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I N T R O D U C T I O N

T he  success of any research pro jec t depends to a large extent on the 
am ount of fo re thought devoted to decision-making before the observer even 
begins to look at his animals. In  any given case, there  are five basic deci­
sions which the investigator has to make, w hether  lie does so consciously 
or not (J. A t.tm a n n , 1974). These  may be sum m arised  as follows:

t . T he  problem to be investigated has to be defined;
2. T h e  kinds of behavioural param eters  m ost appropria te  to answering 

that particular  question m ust be identified;
3. A  sampling strategy which will provide an unbiassed estimate of these 

param eters m ust be chosen;
4. A  method which is both suitable for  recording the data and practicable 

in the field m ust be selected;
5. The. most appropria te  statistical test (s') fo r  analysing the data in the 

form  obtained m ust be chosen.
Each of these decisions poses its own problems and  difficulties. F u r th e r ­

more, the decision reached at any one of these points places constraints 
on the options which are open to the investigator at other points. I t  is well 
known, fo r  instance, that an inappropria te  choice of statistical test can 
invalidate the conclusions d raw n from  a set o f  data. I t  goes without saying, 
therefore, tha t the data must be recorded in a fo rm  which is suitable for

j)  I am grateful to the many people with whom I have discussed the problems which 
have been the subject of this paper. I am especially indebted to M rs  Jeanne A l t m a n n , 
Dr I. It .  Ckgok, P rofessor R. A. H inde ,  jenny  In g ra m  and D r  E. M. R u s s e l l  for 
their comments 011 an earlier d ra ft  of the manuscript;  their criticisms greatly helped 
to clarify many of the issues. The field work was made possible by grants from the 
Science Research Council, London, and the W enncr-G ren  Foundation for Anthropologi­
cal Research while the author was in receipt of an S. R. C. Overseas Scholarship.
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analvsis by an available test. It is perhaps, less often  appreciated, however, 
thai inappropria te  solutions at anv oí the oilier stages may lias e equally 
un loi túnate results ( see, for instance, the discussion of sampling methods 

***» bv  J .  A l t m a n i , 1 9 7 4 ) .

' l i ie; increasing emph;isis. placed on the (juautification of data in recent 
las forced the observer to consider these five points of research design 
«eriouslv than has form erly  been the case, d his is reflected in the 
r of papers recentlv published which have been concerned purely 
esearch methodology (e.g. H u t t  & H i / t t ,  1970; H i  a dm, 1973; 

]. Aí. r.\i a n x ,  Ï074).  l.hilike these latter works, the presen t paper is not 
intended to be an observer’s guide; rather,  1 aim simp!)' to d raw  at tention  
to some im portan t  aspects of research design which have not been discussed 
in any detail elsewhere. W hereas  most methodological papers have been 
concerned with points (3) and (4) above, Í shall be concerned prim arily  
witli point (2 ) ,  that is, the choice of behavioural param ete rs  which are 
relevant to the research problem. This  should not, however, be taken to imply 
that this aspect of research, design is m ore  im portan t than the others.

Tlie particular  problem that prompted this paper was how best to quan t ify  
social relationships am ong groups or monkeys (in  this ease gelana baboons, 
Tliaropithecus g duda').  H owever, a lthough I shall be concerned mainly with 
tlu- effects of using d if fe ren t  param eters  to q u a n t i fy social relationships, 
many of the conclusions drawn apply to other areas of behavioural research.
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1. 44111  Rl'.S MARCI I P K O B IT M Ï:  RATIONAL!-'.  A N D  A IM S  

Many field, workers find it useful to describe the overall pa t te rn  of social 
relationships in the group  of animals under  study. By doing so, the observer 
can identify  social subgroup:-, the composition and organisation of which 
can be related to the structure and dynamics of the g roup  as a whole. Titus, 
rather than treating  dominance hierarchies in vacuo,  w e  may be able to 
dciermine how dominance relationships relate to preferences in social p a r t ­
ners. Do, for instance, animals that f requently  engage in “’f r iend ly” social 
interaction support each other when attacked by other individuals i

In studying social relationships as such, we commonly suppose tha t  we 
are investigating something which is relevant to the animals themselves. 
Since, on the whole, animals tend not io in teract at random, we assume 
that when thev do interact with a particular  individual,  in some real sense 
they choose to do so. In other words, we assume that the interaction con­
cerned is not some coincidental result of a random  series of events. Some 
authors have termed these relationships “ social a f f in i t ie s” or “ social bonds”
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( see ,  f o r  in s t a n c e ,  K u a i a i e r , 1968; A l d r i c i i - B l a k e  et al., S a d f

i u / 8 :  D u n b a r  A  D u n b a r , 1 9 7 3 ) .  I n  g e n e r a l ,  t h e s e  t e r m s  a r e  used  in
a n  operational se n se :  t h a t  is to  say ,  a  social  b o n d  is d e f i n e d  in t e r m s  of a 

p a r t i c u l a r l y  h ig h  r a t e  o f  i n t e r a c t i o n  b e tw e e n  tw o  i n d iv i d u a l s .  Naturally 
w e  c a n  sa y  l i t t le  a b o u t  w h a t  t h e  a n im a l s  t h e m s e l v e s  ( t o  p u t  i t  a n th r o p o m o r -  
p h i c a l ly )  “ t h i n k ” s in c e  w e  a r e  r e s t r i c t e d  to  c o n s id e r in g '  o n ly  t h e  o b se rv ab le  
a s p e c t s  o f  t h e i r  b e h a v i o u r .  N o n e t h e l e s s ,  m a n y  a u t h o r s  h a v e  f o u n d  a  d e sc r ip ­

t io n  o f  t h e  “ c o m m u n i c a t i o n  n e t w o r k ” w i t h i n  t h e  g r o u p  (i.e. t h e  c h an n e ls  

o r  r o u t e s  o f  m o s t  f r e q u e n t  c o m m u n i c a t i o n )  to  be  h e u r i s t i c a l l y  u s e f u l  in s o f a r  
a s  it  p r o v i d e s  a  q u a n t i t a t i v e ,  f i r s t  leve l  a p p r o a c h  to i d e n t i f y i n g  t h e  u n d e r ­

ly in g  s t r u c t u r e  o f  th e  s y s te m  ( e.g. S. A l t m a n n , 1968;  In u m m k r , 1968; 

S a u k , 1 0 7 3 ) .

H o w e v e r ,  d i f f e r e n t  f ie ld  w o r k e r s  h a v e  u s e d  d i f f e r e n t  q u a n t i t a t i v e  m e th o d s  
f o r  d e t e r m i n i n g  s u c h  r e la t i o n s h ip s .  C o n s i d e r  t h e  f o l lo w in g  f e w  e x a m p le s :  

K u m a i  k r  ( 1 9 6 8 )  in  h i s  s tu d y  o f  Papia hamadryas  u s e d  th e  n u m b e r  o f  1 m in  

i n t e r v a l s  in  w h i c h  i n d iv i d u a l s  i n t e r a c t e d ;  S a d r  ( 1 9 6 5 ,  1 9 7 3 )  u s e d  th e  f r e ­
q u e n c ie s  w i th  w h ic h  i n d iv i d u a l s  g r o o m e d  e ac h  o t h e r  in h is  s t u d y  o f  d Paraca 
mulatto,  w h i le  S. A l t m a n n  ( 1 9 6 8 ) ,  in  s t u d y i n g  th e  r e l a t i o n s h ip s  b e tw e e n  

a g e - s e x  c la s s e s  in  t h i s  spec ie s ,  u s e d  t h e  f r e q u e n c i e s  w i th  w h i c h  soc ia l  s ig n a ls  
( o r  acts ')  w e r e  e x c h a n g e d ;  L e s k f . s  & A c i i f . s o n  ( r 971 ) u s e d  th e  f r e q u e n c ie s  

w i th  w h ic h  i n d iv i d u a l  Colobus gucresa  e x c h a n g e d  soc ia l  a c t s ;  a n d  in  o u r  

o w n  s t u d y  o f  Plicropithecus gclada w e  u s e d  th e  n u m b e r  o f  2 m i n  i n s t a n ­

t a n e o u s  s c a n - s a m p l e s  in w h ic h  in d iv i d u a l s  w e r e  i n t e r a c t i n g  a s  well  a s  the  

f r e q u e n c i e s  w i th  w h i c h  a g e - s e x  c la s s e s  i n t e r a c t e d  ( D u n b a r  cN D u n b a r ,  

]975 )-
O n  t h e  o t h e r  h a n d ,  so m e  a u t h o r s  h a v e  u s e d  sp a t ia l  c r i t e r i a ,  a n  a p p r o a c h  

o r i g in a l l y  s u g g e s t e d  b y  C a r p e n t e r  ( 1 9 6 4 )  w h o  a r g u e d  t h a t  t h e  m e t r i c  

d i s t a n c e  b e tw e e n  a n y  t w o  in d iv i d u a l s  c o u ld  b e  u s e d  a s  a n  i n d e x  o f  the  

s t r e n g t h  o f  t h e  “ b o n d ” b e tw e e n  t h e m .  I  l i s t  a  f e w  e x a m p l e s  o f  t h e  b e w i ld e r in g  

a r r a y  o f  sp a t ia l  m e a s u r e s  w h ic h  h a v e  b e e n  u s e d .  K u a i m e r  ( r q 6 8 )  u s e d  th e  

m e t r i c  d i s t a n c e  b e tw e e n  tw o  i n d iv i d u a l s  a s  well a s  r e la t i v e  s p a t i a l  r e la t i o n ­

s h ip s  ( h i s  “ n e a r e s t - n e i g h b o u r ” m e t h o d ) ;  D r a g  ( 1 9 7 4 )  a l s o  u s e d  a  “ n e a r e s t -  

n e i g h b o u r ” m e t h o d  in  h i s  s t u d y  o f  Macaca syl:xmus;  C i i a l a i f . e s  ( 1 9 6 8 )  

r e c o r d e d  th e  f r e q u e n c i e s  w i t h  w h i c h  Cercoccbus albigena a g e - s e x  c lasses  

w e r e  w i t h in  3 f t  o f  e a c h  o th e r ,  w h i l e  B r a a l b l e t t  ( 1 9 7 2 ) ,  in a c ap t iv i ty  
s tu d y  o f  T. gclada, r e c o r d e d  th e  n u m b e r  o f  t im e  i n t e r v a l s  in w h ic h  in ­

d i v id u a l s  w e r e  w i t h in  10 f t  o f  e a c h  o t h e r ;  S t r u h s a k e r i  ( u D y )  r e c o rd e d  
t h e  f r e q u e n c ie s  w i t h  w h ic h  C ' crcopithccus aethiops  i n d iv i d u a l s  sp e n t  th e  

n i g h t  in  t h e  s a m e  s l e e p in g  s u b g r o u p s ,  a n d  D u n b a r  N  N a t h a n  ( 1 9 7 2 )  
a d o p t e d  a  c o m p a r a b l e  s t r a t e g y  in  t h e  c a s e  o f  Papia papia ; A l d r i c i t - B l a k e
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et al- ( 1971) analysed the frequencies with which Papia anubis  individuals 
f o l lo w e d  each other dur ing  linear progressions.

All these d if fe ren t  procedures are ostensibly m easur ing  the same thing, 
n a m e l y  the strengths of the social relationships between d if fe ren t  individuals 
or classes of individuals. All, explicitly or implicitly, assum e that individuals 
who interact (o r  sit together) often have a s tronger  social relationship or 
"bund” than individuals who do so only rarely. W hile  the assum ption that 
frequent interaction reflects a strong “ social bond” in the psychological sense 
remains open to question, we can at least assert that some animals interact 
or sit together m ore often  than do others.

However, we may justif iably  ask w hether  the d if fe ren t  m easures which 
have been used provide data which are comparable in form. Do animals who 
sit together often  necessarily in teract w ith  each other  or  groom each other 
often? W h a t  d iffe rence  would it have made to the result ing  pic ture of social 
relationships if the observer in question had  used a d if fe ren t  m easure?  
There is some indication in the li terature that d if fe ren t  m easures  do produce 
results which a re  sometimes radically d if fe ren t .  K u m m e r  (1968),  for  
example, found that pat terns  of interaction did no t necessarily correspond 
to patterns of spatial proximity, l ik e w ise ,  S i m p s o n  ( 1 9 7 3 )  found  that 
d iffe ren t m easures of the distribution of g room ing am ong adult male chim­
panzees did not necessarily correlate. T h is  raises the critical question as to 
whether we can legitimately compare data fo r  d if fe ren t  species if they were 
obtained in d if fe ren t  ways.

O u r  purpose, then, will be to examine the effec t  of using  d i f fe re n t  be­
havioural param eters  and sampling methods to estimate social relationships 
among a set of animals. Naturally , time and space preclude an  a t tem pt to 
investigate all possible methods, and I have chosen those which a re  either 
commonly used or  representative of a g roup of methods. M y aim is no t to 
show that any one procedure  is absolutely better  than  any other, bu t simply 
to illustrate the effects  of choosing one part icu la r  approach and  to t ry  to 
show why this is so.

2. B E H A V I O U R A L  P A R A M E T E R S

As J. A l t m a n n  (1974) has pointed out, the way in which the research 
question is phrased both reflects the kinds of problems in which the observer 
is interested and determines to a large ex ten t the  kinds of data  which will 
he relevant to that particular question. T h is  in tu rn  may restric t the ways in 
which the behaviour in question can be sampled. O u r  present concern 
requires tha t we have as m any d if te re n t  m easures  as possible in o rder  to be 
able to compare them. I have selected three types of relationship to examine.

6
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Tilesi: are (’a) tl íe extent to which animals in teract with each, other, (b) t]le 
extent to which they groom each other and ( c ) the extent to whieh they 
an* in a particular  spatial relationship. A n y  given behaviour can be quanti­
se d  m two quite d i t i e re n t  way-, namely, either by counting events ( f re ­
quency or  rate m easures)  or bv scoring states as a  p roportion  of the total 
sample time (durational m easures)  and, them  are bv no means equivalent 
(see J .  A l t m a n n ,  1 9 7 4 ) .  Each o f  the three behavioural param eters listed 
above can be quantif ied  in term s of both frequency  and duration. F or  
convenience, I shall postpone the discussion of the actual m easures  used to 
the following section. Before doing so,  however, the kinds of behaviour 
which are to lie sampled in each case m ust  be specified.

In  the case of (a )  above, only non-agonistic “associative” behaviours 
will be analysed. In teractions which are agonistic in character will be ex ­
cluded from  consideration 011 the grounds  that they reflect the existence of 
“negative” relationships, although some authors  have nor made this distinc­
tion. In  practice, agonistic interactions are  ra re  com pared w ith  non-agonistic 
interactions in most species and the am ount of distortion due to their in­
clusion may be minimal. .However, when dealing with individuals rather than 
age-sex classes, there is an increased risk of f inding individuals who interact 
relatively frequently  but always in an agonistic m anner.  T o  include agonistic 
interactions might lead to the conclusion that there was a strong social 
relationship between the individuals concerned, (llearly this would be erro­
neous since the relation.-hip between them  is qualitatively quite d if fe ren t  to 
that between two individuals who only groom  each other, even though they 
interact less frequently.

I do not distinguish between the d i f fe re n t  kinds of non-agonistic in te r­
action (e.g. grooming, play, sex, etc.) on the g rounds  that,  at this stage, 
there is no a priori reason to suppose that social relationships are exclusively 
expressed in terms of a particular  behaviour. T o  assume that the relative 
strengths of social relationships are  reflected in the extent lo which indi­
viduals groom each other  would bias against those individuals or classes of 
individuals, such as juveniles, who normally play ra ther  than groom. This is 
not to say that groom ing relationships themselves might not be of interest,  
but the analysis of particular types of interaction s b. ou Id be considered a 
second order  approach once the general outlines have been established. I  have, 
however, included groom ing interactions (b above) as a separate measure, 
partly  because they are  commonly used as an index o f  social relationships 
and partly  because grooming is o f ten  said to be the most im portan t fo rm  of 
“ friendly” behaviour am ong primates.

W ith  regard  to the spatial m easure  (c above), we shall record the extent
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to which animals are  within a r m ’s reach of each other. T he  usual rationale 
for this approach is that,  since the animals do not normally m ix at random, 
the fact that two individuals are spatially close reflects the existence of 
some "a tt rac t ion” between them. T>y implication, therefore, it is necessary 
to ensure that data of this kind are  not collected at times when there is 
reason to believe that this assumption does not hold. Such circumstances are 
likely to include occasions when the animals are m oving rapidly (especially 
if fleeing f rom  potential danger)  and when the group  is highly disturbed 
bv agonistic encounters of a particularly severe kind. Linder such conditions, 
the animals may be assorted more or less at random  since their  main  concern 
mav be to get away from  the source of the disturbance ra the r  than  whom 
they are nex t to. Both K u m m e r  (1968) and D r a g  (1974),  for  instance, 
recorded data of this kind only from  resting troops, and in the present case 
a similar condition was imposed.

3.  S A M P L I N G  S T R A T E G I E S  

Sampling methods have been discussed in detail by  J. A l t m a n n  (1974) 
and I shall here simply describe the various strategies used.

in all, seven d if fe ren t  measures or estimators of social relationships have 
been taken. These  result f rom  d if fe ren t  combinations of behavioural p a ra ­
meters and  sampling methods and are as follows:

i j j  d 'lie num ber  of social contacts between individuals (i.e. the num ber  
of times they interacted, irrespective of the num ber  of social acts exchanged 
in each in teraction) ;

i j  ) T h e  num ber  of social acts exchanged between individuals;
(3) T h e  num ber  of 30 sec time intervals in which individuals interacted 

(O ne-Zero  sam pling);
(4) T h e  num ber  of 60 sec instantaneous or  point samples in which 

individuals were  interacting;
(5) T he  num ber  of groom ing bouts exchanged between individuals;
(0 ) T he  num ber  of 60 sec instantaneous or point samples in which indi­

viduals were grooming;
(7) T he  num ber  of 30 sec time intervals in which individuals were 

within a rm ’s reach of each other (O ne-Z ero  sampling).
The sampling strategies and some of the terms used require  explanation 

and definition. A  “ social contact” is defined as the exchange of an uninter- 
1 upted series of social acts between two individuals, being defined as 
terminating when the individuals concerned cease to exchange such acts 
and do something else (e.g. feed, move apart, in teract with ano ther  animal, 
etc.). I n  strategy (1 ) ,  we simply count the num ber  of such contacts that
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occur and ignore the num ber ot social acts exchanged in any given case. By 
definition, only interactions involving- the exchange of non-agonistic signals 
will be considered.

A  “ social ac t“ refers  to any element of the species' signal repertoire when 
used in a “ face-to-face" interaction between a pair  of animals. In strategy 
(2 ), we count the num ber of such acts exchanged between interacting- d\-ads 
Individual social acts include grooming, touching, presenting, mounting, the 
various play behaviours, etc. Agonistic acts (’threats ,  aggressive contact 
behaviours, submissive behaviours) and signals such as a larm  and contact 
calls which are  not generally directed at a specific individual are  discounted 
in the present context.

A  “ g r o o m i n g  b o u t ” is d e f i n e d  a s  a c o n t i n u o u s  s e r ie s  o f  g r o o m i n g  a c t io n s  

b v  o n e  individual. A s  in  th e  c a se  o f  soc ia l  contacts, a g r o o m i n g  bout is 
d e f in e d  a s  t e r m i n a t i n g  w h e n  th e  g r o o m e r  s to p s  p e r f o r m i n g  g r o o m i n g  a c t io n s  

a n d  d o e s  s o m e t h i n g  e lse  (e.g. s i t s  l o o k in g  a r o u n d ,  p r e s e n t s  to  b e  g r o o m e d ,  

m o v e s  a w a y  o r  is g r o o m e d  b y  h i s  p a r t n e r ) .  I in c lu d e  a m o n g  th e  a c t io n s  o f  

g r o o m i n g  n o t  o n ly  s e a r c h i n g  t h r o u g h  th e  f u r  a n d  r e m o v i n g  p a r t i c l e s ,  b u t  

a lso  e a t i n g  t i l i n g s  p i c k e d  f r o m  th e  f u r  o r  s k in  a n d  l i p s m a c k i n g  ( s e e  S p a r k s , 

i p O / j .  A  m o r e  d e ta i le d  d i s c u s s io n  o f  th is  is g i v e n  e l s e w h e r e  ( D u n b a r  & 

D u n b a r , 1975). In s t r a t e g y  <5) ,  w e  c o u n t  the n u m b e r  of individual 
b o u t s  o f  g r o o m i n g  e x c h a n g e d  b e t w e e n  tw o  i n d iv i d u a l s  ( i r r e s p e c t i v e  of 
w b ic h  a n im a l  is t h e  g r o o m e r ) .

An example mav liei}) to c lar i i)’ the d if le rences  between these measures.

Suppose the following sequence was recorded from a single subject denoted by animal A :  
A approaches 11 and (1) presents his rear to him. B (2) touches A ’s rear, (g) peers 
closely at it and then (,|) briefly mounts him with (5) vigorous lipsmacking. W hen 
It dismounts, A  turns and (6) begins to groom B. A f te r  grooming lor some time, 
A stops and ( / )  presents his side to B ; then B (8) grooms A. Later, B stops 
grooming and sits looking around. A moves away a few metres and begins to feed. 
A f te r  feeding for a while, A walks back over to B and (<)) begins to groom him. 
W hen  11 stops grooming, A  ( t o )  presents kis back to B and B ( i  i )  grooms A 
again. A few minutes later, 1) walks away and A begins to feed.

Iii this example, two separate social contacts occurred which were  separated 
bv a clear b reak  in the exchange of social signals between the animals, namely 
when A  moved away to feed and B sat looking around  between (8) ami (<ƒ). 
D uring  these two interactions, four  separate bouts ot groom ing  were recorded 
(at points 6, 8, q and 11 ) and a total of n  social acts were exchanged.

These three strategies ( i, 2 and 5) are  event frequency (o r  rate)  measures 
and the data are properly  expressed, even if unstated, as the num ber  of 
events per  unit  time. The  remaining four strategies, on the other hand, are
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durational measures, the data being strictly expressed in term s of the 
p r o p o r t i o n  of time spent in  a g i v e n  state.

'ti! strategies y and 7. the sampling procedure  is based on O ne-Z ero  or 
interval sampling. T he  sample period (in this case 30 m in) is divided up 
¡¡go a series of equal time intervals (here 30 sec). So long as the relevant 
relationship occurs within anv given 30 sec interval, a “ p lus” is scored; if 
the relationship does not occur, a “m inus” is scored. O n ly  a single plus is 
scored fo r  a particu lar  pair  of interactees in any given interval,  irrespective 
of how manv times thev actually interacted fo r  sat together) in that interval.  
This sampling strategy has been referred  to by a num ber  of terms, bu t I 
shall follow J. A l t m a n n  ( D j / J d  m term ing it “ O n e -Z e ro ” sampling. ( For 
present purposes I have considered O ne-Z ero  sampling to be .an estimate ot 
the proportion  of time. Some authors have used a O ne-Z ero  sampling 
strategy to estimate event frequencies, but, as A r t m a n n i  ev W a o n f r  ( 1.970) 
and F ik x t .k r g  ( j ()/2 ) have pointed out, the strategy does not give a true  
frequencv estimate and I have refra ined  from  sampling events in thus way. 
For a fuller discussion of this, see, H i n d u .  (T973) and  J. A l t m a n n  ( 1974).)

In strategies 3 and ó  the data are also recorded in the form  of + ’s and 
- -'s. but in tliis ease samples take the form of instantaneous samples carried 
out at predeterm ined intervals of time the re  6 0  sec). Kvery bo sec we 
determine whether or not two individuals are  in teracting in the way specified. 
Tlii- strategy has likewise been referred  to by a num ber  of terms, but for 
simplicity 1 shall use the term “ point" sampling.
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c !\ e c o r d i 11 g' m e t h o d s

The data were obtained from a set of eleven 30 min samples of individual gclada 
baboons ( I 'hcro t ' i thccus  qclada)  recorded for this purpose during our 1071-2 study ot 
ihb species in the Simien (Mountains N ational P a rk ,  Ethiopia. T he recording method 
k is  so designed that data were sim ultaneously obtained 011 each of the seven different 
n r asures. In caeli ease, a single- subject animal was selected at random from the herd, 
and his behaviour was recorded on a checksheet graduated inte) sixty 30 sec intervals,
h.vervthing the subject did (or had done to him) and the age-sex class of his interactee 
was recorded in the interval in which it occurred. P ersisten t behaviours such as grooming 
were recorded in each interval in which they occurred, the end of a bout being marked 
b\ a vertical hue behind the last entered symbol. At 60 sec intervals, an instantaneous 
sample of what the subject was doing ('and, where appropriate,  with whom ) was made, 
in addition, the exact times of onset and term ination of all groom ing bouts were noted to 
die nearest sec (with a possible error ot 2-3 secy) and the age-sex classes ol all animals 
with,in arm ’s reach of the subject during an\ part of each 30 sec i nerval w ere recorded.

O bservat ion  distances were o f  the o rd e r  of  3-10 tn, visibility conditions in all cases 
hoi n g excellent.  In ter-observer reliabili ty when recording samples o f  th is  k ind  was 
e \ copii ; i] 1; illy high (ofg/f : we L ' V uah <Sr D un ha k, 1975). E leven age -se x  classes 
u ere d ist inguished in this ana lys is :  these a re  described in indi in D cnbar 8  D unbar 
i ¡1)75 ).
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r
Xo altcir.pt was made to sam]»lo either from a single known individual or from indi­

viduals of the same ape sex class. A lthough either of these m ight have been preferable 
in terms of realism, we aimed to sample a broad spectrum ot all age-sex classes except 
infants. T his has the advantage of including in the sample a \ a rie ty  of individuals 
whose characteristic interactions are likely to differ,  hence emphasising any differences 
which might exist between the measures.

2. A n a 1 y s i s o f d a t a .

T he major analyses of the data will he in terms of the proportional distribution of 
sociad interactions (however m easured) among the various age-sex classes o f interactee. 
For these purposes, the eleven --amide-; have been pooled and treated as though thea 
were obtained from the same individual or class of individuals. I t  is im portan t  to note, 
there fore ,  that  no  conclusions concerning the behaviour o f  gclada baboons should  be 
draw n f r o m  the data presented  below. In analvsing the distribution ot social interactions, 
all triadic or multipartite interactions have been treated as a set of dyads.

Spearman rank correlation, testa have been used to determine whether the various 
sampling strategies give the same ordinal ranking to the data. These analyses represent 
the kind of qualitative and semi-quantitative comparisons that are often made, namely 
those of the ‘‘A-intcracts-more-with-B-than-with-C” kind. However, since a large num­
ber of comparisons are made, significance levels cannot be attached directly to the 
resulting r „  values (Sik o k i ., 1056). The results of the tests are used simply to show 
more clearly the extent to which the individual measures agree in their rankings of 
the data. The  overall degree of correlation between the measures is tested lor signifi­
ca net' ti d  m g K m d a ll’s roof ficient o f concordance.

Some direct tesis o f absolute num erical com parability have been carried  out using the 
W ilcoxon matched-pairs sipned-ranks test. In general, however, most numerical com­
parisons will be made w ithout the use of s t a t i s t i c a l  t e s t s  since the di ! Ierences are 
generally sufficiently  extreme not to require statistical verification. (There  is, however, 
the additional problem that only goodne>s-of-fit tests are appropriate  in some of these 
cases, but, since independence of the data cannot be assum ed in six o t the seven measures, 
sueli tests cannot he used. Only in the ca w ol tin 1 reqiKucy oi ~i>c.al contacts measure 
can independenct he demonstrated: for a  discussion of this, see A ppendix Cl of D u n b a r  &  

DrxiiAi;, 0)75).

R E S U L T S  A N D  D I S C U S S I O N
i. E S T IM A T IN G  SOCIA!.. R E L A T IO N S H IP S  

T he  frequencies with which the subjects (all samples pooled) interacted 
(or  sat with') each of the various age-sex classes as determined by the seven 
sampling strategies are given in Table 1. In  each case, the raw  num ber of 
units of interaction or association with each class is given. Strictly speaking, 
estimators 3, 4, 6 and 7 should be in terpre ted  in term s of the proportion 
of the total num ber  of samples taken (330 in the case of strategies 4 and 6, 
660 in the case of strategies 3 and 7). How ever,  for simplicity the raw 
scores are entered into the appropria te  columns ra the r  than the proportion 
of samples.

As a f irs t  step, each pair of m easures may be com pared to determine 
whether or not they rank  the interaetees in the same order. T h e  results of 
the S pearm an rank  correlation tests are  given in Table 2. It can be seen that.
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T A B L E  i

■'requcncies zvith zchich subjects  “ interacted” zvith the various age-sex classes 
as determined in d i f f eren t  zea y  s (all subjects combined)

lAtumH < >r A d  ; b r r  ; 5 v u .
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I. N un ' her  of  c o n t a c t s C. > i e 8 1 1 3 3 e 10 I 4 7
dis tr ibution  of », N Lili IP. r o í  a c t s IO 10 3 7 4 7 54 8 1.5 8 17 r 160
1 o f  interactec. Í. ' die-.4  so i n t e r a c t i : A  34 3 3 3 1 7 < !<j 4 0 I ! 30 9 10 I 3°5
s though  they Point. i n t e r a c t i n g 1 5 15 i 7 44 1 0 3 1 0 5 1 “ 126
orlan t  to note. - (Loo Ming b o n i s i 0 0 i 5 38 ! 8 7 ■ 5 -  8 114
or s  shou ld  be M. Poilli g r o o m i n g 45 45 ! “ 44 i 7 3 1 6 4 122
ul in teractions. X Sped a! m e a s u r e ■1.5 37 4 10 ] L 1 5 i 17 4 ° 2 L 67 3 4 4 5
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T A B L E  2

1) i n t e r a c t e d  

b y  t h e  se v en  
c n u m b e r  o f  

t ly s p e a k i n g ,  
e p r o p o r t i o n  

gies 4  a n d  6, 

ci ty t h e  r a w  
e p r o p o r i i o n

Lo d e t e r m i n e  
ae r es  ul is o f  

be  se e n  tha t .

( 'omparison of  the res nits given by the various estimators in Table i  by
S  ¡'•carman rank corre.nil;on test, the z’ühics o f  4 being given in each ci ÍS c

( )ne-/7 .’¡-o I ’oin 1 ( L o o m in g P o in t
C o n ta c t s Acts i n te ra c t in g in te r a c t in g b o u t s  '' g room ing

> 1 Ui ( - /  \.0 in te rac t in g O W 7.1 0.8 .01
i\ »ml n ■ 1 ■. ¡"i c t i lig 0.S02 0.778 o.<)8i »
(»r< )Oii; •ng b o u ts ° - 7 5 3 0.880 0.073 o.o •. 2
Pom: g ; » » 1; e ing 0.519 0.7 lo 0.94 r 0.993 0.909
S{ h! ; :. 1 i won v i re 0 888 0.061 0.673 0.685 0.818 mcc

on the whole, the correlations between the m easures  are  titii te high. O t  the 
!\m utv-one pairings, th irteen  correlate a t better than ia =  o.Sno, while in only 
one case is the value of r H below 0.600.

Such a generally high level of agreem ent between the seven measures 
might be taken to imply that,  at least in the case of the species un d er  study, 
which strategy is used to estimate overall social relationships is relatively 
immaterial so long as the data are ordinally scaled. Indeed, calculation of 
i \ undall’s coefficient of concordance between the seven m easures gives 
\V == 0.810. which indicates a significant degree of agreem ent between the 
measures (yg =  58.8, p<O.OOl, (If =  10).

How ever, the fact that in man)- cases the correlations are  fa r  from perfect 
r a i s e s  the issue of the numerical comparability  of the various measures. 
' 'onsideration oí  the data in Table x shows that a l though each estimator 
places adult females, 3 year  males, 2 vear males, adult  males and  6 year 
males in the top six ranks, they do not do so in exactly the same order. 
F u rthe rm ore ,  the class of yearlings is ranked m arkedly  d if fe ren tly  by the
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various measures, and it can be seen that this class accounts for much of 
the discrepancy in m any cases.

These  discrepancies imply that,  a lthough the m easures  co-varv, they do 
not do so monotonically. This  can readi!)' be dem onstrated  by converting the ^
raw  scores to percentages of the total num ber  of samples in each case. These 
a re  given in Table 3 in the fo rm  of probabilities, each row summing to 
unity.

T A B L E  3

Relative strength o f  relationship wi th each age-sex class as determined by 
the d i f f e re n t  est imators given as a probabil ity (based on data in 'l'able 1)

A g e - s e x  c la s s  of  i n t e r a c t e e
E s t i m a t o r A d  7 6 y r  J 5 y r  t 4 v r  f A d  , 3 A I T 3>’r 2 y r  j 2 y r  : 3’e a r l I n i

. N u m b e r  o í  c o n t a c t s . 0 6 4 . 0 6 4 . 0 2 1 ■ 0 4 3 . 1 7 0 •2 34 . 0 6 4 . 0 6 4 •°43 •2 13 . 0 2

. N u m b e r  o f  a c t s . 1 1 2 ■°5 () . 0 1 8 . 0 4 1 . 2 7 8 . 2 0 1 . 0 4 7 . 0 8 9 ■°47 ■ TOI .001

. O n e - Z e r o  i n t e r a c t i n g . i i i . r o 8 . 0 1 0 . 0 5 6 ■3'-5 . L 6  I . 0 3 6 . i 2 8 . 0 3 0 ■°33 . 0 0 3

. P o i n t  i n t e r a c t i n g . 1 IQ ■ T IO . 0 0 8 . 0 5 6 ■34*4 ■ 1 5 r . 0 2 4 . 1 2 7 . 0 4 0 . 0 0 8 • OOC

. G r o o m i n g  b o u t s . i 4 0 ■ 0 7 0 . 0 0 9 . 0 4 4 •333 . 1 5 8 , o 0 1 . 1 3 2 . 0 1 8 . 0 2 6 . 0 0 0

. P o i n t  g r o o m i n g . 1 2 3 . 1 2 3 . 0 0 8 0 5 7 . 3 6 1 . 1 3 0 . 0 2 5 ■ ! 3 T • 0 3 3 . 0 0 0 . 00 0

. S p a t i a l  m e n s u r e t o 8 . 0 8 0 OTO O 1 0 >0 7 T23 0 4  ! o q f i . 0 5  T t 6 t 0 0

( In  the case of the four  durational measures, there  is a m a jo r  difficulty 
in this respect.  In  o rder  to t r a n s fo rm  the raw  data into a fo rm  comparable 
to that for  the three frequency measures , the total num ber  of samples taken 
cannot be used as the denom inator since the row.- would not then sum to 
unity. O n the other hand, since a subject could be in teracting  o r  sitting 
with more than one animal dur ing  any given sample, the num ber  of intervals 
or point samples in which he was in teracting  cannot be used either, since 
the row  totals would then be g rea ter  than unitv. I t  has there fo re  been 
necessary to use the sum of the appropria te  row in Table 1 as the denominator 
in each case. This  raises some difficulty  over the precise in terpretat ion  of 
the probabilities, since they no longer represent either the proportion  of 
time or  the proportion  of interaction time tha t  the subject spent interacting. 
P erhaps  the best in te rpre tation  to place on these probabilities is one in terms 
of the proportional distribution of the sub ject’s social contacts o r  spatial 
associations.)

Consideration of these data clearly illustrates the d if fe ren t  pictures of 
gelada social relationships which would result from  use of the d if fe ren t  
measures. Frequencies of social contact, for  instance, would suggest that 
6 .4%  of the subject’s social activity was with adult males and 21.3% with 
yearlings. O u  the other hand, the num ber  of acts exchanged would give



RESEARCH DESIGN IN OBSERVATIONAL ST UDIES OF BEHAVIOUR s9
for much of

ary, the)' do 
onverting  the 
h case. 1 hese 

sum m ing to

values of i t . 2 % and TO.U/f respectively, while the num ber  of grooming 
bouts exchanged would give values of 14.0r/r and 2.6') '<. Even more extrem e 
would be the num ber  of point samples spent interacting: i i .p k r  as against 
0 .8  (/c.

Hence, although we might be able to compare d if fe ren t  an im al’s social 
relationships using ordinally scaled data with a reasonably high expectation 
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2. D I F F E R E N C E S  B E T W E E N  M E A S U R E S  

These d iffe rences draw  attention to one im portant aspect of social rela­
tionships. In  a complex social system, “ social bonds” fin the psychological 
sense) m ay be expressed in a variety of d if fe ren t  ways. Hence, whichever 
index we select to estimate the strengths of these relationships will provide 
data which reflect only certain facets of this system.

The mean num ber  of acts exchanged per social contact, for  instance, is 
not the same for  all classes of interactee. In terac tions with  some classes 
average five or six acts per  contact, while those with others average only 
one or two ( see hable j ). Hence, by taking frequencies of social contact as 
an index of the strength  of the relationships between individuals, the data 
tire biassed in favour of those classes who exchange fewest acts per social 
contact, while the reverse is the case if the num ber  of acts exchanged is 
used as an index. Likewise, consideration only of g room ing bouts will bias 
the results against those individuals o r  classes am ong whom  groom ing is a 
rare fo rm  of social expression. Conversely, it would tend  to overemphasise 
relationships between classes who do little else but groom when they do 
interact, even though they may not be especially sociable.

Again, if eve record the proportion of time spent interacting, we may 
find tha t similar biasses emerge due to the fact that interactions with some 
classes tend to be of shorter  duration  than  those with others. X ot only may 
these m easures  d i f fe r  from  the distribution of social contacts, but they 
may also d if fe r  from  the distribution of acts if animals tend to exchange 
d if fe ren t  kinds of signals in their  interactions with d if fe ren t  individuals.

The strongest correlations obtained w ere  between the three estimators 
which measured the proportion  of time individuals spent interacting  and 
grooming (strategies 3, 4 and 6). T h is  can be a t tr ibu ted  to the fact that, 
in the present case, a large proportion of the social acts exchanged were 
grooming (see Table 1). Since grooming tends to account for a g rea t  deal 
more time than other  behaviours, it is not too surpris ing  to f ind that a 
measure of the proportion  of time spent interacting  correlates well with the
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proportion  of time spout grooming. T h is  urn- not, however, necessarily be 
so in all cases, since the interactions of some c'a-o-ys, -uch as juveniles, 
tend to involve a great deal m ore piae than gr,¡owing, particularly when 
they are in teracting with peers. In this case, the assum ption t in t  grooming 
])rovides an accurate estimate of the strengths of socia.! rchitionships may 
be seriously misleading.

.Similarly, a m easure of spatial association may lead to a. ra ther  d iffe ren t 
picture of the relationships am ong a group of animale than  an interactional 
measure would give. The  reason for ihi- is lana y obvious: an animal 
may spend a great deal of time close to certain individual-, but interact 
with them only rarelv. This could be due to one of several reasons. Infants,  
for instance, mipht often be found near  adult niales because there mothers 
commonly .associate with this ape-sex class: nonetheless, infants might 
interact with adult males only rarely. "Flic assumption tha t  there is any 
kind of “ social bond” between adult males and in fan ts  purely  on the basis 
of frequent spatial p roxim ity  would be erroneous, since the apparen t relation­
ship is in reality a consequence of the strong relationship between males 
and females, (h i  the other hand, some animad s may actively seek out ihe 
p roxim ity  of certain individuals, but be unabie to interact wui) them as often  
as thev might wish. K i a i u k r  ( io<>8 ) found such a relationship between 
juvenile females and adult males in Pot io  hamadryas,  and similar results 
were obtained in the case o! pelada baboons í 1 )t'ntp\n cc D r x w w .  ioT T - 
Thus, in this case, spatial p rox im ity  m ight reflect the juvenile'!- choice of 
p re fe r red  social pa r tne r  ra ther  m ore closely than  frequencies 01 interaction. 
A third possible in te rpre ta tion  might be that spatial p rox im ity  as a whole 
is irrelevant. Animals might mix more o r  less at random  when not in ter­
acting, moving th rough  the group to seek out the ir  p re fe r red  social partners  
as and when tliev wished to interact. T h ere  wa.s evidence to ibis effect among 
certain age-sex classes of pelada í í V x r a r  b: I ) i v r \ r .  k ipy i. In this 
situation, spatial proximity would be a useful index of social, preferences 
onlv when the animals were actually Interacting, it  remains an w re s te d  
possibility that in m any species neighbourhood relationships am ong a aroui) 
of animals change according to the nature  of the predom inant activity, it  Is 
not unreasonable to suppose, for instance, that an an im al’s neighbour:-, might 
approach a random  distribution more often when the g roup  ;s feeding than 
when it is socialising.

c DUTT.KF.XCKS P.KTWKKN FRY.OIT.NFY AX!) DFKATIOX
T he  d ifferences between frequency and duration  can be illustrated more 

clearly bv exam ining the relationship between the frequency of grooming
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bouts and the am ount of time spent grooming. These  datai tire given for 
each subject in Table 4, together with the mean duration  of g room ing bouts 
in each case.

The num ber  of g room ing bouts correlates significantly with the total 
.amount of time spent groom ing (îg =  0.870, p<o.OT, X =  r 1 ) even though 
there is a considerable range in the mean duration  of the various sub jects’ 
grooming bouts (14.0-124.6 secs). In part,  this correlation can be attr ibuted  
to the fact that,  although groom ing bouts mav wary from  a few seconds to 
as much as 6 m in in length, they tend to have a modal distribution of around  
70-80 secs (unpublished data) .  The  relationship between the frequency and 
duration of groom ing is, however, by no means linear. Some individual.- may

T A B  L í

Comparison o f  the nu mber  o f  seconds each subject  spent  ¡/roomino/ zoith the 
number  o f  grooming bouts he per formed

S u b jec t

1 2 1 .j 5 0  7 S >1 1 0 1 1

Nu mb e r  ui se conds  1 0 5 0  7 1 7  7 0 3  0 7 4  (>23 4 0 0  m o  2 4 1  1 1 0  2 0  14

N u m b e r  o t  b o u t s  11 7 o  7 5  '* ^  5 S 1 1
M e a n  b o u t  l en g th  0 5 -5 1 0 2 . 4  7 8 . 1  0 O . 3  1 2 4 . 0  5 2 . 1  4 0 . 8  4 8 . 2  3 0 . 7  2 0 . 0  14 .

m sec-

groom frequently  but not for any length of time, whereas others groom 
infrequently  bu t fo r  a considerable period of time on each occasion (compare 
subjects 5 and 6 in Table 4) .  Indeed, there  is 110 consistent relationship 
between the frequence with which subjects groomed and the mean duration 
of their grooming bouts (44 =  0.596, p > o . i o ,  two-tailed, X =  tt), indica­
ting that the most frequent groomers are  no t necessarily the most persistent. 
Not only this, but animals may also d i f fe r  in the length of time for  which 
they are prepared  to groom d if fe ren t individuals. S empsox (K ip s) ,  for 
instance, found this to be the case am ong adult male chimpanveeu

Consequently, when choosing an appropr ia te  m easure  fo r  estimating the 
extent to which individuals interact, we should bear in mind the d if te rences 
between frequency and duration. In  an absolute sense, neither  can be con­
sidered better  than the other, since each examines a d if fe ren t  aspect of the 
situation, although Ín any given set of circumstances one may be more 
appropriate  in term s of the investigator’s interests and the requirem ents  of 
the research question. I t  may often  be valuable, however, to record both 
binds of data.
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4. D I F F E R K N C H S  B E T W E E N  O N E - Z E R O  A N I )  P O I N T  S A M P L I N G

Although 1 do not intend to discuss the merits and demerits of the various 
sampling methods in any detail, it does seem worthwhile examining- some 
of the disadvantages of O ne-Zero  sampling inso far  as we have data available 
to do this.

T h ro u g h o u t  the preceeding analyses, I have used O ne-Z ero  sampling as 
a durational measure. Strictly speaking, O ne-Z ero  sampling is so designed 
that it incorporates features of both frequency and duration. Ostensibly, the 
strategy would seem to have much to recommend it since it mav permit the 
observer to record event frequencies while at the same time obtaining data 
oti duration. T he  num ber  of studies which have used this particular method 
attests to this. Regrettably, however, the method leaves much to be desired 
since considerable e r ro r  may be incorporated  into one or both, kinds of data. 
A  more detailed discussion of O ne-Z ero  sampling is given bv ]. A l t m a n n  
('JO/ -0■ In  the present context. 1 shall consider the d iffe rences between 
O ne-Z ero  and point sampling in the ex ten t to which th.ev pros ide an accurate 
estimate of the proportion  of time spent doing something. I shall again use 
the proportion  of time the subjects spent grooming. T h a t  I consider only 
this aspect of O ne-Z ero  sampling should not be taken to imply that I con­
sider it a suitable strategy for recording event frequencies. I have alreadv 
rem arked that this strategy does not give a true estimate of the frequency 
of  event occurrence ( see also A t . tm a n n  A W a o n k r ,  1070; H i x d e ,  1973; 
J .  A l t m a n n , 0 . 7  | i .

Table 5 gives the proportion of time each subject spent g room ing based 
on the actual num ber  of seconds ( f ro m  Table 4) ,  together  with estimates 
of this obtained by O ne-Zero  and point sampling with d if fe ren t  time liases. 
In  the final column is given the overall p roportion  of time spent grooming 
by all subjects combined.

Consideration of the data show's that ‘point sampling provides a consistently 
more accurate estimate of the true  function  than does O ne-Z ero  sampling, 
irrespective of the length of the sample interval.  Com parison of the true 
function and  the estimated function in each case using the Wilcoxon 
matched-pairs  signed-ranks test shows that none of the point sample esti­
mates d i f fe r  significantly from the true  function  i’T  not below 21.0. 
p > o .o 5  in each case), whereas all the O ne-Z ero  samples are significantly 
different.  ('T =  o, p < o . o i  in each case). A lthough point samples might 
d if fe r  somewhat from  the true  value in individual cases, when the sample 
size is reasonably large the e rrors  tend to cancel each other out and a reason­
able close approxim ation  to the true  function is obtained. In  the case of 
O ne-Zero  sampling, however, the true  function is always over-estimated,
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I lie extent of the over-estimation becoming grea ter  ;as the length of the
-ampie interval mercases. O ne-Zero  sampling yields a reasonably accurate 
e - i n n a t e  only when the sample interval is very  small relative to the typical 
duration of the behaviour in question.

The cause of this is not difficult  to see. In  O ne-Z ero  sampling, we 
record simply whether or  not the behaviour in question occurs, irrespective 
of how much of the interval it actually occupies. Since the moments of onset 
and te rm ination of any given boui are m ost likelv to occur in the middle of 
a n  interval, each bout will be credited with lasting up to two full time units 
longer than it did. Clearly, the longer the length of the sample interval,  
die greater will be the over-estimation. T he  ex trem e case will occur when 
the sample interval is the same as the sample period (in  the present case 
30 m in). A11 anima! who spent oni}’ io sec groom ing dur ing  this period 
would in this case lie credited with spending loodf of his time grooming, 
whereas in fact lie spent less than o / T f .  I t  can readily be seen that an 
accurate estimate of the proportion  of time spent g room ing (o r  indeed 
anything else) cam only be obtained when the sample interval approxim ates  
tin' actual un it  of measurem ent {i.e. one second). In  this event, it would 
obviously be a grea t deal easier to record transition  times and calculate the 
durations from  these. A s j .  A l t m a n n  (’ 1974) points out, O ne-Z ero  sam­
pling can only provide an upper limit on the p roportion  of tinae accounted 
tor b y  a given state. As we have seen, this upper limit may often  be absurdly 
high: at best, it will simply be misleading.



T his  may be particularly  critical when com paring species or individuals 
who d i f fe r  in the mean duration  of their  g room ing bouts. W e  cannot 
necessarily assume that the exteu!  of the over-estimation resulting from 
the use of O ne-Z ero  sampling will be consistent in each case. T h is  can be 
seen from  Tal.de 5. Although, fo r  instance, the absolute d iffe rence  between 
the true  function and the 30 sec O ne-Z ero  estimate correlates significantly 
with the actual amount of time spent g room ing (by =  0.791, p < 0 .0 5 ,  two- 
tailed, N  =  11), the correlation is by no means perfect. T o  a large extent,  
this is due to the fact that the mean duration  of individual subject’s grooming 
bouts varies considerably (Table  4 ) .  T h e  discrepancy between the true 
function and the estimated function is least when the sub ject’s m ean groom ­
ing bout length approxim ates  some multiple of the sample interval (i.e. 30, 
60, 90 or l j o  secs; see subjects 5, 8 and 9 in Table  4) and is greatest when 
the mean duration  d if fe r s  most from  these values (subjects 1, 2, 6 and 7).

T h is  problem does not arise in the case of point sampling since this 
strategy is based on instantaneous sampling. Hence, the probability  that the 
activity in question will be recorded in a given sample will depend simply on 
the proportion  of time it actually occupies. A  behaviour pa t te rn  which ac­
counts fo r  30% of an anim al’s time will have a probability of being recorded 
in a sample of precisely 0.3. Hence, point sampling is likely to give a con­
sistently reliable estimate of the t ru e  function, and  this will be so whatever 
the length of the inter-tria l interval.  O n  balance, therefore,  a point sampling 
strategy will always be superior to O ne-Z ero  sampling. I t  is also considerably 
easier to use, both in the case of individual subjects and when large numbers 
of animals have to be sampled simultaneously.

C O N C L U S I O N S

1 observed at the outset of this paper  that each of the five decisions 
which the investigator has to m ake places constra in ts  on the options that 
are open to him at each of the rem ain ing  decision points. Normally, we 
make the decisions in the order  in which they were listed on p. 78. In other 
words, we begin, not unnaturally , by posing a particu lar  problem to investi­
gate, then we decide what kinds of  behaviours are  relevant to it, choose a 
suitable sampling strategy, decide liovv to record the data in the field and 
finally (usually a f te r  the data have been collected) we w onder  how the 
results can be analysed. As we p rogress  th rough  these decisions, the num ber  
of options open to us decreases, and we sometimes arrive at the fifth  
decision point only to discover that the data cannot be analysed statistically 
because there is no known test capable of handling  data of the kind we have.

The  problems of statistical analysis m ust  to some ex ten t determine the
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h:i'. ¡ice of sampling niei hod since data which incorporate sampling biasses of 
ti. ík i uv n proportions cannot be- nr-ened b\ any amount of statistical w iza rd ­
ry .  hi point of fact, the five becisTu ]»oints are not independent of each 
tidier, for the options which are open to us at point 3 may restric t the kinds 
, ,f decisions we ran  make at points 3 and 2, and vice versa. Suppose we 
wkwrd to investigata the relationship between dominance and groom ing 
relationships. T o  do <0 we have to be able to compare two behavioural p a ra ­
meters, and before we can even decide what we are going to record, let 
alone how to quanti fv it. we are confron ted  with the spectre of a stage 5 
decision, 'i 'he availability of suitable statistical tests m ay limit the k inds of 
- any ding •ortuegies we can use, and these in tu rn  may limit the behaviours 
sampled. Xormallv, of course, it is logical to proceed in the reverse order  
and make the necessary changes to previous decisions as we come up against 
insurmountable problems. However, the point serves to illustrate the fact 
that the constra ints  m a r  come not only from  above, but also from  below.

( )ur main concern in this paper  has been with stage 2 decisions, namely 
c'musing the appropr ia te  beha \loura l  param ete rs  to quan t ify  in o rder  to 
an.-wer the research question posed. T h e  critical problem at this point lies 
in deciding which pari.icular behaviours are  relevant to the question in hand. 
In maim cases, the inherent difficulties are  not at all obvious. O f te n  it may 
seem that the topic we wish to investigate, fo r  instance groom ing relation­
ships. leases little r o o m  for doubl concerning the behaviours which ought 
to be quanti tied. Grooming, we suppose, is simply grooming, bu t  there  are 
at lea.-.t tinae  quite distinct problems here.

F irstly, we have to decide precisely what should be included in the activity 
of grooming, i.e. we have to arr ive  at an operational defin ition  of grooming. 
Ida.teraoiV, our  definition should be related to those used by other  authors, 
m-v the use of d if fe ren t  definitions for  the same term (especially when 

un.-'taded) max’ lead to contusion in the literature.
The second problem concerns external validity. A re  the behaviours we 

choo.-e to quantify  relevant to the question posed ? In  cases where the 
research, question is very precisely defined there may be little problem here. 
J iowcver, where the research question is o f  a ra th e r  vague nature , the i 11- 
vesilgaior runs the considerable ride of recording data which arc inapp ro ­
priate. A s we have seen, there are  a t least three types of behaviour which 
might be considered relevant to a study of “ social rela tionships” , and  which 
we choose to quanti fv will affect the results we get. Strictly speaking, each 
of these three param eters  answers a d if fe ren t  question. A nalysis  o f  g room ­
ing relationships answers the question “ H ow  do the animals distribute their 
g room ing?” , while an analysis of spatial relationships answ ers  the question
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“ Do animals p re fe r  to be spatially closer to some individuals than to o the rs?” . 
N either  necessarily tells us anyth ing  about the way in which the animals 
d istribute their  social contacts.

Thirdly ,  and finally, there are  two quite distinct ways of  quantify ing 
any given behaviour, namely by frequency of occurrence ( ra te  measures) 
and by duration  (proportion  of time m easures ) .  W hich  we choose may make 
a considerable d if fe rence both to the kinds of statistical analyses we can 
make and to the kinds of sta tements we can m ake about the anim als’ 
behaviour. W e  cannot necessarily assume, for  instance, tha t  groom ing rela­
tionships are completely described by an  analysis of the frequencies with 
which individuals g room  each other. T o  the contrary , the lengths of time 
for which individuals are p repared  to groom  m ay be a t least as interesting 
and probably ju s t  as significant.

In  conclusion, then, fou r  general points can be made relating to the 
choice of behavioural param eters  to quantify . F irs tly ,  the research question 
needs fine definition. I f  the problem is no t clearly defined, we may find 
ourselves collecting data, which although adm irable in themselves, do not 
answ er the question we suppose ourselves to be asking. Secondly, the dictum 
that ethological studies should begin with  a substantial period of naturalistic 
observation before  any attempts are  made to quan tify  aspects of a socio- 
biological system must. be emphasised. O nly  in this way can the external 
validity of the research projec t be guaranteed. T h is  applies both to the 
choice of a suitable problem to s tudy (and, hence, an adequate definition 
of the research ques tion ; and to the choice of the correct behavioural p a ra ­
meters to quantify . Third ly , the  fact that the re  are  of ten  several behavioural 
param eters  relevant to a given research topic suggests that it may often  be 
useful to examine m ore than one facet of the problem. Finally, the in te r­
dependence of the five decisions makes it  necessary to bear  in mind, even 
when defin ing  the research problem, aspects which might seem at f irs t  sight 
to be irre levant at such an  early stage. N o t only m ust the  availability of 
suitable statistical procedures be borne in mind, but so m ust the  limitations 
of the various sampling strategies and the exigencies o f  the actual field 
situation (including the species being s tudied). Certain  sampling strategies 
m ay be too d ifficu lt  o r  too tim e-consum ing to employ in a particular field 
situation, w ith  the result tha t  the k inds of data which can be quantif ied  may 
be restricted. This, in turn, may limit the  k inds of questions we can ask 
about the anim als’ behaviour.

S U M M A R Y
This paper has been concerned with examining the effects o f  choosing d ifferent 

behavioural parameters to investigate a particular research problem. Social relationships
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am ong a set o f  an im als  w ere  es t im ated  in seven d i f fe r e n t  ways. T h re e  behav ioura l  
pa ram eters  (social  contacts , g ro o m in g  and spatia l associat ions)  w ere  selected and a 
number  o f  sam pling st ra teg ies  w ere  used to q u a n t i fy  them. A l th o u g h  the m easures  
viclded resu lts  which cor re la ted  signif icantly , there  w ere m ark ed  num er ica l  d i f fe ren ces  
lui ween them due to the fact that they m easu red  d i f fe r e n t  aspects  o f  a complex  biological  
system. T h e  d i f fe ren ces  be tw een  f requency and  dura t iona l  m easu res  w ere  investigated 
and the accuracy  of  two com m on dura t iona l  m easu res  was determ ined.  O n e -Z e ro  
sampling w as  found  to prov ide  a poor  es t imate o f  the p ro p o r t io n  o f  t ime spent g room ing , 
wlu-reas ins tan taneous  o r  point  sampling a lw ays  gave a  rel iable  estimate. F inally ,  the 
re lationships betw een  the d i f fe r e n t  s tages of  r esea rch  des ign  w ere  discussed,  ¡emphasis 
was laid on four  aspects  of  choosing p a ram e te r s  to q u an t i fy ,  namely, the  precise delinea­
tion of  the r esea rch  problem, the validity  o f  the p a ra m e te r s  in re la t ion  to the resea rch  
question, the  d i f fe ren ces  be tween the var ious m easu res  and the  requ i rem en ts  and  l im ita ­
tions o f  the o th e r  key fea tu re s  o f  research  design.
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R É S U M É

Dans cette note, on examine les effets du choix des comportements divers pour 
l’investigation quantitative d'un problème socio-biologique particulier. Les rapports 
sociaux entre un groupe d’animaux ont été déterminés par sept méthodes différentes.
Trois comportements (interactions sociales, épisodes du léchage et associations spa tia les) 
ont été choisis et quelques méthodes ont été employées afin de les quantifier. Quoique i 
les méthodes donnent des résultats qui s’accordent, 011 relève entre eux quelques d ifféren­
ces numériques parce que chaque méthode considère l’aspect d ifférent  d ’un système 
biologique com pliqué. On examine les différences entre les mesures de fréq u en ce  et les 
mesures de durée, et on détermine la précision de deux mesures de la durée. T.a méthode 
„One Zero” donne une estimation imprécise de la proportion du temps que le sujet 
passe à lécher, mais la méthode instantanée ( “point sampling” ) donne line estimation 
précise dans tous les cas. Enfin, on discute des relations entre les aspects divers de la 
méthode de recherches. On souligne quatre aspects du choix des paramètres à quantifier, 
à savoir la définition précise du problème des recherches, la validité des paramètres 
en relation avec la question  posée, les différences entre les diverses mesures et les exigen­
ces et les limitations des autres caractéristiques des recherches entreprises. .


