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S t r a i g h t , A g g r e s s i o n  a n d  A p p e a l - A g g r e s s i o n  i n  Macaca :fascicularis 

~'RANS ]3. IV[. DE W A A L  1 

Laboratorium voor Vergelijkende Fysiologie der Rijksuniversiteit, Jan van Galenstraat 40, Utrecht (The Netherlands), 
26 November t97s 

Summary. A q u a n t i t a t i v e  a n a l y s i s  of  t e m p o r a l  a s s o c i a t i o n s  b e t w e e n  t h e  b e h a v i o n r  e l e m e n t s  s h o w n  b y  8 i n d i v i d u a l  
J a v a - m o n k e y s  (Macaea ]ascicularis) c o n f i r m e d  t h e  d i s t i n c t i o n  b e t w e e n  t w o  c a t e g o r i e s  of  a g g r e s s i v e  b e h a v i o u r  : s t r a i g h t -  
a g g r e s s i o n  a n d  a p p e a l - a g g r e s s i o n .  

IRecen t ly  t h r e e  i n d e p e n d e n t  a n a l y s e s ,  b o t h  q u a l i t a -  
t i v e l y  b y  o t h e r s  2,~ a n d  q u a n t i t a t i v e l y  b y  o u r s e l v e s  4,s, 
h a v e  i n d i c a t e d  t h a t  i f  is p o s s i b l e  to  d i s t i n g u i s h  in  t h e  a g -  
g r e s s i v e  b e h a v i o u r  of  J a v a - m o n k e y s  t w o  c a t e g o r i e s  w h i c h  
m a y  be  d e s i g n a t e d  as  straight-aggression a n d  appeal-aggres- 
sion. D u r i n g  t h e i r  a g o n i s t i c  a c t i o n s  a g a i n s t  t h e  o p p o n e n t ,  
s t r a i g h t - a g g r e s s o r s  e x c l u s i v e l y  p a y  a t t e n t i o n  t o  t h i s  op -  
p o n e n t ,  w h e r e a s  a p p e a l - a g g r e s s o r s  i n t e r m i n g l e  t h e i r  ago -  
n i s t i c  a c t i o n s  a g a i n s t  t h e  o p p o n e n t  w i t h  p a r t i c u l a r  n o n -  

The procedures of analysis as illustrated by their application to the 
data on animal Aam 
Analysis I. The temporal associations with 'aggressive' element L 
(N.13. Aam never performed 'fear' element B) 

Behaviour Frequency Coincidences with L Poisson- 
element tables 

Expected Observed p (%) 
e o 

L, Lunge 32 . . . .  
O, Open-mouth 67 0.40 �9 23 ~0.1  
S, Staring t23 0.73 22 <~0.t 
H, Headbob 36 0.21 8 <~0.1 
G, Grunt 12 0.07 5 <0.1 
C, Chase 6 0.03 3 <0.1 
T, Tug 8 0.05 3 <0.1 
K, Shoulderbob 8 0.05 2 <0 .2  

"Computation: 67 • 32/5,400 = 0.397 
In addition, the element 'Groundslap' (D) occurred 22 times of which 
only 1 time together with L (e 22• = 0.13; 0 = 1; 
p >> 5%). However, in all 22 cases it occurred in a cell containing at 
least one of the elements listed above; there were 160 of such ceils 
(e = 22 • 160/5,400 = 0.65; o = 22; p ~ 0.1~ Therefore, element 
D is added to Aam's 'around-L' category. 

Analysis II. The distribution of coincidences between all 9 agonistic 
elements 

a g o n i s t i c  b e h a v i o u r  e l e m e n t s  t o w a r d s  t h i r d  g r o u p -  
m e m b e r s  w h o  a l m o s t  i n v a r i a b l y  a r e  d o m i n a n t  in r e l a t i o n  
to  t h e  a g o n i s t i c  a c t o r  a n d  to  t i le  r e a c t o r .  A p p e a l - a g r e s s o r s  
s h o w  - so  to  s p e a k  - ' t w o - f r o n t a l  b e h a v i o u r '  s, 7. T h e  n o n -  
a g o n i s t i c  c o m p o n e n t s  d i r e c t e d  t o  t h e  t h i r d  p a r t y  we re  
ca l l ed  sub-direcled behaviours. 

A s  o u r  q u a n t i t a t i v e  a n a l y s i s  m e n t i o n e d  a b o v e  4, 5 w a s  
of  a r a t h e r  g l o b a l  n a t u r e ,  a n  i n v e s t i g a t i o n  of  m u c h  g r e a t e r  
d e t a i l  ( b o t h  o b s e r v a t i o n a l l y  a n d  a n a l y t i c a l l y )  w a s  c a r r i e d  
o u t  in  o r d e r  to  t e s t  t h e  c o r r e c t n e s s  of  t h e  d i s t i n c t i o n  be -  
t w e e n  t w o  t y p e s  of  a g g r e s s i o n  i n  J a v a - m o n k e y s .  

Method. W i t h  t h e  h e l p  o f  a t a p e - r e c o r d e r  we  r e c o r d e d  
al l  b e h a v i o u r s  of  s e l e c t e d  s ing le  m e m b e r s  of  a J a v a -  
m o n k e y  g r o u p .  E a c h  i n d i v i d u a l  w a s  fo l lowed  15 t i m e s  for  
h a l f - a n - h o u r .  W e  u s e d  a l i s t  of  85 b e h a v i o u r  codes .  A 
s i m u l t a n e o u s l y  r e g i s t e r e d  t i m e - s i g n a l  d i v i d e d  t h e  r u n n i n g  
p r o t o c o l  i n to  p e r i o d s  of  5 sec  : i .e. ' t h e  cel ls ' .  T h e  d a t a  w e r e  
co l l e c t ed  f r o m  8 i n d i v i d u a l s :  2 a d u l t  m a l e s  ( A a m ,  C a m ) ,  
1 a d o l e s c e n t  m a l e  (Sore) ,  2 j u v e n i l e  m a l e s  ( R u m ,  C u m )  
a n d  3 a d u l t  f e m a l e s  (Daf ,  La f ,  Zaf) .  T h e s e  m o n k e y s  
l i ved  in  e i t h e r  of  o u r  t w o  m o n k e y  g r o u p s ,  e a c h  of  w h i c h  
is of  a n e a r - t o - n a t u r a l  age  a n d  s e x  c o m p o s i t i o n  a n d  is 
l o d g e d  in  a r a t h e r  l a rge  cage'5, s. 

Analysis (I). T h i s  a n a l y s i s  w a s  p e r f o r m e d  in  o r d e r  to  
d e l i n e a t e  t h e  c a t e g o r y  o f  a g o n i s t i e  b e h a v i o u r .  T o  t h i s  e n d ,  
t h e  b e h a v i o u r  e l e m e n t  lunge (L) w a s  a p r io r i  d e f i n e d  a s  
b e i n g  of  a n  a g g r e s s i v e  n a t u r e  a n d  t h e  e l e m e n t  bared-teeth 
(B) as  b e i n g  of a f e a r f u l  n a t u r e  (DE WAAL e t  al. s g a v e  de s -  
c r i p t i o n s  of  t h e s e  a n d  o t h e r  b e h a v i o u r  e l e m e n t s ) .  F o r  e a c h  
m o n k e y  u n d e r  a n a l y s i s ,  t h e  b e h a v i o u r  e l e m e n t s  w h i c h  a r e  
t e m p o r a l l y  a s s o c i a t e d  w i t h  t h e  a g g r e s s i v e  e l e m e n t  L we re  
d e t e r m i n e d  as  fo l lows :  T h e  o b s e r v e d  n u m b e r  of  co inc i -  
d e n c e s  of  a b e h a v i o u r  e l e m e n t  X w i t h  L (i.e. t h e  f r e q u e n c y  
w i t h  w h i c h  t h e y  o c c u r r e d  t o g e t h e r  in  t h e  s a m e  cell) w a s  
c o m p a r e d  w i t h  t h e  n u m b e r  of  s u c h  c o i n c i d e n c e s  t h a t  
w o u l d  be  e x p e c t e d  o n  t h e  b a s i s  of  i n d e p e n d e n t  o c c u r r e n c e  
of  b o t h  e l e m e n t s  in t i m e  (be ing  t h e  n u m b e r  of  cei ls  c o n -  
~ a i n i n g  a t  l e a s t  o n e  t i m e  X m u l t i p l i e d  b y  t h a t  c o n t a i n i n g  
a t  l e a s t  one  t i m e  L,  d i v i d e d  b y  t h e  t o t a l  n u m b e r  of  cel ls  : 
i.e. 15 •  S ince  t h e  b e h a v i o u r  e l e m e n t s  in  

L O S H G C T K D Z 

L [] 23 22 8 5 3 3 2 1 67 
O [] 43 14 8 2 4 4 10 108 
S [] 32 11 2 5 4 16 135 
t7I [] 0 0 2 0 8 64 
G [] 0 0 1 0 25 
C [] 1 0 0 8 
T [] 1 0 16 
K [] 1 13 
D �9 36 

Total number  of coincidences: 472 
In bold print are numbers of coincidences for which q /> +2 .  For 
example, coincidences of element S with element H: o = 32; e = 
135 • 64/472 = 18.3; q = (32-18.3)/#18.3 = +3.2 

1 Thanks are due to J. D~ JoNo, A. KEMPS, ]~. Scn0RMANN-VAN 
13EURDEN and ]3. SeRUYT who performed a great part  of the 
observations and analyses. The anthor is indebted to Dr. ) .  VAN 
HOOSF for constructive advice and for critical reading of the 
manuscript and to Dr. IR. A. SGHUIJF for providing the computer 
program used. The investigation was supported in part by a grant 
from the Dutch government. 
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ques t ion  are compara t ive ly  shor t las t ing  and rare oc- 
currences,  the  p robab i l i ty  d i s t r ibu t ion  of the i r  coinci- 
dences can be regarded as a Poisson-dis t r ibut ion .  There-  
fore, the  p robab i l i ty  t h a t  the  observed n u m b e r  of coin- 
cidences of X wi th  L did arise by  chance has been  deter-  
mined  f rom Poisson tables.  If  th is  p robab i l i ty  appeared  
less t h a n  5%, the  e l ement  X was considered to be tem-  
poral ly  associated wi th  L and to belong to  tile so called 
' a round-L '  ca tegory  of e lements .  Fu r the rmore ,  e lements  
which  did no t  appear  to associate  wi th  L in th is  direct  
manner ,  bu t  which of ten occurred (according to  the  same 
s ta t is t ica l  criterion) wi th in  cells conta in ing  at  least  one 
of the  e lements  of the  ' a round-L '  ca tegory  were added  to 
this  ca tegory  (see Table for an e labora ted  example) .  

In  exac t ly  the  same manner ,  t he  e lements  t empora l ly  
associated wi th  fear e l ement  B (the ' a round-B '  category) 
were de te rmined .  

Behaviour  e lements  occurr ing in less t h a n  6 cells of an 
individual ' s  protocol  were excluded f rom the  analysis.  

Results (I). The behav iour  e lements  t h a t  appeared  to 
belong to the  ' a round-L '  and /or  t he  ' a round-B '  ca tegory  
cons t i tu t ed  the  agonistic category of elements .  Figure 1 
shows the  31 behav iour  e lements  p resen t  in the  agonistic 
categories of one or more  of the  individuals  inves t iga ted :  
each e lement  being p resen t  on the  average in 3.6 of the  8 
individual  agonist ic categories.  In  the  large ma jo r i t y  of 
cases (i.e. 83%, n = 112) where  an e lement  appeared  to 
belong to an indiv idual ' s  agonist ic category,  th is  occurred 
by  direct  associat ion wi th  e i ther  L or B. Of the  136 cases 
where  an e lement  did no t  appear  to belong to an indi- 
v idual ' s  agonist ic category,  whereas  it belonged to th is  
ca tegory  of a t  least  one of the  o the r  individuals,  th is  was 
mos t ly  (i.e. 88%) due to its low f requency  of per formance  
by  th is  individual .  So, there  is no reason to  ascribe this  to 

individual  differences in p rog rammat i c  rules. The size of 
the  agonist ic ca tegory  ranged  f rom 7 e lements  in indi- 
v idual  Zaf to 19 in b o t h  Cam and  Daf (see blacks dots  in 
Figure 1). The f requency  of pe r fo rmance  of agonist ic 
e lements  ranged f rom 171 t imes  by  Zaf to 785 t imes  by  
Rum.  

Tempora l  associat ions of e lements  w i th  L, bu t  directed 
at  ano the r  pa r tne r  t h a n  the  one a t  which L was aimed, 
occurred wi th  respect  to 4 e lements ;  these  have  been in- 
d ica ted  by  an as ter isk in Figure 1. Two of these  par t icu lar  
e lements  (lip-smacking and presenting) even tu rned  out  
to be associated also wi th  B. These 'double  associat ions '  
were independent ,  as coincidences be tween  B and L never  
occurred.  

Analysis ( I i ) .  The purpose  of th is  analysis  was to  find 
fu r ther  d i f ferent ia t ion  wi th in  the  ca tegory  of agonist ic 
behaviour .  For  each individual ,  we counted  the  number s  
of coincidences be tween  each pair  of e lements  belonging 
to its agonistic ca tegory  (as def ined above).  These values 
were compiled into a ma t r i x  of coincidence frequencies 
(see Table, for an example) .  The d i sc repancy  be tween  the  
observed number s  (o) in this  ma t r i x  and the  number s  ex- 
pec ted  (e) on the  basis of r a n d o m  coincidence was ex- 
pressed by  the  quo t i en t  P: q ~ ( o - e ) / t / e w h i c h  represents  
the  root  of one t e r m  of the  XP-formula.  The expec ted  
n u m b e r  of coincidences be tween  e lements  X and Y 
equalled the  p roduc t  of the i r  marg ina l  to ta ls  in the  co- 
incidence matr ix ,  d iv ided by  the  to ta l  n u m b e r  of co- 
incidences in the  mat r ix .  (Cases wi th  e _< 0.1 were left 

9 j.  VAN HOOFF, in Social Communication and Movement (Eds. M. 
VON CRANACH and 1. VINE; Academic Press, London, New York 
1974), p. 75. 

Behaviour Zaf 
patterns - 4- 

Chase 
Lunge 
Open-mouth 
Tug 
Missing strike 
Hand -push 
Catch 
Head-bob 
Shoulder-bob 
Ground -slap 
Grunt 
Staring 

Showlooking * 
Frontal-pass * 
Lip-smacking* 
Presenting* 
Pointing 
Serial grunt 

Presenting 
Tail-upright 
Lip-smacking 
Bared-teeth 
Flight 
Screaming 
Barkscreaming 
Shrink 
leeth-chattering 
Avoidance 
Approach 
Facing-away 
Crouch 
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Fig. 1. Relatively often (+) and rarely (-) observed Colnbinations between agonistic behaviour elements shown by 8 individual monkeys 
(further explanation see text). 
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Fig. 2. Open-mouth face by adolescent female. Fig. 3. Pointing face by juvenile male. 

out of consideration.) Every  pair of dements  for which 
this q-value reached higher than +2  or lower than -2 (i.e. 
corresponding with a X2-value of at least 4) received a 
connecting tine on the positive (i.e. right) respectively 
negative (i.e. left) side in Figure 1. After this, the agonistic 
dements  were arranged into subgroups in such a way as to 
maximize the number of positive linkages between ele- 
ments belonging to the same subcategory and to minimize 
the number of negative linkages between these. 

Results (II). This procedure resulted in 3 subcategories 
of agonistic behaviour : only 6 of the 101 positive linkages 
and all 14 negative linkages ran between elements be- 
longing to different subcategories. The 3 clusters of ele- 

ments, which have been rendered in Figure 1, clearly cor- 
respond with the subcategories previously indicated by 
us4,5: 1. straight-aggression (Figure 1, upper), 2. appeal- 
aggression and sub-directed behaviour (middle) and 3. 
fear-behaviour (lower). 

I t  may finally be noted that  the two types of aggressive 
behaviour which have been distinguished are easily re- 
cognizable as the facial expressions characterizing them 
differ strikingly:i .e,  open-mouth (straight-aggression) and 
pointing (appeal-aggression); see Figures 2 and 3 s0. 

10 Photographs made by H. VAN BEEK. 

T h e  Effect of Su l fhydry l  R e a g e n t s  u p o n  the  Act iv i ty  of 40S R i b o s o m a l  S u b u n i t s  

D. TIRYAKI 1, U. UQER z and E. ]~ERMEK 1,2 

Bio/izik K~rsi~si~, Tip Fak~ltesi, Istanbul Universitesi, IstanbuI (Turkey); and A bteilung fi~r Molekulare Genelik, Max- 
Planck-Institut [i~r Experimentelle Medizin, Gdttingen (German Federal Republic, BRD), 16 March 1976. 

Summary. p-Chloromercuribenzoate inhibited the poly (U)-dependent binding of Phe- tRNA to the 40S ribosomal 
subunit but  displayed no inhibitory effect on the binding of poly (U) to the ribosome. Other sulfhydryl reagents tested, 
like N-ethylmaleimide and iodoacetamide, did not affect the binding of Phe- tRNA to the small ribosomal subunit. 

Mammalian ribosomes have been previously shown to 
possess sulfhydryl (SH-) groups essential for their activ- 
ities in the coded binding of AA-tRNA 3-7 and in the 
E F  II-dependent binding of GTP v,s. Experiments done 
with N-ethylmaleimide (NEM) and iodoacetamide (IAA) 
suggested that  SH-groupes required for these activities 
must reside on the large ribosomal subunit 6-1~ 40S ribo- 
somal subunits appeared to be resistent to inhibition by 
SH-reagents on account of the results obtained with 
NEM 6, 7. Considering the different modes of action of dif- 
ferent SH-reagents, we decided to study the effect of 

some other SH-reagents as well, before excluding the 
presence of SH-groupes essential for the activity of the 
40S particle. 

Materials and methods. Ribosomes and ribosomal sub- 
units were prepared from human tonsillar lymphatic 
tissue as described~, 6. t R N A  (E. coli) was obtained from 
Schwarz Bioresearch and charged with [3H~ Phe as de- 
scribed n. [3Hj poly(U), specific activity 10,4 Ci/mole, was 
obtained from Schwarz/Mann, NEM from Serva (Heidel- 
berg), IAA and p-chloromercuribenzoate (pCMB) from 
Merck (Darmstadt). poly(U)- dependent (non-enzymatic) 


