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INTRODUCTION 

The aim of a general-purpose classification may be expressed as 

the definition of a set of classes such that class membership is 

highly predictive of as many attributes as possible. Instead of 

having to describe each object by listing the values of each of 

its attributes, one aims to encapsulate as much as possible of 

this description in the simple statement that the object is a 

member of this or that class. 

Traditional classification methods p erform this process 

intuitively and subjectively. Numerical taxonomy brings the 

process into the open, codifies it, and makes it possible for two 

investigators working with the same data to achieve exactly the 

same results. However, there are various reasons far differences 

between the results obtained and those of traditional 

taxonomists. One is that most proce9-ures in numeric·a1 taxonomy 

give equal weight to every attribute, and to every value of an 

attribute. The tradi tional taxonomist commonly gives them very 

unequal weights. In part, this is because he draws on previous 

experience as to the informative value of different attributes in 

other, somewhat similar, data sets. In part, however, it is 

internal to the data set. Even if he has nothing similar in his 

experience, the traditional taxonomist will n ot give the 

attributes equal weight. And one of the features which will 

affect the weight he gives an attribute is its rarity. If, for 

instance, in a collect ion of hundreds of potsherds, an 

archaeologist finds that only two have a particular blue glaze, 

he is likely to set these apart as probably representing a class 

of material different in source and history from the rest. 
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The procedures far numerical taxonomy described here are based on 

this principle, that the weight attaching to an attribute or 

attribute value in classification should depend on its rarity. 

Rarity is assessed within the context of the particular set of 

records considered, The principle may be illustrated by the 

program TAXON (Goodal 1, 1969), in which only binary at tributes 

are considered. Far each OTU ("operational taxonomic unit" -- one 

of the objects to be classified), the less common attributes are 

considered one by one. For each attribute, the probability of it 

occurring in any particular OTU is estimated from the frequency 

wi th which i t is recorde<I in the whole data set; then, the 

probability of all of these uncommon attributes occurring 
I 

together in any one OTU is calculated on the assumption that the 

presence or absence of any one attribute is independent of all 

others. If that probability for any OTU is less than.a selected 

protection level, that OTU is regarded as aberrant; it is 

discarded, and the calculations are repeated on the remainder. 

The procedure is repeated until none of the remaining OTU's shows 

a II significant11 concentration of less common attributes; thi-s 

res'i.due can then, as regards this test, be regarded as a 

homogeneus grouping. 

The program DEVIAN (Goodall, 1966a) performs a rather similar 

function in cases where attributes are not all binary, but may be 

of various types -- multivalue qualitative, ordered (but without 

any definable quantitative relationship, such as hairiness of 

heaves in the catagories 11glabrous11 , "pubescent", "pilose", 

"hirsute"), or quantitative. For.each OTU the probability that



each observed attribute value will occur as a random sample of 

those recorded is estimated from its frequency, and the 

probabilities for the various attributes are combined on the 

assumption that they are independent. In this program the 

resulting probabilities are simply listed, and action to reject 

any of the OTU's in consequence is left to the investigator, who 

may then repeat the calculations with a reduced set. It should be 

noted that the combination of probabilities is not simply a 

matter of mulptiplication. This indeed would give the probability 

that a particular combination of attribute values would occur 

together by random assortment. What one is interested in, 

however, is the probability that this particular combination � 

� � .!!2..! �� probable should occur -- in other words, a 

cumulative probability. The total number of such combinations is 

no. 
I I 

where i ranges over all attributes and a i is the number of possible 

alternative values for the i'th attribute. It will be seen that 

the number will quickly become prohibitively large if i and ai 

have values such as are commonly found in taxonomic studies. 

Luckily, an ap proxim ation proposed by Fisher (1963) is 

available. He showed that 

-2�1
1npi 

is distributed as X,
2 

with 2n degrees of freedom if the pi are 

independent estimates of continuous cumulative probability. In 

our case, however, the probabilities we wish to combine are far 

from continuous. Lancaster (1949) proposed an amendment to 

handle discontinuous probabilities: 
' ' 

2 :::E(l - Pi lnpi -,Pi lnpi) 
Pi - Pi 
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where p: is the next smaller probability in the discrete set of 

which the observed probability is P, ; but even this amended

approximation is unsatisfactory where the number of alternative 

probabilities is small. Accordingly, the program DEVIANT 

provides for the probabilities calculated to be combined exactly 

in small groups, and only these combined probabilities to be 

combined further by the Lancaster approximation. The size of these 

small_ groups can be defined at will. 

Another program, SIMIL (Goodall, 1966b) , considers the OTU's two 

by two, and for each pair calculates the probability that the two 

values of each attribute would be as alike as they are, if the 

two OTU's simply constituted a random sample of attribute values 

from the whole set . The concept of "alikeness" used here has 

been defined in the original paper for each attribute type. For 

qualitative (including binary) variables, it depends on agreement 

in the two values, and on rarity (i.e., two OTU's which share an 

infrequent value of attribute are regarded as more "alike" than 

two which share a frequent one). For ordered variables, it 

depends on the number of values recorded in the set as a whole 

which lie in between the two values in the pair of OTU's in 

question -- the fewer in between, the more "alike" the pair are. 

For quantitative attributes, i t depends simply on the difference 

between the two values. 

Again, the probabilities far the various a ttributes are 

combined, and the overall probability that each pair would be as 

"alike" as they are by random assort.ment of attribute values is 

reported, in the form of a m at rix coverin g all pair-wise 



comparisons between OTU's. 

Another program, AFFIN (Goodall, 1968), calculates on similar 

principles the probabili ty that à particular OTU could have 

attribute values as similar to those of a defined cluster of 

OTU's if its attribute �alues were simply a random assortment of 

those in the rest of data set. Again, 11similarity" to the cluster 

needs to be defined for each type of attribute, on lines like 

those for the SIMIL program, 

It should be noted that an underlying assumption of these 

methods is that the value of one attribute in an OTU is 

independent, logically and biologically, of that of another. One 

would not, for instance, regard the shape of the first leaf, the 

shape of the second leaf, and the shape of the third leaf as 

three independent attributes, because,they are subject in part to 

commori genetic control. There will be instances where a 

biological interrelationship exists but is obscure -- if, for 

instance, a gene has multiple effects in different parts of the 

organism or in different stages of development. But the numerical 

taxonomist will e ndea vour to watch for and allow for such 

possibilities, just as the classical taxonomist also takes them 

into account. 

All these programs (except TAXON) previde for attribute 

values being unknown or indeterminate, by using a negative entry. 

Apart from the obvious cases where data sets are incomplete, this 

facility should also be used where the nature of the attribute 

logically demandS i t. For instance, the character II leaf shape" 

presupposes that leaves are present, If one of the OTU's is 

aphyllous, " leaf shape" will there be indeterminate, 
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It may also be possible to use this facility to improve the 

logical structure of the attribute set. For instance, the OTU's 

may have petal numbers of O, 4, 5, 8 or 10. These values could be 

treated as qualitative -- five different categories, among which 

no pair was more similar to one another than any other pair. Or 

they could be treated as ordered. Or they could be quantitative, 

in which case plants with 5 and 10 petals would be regarded as 

more unlike than those with O and 4. But it would also be 

possible to treat the set of values as representing multiple 

attributes, the first being the presence of petals, the second 

tetramery vs. pentamery, the third single or double sets of 

petals. For OTU's without petals, the second and third attributes 

would be indeterminate. 

A special use of the 11indeterminate11 facility is made in the 

programs DEVIANC, SIMILC and AFFINC. These were prepared 

( Goodall & F e o 1 i , 1 9 8 7 ) t o me e t a s p e c i a 1 p r o b 1 e m in 

· phytosociolgy (though it may also be encountered in other

contexts), where sets of quantitative data include large numbers 

of zeros -- often, well over half the entries in the data matrix 

may be zero. These distort the probability calculations, and give 

inadequate weight to the actual positive v alues recorded.

Accordingly, these programs separate each of the attributes

into two: a binary one, far presence and ab sene e, and a 

quantitative one for the quantity � present (indeterminate 

where absent). 

There are various ways in which these programs can be used in

combination for the recogni tion and del imi tation of clusters, if 



they exist. It should be remembered , however, that the 

calculations of probability are based on the premise that the 

attributes are independent. If the OTU 1 s are in fact clustered, 

the attributes will not be independent, and the collective 

distribution of the probabilities calculated will not be uniform 

on the interval (0,1). The null hypothesis of !:2- clustering can 

be tested with assurance fro m  the distribution of the 

probabilities; but once this hypothesis is rejected the same 

distribution cannot be relied upon for other tests. 

This problem was faced by Goodall (1970), who used Monte Carlo 

methods to test the actual distribution of certain test 

statistics in artificial data sets. He also suggested a procedure 

to use these various programs successively to identify and 

delimit clusters. This procedure was that DEVIAN should first be 

used to remove aberrant OTU's, one by one. Then, when the residue 

was homogeneous by this test, to use the SIMIL program to 

calculate a similarity matrix. If the distribution of the values 

showed heterogeneity, the pair with closest similarity ( smallest 

probability) would be regarded as the nucleus of a cluster. The 

program AFFIN would then be used to add additional 0TU's to 

the cluster, as long as the affinity indices were significant. 

The cluster would then be removed, and the whole process repeated 

from the b eginning. The process would continue until the 

similarity matrix for the residue was homogeneus. Any clusters 

which had been removed woud be tested for internal homogeneity, 

and subdivided if they were found to be heterogeneus. 
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THE PROGRAMS 

A package of computer programs written in FORTRAN IV is offered 

to support a method of numerical taxonomy in which at each stage 

decision will be based on the probability with which a given 

pattern of attribute value:5 could ari se by chance wi thin a 

particular population considered. It incluctes procedures for 

calculating a matrix of similarity far every pair of elements 

(OTU's -- "operational taxonomic units") of a population, means 

far detecting "outliers", and tests of association of OTU's with 

groups already recogn ized. The package allows one t o  use 

variables of different scales (nomina!, binary, ordina!, interval 

and rational) and to handle missing values. 

1) Similarity 

Program SIMIL 

The similarity index (Goodall, 1964, 1966a) calculated 

represents the probability that two particular OTU's would have a 

set of attribute values at least as similar as those actually 

observed if the two values for each attribute were a random 

selection from all the values of that attribute recorded in the 

population. Since the more similar the OTU's are the smaller the 

probability, it would agree b etter w ith u sage of other 

resemblance functions to call these values dissimilarities (the 

one-complement is a measure of similarity). 

The program calculates these values f or every pair of 

OTU's within a specified subset, and making use of a 

subset of attributes, if either of these limitations is required. 

The input is as follows: 



A. From the input� 

1) A title is react in, consisting of up to 80 characters. This 

title is reproduced as a part of the output. 

2) The second reccird contains the input format of the data

matrix . 

3) The third record (free format) contains the following: 

a) The total number of OTU's in th� population. 

b)The number of attributes in each of six different

categories, which must be arranged in specified arder in

the data records, viz. 

1) number of binary attributes 

2) number of qualitative attributes taking more than two 

alternative values; 

3) number of ordered but non-quantitative attributes; 

4) number of quantitative attributes taking only small 

integer values; 

5) number of quantitative attributes of which the values 

are to be grouped for the analysis (the mean value for

the group is then used in place of the observed value 

for the O T U; this g r o u p ing can substantially 

reduce the computer time needed where the number of 

OTU's is large); 

6) number of quantitative attributes which are not to 

be grouped for the analysis. 

e) Number of OTU's to be used in similarity calculations; if 

this fiele! is zero the program calculates similarity 

listing tha data for all pairs of OTU's. 
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d) For attributes in categories 1 to 5, the program combines 

probabilities exactly before using the approximation 

(see Goodall, 1967). The size of the attribute group to be 

combined exactly is under control by the two parameters 

specified: 

dl) size of group for binary attributes (category 1); if 

this field is zero, the default value is 3; 

d2)size of group for attributes of categories 2-5; in this 

case the default value is 2. 

e) Number of OTU's in the subset for which similarities are 

requiredj the similarities calculated will, however, tal-ce 

into account the attribute values for all OTU's in the 

larger subset specified in (c) above. 

f) Size of subset of attributes to be used; if this field is 

zero, all attributes will be included. 

g) Switch to previde extra output if difficulty has arisen;

when this field is zero, there is no extra output. 

4) If 3c is positive, the list of OTU's to be included in the 

analysis is read in, in numerical order, in free fermat. 

5) If 3f is positive, a list of attributes to be included is read 

in
1 

in numerical arder and in free fermat. 

6) If 3b5 is positive, the number of groups into which the 

values of each of these variables are to be grouped for the 

analysis i s read in, in free fermat. 

7) If 3e is positive, a list of OTU's for which similarities are 

required is read in, again in numerical arder and in free

fermat. 



B. From a file previously prepared and designated as Tape 2, the 

data matrix is read in, row by row, each row representing one 

0TU and each column one attribute. The attributes must be in the 

arder specified by record 3 above. Negative values indicate that 

the attribute value is uncertain or undefined and consequently 

will be ignored. Data are in the integer for mat specified in (2) 

above. 

A simple example of input is shown below, with the results of the 

calculations. 

INPUT: 

From Input File: 

SIMIL WITH ARTIF 
(1014) 
10,2,2,1,2,1,2,0,o,o,o,o,o 

4 

� Tape �: 

1 o 3 1 2 2 5 325 23 389 
o o 2 -1 1 3 7 74 185 17 
1 o 3 1 3 1 5 284 58 423 
1 o 2 4 1 4 8 288 784 513 
o 1 3 2 2 2 7 215 -1 345 

-1 1 3 2 -1 6 81 168 58 
1 -1 5 3 3 1 2 524 384 68 
1 1 2 3 2 3 6 132 231 47 
1 o 4 1 4 6 1 15 482 183 

o 1 4 -1 5 4 183 108 249 

This data set is far ten OTU's, with ten attributes, of which two 

are binary, two qualitative with five and four alternative states 

respectively, one ordered with four states, two quantitative with 

values of eight or less, one quantitative to be grouped, and two 
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quantitative but not to be grouped. The last data card indicates 

that the values for the eighth attribute are to be divided into 

four groups. Zeros in the third data record after the seventh 

field indicate that all OTU's and attributes are to be used in 

the analysis. In the data on tape 2, 

values. 

OUTPUT 

-1 indicates missing 

Q!! tape 4 - the lower triangular dissimilarity matrix in format 
lOGlO.3. 

On printer: (next page) 



...... 

c.n 

SI"IL WITH ARTIF 

INl'UT PARA"ETEltS 

10 2 2 1 
INPUT HATltlX 

1 1 

z o 

3 1 

4 1 

5 o 

o 

o 

o 

o 

1 

6 o -1 
7 1 -1
8 1 1 

9 1 o 

10 o o 

z o 

3 1 2 z 

2 -1 1 3 
3 1 3 1 
2 4 1 4 
3 2 2 2 

1 3 2 -1 

5 3 3 1 
2 3 2 3 
4 1 4 6 

1 4 -1 ,

NUHBEl!S OF 6ROUPS FOR THE VARIABLES IN CATE60RY 5 

4 

SI"IL WITH ARTIF 

1 2 3 

1 , OOOOOOOOE+OO ,86570268E+OO ,67850Z95E-OZ 
z ,86570Z68E-OO +OOOOOOOOE+OO ,9Z054Z58E+OO 

3 ,6785029,E-02 ,9zo54z,ae+00 ,OOOOOOOOE +00 

4 ,59633139E+OO ,230620,4E+OO ,89778501E+OO 

5 ,10843111E-OO ,17129402E+OO ,240375,,E+OO 

6 ,68035081E+OO ,144107'4E-01 ,67596472E+OO 
7 • 701M4b4E+O0 ,88217158E+OO el99'7!S059E+GD 
8 ,69072090E-OO ,16225Z60E-01 • 74308149E+o0 
9 .9147875"tE+OO e6'9669569E+OO ,62282738E+OO 

10 ,47916312E+OO ,483737'00E+OO e30444352E+OO 
8 9 10 

1 ,69072090E+OO ,91478754E+OO e47916312E+OO 
2 ,162Z,Z60E-Ol ,69669569E+OO ,48373700E+OO 
3 , 74308149E+OO ,62282738E+OO .30444352E+OO 
4 ,63l03883E-OO ,97892063E+OO ,27404740E+OO 
, .208908.ft7E+OO .1181'9770'4E+OO , 46964638E +00 
6 ,16306386E-02 ,84171'75E+OO .Z9Z70385E-01 
7 ,34900453E+OO ,Z30,9891E+OO ,88277162E+OO 
8 ,OOOOOOOOE+OO ,81714516E+OO , 72446288E+OO 
9 ,81714516E+OO ,OOOOOOOOE+OO ,53842933E+OO 

10 , 72446288E+00 ,'3842933E+OO .ooooooooe +oo 

5 325 Z3 399 
7 74 185 17 
5 284 58 423 
8 288 784 '13 

7 215 -1 345 

6 81 168 58 
z ,24 384 68 

6 132 231 47 

1 1' 482 183 
4 183 108 Z49 

4 ' 6 7 
.59633139E+OO .10843111E+D0 .680B081E+00 • 70164464E+OC 

,Z306Z054E+OO .17129402E+OO .144107,•U-Ol .eezt 11,ee+oc 

,89778501E+OO .2o\037555E+00 .67,96472(+00 .1997,059E+Ot 

,OOOOOOOOE+OO .643288'10E+OO .«H!l423318E+00 .Q6U0741E+Of 

,643Z8880E+OO .ooooooooe+oo • 28481454E +00 .893157Z7E+0f 
e98423318E+00 .28481454E+OO • OOOOOOOOE +00 .1806Q 1 bOE+O< 
e96410l41E+OO .e9u,1zn+oo .19069160E+OO .00000000(+0( 

+63103883E+OO .20890847E+00 .1630638M-OZ .34CilO04'3E+O� 

+97892063E+OO • 1Hl79770.,E+OO • 84171575f' +00 .210,Q8!11E+O( 
.27.ft047.ftOE+OO .461164639E+OO .zqz1on,E-01 .i,e21116H+or 
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Program SIMILC 

Far treatment of quantitative data with a substantial number of 

zeros, an alternative program is provided which first calculates 

similarities treating the attributes as binary (zero or 

positive), then recalculates similarities using the observed 

values of the attribute where they are positive, but ignoring 

zero values (see Goodall & Feoli, 1987), and finally combines the 

two values. In this program, the third input record (3) is 

modified. The second field of this record contains the total 

number of attributes, the third corresponds with 3c for SIMIL, 

the fourth with 2dl, the fifth with 2e, the sixth with 2f and the 

seventh with 2g. 0therwise data from the input file are in the 

same form as for SIMIL. The fermat of data on tape 2 is specified 

by the second record; in this case, a real-number fermat is 

required. It should be noted that positive values less than 0.001 

will be read as zero. Negative values again indicate that 

information is lacking. 

An example of input data and the resulting output is given 

below: 

INPUT 

SIMILC WITH ARTIFICIAL DATA 
(8f6.2) 
12,8,10,4,4,7,0 
1,2,3,5,6,7,8,10,11,12 
2,3,4,5,6,7,8 
2,3,7,8 



3.54 7.83 12.05 -1. 83.22 4.2 o. 38.2 
8.91 14.77 89.31 11.91 -1. 13.88 32.64 o.

55.82 43.71 67.68 63.91 80.00 5.42 -1. 33.85 
42.17 10.5 28.53 18.72 51.29 15.23 6.23 44.66 

5.83 9.52 10.00 74.50 75.90 6.11 8.22 43.28 
53.30 35.00 12.00 43.51 23.58 30.82 51.83 20.11 
19.80 26.51 54.30 o. o. 6. 71 o. 3.88 
75.91 31.43 49.90 o. o. 7.92 o. 11.44 

2.41 9.93 -1. o. 77.31 5.80 o. 33.27 
20.55 32.88 60.00 o. o. 4.99 o. -1. 

6.81 o. 57.34 o. 3 .10 o. 2.30 8.51 
4.53 23.10 o. 4.38 -1. 33.87 20:00 5.00 

This data set is for twelve OTU's, with eight attributes. Only 10 

of the 12 OTU's and 7 of the 8 attributes are to be used in the 

calculations, and similarities are required only for a subset of 

four OTU's. Probabilities will be combined exactly for a group of 

four attributes, during the binary section of the calculations. 

The O TU ' s t o b e u s e d i n t h e e a 1 e u 1 a t i o n  s a r e  

1,2,3,5,6,7,8,10,11 and 12; similarity values are required far 

2,3,7 and 8. All attributes except 1 are to be used. 

OUTPUT 

Q.!:!. tape 4: - The lower triangular dissimilarity matrix in format 
lOGl0.3 

On printer: (next page) 
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(X) 

SI"ILC WITH ARTIFICIAL DATA 

INPUT PARA"ETERS 
12 8 lD • • 7 D 

FULL "ATRIX 
l i.,4000 7.83D00 12.&5000 -1.00000 83.22000 ... 20000 .00000 3e. 20000 

2 Bo9lOOO 1'077000 89031000 11.91000 -1 .00000 13.88000 32.U000 • 00000 
3 '5082000 0071000 67.88000 63.91000 eo.00000 5o'2D00 -1 .00000 B.e,ooo 
• '2017000 10050000 28.53000 18. 72000 ,1.29000 15.23000 6.23000 44.66000 

5 5083000 9052000 10000000 H.,0000 75090000 0.11000 s.22000 1t1.zeooo 

• 53030000 1,.00000 1z.ooooo .3.,1000 21.,eooo 30.82000 ,1.e1OO0 20.11000 

7 19.80000 26051000 ,.030000 000000 .00000 6. 71000 .00000 1.eeooo 

8 1'091000 n.,3000 49.90000 .00000 .00000 7.92000 .00000 11.44000 

9 2oUOOO 9093000 -loOOOOO oOOOOO 77.31000 ,.eoooo .00000 33.27000 

10 20o'5000 32088000 60000000 .00000 .00000 4.99000 .00000 -1.00000 

11 6081000 .0100:00 5703.000 .00000 3.10000 .00000 2.30000 e. 51000 
12 .053000 23.10000 .00000 •• 38000 -1.00000 33.87000 20.00000 '.00000 

LIST OF THE oru•s IHCLUDED IH THE AHALYSIS 
1 2 3 5 • 7 8 10 11 12 

LIST OF THE ATTRIBUTES IHCLUDED IH THE AHAL YSIS 
2 3 • 5 • 7 8 

lfDUCED "ATRIX 
1 7.83000 12oe5ooo -1000000 83.22000 4.20000 .00000 38.ZOOOO 
2 14.77000 89.31000 11091000 -1.00000 13088000 32.64000 .00000 

3 '3071000 67088000 63091000 e·o.00000 5 eo\2000 -1 .00000 :n.e,ooo 

5 9.,zooo 10.00000 ?o\.,0000 75.90000 •• 11000 e.22OOO .. ,.zeooo 

6 3'000000 12000000 0051000 21.,eooo 30.82000 51.83000 20.11000 
7 26051000 ,.,.30000 oOOOOO .O,l)OOO 6.71000 .00000 3.eeooo 
8 31.43000 "9.90000 .00000 .00000 1. cnooo • 00000 11.•HOOO 

10 32088000 60000000 000000 .00000 "·99000 .00000 -1 .00000 
11 o- 5703.000 000000 3010000 .00000 z. 30000 e. ,1000 
12 23010000 000000 •• 38000 -1000000 33.87000 zo.00000 ,.00000 

IINUY FOR" DF DATA 
LIST DF THE SUB-SET DF DTU'S REOUIRED 

3 7 8 
CHI-SOUARE, 3ol .. 29 lo21"2 lo2l,.2 3.,0,9, 3o•059• 11."1,11 

Def• 2 • 2 2 2 2 2 2 
QUANTITATIVE FOR" DF DATA 
CHI-SOUARE, 7o3'1G39 'o90�65 ,.12886 10.29628 1000101 31. 39271 
o.,. 2 • 6 ' 5 6 6 6 

SI"ILC W!TH ARTlFICUL DATA 
2 3 

2 oOOOOOOOOE+oO o83'3238'E-OOO e82320908E+OO .eez°'o,6U+oo 
J .U'32JUE+OO oOOOOOOOOE-000 o58998,.6E•OO .,1e2ou1E+oo 
7 o8Z320908!-00 o589985'6E+o0 oOOOOOOOOE•00 ol 7157211E-02 
8 o882'1G,6JE•OO .57820381E+o0 o171'7ZllE-02 .ooooooooE+oo 



Modification of dimen9ions in SIMIL � � 

The man y dimensio ned arrays in the progra m s  constitute 

constraints in their use and will often need to be modified to 

fit the requirements of different systems and for different data 

sets. As provided, the programs allow the inclusion of 100 

OTU's and 130 attributes. The probabilities for different 

attributes may be combined in groups up to 5 (see input record 

2d), and attributes of types 2 to 5 may each take up to 10 

different values. If these figures are inadequate changes i n  

dimensions should b e  made as follows, where A indicates the 

number of OTU's, B the total number of attributes, C the maximum 

size of the probability group (default = 5) and D (SIMIL only) 

the maximum number of alternative values (default = 10) for 

attributes in group s 2 to 5 (under input 2b: see page 11). 

A(B) 
MIND( 3 ,C) 
PROB(A*A/2) 

L(A,B) 
NAAA(A) 
MNNN(A*A/2) 

LATT(B) 
NS(D+l,C) 
MAM(3,B) 

LFULL(B) 
NT(D+l ,ç) 

LIS2(A) 
PR(A) 

These dimensions must be changed both in the main program and 

in subroutines. I n  the subroutine FRACT ( for SIMIL), two other 

arrays may need to be· re-dimensioned: 

LIS (B) M(A,2) 

For the program SIMILC a further array needs to be dimensioned -

that is, AFULL(A,B). 
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2) Affinity 

Program AFFIN 

The affinity index (Goodall, 1968) is the probability that a 

particular OTU in a set would have attribute values as close to 

those of a specified subset, if its values were a random sample 

of those not in the subset. Low values represent a close affinity 

of the individual with the subset. 

The program calculates these values for all OTU's not in the 

subset_. If desired, consideration can be limited to a subset of 

OTU's and/or a subset of attributes. 

The input is as follows: 

A. ��input .!2:l!:.= 

1) A title is read in, consisting of up to 80 characters. This is 

reproduced in the output.

2) The second record contains the input format of the data

matrix. 

3) The third record, in free format, contains the following: 

a) The total number of OTU's in the population 

b) The num ber of OTU's in the reference sub-set, affinities 

wi th which are to be calculated far the other OTU's. 

c) The total number of attributes in each of five different

categories, which must be arranged in a specified 

arder in the data records, viz. 

1) number of binary attributes; 

2) number of qualitative attributes taking more than two

alternative values; 

3) number of ordered but non-quantitative attributes; 

4) number of quantitative attributes taking only small



integer values; 

5) number of quan·tit ative a ttributes with out the

restriction in 4). 

d) Number of OTU's (including the subset to be specified) to

be used in the affinity calculations. 

e )  For attributes in categories 1 to 4, the program combines 

probabilities exactly before using the approximation; 

the size of the attribute groups to be combined exactly 

is under contro! by the following two parameters: 

1) size of group for binary attributes; if this field is 

zero, a default value of 4 is used; 

2) size of group for attributes of categ ories 2 - 4 (in

3a above); in this case the default value is 2.

f) Size of subset of attributes to  be used; if this field is

zero, all attributes will be used. 

g) Switch t o  previde extra output if difficulty has arisen;

if this field is zero, there is no extra output. 

4) A list of OTU's in the reference subset, in numerica! 

order and free format. 

5) If 3f above is positive, a list of attributes to be taken into 

account is read in, in numerica! arder and in free fermat. 

6) If 3d ab ove is p ositive, a list of OTU's (includ ing the 

reference subset) to be taken into account is read in, in

numerica! arder and in free fermat. 

B. From a file previously prepared and designated as tape 2, the 

data matrix is read in, row by row, each row representing one 

OTU and each column one attribute. The attributes must be in the 
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order specified. by record 3 abòve. Negative values indicate that 

the attribute value is unknown or undefined for that OTU, and 1s 

to be ignored. Data are in the integer fermat specified in (2) 

above. 

A simple example of input is shown below, with the results of the 

calculations. 

INPUT 

!E.2!!l 

!E.2!!l 

input�: 

tape 3.:

TEST DATA FOR AFFIN 
(1014) 
10,2,2,2,1,2,3,0,0,0,0 

6,8 

1 o 3 1 2 2 
o o 2 -1 1 3 

o 3 1 3 1 
1 o 2 4 1 4 
o 1 3 2 2 2 
o -1 1 3 2 -1
1 -1 5 3 3 1 
1 1 2 3 2 3 

o 4 1 4 6 
o o 1 4 -1 5 

5 325 23 389 
7 74 185 17 
5 284 58 423 
8 288 784 513 
7 215 -1 345 
6 81 168 58 
2 524 384 68 
6 132 231 47 
1 15 482 183 
4 183 108 249 

This data set is for ten OTU's, with ten attributes, of which two 

are binary, two qualitative with five and four alternative states 

respectively, one ordered with four states, two quantitative with 

values of eight or less, and three q uantitative with larger 

values, The reference s ubset is of two OTU's, namely numbers 6 

and 8. 

OUTPUT 

2.!_l printer: (next page) 



Tl!ST DATA FOl AFFIH 
lltPUT PARAHETERS 

lG 2 2 Z l 

LlST OF OTU'S IH THE SUB-SET 
6 e 

COHPLETE HATRIX 
l 
2 
3 

• 

' 

6 

7 

8 

9 
10 

l 

o 

l 
l 

o 

o 

l 

l 

l 

o 

TEST DATA FOR AFFIH 
SUB-SET CONSISTS OF 

6 a 

o 3 
o 2 
o 3 

o 2 

l 3 

-1 l 

-1 ' 

l 2 

o •

o l 

l 2 2 
-1 l 3 

l 3 l 

• l • 

2 2 2 
3 2 -l 

3 3 l 

3 2 3 

l • • 

• -1 ' 

P0PIIUTIOII IltCLUDED IH CALCULATIONS CONSISTS OF 
l Z 3 • 5 6 7 8 9 10 

lHOlYIDUAL DlSSIHILARlTY FROH SUB-SET 

1 .tiil79,096E•00 
2 .6.591870E-02 

3 • 7720Tl05E+OO 
• .9<1oo l••e -oc 

5 o219792TOE+OO 
7 .37697396E.OO 
9 .92Z71902E<GO 

10 .399,oe,e.ao 

' n, 23 ••• 

7 7' 10, 17 

' ze, 50 ,z, 

o 206 10, 513 

1 215 -1 3'5 

6 81 16" ,o 

2 52• 30• 60 

132 231 ., 

1' ..2 , .. 

103 108 H• 
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Program AFFINC 

For treatment of quantitative data with a substantial number of 

zeros, an alternative program is provi ded, corresponding wi th 

SIMILC above, which first calculates affinities treating the 

attributes as binary (zero or p o sitive), then recalculates 

affinities using positive values of the attribute, but ignoring 

zero values (see Goodall & Feoli, 1987), and finally combines 

the two values. In this program, the third input record (3) is 

modified. The third field of this record contains the total 

number of attributes, the fourth corresponds with 3d of AFFIN, 

the fifth with 3e, the sixth with 3f and the seventh with 3g. 

0therwise, data from the input file follow the same pattern as 

far AFFIN. The fermat of data on tape 2 is specified by the 

second record. It should be noted that values less than 0.001 

will be treated as zero. Negative values again indicate that 

information is lacking. 

A simple example of input is shown below , with the results of 

the calculations. 

INPUT 

TEST DATA F0R AFFINC 
(8F6.2) 
12,2,8,8,0,0,6,0 
8,9 
1,2,5,6,7,8 
1,3,5,7,8,9,10,11 



From Tape 3.: 

3.54 7.83 12.05 -1. 83.22 4.2 o. 38.2 
8.91 14. 77 89.31 11.91 -1. 13.88 32.64 o. 

55.82 43.71 67.68 63:91 80.00 5.42 -1. 33.85 
42.17 10.5 28.53 18. 72 51.29 15.23 6.23 44.66 

5.83 9.52 10.00 74.50 75.90 6.11 8.22 43.28 
53.30 35.00 12.00 43.51 23.58 30.82 51.83 20.11 
19.80 26.51 54.30 o. o. 6. 71 o. 3.88 
75.91 31.43 49.90 o. o. 7.92 o. 11.44 

2.41 9.93 -1. o. 77.31 5.80 o. 33.27 
20.55 32.88 60.00 o. o. 4.99 o. -1. 

6.81 o. 57.34 o. 3.10 o. 2.30 8.51 
4.53 23.10 o. 4.38 -1. 33.87 20.00 5.00 

Of the twelve OTU' s in this data set, numbers 1,3,5,7,8,9,10 

and 11 are to be included in the calculations, the references set 

consisting of numbers 8 and 9. Attributes 3 and 4 are to be 

ignored. 

OUTPUT 

25 



TEST DATA FOR AFFINC 
LIST OF OTU• S IN THE sua-SET 

lZ z 8 o o o o o 

COMPLETE HATRIX 

26 

l 3.,4000 7.83000 12.e,000 -1.00000 
z 1.91000 H,77000 89.31000 U.91000 
3 ,,.,2000 0.11000 b7.eeooo Uo91000 
• ,z.11000 10.,0000 za.,,ooo 11.1-
, ,.eJOOO ,.,zooo 10.00000 74.50000 
6 53.30000 1,.oeooo 12.00000 0.51000 
7 19.10000 26.51000 ,,.,0000 ,00000 
8 75.91000 n.uooo �9--0 .00000 
9 2.uooo 9.93000 -1.00000 .00000 

10 20.,,000 32.88000 bG.00800 .00000 
11 ,.11080 .00000 57.34000 .00000 
12 •. ,3000 Zl.10000 .00000 •• ,1000 

LIST OF ATTRIBUTES INCLUIIED IN THE ANALYSIS 
1 2 , b 7 8 

LIST OF OTU' S INCLUDE O IN THf ANAL YSIS 
1 3 5 7 8 9 10 11 

81 NARY FDAM DF DATA 
REDIICED HATRIX 

1 1 1 1 1 o 1 
3 1 l l 1 -1000 1 
' 1 l 1 1 l l 

7 1 1 o l o l 
8 l 1 o 1 o 1 
9 1 l 1 l o l 

10 1 l o 1 O -1000 
11 l o 1 o 1 l 

CHI-SOUARED ,.1-· 2, 72929 .61712 3. 75094 
o.F. 2 • l 1 l 1 

QUANTITATIVE FOAH OF DATA 
HDIICSD HATAIX 

l 
3 
' 

7 

35�0 7UO UZl 9 �199 -1 38200 
5ffl9 0710 60000 5419 -1000 33849 

,no 9'19 7'900 1>l10 eaao ozeo 
19799 26510 -1 6710 -1 3879 

8 
9 

7'9C)q Jl"29 -1 7919 -1 u,,o 

10 
11 

CHI-SQVAREO 
Defe Z • 

z,10 9930 11310 ,aoo -1 uno 
20,�9 uaao -1 ,990 -1 -1000 

6810 -1 3099 -1 2300 1'10 
7.Zl606 17,1.632 llo0?661 l6o673JZ 

6 6 6 5 

TEST DATA POR AFFINC 
we-,n COHS ISTS Of 

8 9 

•DPIIUTION IN(LUOED IN CALCUUTIDMS Cl*SISTS OF 
1 3 5 7 e 9 10 11 

INDIVIOOU 
l 
3 

, 

7 

10 
11 

DISSIMILAlITY f- sue-su 
elo\ltGllO,E+oo 
.lo\',l 1,,z&+eo 
,S22)UUt+OO 
.8191Z'6:Mi-Ol 
• 36qe� l02E+I0 
.t!7331531E+OO 

• o 

83.22000 ,.zoooo 
-1.00000 1,.eeooo 

eo.oooeo ,.42000 

n.29000 1,.21000 

1,.,0000 ,.11000 

23,51000 30.ezooo

.00000 6.71000 

.00000 7,92000 
11.nooo ,.10000 

.00000 •• ,,ooo 

3.10000 .00000 

-1.00000 33,87000 

.00000 .00000 

o o 

.00000 .00000 

.00000 
JZ.64000 
-1.00000 

t..21000 

1.12000 

,1.11100 

.00000 

.00000 

.00000 

.00000 
2.10000 

20.00000 

,.1,.,,. 

l 

•• ,,10 
• 

u.zoooo 

,00000 
,,.a,ooo 

...... ,000 

4J.ZIOOO 

za.11000 

,.11000 

11.,.,.000 

n.nooo 
-1.00000 

,.uooo 
5,00000 

,01115 



Modification 2f dimensions l!:! !!.llQi .!!!!,!/ f:FFJNC. 

The many dimensioned arrays in the programs constitute 

constraints in their use and will often need to be modified, to 

meet the limits of different systems and for different data sets. 

As provided, the programs allow the inclusion of 100 0TU's and 

130 attributes. The probabilities for different attributes may be 

combined in groups of up to 5 (see input 2e2) and attributes of 

types 2 to 4 may each take up to 10 different values. If these 

figures are inadeguate, changes in dimension should be made as 

follows, where A is the number of 0TU's, B the total number of 

attributes, C the maximuM size of the probability group (default 

=5) and D the maximum number of alternative values for attributes 

in categories 2-4 (for AFFIN) (default = 10): 

L(A,B) 
A(B) 
MAM(2,B) 
MAN(2,B) 

NAAA(B) 
LATT(B) 
NS(D,C) 

For the program 

AFULL (A,B) 

LISSET(B) 
LISSUB(B) 
AVT(A) 

PR0B(A) 
l'tNN(A) 

AFFINC a further array needs to be dimensioned: 
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3) Deviant index 

Program DEVIAN 

The deviant index (Goodall, 1966b) represents the probability 

that a ny particular OTU would depart from the norm of the 

population as far as it does, if the attribute values it shows 

were a random sample of those in the population. Low values 

indicate that the OTU is very different from the population norm. 

The program calculates this value for each OTU, limiting 

consideration to a subset of OTU's and/or a subset of attributes 

if so required. 

The input is as follows: 

A. � � input �: 

1) A title is read, consisting of up to 80 characters. This

will be reproduced in the output. 

2) The second record contains the input format of the data

matrix. 

3) The third record, in free format, contains the following: 

a) The total number of OTU's in the population. 

b) The total number of attributes in each of five different

categories, as for AFFIN. 

c) The number of OTU's to be included in the a nalysis. If

this field is zero, all OTU's will be included. 

d) The number of attributes to be included in the analysis. 

If it is zero all the attributes will be included. 

e) For attributes in categories 1 - 4, the program combines 

attributes exactly before using the approximation; the

size of the attribute groups to be combined exactly is

under control by the two following parameters: 



1) size of group for binary attributes; if this field is 

zero, the default value of 4 is used;

2) size of group for attributes in categories 2 to 4; if 

this field is zero, .·the default value of 2 is used. 

f) The number of OTU' s for which deviant indices are

required; 

g) A switch to be set positive for additional information, 

4) If 3f above is positive, a list of OTU's for which deviant

indices are required is read in, in free fermat. 

5) If 3d above is positive, a list of attributes to be 

included in the analysis is read in, in free fermat. 

6) If 3c a bove is p osit ive, a l ist of the OTU's to be 

included in the analysis is read in , in free fermat. 

B. From a file previously prepared and designated as Tape 2, the 

data matrix is read in, row by row, each row representing one 

OTU and each column one attribute. The attributes must be in the 

order specified by record 3 above. Negative values indicate that 

the attribute value is unknown or undefined for that OTU, and is 

to be ignored. Data are in the integer fermat specified in (2) 

above. 

An example of input is shown below, w ith the results of the 

calculations. 
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INPUT 

From Tape �: 

1 
o 

1 
1 
o 

o 

1 
1 
1 

o 

o 

o 

o 

o 

1 
-1 
-1

1 
o 

o 

TEST DATA F0R DEVIAN 
(1014) 
10,2,2,1,2,3,8,8,0,0,4,0 
4,5,7,8 

2,3,4,5,6,7,8,9 

2,3,4,5,6,7,8,9 

3 1 2 2 5 325 23 389 
2 -1 1 3 7 74 185 17 
3 1 3 1 5 284 58 423 
2 4 1 4 8 28B 784 513 
3 2 2 2 7 215 -1 345 
1 3 2 -1 6 81 168 58 
5 3 3 1 2 524 384 68 
2 3 2 3 6 132 231 47 
4 1 4 6 1 15 482 183 
1 4 -1 5 4 183 108 249 

The data are for ten 0TU's and ten attrib utes, of which two are 

binary, two qualitative with up to 5 values, one ordered with 

four al te rnati ve values, two quantitative wi th values not 

exceeding 7 and three unlimited quantitative attributes. Deviant 

indices are required for 0TU's 4,5,7 and 8, and all 0TU's except 

number 1 and 10 are to be taken into account. Attributes 1 and 10 

are to be ignored. 

OUTPUT 

.Q!:. printe r: (next page) 



TEST DATA FOO DtVUH 

INPUT , •• AH(TERS 

10 2 2 u • 

LIST OF THE OTU1 S FUR WHlClt DCVI AHT ltlDIC(S ARE REOUIRED 

• ' 7 e 

LIST OF TH!c ATTRIBUHS IHCLUOEO IH THE AHALYSIS 

t 3 • ' • 7 • 9 

LIST DF THE oru• s IIICLUOEO m Ttt[ AHAL TSI S 

z 3 • 5 b 7 • q 

IMPUT NATRIX 

1 1 o 3 l z z ' 325 Z3 319 

z o o 2 -1 1 3 7 7• 115 17 

3 1 o 3 1 3 1 5 2e, 59 '23 

• 1 o 2 • 1 • • 2U n• 513 

5 o 1 3 2 2 2 7 215 -1 30 

b o -1 1 3 2 -1 b n 160 ,. 

7 1 -1 5 3 3 1 z 52' , .. •• 

• 1 1 2 3 2 3 • nz zn H 

9 1 o • 1 • • 1 15 oz 18' 

10 o o 1 • -1 5 • lU 109 2'9 

HOUCEO HATRIX 

z o 2 -1 1 3 7 1• 185 

3 o 3 1 3 1 5 21• 59 

• o 2 • 1 • 8 zu 7•• 

' 1 3 2 z z 7 Zl5 -1 

6 -1 1 3 z -1 6 91 168 

7 -1 5 3 3 1 z 52' H• 

• 1 2 3 2 3 6 132 231 

9 o • 1 • 6 1 15 oz

OEVUHT INOICES 

INOIVID\J,\L INOEX 

• .135336.6[+00 

5 .37135Je'ti•IG 

7 .2--.00 

B .978ZZH'tE+N 

3ì 
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Prograrn DEVIANC 

Far treatment of quantitative data with a substantial number of 

zeros, an alternative program is provided, corresponding with 

SIMILC and AFFINC above, which first calculates deviant indexes 

treating the attributes as binary (zero or positive), then 

recalculates deviant indexes using positive values of attributes, 

but ignoring zero values (see Goodall & Feoli, 1987), and finally 

combines the two values. In this program the third input 

record (3) is modified. The third field of thi• record contains 

the total number of attributes and the next four fields far 

DEVIAN are deleted, 0therwise, data from the input file follow 

the same pattern as for DEVIAN. The fermat of data on Tape 2 is 

specified by the second record. It should be noted that values 

less than 0,001 will be treated as zero. Negative values again 

indicate that information is lacking. 

A simple example of input is shown below, with the results of the 

calculations. 

INPUT 

TEST DATA F0R DEVIANC 
(8f6.2) 
12,8,10,7,4,0,4,0 

2,3,7,8 
2,3,4,5,6,7,8 
1,2,3,5,6,7,8,9,11,12 



� Tape �: 

3.54 
8.91 

55.82 
42.17 

5.83 
53.30 
19.80 
75.91 

2.41 
20.55 

6.81 
4.53 

7.83 
14.77 
43.71 
10.5 

9.52 
35.00 
26.51 
31.43 

9.93 
32.88 
o. 

23.10 

12.05 -1. 
89.31 11.91 
67.68 63.91 
28.53 18.72 
10.00 74.50 
12.00 43.51 
54.30 o.

49.90 o.

-1. o. 

60.00 o.

57.34 o.

o. 4.38 

83.22 4.2 o. 38.2 
-1. 13.88 32.64 o.

80.00 5.42 -1. 33.85 
51.29 15.23 6.23 44.66 
75.90 6.11 8.22 43.28 
23.58 30.82 51.83 20.11 
o. 6.71 o. 3.88 
o. 7.92 o. 11.44 

77.31 5.80 o. 33.27 
o. 4.99 o. -1. 
3.10 o. 2.30 8.51 

-1. 33.87 20.00 5.00 

Data cover twelve 0TU's and eight attributes. Deviant indices are 

required for 0TU's 2,3,7 and 8, but all except 4 and 10 are to be 

taken into account. The first attribute is to be ignored. 

OUTPUT 

2J:! printer: (next page) 
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TEST DATA FOR DEVUIIC 
INPUT PARANETERS 

12 O 10 7 O 

LIST OF THE OTU• S FOR WHICH OEVIAHT IIIOICES ARE 
2 ] 7 8 

LIST OF THE ATTR!BUTES IHCLUOEO Itl THE AHALYS!S 
2 ] • 5 o 7 •

LIST OF THE oru• s !IICLUDED lii TH[ AtlALYSlS 

l 2 3 5 o 7 • 9 11 

INPUT NATRIX 

l 35'0 7830 12850 -1000 til2l9 '199 

RE0UIRED 

12 

O 3CZOO 

2 0910 1,109 89310 11910 -1000 13880 120,0 o 

] 

• 

5 
6 

7 
o 

9 

10 

ll 

12 

REDUCED 

l 

2 
3 

5 

6 

7 

o 

9 

11 
12 

55019 '3710 O 7680 63910 80000 5-\19 -lilOO .,b.� 

•2170 10500 26530 18720 51290 15230 6219 't4660 
5030 9519 10000 7'500 75900 6110 e:zo 02eo 

53300 35000 12000 •3510 23580 30120 '1829 20110 
19799 26510 , ... 100 o o 6710 
75909 ll•29 •9900 o o 7919 

2'10 9930 -1000 O 77318 5800 
205'9 lZ860 60000 o o •990 

6810 O 57339 o 3099 o 

'530 23100 o 't380 -1000 33669 

"ATRI X 

7030 12850 -1000 83219 
l't769 89310 11910 -1000 

•3710 67610 63910 00000 
9'19 10000 7'500 75900 

35000 12000 ,1,10 23560 
20510 5'300 O O 
3l•Z<I •9900 O O 

9930 -1000 O 77310 
O 57339 O 3099 

2noo o ,180 -1000 

'tl99 O 
13880 326'\0 

5'19 -1000 
0110 1220 

30820 51629 
6710 O 

7919 O 
5800 O 

O 2300 
33869 20000 

o 3879 
o 11-.0 

O 33270 
O -1000 

2300 

20000 

38ZUO 

o 

338-\9 
,3200 
20110 

3879 
lH•o 
33270 

8510 

5000 

8510 

5000 



DATA IN QUANTITATIVE FllltN 

l 7130 12850 -1 83Zl9 U99 -1 38ZOO 
z H709 19310 11910 -l 13880 no•o -1 
3 '3710 07880 03910 80UOO 5'tl9 -1 338<1,Q 
' 9519 10000 7..,500 1,qoo bllO ezzo <\3Zeo 
o 35000 lZOOO .,3510 23580 30820 51829 20110 
7 zo510 ,.300 -1 -1 0710 -1 3879 
8 3HZ9 •woo -1 -l 7ca9 -1 11 .. ..,0 
9 9930 -1 -1 77310 5800 -l 33270 

11 -1 57339 -1 3099 -1 2300 8510 
lZ 23100 -1 4,380 -1 33869 20000 5000 

CH IS .00000 9.0't7l6 12.23782 .00000 .00000 5 .05806 1.e,0,1 .00000 
NNH 1S o • o o • • 0 

OAT A lH BIHARY FOR.t1 

l l l l l o 

z l l o l l 
3 l l l l o 

' l l l l l l 
o l l l l l l 
7 l l o o l o 

8 l l o o l o 

• l o o l l o 

11 o l o l 0 l 

lZ o o 

CH IS .00000 23.39887 2b.676't5 .oaooo .00000 1"1.36313 7 .9 ... 806 .00000 

NNH 1S 0 12 H 0 0 10 10 o 

OEVlAHT lNDICES 

IHDIVIDUAL ruoex 

.'99636572€ +00 

.53591"03E+OO 

.Blltil 7 .. JE+OO 

.992.?0581E+OO 
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Modification of dimensions in DEVIAN � � 

The many dimens ioned ar rays in the pr ogra m s  c o n s titute 

constraints in their use and will often need to be modified, to 

meet the limits of different systems, or different data sets. As 

provided, the programs allow one to include 100 0TU's and 130 

attributes. If these figures are inadequate, changes- in dimension 

should be made as follows, where A is the number of 0TU's, B the 

total number of attributes, C is the total of the attributes in 

categories (1), (2),. (3), and (4) and E is the maximum number of 

alternative values in categories (2)-(4) (for DEVIAN): 

L(A,B) 
MAM(2,B) 
NS(E,10) 
IZ(A) 

PR(A) 
MAN(2,B) 
NT(E,10) 
LQ(B) 

NR(B) 
MA0(E,C) 
AVT(B) 
LIS0TU(A) 

A(B) 
MAP(E,C) 
LTT(B) 



Program TAXON 

This program differs from the others in that not only does it 

determine the probability of a particular set of attribute 

values, but it then proceeds to modify the data set in the light 

of that information. It also uses only binary attributes, and has 

no provision for missing values. The procedure was described by 

Goodall ( 1969). 

Given a set of OTU's with a number of binary attributes, the 

program proceeds to calculate, for each of the OTU's, the 

probability that the observed number of less common attributes 

(or any greater number) will be found together in any one OTU. If 

this probability falls below a selected protection level, the OTU 

is treated as an outlier, and the tests are repeated on the 

remaining OTU's. Successive outliers are discarded until none of 

the remaining OTU's has a sufficient concentration of uncommon 

attributes to justify its rejection. 

The input is as follows: 

A. !!:.2.!!! �input.!:.!.!!,: 

1. A title is read in, consisting of up to BO characters. This

will be reproduced at the head of the output. 

2. The significance or protection level desired (in free

format).

3.  The third record, in free format, contains the following: 

a) The total number of binary attributes recorded. 

b) The total number of OTU's in the population. 

e) The number of OTU's to be ignored, if any. 

d) The maximum number of OTU's in which an attribute taken 
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into account may occur ( i.e. the limi t for "less common" 

in the description above). If this field is zero, the 

default value is half the total population. 

e) A code for extra output. If this field is zero, output

will be minimal ;  if positive, detailed output will be

given; if it is negative, output will be at an

intermediate level. 

4. If 3c is positive, a list of the OTU's to be ignored,in free 

format, follows. 

B. From a file previously prepared and designated as tape7, the 

data are read in, attribute by attribute, in free format • Each 

successive attribute is indicated by a negative number (i.e. the 

number of the attribute, preceded by a minus sign), followed by a 

series of positive numbers specifying the OTU's in which that 

attribute occurs. The list is concluded by a large negative 

number (e.g. -9999). 

A short program TAXP is provided to convert a file in the input 

form required by SIMILC, AFFINC and DEVIANC designated as tape2, 

into that required by TAXON. Its output (on Tape 7) should be 

saved as a permanent f1le unless 1 t is to be used immediately by 

TAXON'. 

A simple example of input and output for TAXON follows: 

INPUT 

TEST DATA FOR TAXON 
.05 
20.12,0,0,0 



!!:2!!! tape?: 

-1 1 2 3 4 5 6 7 8 9 10 11 -2 1 3 4 5 7 8 9 
11 12 -3 1 3 4 5 6 7 8 10 -4 1 2 3 4 6 8 9 10 
-5 3 4 6 11 -6 1 2 4 6 1� -7 2 3 4 6 12 -8 2 
5 8 9 -9 9 10 11 12 -10 9 -11 9 -12 9 -13 8 11 -14 8 11
-15 8 11 -16 12 -17 12 -18 12 -19 12 -20 12 -99 O O O O O O 

OUTPUT 

_2!! printer: 

TEST DATA FOR TAXOl4 

Sl&NIFICANCE LIMIT' 
.,oooooooE-01 

INl'UT l'ARAMETEPS 
ZO lZ O O O 

REMOVE NO. 12, C ftI SQUAR:E • 
PROBA8lllTY oH8136,1'E�Z, 

IIENOVE HOS. 8 AND ll 

PROBABILITY • o33Z0,,83E-c>3 

RENOVE NOo 9, C ftl $QUARE • 
PROBA!ILITY • .3,.833311E-,lZ, 

Z5olZ"e 
REQUIRED LEVEL • 

ZZo9088 
REQUIRED LEVEL • 

THE REMAINING SANPLES FORM A HO"OGENEOUS GROUP 
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Modification of dimension in� 

If the number of OTU's or of attributes exceeds 100, changes may 

need to be m a de in the d i m ensions of s o m e  arrays. The 

requirements are as follows
t where A is the number of OTU's, B 

the number of attributes and C the number of non-zero records: 

CH(A) 
IREC(A) 
L(C+A+l) 
LENG(A/2) 

LISTl(A/2,B) * 
LIST2(A/2 ,B) * 
NA(A/2) 

NB(A/2) 
NR(B) 
NU(B) 

NV(B,5) 
N2(A*(A-1)/2,3) * 
N3(A*(A-1)/2,B) * 

* Only in very exceptional data sets will these dimensions be 

required in full. In the programs as provided, more realistic 

dimensions are used for these arrays. 

Programs availability 

All the programs of this manual are also available in the 

FORTRAN 77 v_ersion and run on any persona! computer with MS-DOS 

system. In these versions the inputs to the programs are changed 

only in that the names of the input and output matrices are 

provided as input, in response to a message on the screen. 

Far each converted program are given the inputs and the ou1;puts 

in the Appendix. 

The diskette containing the programs is available and it can be 

required from the authors E. Feoli and P.Ganis - Dipartimento di 

Biologia - Sezione Elaborazione Dati ed Ecologia Quantitativa -

via Valerio 30 - 34100 Trieste - Italia. 

There is no charge far the programs, but it is necessary to send 

to the authors one diskette to copy the source programs. The 

postal cast will be charges forward. The photocopies of Goodall's 

papers concerning the methods will be also enclosed . 
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APPENDIX 

C)si'•il 
titl• 

TEST DATA FO!l Slftll 
TEST DATA FOR S!flll 

ltfPUT DATA ltATRIX ,_ 
tabgod 

DISSlftllARITV ltATRIX ...., <IOGI0.31 
hbsoa 

l!IPUT FOffflAT Cint•gerl 
(10i51 
HIPUT PARAIETERS C , .. Nnual I 

10 ,2, 2, 1,2, 1,2,0,0, O, O ,0,0 
10 2 

o 

INPUT ltATRIX 

-1 

-1 

IO 

-I 

3 

3 

1 

2 

-I 

-1 4 

HUlll'.ERS OF GROUPS FOR TffE IJAIUAB!.ES I� CATE�, 5 

TEST DATA FOR Slftll 

,08000DOOE+OO ,B6570270E+OO • 67B5034DE-02 
, 86570270E+OO .OOOOOOOOE+OO • 92054260E+OO 
. 67850340E-02 , 9205426DE +OD , OOOOOODDE +DO 
• 59633150[+00 ,23062050E+OO .B977B500E+OO 
• 1DB43110E+OO , 1712940DE+OO , 2403755DE +DO 
, 680350BOE +OD , 14410760[-01 , 67596470[+00 
, 70164460[+00 ,BB217160E+OO ,199750611[+00 
, 69072090E+OO .16225260[-01 , 7430B1511E +OD 
,91478760E+OO .696695BIIE+IJO • 622B274DE+OO 

IO .47916320E+OO .4Bl73700E+IJO , 30444350[+00 
8 9 10 

, 69072090[ +DO • 9147B7611E+OO , 47916320E+OD 
, 162252611E-01 .• 69669580[ +DO , 4837l700E+IIO 
, 7430B150E+OO • 622B2740E+OO • 30444350E +DO 
, 63103B9DE+OO , 97892060E+OO • 27404 7411[+()() 
,20B90850E+IJO .9B7977DIIE+OO ,469646511E+OO 
, 16306390E-02 ,841715BIIE+IJO • 29270390E-OI 
.34900450E+OO ,23059B9DE+OO . B8277160E+OO 

8 , OOOOOOOOE +DO .81714520E+OO , 724462911[ +00 
9 ,81714520[+00 , OOOOOIIOOE +DO , 53842940E +DO 

ID , 72446290E+OO , 538429411[+00 . OOOOOOOOE+OO 
Stop - Progn1 ter1inated. 

325 23 389 

74 1B5 17 
294 5B 423 
29B 784 513 
211 -1 345 
BI 168 lii! 

524 384 68 

132 231 47 
15 4B2 183 

1113 108 249 

7 
.596331511E+OO , 108431!0E+DO ,6B03IOBIE+DO . 70!64461E+OO 

, 23062D511E +DO .17129400E+DO .14410760E-Ol . IIB217160E +00 

• 8977850DE +DO , 24037550[+00 ,67596470E+DO , 19'175060E+OO 

, OOOOOIIOOE +DO , 6432B890E+OO , 99423320E+OO , 964107�+00 
.64328B9DE+OO , OOOOOOOCE+DO , 28481450E+OO ,89315720E+oo 

. 99423320E+OO ,294B1450E+OO , OOOOOOOOE +00 , 18069160E+OO 

, 964107411[ +00 .89315720E+OO .1B069160E+OO , ooocmn: +oo 

, 631038911E +OD • 20890850[ +00 , 16306390E-il2 .34�50E+OO 

, 97892060E+OO , 98797700E+OO ,841n180E+OO • 23059890E+OO 
, 274047411E+OO ,46964650E+IJO , 29270:WOC-OI . 118277160E+IIO 
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C)siailç 
TITLE 

TEST IMITA FOR S1"ILC 
INPUT DATA IIATRIX naH 

tabgdl 
DISS1"ILARITV IIATRIX naae UOGIO, 31 

tabsoa 
INPUT FORNAI 
(816,21 

INPUT PARAltETERS 
12,8,10,4,4,7,0 

12 10 

FULL IIATRIX 
3.14000 
8,91000 

11,82000 
42, 17000 
5,83000 

53,30000 
19,80000 
71, 91000 
1.41000 

IO 20, 55000 
11 6,81000 
12 4.13000 

7 .83000 12,01000 
14.77000 89 ,31000 
43.71000 67 ,68000 
10, 50000 28, 53000 
9, 52000 10,00000 

35,00000 12,00000 
16, 11000 14 ,30000 
31.43000 49 ,90000 
9,93000 -1.00000 

32,88000 60,00000 
.00000 57,34000 

23, 10000 ,00000 

-1.00000 
11. 91000 
63, 91000 
18, 72000 
74, IOOOO 
43, 51000 

,00000 
,00000 
,00000 
,00000 
,00000 

4,38000 

LISI Of THE OTU'S INCLUOED IN THE ANALVSIS 
1,2, 3, I, 6, 7, 8, IO, 11, 12 

83,22000 
-1.00000 
80,00000 
51.29000 
71, 90000 
23.18000 

,00000 
.00000 

77 ,31000 
,00000 

3.10000 
-1.00000 

10 11 12 

LISI Of THE ATTRIBUTES IHCLUOED IN THE AHALVSIS 

1,3,4,1,6,7,8 
3 4 

4,20000 ,00000 38",20000 
13,88000 32,64000 ,00000 
5.42000 -1.00000 33,85000 

15,23000 6,23000 44,66000 
6.11000 8.12000 ,43 ,28000 

30,82000 11.83000 20.11000 
6, 71000 ,00000 3,88000 
7, 92000 ,00000 11,44000 
5.80000 ,00000 33.27000 
4,99000 , 00000 -1.00000 
,00000 2,30000 8,51000 

33,87000 20,00000 5,00000 



REDUCED HATRIX 
7 .83000 

14, 77000 

'3,71000 

9. 52000 

35.00000 

26, 51000 

31.43000 

10 31.88000 

11 .00000 

12 23. 10000 

BIHARV FORH OF OATA 

11.05000 

89 ,31000 

67 ,68000 

10.00000 

12.00000 

54.30000 

49,90000 

60,00000 

57.34000 

,00000 

-1.00000 

11, 91000 

63, 91000 

74.50000 

43, 51000 

,00000 

,00000 

.00000 

,00000 

4.38000 

83.21000 

-1.00000 

80,00000 

75, 90000 

23, 58000 

,00000 

,00000 

,00000 

3.10000 

-1.00000 

LIST OF THE SUB-SET OF OTU' S REQUIRED 

2,3,7,8 
1 3 

CHI-SQIUIRE, 3.14429 1.21541 1.21542 3.10594 

O.F. 2 I 2 2 

QlWITITATII/E FORH OF DATA 

CHl-5QIUIRE, 7 ,34039 5,90465 I, 12886 10.29628 

D.F. 2 I 6 I I b 

TEST DATA FOR SIHILC 

2 3 7 

, 00000000[ +00 . 83431390[ +00 . 82320910[ +00 

, 83431390[ +00 , 00000000[ +00 .18998110E+OO 

, 82320910[ +00 , 18998110E+OO , 00000000[ +00 

,88240170[+00 , 17820390[+00 , 17117220E-02 

Stop - Progra1 teniMted, 

4.20000 .00000 38.20000 

13,88000 32.64000 ,00000 

5.42000 -1.00000 33,85000 

6, 11000 8.22000 43,28000 

30.82000 51.83000 20.11000 

6, 71000 ,00000 3.88000 

7,92000 .00000 11.44000 

4,99000 ,00000 -1.00000 

,00000 2.30000 8, 51000 

33.87000 20.00000 5.00000 

3.40594 17.47171 

10.43101 31.39271 

b 6 

, 88240570[ +00 

, 17820390[+00 

,17117210[-02 

, 00000000[ +00 
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e�ffin 
TITLE 

TEST DATA FOR AFrIH 
INPUT FORI\AT 

(!Diii 
INPUT OOTA MTRJX naae 

tacgo� 

IHPUT PARAIIETERS 

ID ,2, 2,2, 1, 2, 3, O, O, O, O 

10 

LIST or OTU' S IH THE SUB-SET 
6,8 

6 

COHPLETE MTRIX 

1 

-1 

2 

-1 3 

10 

TEST 001 

SUB-SET Cll!ISISTS OF 

6 8 

-1 

-I 

-I 

POPULATlll!I IHCLIJDl:D IH CALCULATIOHS COHSJSTS OF 

1 3 4 I 6 7 8 9 10 

JNDI\IIDOOL DISSIHILARITY FROH SUB-SET 

10 

,61791106E+OO 

,64191832E-D2 
, 77207109E+OO 

, 94643344E +00 

, 21979272E +00 

, 37697398E+OO 
, 92271904E +DO 

, 39914392E+OO 
Stop - Prograa terainated, 

321 23 389 
7, 181 17 

21K 18 m 

298 71K 113 
211 -1 �� 

81 168 18 

12, 31K 68 
132 231 ,7 
11 482 183 

183 1118 m 



affine 
TITLE 
TEST DATA FOR AFFINC 
INPUT DATA HATRIX n .. e 
tabgdl 
INPUT FORIIAT 
(816.2) 

INPUT PARAIUER5 
12,2, 8 ,8, O, O ,6, O 

12 2 8 8 O O 
Ll5T OF OTU' 5 IN THE 5UB=5ET 
8,9 

Clllll'LITE IIATRIX 
3.5-1000 , 7 .83000 
8.91000 14.77000 

55.82000 43.71000 
4 42.17000 10.50000 
5 5.83000 9. 52000 

53 .30000 35.00000 
19 .80000 26. 51000 
75.91000 31..3000 

9 2.41000 9 .93000 
IO 20.55000 32.88000 
Il 6.81000 .00000 
12 4.53000 23. 10000 

12.0IOOO -1.000C'J 
89 .31000 11.91000 
67 .68000 63.91000 
28. 53000 18. 72000 
10.00000 74.50000 
12.00000 43. 51000 
S..30000 .00000
49.90000 .00000 
-1.00000 00000 
60.00000 .00000 
57 .34000 .00000 

.00000 4.38000 

Ll5T OF ATTR!llUTE5 INCLUOED IN TtfE -.vs1s 
1,2,5,6,7,8 

1 2 

Ll5T OF OTU'5 INCLUOED IN TIE i1HALY5I5 
1,3, 5, 7 ,8, 9, 10, Il 

1 3 5 9 !O Il 

81MlY FORI\ OF DATA 

REDUCED IIATRIX 

83.22000 uoooo .00000 38.20000 

-1.00000 13.88000 32."4a00 .00000 
II0.00000 5.42000 -1.00000 33.85800 

5!.2'IIIO 15.23000 6.23000 44.6'000 
75.90000 6.11080 8.22000 43.2IOOO 
23. 5IIIOO 30.921JIIO 51.83000 20.IIIIOO 
·- 6. 71000 .80000 3.MIOOO 

.00000 7 .92000 ·- Il ,4,\000 
77.31000 5. 800IXl .00000 33.27000 

.00000 4.9\IWO .IIOOIO -1.00IIII) 
3. 10000 .OOOIO 2 .30000 8.51000 

-1.00000 33.B7000 20.00000 5.IOIIIO 

CHI-5QUARED 3,75D94 2.72929 .61712 3.75094 .00000 .00000 3.75094 ,01115 
D.F. 2 * 1 O 1 I 

QUANTITATIVE FORfl OF DATA 

REDUCED HATRIX 

CHI-SQUARED 7.216D6 17.14632 11.07663 16.67332 .DDDOO .00000 8.681� 3.81618 
D.F, 2 • 6 6 6 5 D 4 

TEST DATA FOR AFFINC 

5UB-5ET COH515T5 OF 
8 9 

POf'ULATIOH INCLUOED IN CALCUI.ATIOH5 COH5!5T5 OF 
1 3 5 7 B 9 I0 11 

INOIVIDUAL 
1 
3 
5 

7 
IO 

Il 

OI551HILARITY FROH 5UB-5ET 
. 84301106[ +DO 
, 14417550E+DO 
. 52236327E +DO 
, BI 9124B2E-OI 
,369B41!0E+DO 
, B7331537E+OO 

Stop - Prograa terainated, 
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C)dfYiin 

TITLE 

TEST DflTA rOR DEVIAH 
INl'IIT DATA ltATRIX na1e 
tabgod 
INl'IIT rORltAT 
(10i5) 

llif>UT PARA!IETERI 
10,2, 2, I, 2, 3, 8, 8, O ,O, I ,O 

10 2 2 I 2 

LIII or THE OTU' I roR OEVIRHT IHOEX 
1,1,7,8 

I 5 

LII! OF THE ATTRl8UTEI IHCt.OOEO IH THE AHAL VSII 
2,3,1,5,6,7,8,9 

2 3 I 

LII! or THE OTU' I IHCLUOEO IH THE AHALVIII 
2,3,1,1,6,7,8,9 

2 3 I 

INl'IIT IIATRIX 
I 
2 
3 

IO 

REOUCEO ltATRIX 
2 
3 

-I 
-1 
1 
o

-1 
-I 
I 
o

o 

I 

IHOIVIOOOL 

3 I 2 
2 ·I I 
3 I 3 
2 I 
3 2 
1 3 

3 3 
3 2 
I I 

-I 

-I I 
1 3 
I I 
2 2 
3 2 -I 
3 3 
3 2 3 
I I 6 

OEVIAHT JNOJCEI 

INOEX 

,131336IOE+OO 
, 37135390E +00 
,210965IOE+OO 
, 97822390E+OO 

Stop - Progra1 teninated. 

-1 
I 
3 

325 23 389 
71 181 17 

28\ 58 123 
288 78\ 113 
215 -1 315 
81 168 58 

121 381 68 
132 231 17 
Il 182 183 

183 108 219 

71 181 
28\ 58 

288 78\ 
211 ·-1 
81 168 

121 381 
132 231 
15 182 



C)devianc 
TITLE 
TEST OOTA FOR DEVIANC 
INPUT DATA NATRIX nHe 
tabgdl 
IHPUT FORNAI 
(8!6.1, 

INPUT PARANETERS 
11, 8, IO, 7, 4, O, 4, O 

12 8 10 7 

L!ST OF THE OTU' S FOR OEVIANT IHOICES 
2,3,7,8 

3 

L!ST OF THE ATTRIBUTES INCUJOEO IN THE AHALVSIS 
2,3,4,5,6,7,8 

3 4 

Ll5T OF THE OTU' S INCLUOEO IN THE ANAl VSIS 
1,2,3, 5,6,7,8, 9, 11, 12 

I 2 3 5 11 12 

IHPUT IIATRIX 

3539 7829 l/2050 -1000 83220 1199 O 38200 
8909 14770 89309 11909 -1000 13880 32639 O 

55819 43709 67680 63909 80000 5420 -1000 33849 
42169 10500 28530 18719 51290 15229 6230 44659 
5829 9520 10000 74500 75900 6110 8220 43279 

53299 35000 12000 43509 23579 30819 51830 20110 
19799 26510 54299 O O 6710 O 3880 

8 75910 31430 49900 O O 7920 O 11439 
9 2410 9930 -1000 O 77309 5800 O 33270 

10 20549 32880 60000 O O 4989 O -1000 
11 6809 o m4o o 3099 o 229, 8510 
12 4530 23100 O 4380 -1000 33869 20000 5000 

REOUCEO NATRIX 
7829 12050 -1000 83220 4199 O 38200 

14770 89309 11909 -1000 13880 32639 O 
13709 67680 63909 80000 5420 -1000 33849 
9510 10000 moo moo rno 0220 43279 

35000 12000 43509 23579 30819 51830 20110 
26510 54299 O O 6710 O 3880 
31430 49900 O O 7910 O 11439 
9930 -1000 O 77309 5800 O 33270 

11 O 57340 O 3099 2299 8510 
11 13100 4380 -1000 .]3869 10000 5000 

DATA IN QUAHT!TATl'JE FORN 
CH IS .00000 9.04716 12.23781 
NHH 15 o 5 6 

ORTA IN B!HARV FORN 
CH IS 
NHH IS 

.00000 23.39887 16.67645 
12 14 

OEVIAHT IHDICES 

IHDIV!DUAL IHDEX 

. 49636566[ +00 

. 53591400E+OO 

.81161750E+OO 

. 99220581E+OO 

Stop - Prograa ter1inated, 

.00000 
o 

.00000 
o 

• ,00000 5.05806 1.85053 .00000 .00000 .00000 
o 4 4 o o o 

.00000 11.36313 7.9'806 .00000 .00000 .00000 
o 10 10 o o o 
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*hxon 

TITlE 

t�t data far ta:{on 
INl'\IT DATA FILE na .. 

dahx 
S!QIIF!CAHCE um 
.05 
, 50000000E-O! 

INl'\IT PAl!AltfTERS 
20,12,0,0,0 

20 12 

REIIWE MO. 12, CHI SQUAl!E = 25.l2t,ll 
P!UlMBILITV = .1"806510E-02, REIIUIREO LEVEL = .,2653080E-02 

REIIOVE MOS , B ANO Il 
P!IOMSILITY = .33205610E-03 

REMOVE MO. 9, CHI SQUARE = 22.9088 
P!!OBAl!ILITV = , 3t,ll33510E-02, REIIUIREO LEVEL = , 568306,0E-02 

THE REIIAIMING SIWLES F�M A HOIIOGEMEOUS GROUP 
Stop - Progr;;ill terainated. 
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