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ABSTRACT 26 

Recently many studies have been conducted on manual laterality in chimpanzees. 27 

Nevertheless, whether nonhuman primates exhibit population-level handedness remains 28 

a topic of considerable debate. One of the behaviors studied has been bimanual 29 

coordinated actions. Although recent studies have highlighted that captive chimpanzees 30 

show handedness at population level for these tasks, some authors have questioned the 31 

validity and consistency of these results. The first reason has been the humanization of 32 

the samples. The second one has been that the results refer to animals in American 33 

biomedical centers and the studies were conducted by the same team (WD Hopkins and 34 

colleagues). This paper aims to assess the laterality in bimanual coordination (tube task) 35 

activities in animals housed in an intermediate environment (Chimfunshi Sanctuary, 36 

Zambia). This has been conducted by replicating previous studies on similar samples 37 

(Mona Foundation, Spain), and then by extending the results to chimpanzees housed in 38 

intermediate settings. Individuals were evaluated through four experimental sessions 39 

(tests). Results indicated that 86% of the Chimfunshi sample was lateralized (48% RH, 40 

38% LH). Furthermore, the sample showed population-level right handedness in the 41 

mean handedness index, in test 1, test 2 and the first half of the study (test 1+2). Rearing 42 

experience did not have an influence on hand preference. Taken together, the two 43 

sample (intermediate settings: Chimfunshi and Mona) results indicate a clear right 44 

handedness. In conclusion, this replication and extension shows that: (1) chimpanzees in 45 

intermediate environments (naturalistic housed) are right-handed at population-level, (2) 46 

the results are consistent with those obtained by Hopkins in captive settings and, (3) the 47 

humanization of the samples does not affect manual laterality, (4) the direction of hand 48 

preference differs between sexes: most males are left-handed whereas most females are 49 



right-handed,  and (5) these results reinforce the fact that the complexity of the task 50 

plays a dominant role in the expression of hand laterality among chimpanzees.  51 

Keywords: chimpanzee handedness; bimanual coordination; hand preferences; 52 

replication; intermediate environments. 53 



INTRODUCTION 54 

The study of hand laterality in non-human primates offers a major background to 55 

understand human evolution for brain hemispheric specialization, asymmetries of the 56 

motor cortex, language and hand dominance at population level [Bradshaw and Rogers 57 

1993]. 58 

Unlike humans, non-human primates have evidenced to be a very heterogeneous 59 

biological order regarding manual asymmetries, as studies during the last 25 years have 60 

shown. Globally, these studies yield wide variability concerning the methodology used, 61 

the tasks observed, and the environments in which the work was carried out. This has 62 

caused strong limitations for making reliable comparisons both at inter and intra-63 

specific level [McGrew and Marchant 1997]: at the individual level, hand preferences 64 

seem to be consistent in all taxa from prosimians to great apes. At population level, 65 

evidence focuses in complex tasks; that is, those requiring coordinated bimanual and 66 

sequential actions, and also 67 

some other behaviours that need for bipedal posture 68 

and postural readjustment, among others [Blois-Heulin et al. 2006; Braccini et al. 2010; 69 

Colell et al. 1995a; Colell et al. 1995b; Hopkins 1993; Hopkins et al. 1993; Hopkins et 70 

al. 2003b; Hopkins and Pearson 2000; Hopkins and Rabinowitz 1997; Vauclair et al. 71 

2005; Wesley et al. 2002; Westergaard and Suomi 1996; Zhao et al. 2010]. This 72 

heterogeneous pattern is even more stressed on comparing wild and captive 73 

chimpanzees. Explanations of this heterogeneity are still in debate, and they represent 74 

one of the major keys around which the subject on manual laterality in these species 75 

turns. 76 

Several researchers have suggested major factors such as the human environment. In 77 
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this sense, some authors  [McGrew and Marchant 1997; Palmer 2003; Warren 1980] 78 

claim that evidences of right-handedness at population level may be related to the 79 

humanized or enculturated environments where subjects grew up. However, other 80 

researchers as Hopkins and Cantalupo [2005] support that the use of different 81 

methodologies (82 

experimental versus observational), and protocols of recording and 83 

analyzing among the studies may also cause this disparity of results84 

. Finally, other authors [Fagot and Vauclair 1991; Hopkins and Cantalupo 2005; 85 

. Finally, other authors [Fagot and Vauclair 1991; Hopkins and Cantalupo 2005; 86 

Schweitzer et al. 2007a] support the importance of variables inherent to the task, such as 87 

the morphology of gripping, the posture, bimanual coordination versus unimanual tasks, 88 

etc. 89 

prensión, la postura, la coordinación bimanual versus tareas unimanuales), como otras 90 

explicaciones.   91 

 92 

The tube task is one of the tasks more used in experimental studies with non-wild 93 

animals. It was proposed by Hopkins [1995], and it consists of extracting the food from 94 

a tube through bimanual coordinated actions, where one hand acquires the dominant 95 

role and the other subordinates. For this task, most of the studies done over the years 96 

have shown clear evidence of right asymmetries at the population level [Hopkins and 97 

Bard 2000; Hopkins and Cantalupo 2003; Hopkins and Pearson 2000; Hopkins et al. 98 

2004; Wesley et al. 2002]. However, some authors question the validity and consistency 99 

of these results [Annett 2006; Crow 2005; McGrew and Marchant 1997; Palmer 2002; 100 

Palmer 2003], particularly because of the possible humanization of the samples and 101 

Codi de camp canviat

Codi de camp canviat

Codi de camp canviat

Codi de camp canviat



their origin, since all the evidence was obtained from animals belonging to American 102 

research centres, and also it was also obtained by the same research team (Hopkins and 103 

colleagues). 104 

Therefore, in our view, it is important to replicate the same experiments with other 105 

types of chimpanzees, those sheltered in naturalistic settings, in order to check the 106 

validity and consistency of the right-handedness in captive samples. Despite the fact 107 

that naturalistically housed chimpanzees are also held in captivity, they are sheltered in 108 

environments that try to emulate the conditions of chimpanzees in the wild, and allow 109 

the animals to develop specific behaviours. Therefore, studies with naturalistically 110 

housed chimpanzees increase the ecological validity of previous results. 111 

This study aims to assess the laterality in bimanual coordination (tube task) in animals 112 

housed in an intermediate environment (Chimfunshi Sanctuary, Zambia), by replicating 113 

previous studies done on similar samples (Mona Foundation, Spain), in order to extend 114 

the results to chimpanzees housed in these settings. 115 

 116 

117 



METHODS 118 

Project structure 119 

This study replicates the first experimental test of the tube task carried out at Mona 120 

Foundation (MF) in 2007 [Llorente et al. 2009]. This replica has later been performed at 121 

Chimfunshi Wildlife Orphanage (CWO), following the same methodology. 122 

 123 

Subjects and housing 124 

Chimfunshi Wildlife Orphanage  125 

120 Chimpanzees (Pan troglodytes) distributed in seven captive groups were studied at 126 

the Chimfunshi Wildlife Orphanage. Their ages ranged between 0 and more than 33 127 

years old. Table 1 shows additional information about age classes, sex and the rearing 128 

history of each group. Most of the chimpanzees were used for trading (smuggling, 129 

circuses and shows) before being sheltered in this Centre. 130 

The groups were living in different enclosures, which were distributed between two 131 

main areas: the Project Area and the Orphanage, which were physically separated from 132 

one another. In the Project Area, groups 1, 2, 3 and 4 were housed in large outdoors 133 

compounds (enclosures 1, 2, 3 and 4, respectively) and they had attached indoor 134 

quarters in which the animals were placed daily during  feeding time (from 11:30 am  to 135 

13:30 pm). These indoors handling facilities consisted of different rooms of similar 136 

sizes and layouts. Specifically, the average size of the rooms was 6x4 meters. Outdoor 137 

enclosures were carved out of the forest and floodplains along the Upper Kafue River, 138 

with enough thick jungle and fruit groves and open grasslands to allow the chimpanzees 139 

to roam as if in the wild. Enclosure 1, 2 and 3 measured 150 ha, while enclosure 4 140 



measured 80 ha. In all the studied groups, access to the outside enclosure was blocked 141 

during data collection.  142 

The Orphanage was home to the other 3 groups of chimpanzees (groups 5, 6, 7), which 143 

could not be relocated. In those cases, each group lived in different conditions. Some of 144 

the individuals in group 5 remained all day long inside the indoor enclosures for 145 

security reasons, and the same happened with the enclosed chimpanzees in group 6. In 146 

contrast, group 7 spent the night and feeding time in the indoor facilities, but during the 147 

rest of the day, they enjoyed a 5 ha enclosure. 148 

Mona Foundation (MF) Sanctuary 149 

Three captive groups of chimpanzees (Pan troglodytes) were studied at Mona 150 

Foundation Primate Rescue Center (Girona, Spain) [Llorente et al. 2009; Mosquera et 151 

al. 2007]. They were between 4 and 51 years old. Animals were in their social groups 152 

during the tests sessions. The first group (A) was composed of 4 males; the second 153 

group (B) was composed of 4 males and 3 females, and third group (C) was composed 154 

of 3 males. Table 2 shows individual information, characteristics and their background 155 

before arriving at Mona. The subjects were housed in a naturalistic outdoor enclosure of 156 

5,640m2, with wooden structures and natural ground with Mediterranean and riverside 157 

vegetation. Furthermore, the Center has two socialization enclosures of each measuring 158 

25 m2, connected to a 140m2 primate pavilion. 159 

 160 

Procedure 161 

We used the same procedure to evaluate hand laterality in complex bimanual tasks  162 

as that applied in the previous study in MF [Llorente et al. 2009]. Evaluation was based 163 
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on the tube task proposed by Hopkins [1995] as a bimanual coordinated task sensitive to 164 

determine hand motor bias. For the tube task we used cylindrical rubber hoses with 25 165 

to 25.5 cm in length and with a diameter 2,5 cm instead of rigid tubes. Therefore, we 166 

call this experiment “hose task”. In MF, the first author (MLl) carried out all the 167 

observations and the experiments. This study was conducted from January 2007 to April 168 

2007. In CWO, LP and LC carried out all the observations and experiments. That study 169 

was conducted between October and November 2008. 170 

The usefulness of the tube task as a manual laterality indicator has been proven by 171 

Hopkins in several studies with captive chimpanzees [Hopkins 2006; Hopkins et al. 172 

2004], and it has also been used with other primate species as Cebus apella [Lilak and 173 

Phillips 2008], Cebus capucinus [Meunier and Vauclair 2007] Cercopithecus neglectus 174 

[Schweitzer et al. 2007b], Papio anubis [Vauclair et al. 2005], Pan paniscus [Chapelain 175 

and Hogervorst 2009] and other ape species [Hopkins et al. 2003a]. Hoses were filled 176 

with food, thus preventing its extraction with the tongue or by hitting it. In MF the food 177 

was honey, peanuts, muesli and seeds. In CWO the food was peanut butter, honey, 178 

peanuts, banana, apple, chow and nshima. Animals had to remove the food with their 179 

fingers or by using tools such as sticks, branches or canes to facilitate extraction. We 180 

used a focal animal sampling [Altmann 1974]; the session continued until the individual 181 

lost interest or left the hose for one minute. Each individual was tested four times and 182 

test sessions were separated by a minimum of two days between sessions. Each animal 183 

needed to obtain a minimum of 50 responses. Each test was valid if the animal obtained 184 

a minimum of six responses. The hand used to extract the food was recorded each time 185 

the subject inserted its finger/tool, removed the food, and placed its finger/tool in its 186 

mouth. We also recorded the finger used to remove the food (thumb, index, middle, 187 



ring, little).  188 

Procedural considerations 189 

Some authors have criticized recording behaviors as events, since it may cause 190 

problems in the data independence [McGrew and Marchant 1997]. According to this 191 

criticism, recording repetitive motor actions of the subjects could increase the sample 192 

size and would thus increase the probability of detecting significant asymmetries in the 193 

hand use at individual level. To date, some authors have found effects of the 194 

methodology used [Chapelain and Hogervorst 2009]. However, other authors have 195 

failed to detect significant differences in recording manual behaviors as events or bouts, 196 

both being sensitive to detect lateral biases [Hopkins 2006; Hopkins et al. 2004; 197 

Meguerditchian et al. 2010]. We have chosen to record the data as events; that is, 198 

considering the total frequency of manual use. In this way, we can replicate and 199 

compare our present results and our previous results [Llorente et al. 2009] with most 200 

other experimental studies, since they follow this same procedure.  201 

Data analysis 202 

We used a similar methodology to that carried out by other authors for similar 203 

experiments [Hopkins et al. 2004]. Data analyses were performed at the individual and 204 

at the group level. At the individual level, we first calculated binomial tests on data for 205 

each individual to evaluate if they were significantly lateralized. Secondly, a 206 

handedness index (HI) suggested by Hopkins [1995] was calculated for each subject to 207 

quantify individual laterality bias. This measure was estimated using the formula  208 

R-L/R+L (R=number of times right hand was used; L=number of times left hand was 209 

used). Positive values show right hand bias, and negative values show left hand bias. 210 
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For the hose task, we calculated an individual HI adding the total frequencies obtained 211 

throughout 4 tests sessions mixed in HOSE (SUM-HI), following the same formula for 212 

HI. We used absolute values of HI (ABS-HI) as a reflection of the strength of hand 213 

preference, independent of the direction. We calculated a mean HI averaging the HI 214 

values (MHI) of 4 hose task tests. To evaluate population level handedness we used a 215 

one sample t-test based on individuals HI values and Z-scores. We used non parametric 216 

tests (Chi square) to estimate the proportion of right, left or non preferent individuals. 217 

We used the Spearman correlation test to evaluate the consistency of hand preference 218 

throughout test sessions in the hose task. Wilcoxon tests assessed differences in 219 

direction and strength of hand preferences among tasks. We used U-Mann Whitney and 220 

Kuskal Wallis to test sample variables (sex, place of birth, group or age class). 221 

 222 

All the field protocols, data collection procedures and data analyses were conducted in 223 

accordance with all the principles of ethical treatment established by ASAB, the  224 

Spanish and Catalonian governments, the Zambian government and the internal rules 225 

and guidelines of the Mona Foundation and Chimfunshi Wildlife Orphanage. 226 

 227 

RESULTS 228 

Replication: Chimfunshi Wildlife Orphange 229 

Out of the 120 individuals in the sample, 100 obtained the minimum of responses 230 

required (n=50). Globally, there were a total of 14,854 manual actions, of which 231 

55.48% (n=8,241) were performed by the right hand and 44.52% (n=6,613) by the left 232 

hand.  Based on binomial tests, 14 individuals were non preferent, and 86 are lateralized 233 



for this task: 48 are right-handed, and 38 left-handed. The average for SUMHI (M-234 

SUMHI) is 0.107 (SE = 0.064); therefore, subjects expressed a right-hand bias. The 235 

MHI value is 0.122 (SE = 0.063). SUMHI and MHI values correlate highly (Rs=0.991; 236 

p= 0.000), thus showing that both kinds of handedness characterization were consistent 237 

among subjects. Hence we used SUMHI values to minimize type I error. The average 238 

for ABSHI for all subjects was 0.573 (SE = 0.030). The ABSHI values among right- 239 

(0.676) and left-handed (0.594) subjects were similar (U = 714.500; p=0.086). There 240 

were differences between the number of lateralized and non lateralized subjects (χ2 (1, 241 

n=100)=51.840, P=0.000), but there were no differences between the number of right- 242 

and left-handed subjects (χ2 (1, n=86)=1.163, P=0.281). 243 

Regarding the variables associated with the sample, SUMHI showed differences for sex, 244 

since females were more right-handed than males (U = 955.000; p=0.047). However, 245 

none influence in rearing experience (U=1198.000; p= 0.889), group (Kruskal=2.582; 246 

p=0.859) or age class (Kruskal=0.162; p=0.922) were found in the direction of 247 

lateralization (SUMHI). Also, we did not find differences in the strength of 248 

lateralization in sex (U=1194.500; p=0.743), rearing (U=1114.500; p=0.470), group 249 

(Kruskal=2.014; p=0.918) or age class (Kruskal=2.425; p=0.298). 250 

According to the extraction technique, the subjects removed the food 95.66% using 251 

their fingers and 4.34% using tools. They performed most of the actions with the index 252 

finger (D2; 89.02%), followed by the middle finger (D3; 3.77%), thumb (D1; 1.50%), 253 

little finger (D5; 1.31%) and ring finger (D4; 0.07%). We found an effect of extraction 254 

technique on the hand (D1; D2; D3; D4; D5; TOOL; χ2 =217.022, P=0.000). On one 255 

hand, the analyses of adjusted residuals showed certain correlations between subjects 256 

performing extractions with the index finger (AR=9.3) and preferentially with the right 257 



hand. On the other hand, extractions with the little finger (AR=13.2) and tools (AR=5.7) 258 

were correlated with the left hand. There was no difference between digital and tool 259 

extraction techniques in direction (HI Finger = 0.103; HI Tool= 0.066; Z= -0.048, 260 

p=0.654) or strength (ABSHI Finger = 0.577; ABSHI Tool = 0.588; Z= -0.131, 261 

p=0.896) of hand preference.  262 

Four tests showed a high correlation, indicating that preferences were stable and 263 

consistent throughout sessions at the individual level (Table 3). The correlation between 264 

the values of HI for the first half of the experiment (test 1+2) and the second half of the 265 

experiment (test 3+4) was also significant (Rs=0.770; p=0.000). There is a trend for the 266 

HI values (direction) to decrease with the experimental tests (Table 4), but these 267 

differences are not significant (Friedman Anova= 4.887; p=0.180). Strength (ABSHI) 268 

tends to increase from test 1 to test 3, decreasing the value at test 4. However, again the 269 

differences are not significant (Friedman Anova=6.486; p=0.090). 270 

Regarding hand preferences at population level, one sample t-test does not point to 271 

handedness for the SUMHI value (t (99)=1.678: p=0.097), and we found a borderline 272 

right-hand preference for the MHI value (t (99)=1.943: p=0.055). Additionally, we 273 

carried out anotherDe manera adicional, hemos llevado a cabo otro one sample t test 274 

with the con los valores de z-score values, and results were consistent with that obtained 275 

for siendo consistente con los obtenidos a través del HI (t (99)=1.621: p=0.108).  The 276 

evaluation of the population preferences in both parts of the study yielded right 277 

asymmetry for the first part (test 1+test2) (t (99)=2.480: p=0.015), but not for the 278 

second part (test 3+test4)  279 

(t (99)=1.104: p=0.272) of the experiment. The estimation of the population preferences 280 

for each test indicates that test 1 (t (99)= 2.455: p=0.016) and test 2 (t (99)=2.270: 281 



p=0.025) show clear right population asymmetry; test 3 (t (99)=1.795: p=0.076) shows 282 

borderline significant right asymmetry; and test 4 (t (99)=0.292: p=0.771) do not show 283 

any kind of significant asymmetries at population level. 284 

Regarding the variables associated to the sample at population level, there is a right 285 

asymmetry for sex females (t (53)=2.582: p=0.013), but not for sex males (t (45)= -286 

0.255 : p=0.800). The rest of the variables, human reared (t (57)=1.251: p=0.216), 287 

mother reared (t (41)=1.104: p=0.276), juveniles (t (35)=0.689: p=0.495), adolescents (t 288 

(27)=1.582: p=0.125), adults (t (35)=0.786: p=0.437) and  Group 1 to 7 have not shown 289 

any population asymmetry, as occur with the actions performed by fingers  290 

(t (99)=1.606: p=0.111) and tools (t (19)=0.413: p=0.684). 291 

Extension: Chimfunshi Wildlife Orphanage + Mona Foundation 292 

In order to evaluate the global pattern of hand lateralization of chimpanzees housed in 293 

naturalistic-intermediate environments, we estimate both HI and ABSHI from the Mona 294 

Foundation (MF) and Chimfunshi Orphanage (CWO) as a whole. We followed the same 295 

methodology used by Hopkins and colleagues  [Hopkins 2006; Hopkins et al. 2004] at 296 

the USA samples.  297 

The total sample of MF and CWO includes by 114 naturalistic housed chimpanzees 298 

(NCh). The mean value for HI is 0.137, so the trend is towards right preferences. There 299 

are not significant differences between both colonies (U=532.000; p=0.147). The mean 300 

value for the absolute HI (ABS-HI) is 0.603. Here the MF sample showed higher 301 

strength than the Zambia sample (U= 359.000; p= 0.003). 302 

At population level, the one sample t-test detected different significant tests (Table 5). 303 

Both SUMHI (t (113)=2.220: p=0.028) and MHI (t (113)=2.611: p=0.010) showed clear 304 



right asymmetry. Results ofLos resultados del the one sample t test with thecon los 305 

valores de z-score values also indicated a right preference at population level también 306 

han indicado una preferencia diestra a nivel poblacional (t (113)=2.246: p=0.027).  307 

Based on binomial tests, 14 individuals were non preferent, and 100 are lateralized for 308 

this task: 58 are right-handed, and 42 left-handed. There were differences between the 309 

number of lateralized and non lateralized subjects (χ2 (1, n=114)=64,877, P=0.000), but 310 

there were no differences between the number of right- and left-handed subjects (χ2 (1, 311 

n=100)=2,560, P=0.110). 312 

 313 

SUMHI also revealed right population asymmetry for the first part of the study (test 314 

1+2; [t (113)=3.059: p=0.003]) and for the finger use (t (112)=2.070: p=0.041). 315 

 316 

DISCUSSION  317 

At Chimfunshi Wildlife Orphanage subjects expressed a right-hand bias. Right and left 318 

handedness was consistent among subjects, and the strength of hand preference did not 319 

vary between groups. There were differences between the number of lateralized and non 320 

lateralized subjects, but there were no differences between the number of right-handed 321 

and left-handed subjects. 322 

When taking into consideration data from of Chimfunshi Wildlife Orphanage and Mona 323 

Foundation, the samples are right lateralized at individual and population level, without 324 

differences between both colonies. However, the MF sample showed higher strength 325 

than the Zambia sample, which may be an effect of the bigger sample of the latter. 326 

A similar effect may occur at CWO where sex seems to be the only associated variable 327 



that shows differences both at individual and population level, since females were more 328 

right-handed than males. At MF this difference has not been observed. CWO has a 329 

sample of 54 females out of 100 individuals, while MF has 3 females out of 14 330 

individuals. This fact makes it difficult to validate the possible effect of the sex variable 331 

in MF. 332 

However, the fact that CWO females are more right-handed than males is an 333 

outstanding result, since most of studies did not find any difference when evaluating the 334 

sex variable. Only the work of Corp and Byrne [2004] on a wild population of 335 

chimpanzees at Mahale got similar results at studying bimanual coordinated conducts 336 

linked to fruit processing. In that study, males also tended to be more left-handed, while 337 

females were clearly more right-handed. In our study at CWO this result is even at 338 

population level. Although few studies observe the same pattern, our result is very 339 

suggestive for its similarity to humans, since women show higher preference in using 340 

the right hand than men [Annett 1985; Annett 2002; Medland et al. 2004]. Medland and 341 

colleagues [2004] suggest that this pattern in humans may be conditioned by biological 342 

(particularly genetic and hormonal) factors. Therefore, the pattern found in our study 343 

may reflect the existence of one common ancestor between chimpanzees and humans 344 

regarding sexual differences in hand laterality. Furthermore, some authors support an 345 

evolutive continuity for the relation between both variables: sex and hand preference. 346 

According to them, this relation may have a very old phylogeny, since some species of 347 

prosimians show similar patterns 348 

[Ward et al. 1990]. 349 

[Ward et al. 1990]. 350 

[Ward et al. 1990]. 351 



las diferencias sexuales en lateralidad manual. De hecho, algunos autores sugieren una 352 

continuidad evolutiva en la relación entre las variable sexo y la preferencia manual. 353 

Según ellos, ésta podría tener una filogénesis muy antigua ya que en algunas especies de 354 

prosimios se han encontrado patrones similares [Ward et al. 1990]. 355 

None of the features involved in the extraction technique were significant at population 356 

level at both CWO and MF. Despite this, subjects removed the food 95.66% with their 357 

fingers (mostly the index finger) and 4.34% with tools. According to our results, 358 

subjects performing extractions with the index finger preferentially did it with the right 359 

hand, and extractions with the little finger and with tools, did it with the left hand. 360 

Concerning the former, our results are consistent with other studies on chimpanzees 361 

[Hopkins 1995] and other primates [Schweitzer et al. 2007b]. It looks like the use of the 362 

index finger as an extracting technique seems to encourage the use of the right hand. 363 

Also, there is a relation between the use of the little finger, tools and the left hand. No 364 

explanation has been proposed yet. However, it seems that hand laterality is affected by 365 

the distal motions of fingers and hands when performing bimanual complementary tasks 366 

–where hands differ in their roles. According to Brinkman and Kuypers [1973] distal 367 

movements require a frequent use of the contra-lateral brain hemisphere, which may 368 

explain our results. 369 

The statistical test used to observe different conducts between human rearing 370 

chimpanzees and mother rearing chimpanzees have not revealed significant differences 371 

both in direction and degree of preference. Thus the original environment and context 372 

where these individuals came from had no specific effect on their hand preference 373 

patterns. This conclusion has been also  reached in other studies where the sample was  374 
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large and varied enough to test this variable [Hopkins 2006]. These results were already 375 

shown in an earlier study [Mosquera et al. 2007], where the observation of hand 376 

laterality in the MF highly humanized chimpanzees at spontaneous unimanual tasks 377 

offered similar results than the wild samples. Unlike that study, here it was possible to 378 

evaluate directly the original environment into the MF group. So, results seem to point 379 

that the environment can not explain the disparity of results regarding the current 380 

pattern of hand preference in non-human primates. If neither the environmental 381 

hypothesis nor humanization can explain the results, maybe  the complexity of the task 382 

does explain it, as suggested by other authors [Fagot and Vauclair 1991; Lilak and 383 

Phillips 2008; Riba et al. 2009; Schweitzer et al. 2007b; Vauclair et al. 2005]. Actually, 384 

studies focused in tasks requiring bimanual coordination, use of tools and other 385 

psychomotor demands have revealed higher degrees and intensities of manual 386 

preferences, besides the environment in which they were valued and the humanization 387 

degree of the samples. 388 

Finally, some authors suggested that the functional and neuroanatomical asymmetries 389 

are derived features exclusive of De hecho, los estudios focalizados en conductas que 390 

requieren una coordinación bimanual, utilización de instrumentos u otro tipo de 391 

demanda psicomotora han revelado mayores grados e intensidades de preferencia 392 

manual independientemente del ambiente en el que han sido evaluados e, 393 

independientemente del grado de “humanización” de las muestras.  394 

En segundo lugar, a nivel funcional, y tal como sugieren otros autores [Hopkins 2006], 395 

pensamos que la tendencia a population right-handedness podría tener unas raíces 396 

evolutivas anteriores al punto de divergencia entre los linages Pan y Homo (6-7 million 397 

Codi de camp canviat



years ago). De esta manera, podríamos asumir una homología como mínimo entre humanos y grandes simios con respecto a la lateralidad manual , sobre todo en aquellas tareas que requieren fuertes demandas cognitivas y coordinación bimanual.  398 

One of the authors (DR) has a grant from the Fundación Atapuerca. One of the authors 399 

(LC) received a grant from the Generalitat de Catalunya (Ajut de mobilitat d’estudiants 400 

de Master). Author MM is member of the Atapuerca Research Team. This study has 401 

been supported by both the Spanish Ministerio de Ciencia e Innovación (HAR2009-402 

07223) and the Universitat Rovira i Virgili (2009AIRE-05). We thank Charles Duke for 403 

translation of the article. We also thank Sheila Siddle, Innocent Mulenga, Tony Rauch 404 

and managers from Chimfunshi.  405 

406 



REFERENCES 407 

Altmann J. 1974. Observational study of behavior: sampling methods. Behaviour 408 

49(3,4):227-265. 409 

Annett M. 1985. Left, right, hand and brain: The right shift theory. Hove, UK: 410 

Lawrence Erlbaum Associates Ltd. 411 

Annett M. 2002. Handedness and brain asymmetry: The right shift theory. Hove, UK: 412 

Psychology Press. 413 

Annett M. 2006. The distribution of handedness in chimpanzees: Estimating right shift 414 

in Hopkins' sample. Laterality 11(2):101-109. 415 

Bard KA, Hopkins WD, Fort CL. 1990. Lateral bias in infant chimpanzees (Pan 416 

troglodytes). Journal of Comparative Psychology 104(4):309-321. 417 

Blois-Heulin C, Guitton JS, Nedellec-Bienvenue D, Roparts L, Vallet E. 2006. Hand 418 

preference in unimanual and bimanual tasks and postural effect on manual 419 

laterality in captive red-capped mangabeys (Cercocebus torquatus torquatus). 420 

American Journal of Primatology 68(5):429-444. 421 

Boesch C. 1991. Handedness in wild chimpanzees. International Journal of Primatology 422 

12:541-558. 423 

Braccini S, Lambeth SP, Schapiro SJ, Tecumseh Fitch W. 2010. Bipedal tool use 424 

strengthens chimpanzee hand preferences. Journal of Human Evolution. In 425 

Press:1-8. 426 

Bradshaw JL, Rogers LJ. 1993. The evolution of lateral asymmetries, language, tool-use 427 

and intellect. San Diego: Academic Press. 428 

Brinkman J, Kuypers HG. 1973. Cerebral control of contralateral and ipsilateral arm, 429 

hand and finger movements in the split-brain rhesus monkey. Brain 96(4):653-430 

674. 431 

Cantalupo C, Pilcher DL, Hopkins WD. 2003. Are planum temporale and sylvian 432 

fissure asymmetries directly related? A MRI study in great apes. 433 

Neuropsychologia 41:1975–1981. 434 

Colell M, Segarra MD, Sabater Pi J. 1995a. Hand preferences in chimpanzees (Pan 435 

troglodytes), bonobos (Pan paniscus), and orangutans (Pongo pygmaeus) in 436 

food reaching and other daily activities. International Journal of Primatology 437 

16:413-434. 438 



Colell M, Segarra MD, Sabater Pi J. 1995b. Manual laterality in chimpanzees (Pan 439 

troglodytes) in complex tasks. Journal of Comparative Psychology 109(3):298-440 

307. 441 

Corp N, Byrne RW. 2004. Sex difference in chimpanzee handedness. American Journal 442 

of Physical Anthropology 123:62–68. 443 

Crow T. 2004. Directional asymmetry is the key to the origin of modern Homo sapiens 444 

(the Broca-Annett axiom): A reply to Roger's review of The Specialization of 445 

Modern Homo Sapiens. Laterality 9(2):233-242. 446 

Crow TJ. 2005. The cerebral torque and directional asymmetry for hand use are 447 

correlates of the capacity for language in Homo sapiens. Behavioral and Brain 448 

Sciences 28:595-596. 449 

Chapelain A, Hogervorst E. 2009. Hand preferences for bimanual coordination in 29 450 

bonobos (Pan paniscus). . Behavioural Brain Research 196:15-29. 451 

Fagot J, Vauclair J. 1991. Manual laterality in nonhuman primates: a distinction 452 

between handedness and manual specialization. Psychological Bulletin 453 

109(1):76-89. 454 

Holloway RL, De la  Coste-Lareymondie MC. 1982. Brain endocast asymmetry in 455 

pongids and hominids: some preliminary findings on the paleontology of 456 

cerebral dominance. American Journal of Physical Anthropology 58:101-110. 457 

Hopkins W, Stoinski T, Lukas K, Ross S, Wesley M. 2003a. Comparative assessment of 458 

handedness for a coordinated bimanual task in chimpanzees (Pan troglodytes), 459 

gorillas (Gorilla gorilla), and orangutans (Pongo pygmaeus). . Journal of 460 

Comparative Psychology 117(3):302-308. 461 

Hopkins WD. 1993. Posture and reaching in chimpanzees (Pan troglodytes) and 462 

orangurans (Pongo pygmaeus). Journal of Comparative Psychology 107:162-463 

168. 464 

Hopkins WD. 1995. Hand preferences for a co-ordinated bimanual task in 110 465 

chimpanzees (Pan troglodytes): Cross-sectional analysis. Journal of 466 

Comparative Psychology 109:291-197. 467 

Hopkins WD. 2006. Comparative and familial analysis of handedness in great apes. 468 

Psychological Bulletin 132(4):538-599. 469 

Hopkins WD, Bard KA. 1995. Asymmetries in spontaneous head orientation in infant 470 

chimpanzees (Pan troglodytes). Behavioral Neuroscience 109(4):808-812. 471 



Hopkins WD, Bard KA. 2000. A longitudinal study of hand preference in chimpanzees 472 

(Pan troglodytes). Developmental Psychobiology 36:292-300. 473 

Hopkins WD, Bard KA, Jones A, Bales SL. 1993. Chimpanzee hand preference in 474 

throwing and infant cradling: implications for the origin of human handedness. 475 

Current Anthropology 34(5):786-790. 476 

Hopkins WD, Cantalupo C. 2003. Does variation in sample size explain individual 477 

differences in hand preferences of chimpanzees (Pan troglodytes)? An empirical 478 

study and reply to Palmer (2002). American Journal of Physical Anthropology 479 

121:878-881. 480 

Hopkins WD, Cantalupo C. 2004. Handedness in chimpanzees (Pan troglodytes) is 481 

associated with asymmetries of the primary motor cortex but not with 482 

homologous language areas. Behavioral Neuroscience 118(6):1176–1183. 483 

Hopkins WD, Cantalupo C. 2005. Individual and setting differences in the hand 484 

preferences of chimpanzees (Pan troglodytes): A critical analysis and some 485 

alternative explanations. Laterality 10(1):65-80. 486 

Hopkins WD, Cantalupo C, Freeman H, Russell J, Kachin M, Nelson E. 2005. 487 

Chimpanzees are right-handed when recording bouts of hand use. Laterality 488 

10(2):121-130. 489 

Hopkins WD, Fernández-Carriba S. 2000. The effect of situational factors on hand 490 

preferences for feeding in 177 captive chimpanzees (Pan troglodytes). 491 

Neuropsychologia 38:403-409. 492 

Hopkins WD, Fernández-Carriba S, Wesley MJ, Hostetter A, Pilcher D, Poss S. 2001. 493 

The use of bouts and frequencies in the evaluation of hand preferences for a 494 

coordinated binamual tasks in chimpanzees (Pan troglodytes): an empirical 495 

study comparing two different indices of laterality. Journal of Comparative 496 

Psychology 115(3):294-299. 497 

Hopkins WD, Hook M, Braccini S, Schapiro SJ. 2003b. Population-level right 498 

handedness for a coordinated bimanual task in chimpanzees: replication and 499 

extension in a second colony of apes. International Journal of Primatology 500 

24(3):677-689. 501 

Hopkins WD, Marino L. 2000. Asymmetries in cerebral width in nonhuman primate 502 

brains as revealed by magnetic resonance imaging (MRI). Neuropsychologia 503 

38(4):493-499. 504 

Hopkins WD, Pearson K. 2000. Chimpanzee (Pan troglodytes) handedness: variability 505 

across multiple measures of hand use. Journal of Comparative Psychology 506 



114(2):126. 507 

Hopkins WD, Pilcher DL, MacGregor L. 2000. Sylvian fissure asymmetries in 508 

nonhuman primates revisited: a comparative MRI study. Brain, Behavior and 509 

Evolution 56:293–299. 510 

Hopkins WD, Rabinowitz DM. 1997. Manual specialisation and tool use in captive 511 

chimpanzees (Pan troglodytes) : The effect of unimanual and bimanual 512 

strategies on hand preference. Laterality 2(3/4):267-277. 513 

Hopkins WD, Russell JL, Cantalupo C. 2007. Neuroanatomical correlates of 514 

handedness for tool use in chimpanzees (Pan troglodytes) implication for 515 

theories on the evolution of language. Psychological Science 18(11):971-977. 516 

Hopkins WD, Washburn DA, Rumbaugh DM. 1989. Note on hand use in the 517 

manipulation of joysticks by rhesus monkeys (Macaca mulatta) and 518 

chimpanzees (Pan troglodytes). Journal of Comparative Psychology 103(1):91-519 

94. 520 

Hopkins WD, Wesley MJ, Izard MK, Hook M, Schapiro SJ. 2004. Chimpanzees (Pan 521 

troglodytes) are predominantly right-handed: replication in three populations of 522 

apes. Behavioral Neuroscience 118(3):659–663. 523 

Humle T, Matsuzawa T. 2002. Ant-dipping among the chimpanzees of Bossou, Guinea, 524 

and some comparisons with other sites. American Journal of Primatology 525 

58:133–148. 526 

Lilak A, Phillips K. 2008. Consisteny of hand preference across low-level and high-527 

level tasks in capuchin monkeys (Cebus apella). . American Journal of 528 

Primatology 70:254-260. 529 

Llorente M, Mosquera M, Fabré M. 2009. Manual laterality for simple reaching and 530 

bimanual coordinated task in naturalistic housed chimpanzees (Pan troglodytes). 531 

International Journal of Primatology 30(1):183-197. 532 

Matsuzawa T, Biro D, Inoue-Nakamura N, Tonooka R, Yamakoshi G. 2001. Emergence 533 

of culture in wild chimpanzees: Education by master-apprenticeship. In: 534 

Matsuzawa T, editor. Primate origins of human cognition and behavior. Tokio: 535 

Springer. 536 

McGrew WC, Marchant LF. 1997. On the other hand: current issues in and meta-537 

analysis of the behavioral laterality of hand function in nonhuman primates. 538 

Yearbook of Physical Anthropology 40:201–232. 539 

McManus IC. 2002. Right hand, left hand: The origins of asymmetry in brains, bodies, 540 



atoms, and cultures. London: Weidenfeld & Nicolson. 541 

Medland SE, Perelle I, Monte VD, Ehrman L. 2004. Effects of culture, sex, and age on 542 

the distribution of handedness: An evalutation of the sensitivity of three 543 

measures of handedness. Laterality 9(3):287-297. 544 

Meguerditchian A, Calcutt SE, Lonsdorf EV, Ross SR, Hopkins WD. 2010. Captive 545 

gorillas are right-handed for bimanual feeding. American Journal of Physical 546 

Anthropology 141:638-645. 547 

Meunier H, Vauclair J. 2007. Hand preferences on unimanual and bimanual tasks in 548 

white-faced capuchins (Cebus capucinus) American Journal of Primatology 549 

69:1064-1069. 550 

Mosquera M, Llorente M, Riba D, Estebaranz F, González M, Lorenzo C, Sanmartí N, 551 

Toll M, Carbonell E, Feliu O. 2007. Ethological study of manual laterality in 552 

naturalistic housed chimpanzees (Pan troglodytes) from the Mona Foundation 553 

Sanctuary (Girona, Spain). Laterality 12(1):19-30. 554 

Palmer AR. 2002. Chimpanzee right-handedness reconsidered: evaluating the evidence 555 

with funnel plots. American Journal of Physical Anthropology 118:191-199. 556 

Palmer AR. 2003. Reply to Hopkins and Cantalupo: chimpanzee right-handedness 557 

reconsidered. Sampling issues and data presentation. American Journal of 558 

Physical Anthropology 121:382–384. 559 

Phillips KA, Hopkins WD. 2007. Exploring the relationship between cerebellar 560 

asymmetry and handedness in chimpanzees (Pan troglodytes) and capuchins 561 

(Cebus apella). Neuropsychologia in press. 562 

Riba D, Llorente M, Mosquera M, Feliu O. 2009. Hand preference in simple and 563 

complex tasks in naturalistic housed chimpanzees from the Mona Foundation 564 

(Spain). II Iberian Primatological Conference. Miraflores de la Sierra, Madrid 565 

(Spain): Asociación Primatológica Española & Associaçao Portuguesa de 566 

Primatologia. 567 

Schweitzer C, Bec P, Blois-Heulin C. 2007a. Does the complexity of the task influence 568 

manual laterality in De Brazza’s monkeys (Cercopithecus neglectus)? Ethology 569 

113(10):983–994. 570 

Schweitzer C, Bec P, Blois-Heulin C. 2007b. Does the complexity of the task influence 571 

Manual Laterality in the Brazza's Monkeys (Cercophitecus neglectus)? Ethology 572 

113:983-994. 573 

Sherwood CC, Broadfield DC, Holloway RL, Gannon PJ, Hof PR. 2003. Variability of 574 



Broca’s Area Homologue in African Great Apes: Implications for Language 575 

Evolution. The Anatomical Record: Part A 271A(2):276-285. 576 

Vauclair J, Meguerditchian A, Hopkins WD. 2005. Hand preferences for unimanual and 577 

coordinated bimanual tasks in baboons (Papio anubis). Cognitive Brain 578 

Research 25:210-216. 579 

Ward JP, Milliken GW, Dodson DL, Stafford DK, Wallace M. 1990. Handedness as a 580 

function of sex and age in a large population of Lemur. Journal of Comparative 581 

Psychology 104(2):167-173. 582 

Warren JM. 1980. Handedness and laterality in humans and other animals. 583 

Physiological Psychology 8:351-359. 584 

Wesley MJ, Fernandez-Carriba S, Hostetter A, Pilcher D, Poss S, Hopkins WD. 2002. 585 

Factor analysis of multiple measures of hand use in captive chimpanzees: an 586 

alternative approach to the assessment of handedness in nonhuman primates. 587 

International Journal of Primatology 23(6):1155-1168. 588 

Westergaard GC, Suomi SJ. 1996. Hand preference for a bimanual task in tufted 589 

capuchins (Cebus apella) and rhesus macaques (Macaca mulatta). Journal of 590 

Comparative Psychology 110(4):406-411. 591 

Zhao D, Gao X, Li B. 2010. Hand preference for spontaneously unimanual and 592 

bimanual coordinated tasks in wild Sichuan snub-nosed monkeys: Implication 593 

for hemispheric specialization. Behavioural Brain Research 208(1):85-89. 594 

 595 

 596 

 597 

 598 


