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H and p re fe rence fo r tool u se w as asse ssed in a sam p le of captive ch im panzees

(P an tro g lodyte s). W heth er the su bjects so lved th e too l task us ing e ithe r a

un im anua l o r coordin ated b im anual st ra tegy w as m an ipu la ted in the chim panzees .

N o popu la tion-lev el hand p re fe rence w as found for tool use w hen un im anual

st ra teg ies w ere used by th e ch im panzees. H ow ever , a popula tion -leve l right-h and

bia s w as foun d w hen coo rdin a ted b im anua l ac tions w ere requ ired o f the

ch im panzees. A sign ificant co rre la tion w as found in hand u se fo r th e tw o hand

pre fe rence tes ting cond ition s. N eithe r sex no r rear ing w as found to s ign ificantly

affec t the d irec tion o r s treng th in hand prefe rence . T hese re su lts m ay exp la in

disc repanc ies in hand prefe rence reported in cap tive and w ild chim panzees w ith

regard to tool u se and o the r m anua l ac tiv ities.

INTRODUCTION

There is a grow ing body of ev idence indicating the presence of popu lation-leve l

hand prefe rence in nonhum an prim ates (B radshaw & Rogers, 1993 ; Fagot &

V auc lair, 1991 ; Hopk ins, 1996 ; H opk ins & M orris , 1993 ; M acN eilage, S tuddert-

K ennedy , & L indb lom , 1987 ; W ard & H opkins, 1993). Popula tion-level hand
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pre fe rence is in ferred w hen a sign ifican t p roportion of subjec ts w ith in a sam ple

exh ibit the sam e directiona l hand preferences fo r one or m ore specific tasks.

A lthough d irections in hand prefe rences have been reported to vary am ong

spec ies (B radshaw & R ogers, 1993), the da ta nonetheless cha llenge the long-

he ld be lie f tha t popu la tion-leve l hand pre ferences are un ique to hum ans

(W arren , 1980). W hat rem ains unknow n is the degree to w hich handedness in

nonhum an prim ates is rela ted to m anifestations of hum an handedness (see

Corballis, 1991; E ttlinger, 1988 ; M archan t & M cG rew , 1991 ; M cGrew &

M archan t, 1996).

R ecen tly , H opk ins and co lleagues have revea led popu lation-leve l righ t-

handedness in a sam ple of cap tive ch im panzees (P an trog lody tes) fo r bipeda l

reach ing (H op kins , 199 3), b im anua l feed ing (H opk ins , 1994 ), th row ing

(H opkins, B ard , Jones, & B ales, 1993), and a coord ina ted bim anual task

(H opk ins, 1995). O ther investiga to rs have sim ilarly reported popu lation-leve l

handedness in cap tive ch im panzees (A ruguete , E ly , & King , 1992 ; C ole ll,

Segarra , & Pi, 1995a ,b). In contrast, severa l h istorical (Finch , 1941) as w ell as

recent reports o f hand pre fe rence in w ild ch im panzees have fa iled to docum ent

popu lation-leve l hand pre ference . For instance , M cG rew and M archan t (1992)

did no t find popu lation-leve l hand pre ference fo r te rm ite fish ing in w ild

ch im panzees . S im ila rly , bo th B oesch (1991) and Sugiyam a, Fushim i, Sakura ,

and M atsuzaw a (1993) d id no t find popula tion-level hand pre ference fo r a nu t-

cracking task in w ild ch im panzees. The apparen t disc repancies in find ings

be tween cap tive and w ild ch im panzees have led som e to suggest that cap tive

rea ring m ay induce popu lation-leve l hand prefe rences in ch im panzees (M cG rew

& M archan t, 1995). A lterna tively , the cap tive env ironm ent resu lts in the an im als

adop ting certa in behav ioura l pa tte rns that reveal hand pre ferences under

conditions that are no t frequen tly observed in w ild subjec ts. For exam ple,

cap tive ch im panzees often feed w ith one hand w hile sim ultaneously ho ld ing on

to ex tra food item s w ith the opposite hand (H opkins, 1994). T h is type of feeding

postu re is se ldom observed in w ild ch im panzees (M archan t & M cGrew , 1996).

In con trast to the aforem entioned argum ents, H opk ins (1995) has argued tha t

diffe rences in hand preference find ings betw een cap tive and w ild chim panzees

cou ld re flec t either (a) the type of task or (b ) the m otor and cogn itive dem ands of

the task (see Fago t & V auc lair, 1991 , for discussion). M ost of the recen t stud ies

in w ild ch im panzees have m easured hand pre ferences for too l use tasks,

probably because of the theore tical links tha t have been proposed betw een the

evo lution of handedness and too l use and /or language functions (C orba llis,

1991 ; F rost, 1980). In con tras t, few stud ies in cap tive apes have exam ined too l

use . Thus, there is a need for stud ies on hand pre ference and too l use in cap tive

ch im panzees fo r com parison w ith find ings in w ild ch im panzees. If the rearing

env ironm ent is the causa l facto r in accoun ting fo r d iffe rences in cap tive and

wild ch im panzees , then a d iffe ren t pa tte rn of resu lts should be ev iden t in the

cap tive ch im panzees. O ne purpose of th is study was to exam ine hand pre ference
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in captive chim panzees for a too l-use task tha t was designed to m ode l sim ilar

too l-use tasks in w ild ch im panzees.

A second issue tha t perta ins to the d ifferences in find ings betw een cap tive

and w ild ch im panzees is the m otor com plex ity invo lved in any g iven hand

preference task . Too l-use tasks stud ied in w ild ch im panzees are defined or

desc ribed as being com plex , b im anua l tasks. A lthough too l use is a rguab ly a

com plex task , w hether it invo lves one or tw o hands (i.e. bim anua l), and w hether

o r no t the hands are used independen tly or in a coord ina ted fash ion , is no t c lea r

from the ex isting studies in w ild ch im panzees (e .g . Boesch , 1991). Th is is a

critica l d istinction because certain too l-use tasks can be so lved using e ithe r

b im anua l or un im anua l stra teg ies w hich m ay or m ay no t influence the

d istribu tion of hand prefe rence (see M orris, Hopk ins, & Bolse r-G ilm ore,

1993). H opk ins (1995) has argued that m otor tasks, including tool use, tha t

requ ire coord inated b im anua l ac tions w ould be m ore like ly to e lic it popu lation-

level hand pre ferences than tasks involv ing un im ana l actions (see Fragaszy &

A dam s-Curtis, 1993). T here fore , a second purpose of th is study w as to com pare

hand prefe rence d istributions in a sam ple of ch im panzees that w ere requ ired to

so lve a tool-use task using e ithe r un im anua l o r b im anua l m otor actions . It w as

hypo thesised that b im anua l actions w ould e lic it stronger and m ore consisten t

hand preferences than un im anual ac tions in so lving a tool-use task.

METHOD

Subjects

There w ere a tota l o f 37 ch im panzees (Pan trog lodytes), inc lud ing 14 m ales and

23 fem ales. A ll sub jec ts w ere ado lescents o r adu lts and ranged in age from 9 to

57 years. O f these, 9 ch im panzees (4 m ales, 5 fem ales) w ere m other-rea red , 19

w ere nursery -rea red (8 m ales, 10 fem ales), and 9 were of unk now n orig in (8

fem ales, 1 m ale). M other-rea red sub jec ts w ere those w ho w ere ra ised by their

b io log ical m others, w hereas nurse ry-reared subjects w ere those ra ised by

hum ans in a nurse ry setting (see Bard , 1994 for descrip tion).

Procedure

The basic too l-use task used in this study w as a dipping task designed to require

subjects to extrac t food from conta iners using som e type of stick or m etal rod.

Th is task w as designed to sim ulate term ite fish ing in w ild ch im panzees (see

G ooda ll, 1986). T he independen t variab le o f in terest in th is study w as hand use

w hen perform ing the dipping task using e ither a un im anua l (U NI) or b im anua l

(B IM ) stra tegy . To elicit un im anua l responses , one or m ore polyv iny lch lo ride

(PVC ) p ipes were fixed to the inside portion of the ch im panzees ’ hom e cage.

The PV C pipes m easured betw een 42 and 44cm in leng th and e ither 10 or 19cm
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in d iam ete r, and w ere capped a t one end . For sim plic ity , this device w as referred

to as the ``honey po t’ ’ . T w o diffe ren t-sized honey po ts w ere used because

sm aller chim panzees cou ld reach in to the dev ice and ex tract the food w ithou t

use of a tool. The honey po t w as positioned approxim ate ly .5m above the floor,

and the num ber a ttached to the cage and the size of the honey po ts varied

depend ing on the num ber of sub jec ts in the cage and the size of the sub jec ts.

A t the sta rt o f each observa tion period , the sub jects w ere locked in eithe r the

inside or outside portion of their hom e cages. The experim en ter a ttached the

honey po t(s) to the cage m esh and p laced a sm all stick (53 to 64cm in leng th , 3

to 5cm diam eter) m ade of e ithe r PV C or a lum in ium inside the honey pot. In

those cases fo r w hich m ore than one honey po t w as needed , they were p laced .5

to 1 m etre apart. Approx im ately 1 cup of food w as p laced at the bottom of each

honey pot. (For the m ost part, honey was used as the food incen tive because it

stuck to the d ipp ing stick . H ow ever, som e an im als d isliked honey so peanu t

bu tter w as substitu ted as the food incen tive .) T he an im als w ere then released

into the observa tion area . O nce the chim panzee rem oved the stick , the observer

began record ing the hand with w hich an im als p robed the con ta iner fo r the food ,

and the hand w ith w hich they took the stick to the m outh. O nly those

observations in w hich the sub jec ts d ipped and ex tracted the stick w ith the sam e

hand were included in the analyses .

T o elicit coordina ted bim anual responses, the experim en ters m odified the

m otor dem ands and m ateria ls used fo r the tool-use task . Peanu t bu tter w as

sm eared on the inside , m idd le portion of u ncapped PV C pipes m easuring

approxim ate ly 62cm in length . P lacing the peanut bu tter in th is loca tion

prec luded subjects from extracting the peanu t bu tte r using the ir d ig its. A sm alle r

plastic stick or a lum inium rod (betw een 53 and 64cm in leng th , 3 to 5cm in

diam eter) w as p laced inside the la rger PVC pipe and the com bined tubes were

handed to the sub jec ts through the cage m esh . In order to ex trac t the peanu t

bu tter, the sub jects had to ho ld the larger PV C pipe w ith one hand and d ip and

feed w ith the sm alle r tube held by the opposite hand . The hand used for d ipping

was defined as the dom inan t hand and the experim en ter recorded the frequency

of le ft and righ t hand d ipping responses w ith in an observation period .

A ll tes ting occurred betw een the hours o f 12 :00 and 3 :00 pm . N o attem pt w as

m ade to iso la te anim als fo r the purposes of tes ting . R ather, sm all groups of tw o

to th ree an im als were tested concurren tly , w ith one an im al the foca l sub jec t

w ith in an observation period . O bserva tion periods lasted be tw een one and tw o

hours, depend ing on the leve l o f too l-use sk ill fo r each focal an im al. For bo th

tasks, da ta co llec tion ended w hen the ch im panzees had rem oved a ll o f the food

and /or lost inte rest in the dev ice . The order o f task presen ta tion (i.e. un im anua l

vs bim anual) w as counte rb alanced across sub jec ts. A t the end of each testing

period , the num ber of responses by each hand w as ta llied . Not all sub jec ts

perfo rm ed these tasks w ith in the first session, and so subsequent testing w as

necessa ry . Sub jects w ere given as m any as four test sessions. If the sub jec ts
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failed to perfo rm these tasks after four test sessions, then testing stopped and the

subject w as dropped from the study.

RESULTS

A to tal o f 36 sub jects successfu lly perfo rm ed a t least 10 responses on the U N I

version of the too l-use task (M ean = 87); 28 chim panzees perform ed a t least 10

responses on the B IM version of task (M ean = 110); 26 chim panzees perfo rm ed

at least 10 responses on bo th tasks. The ind ividua l da ta fo r each sub jec t can be

seen in T ab le 1 . E ach sub jec t’ s la tera l b ias fo r each task w as characte rised using

three m easures. F irst, a z-score based on the num ber of left and righ t hand

responses was ca lcu la ted fo r each sub ject. Ch im panzees w ith z-sco res tha t

exceeded 1 .64 w ere c lassified as righ t-handed : left-handed ch im panzees w ere

those w ith z-sco res less than ±1.64 . Subjec ts w ith z-sco res be tw een ±1.64 and

1 .64 were classified as am biguously handed . The second m easure w as a

handedness index (H I) which w as ca lcu lated by sub trac ting the num ber of left

hand responses from the num ber of righ t hand responses and div id ing by the

tota l num ber of responses (#R±#L)/(#R+ #L). T he H I va lues varied from ±1.0 to

1 .0 which corresponded to being strong ly le ft-handed to strong ly right-handed.

F ina lly , strength in hand pre ference w as de term ined by tak ing the abso lu te va lue

of the H I score (refe rred to A BS±H I). T h is va lue re flected the sub jec t’ s degree

of p referred hand use.

In the in itial analysis, the num bers of left-, righ t-, and am biguously handed

subjects w ere com pared fo r the UN I and BIM vers ions of the task . For the U N I

version , there w ere 11 le ft-handed , 9 am biguously handed , and 16 righ t-handed

subjects. Th is distribu tion d id no t d iffe r sign ificantly from chance using a chi-

square goodness-of-fit test. In con trast, the re w ere 6 left-handed, 4 am biguously

handed , and 18 right-handed sub jec ts fo r the B IM vers ion of task . Th is

d istribu tion d iffered sign ifican tly from chance as de term ined by chi-square

ana lysis c 2
(2 ,28) = 12 .29 , P < .05 . Subsequen t ch i-square ana lyses ind ica ted tha t

the num ber of right-handed ch im panzees w as sign ifican tly grea te r than the

num be r of le ft-hand ed c 2
(1 ,24) = 6 .00 , P < .05 and am bigu ous ly han ded

ch im panzees c 2
(1 ,22) = 8 .90, P < .05 . The re lative proportion of left-, am bigu-

ously , and righ t-handed sub jec ts fo r the U N I and BIM vers ions of the tasks can

be seen in Fig . 1. O ne-sam ple t-te sts using the H I scores confirm ed the ch i-

square effects. For the U N I version of the task , no sign ifican t popu lation bias

w as found t(35) = .71 , P > .10 ; how ever, a sign ifican t righ t-hand popu la tion bias

w as found for the B IM version t(27) = 3 .16 , P < .01 .

Sex d iffe rences in d irection and streng th of hand pre ference were evaluated

separate ly fo r the U N I and BIM version of the too l-use task . M ann-W hitney

tests using the H I score fa iled to revea l sign ifican t differences in hand pre ference

betw een m ales and fem ales. K ruskal-W allis tests com paring rea ring env iron-

m ents also fa iled to revea l d iffe rences in the HI scores. Independen t sam ple t-
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TABLE 1
Individual Data for Each Measure of Hand Preference

U nim a n ual B im an ua l

Su b je c t z -s core H an d z-sco re H an d

F em ale s

A ng e la 8 .16 R 3.81 R

A nn a 1 .38 A

B ra n dy 4 .76 R 0.63 A

B ro die ±4 .38 L ±4.16 L

C h eet ah 6 .58 R 2.42 R

D a ra 2 .45 R 1.73 R

E l lie ±1 0 .55 L 3.99 R

F lora 8 .94 R 1 1 .53 R

G a rbo 4 .00 R

G ay 0 .38 A 9.11 R

Jaqu e line 1 .50 A

Jen i fe re 3 .36 R 7.39 R

Jenn y ±0.17 A ±0.88 A

K asey 3 .74 R

L ee ±1.78 L 7.21 R

L es lie ±7 .75 L ±1.98 L

L i lo ne 2 .50 R

L u cy ±0.87 A 6.19 R

M ari ly ne 3 .10 R ±1.90 L

R eb a 5 .74 R 6.55 R

Sh eena ±5 .69 L

Sh irle y ±3 .49 L

Sp a rk le 2 .29 R

M a les

C lin t ±0 .05 A 4.14 R

C o lu m bus ±5 .43 L ±1.62 A

G e lb ±1 .45 L 2.18 R

H ob o h ±5.33 L ±8.25 L

J . C a rte r ±1 7 .24 L ±2.52 L

Jus tin 1 .89 R 5.48 R

L es 1 .41 A 5.16 R

L u x 0 .58 A 5.29 R

M erv 4 .16 R 7.48 R

O sso b aw 1.07 A

Pu dd in 6 .80 R ±7.57 L

R u fu s ±7 .49 L 2.96 R

S tore r 1 0 .63 R ±0.07 A

Sco tt 3 .13 R
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tests using the A B S±HI score fa iled to revea l sex d iffe rences in strength of hand

preference fo r eithe r version of the task . A one-way A NO V A com paring the

A BS±H I scores betw een rearing cond itions w as no t sign ifican t. In add ition , a

m ixed design A N O V A com paring streng th in hand preference betw een the U N I

and B IM versions was no t sign ificant. The average A BS±H I scores fo r the U N I

and B IM versions of the task w ere .562 and .528 respec tive ly . Fina lly , Pearson

Produc t±M om ent correla tions betw een the U N I and BIM versions of the task fo r

the H I and AB S±H I scores w ere conducted. A sign ifican t positive correla tion

w as found for the H I scores (r = .435 , d f = 25, P < .05) bu t no t fo r the AB S±H I

scores (r = ±.067 , d f = 25, ns). A dditiona lly , the to ta l num ber of responses fo r

each m easure w as corre la ted w ith the H I and A B S±H I scores to assess w he ther

the varia tion in the num ber of responses in fluenced e ithe r streng th or d irec tion

of hand prefe rence . N o significan t corre la tions w ere found .

DISCUSSION

The results o f th is study indicate that hand preferences fo r tool use in

ch im panzees a re influenced by the m otor and cognitive dem ands of the task.

W hen the two hands had to w ork in a coordina ted m anner, a sign ifican t

popu lation-leve l righ t hand b ias w as found . In contrast, when the too l-use task

cou ld be so lv ed us ing a un im anua l stra tegy , n o po pu la tion-leve l h and

pre fe rences w ere ev iden t in the ch im panzees . N ote tha t the re w ere no

FIG. 1. R e la t ive p rop o rtion o f le ft- , am b ig u ou s ly , an d righ t-h and ed sub jec ts fo r th e u n im anu a l and

b im anu a l ve rs io n s o f th e to o l ta sk .
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diffe rences in streng th of hand pre ference betw een the tw o variations of th is

task . Thus, it is the d irection no t the strength of la teral b ias tha t w as la rgely

influenced by unim anua l and b im anua l strategies in so lving a too l-use task. Th is

find ing is consisten t w ith the predic tion tha t b im anua l tasks are m ore sensitive in

de tecting popu lation-leve l hand pre ference in chim panzees.

T he lack of popu la tion-level hand preference fo r the un im anual too l-use task

is consisten t w ith the da ta reported in w ild ch im panzees. For exam ple , M cG rew

and M archan t (1992) reported approxim ately equa l num bers of left- and righ t-

handed ch im panzees fo r te rm ite fish ing . The m otor dem ands of the un im anua l

version of our too l-use task w ere sim ilar to those fo r term ite fishing , in that the

ch im panzees had to inse rt a stick in to a ho le to extract a food source and d id no t

requ ire any coord ina tion be tw een the hands. T he lack of popula tion-leve l hand

pre fe rence in th is task is a lso consisten t w ith find ings in capuch in m onkeys.

W estergaard and Suom i (1994) m easured hand use fo r a dipp ing task in a sam ple

of 13 capuch in m onkeys and found no popu lation-leve l hand pre ference. T aken

toge ther, these da ta strong ly suggest that tool-use tasks invo lv ing un im anua l

ac tions do no t elicit popu lation-leve l hand pre ference in nonhum an prim ates. In

con trast, pe rfo rm ing a tool-use task using coordinated b im anua l ac tions resu lts

in a popu la tion-level righ t hand b ias. In our op in ion , un til a d istinc tion is m ade

be tween un im anua l and b im anua l solu tions to too l-use tasks by investiga to rs

study ing w ild apes, it is p rem atu re to infe r differences in cap tive and w ild apes

as an artifact o f the cap tive environm ent.

A lthough this study focused on too l use , w e do no t be lieve that a tool-use task

requ iring b im anu a l ac t ions is n ecessa ry to e lic it po pu la tion -leve l han d

pre fe rences in grea t apes and a t least som e m onkey spec ies. For exam ple,

ch im panzees requ ired to hold a tube and ex trac t peanu t bu tter w ith fingers of the

oppos ite h and exh ib ited a popu la tion righ t hand b ias (H opk in s, 1995).

W estergaard and Suom i (1996) have reported a sim ilar popu lation right hand

bias in rhesus m onkeys bu t no t capuch in m onkeys (also see B eck & Barton ,

1972) fo r the sam e tube task . F ina lly, B yrne and B yrne (1991) found a sligh t bu t

sign ifican t righ t hand popula tion b ias in b im anual feed ing in w ild gorillas (a lso

see Fagot & V auc lair, 1988). T hese cum ulative resu lts h igh ligh t the sign ificance

of bim anua l contrasted w ith un im anua l fo rm s of hand use in solv ing behav ioura l

tasks, be it in w ild or cap tive prim ates (see W undrum , 1986). A dd itiona lly, these

find ings raise se rious questions abou t the ro le of too l use in the evo lution of

la tera lised behav iour in hum ans (e.g . F rost, 1980).

W e did no t d istinguish be tw een latera lity in bouts o f too l use con trasted w ith

ind ividual tool-use even ts, w hereas M cG rew and M archan t (1992) did so in the ir

study of w ild ch im panzees. R ecently , severa l au thors have proposed tha t

recording bou ts o f behavioural even ts is a better approach to the assessm ent o f

hand pre ference than record ing ind ividua l ac ts (B yrne & B yrne , 1991; M cG rew

& M archan t, 1992). For exam ple , M cG rew and M archan t (1996) a rgue tha t a

key issue in nonhum an prim ate handedness research is independence of data
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poin ts and that record ing ind iv idua l, repe titive actions as independen t even ts

artific ially inc reases sam ple size and increases the likelihood of finding

sign ificant z -sco res. A lthough th is cou ld be the case , a t the sam e tim e

considering the frequency bouts o f actions as the so le m easure of hand

preference can po ten tia lly rem ove im portan t in form ation regarding hand use.

For exam ple, it is conce ivab le tha t chim panzees cou ld use the ir left and righ t

hands to term ite -fish for 50 bouts bu t spend 120 m inu tes using the ir left hand

and 600 m inu tes using the ir righ t hand . D iv iding the tim e by the frequency of

bou ts w ould reveal a larger asym m etry in bout leng th . Thus, so le ly m easuring

bou ts can be m ean ing less in the absence of the g loba l aspec ts o f the behav iour.

In addition to rem oving im portan t info rm ation about m otor behaviour and

asym m etries in hand use , it is no t clear w ha t is confound ed by the use of

record ing even ts contrasted w ith bouts. P resum ably , record ing even ts a rtificia lly

inflates z-sco res, w hich resu lts in a grea ter num ber of subjects being classified as

righ t- o r le ft-handed ra ther than am biguously handed . H ow ever, the re is no

reason to assum e tha t the in fla ted z-sco res would necessa rily bias the sam ple

tow ards e ither popu la tion-level righ t o r le ft handedness. P resum ably , th is

confound w ould be random ly d istribu ted am ong the sub jects and testing

cond itions. So , a t a m in im um , all tha t is ga in ed by using bou ts is a m ore

conserva tive estim ate of w hether the m easure re liab ly e licits sign ificant hand

use bu t no t d irec tion of hand use.

In conclusion , the resu lts o f th is study indicate tha t investiga tors studying

hand preference in nonhum an prim ates need to pay spec ia l atten tion to the m otor

and cogn itive dem ands of d iffe ren t tasks in the ir assessm ent o f la tera lity . In

particu la r, w he ther the tw o hands perfo rm ac tions in a coord ina ted or

uncoordinated m anner in solv ing differen t tasks appears to be a critica l

d istinc tion . Enhancing and refining the m otor and cognitive dem ands of

d iffe ren t hand pre ference m easures w ill hopefu lly clarify d iffe rences betw een

fie ld and captive studies and , perhaps, spec ies d iffe rences in la tera lity .
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