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INTRODUCTION

The success of any research project depends to a large extent on the
amount of forethought devoted to decision-making before the observer even
begins to look at his animals, In any given case, there are five basic deci-
stons which the investigator has (o make, whether he does so consciously
or ot {J. ArTaaxy, 1971). These may be summarised as follows:

1. The problem to be investigated has to be defined;

2. The kinds of behavioural parameters most appropriate to answering
that particular question must be identified;

3. A samphing strategy which will provide an unbiassed estimate of these
parameters must be chosen;

4 A method which 1s both suitable for recording the data and practicable
in the field must be selected;

5. The most appropriate statistical test(sz) for analysing the data in the
form obtained must be chosen.

ILach of these decisions poses its own problems and difficulties. Further-
more, the decision reached at any one of these points places constraints
on the options which are open to the investigator at other points. It is well
known., for instance, that an inappropriate choice of statistical test can
invalidate the conclusions drawn from a set of data. It goes without saying,
therefore, that the data must be recorded in a form which is suitable for

1) 1 am grateful to the many people with whom T have discussed the problems which
have been the subject of this paper. T am especially indebted to AMrs Jeanne ALTMANN,
Dr I 1L Creor, Professor R AL Hispe, Jomy Ixoradt and Dr B M. Russen, for
their comments on an carlier draft of the manuscript; their criticising greatly helped
to clarify many of the issues. The ficld work was made possible by grants {rom the
Science Rescarch Council, London, and the Wenner-Gren Foundation for Anthropologi-
cal Rescarch while the author was in receipt of an S, R, (. Overseas Scholarship.
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anaivets by an available test i perhaps, less often appreciated, however,

i
nrGpriats solubion: ol wnv of e otbier steges iy e cquatly

i
o fostuite results (see, Tor mstanee, the discession of sapling methods

by 1o ALTMANS, 1074,

pliced on the quantification of data in recent

Vo - s Toreed the observer 1o constder these Tive points of research design

Tho increasing eniph

more seriously than has {ormerty been the case. This 1s reflected in the

woof papers recently published which have been concerned purely

ntl
with research mcthodology (oo Huorre & Horr, wgror Thxoe, 1973:
1. A raaxy, ro7gh. Unlike these latter works, the present paper is not
'inl'cm}ul to be an observer’s guider rather, T aim simply to draw attention
o ~ome important aspects of research design which have not been discussed
in any detait elsewheres Whercas most methodologienl papers have been
cemcerned with points (3) and (4) above, [ shall be copcerned primarily
with poine (2), that is, the choice of behaviourul parameters which are
refovant Lo the rescarveh problem. Fhis <hould not, hiowever, be taken to imply
that this aspect of research desian is more important than the others.

The particular problem that prompted this paper was how best to quantify
socal relationship: among groups of moetlikeys (N tils case gelada baboons,
i

the effects of using difforent parameters to quantity social relationships,

spithecus geleder. However, althoueh 1 oshall be concerned mainty with

ey of the conclusions drmwn apply 1o other arcas of behavieural research.

CAUARCH PRODLEM: RATIONALR AND ATMS

Y

Many Tield workers find it wserul to deseribe the overall pattern of sociad
velntionships inothe group of animals under study. By doing so, the observer
G vlentify social subgroups, the composition and crgantsation of which

can be related o the structore and dynamics of the gronp as o whole. Thus,

than tresting dominance hierarchices r zucuo, we may be able to
Jerermine how dominance relationships relate to preferences in social part-
nerss Do, for instance, animads that Droquenths engage in Siriendly™ social
1.7

y
!

terncticn support each other when attackhed by other ndividua

in studving wocial relationships as sucl, we commonly suppose that we
are investipating something awhich s relevant o the ammals themselves,
Siee, on the whole, aninals tend not o interact at random, we assume

ot when they do interact with o

articular mdividual, in some real sensc
they choose to do =o. In other words, we assunie that the interaction con-

cerned 18 ot oms colncidental result of a random series of events. Some

authors have termed these relationships “social alfmities” or “social bonds”
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(see, for instance, Kuanier, 1908; Arprici-Draxe of o, T971; Sapg
<3

tor3s Donpar & Duseak, 1974,

; ; In general, these tertns are ysed

in
an operational senser that is to xay, a social bond is defined in terms of a
- N «

particularly high rate of interaction between two individuals, f\'a{urally,
we can sav little about what the animals themselves (to put it anthropomgy-
phically) “think” since we are restricted to considering only the observaple
aspects of their behaviour. Nonetheless, many authors have found a deserip-

‘

Gen of the “communication network™ within the group (e, the chanpels
or routes of most {requent communication) to be heuristically useful insofar
as it provides a quantitative, first level approach to identifying the under-
Iying structure of the system (e S0 ALTHANN, 10080 NOMaeg, 1068:
SADE, 1G73).

However, different ficld workers have used dif ferent quantitative methads
for determining such relationships. Consider the following few cxamples:
Kraer (1008) in his study of Papio ficimadryas used the number of 1 min
intervals i which individuals interacted; Sape (1963, 1973) used the fre-
quencies with which individuals groomed cach other in his study of Vacaca
nidatta, while S0 Avrtaaxx (1068), in studying the relationships between
age-sex classes in this species, used the frequencies with which social signals
tor acts) were exchanged: TEskes & Acnrsox (rg70) used the frequencies
with which individual Cofobus guereza exchanged social acts; and in our
own study of Theropithecus geluda we used the number of 2 min instan-
tancous scan-samples in which individuals were interacting as well as the
irequencies with which age-sex classes mnteracted (Dospae & Duspae,
19)75).

On the other hand, some anthors have used spatial criteria. an approach
originally suggested by Carrixter (1904) who argued that the metric
distance between any two individuals could be used as an index of the
strength of the “bond” between them. T list a few examples of the bewildering
array of spatial measures which have been used. Kuvanrer (1908) used the
metric distance between two individuals as well as relative spatial relation-
ships (his “nearest-neighbour” method): Dreac (1974) also used a “ncarest-
neighbour” method n his study of Macaca svleans; Ciatvers (1968)
recorded the frequencies with which Cercocebus albigena age-sex classes
were within 3 {t of each other, while DraMBLETT (1g72), in a captivity
41

studv of T yelada, recorded the number of time intervais in which 1n-

dividuals were within 1o 1t of cach other; Srrvisaker iaei recordenld
the frequencies with which Cercopitheens acthiops individuals spent the
night in the same sleeping subgroups, and Duxpnar & Narinax (1972)

adopted a comparable strategy in the case of Papio papio; ALprici-DLAKE
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ot al. (1971) analvsed the frequencies with which Papio amdbis individuals
followed each other during lincar progressions,

All these ditferent procedures are ostensibly measuring the same thing,
pantely the strengths of the social relationships between different individuals
or classes of individuals. All, expliaitly or implicitly, assume that individuals
who interact (or sit wogether) often have a stronger social relationship or
“hond” than individuals who do so onlv rarely. While the assumption 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 =it together more often than do others.

However, we may justifiably ask whether the different measures which
have been used provide data which are comparable in form. Do animals who
sit together often necessarily interact with each other or groom cach other
often? What difference would it have made to the resulting picture of social
relationships if the observer in question had used a different measure?
There i= some indication in the literature that different measures do produce
restdts which are sometimes radically different. Kusaner  (1968), for
example, found that patterns of interaction did not necessarily correspond
to patterns of spatial proximity. Likewise, SIapsonN (1973) found that
different measures of the distribution of grooming among adult male chim-
panzees did not necessarily correlate. This raises the critical question as to
whether we can legitimately compare data for different species if they were
obtained in different ways.

Cur purpose, then, will be o examine the effect of using different be-
havioural parameters and sampling methods (o estimate social relationships
among a set of animals. Naturally, time and space preclude an attempt to
investigate all possible methods, and I have chosen those which are cither
commonly used or representative of a group of methods. My aim is not to
show that any one procedure is absolutely better than any other, but simply
to illustrate the effects of chonsing one particular approach and to try to

show why this is so.

2. BEHAVIOURAL PARAMETERS

As ] Aurvany (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 extent the kinds of data which will
be relevant to that particular question. This in turn may restrict the ways in
which the behaviour in question can be sampled. Our present concern
requires that we have as many different measures as possible in order to be
able to compare them. T have selected three types of relationship to examine.

6
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“The=c are {a) the extent to which imbmals inferact with eac

vother, (b) he
to which they oroan each other and (e the extent to which they

are in o pariiealar spatial relationship. Any given behaviour can be quanti-
fed motwo guite different ways, namely, cithor by counting cvents (fre.
quency o rate measures ) or by scoring states as a propertion of the £<)t31
sample time Cdurational measuresy and these are by ne means equivalent

(see J. Armtaaxxy, 19700, Fach of the three bebavioural parameters listed

7

t
above can be quantificd in terms of both Trequency and duration, For
convenience, [ shall postpone the diser

of the actaal measures used to
the {ollowir

section. Bedore doing so, however, the Kinds of behaviour
whicl are to be samplad i cach case must be specified.

In the case of (a) above, only non-agonistic “associaiive” behaviours
will be analysed. Interactions which are agonistic in character will be ex-

cluded from eonsideration on the grounds that they reflect the existence of

“negative” relationships,

, although some authors have nor made this distine-

tion. In practice, agonistic interactions are rare compared with nos-agonistic
interactions in most spedes and the amount of distortion Jdue to their in-
clusion may be minimal, Hlowever, when dealing with bulividuals rather than
aye-sex chisses, there s an ncreased risk of Tinding individuals who interact
refatively frequently but always in an agonistic manner. 1o include aconistic

uneractions might Tead ¢

v the conciusion that there was a stronw social
relationship between the mdivideals concerned. Clearly this would be erro-
neous since the relaticnship between them is queditatively quite different to
tiat betveen twvo ndividuals who only groom cach othier, even though they
interact less frequently.

I do not distinguizsh between the different kinds of nom-agonistic inter-
action {c.y. grooming, play, sex, efc.) on the grownds that, at this stage,
there 1s 1o a priori reason to sepposc that <ocial relationships are exclusively
expressed 1 terms of o particudar behaviour. To assume that the relative
strengths of social relationships are reflected in the extent o which indi-
viduals groom each other would bias against those individuals or classes of
tdividuals, sueh az juveniles, who noymally plav rather than groom. This is

not to sav that grooming relationships themselves micht not Le of interest,
of & ha i

but the analvsis of particular tvpes of interaction =honld be considered a

13

second order approach once the genceral outlines have heen established. T have,

however, included grooming inderactions (b above) as a separate measure,
partly because they are commonly used as an index of =ocial relationships
and partly becavse grooming is often said 1o be the most important {orm of

“

friendly” hLehaviour amony primates.

With regard to the spatial measure (¢ above), we shall record the extent

.
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(o which animals are within arm's reach of each other. The usual rationale
for this approach is that, smee the animals do not normally mix ot random,
e Tact that two individuals are spatially close reflects the existence of
sonte Cattraction” beoweenn thenn Dy implication, therefore, it is necessary
to ensure that data of this kind are not coilected at times when there 1s
reasonl o believe that this assumiption does not hold. Such circumstances are
likely to include occasions when the animals are moving rapidly (especially
if flecing from potential danger) and when the group 1s highly disturbed
by agonistic encounters of a particularly severe kind. Under such conditions,
the animals may be assorted more or less at random since their main concern
may be to get away from the source of the disturbance rather than whom
thev are next to. Both Kianer (1908) and Dreac (197.1), for instance,
recorded data of this kind only from resting troops, and in the present case

a similar condition was imposed.

3. SAMPLING STRATLEGIES

sampling methods have been discussed in detail by J. Anryaxy (1g74)
and I shall here simply describe the various strategies used.

In all, seven different measures or estimators of social relanonships have
been taken. These result from different combinations of behavioural para-
meters and sampling methods and are as follows:

1) The number of social contacts between individuals (e the number
of times they interacted, irrespective of the number of socul acts exchanged
In cach interaction);

21 The number of social acts exchanged between imdividuals;

(3) The number of 30 sce thue intervals in which individuals interacted
(One-Zero sampling);

)
individuals were interacting;

The number of 6o sce instantancous or poiut samples in which

{5) The number of grooming bouts exchanged between individuals;

{h) The number of 6o sec instantaneous or point samples in which indi-
viduals were grooming;

(77 The number ol 30 scc time intervals in which individuals were
within arm’s reach of cach other (One-Yero sampling).

The sampling strategies and some of the terms used reguire explanation
andd definition, A “social contact”™ 1s defined as the exchange of an uninter-
tupted  series of social acts between two dividuals, being defined  as
terininating when the individuals concerned cease to exchange such acts

and do something clze (e.g. leed, move apart, interact with another animal,

cte ). In strategy (1), we simply count the number of such contacts that
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occur and ignore the munber of social wets exchanged nany given case, Dy
definition, only interactions invelving the exchange of non-agonistic signals
will be considered.

A Usoctal act” refers to any clement of the species’ signal repertoire when
used in a “face-to-Tace” interaction between a pair of amimals, In strategy
(21, we count the number of such acts exchanged between interacting d\'ad;_
Tndividual social acts include grooming, touching, presenting, mounting, the
various play behaviours, ofe. Agonistic acts (threats, aggressive contuct
behaviours, submissive behaviours) and signals such as alarm and contact
calls which are not generally divected at a specitic mdividual ave discounted
in the present context.

A Yerooming bout” 15 defined as a continuous series of grooming actions
by one individual, As in the case of social contacts, a grooming bout is
delined as terminating when the groomer stops perforniing grooming actions
and does something else (e sits looking around, presents to be groomed,
moves away or 1> groomed by his partner). I include among the wctions of
grooming not only searching through the lur and removing particles, but
alxo cating things picked from the fur or skin and hpsmacking (see Srarks,
1g07). A\ more detatied discussion of this 15 given csewliere (Duxpar &
l)l'\'l’n\l\’, tars). Inostrategy o500 we count the number  of  ndividuni
bouts of grooming exchanged between two individuads  (rrespective of
which animal 1s the groomer)

An example may help to clarity the differences between these measures,

Suppose the following sequence was recorded from o sinele subject denoted by animal A
A approachies B ound (1) presents his rear to hine I3 (2) ouches A’ rear, {3) peers
closely at it and then () bricfly mounts hivy with £3) vicorous lipsmacking. When
B distmoants, A turns and (03 begins to groom D After grooming for some time,
A stops und (73 presents hiz side to By then BB (8) grooms AL Luter, B ostops
crooming and sits looking around. A moves awayv a few metres and beging 1o feed
After Teeding for a while, A walks back over to B oand o) hegins to 2room him.
When B ostops crooming, A (70) presents his back to B oand B (1o grooms A
azain. A few minutes buer, Bowalks away and A beging o feed

In this example, two separate social contacts occurred which were separated
by a clear break n the exchange of social signals between the animals, namely
when A moved away o fecd and B osat Tooking around between (&) and (9).
During these two interactions, four separate bouts of grooming were recorded
(at points 0, 8, g and 11) and a total of 11 social acts were exchanged,
These three strategies (1, 2 and 5) are cvent frequency (or rate) measures
and the data are properly expressed, even if unstated, as the number of
events per unit time. The romaining four strategies, on the other hand, are

Y
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Jureational measures, the data being stricthv expressed o ferms of  the
proportion of time spent in o elven state.

D ostrategies 3 and 70 the sanpling procedure is basal on One-Zero or
imerval >:1mpﬁng‘. he <ample period (i this case 30wy 1= divided up
o U series of equal time intervals there 30 see). So long as the relevan
rol tionship occurs within any given 3o sec interval, a “plus™ is scored; if
the relationship does not ocenr, a Cmimus” is scored. Only o single plus is
scored for a particular pair of interactees in any given iterval, irrespective
o1 how many times they actually interacted {or sat together) in that interval.
This <ampling strateey has been referred to hy a number of terms, but |
shall Tollow 1. Arraasy (o740 10 terming it “One-Zero” sampling. (o
present purposes T have considered One-Zero sampling to be an estimate of
the proportion of time. Some authors have used o One-Zero sampling
sirategy to estimate event frequencies, but, as Armaany & Wacxer (1970)
aned Frexpera (1972) have pointed out, the strategy does not give a true
frequency estimate and §ohave refmined from .\amplinﬂ' events in this way.
For o fulier discussion of this, see, 1Tivpe (1o73) and J. Avryaxy (g7

T sirategies 3 and 6, the data are also recorded in the fmﬂ of +'s and
o e butin this case samples take the form of instantanecus samples carrial
out ar predetermined intervals of time (here Go o sec). Tlvery 00 sec we
determine whether or not two individuals are interacting in the way specified.
|

smplicity [ shalf use the term “point™ sampling,

strategy has likewise been reterred to by a number of terms, but for

ATITODS

o Recordine wwethods

The data were obtatited from o ser of cleven 3o min samples of individual aclada
dwons (Theropithecns acladay recorded for this purpose during our 1a71-2 study of
hiv species i the Simien Meountaing National Park, Iithiopia. The recording metind
ed that data were simudtancously obtained on each of the seven dif ferent
Dhoasures, Dinocach ease, G subjeet animal wis =elected at random from the herd,
wod his hehiaviour was recorded on o cheeksheet gradinred into sixty 30 sec intervals,

wis <0 desizt

Faervtbing the subject did cor had done wo hiny d]l" the aze-sex class of his interactee
reenrded in the terval in which it occnrred. Poersistent hehaviours such as grooming
wore recorded incach interval in which they oceurred, the end of a bout being mrked
vertical e behind the Tast enterad svmwbol. At 00 see intervals, an instantancous
<ol of what the ~ubject was doing (and, where appropriate, with wham) was made

Poosddition, the exact thnes of ouset and termination of all creocing howts were noted to
e rearest see (with oopossible ciror of 223 sees) and the age-sex classes of Wl animals
within aem’s reach of the subject during any part of each 30 <cc inerval were recorded.

Oleervation distanees were of the order of 3-10 m, visibility conditions in all cases
hoine exedlent. Inter observer reliability when recording samples of  this kind was
Cocontonadly Tigh (os%e s see TRt & Dienear, 107300 Fleven age-sex o classes
distineuished in this analyeiz s these are deseribed in fodl o Duxpar & Dexpan
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No attempt wias i

le to sample cither from a single known individual or from ingdi.
viduals of the same age <ex closs, Althongh cither of these miglit have been prefergle
in terms of realisem, we aimed 1o sample a broad spectrum of ol
miants. This has the alvntage of includine o the sample o variety of individuals
wlhose chiaracteristic interactions are likely to divfer, henee anphasising anv differenegg
which micht exist hetween the measures,

ave-sex classes except

2 Analveis ol data.

The major analvses of the data will be i terms of the proportional distribution of
social interactions (however measared) amons the varions age-sex classes of interactee,
For these purposes, the eleven samples have been pooled and trented as though the
were obtained from the w

une individual or class of individuals, 11 5s Dnpariant to sote,
therefore, that no conclusions concening the behoeviowr of aclada boboons should be
drazen from the data presenicd Deloze, Tnoanalesinge the distribution of <ocial interactions,
all triadic or nnltipartite inter:

‘tions have been ireated o aset of dvads,

Spearman rank correlation tests have been used to determine whether the various
sampling strategics give the same ordinal ruking 1o the data. These analvses represent
the kind of qualitative and semi-quantitative comparisons that are often made, namely
thosc of the “A-interacts-more-with-B-than-with-C” kind. Howcever, wince o Luree num-
bor of comparisons are made, <ignificance levels cannot be attached divectly to the
resuiting v values (Sikorn, 103600 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 deeree of correlation between the measures is tested Tor signifi-

cance teing Kendall's eocfficiont of concardanee

Some divect tests of abzolate numerical comparability bave bean corried out using the
Wilcoxon matched-paivs sicned-ranks< test. Tn ceveral, however, most numerical com-
parisons will be omade without the use of  <tatistical tevts sivee the differences are

cenerally sufficiertlyv extrome not to reguive =tatistical verification. (There 13, however,

the additional probicm that only goodness-of-1it tests are appropriate in sone of these
cases, but, since independence of the data camot he assumed i six of the seven measures,
stch tests cornot he usc Onle G the coqe of the Tregooey of sooad cortacts measure
can independenct he demonstratesd - for a discussion of this, see Appendix O of Divpar &
Dexear, 973).

RESULTS AND DISCUSSION
O ERTINMATING SOCIAL RELATIONSHIPS

The frequencies with which the subjects {all samples pooledy interacted
(or sat with) each of the various age-sex classes as determined by the seven
sampling strategies are given in Table 10 Ta cach casge, the raw number of
units of interaction or association with each class is given. Strictly speaking,
estitmators 3, 4, 0 and 7 should be interpreted in terms of the proportion
of the total number of samples talien {330 in the case of strategies 4 and 6,
6600 in the case of strategies 3 and 7). However. for simpheity the raw
scores are entered into the appropriate columms rather than the proporiion
of samples,

As a first step, cach pair of measures may be compared to determine
whether or not they rank the interactees in the same order. The results of

the Spearman rank correlation tests are given in Table 2. Tt can be seen that,
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s the whole, the covrdations hetween the mearures are quite hich. OF the
Cutv-one pairs thirfecn correlate at better than r. = .80, while in only
ane case 18 the valie of . below o0.600.
Such a oenerativ high fevel of aereoment between the wovin n
Iy interacted azht be taken to imply that, at least in the case of the species nader -tudy,
by the soven which imug\' s uvsed to estimate overall social relationships s 1'«]:1&\\'1_\'
v num'hcr o1 uamaterial =0 lone as the data are ordinally <waled. Indecd, caleulation of
speaking, Wendalls coefficient of concordance between the seven measures gives
¢ prulmrti(m Vo= 0.8 which indicates 1 significant degree of agreement between the
sies f and 6, sheetres {(y? o= 3828 n<foonr, df = 50).
oty the raw Fawever, the fact that in many cuses the correlations are far from perfect
e proputiion rates the fssue of the nwmne ‘ca] conmar:gi)ilit\' of the various mearures,
- Consideration of the datain Table 1 shows tha although each estimater
o determine places adult females, 3 vear males, 2 vear mades, adult males and 6 year
12 results of mades in the top six ranks, they do not do w0 in exactly the same ordes
be seen that, Purthermore, the elags of vearlings is ranked markedly differentiy by the
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various measures, and it can be seen that this class accounts for much of
the dizcrepancy in many cases.

v These discrepancies imply that, although the measures co-vary, thev
Hp not do so monotonically. This can readily be demonstrated by converting the =

raw scores to percentages of the total number of samples incach case, These
are given in Table 3 in the form of probabilities. cach row summing t,
. unity.

TABTII 3

Relatize strength of relationship with cach aye-sex class as determined by

! - the different estimators given as a probability (based on date in Table 1)
Age-sex elass ol mteractee
Iostimator Ad;ooxrs svrs ogars Ad - 3vrD 3vro2vrs vt Yearl Im
1. Number of contacts 004 064 021 043 170 234 004 004 043 213 o2
2. Number of acts 112639 018 og1 278 201 047 080 037 10T  .og
' 3. One-Zero interacting 111 108 L0oro 050 325 161 036 128 030 033 oo
10 4. Point interacting IT9 0 .T1o 008 050 1349 15T 024 127 .040 008 .goc
i 5. Grooming bouts 110 079 004G 0. .333 158 061 132 018 o2
: 5 3 § ) } 7 4 2333 5 3 26 .oo0
z 6. 1’0111t arooming 123123 008 057 301 130 .025 131 .033 .000 .ooo
. 7 Spatial measure 108 oRa o010 04h 26 123 0yl 00b 051 16T .007
§ . “-
‘ (In the case of the four durational measures, there is a major difficully
&

in this respect. In order to transform the raw data into a form comparable
, to that for the three frequency measures, the total number of samples taken
§ cannot be used as the denominator since the rows woulldl not then sum to
unity. On the other hand, since a subject could be interacting or sitting
with more than one animal during any given sample, the number of intervals
: or point samples in which he was interacting cannot be used either, since
the row totals would then be greater than unitv. Tt has therefore been
g necessary to use the sum of the appropriate row in Table 1 as the denominator
' in cach case. This raises some difficulty over the precise interpretation of
the probabilities. since they no longer represent either the proportion of
time or the proportion of interaction time that the subject spent interacting.
Perhaps the best interpretation to place on these probabilities 1= one in terms
of the proportional distribution of the subject’s social contacts ov spatial
associations.
Consideration of these data clearly illustrates the different pictures of
, velada social relationships which would result from use of the different
. measures. Frequencies of social contact, for instance, would supggest that

0.4% of the subject’s social activity was with adult males and 21.3¢ with

yearlings. On the other hand, the number of acts exchanged would give
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values of 11.2%9 and 10.19¢ respectively, while the number of grooming
bouts exchanged would give values of 110% and 2.67¢. iven more extreme
wotlld be the number of point samples spent interacting: 11.977 as against
0.8,

Hence, although we night be able to compare different animal’s social
relationships using ordinally scaled data with a reasonably high expectation
oi concordance between different measures, we cannot necessarily make a
nore direct comparison between the relative probabilities of interaction.

2. DIFFERENCES BETWIEEN MEASURES

These differences draw attention to one important aspect of social rela-
tionships. In a complex social system, “social bonds™ (in the pavchological
sense) may he expressed in a variety of different wavs, Flence, whichever
index we select to estimate the strengths of these relationships will provide
data which reflect only certain facets of this system.

The mean number of acts exchanged per social contact, for instance, is
not the same for all classes ol interactee. Interactions with some classes
average five or six acts per contact, while those with others average only
one or two tsee Table 1), Tlence, by taking frequencies of soctal contact as
an index of the strength of the relationships between individuals, the data
are biassed in favour of thoge classes who exchange fewest acts per =ocial
contact, while the reverse is the case if the number of acts exchanged is
nsed as an index. Likewise, consideration only of grooming bouts will hias
the results against those individuals or classes among whom grootming is a
rare form of social expression. Conversely, it would tend to overemphasise
relationships between classes who do little else but groom when they do
wteract, even though they may not be especially sociable.

Again, if we record the proportion of time spent interacting, we may
find that similar biasses cimerge due to the fact that interactions with some
classes tend to be of shorter duration than those with others. Not only may
these measures differ from the distribution of social contacts, but they
may also differ from the distribution of acts if animals tend to exchange
different kinds of signals in their interactions with different individuals,

The strongest correlations obtained were between the three estimators
which measured the proportion of time individuals spent interacting and
grooming (strategies 3, 4 and 6). This can be attributed to the fact that,
i the present case, a large proportion of the social acts exchanged were
Jrooming (sec Table 1), Since grooming tends to account for a great deal
more time than other behaviours, it is not too surprising to find that a

measire of the proportion of tinte spent interacting correlates well with the
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proportion of e spent groomine, This may

Lonvever, necessari 7\' be

1

so i all eases, since the interactions of some chiveess s as juveniles,
tend to involve a great deal more play than wrooming, particolarly when
they are interacting with peers, T this cases the assumption tad grooming
provides an accurate estimate of the strengthys of social rolationships may
be seriousty misleading.

Similarly, a measure of spatial association may fead to o rather different

picture of the relation=hips among a group of anvads than an interactional

—_— 1 oive, The teason for thi- i< (aiehe obsiouss an aginsl
NMCG=Ure Woti l! IV e reason tor Uiie s Lnriy abvioust o an g
may spend a great deal :)f time close to certain ndividead-, but interact

with them only rarelv. This could be duc to onc of several vensonss Infants,
1

for mstance, micht often be {ound ncar adult males Wi mothers
b

commanly associate with this oge-sex classr ponctheless, infanis might

interact with ardeli males only rarely. The ascumption that there is any

Gl of Usocinl Dol between adelt males and myant: purely on the hasis

Lindd of 1 3

of frequent sputi:d proximite would be ervoncous, sinee the apparent relaiion-

ship is in reality @ consequence of the strope relationship between mi

andd fenles: On the other hand, somie animals may actively seck ont the
proximiiy of ceriain nuividuals, but be unabie o interact wita thom as often
as they might wish, Kewnwes (1068 Tound such a0 relationship hetween
imvenile females and adult males in Papio hamedivas, and similio vesuits

obabosns (Duypa & Dunrean rarzy.

were obfained i the ese of

Thus, in this case, spatial proximity might reilect the juvenile’s choice of

preferred social parmer rather more doselv than frequentes of interaciion.

A third nossible interpretation micht be that spatial proximity o: a whole
H I i i A

1= irrelevant. Animals might mix more or Tess at random when not inter-

acting, moving through the group to seelk out their preferred social partners
as and when they wivhwd to interact, Thore v evidenee v il efioest

REARTRI BN

certain age-rey classes of  oclada cDosnae & Dusna s rorny In this
situation. spatial proximitv wonld be o wseful dmdes of social prefeeanee:

only when the animals were actually interncting, T remains an pnrested

posability that i many species ned thbouthood relation:Tip s amieny o group

of animals change acenrd'ng to the nature of the predominant o ftis
not unreasonable o .\umum- for instance. that an animal’s acighibo il

approach 1 random distribulion more often when the oroup i feedims fhan

when it 1= socialising,

CDATFEFERENCES PETWEREN FREOUBENCY AND DBURATION
The dif&'rcnrcs between frequency and doration can be dhetmated more
clearly by examining the relationship between the {requency of gronming
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houts and the amount of time spent grooming. These data are given for
cach subject in Table ., together with the mean duration of grooming bouts
in each case.

The number of grouming bouts correlates signiticantly with the total
amount of time spent grooming (r, = 0.872, p<Lo.01, N = 11" cven though
there 15 a considerable range in the mean duration of the various subjects’
crooming bouts (i4.0-120.06 secs). In part, this correlation can be attributed
10 the fact that, although grooming bouts may vary from a few seconds to
a5 much as 6 min in length. they tend to have @ modal distribution of around
70-80 secs (unpublished datay. The relationship between the frequency and

duration of grooming is, however, by no means linear. Some individuals may

TABLE |
Contparison of the mwnber of seconds cach subject spent grooniing woiih the
number of groomig houts he performed

L 2 3 i 3 O 7 A 4 10
Nunther v secoids 1050 i U3 [N ti2 4 1y 20y 241 110 20
Number of honts 1l ; 0 v 5 0 O 3 !

(in =ees)

sroom  frequently but not for anyv length o time, whereas others groom
infrequently but for a considerable period of time on each accasion (compare
subjects 3 and 6 in Table ). Indecd, there is no consistent relationship
between the frequency with which subjects groomed and the mean duration
of their grooming bouts (r. = 0.500, p>0.70, two-tailed. N = 11}, ndica-
ting that the most frequent groomers are not necessarily the most persistent.
Not only this, but animals may also differ in the length or time for which
they are prepared to groom different mdividuais. StarsoN (10731, for
mstance, found this to be the case among adult male chimpanzecs.

Cemsequently, when choosing an appropriate measure for estimating the
extent to which individuals interact, we should bear in nind the differences
between frequency and duration. In an absolute sense, neither can he con-
sidered better than the other, since each examines a different aspect of the
situation, although in any given set of circumstaiices one mav be more
appropriate in terms of the investigator’s interests and the requirements of
the research question. It may often be valuable, however, to record both
kinds of data.
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o DTFFERENCES BETWEEN ONE-ZERO AND POINT SAAMPLING

Although T do not intend 16 discuss the merits and demerits of the varions
sampling methnds m any detail, 10 does seem worthwhile examining some
of the disadvantages of One-Zern sampling insofar as we have data available
to do this.

Throughout the preceeding analvses, T have used One-Zero sampling as
a durational measure. Strictly speaking, One-Zero sampling i3 =0 designed
that it tncorporates Teatures of both frequency and duraton. Oxstensibly, the
strategy would seem to have much to recommend it since it mayv permit the
observer to record event tfrequencies while at the same time obtaining darm
on duration. The nuuber of studies which have used this particular method
attests to this. Regrettably, however, the method leaves much 10 he desired
since constderable error may be incorporated into one or both hinds of data,
A more detailed discussion of One-Zero sampling is given by | Arraaxy
{10703, In the present context. | shall consider the differences between
One-Zero and pomnt sampling i the extent to which they provide an accurate
estimate of the proportion of time spent doing something. T <hall again use
the proportion of time the subjects spent grooming. That T consider only
this aspect of One-Zero samphing should not be taken to mply that [ con-
stder it o suitable strategy for recording event frequencies. [ have already
remarked that this strategy docs not give a true estimate ol the frequency
of event occurrence Csee also Armravy & Waawer, 19700 Hivore, 1g73;
T Arraraxy, 1970,

Table 3 gives the proportion of time cach subject spent grooming based
on the actual number of sceonds (from Table 1), together with estimates
of this obtained by One-Zero and point sapling with dif ferent time bases.
In the final column i1s given the overall proportion of time spent grooming
by all subjects combined.

Constuderation of the data shows thar point sampling provides & consistentiy
more accurate estimate of the true function than does One-Zevo sampling,
irrespective of the length of the sample interval. Comparison of the true
function and the estimated function in ecach caze using the Wilcoxon
matched-pairs signed-ranks test shows that none of the point sample ¢sti-
mates differ signiticantly {from the true function ¢ not below  271.0,
p>0.03 1 each case), whereas all the One-Zero samples are significantly
different 1" = o, p<o.or in each case). Although point samples might
1

differ somewhat from the true value in individual cases, when the sample

size 18 reasonably large the errors tend to cancel cach other out and o reason-

ably close approximation to the true function 1s obtained. In the case of
One-Zero sampling, however, the true function is alwavs over-estimated,

a1
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ANMPLING TADLLE 3
of the various Postanates of the proportion of time individual subjects spent yrovming

AN Cone thased on Osie-Zero and point sampling coith different time bascesy comparcd
- data available with the actual proportici of thne spent yroomiily

- Subject
o sampling as

; ; Estimat ! 2 3 + 5 G 7 3 9 o 11 Overall 7,
o 'Icsmlltd :m‘_zlm‘\ ~econds 38,3 508 3G01 0 3740 3400 2000 10000 134 61 1.1 0.8 24.8
: k)~*1‘\”1“;ﬂ’]_\" the .wm_yk roo=aupling based onintervals of:

1Ay permit the ’ 5 <0 O30 g 0.8 3800 35.0 0 2800 181 Ly L.y T3 1.1 265, 2
obtaiming data 15 =0 b2 4300 433 425 3750 333 20y 10y 8.3 1.; 038 2601
. 0 750 31.7 jeb 5.0 40.0 33, 2H.7 2000 10.0 .3 i 32.
ticular method {):1 o /\:,0 006 ;4,,7 ;in ;() 0 4’3 z gu.é) 23.3 16,7 :: :/w :573
1o be desired T 867 607 733 533 53.3 OOT 107 2007 200 6.7 0.7 161
My of data, point =t pling hased onintervals of:

v AT TIANN - 675 3803 375 3.2 258 175 133 58 08 08 25.5
ences hetween qo s 000 35.00 30,7 33.3 250 107 117 5.0 1.7 0.0 2q.2
de an accurite GO S 333 307 3007 30607 2000 1000 133 0.7 0.0 0.0 23.09
dall aeain uee 120~ q0.7 407 333 40.0 2007 133 133 D7 0.0 0.0 24.8
con=ider only the extent of the over-estimation bhecoming greater ax the length of the
Iy that 1 con- - <onple mterval mercases, Une-Zero sampling vields 4 reasonably accurate

[ have already catimate onlyowhen the sample interval is very small relative to the typical
the Trequency duration ol the behaviour in question.

Hixpe, ro73: Phe canse of this is not difficult to sec. In One-Zero sampling, we

record =imply whether or not the behaviour in question occurs, irrespective
rooming bised o how much ot the interval iv actually occupies. Since the moments of onsct
with estimates il termination of any given bout are most likelv to occur in the middle of
ent time bases, A terval, cach bout witl he eredited with lasting up to two full time units
pent grooming tomver than vt ids Cleardy, the longer the Tength of the sample interval,
“he greater will he the over-estimation. The extreme case will occur when

<o consistently the =ample interval 1= the samie as the sample period (in the present case

Zero sampling, oo, An oammal who <pent only ro see grooming during this period

m of the true woubll m this case be credited with spending 100¢¢ of his time grooming,
the Wilcoxon whereas e fact hie spent less than 0.6 It can readily be seen that an

it sample csti- aceuriaie estimate of  the proportion ol time spent grooming (or indeed

it helow 210 anvihing clse) can only be obtamed when the sample interval approximates

¢ significant]y the aetual unit of measurement (i one second). In this event, it would
smples might obviously be a great deal easier to record trausidon times and calculate the
ien the sample - durations {from these. As J. Avraaxy (1973) points out. One-Zero sani-

tand @ reasoi- phing can only provide an upper limit on the proportion of time accounted

[n the case of for by a given state. Ax we have seen, this upper limit may often be ahsurdly

over-estimated, hizhe at best, it will simply be misleading.
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. This mayv be particularly critical when comparing specics or individuals
who differ in the mean duration of their grooming bouts. We cannot
necessarihv assume that the exteat of the over-estimation resulting from

the use of One-Zero sampling will be consistent in cach case. This can be b

seen from Table 5. Although, for instance, the absolute difference between
the true function and the 30 sec One-Zero estimate correlates significantly
with the actual amount of time spent grooming (r. = o561, p<0.03, two-
tailed, N = 119, the correlation is by no means perfect. To a large extent,
' this is due to the fact that the mean duration of individual subject’s grooming
bouts: varies considerably (Table ). The discrepancy between the truc

. function and the cstimated function is least when the subject’s mean groom- ‘
ing bout length approximates some multiple of the sample interval (i.e. 30,
G0, g or 120 xees: see subjects 3, 8 and ¢ in Table f) and 1s greatest when
the mean duration dif fers most from these values (subjects 1, 2, 6 and 7).
This problem does not arise in the case of point sampling since this
strategy is bazed on instantaneous sampling. Hence, the probability that the
activity in question will be recorded in a given sample will depend simply on

. e 5

the proportion of time it actually occupies. A behaviour pattern which ac-

. countz for 30% of an animal’s time will have a probability of heing recorded
i o sample of precisely 0.3, Hence, point sampling s likely to give a con-
sistently reliable estimate of the true function, and this will be so whatever
the Ieneth of the inter-trial interval. On balance, therefore, a point sampling
stratesy will ahways be superior to One-Zero sampling. It is also considerably
easier to use, both in the case of individual subjects and when large numbers
of animals have to be sampled simultaneously.

g’: CONCLUSIONS
I oheerved at the outset of this paper that each of the five sdecisions
which the investigator has to make places constraints on the options that
2 : are open to him at each of the remaining 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 particular problem to investi-
vate, then we decide what kinds of behaviours are relevant to it, choose a
. : suitable sampling strategy, decide how to record the data in the field and
finally (usually after the data have been collected) we wonder how the
results can be analysed. As we progress through these decisions, the number
of options open to us decreases, and we someumes arrive at the 1ifth
decision point only to discover that the data cannot be analysed statistically

because there 13 no known test capable of handling data of the kind we have.

The problems of statistical analysis must to some extent determine the
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Lo of sanusine meol sinee datn which incorporate sampling binsses of
Jotee of samgeing medod simcee dat which meorporate sampling biasses of

b propoctions cinnat beorescied By sy amonnt of statistical wizard-

cvo Bt o) Doty the ve

cnopoims are not independent of each
citer, for the options which are onen to us at point 5 mway restrict the kinds

ab points 3 oaund 2, aned viee versas Suppose we

1

TONs we oan nhe

tieate the reldionship between dominance and grooming

wisnet Lo i

ionships. o da <o we have 1o be able to compare two behavioural para-

preers, and bedore we o wan even dectde what we are going o record, Tat
e how fo quantiny it we are confronted with the spectre of o stage 3

Sion. The availlability i suitable statistical tests may hnnt the kinds of

v P N TL T I T T a el onee
PRRIYG TQlULes e dd e, antothese i turn iy Vit the behaviours

sampled. Normadie, of course, it is logical to proceed in the reverse order

o

are niaiie the nevessary changes (o previous decisions as we come up against
isvurmottable problemss However, the point serves to illustrate the fact
Phat the onnsiraints may come not only rrom above, but also from below.
Our main concern m iy paper has been with stage 2 decisions, naunely
ieosing the appropriate behavioural paranicters to quantily in order to
arewer e vesearch question posed, The erttical problemt at this point lies

i decrding which pacticular behaviours are relevant o the question in hand.

<. the inherent difficudtios are not at all obviows. Often it may
the topic we wish to invertigate, {or mmstance grooming relation-

Hile oo (or doubi conceriing the behaviours whiche ought

ty Le gquantiiicd, Grooming, we suppose, 18 stimply grooming, but there are

au et thiee quite distinet problems Leve,

~owve hve to decide prectsely what should be included in the activity

oF ,Leowe have o arrive at an operattonal definition of grooming.
Profecabdy, cur definiton should be related o those vscil by other authers,

e the use of different definitions for the came term (especially when
pifaied s may fead to confusion 1 the literature.

The second problem coneerts external validity, Arve the behaviours we
chion o o quantiiy eelevant o the question posed s In cases where the
question s very precisely defined there may be little problem here.

Foowever, where the researell question is o

a rather vague nature, the in-

<oof recording data which are inappro-

vestienior rums the eonsiderabie ¢
prictes A we have seen, there are at least three types of behaviour which

micht be considered relevant to a study of “social relationszhips”, and which

we choose to arnstiny wiil affeet the resnlts e gets Strietly speaking, cach

o three parameters answers o diffoerent question. Analysis of groom-

g relationships answers the question “How do the animals distribute their

grooming 77, while an analysis of spatial relationships answers the question
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“Do animals preter to be spatially closer to some individuals than to others 77,
Neither necessarily tells us anvthing about the way in which the animals
distribute their social contacts.

Thirdly, and finally, there are two quite distinet ways of quantifying
any given behaviour, namely by frequency of occurrence (rate measures)
and by duration (proportion of time measures). Which we choose may make
a considerable difference both to the kinds of statistical analyses we can
make and to the kinds of statements we can make about the animals’
behaviour. We cannot necessarily assume, for instance, that grooming rela-
tionships are completely described by an analysis of the frequencies with
which individuals groom each other. To the contrary, the lengths of time
for which individuals are prepared to groom may be at least as interesting
and probably just as significant.

In conclusion, then, four general points can be made relating to the
choice of bchavioural parameters to quantify. Firstly, the research question
needs fine definition. If the problem is not clearly defined, we may find
oursclves collecting data, which although admirable in themselves, do not
answer 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 attemptls are made to quantify aspects of a socio-
biological svstem must be emphasised. Only in this way can the external
validity of the research project be guaranteed. This applies both to the
choice of a suitable problem to study {(and, hence, an adequate definition
ol the rescarch question) and to the choice of the correct behavioural para-
meters to quantify. Thirdly, the fact that there are often several behavioural
parameters relevant to a given research topic suggests that 1t may often he
useful to examine more than one facet of the problem. Finally, the inter-
dependenee of the five decisions makes it necessary to bear in mind, even
when defining the research problem, aspects which might seem at first sight
to be irrelevant at such an early stage. Not only mwust the availability of
suitable statistical procedures be borne in mind, but so must the limitations
of the various sampling strategies and the exigencies of the actual field
situation (including the species being studied). Certain sampling strategies
may be too difficult or too time-consuming to employ in a particular field
sitration, with the result that the kinds of data which can be quantified may
be restricted. This, in turn, may limit the kinds of questions we can ask
about the animals’ behaviour.

SUMMARY
This paper has been concerned  with examining the effects of choosing different
behavioural parameters to investigate a particular research problem. Social relationships
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among a0 set of animals were estimated inoseven different wavs, Three behavioural
parameters (social contacts, grooming and spatial associations) were sclected and a
nnber of sampling strafegies were used to quantify them, Although  the measures
ciclded results which corvelated sienificantly, there were marked numerical differences
Letween them due to the fact that they measured different aspects o @ complex hiological
wvstem The differences hetween frequency and durational measures were investivated
ad the accuracy of two common  durational  measures was  determined. One-Zero
~atpling was found to provide a poor estimate of the proportion of time spent grooming,
whereas instantancous or point sampling alwayvs cave o reliable estimate. Finally, the
relationships between the different stages of rescarch design were discussed. Faphasis
wits Taid on {our aspects of choosing parameters to quantity, namely, the precise delinca-
ton of the rescarch problem, the validity of the paramcters in relation to the rescarch
question, the differences between the various measures and the requirements and limita-
tions of the other key {eatures of research desivn.
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RESUME

Dans cette note, on examine les effets du choix des comportements divers pour
Iinvestigation quantitative d'un probléme  socio-biologique particulier. Les rapports
soclaux entre un groupe danimaux ont été déterminds par sept mdéthodes différentes,
Trois comportements (interactions sociales, ¢pisodes du Iéchage ¢t associations spatiales)
ont ¢t choisis et quelques méthades ont ¢té emplovées afin de les quantifier. Quoique
les méthodes donnent des résultats qui $accordent, on releve entre cux quelques dif

‘ren-
ces numériques parce que chague méthode considére Taspect différent dun systéme
biologique compliqué. On examine les différences entre les mesures de {réquence ot les
mesures de durée, ¢t on détermine la pricision de deux mesures de la durdée. Ta mithode
,One Zero” donne une estimation imprécise de la proportion du temps que le sujet
passe a Iécher, mais Ta méthode instantande (‘point sampling”™) donne une estimation
pricise dans tous les cas. Enfin, on discute des relations entre Ies aspects divers de la
mdéthode de recherches. On souligne quittre aspects du choix des paramdétres & quantifier,
a savolr la définition pricise du probléme des rechierches, la validité des paramdtres
cn relation avee Ta question posde, Tes difidrences entre les diverses mesures ot les exigen-
ces et les mitations des autres caractéristiques des recherches entreprises.




