube has 2  p o i n t s .  For t h e  th ree  

dimensions o f  F igure  2 each poss ib le  vec to r  would have i t s  end p o i n t  a t  one 

o f  t h e  e i g h t  v 9 r t i c e s  o f  t he  u n i t  cube sketched i n  F igure  2.  For t h e  f u l l  

203 species space o f  t he  M i l l s t o n e  data t h e r e  would be 1  .3x1o6' poss ib le  

vec tors .  For t h e  example o f  10 species, t h e r e  a re  1024 poss ib le  vec tors .  



However, the  f ac t  t ha t  negative matches (a species i s  not present in e i the r  

sample) a re  excluded will cause the dimension of the space t o  be l e s s  than 

fu l l  (N) whenever such species a re  excluded. The dimensions excluded may 

d i f f e r  from pair to  pa i r ,  so tha t  not only the dimensionality b u t  the 

specif ic  dimensions removed may change. This raises  the question of what 

space i s  involved when a matrix of these s imi lar i ty  indices i s  subjected 

to  c lus te r ,  fac tor ,  or principal components analysis. I t  also makes the 

meaning of the comparison of two s imi lar i ty  indices from the same s e t  of 

data questionable. 

For example, i f  N=100 species were observed in a data s e t ,  and each 

i s  observed in a t  l eas t  one of the two sample vectors and 25 a re  observed 

in  both, then Jaccard's KJ = 0.25. B u t  i f  only 50 species (of the 100 in 

the fu l l  a t t r i b u t e  space) are  observed in a t  l eas t  one of the two samples 

being compared, and again 25 species are  observed in both, KJ would be 0.5. 

Yet in both cases 25 positive matches were observed. Since the a t t r i b u t e  

space i s  reduced by effect ively excluding from i t  species which are  not 

observed in a par t icular  pair of samples, these f ive  indices a re  actual ly  

increased in proportion to  the number of a t t r ibu tes  excluded. Continuing 

t h i s  example, l e t  d be the number of negative matches. Mu1 t iplying KJ by 

unity i n  the form of N / N  gives 

I t  i s  obvious tha t  i f  the number of posit ive matches remains fixed, then 

KJ i s  going to increase as d increases since N/(N-d) i s  greater than or  

equal to unity, equality holding when d i s  zero. Jaccard's KJ i s  thus 

the product of the fract ion of posit ive matches, (a/N), and the inverse 

of the fraction of species which are  observed in a t  l eas t  one of the two 

samples in the fu l l  a t t r ibu te  space. 



Table 14 gives an example of the use of the proportionality factor 

to  calculate  KJ for  four values of d .  The number of posit ive matches was 

held constant a t  25 and KJ was calculated using the formula 

For d=O, N ' = N  and KJ = 0.25 which i s  the fract ion of posit ive matches in 

the fu l l  a t t r i b u t e  space. Then the inverse of the fraction of species 

observed in e i the r  sample was calculated and mu1 tip1 ied by 0.25 giving the 

same resu l t  as the previous calculation of KJ.  Obviously, excluding nega- 

t i v e  matches has a pronounced ef fec t  on the value of KJ in d i rec t  propor- 

tion to  the number of negative matches. This i s  t rue a1 so for  the other 

four indices, Kg, %, SL and K;. By excluding negative matches, a l l  f ive  

of these indices a re  effect ively weighted by the number of negative matches. 

This changing of the dimensionality of the fu l l  a t t r ibu te  space based on 

the two part icular  sample vectors being measured fo r  s imi lar i ty  leads to  

problems of comparabil i t y  of the resul t ing values. I t  also ra i ses  the 

s t a t i s t i c a l  problem of using the sample resu l t s  t o  define the analysis.  

These f ive  coeff ic ients  are related to  the vector space model (see 

Figure 2 )  as follows. The fu l l  a t t r ibu te  space i s  the unit  hypercube in 

N-space. Figure 3 gives an example of the unit cube in 3-space. The 

Euclidean distance between any two points, say A, and A,' , i s  given by 

Now 

1 fo r  (1,O) or ( 0 , l )  
(6ak-6e t k )  

0 for  ( 1 , l )  o r  (0,O) 

so tha t ,  a lso 



TABLE 14. Example of Calculation of KJ Using 

Proportionality Factor Based on d. 



THREE DIMENSIONAL POINTS (Al) 
I, 

FIGURE 3. The U n i t  Cube and I t s  E i g h t  Binary P o i n t s  



and 

the number of mismatches of either kind. 

The number of positive matches can be obtained as the scalar product 

of the two vectors 

since 

( 1  for (1 , l )  

Then, the number of species observed in either sample R or R '  i s  - 
. . 

N 1 = a + b + c = a + n  

and 

d = N - N'. 

I t  i s  then apparent t h a t  

which i s  the Mean Character Distance of Czekanowski, DMCDy in the reduced 

at tr ibute space. SL i s  thus a measure of the degree of separation of the 

two samples. Since the square of the difference and the absolute difference 
2 

are the same for binary data, SL i s  also DF in the reduced at tr ibute 

space. Straightforward a1 gebra shows, 



so that Jaccard's KJ i s  the complement of a measure of separation and 

measures the closeness of the two samples. 

The indices Kg and KW distort the distance interpretation by giving 

double weight t o  positive matches. The impact of this weighting can be 

seen by comparing KD w i t h  KJ and $ with SL. The indices KJ and KD are the 

same except that Kg uses 2a instead of  a .  We can write 

Then, 

so t h a t ,  

Since KJ cannot be greater t h a n  1 

so t h a t  

Kg ' K~ 

equality holding when a = N '  and KD = KJ = 1 or when a = 0 and KD = KJ = 0. 

Weighting a by 2 results in making the measure of closeness ( K g )  larger 

t h a n  ( K J )  when such weighting i s  n o t  done. Weighting positive matches 

thus makes the measure of closeness, K D y  nearer t o  i t s  maximum value, 

unity. The opposite holds for KW,  which increases with greater separation. 

Writing 



Then 

Since l+KJ i s  greater than or equal to  unity, KW will be l e s s  than SL 

unless both equal 1 or zero. The weighting of a  thus increases the dis-  

tance measure making KW closer to  zero than SL when the vectors a re  closer 

in the Euclidean sense. 

All four of these indices can be written in terms of a ,  N' and K j  so 

tha t  KJ contains a l l  of the objective information summarized by any one 

of them. 

These coeff ic ients  were calculated in Table 14 fo r  comparison. 

The relationship of Mountford's KI to  the vector space model i s  beyond 

the understanding of the author. However, the following fac t s  about K I  

might be helpful. KI  i s  based on the theory that  the "species frequency 

dis t r ibut ion found i n  random samples of natural populations could be we1 1 

described by the logarithrhic-series dis t r ibut ion" (Mountford, 1962), a  

theory proposed by Fisher, Corbet and Will iams (1943). Under t h i s  theory 

the logarithmic se r i e s  



gives, i n  t he  f i r s t  term, t he  number o f  species w i t h  one ind iv idua l ;  i n  the 

second term, the  number o f  species w i t h  two ind iv idua ls ;  and i n  general, 

the  vth term gives the  number o f  species w i t h  v i nd iv idua ls .  The value o f  

x var ies from sample t o  sample. 

KI i s  the  inverse o f  the "Index o f  Diversi ty,"  a, which i s  the param- 

e t e r  o f  the logar i thmic  ser ies  and which " i s  a constant f o r  a l l  samples o f  

whatever s ize  from the  same populat ion" (Mountford, 1962). Algebraic 

manipulat ion o f  the  expected number o f  species and expected t o t a l  o f  i n d i -  

v iduals  per sample, under the  assumption t h a t  the l o g a r i t h i c  ser ies i s  

appropriate, r esu l t s  i n  e l im ina t ion  o f  the number o f  ind iv idua ls  from the 

algebra and a r e l a t i o n  i n  on ly  the number o f  species and the inverse o f  a. 

This i s  

I f  we note t h a t  (a+b) = Np, the number o f  species observed i n  the f i r s t  

sample and (a+c) = N,, , the number observed i n  the second sample, then the 

de f in ing  r e l a t i o n  i s  

Mountford suggests t h a t  KI can be found by "substituting the p a r t i c u l a r  

values o f  a (our N,), b (our N )  and j (our a so t h a t  N' = Ne+Np,-a) i n  

the above equation and i n te rpo la t i ng  w i t h i n  the tab1 e o f  exponential s," 

using as the f i r s t  value i n  our notat ion 

Mountford (1962, p. 45) also provides a nomograph f o r  determining KI. The 

approximation K t  overestimates KI but provides the s t a r t i n g  value f o r  the  

i t e r a t i v e  procedure which attempts t o  balance the de f in ing  r e l a t i o n  above. 



For the two-way t ab le  used i n  the ca l cu la t i on  o f  K i  

K i  was 0.0889. Using 0.08 as the i n i t i a l  t r i a l  value gives 

This i s  less  than u n i t y  ind ica t ing  0.08 i s  too large.  Try ing 0.07 gives 

1089.14 - 1096.63 = -7.5 

ind ica t ing  0.07 i s  too large. Try ing 0.065 gives 

694.47 - 665.14 - 29.33 

which i s  greater than u n i t y  ind ica t ing  0.065 i s  too small. Continuing i n  

t h i s  fashion i t  i s  found t ha t  KI = 0.0692 gives 

1013.48 - 1012.32 = 1.16 

which i s  c lose enough t o  un i ty ,  g i v ing  KI t o  three s i gn i f i can t  d i g i t s .  

Invest igat ing the algebraic expected value* o f  KI under the l oga r i t hn i c  

ser ies assumption sheds l i g h t  on i t s  meaning. I n  two samples o f  the same 

size,** the two by two t ab le  would be 

*This i s  not  a  s t a t i s t i c a l  expectat ion since no s t a t i s t i c a l  d i s t r i b u t i o n  
i s  involved. 

**Sample s i ze  here re fe r s  t o  the s ize o f  the sampling un i ts ,  e.g., a  one 
square meter area o r  an exposure panel l e f t  i n  the water f o r  12 months. 



where 

b =  c = slog 2 = 0.693 a 

based on the resu l t s  o f  Will iams (1949). Applying the de f in ing  r e l a t i o n  

f o r  KI t o  T2, we get  the surpr is ing r e s u l t s  

but KI' = I /a and a = N -slog 2, so t h a t  

This cont rad ic t ion comes from using W i l l  iams' r e s u l t  f o r  "a" which on ly  

holds i n  the 1 i m i t .  His expression f o r  the number o f  species i n  two Sam- 

p les  o f  the same s ize i s  

where M i s  the t o t a l  number o f  i nd iv idua ls  i n  a s ing le  sample. The 

expression f o r  the number o f  i nd iv idua ls  i n  a s ing le  sample i s  



This  i s  our  Ng. The increase i n  t h e  number o f  species i s  then 

It i s  t r u e  t h a t  i n  t h e  l i m i t  

but  f o r  any g iven M, t he  d i f f e rence  from 2 i s  

Then the  expected number o f  p o s i t i v e  matches ( the  number o f  species comnon 

t o  both samples) i s  exac t l y  

under t h e  l oga r i t hm ic  assumption and W i l l  iamsl algebra. The de f in ing  

r e l a t i o n  f o r  KI then reduces t o  

From which, t a k i n g  logari thms, 

(N,/a) + l o g  6 = 0 



and 

K = - = -  I l o g  6/N, 
I a 

The a l geb ra i c  expected va lue o f  KI i s  thus a f u n c t i o n  o f  how c l ose  t h e  

r a t i o  M/(a+M) i s  t o  one [ o r  a/(a+M) i s  t o  zero]. The exponent i s  s imp ly  

t h e  number o f  species (N, = N,, by  t h e  l o g a r i t h m i c  assumption) observed i n  

each sample d i v i d e d  by t h e  index o f  d i v e r s i t y .  It does n o t  seem reason- 

a b l e  t o  base a measure o f  species presencelabsence s i m i l a r i t y  on how 

c l o s e l y  a r a t i o  based on t he  number o f  i n d i v i d u a l s  i n  t he  samples approaches 

u n i t y ,  t h e  emp i r i ca l  evidence f o r  t h e  a p p l i c a b i l i t y  o f  t h e  l o g a r i t h m i c  

se r i es  no tw i ths tand ing .  A t  l e a s t  a g rea t  r ega rd  t o  p o t e n t i a l  rounding 

e r r o r  must be g iven  wnenever KI i s  used. 

Using t h e  two by two t a b l e  T I ,  which has KI = 0.0692 and a = 14.45, 

i t  can be determined t h a t  M i s  7311 under t h e  l o g a r i t h m i c  assumption. Then 

( F o r t u i t o u s  rounding e r r o r  makes t h i s  r e s u l t  e x a c t l y  1.00 whereas i t  was 

1 .16 f o r  t h e  p rev ious  c a l c u l a t i o n  t o  determine KI = 0.0692. ) I f  6 were 

(2  - 1.999) = 0.001 i ns tead  o f  0.002 as above, M would have t o  be almost 

doubled t o  14,435.55* f o r  a t o  s t i l l  be 14.45. I f  M were 14,435.55 then 

and, as before, b = c = 10.01 so t h a t  a = 89.81 de te rmin ing  t h e  t ab les :  

*Two decimal p laces w i l l  be c a r r i e d  f o r  t h e  expected counts t o  avo id  
rounding e r r o r .  



For the two by two t a b l e  T3, the de f i n i ng  r e l a t i o n  i s  

and KI can be determined by 

KI = -en 6/N = -en(0.001)/99.82 = 0.0692 

as f o r  T l .  When the expected counts are rounded as i n  T3', KI i s  0.06908, 

r e s u l t i n g  i n  loss  o f  the t h i r d  s i g n i f i c a n t  d i g i t .  

This shows t h a t  KI i s  not  sens i t i ve  t o  doubl ing the sample s ize but  

i s  very sens i t i ve  t o  the value o f  6. I n  p rac t i ca l  s i t ua t i ons  where the 

numbers o f  i nd i v i dua l s  may ac tua l l y  vary considerably i n  two samples from 

the same populat ion, t h i s  s e n s i t i v i t y  t o  6 may be important. I n  any case 

care fu l  i nves t iga t ion  o f  the appropriateness o f  the logar i thmic  ser ies  

assumption f o r  the samples under study should be made before using 

Mountford's KI. 

It i s  the author 's  conjecture t h a t  KI, being the inverse o f  a, i s  

j u s t  the inverse o f  the Index o f  D i v e r s i t y  f o r  the two sample vectors com- 

bined and so no t  a  good t o o l  f o r  i nd i ca t i ng  the degree o f  s i m i l a r i t y  

between the two vectors i n  the absence o f  a  comparison o f  ca lcu la ted  KI 

wi th  the  expected value o f  KI. The t r u t h  o r  f a l s i t y  o f  t h i s  con jecture  

and i t s  imp1 i ca t i ons  were not  invest igated due t o  already excessive bu lk  

o f  the paper and l a c k . o f  time. 



I n  summary, KI depends on My t h e  number o f  i n d i v i d u a l s  observed i n  t h e  

sample, and i t s  expected maximum va lue  decreases w i t h  i nc reas ing  M. 

Mount ford 's  KI cou ld  n o t  be r e l a t e d  t o  t h e  vec to r  space model, b u t  i t  i s  

r e l a t e d  t o  t h e  index o f  d i v e r s i t y ,  a, under t h e  l o g a r i t h m i c  s e r i e s  assump- 

t i o n .  The p rope r t y  o f  t h e  two samples measured by KJ, KD, KW and SL i s  t h e  

separa t ion  or ,  i t s  cornplenlent, t h e  closeness o f  t h e  b i n a r y  vec tors  repre-  

sent ing  t h e  samples i n  t he  u n i t  hypercube o f  dimension N'.  The major draw- 

back t o  us ing  these c o e f f i c i e n t s  i s  t h a t  t h e  dimension, N', can change f rom 

p a i r w i s e  comparison t o  pa i rw ise  comparison. T h i s  makes t h e  measure o f  

closeness, o r  separat ion,  a  f u n c t i o n  o f  t h e  number o f  species i n  t he  f u l l  

a t t r i b u t e  space which a r e  excluded because they  were n o t  observed i n  t h e  

p a r t i c u l a r  p a i r  o f  vec tors  f o r  which the  index was ca l cu la ted .  I f  one 

s t i l l  has reason t o  use one o f  these ind ices ,  KJ i s  recommended f o r  i t s  

simp1 i c i t y .  

Negative Matches Inc luded- - Add i t i ve  Funct ions 

These i nd i ces  a r e  KSMy KRT and KH. The s imp les t  o f  these i s  KSMy the  

Simple Matching o r  A f f i n i t y  C o e f f i c i e n t  o f  Sokal and Michener. It i s  t h e  

p r o p o r t i o n  o f  matches o f  e i t h e r  k i n d  i n  t he  f u l l  a t t r i b u t e  space. 
KSM 

increases w i t h  i nc reas ing  closeness and KRT and KH a re  r e l a t e d  t o  KSM 

as fo l l ows :  

The i n fo rma t ion  used by these i nd i ces  i s  conta ined i n  m y  t he  number o f  

matches o f  e i t h e r  k ind,  and N, t he  dimension o f  t he  a t t r i b u t e  space, s ince  

n  = N-m. . 



I t  was shown above (p. 31) that  

where DMCD i s  the Mean Character Distance defined on the fu l l  a t t r i b u t e  

space. Also, 

in the unit  hypercube of dimension N.  KRT will be closer t o  zero than KSM 

since N/(N+n) i s  l e s s  than unity unless n i s  zero, so tha t  a perfect match 

on a l l  a t t r ibu tes  occurs. KH merely uses the f ac t  tha t  KSM a t t a i n s  a 

maximum of 1 to  provide an index which indicates degrees of closeness rang- 

ing from -1 t o  + l .  Values of KSM l e s s  than 0.5 will make KH negative and 

values of KSM greater than 0.5 will r e su l t  in posit ive KH. Since i t  i s  

not generally t rue  tha t  KSM i s  symmetrically dis t r ibuted about 0.5 (See 

Goodall, 1967), one f a i l s  t o  see the logic in constructing an index appar- 

ent ly based on the assumption tha t  i t  does. There i s  no assurance tha t  KH 

will be negative half the time and posit ive the other half unless the proba- 

b i l i t y  of observing each of the N species i s  0.5. This i s  invariably f a r  

from the case with the type of data considered here. The e f fec t  of K,, i s  

simply to  spread KSM over the range -1 t o  +I instead of 0 t o  1 .  

The Simple Matching Coefficient captures a l l  of the information con- 

tained in m and N .  Spreading i t  out over -1 to 1.1 by using K,, or  modify- 

ing the scale by mu1 tiplying i t  by N / ( N + n )  only confuses i t s  interpretat ion.  

Unlike the indices which exclude negative matches KSM (and the functions 

of KSMy KRT and K H )  are  defined on the same a t t r ibu te  space from pair  t o  

pa i r  in the same data se t .  This holds as  long as the a t t r i b u t e  space i s  

fixed fo r  the study. I f ,  as in the Millstone data,  the species l i s t  i s  

accumulated as  the study progresses, the KSM calculated for  a pair  of 

vector samples ear ly in the study would not be comparable to  a calculation 

l a t e r  in the study. 



In summary KSM and the function of KSM, KRT and KKH'  measure the close- 

ness of the two binary vectors representing the samples in the unit  hyper- 

cube of dimension N.  Since the dimension remains the same from pairwise 

comparison to  pairwise comparison within the same data s e t ,  the resul t ing 

s imilar i ty  indices have a common basis for  comparison. 

Negative Matches Incl uded--Mu1 t i p 1  icat ive Functions 

These three indices, Yule's Ky and K y C  and the Binary Product Moment 

Correlation Coefficient, KB, have the determinant of the two by two tab le  

in t h e i r  numerator. These coeff ic ients  were designed to behave l ike  corre- 

la t ion  coeff ic ients  in tha t  a value of -1 indicates complete negative 

association ( i f  species k i s  present in sample a i t  i s  absent in sample a '  

or vice versa),  a value of zero indicates no association between the sam- 

ples, and a value of +I  indicates complete posit ive association ( i f  species 

k i s  present in sample a i t  i s  a lso present i n  sample a ' ,  and absence in a 

imp1 ies  absence in a '  ). 

Kendall and Stuart  (Vol. 2 ,  third edi t ion,  1973) give a good discussion 

of these three indices in the f i r s t  27 Sections of Chapter 33. However, 

once one understands tha t  t he i r  discussion and resu l t s  a re  concerned with 

the association between two a t t r ibu tes  based on a sample of s ize N y  he will 

real ize tha t  this wealth of information i s  not generally applicable to the 

type of two by two table  ar is ing from the comparison of binary vectors 

under study here. Some of the algebra i s  applicable. In terms of a geo- 

metric model they are  concerned with N points in two-space, we are  con- 

cerned with two points in N-space. Fienberg and Gilbert (1970) give a geo- 

metric model fo r  two by two contingency tables  b u t ,  again, we don' t  rea l ly  

have a contingency table .  A two by two contingency table  c l a s s i f i e s  N 

sampled individuals into the ce l l s  of the table  based on the observation 

of presence or absence for  each of - two dichotomized a t t r ibutes .  In calcu- 

la t ing  these indices for  the periphyton data, - N dichotomized a t t r ibu tes  

(species) are  c lass i f ied  into the c e l l s  of the table  based on the presence 

and absence pattern observed for  each a t t r i b u t e  in the two samples. The 



resu l t ing  two by two t ab l e s  look the  same b u t  the  i n t e rp r e t a t i ons  a r e  

q u i t e  d i f f e r en t .  In t he  case of a  contingency t a b l e  "a" is  t h e  number of  

individuals  in the  sample of s i z e  N which have both a t t r i b u t e s ,  and a/N i s  

an es t imate  o f  the  probabi l i ty  t h a t  individuals  in the  population from 

which t h e  individuals  were sampled wil l  have both a t t r i b u t e s .  In the  t a b l e  

based on t he  periphyton data "a" i s  the  number of species  which a r e  present  

i n  both samples. The quant i ty  a/N es t imates ,  i f  anything, the average proba 

b i l i t y  t h a t  i n  two randomly se lected samples an a r b i t r a r y  species  wi l l  be 

present  i n  both. The p rac t i ca l  meaning and u t i l i t y  of such an es t imate  is  

dubious when t he  p robab i l i ty  of a  pos i t ive  a t t r i b u t e  match f o r  the  indi-  
2 

vidual species  va r i e s  from zero t o  0.81 ( p A k  or  Pik from Table 1 ) .  

For example, consider again samples 7  and 8  from Table 3. The two by 

two t a b l e  was given in Table 5  and had 

(a ,b ,c ,d )  = (4,1,2,3) 

(a+b) = 5 ,  (a+c) = 6  

and 

a/N = 4/10 = 0.4. 

Both of these  samples were from Population A of Table 1  by const ruct ion.  

The probabil i t i e s  t h a t  two samples randomly se lected from Population A 
2  

will have species  k represented in both samples is  given by pAk and a re :  

Species k 1  2 3 4 5 6 7 8 9 1 0  
2 

 PA^ .25 .25 .01 .O1 .25 .25 .81 .81 .25 0  

The average of these  probabil i t i e s  i s  0.289. T h i s  i s  the  t r u e  (populat ion) 

value estimated by a/N = 0.4. The f a c t  t h a t  0.289 implies we should 

expect about th ree  pos i t ive  matches and we ge t  four  f o r  samples 7  and 8  i s  

beside the  point .  The point i s  t h a t  0.289 i s  0.289 above the smal les t  

t r u e  p robab i l i ty  and 0.521 below the  l a r g e s t  t r ue  probabi l i ty .  In a  t r ue  

contingency t a b l e  t he  p robab i l i ty  t h a t  both a t t r i b u t e s  wil l  be present  in  



a  sampled i n d i v i d u a l  i s  cons tant  f o r  a l l  i n d i v i d u a l s  i n  t h e  popu la t ion ,  and 

under t h e  assumption o f  independence o f  a t t r i b u t e s  t h i s  p r o b a b i l i t y  does 

n o t  change f rom i n d i v i d u a l  t o  i n d i v i d u a l  as i t  does f o r  t h e  d i f f e r e n t  spe- 

c i e s  i n  t he  per iphy ton  data. 

The understanding o f  what i s  measured by these th ree  i n d i c e s  i s  e l u c i -  

dated o n l y  by counterexample when t h e  two by two cont ingency t a b l e  model 

i s  en ter ta ined.  Our two by two t a b l e  should be considered as j u s t  a  con- 

ven ien t  way o f  summarizing the  f o u r  poss ib le  k inds o f  matches and mis-  

matches o f  two vec tors  on N  b i n a r y  a t t r i b u t e s .  Consequently, we r e t u r n  

t o  the  geometr ic model considered p rev ious l y .  

For t h e  two by two tab le ,  

Sample R' - 
Sampl e  R 1  0 

0 c d  c+d = N-N 
R ' 

a+c b+d N  
- - N = N-N, 

t h e  marginal  t o t a l s  can be w r i t t e n  as above i n  terms o f  t h e  t o t a l  number 

o f  species observed i n  each sample, N, and N R t  and N t h e  t o t a l  number o f  

d i f f e r e n t  species i n  t h e  study. 

I n  terms o f  t h e  N dimensional u n i t  hypercube model, these c o e f f i c i e n t s  

(Ky, KyC and Kg) are  f u n c t i o n s  o f  t h e  angle e,,, between t h e  two vectors,  

say A, and A,, This can be seen as fo l l ows .  From t h e  d e f i n i t i o n  o f  t he  

s c a l a r  (do t )  product  i n  vec to r  a lgebra we have: (see, e-g.,  Schwartz, 

Green and Rutledge, 1960, p. 16) 
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= (N,N,, ) cos e,,, . 



so t h a t  

1  /2  
a  = (N,N,, ) cos e,,, . 

If we no te  t h a t  

Na - N,N,, = a2 + ab + ac + ad - (a+c) (a tb)  = ad - bc, 

then by s u b s t i t u t i o n  

1 /2 ad - bc = N[(N,N,,) cos e,,,] - N,N,, . 

I t  f o l l o w s  t h a t  t h e  determinant  i s  a  f u n c t i o n  o f  t h e  marginal  t o t a l s  and 

t h e  cosine o f  t h e  angle between the  two vec tors .  Then 

1 / 2  
N[(N,N, ) cos e,, 1 - N,N, - 

K~ - ad + bc 

and 

Kendall and S t u a r t  (1973, Vol. 11. p. 559) p o i n t  ou t  t h a t  

It f o l l o w s  t h a t  KyC i s  a l s o  an angular  c o e f f i c i e n t .  



These angular coeff ic ients  measure the separation between the samples 

as a function of the angle between the two vectors representing the samples 

in the N dimensional vector space. The re la t ive  magnitudes (lengths) of 

the vectors i s  not con~pletely ignored in Ky as i t  i s  in K B y  b u t  both empha- 

size angular separation rather  than magnitude of separation. 

Absolute Difference Indices 

The data for  these indices, DM, DMCDy DC and SG, can be thought of as 

vectors in an N-dimensional space, b u t  now the N axes a re  not res t r ic ted  

to  define a unit  hypercube. The axis for  the kt h  a t t r ibu te  ranges from 

zero t o  the largest  value observed fo r  the kt h  a t t r ibu te .  Since there a re  

N such a t t r ibu tes  with the maximum value for  one a t t r ibu te  being poten- 

t i a l l y  orders of magnitude greater than for  some other a t t r i b u t e ,  the 

resul t ing vector space may be f a r  from homogeneous in directional magni- 

tude. This was pointed out in the discussion of the calculation of 

these indices. 

The sum of the absolute differences i s  the def ini t ion of the City 

Block distance between the two points defined by the sample vectors. This 

i s  exactly DM. The Mean Character Distance i s  simply 

which i s  the average absolute difference between species scores. This 

average i s  not meaningful, nor i s  the t o t a l ,  DM, when there are  order of 

magnitude differences in the species numerosities. I t  i s  recommended tha t  

the data be standardized i f  e i ther  DM or DMCD i s  used. This makes each 

axis comparable in length since a l l  axes are  transformed to a t t r ibu te  

standard deviation units.  

Lance and William's DC normalizes each absolute difference by dividing 

the difference by the sum of the values which are  differenced so that  the 

resulting a t t r ibu te  s imi lar i ty  score i s  between zero and unity and the vec- 

t o r  space becomes the uni t  hypersphere. Since the normalizing sum 



changes for each at tr ibute from pairwise comparison to pairwise comparison 

of vectors, DC calculated for one pair of vectors i s  not generally compa- 

rable t o  DC on another pair of vectors. For example, using data from 

Table 2 ,  the similarity score for species 7 when samples 7 and 8 are 

compared i s  

b u t  when samples 8 and 9 are compared i t  i s  

In the f i r s t  case, 70170 i s  mapped o n t o  unity, in the second unity i s  

equivalent t o  2001200. 

Gower's SG does n o t  have th is  problem since the same normal izing 

factor,  the a t t r ibute  range, i s  used for a given a t t r ibute  no matter what 

pair of sample vectors are being compared. For example, species 7 has a 

range of 300 (in Table 2 )  so that the at tr ibute similarity score for 

samples 7 and 8 i s  

and for samples 8 and 9 i t  i s  

(Subtracting the "distance measure'' from unity in Gower's SG makes i t  a 

measure of closeness). For Gower's SG the units for each axis are the 

same no matter w h a t  pairwise vector comparison i s  being made. However, 

normalizing by the range does make SG sensitive t o  a single unusually 

large observation as, for example, species 2 in sample 10 of Table 2. 

The largest value x lOy2 = 8 i s  four times the next largest value, 

X 
932 

= 2 ,  making the smallest possible similarity score be 



f o r  any comparison which does n o t  i n c l u d e  sample 10. 

The f i r s t  two o f  these ind ices ,  DM and DMCD, measure t h e  C i t y  Block 

Distance, o r  t h e  average City Block Distance, i n  t h e  N-dimensional a t t r i -  

bu te  space. I n  o rder  t o  avo id  a  d i s t o r t e d  a t t r i b u t e  space, which unduly 

weights t h e  axes w i t h  l a r g e  ranges, t he  d i s t o r t i o n  should be removed by 

s tandard iz ing  t h e  a t t r i b u t e  scores. The method o f  normal iz ing  DC causes 

an i n t e r v a l  o f  0.1 u n i t s  t o  represent  d i f f e r e n t  degrees o f  separa t ion  i n  

each a t t r i b u t e  when d i f f e r e n t  p a i r s  o f  vec tors  a r e  considered. Conse- 

quent ly ,  DC should n o t  be used when s i m i l a r i t y  i n d i c e s  a r e  t o  be compared, 

nor  should negat ive  matches (xak = x e t k  = 0)  be e l im ina ted  s ince  t h i s  

changes the  d imens iona l i t y  o f  t h e  a t t r i b u t e  space. 

There a r e  many f a c t o r s  which recommend Gower's SG f o r  use r a t h e r  than 

any o f  t h e  o the r  s i m i l a r i t y  i nd i ces  considered i n  t h i s  r e p o r t .  It i s  a  

measure o f  closeness. The rang ing  o f  t he  abso lu te  d i f je rences  i s  s imp ler  

than s tandard iz ing  and causes the  r e s u l t i n g  a t t r i b u t e  s i m i l a r i t y  scores 

t o  be between zero and u n i t y .  Averaging the  s i m i l a r i t y  scores makes SG 

l i e  between zero and u n i t y .  The u n i t s  i n  t h e  a t t r i b u t e  space do n o t  change 

from p a i r  t o  p a i r  o f  vec tors  a l l ow ing  t h e  r e s u l t i n g  i nd i ces  t o  be meaning- 

f u l  l y  compared. 

Squared D i f f e rence  Ind i ces  

The same N dimensional a t t r i b u t e  space as f o r  t h e  Absolute D i f f e r e n c e  

Ind ices  i s  app l i cab le  f o r  DE, Dp DCD and SC, t h e  i nd i ces  based on squared 

d i f fe rences.  The o n l y  change i s  t h a t  vec tor  separa t ion  i s  measured by 

s t r a i g h t  l i n e  Eucl idean d i s tance  r a t h e r  than C i t y  Block d is tance.  The 

problem o f  a t t r i b u t e  range heterogene i ty  must be solved by normal i z i n g  o r  

s tandard iz ing  t h e  a t t r i b u t e s .  



Only DCD has attribute normalization built into its calculational 

formula. It uses the same ratio as DC, the potentially negative sign being 

taken care of by squaring the ratio. Since the normalization factors vary 

from pair to pair, the same lack of an equal interval property as explained 

for DC is a problem in the use of DCD. However, dividing the sum of the 

squared normalized differences by N causes DCD to lie between zero and 

unity. 

Cattell 's SC is a normal ized index, but the normal ization is not done 

on the attribute similarity scores. The Euclidean distance is subtracted 

from the median value of the chi-square distribution in the numerator and 

the two quantities are added in the denominator of SC. Such a quantity 

lies between -1 and +I, but its meaning is distorted unless the attributes 

have been previously standardized. But even standardization cannot cor- 

rect the skewness of the original distributions, as is obvious from 

Table 7 (p. 38). Using the deviation of DE from the median chi-square 

has meaning when 

is a sum of the squares of standard deviates from a (approximately) normal 

(Gaussian) frequency distribution. Standardizing the attribute value does 

not make the distribution of the difference between the resulting z values 

approach the normal distribution. The distributional theory involved 

requires concepts of mathematical statistics, which is beyond the scope 

of this paper. 

The indices DE or i+- based on standardized data should be used if one 

wants a Euclidean distance measure. Both Clark's DCD and Cattell's SC 

have theoretical problems which make their interpretation questionable. 



Minimum/Maximum Indices 

Levandowsky's SL and Pinkham and Pearson's Spp both suffer from having 

potentially different normalizing factors for different pairs of sample vec- 

tors. These indices may thus have different units when indices from dif- 

ferent pairs of vectors are calculated, making comparison of indices calcu- 

lated from the same data set invalid. In addition, Pinkham and Pearson's 

index allows for eliminating species which appear in neither sample for a 

particular calculation of Spp, thus changing the dimensionality of the . 

attribute space from pair to pair of vectors. This is necessary to avoid 

indeterminate zero divided by zero quotients in calculating the attribute 

similarity score. Their suggestion to avoid this problem by assigning 

such negative matches a value of one is consistent with their other algebra. 

However, it leads to a lower limit on the index directly calculatable from 

the number of such negative matches as 

(no. of (0,O) compari sons)/N. 

The index Spp also assigns an attribute similarity score of unity to any 

exact numerical match so that relative numerosity from species to species 

has no impact; that is, 212 is the same as (1000/1000) although (112) = 0.5 

and 1/1000 = 0.001. This is a type of equal interval failing that cannot 

be corrected by the usual standardization procedure since then the attri- 

bute ratios may be negative causing confusion in the interpretation of 

Spp (and SL) as pointed out above (p. 43). 

The data may be formal ly adjusted for lack of equal interval results 

by categorization into a number of cells as was done on p. 44 and in 

Table 10. Categorization makes the attribute space homogeneous in the 

axes. The attribute ratio scores are then comparable (of the same order 

of magnitude) from species to species over all samples. 

These two indices are related to the N-dimensional vector space as 

follows. A pair of vectors defines a new pair of vectors through the min, 

max operations. Call these vectors MN,,, and MX,,, . Then Levandowsky's 



SL is  based on t h e  sum o f  the components of  each o f  t h e s e  two vpc to r s .  The 

sum of t h e  components o f  MN,, , i s  t h e  c i t y  block l e n g t h  o f  MN,, , and t h e  

sum of the components of MX,,, is i t s  c i t y  block l eng th .  SL i s  t h u s  a 

func t ion  of t h e  r a t i o  o f  the c i t y  block l e n g t h  of MN,,, t o  t h e  c i t y  block 

l e n g t h  of MX,,,. I f  t h e  two o r i g i n a l  v e c t o r s  a r e  i d e n t i c a l  then 
- xek - x a l k  and 

f o r  a l l  a t t r i b u t e s ,  k ,  s o  t h a t  

and t h e  r a t i o  is  u n i t y  making SL equal t o  zero .  The only  way SL can be 

u n i t y  i s  f o r  t h e  sum of  the elements  o f  MN,,, t o  be ze ro .  Th i s  can on ly  

happen i f  min (xik, X, , ) i s  z e ro  f o r  a l l  a t t r i b u t e s ,  t h a t  i s ,  a t  l e a s t  one 

o f  xak ,  x,, i s  z e ro  f o r  each a t t r i b u t e .  

Pinkham and Pea r son ' s  Spp i s  t h e  average  o f  the r a t i o s  

where mn,, , and mx,, , a r e  t h e  components o f  MN,,, and MX,,, The r a t i o  

of t h e  minimum a t t r i b u t e  s c o r e  t o  the maximum a t t r i b u t e  s c o r e  cor responds  

t o  making each a x i s  of u n i t  l eng th  and a s s ign ing  an a t t r i b u t e  s c o r e  based 

on the f r a c t i o n  of  this  u n i t  l eng th  accounted f o r  by the minimum va lue .  

Spp i s  t h u s  t h e  c i t y  block l e n g t h  o f  t h e  vec to r  in  the u n i t  hypersphere of  

dimension N d iv ided  by N, o r  the average  propor t iona l  a t t r i b u t e  s e p a r a t i o n .  

The vec to r  space  model shows e x p l i c i t l y  how both SL and Spp may be 

d i f f e r e n t l y  normed f o r  d i f f e r e n t  p a i r s  o f  sample v e c t o r s .  

"Pearson ' s  Product Moment C o r r e l a t i o n  C o e f f i c i e n t "  

The u n s u i t a b i l i t y  o f  t h i s  a l g e b r a i c  manipulat ion f o r  i n d i c a t i n g  simi- 

l a r i t y  was amply d iscussed  under the subsec t ion  d e s c r i b i n g  the c a l c u l a -  

t i o n  o f  r,. Here we merely p o i n t  o u t  t h a t  t h e  N dimensional a l g e b r a  does  



apply and tha t  r, i s  the cosine of the angle between the two vectors 

determined by projecting the original vectors onto the equiangular l i ne  

along the u n i t  vector of dimension N and t ranslat ing the vectors so 

determined t o  the origin so tha t  they l i e  in the plane perpendicular to 

the equiangular 1 ine. The de ta i l s  a re  given by Anderson (1 958, p. 49). 

The correlation coeff ic ient  i s  insensit ive to  the re la t ive  magnitudes of 

the a t t r ibu te  scores so tha t  

r(x,, X , , )  = r(X,, t x k l l  

where t i s  an arb i t ra ry  constant. This means tha t  r, would be the same i f  

X,, were reduced by, say, a factor of ten since the angle between X, and 

X, i s  the same as the angle between X, and tX,, 

Sample Fractions Indices 

Johnson and Brinkhurstls PJ and Morisita 's  PM are  based on transform- 

i n g  each sample vector from the original counts or biomass observations t o  

fract ions (or percentages) by dividing each a t t r ibu te  value by the total  

of a l l  a t t r ibu te  values in the vector. This operation makes each a t t r i -  

bute vector X, correspond t o  a point Q, in the posit ive quarter of the N 

dimensional uni t  hypersphere. Then 

i s  jus t  the c i t y  block length of the vector MN;,, defined by taking the 

smallest f ract ion observed on each of  the N axes for  the pair  of sample 

vectors under consideration. The u n i t  length of each axis corresponds t o  

the total  x, , and so the fractions a re  s t r i c t l y  comparable only for  two 

vectors which have the same to t a l .  For example, the vectors 

would have 



and so  correspond t o  t he  same point  in  the  u n i t  hypersphere. For these  

two vectors  P j  would be uni ty .  I f  xQ were (6,4,10) and X,, the same a s  

above, then PJ would be 0.9. For P j  t o  be zero a t  l e a s t  one of xQk o r  

k 
must be zero f o r  a l l  species.  When both xek and x e I k  a r e  zero f o r  

species k ,  qik - - 9,lk = 0 which makes a negative match equivalent  t o  an 

a t t r i b u t e  comparison in which only one of xek o r  x E l k  i s  zero. B u t  a 

value o f  zero f o r  an a t t r i b u t e  has an impact on the q k k  f o r  the other  a t t r i -  

butes i n  the  sample. For example, 

X, = (4,6,10) and X,, = (4,6,0)  

would have 

Q, = ( .2 , .3 , .5)  and Q,, = ( .4 , .6 ,0 ) ,  

so t h a t  

PJ = 0.5. 

This r e f l e c t s  another kind of lack of t he  equal in terval  property neces- 

sa ry  f o r  meaningful comparisons of indices.  In the  l a s t  example above 

b u t  

qgl = 0.2 and q g l l  = 0.4. 

The problem i s  t h a t  d i f f e r e n t  sample vectors  may be mapped onto d i f f e r e n t  

subspaces of t he  N dimensional u n i t  hypersphere when xek i s  zero f o r  some 

species  ( k ) .  

Turning t o  M or i s i t a ' s  PM we note t h a t  i t  i s  based on t h e  same t rans-  

formation of t he  N dimensional space i n to  t he  pos i t ive  quar te r  of the  u n i t  

N dimensional hypersphere. The same lack of the  equal in te rva l  property 

caused by vectors with d i f f e r en t  t o t a l s  and vectors w i t h  d i f f e r e n t  numbers 

of zero observations i s  encountered. 



In terms of vector algebra 

where the quantity in the numerator is  twice the scalar ( d o t )  product of 

the vectors of fractions Q, and Q,, and the denominator is  the sum of the 

squared lengths of the two vectors. In Figure 4 two general vectors, 

lying in the plane determined by the vectors under consideration, are 

represented. The 1 ine segment OM i s  ttie perpendicular projection of Q, 

o n t o  Q,, and i t s  length i s  given by lQ,lcos Qaal. The vector Qk, i s  the 

vector Qgl translated so t h a t  i t s  init ial  point l ies  a t  the end point of 

Q, and i t s  end point determi.nes the point R. Then the vector i s  the 

vector sum Q, + Q,, Note t h a t  

and 

2 
21Q,1 1Q,l C O S  e,, 2 I Q , ~  +Isgl 1 

2 

equality holding when Q, = Q,, and cos e = 1 so t h a t  the vectors are 

identical in b o t h  magnitude and direction and l i e  along the vector OR. 

In this case 

If the vectors are perpendicular, e,,, = n / 2  and C O S ( T / ~ )  = 0 so t h a t  P i  

i s  zero regardless of the lengths of the vectors. Figure 4A shows the 

general case and Figure 48 the case when 19, 1 = lQal 1 .  Note t h a t  in 



FIGURE 4. Illustrating the Vector Algebra 
Interpretation o f  P i  
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F igu re  48, t h e  vec to r  W i s  s t i l l  sho r te r  than Q,, , b u t  t h a t  as t h e  angle 

between g, and 1 , , i s  reduced 1 Q, , 1 - Iml approaches zero and i n  the  1 i m i  t 

t he  end p o i n t s  o f  Q, and Q,, would be t h e  same p o i n t  on m, then 

and, 

And 

IQ, + Q,, I L  

so t h a t  t h e  denominator i s  t h e  squared l e n g t h  o f  t he  sum o f  t he  two 

vec tors  i f  they  were c o l i n e a r ,  i .e. ,  i f  t hey  had the  same d i r e c t i o n  

(e,,, = 0).  The numerator i s  tw i ce  the  product  o f  t h e  l e n g t h  o f  one 

v e c t o r  and t h e  l e n g t h  o f  i t s  p r o j e c t i o n  on t h e  o ther ,  t h a t  i s ,  t h e  l e n g t h  

of Q, i f  i t  were p r o j e c t e d  onto Q, , . Since 

where L' i s  t he  end p o i n t  o f  QR,, we can w r i t e  



The f i r s t  factor  i s  twice the length of the f i r s t  vector divided by the 

sum of the squares of the two vectors. The f i r s t  factor  t h u s  depends on 

the r e l a t ive  lengths of the vectors alone. The second fac tor  i s  dependent 

upon where the point M f a l l s  on Q,, and so i s  a function of the angle 

between Q, and Q,, . Given a Q, of constant length, M will get closer to  

the origin as  the angle increases. Morisita 's  P i  thus measures the close- 

ness of the two vectors in the N dimensional hypersphere as a fract ion of 

what the squared 1 ength of (Q,+Q,, ) would be under perfect agreement. 

Using the same examples as for  PJ we have 

x, = (4,6,10), x,, = (8,12,20) and X,,I = (6,4,10) 

Then 

For 

x = (4,6,10) and x,, = (4,6,0) 
R 

Both Pi and PJ are based on sample proportions so tha t  the magnitude 

of the vectors in the original N-dimensional space a re  l o s t .  That i s ,  the 

f a c t  t h a t  one sample has a total  of ,  say, 5000 individuals and another 

only 100 i s  l o s t  in the calculation of Pj and P i  when the transformation 

t o  the unit hypersphere i s  made. 



Goodall's "Probabilist ic" Index 

Goodall's Sp i s  based on using the en t i r e  s e t  of sample vegtors to  

determine the r e l a t ive  frequency with which the various matches for  binary, 

c lass  i f  icatory, or ordered categorical data a re  observed. Goodall recom- 

mends tha t  continuous data or counting data with a large range be made cate-  

gorical by dividing the observed dis t r ibut ion into a convenient number of 

groups, and using the mean or  median of each group as the value of the 

a t t r i b u t e  for  each individual included in i t .  (Goodall, 1966, p.  888) 

The r e l a t ive  frequencies observed in the total  sample provide an empirical 

dis t r ibut ion function* which i s  used to  order a l l  pairwise comparisons fo r  

each a t t r ibu te .  The a t t r ibu te  s imilar i ty  score for  an observed pair of 

values i s  the one-con~plement of one, that  i s  zero, i f  the a t t r ibu te  values 

are  d i f fe rent ,  and of the cumulative re la t ive  frequency w i t h  which the 

match occurs i f  the a t t r ibu te  values a re  the same. Each possible pairwise 

sample vector comparison i s  then ordered by multiplying the N a t t r i b u t e  

simil a r i  ty  re la t ive  frequencies together and creating another empirical 

cumulative relative. frequency dis t r ibut ion.  Vector s imilar i ty  scores a re  

assigned t o  an observed pair  of vectors based on where the r e l a t ive  f r e-  

quency score for  the pair ,  calculated from the re la t ive  frequencies with 

which each a t t r ibu te  value was observed, f a l l s  on the vector empirical 

dis t r ibut ion.  

*This "empirical dis t r ibut ion function" ( e .d . f . )  i s  not the same as  the 
e.d.f. used in some non-parametric s t a t i s t i c a l  procedures. The e .d.f .  of 
the Komolgorov-Smirnov t e s t  fo r  example i s  simply based on the cumulative 
r e l a t ive  frequencies w i t h  which a discrete  se t  of values are  observed. 
Goodall doesn't use the concept of an e .d . f .  b u t  his procedure i s  to con- 
s t ruc t  something which looks l ike  the classical  e .d .f .  b u t  i s  based on 
t reat ing the observed re la t ive  frequencies as i f  they were population 
probabi l i t ies ,  his use of cara ts  over "estimated" values not r ea l ly  being 
carried t o  adequately interpreting what he has done. He claims his index 
"clears the way fo r  numerical taxonomy control 1 ed by specif ic  significance 
levels" (1 966, p.  897) which i s  eminently open to question. Our use of 
"e .d.f ."  here i s  merely to s t r e s s  the f ac t  tha t  his r e su l t s  are  empirical 
not probabilist ic.  



The exp lana t ion  o f  how Gooda l l ' s  index i s  cons t ruc t ed  is  compl ica ted ,  

but t h e  c a l c u l a t i o n  o f  Sp - i s  complicated.  Rela t ing  Gooda l l ' s  index t o  t h e  

vec to r  space  model r e q u i r e s  an NxL dimensional ma t r ix  sample space  s i n c e  

his "probabi l  i t i e s "  a r e  based on the e n t i r e  set  of  L v e c t o r s  of  dimension 

N .  A t r u l y  p r o b a b i l i s t i c  model would need t o  cons ide r  t h e  set o f  a l l  pos- 

s i b l e  samples o f  L v e c t o r s .  Goodall ' s  simp1 i f i c a t i o n  t o  a model involv ing  

only  N dimensional v e c t o r s ,  no t  NxL dimensional m a t r i c e s ,  makes h i s  c l a im  

o f  provid ing  " s p e c i f i c  s i g n i f i c a n c e  l e v e l  s" (Goodall ,  p. 897)  hollow. This  

is n o t  t o  say  t h a t  Goodal l ' s  Sp may no t  be usefu l  i n  d e s c r i p t i v e  s t u d i e s  

o f  s i m i l a r i t y  i f  one can bear  t h e  c a l c u l a t i o n a l  l a b o r .  I t  does ,  more than 

any o t h e r  s i m i l a r i t y  index cons idered  i n  t h i s  paper ,  use t h e  t o t a l i t y  o f  

t h e  in format ion  conta ined  in  the e n t i r e  s e t  of  L sample v e c t o r s .  However, 

t h i s  may i t s e l f  be a problem when there a r e  r e a l l y  more than one popula t ion  

r ep re sen t ed  i n  the sample. 

Looking a t  Table  1 (p.  8 ) ,  Gooda l l ' s  " e s t ima te"  of  p e k  would be 0 .3  

f o r  K = 1,2,3,  o r  4 and 0.7 f o r  K = 5,6 ,7  o r  8 given the b ina ry  d a t a  

of  Table  3 ( p . 1 3 ) .  Ignorning s p e c i e s  9 and 10 ,  h i s  a t t r i b u t e  s i m i l a r i t y  

s c o r e  would be a s  fo l lows .  

0 bserved 
Compar i son 

Spec i e s  S e t  

k = 1 ,2 ,3 ,4  k = 5,6 ,7 ,8  

.91 .42 

.42 .91 

0 0 

I f  popula t ion  A a lone  were cons idered  then  t h e  a t t r i b u t e  s i m i l a r i t y  s c o r e s  

would be: 

Observed Spec ies  S e t  

Comparison k = 1 , 2 , 5 , 6  k = 3,4  k = 7,8  

(1 91 ) . 5  .99 .18 

(090) . 5  .18 .99 

(1 ,O) o r  ( 0 , l  1 o 0 0 



These tables  indicate tha t  a posit ive match, when a l l  L = 20 samples are  

considered gets an a t t r i b u t e  comparison score of 0.91 for  a ( 1 , l )  match 

fo r  species 1,2,3 and 4. When only population A i s  considered, the 

match (1 , I )  gets a score of 0.5 for  species 1 and 2 and .99 for  species 

3 and 4. Similarly, for  the 20 sample exercise,  the (1 , I )  match for  

species 7 and 8 i s  scored 0.42 but in population A i t  would be 0.18. 

Obviously, Goodall's procedure has a smoothing e f fec t  making the e s t i -  

mate of the fract ion of times a species match will be observed tend towards 

the average value of the population fract ions when more than one population 

i s  represented in a l l  the L samples. When these fract ions are used to  

a r r ive  a t  the a t t r i b u t e  s imilar i ty  scores fo r  an observed pair of vectors 

of a t t r ibu te  values, the r e su l t  i s  a vector of scores effect ively based on 

the assumption tha t  the two vectors come from the same population. The 

a t t r ibu te  s imilar i ty  score i s  a function of the en t i r e  se t  of samples so 

tha t  the pairwise comparisons of vectors from the whole se t  are  not inde- 

pendent. The s imi lar i ty  score fo r  each pairwise vector comparison i s  

influenced by the pattern of a t t r ibu te  scores for  the whole s e t  of samples. 



SUMMARY OF RESULTS 

Table 15 summarizes 7 characteristics of each of the 25 indices plus 

an "Index of Choice" designating the author's preference. This table con- 

tains 200 bits of information and so must be quite cryptic. The crypto- 

graphy will be explained for each column in turn. 

PROPERTY MEASURED 

Symbol 

D-1 

D-N 

D" -1 

SPECIES NUMEROSITY 

Distance as measured in the N-dimensional unit 
hypercube. 

Same as D-1, but the dimensionality of the space may 
be less than N and vary froni pair to pair of vectors. 

Distance in the N dimensional vector space. 

Distance in the unit hypersphere but the dimensionality 
may be less than N and vary from pair to pair. 

The angle,.rather than the magnitudes, of the vectors 
is the controlling property measured. 

Mountford's K is equivalent to 1/a, where a is the 
"Index of ~ivdrsit~. " 

Goodall's S is a measure of the Eelative Frequency 
with which ! less likely match would occur given the 
entire set of samples. 

Means 

Ignored 

Used 

Made relative 



TABLE 15. Some Characteristics o f  the Indices 

E 
D-N U E Y 0,- S Y 

O, D- N U E Y O s m  S Y - X 



Means 

ATTRIBUTE SPACE 

Sym bo 1 

v The dimension o f  t he  v e c t o r  space i s  v a r i a b l e  from 
p a i r  t o  p a i r  o f  vectors.  

The dimension i s  f i x e d  a t  N f o r  a l l  p a i r s  o f  vec tors .  

The dimension may be e i t h e r  f i x e d  o r  v a r i a b l e  depend- 
i n g  on t reatment  o f  (0,O) a t t r i b u t e  comparisons. I f  
i t  i s  des i red  t o  compare s i m i l a r i t y  i n d i c e s  f o r  d i f -  
f e r e n t  p a i r s  o f  vec tors  t h e  (0,O) matches should be 
inc luded t o  ma in ta in  t h e  same d imens iona l i t y  base. 

EQUAL INTERVAL 

I f  t h e  index main ta ins  t h e  equal i n t e r v a l  p roper ty ,  i t  i s  coded Y f o r  

"Yes." I f  i t  f a i l s  t o  do so by: mapping d i f f e r e n t  va lues onto 1 f o r  u n i t  

hypersphere spaces, o r  normal iz ing  a t t r i b u t e  s i m i l a r i t y  scores by d i f f e r e n t  

values i n  e i t h e r  d i f f e r e n t  a t t r i b u t e s  f o r  t h e  same p a i r  o f  vec tors  o r  f o r  

d i f f e r e n t  p a i r s  o f  vec tors ,  i t  i s  g iven an N f o r  "No." 

RANGE 

This column g ives  the  range o f  va lues t h e  index can take on. It should 

be s e l f  explanatory,  except f o r  Mount fo rd 's  KI which has a range o f  0, u 

i n d i c a t i n g  i t  i s  undef ined f o r  t he  case o f  p e r f e c t  agreement. 

INCREASES WITH 

I f  t h e  index a t t a i n s  i t s  maximum when the  two vec tors  a r e  i d e n t i c a l ,  

i t  i s  considered a measure o f  closeness, coded C. I f  i t  a t t a i n s  i t s  maxi- 

mum when the  two vec to rs  a r e  maximal ly  d i f f e r e n t ,  i t  i s  considered a mea- 

sure o f  separat ion and coded S. 

STANDARD I Z E DATA 

Unless the  index has a b u i l t  i n  normal iza t ion ,  which c o r r e c t s  f o r  t he  

order  o f  magnitude d i f f e r e n c e s  i n  t h e  ranges o f  t he  axes i n  t he  vec to r  



space, some a t t r ibu tes  will be imp1 i c i t l y  weighted. Each a t t r i b u t e  value 

should be standardized by calculating the average and standard deviation 

of the values observed over a l l  samples in the study fo r  each a t t r i b u t e  

separately and subtracting the average from the observed value and dividing 

the r e su l t  by the standard deviation. I t  i s  recomnended tha t  standardiza- 

tion be practiced f o r  those indices which have a Y for  "Yes" in t h i s  column. 

A "C" indicates tha t  broad differences in ranges of a t t r i b u t e  values can 

be eliminated by classifying each a t t r i b u t e  into the same number of 

categories. 

INDEX OF CHOICE 

The author ' s  preference in s imi lar i ty  indices, i f  he were forced some- 

how to use them, i s  given in the l a s t  column. Gower's SG i s  preferred 

above a l l ,  when (0,O) matches are  included in i t s  calculation, because: 

each a t t r i b u t e  i s  simply normed by the range fo r  the a t t r ibu te .  

O i t  has a range of zero t o  one. 

O i t  does not reduce the dimensionality of the a t t r ibu te  space i f  

(0,O) matches a re  incl uded. 

O i t  mai'ntains the equal interval property over a l l  pairs  in the sample 

since a t t r i b u t e  s imi lar i t ies  a re  normed by a t t r ibu te  range. 

i t  can be used for  any measurement type. 

Reasons fo r  the other choices are  as follows. Jaccard 's  KJ i s  pre- 

ferred simply because i t  i s  simplest and the indices K D y  KN and SL 

(binary application) are  jus t  simple functions of KJ. However, KJ should 

be avoided in even such in tu i t ive  index comparison applications as c lus te r  

analysis since potent ial ly  gross differences in the underlying a t t r i b u t e  

space for  each pairwise comparison removes the basis of comparabil i ty .  

Mountford's K I  requires assuming tha t  the number of individuals per species 

can be characterized by a logarithmic se r i e s ,  in addition to  the acceptance 



of ignoring negative matches. The Simple Matching Coefficient, KSM was 

selected for  i t s  simplicity since, again KRT and K,, are  simple functions 

of KSM. I t  i s  t o  be preferred to KJ since the a t t r ibu te  space remains 

fixed from pair t o  pair  of vectors. The angular coeff ic ients ,  K y ,  KyC and 

KB a re  not recommended since t h e i r  interpretat ion depends on being based 

on a two by two contingency table ,  which i s  not equivalent to  our two by 

two table  based on mutual presence of a number of d i f fe rent  a t t r ibu tes .  

The indices based on City Block Distance, DM, DMCD, DC and SG are dominated 

in u t i l  i t y  by SG. If  a distance measure i s  desired Dp the Average Eucl id- 

each Distance i s  recommended, provided the data are  standardized f i r s t .  

Neither Spp nor SL i s  desirable because of the lack of the equal interval 

property, b u t  Spp i s  t o  be preferred e i the r  on categorized data or not, 

since i t  r a t io s  the minimum and maximum for  each a t t r i b u t e  before summing. 

Categorization i s  def in i te ly  required i f  SL i s  t o  be used. The use of the 

algebra for  the Pearson Product Moment Correlation Coefficient on our data 

vectors can only be misleading, even i f  the a t t r ibu tes  a re  standardized 

f i r s t .  The r e l a t ive  frequency indices, PJ and P i  make species numerosity 

r e l a t ive  t o  sample total  so that  gross changes in numbers of species can 

go undetected as  long as proportions remain f a i r l y  constant. (This i s  also 

t rue of the angular indices. ) Morisita 's  PM i s  preferred because i t  makes 

more use of the data. Finally,  Goodall's Sp smooths o u t  the lack of s.imi- 

l a r i t y ,  i f  any, in the vectors before calculating the a t t r ibu te  s imilar i ty  

scores, and smooths again before combining these scores into his index. 

Besides, his index requires too much labor to  understand and calculate ,  and 

once understood i t  i s  evident that  he would do bet ter  using a (qui te  corn- 

pl icated) mu1 tinomial model. 
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APPENDIX A 

M i l  1 stone Data Exempl i f y i n g  Type 

o f  Data Encountered i n  S i m i l a r i t y  Studies 

This Appendix conta ins  an example o f  t h e  t ype  o f  da ta  f r e q u e n t l y  sub- 

j e c t e d  t o  a s i m i l a r i t y  index ana lys i s .  Table A-1 l i s t s  t h e  bas ic  month ly  

da ta  f o r  two years a t  S i t e  FN. The species a r e  l i s t e d  i n  t h e  o rde r  o f  most 

f r e q u e n t l y  observed t o  n o t  observed i n  t he  s e t  o f  96 samples (4 s i t e s  w i t h  

24 month ly  samples f o r  each s i t e ) .  The percentage o f  t h e  96 samples i n  

which each species was observed i s  g iven i n  t he  l a s t  column o f  Table A-1 

headed 0/0 OBS. The f i r s t  t h r e e  columns con ta in  species i d e n t i f i c a t i o n  

codes. The a lphabe t i c  codes, under CODE, a r e  the  same as on t h e  species 

l i s t  g iven i n  Table A-3. (The SEQ NO. and COMB. numerical  codes were f o r  

computer use. ) The month ly  da ta  a re  g iven i n  t h e  columns headed by t h e  

abbreviated names o f  t he  month: a number fo l l owed  by a decimal p o i n t  i n d i -  

c a t i n g  count ing  data and a number w i t h  two d i g i t s  a f t e r  t h e  decimal p o i n t  

i n d i c a t i n g  percent  coverage data. 

Table A-2 g ives  t h e  percentage o f  samples i n  which the  species were 

observed broken down f o r  each year a t  each s i t e .  For each s i t e  t h e  columns 

headed 70 and 72 g i v e  t h e  percentages f o r  t h e  r e s p e c t i v e  years (denominator 

o f  12)  and t h e  column headed SUM, for both years combined (denominator o f  

24). An except ion occurs f o r  S i t e  GN, 1972 f o r  which the  March and A p r i l  

panels were miss ing.  The l a s t  4 columns p e r t a i n  t o  t h e  t o t a l  f o r  a l l  94 

samples present,  48 sanlpl es i n  1970 and 46 samples i n  1972. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  o n l y  97 species were observed i n  these 

94 samples, imp ly ing  an a d d i t i o n a l  106 species were observed i n  t he  samples 

n o t  inc luded i n  t h i s  two year se lec t i on .  
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TABLE A.l Basic Data - f o r  S i t e  FN Year 1970 (Cont 'd)  

NERr 

B A L I  
LEUX 
SABF 

UROC 
CHAP 
GR AF 
TERF 

caEP  
CAPC 
PANU 
c r A x  
AGAT 
CVSP 

G Y A X  
SEYT 
MET0 

t L L M  
SChU 
S P l U  

L l f O  
BALM 
ENTP 
ACHY 

CACLI 
CHUX 
9AVP 

PORX 
RUOS 
RUOY 

OESV 

PVLL 
c a n r  

u r I m  

LEPF 
ELEP 
Bn*G 
RLIGY 
EULV 
*ERE 
* € P I  
PMVY 
NERM 

COLA 
TMAL 
AN08 
AMP'I 
CARM 

EUaF 
OECF 
l o o p  
TANC 
STVP 
CMAA 

ENTA 

ENTL 
c w L r  
ANTX 

c r L l  
CALY 



lJU.0 
u0.u 
00.0 

uc.3 
00") 
OU'O 

u0.11 
00.0 
U0.U 

~0.6 
uu'n 

00.6 

uu'0 
00'0 
UO'U 
00-0 

00.1J 

UU.0 

00.') 
00'0 

00.0 
f11)*6 

00.0 

00 0 

00.0 

00'0 
00'0 
00'0 

0n.q 

00'0 

00'0 
00.6 

uu.0 
~0.6 

6U.O 
00.0 
00.0 
00.0 

OU.0 

00.0 
Ud.0 
UO.0 
00.0 

00'1J 

00'0 
00.0 
u0.0 

00'6 
hO'O 

~0.0 
0u10 

0ll.O 

6b.0 

UO'U 

00.0 
00'0 

00 * o 
00'0 

OU'O 
00'0 

00.0 

u0.O 
0LI'U 

oJO.'J 
UU.0 
UU'O 

UO'U 
UC'U 

V0'3 

0G.O 
00-u 

6U.f~ 

uu9o 
u0.0 
UU") 
UU'O 

JU.9 

bU*U 

uu'o 
00'0 

(10'0 

OU'O 

OO'V 

UO'J 
0G.U 

II~-o 
~0.0 
00.0 

UU.U 

UU'U 

00'0 
u0.u 

0lJ.U 
00.0 
0u.u 
~6.0 
nogo 
uu.0 
Ob.0 

u0'0 
0u.o 
U0.l~ 

00.0 

00.0 

00'0 
00'0 
UU'U 

OU'U 
10.0 

uu.0 
OU'F 

b0.O 
00.0 

UU'U 

00.0 
UO'U 

~0.0 
0U.O 

0~i.0 
00.0 

OU'J 

u0.u 
u1b.E 

UU'O 

00'0 
u 'I (I 

0u'0 
CU'U 
U0.0 

uu.0 
uu.11 

OU.0 

uu.0 
60.0 
UU'V 
UU'O 

UU.0 
00.11 

90.u 
00.0 

UU.0 
U6.U 

0u.0 

U0.O 
00.0 

u0.0 
vu.0 
00.0 

UU.0 

(r0.U 

utJ.0 

00.0 

OU'U 
00.6 
~0.t' 

UU'U 
00.0 
UO.0 
00.0 

u0.t 
uu.0 
00.0 
00.0 

00'0 

00'0 
00'0 
00'11 

u0.0 
DU'~ 

uu.0 
00.0 

00.0 
06.u 

u0 to 
00.0 

00'0 
00.0 
00.0 

00-n 
oo.n 

OO'U 

UU'U 
Ub.C 

6u.9 
u 11 . 4) U0.U 

uO'U 
00.0 
U0.O 

uu.0 
U I1 ' Il 
UU'V 

u0.u 
u0.u 
8U.O 
UO'U 

UU.O 

bU.0 

ou*u 
uO'O 
00.0 
O0.L 

O0.u 
60.0 
UU.O 

u0.u 
00'0 
00.0 

UU'0 

00.u 

0O.G 

u0.0 

OO'U 
00.0 

~0.0 
u0.u 
0O.U 
UU.6 
UU.0 

U0.O 
u0.u 
0O.O 
00'0 

00'0 

00.0 
0O.U 
U0.U 

00-(r 
O0.V 

60.U 
U0.U 

00'0 
0ll.U 

UfJ'U 

OU'U 
OU.0 

0u.u 
00'0 

UU'U 
ui,'(i 

00.0 

u0.u 
UU.0 

UI).U 

UIJ'U 

00.0 

uu.0 
ou'o 
0u.1 

90'0 
00.0 

00.u 
0u.u 
00.0 

UU.0 
0U.O 
u0.u 

00.0 

00'0 
w0.u 

00'0 
00'0 

00.0 

UU.6 
00.0 

00.0 
u0.u 
UO.0 
0U.O 

00.u 

00'0 

0u.0 

u0.u 
00'0 

00.0 
00.0 
00.0 
UO.0 
0U.U 

00.0 
00'0 
0U.U 
00.0 

UO'O 
uO'O 

00'U 
O0.U 

00'0 
00.0 

0u.o 
00.0 

00.0 
00'0 

UO U 

00'0 
U0.U 

00.0 
00'0 

u0.0 
uu'o 

00.0 

u0.u 
UO.0 

CC.0 
u0.u 
uu-0 

00'0 
UU.U 

00.0 

uu.0 
00.U 

iJ0-u 
00'0 
UU.U 

UOmJ 
UO'O 

UV-o 

UU.0 

~0.0 
00.0 

UU.0 
00'0 

U0.O 

00.0 
00'0 

00.0 
OU'O 
00'0 

CU'U 

UO'O 

00.0 

OU.0 

00.0 
00.0 

00.0 
u0.0 
00'0 
OV'U 
UO'O 

00.0 
uu.0 
UO.0 
UO'O 

00'0 

UO'O 
UU.0 
00.0 

00.U 
uu.0 

u0'0 
uoeu 

00.0 
u0.u 
00.0 

00'0 

00.0 

00.0 
00.0 

UU'U 
u0-0 

Jajl nz1 

na36 ~21 
ner6 021 

1lUd bl I 
310d 91 1 
UUUd 11 I 
lAHd 911 

1AMd 011 
11UN 11 1 

dM3N 901 
aavw LO1 

sll" 901 

XOAW POI 
aaAn (01 
Iarn 201 
4~19 101 

xnn3 001 

Kin3 06 

83113 Lb 

4813 Yb 

5813 Sb 
IdI3 nb 
ld*l Cb 
UdMl Zb 

ng31 LO 
3183 10 
rlr3 oe 
dAnU bL 

Xdll LL 

td3l 
OlfU $1 

xenl IL 
lr10 LQ 
nl~l 59 
is~n ns 
lhltl I9 

rnal 19 
XlIU 09 

dlIU bL 
XlAd SS 

Ihnd CS 
lrnd 2s 
#And 15 

113d 05 
X~ll bll 
x3nd In 
33nd vn 

a113 ~b 

~133 nn 
lllOd 0s 

NlOd 9s 
ll0d St 
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uw01 st 
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TABLE A. 1 Bas ic  Data f o r  S i t e  FN Year 1972 

sen 
NO . 
--I 

184 
1714 

82  
162  
16  1 
I 2 7  
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TABLE A. 2 Percentage o f  Samples i n  Which Species Were Observed (Cont 'd)  
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TABLE A.2 Percentage o f  Samples i n  Which Species Were Observed (Cont'd) 

120 SABM 9181 

122 SERV 9191 

124 TERL 9201 
129 SlPx 1oall 
131 C E R G  1inzI 
134 CREX 11038 
135 HERN llno8 
136 ILYO 11051 
137 I L Y X  11058 
139 L T T S  11062 
140 L I f X  ll0bA 
144 U N I N  11109 
146 ANON 11118 
107 canv 11t21 
150 SAX4 11151 
151 TERB 11161 
153 TERE lllb9 

154 AEGL 12011 

P 155 AYPR l20Zl 
-a 157 A W E  12029 
r u  159 C4PY 12038 

163 ELAL 120bi 
164 GAnA 12071 
165 GAML 12072 
lbb GAMY 12078 
lh7 GAYF 1207q 
168 GRUC 12081 
169 JASA I2091 
170 MELO 12101 
171 MELN 12102 
173 UNIC 12129 
174 UNC1 12131 
175 B A L A  12101 
185 B R A N  1LIb9 
190 IDOB 12211 
I92 JAEM 12221 
194 ASTF r3olQ 
195 ASTO 13011 
196 ASCY 14018 
197 ANAx lU028 
201 HOLM 14652 
202 MOLX 14n58 



TABLE A.3 M i l l s t o n e  P o i n t  Exposure Panels 

Species L i s t  
Alpha Code Species Name Data i n  % o r  # Group 

Chl orophyta 

BRY P 
C HAA 
CHAX 
C LAX 
CDDD 
ENTA 
ENTC 
ENT I 
ENTL 
ENTP 
ENTX 
ULVL 
CHLF 

ACHX 
AGAT 
ANTX 
CALI 
CALB 
CA LX 
CERD 
CERR 
CERX 
CHAP 
CHOB 
CHDX 
CYSP 
DAY P 
GRAC 
GRAF 
GRAS 
GRIA 
H ERT 
LDMB 
LOMX 
POL1 
PDLN 

Bryopsis pZwnosa 
Chae tomorpha area 
Fnaetomorpha sp. 
CZadop hora s p . 
Codiwn fragile 
Enteromovpha clathrata 
Enteromovphu compressa 
Enteromorpha i n t e s t i n a l i s  
Enteromorpha Zinza 
Enteromorphu pro Zifera 
Enteromorphu spp. 
UZva Zactuca 
U n i d e n t i f i e d  Green Fi1.m 

(Chl orop hyceae) 

Rhodophyta 

Achroshaetim sp. 
Agardhie Z Za tenera 
Antihamnwn sp. 
CaZZithumnion baiZeyi 
CaZ Zithamnion byssoidewn 
CaZZithumnion spp. 
Ceramiwn diaphanwn . 

Ceramiwn rubrm 
Ceramim spp. 
Chumpia parvuZa 
Chondria baiZeyana 
Chondria sp. 
Cystoc Zonium purpurem 
Daysa pedieeZZata 
GraciZariu confervo ides  
Gracilaria fo Ziifera 
GraciZaria s pp . 
GrineZZia americana 
Herposiphoniu tene ZZa 
L0mentaY.i~ baizeyam 
Lomentaria s p p . 
Polysiphonia -nigra 
PoZysiphonia nigrescens 



TABLE A. 3 M i  11 stone P o i n t  Exposure Panel s (Cont ' d) 

Species L i s t  
A1 p ha Code Species Name Data i n  % o r  # Group 

Rhodophyta (cont inued) 

POLX PoZysiphonia spp. 
P@ RU Porphyra wnbiZicus 
PORX Porphyra SPP . 
RHOS Rhodome Za subfusca 
RHO P Rhodymenia pa Zmata 
R HBX Rhodymenia s p p . 

D ESV 
ECTX 
ELAX 
FUC E 
FUCS 
LAMA 
LAMX 
P ETA 
PHYR 
PUNL 
PUNX 
PYLL 
PYLX 

GRAI 
GRAX 
HAL B 
HALP 
HALX 
LEUB 
L EUX 
RENF 

P haeop hyta 

Desmarestia v i r i d i s  
Ectocarpus sp. 
EZachistea sp. 
FUCUS evanescens 
Fucus spp. 
Laminaria agardhii 
,Cuminaria spp. 
PetaZonia fascia 
Phycodrus rubens 
Punetaria Z a t i  fo Zia 
Punetaria sp . 
Py  ZaieZ Za ZitoraZis 
PyZaieZZa sp. 

P o r i  f e r a  

Scypha ciZiata (grantia) 
S C Y P ~ ~  SPP. 
HaZichondria bowerbanki 
Ha Zichondria panicea 
Ha Zichondria s p p . 
LeucosoZenia botryoides 
LeucosoZenia s p p . 
Renierinae 

Cn ida r ia  

UN IA A c t i n a r i a  
ANTU U n i d e n t i f i e d  Anthozoan 
CAMX CampanuZaria sp . 
DIAL Diadwnene Zeuco Zenu 

BEX ObeZia sp. 



TABLE A.3 Mi 11 stone Point Exposure Panel s (Cont'd) 

Species List 
A1 pha Code Species Name Data in % or # Group 

Cnidaria (Continued) 

Sagartiu ZancoZena (1976) 
sagartia sp. (1 976) 

SERP SertuZaria pwniZa 
SERT SertuZaria s p p . 
TU BX TubuZaria sp. 
METD Metridiwn dianthus 
METS Metridiwn seni le  
UN IH Unidentified Hydroid 

Platyhelminthes 

STYE Sty Zochus e ZZipticus 
LEPA Lep top Zana augus ta 
LEPX Leptop Zana s p p . 
LEPF Lep top Zanidae 

Rhynchocoela 

RHYP Unidentified Rhynchocoela 

CALA 
CRIE 
CRYP 
ELEC 
EL EP 
EL EM 
SC HU 
TEGU 

Ectoprocta (Bryozoa ) 

Encrust i ng 

CaZ Zopora aurita 
Crisea eburnea 
CryptosuZa paZZasiana 
EZectra crustuZenta 
EZectm p i  Zosa 
EZectra monostachys 
SchizoporeZZa unicornis 
Tege ZZa unicornis 

Filamentous 

BgWG Bowerbankia graciZis 
BUGS BuguZa simplex 
BUGT BuguZa tur r i ta  
BUGX BuguZa spp. 



TABLE A.3 Millstone Point Exposure Panels (ContLd) 

Species List 
Alpha Code Species Name Data in % or # Group 

AMPF 
AMPH 
CAP I 
CIRF 
C I RG 
EUGR 
EU LV 
EU W 
EUMX 
GLY F 
HARI 
HY DD 
HY DX 
LEPS 
MARS 
MAW 
NERP 
NERS 
NERV 
NERX 
NEPX 
NQrTL 
PHYA 
P HY X 
PHYF 
PODg 
POLC 
PQrLF 
SABM 
SABF 
S ERV 
SERW 
TERL 
TERF 
SPIN 
MUDW 
NERM 

SIPX 

Ampharetidae 
Amphitrite sp . 
Capi tell idae 
Cirratul idae 
Cirratu Zus grandis 
Euchone rubrocinta 
EuZaZia v i r id i s  
EuZaZia spp. 
Emida sp. 
Glyceridae 
Hmothoe imbricata 
Hydroides dianthus 
Hydroides sp. 
Lepidonotus squumatus 
Marp hy sa sanguinea 
Mmphysa sp. 
Nereis pe Zagica 
Nereis succinea 
Nereis virens 
Nereis spp. 
Nephtys sp. 
Notomastus Zatericeus 
Phy Z Zodoce menae 
Phy ZZodoce sp . 
Phyl lodicidae 
Podark obscura 
PoZydora ciZiata 
Polynoidae 
Sabe Z Za micropht ha Zma 
Sabell idae 
SerpuZa vermicuZaris 
Serpulid tubes 
Tere be Z Za Zapidaria 
Terebell idae 
Spirorbis tubes 
Mudworm tubes 
PZatynereis megalops 

Si puncul a 



TABLE A.3 M i l l s t o n e  P o i n t  Exposure Panels (Cont 'd) 

Species L i s t  
Alpha Code Species Name Data i n  % o r  # Group 

M o l l  u sca 

Gastropoda 

CaLA 
CERG 
CREF 
CREP 
C REX 
H ERX 
I LYfl 
ILYX 
LIT0 
L ITS 
L ITX 
CflLL 
THAL 
URBC 
UNIN 

ANBS 
ANOX 
CRAV 
MODM 
MYTE 
SAXA 
TERB 
TERN 
TERE 

Anachus avara 
Cerit hiopsis greenii 
CrepiduZa fornicata 
Crepidu Za p Zana 
CrepiduZa s p . 
Herrnaea sp. 
IZyanassa obsoZeta 
IZyanassa s pp. 
Littorina obtusata 
Littorina smat iZ i s  
Littorina spp. 
Mitre ZZa Zunata 
Nuce Z Za Zapi 2 Za 
Uro sa Z p i m  cinerea 
U n i d e n t i f i e d  nudibranch 

Pel ecypoda 

Anomia simplex 
Anomia spp. 
Crassostrea virginica 
Modio Zus modio Zus 
NytiZus eduZis 
Smicava art ica (HiateZZa art ical  
Teredo bartschi 
Teredo nava Zis 
Teredin idae 

Arthropoda 

Amphi poda 

AEGL Aegine Z Za Zongicornis 
AMPE Amphitoidae 
AMPR Amphithoe rubrieata 
AM PX Amphithoe spp. 
CA PG CapreZZa geometrica 
CAPX CapreZZa sp. 
CAPF Capre l l  idae 



TABLE A.3 M i l  1 s tone Po in t  Exposure Panel s (Cont 'd )  

Species L i s t  
Alpha Code Species Name Data i n  % o r  # Group 

Arnphipoda (Continued) 

CHET 
CgRC 
ELAL 
GAMA 
GAML 
GAMX 
GAMF 
GRUC 
JASA 
MELD 
MELN 
M I C X  
UN I C  
UNCI 

CheZura terebrans 
Corophiwn cy Zindricwn 
EZasmopus Zaevis 
G m m s  annuZatus 
Gamnarus Zocusta 
G m m s  sp. 
Gamnar i dae 
Grubia compta 
Jassa faZcata 
Me Zita h n t a t a  
MeZita n i t ida  
Microdeutopus sp . 
U n i d e n t i f i e d  copepods 
Uncio lu irrorata 

C i r r i p e d i a  

BA LA BaZanus amphitrite niveus 
BALB Ba Zanus ba Zanoides 
BALC BaZanus crenutus 
BALE Ba Zanus ebumzeus 
BALI Ba Zanus improvisus 
BA U( BaZanus spp. 

Limnor i dae 

L IML Limnoria Zignorum 
L IMT L h o r i a  tripunctata 
t IMU Limoria tubercuZata 
L IMG Limnoria tunnel  s 

Decapoda 

BRAX Brachyura 
CARM Carcinus maenus 
EURD Eurypanopeus depressus 
PANH Panopeus herbs t i i  
DECF U n i d e n t i f i e d  crabs 



TABLE A.3 Mil 1 stone Point Exposure Panel s (Cont 'd)  

Species List 
A1 pha Code Species Name Data in % or # Group 

Arthro~oda (Continued ) 

I sopoda 

IDOB Idotea baZtica 
I D@P Idotea phosphorea 
JAEM Jaera marina 
TA NC Tanais cavoZini 

ASTF 
ASTO 

ASCX 
AMAX 
BOTS 
CIOI 
MBLC 
M@ LM 
MO LX 
STY P 

Echinodermata 

Asteri idae 
Asterias forbesii  

Chordata 

Ascidia sp. 
Amarouciwn sp. 
Botry Z Zus schZosseri 
Ciona i n t e s t i n a l i s  
Mo Zgu Za c i  t r ina  
MoZguZa manhuttensis 
MoZguZa spp. 
Stye Z Za partita 

A = Algae; B = Invertebrate, sessile; C = Invertebrate, motile. 

List updated through May 1 1 ,  1976. 
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