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Possible Causes of  Sex Differences in the 
Use of Natural Hammers by Wild 
Chimpanzees 

The wild chimpanzees of the Tai National Park, Ivory Coast, present an 
important sex difference in nut-cracking behavior: Adul.t [kmales more 
frequently per[brm the two too,st difficult techniques, coula cracking in the 
tree and panda cracking. Adult [Elnales are more efficient than ma[es in all 
the threc nut-cracking tcchniques for one or the othel ineasurc ofctEciency 
(number of hits/nut and number o[" nuts opened/rain). The analysis of 5 
hypotheses which may explain these diIrkrences~ stresses the role of the 
difference of sociability and sexual dimorphism between the sexes, bo~h 
negativcly all?:cting the nut-crackiug techuiqucs and performance of the 
adult males. We shall discuss the role of these f~ctors on the evolution oflhe 
division of labor and food-sharing in the chimpanzee and in early hon'finids. 

1. I n t r o d u c t i o n  

Division of labor in man is defined by different activities carried out by different c lasses ,  

based on age and sex, that  contribute to the total food supply (Isaac, 1978; Lcnski & 
Lenski, 1974). Generally, males do thc hunt ing and f~ma[es the gathering. The resulting 
[bod sharing developed a system of reciprocal social obligations based on reciprocal 
altruism (Isaac, 1980; Trivers, 1971). This sexual division of labor is suspected to have 
evolved quite early in the hominid line. Many  authors (Isaac, 1978, 1980; Leakey, 1981; 
Leakey & I.ewin, 1977; Pilbeam, 1980) stress its importance for the appearance of early 
hominids. 

Among subhuman  primates, sexual specialization which we considered as a possible 
preadaptat ion for true division of" labor, was only obse.rved in a few cases:  in the Gilgil 
baboons in Kenya,  only adult  males hunt  (Harding, 1975); in chimpanze.es, hunt ing is also 
predominant ly  a male activity, ahhough  f'emales have been secn taking part in all phases of" 
the hunt. Females usually obtain parts of  the meat  through tolerated or active food sharing 
(van Lawick-Goodall ,  1968, 1975; Tcleki, 1973, 1975). Up to now, no particular female 
activity has been observed among primates that  would constitute a reciprocal activity of 
which the males might  eventually become dependent.  The chimpanzees in Gombc  present 
the beginnings of a sex difference in termite-fishing techniques, in that the females tend to 
fish more frequently than the males (McGrew, 1979). However, no tbod sharing occurs 
between the sexes. We can only speculate about  the s e l e c t i v e  pressures that induced the 

s exes  to specialize in different activities. The most considered hypothesis (Isaac, 1980; 
Leakey & Lewin, 1977; Zihlmann,  1981) is that  females, due to the long dependency of 
their offspring, would be prevented from ranging as widely and would not be capable of 
putt ing tbrth a great impulse of  energy in a sudden and short activity, two suspected 
requisites for hunting. In  pr imate evolution, the length of the period during which the 
offspring is carried by its mother  increases, and it is presumed, therefore, that the hominid 
females left the hunt ing to the males (Isaac, 1978, 1980;Johanson & Edey, 1981; Leakcy, 
1981; Zihlmann,  1981; Zihlmann & Tanner ,  1976). However, the hunting behavior of  
chimpanzees shows that females with dependent  infants can take part  successfully in 
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hunting (van Lawick-Goodall ,  1975, pcrs. comm.; Boesch, pets. obs.), as a depcndcnt  
infant can be left for the time the hunt takes place, or it can follow its moiher  while she is 
hunting. Furthermore,  monkey and antelope prey do not range widely within a 
chimpanzee 's  environment  and the argument  off,:males with oft~pring not being capable of 
moving over long distances applies only for the special case of hunt ing large, widely 
ranging prey. It  seems that there could be other reasons that might have played a role in 
the appearance of  the division of labor. 

We present in this paper  a ease of sex difference in the use of hammers  and anvils to crack 
nuts by wild chimpanzees in the tropical rain forest. The analysis is aimed at trying to 
understand the selective pressures and casual constraints or preadaptat ions that cause the 
observed sex difference and to find at what  age it appears. The study is based on four years 
of field work. 

2. Methods  

The wild chimpanzees (Pan lroglodyles veru.;), on which this study was done., live in the Tai 
National Park, Ivory Coast. The  Tai fbrcst measures 3500 km ~ and is thc largest remaining 
area of  pr imary tropical rain fbrest of  West Afi'ica (see Boesch & Boesch, 1983 fbr a more 
detailed description of the habitat).  We estimate the number  of chimpanzees in out" 
communi ty  to be about  70. They  live without significant human  disturbance in a home 
range of 27 km 2. Tile closest traditional plantations are situated 10 km from their home 
range limits. The native tribes, the Oubi  and Guere, do not hunt  chimpanzees for totemic 
reasons. We habi tuated the chimpanzees without artificial provisioning to tolerate our 
presence. The  visibility in the forest is about 20 m, which is far too short a distance to be 
tolerated by a wild chimpanzee.  Therefbre, habituation was a slow process and only after 
two-and-a-half  years, in January  1982, could we observe some nut-cracking chimpanzees 
that were aware of our presence. During the nut season of the tourth year, most adult and 
adolescent males tolerated us at visibility distance, i.e. 10 20 m. The females, particularly 
those with dependent  offspring, remained shy towards us. They  started to tolerate us 
during the nut season of  the fourth ),ear, i.e. one year later than the males. The fact 11~at in 
fbur years 8000 field hours yielded only 440 hours of actual observation, reflects the difficuh 
forest conditions. The time of  direct observation represented 1% of" the time spent in the 
field during the first two years, progressed to 5% during the third year and to 15% during 
the fourth year. 

The chimpanzees in the Tai forest crack five species of nuts. Wc were able to collect 
enough data for two of them, Coula edulis and Panda oleosa. Nut cracking was recorded by 
focal-animal sampling (Ahmann,  1974); the animals were originally distinguished by the 
distinct sound of" their hammer .  Their  pcrlbrmance, i.e. nmnber  of hits needed to open a 
nut and number  of  nuts eaten per minute (hits/nut and nuts/rain) could be recorded by 
hearing and their behavior  by sight (for more details of the methods see Boesch & Boesch, 
1981). A "cracking session" began when we discovered a particular cracker and ended only 
when he or she moved out of sight. During a session the chimpanzee could sometimes use 
more than one anvil. Wc never ended the session by moving ourselves. Age and sex was 
determined as soon as possible, by using morphological  criteria, distinguishing between 
infants,,juveniles, adolescents and adults (van Lawick-Goodall,  1968, 1975). We applied 
clear-cut limits between the classes: infants up to six years, juveniles from seven to nine 
years and adolescent males from 10-15 years, females tiom 10 13 years. 
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l )ur ing the last three months  of  the fourth nut  season, we carried additional nuts of the 

respective species to two natural  nut-cracking places of coula and one of panda,  and we 

cleared channels to these cracking places of the small vegetation. This  was done in order to 

permit  good photographs  and movie films of the nut-cracking behavior.  Only  habi tua ted  

individuals  tolerated us with the cameras  at these places, and no perIbrmancc data  were 
taken on these occasions. Specific data programs are described in the respective sections. 

3 .  R e s u l t s  

A. Sex DiJferences in Nut Crackirzg 
In two previous articles (Boescb & Boesch, 1981, 1983), we provided a description of the 

three techniques the chimpanzees  use to crack coula and panda nuts: coula cracking on the 

ground,  in the trcc and panda  cracking on the ground, in all three techniques,  a hard 

surEacc is used as an anvil, e.g. a rock or a surface root, and a stone or a wooden club as a 

hammer .  An anvil showing traces of wear, resuhing from nut pounding,  surrounded by nut 

shells is named an "ate l ier"  ([br description,  choice and availabili ty of these materials  see 

Boesch & Bocsch, 1983). Coula  trees are very abundan t  and so are the root anvils and the 

clubs to open the.se nuts. Panda trees are rarer and their very hard nuts can only be opened 

with stones, which are rare in this lbrest. We never saw a chimpanzee  open nuts without 

both a h a m m e r  and an anvil. 

Table  1 presents all the nut-cracking sessions of which we could determine the age and 

sex of the cracker, recorded during the tbur nut seasons 1979-83. This table and Tab le  2 are 

similar to those publ ished in our previous report  (198 l) but include a larger sample as well 

as new data  on all subadul t  classes. The  prel iminary resuhs are confirmed: The  two more 

complicated of the three observed techniques,  cracking coula in the tree and panda  

cracking, are used p redominan t ly  by females, a l though the oomph're data are less striking 

['or panda  than dur ing the first two years (Boesch & Boesch, 1981). 

Table 1 Frequency  of  cracking ses s ions  of each a g e - s e x  class  seen  cracking 
coula  nuts on the ground and in the tree, and cracking Panda nuts.  
Panda observat ions  are separated into (a) animals  starting to crack 
before the arrival  of  the observer,  and (b) animals  starting in our 
presence, in order to show the bias due to habituation (see text for 
further explanat ions)  

Coula 
Panda 

(a) start not (b) start 
on the ground in tile tree Total observed observed 

A ~) 336 68 404 89 3 
Ad ~ 20 9 29 10 1 
J uv ? .35 17 52 d 
Inf ~) 8 3 11 

A Cf 255 6 261 19 18 
Ad C~ 147 10 157 8 8 
J uv 0 ~ 4 8 12 
Int'O ~ 3 l 4 
Total 808 122 930 130 30 

Infants up to 6 years. 
Juveniles from 7 9 years. 
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Two biases influence these results because of the greater degree of habi tua t ion  of tile 
males from the third year onward,  the period dur ing which most observations were made. 
Both may cause an overrepresentat ion of" males. (1) Double counts: For the fbllowing 

reasons no such bias is to be expected for cou/a. Most coula cracking happens in groups of 
moving chimpanzces.  Coula  trees and wooden hammers  being abundan t ,  the shy animals,  
dis turbed by us, will simply go farther away to another  anvil wherc they might be recorded 
again, jus t  as the more tolerant  individuals  do as they move along. Thus,  our presence 
mainly  caused females ~ sessions to end sooner than males'  sessions. So, i fa  shy animal  does 
not move over a longer distance whe, n dis turbed than a tolerant one, the n u m b e r  of 
recorded sessions is not altbcted. For panda,  the rarity of trees and stoncs does not allow a 
dis turbed an imal  to crack farther away. (2) Start of a session: We rarely observe the 
beginning of a cracking session for coula, since for the same reasons of abundance  of 
materials,  chimpanzees do not have to wait their turn at an anvil or for a hammer.  In  
contrast,  for panda  cracking, due to the rarity of trees and stones, an animal  that wants to 
crack nuts  must  wait its tu rn  unti l  the available stone is Free. If  we are present in such a 
situation, only the habi tua ted  individuals,  i.e. so fhr mostly males, will wait and begin to 
crack in spite of our presence. Females will immediate ly  leave the cracking site. Thus,  the 
bias due to habi tua t ion  favouring males plays an impor tan t  role, for panda.  For this reason, 

we have differentiated between animals  start ing to crack before our arch:a! and those starting 
in our presence in Tab le  1, and we consider only the fbrmer data for the statistical tests. 

Obviously,  the results of the fl 'equency of'each sex cracking a given nut  species have to be 
compared to the age-sex composit ion of the community .  Due to the difference of 
habi tuat ion,  it is still difficult to be positive about  the number  of the females. We identified 
13 adult  males and 23 adult  females, and for the last three months,  wc did not encounter  

any new adult  member .  
Compar ing  Tab le  1 with the adult  composit ion of the community ,  the sex difference for 

panda,  using only animals  whose beginning  of the cracking session was not observed, is 
significant in favor o f a d u h  females (2 X 2 contingency table X s = 4.34, d.f. = 1, P < 0.05). 
For the coula technique on lhe ground,  the statistical test is not significant (2 x 2 
contingency table X2 = 0"42, d.f. = 1, n.s.). Both sexes may use it with equal frequency. 
The dilTerence between the coula technique in the tree and on the ground is significant 

Table 2 Overal l  means  of  the two ef f ic iency  measures  (a) hi ts /nut  and (b) 
nuts /min ,  of  each age-sex  class for Coula and Panda 

Coula Panda 

No. of on the ground No. of in tile uee No. of 
sessions (a) (b) sessions (a) (b) sessions (a) (b) 

A? 
Ad 9 
J~," ? 
Ini'• 
ACY 
Ad 0 ~ 
Juv o ~ 
Infc~ 

217 6"26 2"26 53 7'55 2"02 70 17'28 0"52 
[2 8"42 2"00 9 I0"54 1"33 9 4-4"85 (/'32 
25 18.26 1"15 I6 15-20 0.96 5 72.00 0-10" 
8 4-5.81 0"32 2 4@12 0"58 --  - -  

183 7,02 1"91 ,5 8.69 1.50 36 22.31 0.48 
138 6.71 2"00 10 10"85 1.45 13 22.71 0.61 

3 8'58 1'21 8 9,28 1.14 . . . .  
4 94.25 (1 ,39  . . . . . . . .  

*Only one hider juvenile succeeded in opening a Panda nut. 
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(2 X 2 cont ingency table )~2 = 32"40> d.f. = 1, P < 0'001) in favor of the adult  ffemales 

cracking in tile tree. 
Compar ing  for the adolescents and adults of'the same sex, the difference between the two 

coula techniques is not significant (2 x 2 contingency table X 2 = 2"82, d.f. = 1, n.s. for 
males and X 2 = 3"37, d.f: = 1, n.s. for females). But the difl'crence between the adolescent 
males and females is in favor of the adolescent fhmales who more {'requently crack in the 
trees (2 x 2 contingency table X 2 = 13"65, d.f. = 1, P < 0"001 ). The difference between the 
juveniles  o[ 'both sexes for both coula techniques is not significant. 

Table  2 presents the overall means of the two efi]ciency measures (hi ts /nut  and 
nuts / ra in)  of each age-sex class, collected ffor coula and panda.  The small sample of" 

adolescent females compared to adult  or juveni le  females could be due either to a small 
number  of animals  of this age class or to the fact that some juveni le  f'cmalcs were more 
habi tua ted  to us than  adolescent females, which was the case at least for one orphan  juvenile 
fkmale. Mean  values of efficiency measures were first calculated for each session, and these 
wcrc used for all the statistical tests ( M a n n  YVhitncy U-test, Siegel, 19,56). l)uc to the high 

Figure l. Distribution of mean efficiency irlcast/res, (a) hits/nut and (b) 
nuts/rain, o['all adult males (--) and females ( @ recorded during four 
years. 
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number  of" s ta t is t ical  tests made  on Tab le  2 as well as the small  sample  of" some age sex 
classes, we will d r aw  conclusions only from tests signit icant at  the 1% levch The  5% ones 
will only be considered if they follow a general  trend, i.e. constant  progress in efficiency 
through the age classes, or when the result  was predicted.  M u h i v a r i a n t  analysis  will be 
done whe, n more da ta  on subaduhs  arc: avai lable.  Figure 1 shows the d is t r ibut ion  of 
efficiency measures  of all adul t  males and tkmales recorded in four" years. Statist ics of the 
coula compar isons  are presented  in Tab le  3. The  following conclusions can be drawn:  

(a) Comparisons belween lhe two coula techniques. In  terms of efficiency, cracking coula  on the 
ground is acqui red  earl ier  than cracking in the tree by the animals  of both sexes. At  
adolescence,  lhey crack signif icantly more etticiently on the ground tbr one or both  
measures  than  in the tree. Adul t  females are better' on the ground fbr both measures.  In  
order  to test our' hypothesis  that cracking nuts di rect ly  in the trec gives the advan tage  of" 
saving t ime in collecting the nuts, wc compare  the per fbrmance  of" all tkmales cracking fbr 
10 min or more on the g round  versus in the tree. In this t ime span,  nuts must  be collected at 
least once. In this compar i son  the difference for the first measure  is not significant but, as 
expected,  the second measure  (nuts / ra in)  is significant in f'avor of the tree technique.  Thus ,  
cracking in the tree is more  efficient tbr the number  of" nuts eaten per' minute.  

(b) O~zlogen), ojlhe lechniques." The  f~w observat ions  on subaduhs  allow us to d raw some 
careful p re l iminary  conclusions on deve lopmen t  within tire same sex (Table  3). For the 
ground lecknique no ch impanzee  younger  than four years  old has been scen to try to crack 
coula nuts, ahhough  they show interest  in the opened nuts, the action of cracking and the 
tool used by their  mothers .  No ch impanzee  younger  than five years succeeded in opening  a 
coula nut  (five observat ions) ,  a l though their  tr ials were done by using the right mater ia l s  
and behavior .  Infants  between five to six years old succeeded in opening coula nuts, but  
much perscverancc  and pract ice  is still required,  and  they progress unti l  adolescence,  
males even until adu l thood  in the h i t s /nu t  measure .  In  the .juvenile female class, the 
progress is quite rap id ,  as wc note.d a significant difference between young and old juveni le  
females for both measures ,  but  old juveni le  f>malcs still remain  h.'ss efficient than  adul t  
tk.males a l though the dil t~rcnce with adolcsccnts  is not signiticant.  The tree techr6que is 
developed by infant females and juveni les  of both sexes with the same efficiency as the 
ground  technique.  At  adolescence,  females reach their adul t  efficiency fbr the th'st measure  
(hi ts /nut)  but  cont inue to progre.ss for the second until adult .  The males reach their  final 
efficiency for the tree technique at adolescence,  but  the compar ison  with the adul t  females 
raises the quest ion of whether  adu l t  males ever acquire  it as well. Thus,  the technique 
continues to be improved  into adolescence and par t ly  into adul thood.  

(c) The sex di/ference: The  skill in both coula techniques seems to improve  equal ly  in both 
sexes until  adolescence.  The  sex difference appears  in both cases at aduhhood ,  t~males 
being more efficient than males for the second measure  (nuts / ra in) .  This result  is not in 
total accordance  with our previous p re l iminary  repor t  (Boesch & Boesch, 1981), where 
adul t  females were super ior  to adul t  males fbr both measures  (hi ts /nut  and  nuts / ra in)  on 
the ground.  The  fbllowing explains  this difference: usual ly coula nuts fall on the ground  
when they are comple te ly  r ipe and decay within two weeks, which was the" s i tuat ion we met 
dur ing  the first two nut  seasons. Dur ing  the third and fourth season, the weather  was 
ext remely  dry,  wi thout  any rain at all, and  dry coula nuts were preserved much longer (six 
weeks). A dry coula nut  requires  22% less hi t t ing impulse  to open it. Fu r the rmore ,  the 
dr ied a lmond,  having  shrunk a little, becomes de tached  from the sur rounding  husk and 
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may remain  in tac t  cven when pounded  with too-powerful  hits. Thus ,  dry  nuts require  less 
precision to open them opt imal ly .  This  difference in the physical  properti~es of the nuts is 
also reflected in the per formance  of the adul ts  of both sexes. When  cracking dry nuts, males 
and t~males improve  the second efficiency measure  (nuts / ra in)  ( M a n n - W h i t n e y  U-test: 
A 9  z = 3"06, P < 0"0l; ACf z = 3.49, P < 001) ,  but  only males need less hits per  nut  
( M a n n - W h i t n e y  U-test: z = 4"81, P < 0.001). Females  were thus super ior  in per formance  
for both  efficiency measures  in the case of'the.fiesh coula nuls that  made  up thc samplc  of the 
first two scasons, mas te r ing  the necessary supp lement  of s t rength and precision with the 
same n u m b e r  of h i t s /nu t  as for dry nuts. 

This  sex difIErence towards  a slighl physical  diftErencc in the nut  has a secondary  cffect 
on the behavior  of" the sexes: Males  seem to be aware  of the fact that  they have more 
difficuhics in opening  fresh coula nuts and they lend to crack them less oftcn than fLqnalcs 
(Table  4). T o w a r d s  the end of  the season, when the nuts are dry, they sccm to concent ra te  
on feeding on coula  nuts and crack then more frequently than females. This  difference is 
significant (2 • 2 cont ingency table: X 2 = 11"02, d.f. = 1, P < 0"001); thus males crack 
coula nuts more fi 'equently than  females when nuts arc easier to open. 

Table 4 Frequency  of  adults  seen cracking  fresh  v s  dry  coula  nuts  on  the 
g r o u n d  in all four  nut  seasons  

Fresh nuts Dry nuts 

A 9 213 123 
A O ~ 126 129 

C o m p a r i n g  the eJ[ficiency measures./br patzda is more difficult, because the great ly vary ing  
weight of  the hammers  affects these measures .  Tab le  5 shows all efficiency measures  ot'aduR 
females for panda ,  classified accord ing  to the weight of the stone h a m m e r  uscd. The  
efficiency changes with the weight  of the hammer .  The  flmction is continuous.  However ,  in 
order  to j u d g e  sex differences in efficiency, we chose tive weight classes, 1-2 kg, 3-4  kg, 5 kg, 
6 kg and 7 kg upwards .  Wi th  this choice, ctticiency measures  differ s ignif icantly between 
these classes ( M a n n - W h i t n e y  U-test, P < 0-05), but  not within them. 

Stat is t ical  compar i sons  are presented  in Tab le  6 and the lbllowing conclusions can be 
drawn:  

(a) The sex differences: One  conclusion can be d rawn with confidence: adul t  females are 
more skillful than adul t  males  in the use of the heaviest  hammers ,  but  the t ime used for 
eat ing the opened nuts and  for collecting new ones is obviously not different in the two 
sexes, so that  the nu t s / ra in  measure  is not affected. This  sex difference does not seem to 
exist at  adolescence.  

(b) The on~oge,zetic proce.~s: T h e  first succcssful a t t e mp t  appears  at a much later  age for 
p a n d a  than for coula.  O f  15 observed infants a n d j  uveni[es, only one o ld juven i lc  (8-9 years  
old) succeeded in opening  a p a n d a  nut. Mos t  p robab ly  the s t rength needed to open these 
nuts great ly  l imits the learn ing  process for the young chimpanzee.  Later  on, the progress 
seems qui te  rapid:  Adolescent  males are as efficient as adu l t  males,  whereas  females still 
improve  from adolescence to adul thood.  

In conclusion,  the three techniques show the tbllowing sex ditI'erences: coula cracking in 
the tree and p a n d a  cracking are p redominan t ly  tEmale activities. Males  crack dr ied coula 
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Table 6 
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Statistical  c o m p a r i s o n s  for the panda technique,  u s ing  the ind iv idua l  
mean-e f f i c i ency  measures  (hi ts /nut  and nuts /rain)  r of  the adult  and 
adolescent  males  and females .  Compar i sons  are made  between 
an imals  us ing  h a m m e r s  o f  the same weight  class (see Table 5). 
( M a n n - W h i t n e y  U-test) 

Wcight 
class ( k g )  Hits/nul Nuts/rain 

Ad9 < >AdU A g ~ A d 9  ACY< >-\dcY 

Hits/nut Nuts/rain Hits/nut Nuts/rain Hits/nut Nuts/ram 

1-2 n.s. A9* 
U = 10 U = 8 

3 4 n.s. n.s. 
U -  9.5 U = 8 

5 n.s. n,s. 
z - 1.52 z - 0.85 

6 r l .s .  r l , s .  

U=3 U=8.5 
7-12 A 9 *** n.s. 

U = 10 U = 59'5 

u.s. ,~.s. A 9 *** i 9 *** ~.~- ,~.s. 
U = 5  L'=8 L'=6 U=~t U=6 L'=9 

n , s .  [],S. A (~ *** t l . s .  II.s. n . s .  

U = ') U= 1 z-= 2'36 z = 1'136 U= 1:2 U= [0 

I1 ,S .  I I . S .  

I f =  7 g~'= 1(t"3 

*P<0.05.** P<0-01.***P<0.001. 

nuts on the ground more f lcquent ly  than t~malcs. The  adult  fcmales are morc efficient than 

the males in all the thre.c techniques in on{: or the other measure of,efficiency. All these 

differences seem to appear  dur ing the transit ion from adolescence to adulthood.  Our  aim is 

now to try to unders tand  the causes of these observed sex differences. 

B. Causation of the Sex D{[j-ere,~ces 
In ordcr to explain the observcd sex difI'crences between adult males and [emales, we 

fbrward the {bllowing five hypotheses that  might  explain all or part  of them (see Boesch & 

Boesch, 19811. Due to the described difference in habi tuat ion of the animals,  the forn~ler 

hypotheses 5 and 6 concerning ontogenet ic  differences cannot be tested he.re and will be the 

object of' future research. 

(1) Females are more dependent  on the calorific and protein content of thc nuts: males 

obtain more of it through hunted meat.  

(2) Males choose the presence in the group rather  than nut cracking when both are not 

possible at the same time. Some more solitary techniques might  thus be neglected by 

males. 
(3) Thc  concentra t ion  of the males during the nut cracking is lower than that of'females, 

and this affects their efficiency. 

(4) Males have more motor  difi~iculties than females in nut cracking, which lowers their 

efficiency. We shall dist inguish between two lcvels: (a) The  tools, which may bc part  

of the males '  displays, are more e.motionally loaded for males than lbr f~males, and 

this lowers their motor  control of the technique. (b) Males have more motor  

difficulties than fhmales for reasons bound to the physical control of the pounding 

movement .  
(5) Cogni t ive  differcnces between the sexes exist in the adapta t ion to technical 

difficulties, such as in compensat ing  a bad choice of materials  or in planning the 

t ransport  of material ,  which affects the males '  efl]eicncy. 
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Hypofhesis 1." dependeney on nutritional co~zlenl. This hypothesis might be valid tbr the tbllowing 
r c a s o n s :  

Lactat ing and pregnant  human  females need a supplement of  1000 kcal per day 
(Gunther,  1971 quoted by McGrew, 1979). 
Female chim, panzces share part  of their t})od with their offspring, which is not tile casc for 
males (McGrew, 1975; Silk, 1976). 
Males obtain more calories and proteins through meat  than f['malcs (Teleki, 1973, 1975; 
van Lawick-Goodall ,  1968). 
Nuts are very calorific (300 500 kcal/100 g) and rich in protein (5-18%),  whereas fruit 
and leaves of the forest contain h,'ss than 5% protein (Borsch & Boesch, 1983; Hladik el 

al., 1971). 

First, we have to investigate whether the Tai  ctfimpanzecs might depend at all on nuts, 
which means on tool use, for their daily intake of lbod. Analyses of other tool techniques, 
such as termite fishing, ant  dipping, and fishing for wood-boring ants put a doubt  on the 
nutritional importance of  this tool-acquired food (McGrew, 1979; Nishida & Hiraiwa, 
1982). We estimated the daily intake of  coula nuts by recording the duration of group 
cracking sessions and by ensuring that specific individuals did actually crack during this 
time, by recording them at least twice during this session. We then calculated the number  
of nuts caten by muhiply ing  the efficiency measure (nuts/rain) of these individuals for that 
day by the time the group cracke, d nuts. This may be both, an under- or an overestimation; 
an underest imation because animals often crack nuts alone or in small groups and arc then 
difficult to tollow, and an overestimation because they might not crack nuts during the 
whole cracking session. We think that this measure more probably underrates nut 
consumplion.  We were able to calculate it in 4,9 cases both with male and female adults, 
obtaining a mean number  of 167 nuts (i.e. 1 h 30 min of work) per day, which represents 
735 g of coula almonds per individual. Such a mean intake per individual and per day 
represents 2616 kcal and 39 g of protein, which shows that the Tai chimpanzees depend or al 

leasl rdy heavily on 1oo1 use for their survival during the fbur monlhs of lhe coula season. The  
panda consumption resuhs are certainly more underest imated,  as in most cases the animal 
flcd on noticing us. The mean numbcr  of nuts per session is 28, but  undisturbed 
chimpanzees may crack up to 60 nuts. This provides 339 and 754 kcal, respectively, and 16 
or 34 g of" protein. Thus,  panda  nuts represent a lesse, r nutritional contribution than do 
coula, but the protein intake rcmains important .  

The hypopthesis assumes that females depend more than males on the nutritional valuc of  
the nuts. We are actually unable to tcst it seriously, as this would demand a cornplete study 
of" the chimpanzees '  diet during the whole year', aimed at evaluating the rcspectivc role of" 
meat  and nuts. The  observational biases as yet make it impossible to estimate reliably how 
many  more nuts females cat than males. The following observations should allow us to 
weigh this factor: 

(i) Chimpanzees  do not crack nuts without interruption all day long, and there are 
always individuals of  both sexes that  either rclax or eat other fbod at cracking places, 
while they could actually crack nuts. Ctfimpanzees that cracked nuts most often 
while others were resting, were, however, not adult females, as we would expect 
under  the hypothesis, but adolescent males. Accordingly, the adult fcnmlcs seem not 
to havc any difficuhics in obtaining their necessary daily intake of nuts. 
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(ii) Compet i t ion by males for ateliers (anvils and hammers)  is not an a rgument  favoring 
hypothesis 1, since it is low, even when chimpanzees crack close together. We 
observed 24 cases of "stolen" ateliers out of 613 observed cases of group-cracking 
chimpanzees,  during the last year. When  tension is obserw'.d, the adult  females tend 
to crack at the periphery or" cracking groups rather than to give up. 

In conclusion, even if this hypothesis may play a certain role lbr the females, it certainly 
does not explain why one sex should use an additional and special technique (coula in the 
tree) to obtain its daily intake of nuts, since they could nearly always use the simpler 
technique on the ground instead. For panda,  the hypothesis could apply for the season 
when there are no eoula nuts. 

Hypothesis 2: social irzleresl. The reasons why this hypothesis might play a role are the 
following: 

The male hierarchy is more rigid than the female one (van Lawick-Goodall ,  1968, 1975; 
Simpson, 1973), and males may depend on their presence in their group to maintain 
their status. 
Males of the same communi ty  defend their territory co-operatively. Females are more 
independent  and solitary (Goodall el aI., 1979; Pusey, 1979; Wrangham,  1979). 
Hunt ing  is mostly done by the group of males (van Lawick-Goodall,  1968; McGrcw,  
1979; Teleki, 1973, 1975), and their chance of obtaining meat might be better there. 
Estrous females follow the group of males; reproductive possibilities will thus be better 
fbr a male who is also fbllowing the group (van Lawick-Goodall ,  1975; Tutin,  1979; 
Wrangham,  1979). 
There is difference in the size of coula- and panda-cracking groups that supports this 
hypothesis (Table 7). 

Table 7 Group size w h e n  cracking  coula  and panda nuts.  Several  an imals  
cracking  in the same group  were  recorded as one  group  w h e n  in 
v isual  or audi tory  contact  wi th  each other.  The  totals in this table and 
those  o f  the f o l l o w i n g  Tables 8 to 16 vary: due  to the d i f f i cu l t  
v is ibi l i ty  condi t ions ,  it was not poss ib le  in all cases to record all types 
o f  data on  each an imal  

N u robe r of groups 
Number of solitary o['thrce or mot'e 
animals and dyads aduhs Total 

Coula nuts 65 348 4l 3 
Panda rmts 80 45 125 

Animals were recorded as cracking alone or in pairs when no larger group was either seen 
or heard in this area 30 minutes befbre and after the observation. The  difference is highly 
significant (X 2 = 111'08, d.f. = 1, P < 0'001); coula cracking is mainly group activity. (X 2 
tests with d.f'. = 1, made for Tables 7 to 16, are all 2 • 2 contingency tables, see Siegel, 
1956). 

This hypothesis assumes that males may favor their prescnce in the group to the nut 
cracking if they have to choose. Table  8 shows the frequency ofadolcsccnt  and adult  males 
and females seen cracking coula nuts on the ground and in the tree and panda  nuts; again, 
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Sociability of males and females seen cracking eoula (ground and 
tree) and panda nuts 

(b) Auditory 
(a) Alone or contact with (c) Visual contact 

in pairs the group with the group 

Coula Panda Cou/a Panda Coula Panda 

A Cf 3 3 40 9 191 26 
Adc~ 4 3 60 4 79 9 
A 9 40 64 103 20 153 8 
Ad 9 - -  G 3 1 ~ 4 

group size is defined by the n u m b e r  of adults. We diftErentiate between (a) animals  
cracking alone or in pairs with the group being, to our knowledge, absent;  (b) animals  
cracking alone, or in pairs but  with auditory contact to the group; included are animals  lhat 
began to crack within the group, but allowed it to move on, and (c) animals  cracking in 

visual contact of two or more a d u h  chimpanzees.  Pairs were always two females, usually 
with their offspring, except for two cases of an adult  male cracking together with an adult  

female. 

(i) Males crack both species ot 'nuts more frequently in groups with auditory and visual 
contact than do females (coula: Z 2 = 24'61, d.fi = 1, P <  = 0"001; panda:  
?(2 = 38"52, d.f. = 1, P < 0'001). 

(if) Males cracking in groups do it more often for both nu t  species by conserving visual 

contact with the group meinbcrs  than  do females (coula: Z 2 = 99'65, d.f. = 1, 
P <  0'001; panda:  Z 2 = 11"3/, d.f. = 1, P <  0'001). 

(iii) The  difl>rences between adolescent males and fbmalcs in grouping tendencics for 
coula and panda  cracking are not significant (P > 0"05). 

(iv) The  difl'crences between aduh  and adolescent males cracking in visual as opposed 
to auditory contact with the group for coula is the only significant one in 
aduh/adolcsccn t  comparisons ()  2 = 98'10, d.f. = 1, P < 0'001). Adult  males more 
often crack coula in visual contact with the group than adolescent males. 

(v) The  position of adolcscent males is an intermediate  one between adult  males and 

females for coula, as the difference between adolescent males and adult  females 
regarding visual versus auditory contact with the group is not significant 
(X 2 = 0.90, d.f. = 1, P > 0'05), but is significant regarding cracking in groups 
versus alone (X ~ = 11'10, d.fi = 1, P < 0"001). Adolescent males more often crack 
in groups than femalcs, but  when in groups they are more often at its periphery with 

mere auditory contact than adult  males. 

In  conclusion, adul t  males prefer to crack coula nuts  in visual contact with other group 
members  and were oftcn seen to stop cracking in order to follow the movement  of the group 
(40 observations out of 44 such situations).  Adul t  females were observed to go on cracking 
more often than males when such a conflict occurred (43 observations out of 63 such 
situations).  We think that  these difli:renccs may explain why adult  male crack panda  nuts  
less often than females (Table  1). Panda  trees are widely scattered and usually there is only 
one hammer  at their anvil, which rarely presents an interest for more than one adult.  Thus,  
when a group of chimpanzees arrives at a panda  atelier, males will generally follow the 
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group movement ,  whereas  females,  less incl ined to keep group contact,  will stav behind  
alone to crack p a n d a  nuts. The  compar isons  of the fbur p a n d a  seasons confirm this 
in te rpre ta t ion .  Dur ing  the first two seasons, the groups did not frequent  p a n d a  regions and 
only two sol i tary males  were seen cracking p a n d a  nuts, compared  with 35 females, l )u r ing  
the last two seasons, groups  did  fl-equent some p a n d a  regions and 35 males were seen to 
crack p a n d a  n u t s - - a l l  but  one in visual  or aud i to ry  contact  with the group (Table  8). This  
is in contras t  to 57 females,  of which only 24 cracked in visual or audi tory  contact  with the 
group. When  several  males were at a p a n d a  atelier,  one would crack nuts while the others 
sat a few metres  away,  often wai t ing for their  turn  to use the hammer .  

These  results on g roup ing  tendencies could explain  in par t  why adul t  males crack p a n d a  
nuts less often than  adul t  females,  but  so far we have no cxplana l ion  fbr the lower male  
elIlciency (hi ts /nut)  in p a n d a  cracking.  

Hypothesis 2: concentration. To test this hypothesis ,  wc use the side glances an animal  casts 
a round  itself  while cracking nuts. We  defined as a side glance tile movement  of the head an 
animal  makes  to look away fl-om the anvil  (see Figure  2). Behaviors  alien to nut  cracking 
such as scra tching  and body inspect ion were also recorded.  Tab le  9 shows the f lequency of 
sessions in which the cracker  looks a round  while pounding  or eat ing nuts. Mos t  
ch impanzees  that  look a round  while eat ing do so with a lmost  every nut  of a session. Those  
not looking a round  genera l ly  never look around,  so that  a cracking ch impanzee  is easily 
classed in one of these categories.  All an imals  that  look a round  while pound ing  do so also 
while eating. Excluded were side glances made  by an an imal  only towards  us or to search 
the ground  a round  the anvils looking for nuts. Glances  by a mother  to her infant  shar ing 
nuts with her or p lay ing  a round  her (live observat ions)  are not classified as side glances,  as 
we want  to analyse  the in leres t  of the nut  cracker  toward  the other  adul t  group members .  
To test this hypothesis ,  the side glances cast while eat ing the nut  were considered as a 
measure  of divers ion due to social interest ,  whereas  wc in terpre ted  the side glances made  
dur ing  the h i t t ing  of the nuts as an inverse measure  of the ch impanzee ' s  true concentra t ion.  
At  the present  s tate of  hab i tua t ion  it was not  possible to de te rmine  precisely the two 
glancing rates,  especial ly [br the females. 

Table 9 Frequency of coula cracking sessions on the ground with and without 
side glances during the 1982 and 83 conla nut seasons. No 
chimpanzee was seen to cast side glances only while pounding 

Side glances Side glances 
while eating while pounding 

only and while eating No side glances Total 

A C~ 77 t9 16 112 
Ado* 47 6 36 89 
a ~ 14 4 86 104 

(i) Adu l t  malcs look a round  them much more. while eat ing the nuts than do adul t  
females (X 2 = 98'52, d.f. = 1, P < 0.001). Males  look regular ly  at other  adul ts  dur ing  the 
consumpt ion  of the nuts,  bu t  they also look in the direct ion f iom where other  an imals  might  
arrive. 

(ii) Adu l t  males also look a round  them more while eat ing the nuts than  do adolescent  
males (;(2 = 16"36, d.fi = 1, P < 0"001). The  difference is also significant between adul t  
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Figure  2. Typica l  side glance casl  by Ulysse, an aduh male,  while eat ing a 
coula t]U{. 

tkmales and adoh:sccnt  males  in t a r o t  of  the la t ter  (X 2 -- 35"0, d.f. = l,  Y < 0"001), who 
again have an in t e rmed ia te  posi t ion between the adul t  males and females (see hypothesis  
2). 

The  adul t  males demons t r a t e  clcar ly that  nut  cracking is in conflict with another  
interest ,  p r e sumab ly  that  in social companions .  This  might  explain why the adul t  males 
rarely crack coula nuts  in the tree. For  a ch impanzee  in a tree, the visibil i ty to the g round  is 
res t r ic ted at best  to the area  ver t ica l ly  benea th  it and it cannot  moni tor  ei ther tile presence 
or the act ivi ty of  its companions .  On ly  one male  out  of six seen cracking nuts  in a tree was 
the sole occupant ,  but  beneath  hirn were more  than 15 crackers on the ground.  He 
cont inuously  exchanged tood-grunts  with another  adu l t  male who was cracking at the foot 
of this tree until  hc descended  to crack on the ground  together  with that  male. These  
food-grunts  are usual ly  p roduced  whcn the ch impanzees  arriw: at  an a b u n d a n t  food 
source. We did not  hear  it again  For coula,  except  a few times between adolescent  males. 
The  five other  males  se, en cracking coula in the tree had a social motive, as they did it in the 
same tree and at  the same t ime as an estrous female, with thc group cracking on the ground  
near  this tree. In one of ' these cases, the group on the ground moved on and the male  in the 
tree immedia te ly  followed, while the cstrous female cont inued to crack for 20 minutes .  This  
is an impress ive  example  of  the males '  preference fbr tile group. The  tendency of  males to 
remain  in groups also when in tree crowns is general:  Tab le  10 shows the associat ions of 
adul ts  seen in trees other  than  coula,  i.e. outs ide the nut-col lect ing context.  Adul t  males 
main ta in  group contac t  even when they are up in tile trees more than  adul t  females do 
0( 2 = 54"49, d.f. = i,  P < 0'001). 
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Table 10 Grouping  of  adults seen  in trees other than coula dttring four years 

In groups of three or 
Alone or in pairs more adults Total 

A C~ 71 370 441 
A ~ 171 274 445 

The  da ta  of adolescent  males in 'Fabh: 1 confirm this. The  eight observed cases of 
adolescent  males cracking in a tree in 1982-83, are due to two animals  only, Darwin  and 
Clyde.  Adolescent  males have a precar ious  social posit ion, trying to achieve a dominan t  
rank over the a d u h  females,  with all the conflicts this implies (van Lawick-Goodal l ,  1968, 
1975). I t  is pe rhaps  re levant  that  both l ) a rwin  and Clyde are the only adolescents  out  of six 
that  might  have difficulties in reaching this goah Darwin  has a badly  injured left fbot, all 
the toes being torn off and only the heel remaining.  Clyde,  who is an orphan,  has only the 
t humb  of his r ight hand  left. These  injuries hand icap  the two adolescents  in social 
challenges which include rap id  pursu i t  or escape up the trees. Possibly, this leads them 
par t ly  to a b a n d o n  group contact  and  the a t t empt  at r ising in rank. 

(iii) The  difference tbr adul ts  of  both sexes that  look or do not look a round  while hiZling 
the nuts, which we chose as a measure  of concentra t ion,  is significant (Z~ = 8"42, d.fi = 1, 
P < 0-01) in favor of the males.  When  we compare  the efficiency measures  of" adul t  males 
looking or not looking a round  while hi t t ing a coula nut on the ground,  the difference is 
significant fbr both  measures  ( M a n n - W h i t n e y  U-test: h i ts /nut ,  P < 0.001; nuts / ra in ,  
P < 0-01) in favor of lhose not looking round whilc hi t t ing the nuts. The  same diffhrcncc 
should a p p e a r  for the females,  but  our  sample  is too smal l  tbr testing. The  conclusion that  the 
males lack concent ra t ion ,  which makes them less efficient would be premature :  From 
direct  observat ions  we know that  the an imal  that  looks a round  while hi t t ing usually has a 
very bad  h a m m e r  (see hypothesis  5) and therefore technical  difficulties. This  was true fbr 
three of the four females in Tab le  9 and for 13 of the 19 males. The  poor hammers  wcrc 
ei ther too l ight or of i napp rop r i a t e  shape.  Qua l i t a t ive  impress ion suggests that  the 
ch impanzees  responded  with a loss ra ther  than a compensa to ry  increase of concent ra t ion  
or at tent ion.  Others  cracked while social exci tement  was present,  such as a new group 
arr iving or some males d i sp lay ing  nearby  (five observat ions  on one female and fbur males).  
Thus ,  bcside the first exp lana t ion  that  malcs lack concentra t ion,  it might  as weli be that  
they concent ra te  as well as females and lose it, as females do, when facing technical  
difficulties or when social events occur. In  hypothesis  5, we shall  analyse further  the 
possible causes of the seemingly  higher  f requency of males to choose bad  hammers ,  which 
can lower their  efficency. At  the present  stag(: of the analysis,  we cannot  differentiate 
between these two explanat ions .  

Da ta  on behavior  external  to the nut  cracking,  such as scratching,  are very rare and seem 
also to be provoked  by technical  difticulties. 

These  results on side glances might  provide  an explana t ion  why the males so rarely (:rack 
coula nuts di rect ly  in the tree compared  to the females,  but  so far a definit ive explanat ion  of  
efficiency differences is missing. 

Hypothesis 4." motor abilities. 
(a) Thc  first level of  this hypothesis  concerns tile fact that  a tool could be emot ional ly  

loaded,  as it has been observed that  clubs and stones are sometimes par t  of the males '  
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displays (van Lawick-Goodall ,  1968, 1970). i t  is true that males occasionally (three 
observations during the fourth year) use clubs in their displays and it is, in fact, possible 
that display emotions interfere with their nut-cracking use of the hammer.  As no specific 
male behavior during nut cracking, sign of these emotions, were identified, we could not 
measure the effect on the efficiency. Wtnat can be rejected is the more elaborate hypothesis 
that an encountered technical difficulty causes exasperations and violent hammer ing  due 
to these display emotions: So far, we have nol observed any male showing signs of 
exasperation or tendency to hit the nuts violently, not even when more than 30 hits were 
needed to open a nut, or when they did not succeed in opening it at all. Ye.t, more subtle 
signs of emotionality in hammer ing  males may have escaped us. 

(b) The tbllowing motor  differences arc known: 
Young female chimpanzees more often manipulate objects than young males. 
Furthermore,  they manipulate  their young siblings more often (van l,awick-Goodall,  1968; 
McGrcw,  1979). 
In humans,  females are superior to males in certain manual  dexterities from early 
childhood onwards (Garai & Scheinthlcl, ]968; Ember,  1981). 

In an a t tempt  to reveal motor  sex differences, we tried to analyse the movements  of  
cracking animals. A chimpanzee hiuing a couLa rzul moves its head and trunk. Small 
movcmenls  of head and shoulder arc obligatory for this action. Big movements  of the head 
and trunk, as it were an anticipation or amplification o[" the hitting mow:ment,  arc easily' 
distinguishable from the former. Table 11 presents the frequency of" these two types of  
movements  in adults and adolescents of either sex cracking coula nuts on the ground. 

Table 11 Frequency o f  sess ions  of  adul t  an imals  cracking coula  nuts that (a) are 
s h o w i n g  a marked  m o v e m e n t  of  the head and trunk,  or (b) are not  
m o v i n g  w h i l e  hi t t ing the nuts.  Data o f  the 1982 and 83 nut  seasons  

M a r k e d  m o v e m e n t s  None  or small  
whi le  h i t t ing  m o v e m e m s  T o t a l  

A C5' 107 41 148 
Ad O ~ 9/i 8 102 
A 9 14 lo~ 1~2 
Ad ~ 2 9 11 

Adult  males more often make large rnovements while hitting the nuts than adult females 
(X 2 = 97'58, d.f. = 1, P < 0"001). Similarly, adolescent males more often exhibit marked 
hitting movements  than adolescent females (?(2 = 36'92, d.f. = 1, P < 0'001). Adult  males, 
however, make these movements  less often than adolescent males (X 2 = 13"87, d.f. = 1, 
P < 0'001). 

These same movements,  even amplified, are also typical and occur consistently in 
infants and juveniles. Whereas they disappear in adult  females, they persist in males and 
are somewhat  reduced only in adults. 

A more detailed analysis of the hitting movement  reveals another difference between 
males and females. The  nut  cracking animal normally sits close to the anvil, sometimes 
even with the head vertically above it, and it hits the nut by bending the elbow, the whole 
pounding movement  being concentrated in the forearm (Figure 3). In other cases, the 
animal sits farther away from the anvil and hits the nut by keeping the arm more or less 
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Figure 3. Coula cracking by Ulysse, an adult male, showing a typical 
elbow-flexion movement.  See text for fllrther explanations~ 

s t re tched out with the elbow jo in t  r emain ing  in a rigid position; the ch impanzee  
accompanies  thc movemen t  with a forward flexion of the trunk.  A given an imal  in a given 
session uses only one of  these two motor  pa t te rns  and there is no in te rmedia tc  form. The  
difference shown in Tab le  12 between the aduhs  is highly significant ()~2 = 75'12, d.fi = 1, 
P < 0"001) in favor of  males.  

W h a t  could expla in  this in t r iguing difference? Ana tomica l  var ia t ions in the locomotor  
appa ra tu s  are not sexually specific and cannot  cause such a difference, but  muscu la r  power  
is much larger  in males  than in females (Short,  1979). As we observed not only adul t  males 
but  also inl'ants and .juveniles cracking with an amplif ied movement  and rigid,  s t re tched 
out arms,  we wonder  whether  the cor~Iro/ of strength might  be an explanat ion;  too litt le 
s t rength in infants and juveni les ,  too much in adul t  males. The  former would amplif}r it 
with wide movements .  The  adul t  mah's  would try to control  their excess of s t rength by 
keeping the a rm s t re tched out, the ro ta t ion being made  par t ly  by the shoulder  and  par t ly  
by the trunk.  Such a movemen t  may  seem to us inetl~ctive for the purpose,  but  some da ta  
on males seem to suppor t  il. It" this movement  is really corre la ted with the control  of 
s trength,  we should find a decrease  in its use when hi t t ing with one arm, which should exert  
less excessive s trength,  than  when hi t t ing with both  arms. Indeed,  out of 32 males making  
an elbow-flexible movemen t  (Table  12), 30 used only one arm for hit t ing,  in cont ras t  with 
40 that  used one a rm out  of  85 with rigid arm movement .  
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Frequency of  arm m o v e m e m s  (Figure 2) observed in adults  of both  
sexes cracking coula nuts  on the ground.  Data of the 1989 and 83 nu t  
seasons 

ltitting by keeping the 
elbow in a rigid ttitting will1 a substantial 

position elbow movement Total 

ACf 85 32 117 
A 9 10 80 90 

Concerning tile adolescent males, the following question arises: why do they still use 
this amplified movement  al though they have certainly acquired enough strength to open a 
coula nut without  it and they do not yet have tile excess of  strength of  adult males? 
Adolescent females seem to have already acquired a movement  comparable to that o f a d u h  
tkmalcs. The onIy suggestion we can forward is that tile cstrous swelling might impose 
upon the females the learning of a different movement.  At maximum swelling, the fcmales 
crack nuts by either placing their swelling beside a prominent root, or by standing 
bipedally. To crack in this position with the same movement  as juveniles, i.e. the arm 
stretched out, would either oblige them to stand back farther from the anvil (arm-plus 
trunk-length distance), which means loss in precision, or stay close to the anvil, which 
would mean adopt ing an unusual  upright position. Juveniles do sometimes with ditIiculties 
try such solutions. But all the observed females in estrous (13 cases) that  cracked in a 
bipedal posture, did so with the trunk in a horizontal position, sometimes even with the 
head above the anvil. They  performed the hitting movement  entirely by elbow flexion and 
not in the shoulder joint  as dojuveniles and males. Thus,  the elbow flcxion movement  may 
appear  with the first big swelling and young adolescent t>males should not have acquircd 
it. We do not yet have enough data  to test this. 

In conclusion, the change in the movement  of  hitting that occurs in tile females between 
juvenile and adolescent stage may be a rapid adaptat ion to the indirect influence of the 
swelling appearing with the estrous cycles. Males, fbr reasons not yet understood, maintain 
a juvenile-type movement  into adulthood. There arc some exceptions: e.g. one prime male, 
Wotan,  is a very efficient cracker. He is the only adult  male we saw crack nuts with an 
elbow movement  like adult  females whm~ using a very small club. 

Sex differences in the hitting movements  occur also in parda crackirzg. Opening a panda  
nut requires powerful hits at the beginning. To  fiee the next two or three separately 
embedded almonds,  subtle and precise hits are needed. A powerful hit, whatever the 
weight of  the hammer ,  is given at least from the height of  the animal 's  chest (high hits). A 
subtle, well controlled hit should be given from a height below the animal 's  chest. 
Improbable  as it seems, it is easy to discriminate two distinct classes of sessions here as 
certain animals use only high hits throughout  an entirc session. Table 13 shows that they 
are mostly tunics (Z 2 = 23"23, d.E = 1, P < 0'001 ): they seem to control their strength less 
through subtle hits to get access to the embedded almonds of  the nut. 

The panda  data  confirm those for coula: males seem to have difficulties in controlling 
their strength; at least, they vary their movements  less than females to carry out subth', hits. 
According to the present hypothesis, this should aflcct their efficiency. Proving this tbr 
coula is impossible, as males cracking coula with an elbow movement,  did it with a heavy 
club or stone, and it is hazardous to try to sort out the respective influence of these two 
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Table 13 Frequency  of  se s s ions  of adults cracking e i ther with wel l  control led  
hits or with little or no control ,  when  p o u n d i n g  panda nuts dur ing  the 
four panda seasons  

Marked control of Little or no colltrol 
hits: high and low of hits: only high Total 

A C~ 9 21 30 
a ~) 2:5 1 96 

factors. For panda,  the males'  sample is too small fbr comparing e.fficiencies of both 
movement  types for all hammer  weight classes, except tbr two classes: in the 7 kg c.lass, the 
difference is not significant; in the 5 kg class, males using only high pounding movements  
are better for the second efficiency measure ( M a n n - W h i t n e y  U-test: nuts/rain: P < 0'05). 
To conclude that males not varying their pounding amplitude are more efticient than those 
doing it would be premature:  direct observations show that the fi)rmcr try much less 
carefully to open all the almonds of the nut. Thus,  they eat nuts quicker but leave more. 
a lmond remains than the others. The comparison is thus inconclusive and we can only 
infer, from the analysis of Table  6, that the poorer performance ot'males when using heavy 
hammers  might  be a sign of their greater ditticuhies in controlling the strength required for 
the manipulat ion of  these hammers.  

In conclusion, the sexual d imorphism in the muscular strength appears to imply 
difficulties for the males in acquiring the same hitting movement  as the females. How this 
difference affects the efficiency measures remains difficult to measure. 

Hypothesis 5." cognitive abililies. Sex differenccs in solving particular technical problems in nut 
cracking might  exist tbr the following reasons: 

Studies on captive primates in acquisition and learning of various tests, such as delayed 
response, matching to sample or reversal learning, found either no differences between 
males and females, or reported that females were superior to males. Such differences in 
favor of females were found in the rhesus monkey, the Japanese  macaque,  the olive baboon 
and the chimpanzee (reviewed by Mitchell, 1979). 

In humans,  cross-cultural differences appear  not only in the cognitive development of 
infants, but also between adults of" either different cultures or different sexes (Dasen & 
Heron, 1981; Ember,  1981; van Lecuwen, 1978). 

Chimpanzees  that  crack nuts may choose hammers  which lead to difficulties in opening 
the nuts (more than 10 hits per nut). I f  the hammer  is too small or thin (<20  cm long or <5  
cm in diameter),  it requires more strength to open the nuts or it has to be grasped with the 
extremity of the fingers, t ta rnmers  of an irregular shape require a very specific pounding 
angle, and those of  poor soft quality or about to decay, are of  little use. Table 14 presents 
the reactions of adults in such situations: (a) adapt ing their sitting posture and location, 
the grip of the hammer ,  or changing the hammer  with an immediate success in improving 
the ett]ciency (less than 10 hits per nut), (b) adapt ing in such a way, but without 
improving, the efficiency to less than 10 hits per nut; after a variable number  of eaten nuts, 
the animal finally gives up and leaves the last nut intact on the anvil, and (e) no 
adaptations,  but the animal continues, requiring more than 10 hits to open the nuts. 

Adult  males choose more often a had hammer  than adult females do (total Table  14 
versus total Table  1 minus Table  14 for coula on the ground: X 2 = 8"95, d.f. = 1, P < 0'01). 
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Table  14 Adul t  animals  that made  a bad cho ice  of a h a m m e r  (raw total) and 
were  (a) s u c c e s s f u l l y  adapt ing themse l ve s  to the  problem,  (b) 
adapt ing  without  succes s  or (c) not adapt ing  themse lves  at all. Data 
are co l lec ted  for coula  cracking  on the ground dur ing  the 1982 and 83 
nut seasons  

Attempt of Attempt of Continues 
Bad choice adaptation adaptation without 
ot'a hammer with success without success adaptation 

Total (a) "(b) (c) 

AO ~ 30 8 16 6 
A~ 16 12 1 3 

As exposed above (see hypothesis 3), two reasons, either a lack of concentrat ion due to 
social diversion or cognitive differences, may explain this difference. The fact that  both 
sexes equally often realize when a tool is bad (columns a + b in Table  14) argues against  
the lack of concentrat ion.  Also from direct observations,  we notice that it is the technical 
difficulties due to the bad h a m m e r  that entail a change in the chimpanzee 's  behavior: 
When  after many  hits the nu t  remains  intact,  the cracker will look around,  rest for a short 
time and a t tempt  to adapt  to the technical problem. These behaviors are not present at the 
beginning  of the session and  after many  nuts with a good hammer.  

The  sexes do not  differ in their a t tempt ing to adapt  to a bad choice (a + b v s  c: 
X 2 = 0'08, d.s = 1, n.s.), both sexes realizing when a tool is bad. However,  females are 
significantly more often successful in their adaptat ion,  whereas males more often give up 
after an unsuccessful a t tempt  (a v s  b: ?(~ = 9"55, d.f. = 1, P < 0"01). This might  have a 
negative side-effect on the males'  coula performance, as hypothesis 5 requires, in that 
because of their bad hammers  they reach lower efficiency. Yet, Figure 1 shows that 
efficiencies of 10 h i t s /nu t  or more do not differ conclusively between the sexes and does not 
explain the observed sex difference for the second efficiency measure (nuts /min) .  

Differences between the sexes appear  also in the hammer  transports. Hammers  are 
normal ly  t ranspor ted from one anvil  to another.  We found only a few hammers  that  had 
been dropped somewhere, instead of being carried to an operative atelier. We saw 11 adult  
males, but  no females, to thus abandon  a hammer  theywere carrying. This might  be a sign 
of inconsistency in their p l ann ing  of action. The  observations of stone transports by males 
and females between dis tant  panda  trees (more than 40 m) support  this idea. Table  t5 lists 
the adults we saw cracking panda  nuts  after having carried tile stone and those who 
cracked at an anvil  that already had a stone befbre they arrived. We never saw tile 

t ransport  itself and inferred it when we were certain that there had been no stone at the tree 

Table 15 Adults  observed  to crack panda nuts  after having  transported the 
stone,  or cracking at an anvi l  that had a stone already,  in four years 
(see text  for further explanat ions)  

Cracking without 
(;racking aftcr having transporting the 
transported the stone stone Total 

ACY 0 38 38 
A 9 12 72 84 
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the day before the observation, and that no chimpanzee had cracked at this tree in the 
meantime, which can be ascertained by the freshness of the nut shells rem~{ining on the 
anvil. 

Only females are suspected to transport stones for panda (X 2 = 4"52, d.f. = 1, P < 0"05). 
As these transports involve considerable cognitive capacities (Boesch & Boesch, 1984), 
this result indicates the possibility that females might have a better planning of their action 
than males. It  might be that in a specific panda area the males do not know the diflErent 
stone locations, which is essential tor transporting them optimally to the different panda 
trees, e.g. taking the nearest one to a goal tree. The ignorance, or the failure to fetch a 
known hammer,  might be caused by the at tachment of males to a group, which should 
restrict individual forays (see hypothesis 2). We suppose that males would limit themselves 
to crack only at panda trees which have a stone to crack at the anvil and when other group 
members are within their sight. This behavior will greatly limit their panda-cracking 
activity and might, thus, reduce the males' efficiency through less practice than the 
females. But, as the sex difference in efficiency tbr panda concerns only the heavy hammers,  
it is hard to see why less practice should affect the efficiency only for the heavy weights. 

In conclusion, females seem to adapt  themselves better to technical problems and seem 
to plan or make hammer  transports more persistently than males. Thus, the sex difference 
postulated by the hypothesis does exist but seems not to explain the observed sex difference 
in nut-cracking efficiency. 

4. Discuss ion  

The ontogenesis of nut cracking is a longer-lasting process than that of the other tool 
techniques used by chimpanzees. For these techniques, the first attempts are about two 
years earlier than the nut cracking, and at four years are already practiced; the infants 
possess the basic adult technique and use the tools in the correct context. Successful termite 
fishing is acquired at five-and-a-half years by young juveniles (van Lawick-Goodall, 1968, 
1970), the driver- and wood-boring ants dipping techniques are acquired by old juveniles 
(McGrew, 1977; Nishida & Hiraiwa, 1982). However, their efficiency performance was not 
measured. Our  preliminary results show that coula cracking on the ground is completely 
acquired at adolescence by females and at adulthood by males in terms of hits/nut. Coula 
cracking in the tree and panda cracking is completely acquired at adulthood by females; 
males acquire it at adolescence but remain less efficient than females at adulthood. 

The data of all the four years confirm our previous results (Boesch & Boesch, 1981) 
indicating that nut cracking is the first non-human primate example of tool behavior 
showing an important  sex difference in favor of females for both, frequency of the technique 
used and the efliciency reached (Beck, 1980; van Lawick-Goodall, 1970; Warren, 1975). 
The Tai  chimpanzee males appear  to neglect the two most difficult techniques, coula 
cracking in the tree and panda cracking, in order to keep close contact with other group 
members, mainly the group of adult males. Adult females and adolescent males, which 
often crack out of visual contact of the group, do not thereby lose the group contact 
completely, but need some time to join it, and that seems to be the crucial point. Males 
apparently want to be present in the group right when important events take place. We can 
think of two types of situations of importance to the males: first, status conflicts, which in 
chimpanzees always involve alliances, supportative behavior and opportunistic 
possibilities (Bygott, 1979; van Lawick-Goodall, 1968; de Waal, 1982). Second, and this 
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may be more important ,  situations that are not predictable and which need the 
co-operative action of'the males. One is hunt ing behavior, which can be very silent and to 
be successful in thc tropical rain forest demands  at least three or four co-operating 
chimpanzees (pers. obs.). Fights against potential predators and territorial fights arc even 
more. crucial. In a forest habitat ,  the leopard density is known to be high compared  with the 
savanna, one per square mile versus one per 10 square miles (Myers, 1976) and male 
chimpanzees chase them away co-operatively (on(: pers. obs. in Tai).  Territorial 
encounters with neighboring communit ies arc common (six encounters observed during 
eight months in Tai) and are very aggressive, involving tremendous charges by the 
co-operating males. Again these situations arc not foreseeable, as the foreign communi ty  
may appear  without  a sound or be well inside the home range when the encounter  happens 
(Goodall eL a[., 1979, Boesch, pers. obs.). 

The  motor  difficulties encountered by the males seem to stem floin their excess of 
strength. Tile chimpanzee has to control the action of  its strength on a nut as exerted not by 
his hand, but by an insensitive tool. Guil laume & Meyerson (1930, 1931, 1934, 1937) 
studied the use of  tools in baboons (Papio sp.) and chimpanzees. Their  results show that the 
baboon is expert in continuously controlling the motor  impulse in its own body. When 
acting on tools, the motor  impulse is explosive and unconcerned with its immediate effect, 
only attentive to the final result. When the baboons reach with thcir hands to take a fluit 
outside the cage, they have no difficulties. Whereas,  when they must  use a stick to do so, 
they have difficuhies in relating the stick to the fruit and they hit the fruit confusedly and do 
not succeed in bringing it nearer. "The  inferior monkey fights against the tool; the ape 
submits to the tool. At the same time, it exploits the tool . . ." (1937, pp. 445, our transl.). 
For these authors,  lhe use of 'a  tool means subordinat ing the motor  impulse to the new 
effects produced by the tool on a goal object. The feedback from these effects on the 
handling of tile tool is a continuous correction. At the same time it represents an invention 
of new responses to new anatomical  and instrumental  techniques. Tiffs sophisticated 
process might  still be difficult for the chimpanzees,  especially when the motor  control has 
to bc applied to great strength. This complex control, made difficult because the feedback 
from thc tool to the hand has difl'erent sensory characters than would that fiom the object, 
increases with the sophistication of  the technique and was a long process to acquire during 
evolution. Female hominids being less strong than males (Short, 1979) had to deal with a 
smaller amount  of  motor  impulse and might well have taken advantage of that during 
evolution and become experts in tool use. Males, in contrast, would be phylogenetically 
retarded in this respect. 

The  chimpanzees face the di lemma of evolving co-operative and powerful individuals for 
hunt ing and protection against predators and neighboring chimpanzees, and less 
co-operative and less powerful individuals to practice the more sophisticated tool use. The 
chimpanzees appear  to have adopted a specialization in which males, tile more powerful 
sex, became socially more co-operative than tkmales. The fb.males became less co-operative 
and concentrated on tool use. Thus,  the specialization which already appears in baboons 
with the higher tendency of  males to hunt,  takes a further step in the chimpanzees with a 
female specific activity and a bigger specialization of  the males. 

Meat  sharing between adult  chimpanzees appears with the evolution of that sex 
specialization, as it was not observed in baboons (Harding,  1975). Males normally own the 
meat, but may share a part  of'it with the females. This sharing carl take many forms: (a) 
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Crumbs or discarded pieces can be retrieved by a chimpanzee with hardly any sharing 
intention of the owner. (b) Pieces can be taken from the food held by the o~,/ner without 
reaction of the latter; this can be called passive fbod sharing. Isaac (1978) called it tolerated 
scrounging and maintained that there is no active sharing in chimpanzees. (c) Contrary to 
lhis, the owner may actively hold out a piece to another individual, which is active food 
sharing. (d) The owner may permit others to take food from his store fbr up to half'an hour. 
All these types of one-way food sharing were seen in meat eating (van I,awick-Goodall, 
1968; Teleki, 1973; Boesch & Boesch, pets. obs.) and in eating of the w:ry big fruit, Treculia 
africana, in Tai. In all thesc variants, males moslly share with [kmaies. No reciprocal food 
sharing due to a specific female foraging activity was observed in Gombe and, moreover, no 
food obtained through tool use was ever observed to be shared between individuals, not 
even between mother and infant. The major nutrilional role oI'a fbod in the animal's diet 
might be a condition fbr the evolutkm of food sharing. The Tai ctnimpanzecs are the first 
chimpanzee population observed to heavily rely or even depend on tool-acquired fbod 
during ibur months of the year, and they of'ten do share this tbod. Mothers always share 
nuts which lhey have cracked with their inf~ants and juveniles (42 observations) whenever 
they beg for them instead of trying to open the nuts themselves. The same was observed 
among presumed siblings (six observations). It might be tha! the habit ofsharing nuts in 
the mother offspring bond or between offspring predisposes them to share tbod when 
adult. Indeed, one observation in Tai at least demonstrates the reciprocal component to 
male meat sharing toward a true division of labor with two-way food sharing between a 
male and a f~male. The nut cracker, an adult fi:male, passively shared the panda nut she 
had opened with an adult male. 

In conclusion, the Tai chimpanzees prcscnt a sex difference in tool usc for mainlv two 
reasons, difference of" sociability and motor pattern. The higher f)equency and in some 
measures, the higher efficienc'y with which lkmales crack nuts with tools is a counterpiece 
to the higher ti'equency and skill of hunting in males. These two sex specilic skills are raw 
materials from which a sexual division of'labor of basic hominid type could have evolved. If 
chimpanzees survived, these might eventually lead to division of labor and food sharing. 
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