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ABSTRACT 

Six young and six aged Squirrel monkeys (Saimiri 

sciureus) made unimanual food reaches from a posturally 

stable, solid base platform, a posturally unstable fenced 

ceiling and an extremely posturally unstable chain link 

tightrope. Although population level right hand biases were 

present in the solid base and tightrope testing conditions, 

the monkeys were best described as consisting of two 

subpopulationsi 9 strongly, consistently dextral subjects and 

3 strongly, consistently sinistral subjects. The strength of 

lateral hand preferences, which were weakly expressed in the 

solid base condition, intensified during the posturally 

unstable ceiling and tightrope testing conditions. Right or 

left turning after a manual response was not affected by 

handedness of the monkeys or directly affected by manual task 

type. However, young monkeys turn and hand bias directions 

increased in congruence as manual task stability decreased. 

Aged subjects showed weak turn and hand bias direction 

congruence in the posturally stable task and this congruence 

decreased in the posturally unstable conditions. All monkeys 

expressed a right turn preference during free movement and 

this preference was positively correlated to strength of hand 

biases. Each subject also expressed a left hindlimb 

preference for mounting and dismounting a chain link fence. 

However, strongly right handed monkeys showed weakest left 

hindlimb biases and strongly left handed monkeys showed 

strongest left hindlimb biases. 
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CHAPTER 1 

VARIABLE HANDEDNESS PATTERNS IN NONHUMAN PRIMATES: 

LEARNING OR LATERALITY 

Approximately 90% of humans show a reliable and stable 

right hand preference for manipulative activity (Annett, 

1985). Despite evidence for strong human manual laterality, 

investigation of preadaptations to human handedness has often 

been discouraged by the belief that handedness is a unique 

emergent quality of human cerebral organization. Even after 

the simple assertion of a single dominant cerebral hemisphere 

in humans was dispelled, the possibility of handedness and 

cerebral functional asymmetries in nonhuman primates remained 

virtually unexplored until the 1960's (Geschwind, 1985; 

Geschwind & Galaburda, 1985). The theory that handedness is 

a function, or consequence, of humans cerebral dominance for 

language, continues to influence nonhuman primate handedness 

research (see Corballis, 1989, 1991, for review) . 

Research interest in nonhuman primate cerebral 

asymmetries and hand preferences is currently increasing. 

Many experimental reports have provided evidence of manual 

preferences in nonhuman primates (see Fagot & Vauclair, 1991; 

and MacNeilage, Studdert-Kennedy & Lindblom, 1987, 1988, for 

recent reviews). However, the most commonly reported 

handedness pattern in primate populations has been a 

symmetrical U-shaped distribution in which the majority of 

animals (about 50%) display bilateral hand use (e.g., Annett, 

1985), and approximately equal numbers of subjects show 

preferences for the right or left hand (e.g. Brookshire and 

Warren, 1962; Cole, 1957; Lehman, 1978). When compared 

with the strong, reliable, handedness patterns of humans, the 

less robust and ostensibly unstable patterns of nonhuman 

primates have been described as labile (Roney and King, in 

press). However, weak handedness patterns, or handedness 

patterns unlike those seen in humans, should not be dismissed 

as meaningless. 
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The labile expression of nonhuman primate handedness has 

led a few researchers to the premature conclusion that 

nonhuman primate laterality is nothing more than an 

uninteresting artifact of laboratory constraints (Corballis, 

1989, 1991). As recently as 1980, after reviewing laboratory 

data on only one species of Old World monkey, Warren (1980) 

concluded hemispheric specialization for manual functioning, 

as well as population level asymmetries in hand use, do not 

exist in nonhuman primates. Warren (1980) attributed the 

occasional expression of hand preferences in nonhuman 

primates to learning, task demands and environmental 

constraints. Warren was correct to assume nonhuman primate 

handedness can be affected by learning. McGonigle and Flook 

(1978) demonstrated that squirrel monkeys (Saimiri sciureus) 

could even be trained to dependably use a nonprefered hand 

when performing some tasks. However, the capability to learn 

a specific limb motion does not mandate that all limb motions 

be acquired through experience with reinforcement. 

Conclusions, such as those made by Warren (1980), discourage 

further investigation into an evolutionary basis for 

handedness and cerebral laterality. Additionally, most of 

Warren's (1980) conclusions reflect a misinterpretation of 

both individual and population level variability in direction 

of hand preference. 

In the absence of a significant population level hand 

bias, individual differences, or variability between 

subjects, in direction of hand preferences on a single task, 

are sometimes accurately described by the symmetrical U

shaped distribution noted earlier. However, in practice, 

this distribution can be quite unrepresentative of a 

populations' lateralized behavior. For example, even though 

Larson, Dodson and Ward (1989) found no population level hand 

bias in 10 lesser bushbabies (Galago senegalensis), seven 

subjects showed significant left, and three showed 

significant right hand preferences during a food reaching 

task. None of the bushbabies were ambipreferent. In an 
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interesting, recent study of handedness in 30 squirrel 

monkeys (Saimiri sciureus), Roney and King (in press) found 

no population level hand biases during a quadrupedal, and a 

vertical cling, posture reaching task. However, 14 of their 

subjects showed significant right, and 15 showed significant 

left, hand biases, consistent across both tasks. Only one of 

the thirty monkeys was ambipreferent. Neither of the subject 

populations described above displays handedness patterns that 

can be described by a symmetrical U-shaped distribution, in 

which approximately 50% of the subjects show ambipreference. 

Within both populations, there were individual differences in 

hand preferences. However, the predicted preponderance of 

ambipreferent subjects was missing. Instead of weak 

laterality and ambipreference, the data described subjects 

who had strong, but diverging, lateral preferences. 

Variability in hand preferences has also been 

demonstrated within individual subjects. Although a subject 

may show ambipreference on one task, the same individual may 

express a very strong single hand preference on a second 

task, and another single hand preference, in an opposite 

direction, on a third task. For example, Barton and Beck 

(1972) studied the lateralized behavior of 10 stumptail 

macaques (Macaca speciosa), during the performance of 17 

tasks, and found monkeys often shifted their direction of 

hand preference when task types changed. Many subjects 

showed no significant hand preference on simple tasks, left 

hand preferences during some indirect, unstable reaching 

tasks and right hand preferences when performing tasks which 

involved manipulative components. Even in the absence of 

population level handedness, almost all monkeys displayed 

significant individual hand biases. However, within each 

subject, several different, task specific, hand use biases 

were evident. 

Task specific variability in hand preferences has also 

been demonstrated at the population level. A nonhuman 

primate population may show no hand preference on one task, a 
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significant single hand preference on a second task, and a 

significant single hand preference, in an opposite direction, 

on a third type of task. In our own lab, King and Landau 

(1992) found squirrel monkeys (Saimiri sciureus) showed no 

population level hand preferences during performance of a 

stable, static reach task, significant population level left 

hand preferences while making ballistic, visually guided, 

responses and significant population level right hand 

preferences when performing a vertical cling reaching task. 

In other words, within the population, several different, 

task specific, hand use patterns were evident. 

Warren (1980) has assumed within subject, between 

subject, and population task specific, variability in hand 

preferences precludes the existence of lateralized cerebral 

hand guidance systems in nonhuman primates. However, this 

assumption is not necessarily accurate. Warren has 

overlooked the following important issues: (1) anatomical 

evidence of cerebral lateralization in animals; (2) the 

possible contribution of ontogenic or epigenetic processes to 

lateralization; (3) the variability of handedness expressed 

by humans and, most importantly; (4) the significance of 

genetically determined diversity in manual laterality during 

the evolution of handedness. 

Anatomical and physiological studies show cerebral 

asymmetry is the rule, rather than the exception, in mammals 

(see Bradshaw, 1988; and Denenberg, 1981; Geshwind & 

Galaburda, 1985a, for reviews). Evidence of cerebral 

asymmetries in New and Old World monkeys (Heilbroner & 

Holloway, 1988), rodents (e.g., Glick & Shapiro, 1985), birds 

(e.g., Nottebohm, 1979), and even amphibians and fishes 

(Braitenberg & Kemail, 1970) indicate the brain evolved into 

specialized hemispheres long before the appearance of strong 

handedness. Anatomical, functional and chemical asymmetries 

exist at cortical, subcortical and even brainstem and spinal 

cord levels in most animals (Geschwind & Galaburda, 1985a). 

The existence of lateralized brain functions in most animals 
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demonstrates that biologically determined asymmetry has 

existed throughout evolution, and that human asymmetries are 

a fundamental feature of neuroanatomy and behavior. Cerebral 

laterality undoubtedly results in lateral behavioral biases 

in all mammals (Bradshaw, 1988). 

Lateralization of cognitive processing (e.g., Hamilton & 

Vermeire, 1988) and left hemisphere dominance for 

vocalizations (e.g., Falk, 1989) in monkeys indicates that 

cerebral lateralization preceded the evolution of human 

language and well developed manual dexterity. It is 

heuristically valuable to consider task dependent variability 

in direction of hand preference, a demonstration of 

hand/contralateral hemisphere specialization rather than a 

demonstration of cerebral hemispheric symmetry. Systemic 

variability in direction of hand preference, on different 

types of tasks, may reflect a multiplicity of cerebrally 

lateralized hand guidance and cognitive processing systems, 

rather than a lack of lateralization. 

Ontogenic or epigenetic processes also provide a 

credible contribution to the variability in cerebral and 

manual laterality. Although cerebral lateralization is 

evident in human, and most animal, fetal brains, the 

interaction between genes and environment during a neonates 

life can profoundly affect completion of the lateralization 

process (Geshwind & Galaburda, 1985a, 1985b, 1985c). 

Epigenetic influences provide an unequivocal source of 

variability in both human and nonhuman primate hand use 

patterns. Additionally, epigeneticly produced variability in 

handedness is a direct reflection of variability in cerebral 

organization. Therefore, the resultant handedness patterns 

are not a simple and capricious product of reinforcement 

contingencies. 

The direction and degree of human handedness, which 

Warren (1980) has called strong and reliable, also includes 

individual and population level variability when performing 

different types of tasks (Healey, Liederman & Geshwind, 
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1986). Humans usually classify themselves as either right or 

left handed and there is overwhelming evidence for a 

population level right hand preference for manipulation 

(Annett, 1985). However, several other hand use patterns 

have been identified in humans. For example, some simple 

r~aches appear to be performed equally well by either hand 

and do not elicit population level lateralized hand use 

patterns. The hand used to perform tasks such as picking up 

a penny, petting a dog, pointing (e.g., Dean, 1982), snapping 

fingers (e.g., Healey, Liederman & Geshwind, 1986), picking 

up a glass or pitcher (e.g., Bryden, 1977), turning on a 

light switch and crumpling a piece of paper (e.g., Beukelaar 

& Kroonenberg, 1983), is variable or idiosyncratic unless 

environmental demands are extreme. Additionally, even though 

90% of humans show the same direction of lateralized hand use 

(right), the degree of hand preference is quite variable. 

Individual humans, like nonhuman primates, show both variable 

direction and degrees of hand preference on different types 

of tasks (Bryden, 1987). 

Variable handedness patterns in nonhuman primates may 

also represent preadaptations for right handed dexterity, and 

even some language skills, in humans (MacNeilage, 1986, 

1991). Genetically determined diversity in cerebral and 

manual laterality would have been very important during the 

evolution of handedness (Geshwing & Galaburda, 1985a; King & 

Landau, 1992; MacNeilage, 1986). Lateral specialization, 

rather than duplication, may have produced a larger 

compliment of behaviors useful to survival. Therefore, 

diversity, or a multiplicity of manual response systems in 

nonhuman primates should be expected. Phenotypic diversity 

in handedness patterns does not mandate a lack of cerebral 

hemispheric specialization. Indeed, the more functions 

represented in the brain, the greater will be the diversity 

of endowment within the species, thereby allowing some 

members to survive almost any environmental change. Geshwind 

and Galaburda (1985a) have suggested, strong handedness, like 
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that seen in humans, may actually be a fitness sacrifice 

which is only offset by advantages gained through acquisition 

of a highly functionally organized brain. 

In summary, investigation of preadaptations to human 

handedness has been ignored until very recently. Initial 

reports of handedness in nonhuman primates were inconsistent 

and often contradictory. After a cursory review of the 

literature, Warren (1980) concluded that nonhuman primate 

handedness patterns reflect idiosyncratic, acquired or 

learned habits. However, weak handedness, or handedness 

patterns unlike those of humans, should not be dismissed as 

the simple result of learning or laboratory constraints. 

There are alternative explanations for the, seemingly 

inconsistent, nonhuman primate handedness patterns. The 

variability in direction of hand preference seen in nonhuman 

primates may reflect a multiplicity of cerebrally lateralized 

hand guidance and cognitive processing systems. These 

multiple systems may be important preadaptations for the 

strong handedness patterns and linguistic abilities observed 

in humans (MacNeilage, 1986, 1991). 



CHAPTER 2 

HAND GUIDANCE SYSTEMS IN NONHUMAN PRIMATES: A SPECIFIC 

HAND FOR A SPECIFIC TASK? 
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Observations made during the last several years, have 

clearly demonstrated nonhuman primate handedness is more than 

an uninteresting artifact of laboratory constraints or an 

individual expression of reinforced habits. MacNeilage, 

Studdert-Kennedy and Lindblom (1987, 1988) reviewed primate 

handedness literature and suggested that confusion about 

primate handedness has resulted from use of research designs 

which included subjects too young to express stable 

preferences, tasks inadequate to elicit laterality and tasks 

performed in constrained laboratory settings. 

In humans, a designation of handedness is usually made 

on the basis of performance on many tasks. It is sometimes 

assumed, elaborate measurements of manual preference in 

humans are unnecessary because self described handedness is 

highly reliable. However, when trying to describe physical 

and mental correlates of human hand use, Geshwind and 

Galaburda (1985a) noted that writing hand and self described 

handedness are poor laterality measures compared with a large 

distribution of laterality scores. The criteria for 

separation of right from left handed subjects may vary from 

study to study and altering even a few items on a test 

battery can alter an individuals handedness classification 

(Provins, Milner & Kerr, 1982). This has led some authors to 

conclude that even strong human handedness should be 

considered a continuous, rather than categorical, variable 

(Annett, 1970). It is, therefore, important to identify and 

describe many tasks and all elements, within tasks, which 

elicit use of a single hand in nonhuman primates. 

After comparing and reevaluating several instances of 

significant asymmetrical hand preference distributions, 

MacNeilage, Studdert-Kennedy and Lindblom (1987) proposed two 

distinct hand guidance systems in nonhuman primates. The 
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authors theorized that a population level, left-hand/right

hemisphere specialization can be demonstrated in prosimians 

and monkeys when the task being performed demands visually 

guided reaching movements. However, when spatiotemporal 

demands of a task are low and manipulatory demands of the 

task are high, a right-hand/left-hemisphere specialization 

can be elicited in monkeys. MacNeilage (1991) theorized that 

a left hand preference for rapid, visually guided reaching 

probably evolved as a vertical cling feeding adaptation in 

prosimians. Whereas, a right hand preference for 

manipulation, an opposable thumb, and a precision grip may 

have evolved in monkeys as a foraging or food processing 

adaptation. 

Several studies have reported results consistent with 

MacNeilage, Studdert-Kennedy and Lindblom's (1987) hypothesis 

predicting left hand preferences during performance of 

visually guided tasks. For example, a left hand preference 

while reaching for (e.g., Tokuda, 1969), or catching (e.g., 

Kawai, 1967) food thrown by investigators has been shown in 

the Japanese macaque (Macaca fuscata). More recently, King 

and Landau (1992) reported strong left hand preferences in 18 

squirrel monkeys (Saimiri sciureus) during performance of 

ballistic type, goldfish catching tasks. The fishing tasks 

required constant spatiotemporal vigilance. The same 18 

squirrel monkeys showed no significant population level hand 

preference during a stable posture and a bipedal posture 

static reaching task. The significant handedness pattern 

seen during the fishing task may illustrate the necessity of 

strong spatiotemporal, visual task demands to elicit left 

hand preferences in monkeys. 

Results consistent with MacNeilage, Studdert-Kennedy and 

Lindblom's (1987) second hypothesis, predicting right hand 

preferences for manipulative activities, have also been 

reported. Beck and Barton (1972) found that right hand 

preferences in stumptail macaques (Macaca speciosa) were 

greatest w}l~n the task being performed involved discrete two 
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finger manipulations on an imbedded-hasp container. More 

recently, Masataka (1990) studied the hand use patterns of 31 

capuchin monkeys (24 Cebus apella, 4 Cebus capuchinsus and 3 

Cebus albifrons) and found a population level right hand 

preference for performance of a manipulative foraging task. 

These results support the hypothesis that monkeys display a 

right hand specialization for skillful manipulation. 

MacNeilage, Studdert-Kennedy and Lindblom (1987) also 

speculated that inducement of a hand guidance system may be 

related to postural support demands within a task. 

Specifically, the postural demands of extreme reaches may be 

more likely to engage a posturally specialized handedn~ss 

system. Indeed, in our own lab, postural support demands 

have been shown to be a crucial element in demonstration of 

hand preferences in squirrel monkeys (Saimiri sciureus) (King 

and Landau, 1992; Roney and King, in press) and cotton-top 

tamarins (Saquinus oedipus) (Roney and King, in press) . 

Fagot and Vauclair (1991) reviewed primate handedness 

literature and also concluded that population level 

asymmetries in hand use can be elicited by specific types of 

tasks. However, the authors criticized MacNeilage, Studdert

Kennedy and Lindblom's (1987, 1988) emphasis on the 

distinction between visually guided and manipulative tasks. 

Fagot and Vauclair (1991) distinguished task complexity and 

novelty as the key elements which elicit lateralized 

behavior. The authors drew a dichotomy between "high level", 

novel, cognitively demanding, or spatiotemporally complex 

tasks, and tasks which are "low level", undemanding, 

practiced, or familiar. They suggested that different hand 

guidance systems may function in each of the two task types. 

The authors proposed that high level tasks may elicit one of 

many population level "manual specialization" guidance 

systems. The term "manual specialization" refers to manual 

activity which is guided by a cerebral hemispheric 

specialization contralateral to the hand used. By contrast, 

the authors described "handedness" guidance systems, which 



are elicited by low level tasks. "Handedness" refers to 

manual activity which is learned, idiosyncratic, labile and 

not specifically linked to cortical dominance. The authors 

reasoned that population level handedness will only result 

from use of high level tasks which stimulate manual 

specialization guidance systems. Low level tasks are not 

expected to induce a consistency of hand use biases at the 

group level. Indeed, simple, well practiced responses have 

often failed to manifest population level "manual 

specialization" (e.g. Brooker, Lehman, Heinbeich & Kidd, 

1981; Lehman, 1978; Warren, 1953); however, there are 

exceptions (Aruguete, Ely & King, 1992; King, 1992; 

Masataka, 1989; Masataka, 1990). 
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Ward (1991) reviewed research on prosimian lateralized 

behavior and concluded that use of a preferred hand may be 

promoted when behavioral tasks require postural adjustment or 

arousal prior to reaching. The author theorized that lateral 

biases may be amplified by a neural arousal system which is 

activated through postural adjustment. Within Ward's 

laboratory, postural adjustment or reduced stability prior to 

making a manual response, significantly increased lateral 

hand biases in ruffed lemurs (Varecia variegata) (e. g., 

Forsythe, Milliken, Stafford & Ward, 1988) and lesser 

bushbabies (Galago senegalensis) (e. g., Larson, Dodson & 

Ward, 1989; Sanford, Guin & Ward, 1984). More recently, 

Hatta and Koike (1991) studied 8 Old World Monkey females (3 

Macaca fuscata, 4 Macaca radiata and 1 Macaca cyclopis) and 

found that subjects showed left hand preferences when picking 

up their infants in an emergency or arousing situation. 

These data indicate that postural adjustment or arousal may 

promote the expression of lateralized behavior. 

Ward (1991) also described two possible response 

guidance systems for the lateral biases seen in prosimians. 

The author proposed that, when an individual expresses a 

lateral bias, the bias may reflect either strong cerebral 

lateralization (usually, left handed/ right hemisphere 
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dominant) or weak cerebral lateralization and ontogenic 

influences (usually, right handed/equal hemispheric 

dominant). This distinction sounds similar to Fagot and 

Vauclair's (1991) dichotomy between "manual specialization" 

and "handedness". However, unlike Fagot and Vauclair's 

definition of handedness, Ward (1991) described right 

handed/equal hemisphere dominant responses as usually 

increasing in stability with experience. Additionally, Ward 

(1991) has predicted that both hand guidance systems may 

result in significant lateralized behavior at the population 

level. 

The two hand use patterns proposed by Ward (1991) seem 

to be demonstrated by the black lemur (Lemur macaco) (e.g., 

Forsythe & Ward, 1988) and six other lemur species (e.g., 

Ward, Milliken, Dodson, Stafford & Wallace, 1990) during 

performance of simple food reaching tasks. Most lemurs 

tested by Ward showed a stable preference for the left hand. 

However, Forsyth and Ward (1988) reported a large proportion 

of young, weakly right hand preferent and ambipreferent 

lemurs became significantly right hand preferent with age. 

The authors inferred that left hand preferences represented 

right hemisphere specializations, but that right hand 

preferences were not an expression of cerebral dominance and 

were reinforced and stabilized by experience. Verification of 

these two handedness patterns awaits further research. 

Each of the hand guidance system theories, previously 

discussed, has been designed to explain individual and 

population level variability in nonhuman primate handedness 

and to distinguish between learned hand use patterns and hand 

use asymmetries which reflect cerebral laterality. Each of 

the proposed systems differ in specific details; however, 

all the systems are defined by task elements which seem 

necessary to elicit lateralized behavior. 

Task elements identified as important include visually 

guided or highly manipulative performance demands (e.g., 

MacNeilage, Studdert-Kennedy and Lindblom, 1987; 1988), 
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complex, cognitively demanding or novel test situations 

(e.g., Fagot and Vauclair, 1991), and extreme reach positions 

which induce postural instability or arousal (e.g., 

MacNeilage, Studdert-Kennedy and Lindblom, 1987; 1988; Ward, 

1991). In practice, these three sets of task elements are 

often difficult, if not impossible, to define operationally 

and isolate. Single tasks used to identify manual laterality 

often include all identified elements. For example, the food 

catching tasks previously described have visually guided 

demands, are complex and initially novel, and undoubtedly 

involve postural adjustment or instability and arousal. 

The important task elements proposed by Fagot and 

Vauclair (1991) and MacNeilage, Studdert-Kennedy and Lindblom 

(1987, 1988), are particularly difficult to isolate. For 

example, Fagot and Vauclair (1988a) designed four basic 

reaching tasks in which nonhuman primates were required to 

pick up food from a flat surface: a simple reach with no 

obstacles, displacing a hinged box to reveal food, displacing 

and holding a spring-hinged box to reveal food, and aligning 

two panel windows to gain access to food. The tasks were 

defined as varying in complexity from the low level and well 

practiced, simple reaching task to the high level and 

spatiotemporally complex, window alignment task. The authors 

used these tasks to test hand preferences in 8 lowland 

gorillas (Gorilla gorilla) (e.g., Fagot & Vauclair, 1988a) 

and 6 Guinea baboons (Papio papio) (e.g., Fagot & Vauclair, 

1988b). When gorillas used a single hand to perform tasks, 

the left hand was preferred during performance of the two box 

displacement tasks and the spatiotemporal task. Baboons only 

displayed significant population level laterality during the 

spatiotemporal task; the left hand was preferred for aligning 

windows and the right hand was preferred to retrieve food 

after windows were aligned. Neither species expressed 

popUlation level lateralized hand use patterns during 

performance of the low level, simple reaching task and both 

species displayed the greatest laterality during performance 
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of the high level, spatiotemporal task. Fagot and Vauclair 

(1988a, 1988b, 1990) concluded high and low level task 

elements, rather than MacNeilage, Studdert-Kennedy and 

Lindblom's (1987, 1988) manipulative or visually guided task 

elements, are the best predictor of population level hand 

biases. The authors added that visually guided and 

manipulative task demands may elicit manual specialization, 

but that this will only occur when the tasks are also high 

level. 

Fagot and Vauclair (1988a) defined the four tasks, 

described above, as ranging from a low to a high level of 

complexity. However, at least three other variables 

systematically vary throughout the tasks. For example, 

manipulative demands ranged from low to high in the four 

tasks. The simple reach had no manipulative components. The 

two box displacement tasks had simple to moderate 

manipulative components: manipulate and reach, or manipulate, 

hold and reach. And, the sliding panel, window alignment 

task had the greatest manipulatory demands; manipulate by 

sliding, perfectly align edges of two windows, and reach. 

Visually guided movement, or visual vigilance, also 

changed systematically as the tasks became more complex. The 

simple reaching task required visual identification of a food 

location. However, once the food was located, subjects no 

longer needed to remain visually oriented to the task during 

the reach. The two box tasks required subjects to maintain 

visual orientation until the box was displaced and the food 

was observed. During the displace and hold, box task, visual 

orientation may have been extended by the changing status of 

the spring loaded box. Finally, the sliding panel, window 

alignment task required intense vigilance. Subjects were 

required to visually align small panel windows over the food 

item and reach through the windows to gasp the food. 

The third obvious variable, which systematically varied 

with task complexity, was bimanual performance demands. The 

impact of bimanual demands was illustrated by the finding 
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that, as task complexity increased, the number of bimanual 

responses also increased (Fagot & Vauclair, 1988a, 1988b). 

During any bimanual performance, the role demands placed on 

one hand would undoubtedly effect actions of the second hand, 

thereby confounding results. 

The task examples noted above illustrate the importance 

of exact task definition. However, even when task elements 

are clearly identified, the effects of the elements may be 

vague. It is not always evident whether elements are 

actually eliciting a unique hand guidance system or simply 

serving to amplify a hand guidance system which is already 

engaged. For example, a simple reach task may not elicit 

statistically significant lateralized behavior; however, when 

postural instability is an added element, the threshold for 

laterality may be reached. This seems to be the case with 

data collected in our own lab on squirrel monkeys (Saimiri 

sciureus). King and Landau (1992) found monkeys showed no 

population level hand preferences during performance of a 

posturally stable reaching task, significant population level 

left hand preferences while catching goldfish from the narrow 

ledge of a plastic pool and significant population level 

right hand preferences when performing a vertical cling 

reaching task. The two tasks which elicited significant and 

opposite directions of population level handedness, both 

involved postural instability. Although the effects of 

postural instability can not be isolated in these tasks, 

postural stance may not have demanded a specific direction in 

lateralized behavior or a specific hand guidance system. The 

posture of the squirrel monkey may only have influenced the 

threshold for expression of handedness in either or both 

tasks. 

One important aspect of laterality which is not 

addressed within any of the hand guidance system theories is 

the effect of laterality on performance proficiency. If 

lateralized behavior evolved in nonhuman primates, one might 

expect accuracy, speed or success of performance to be 



enhanced by hand preference. Ettlinger (1988) has even 

suggested that hand ability should be emphasized by 

substituting the term "hand skills" for the term "hand 

preferences" when discussing hand and cerebral hemispheric 

specializations in nonhuman primates. 
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Several recent reports indicate performance proficiency 

is enhanced by lateralized behavior. Fragaszy and Mitchell 

(1990) reported capuchin monkeys (Cebus apella) exhibited 

faster reaction times with the preferred than the 

nonpreferred hand. King (1992) showed the accuracy of 

removing a bit of cherry from a rapidly moving turntable by 

cotton-top tamarins (Saquinus oedipus) was positively 

correlated with degree, but not direction, of manual 

laterality. In addition, accuracy was significantly higher 

with the preferred than the nonpreferred hand. Roney and 

King (in press) reanalyzed previous data collected from 

observations of squirrel monkeys (Saimiri sciureus) and 

reported a significant positive correlation between degree of 

manual laterality and success in a task which required 

catching a live goldfish from a pool of water with a single 

hand. Once again, performance proficiency was independent of 

whether the right or left hand was preferred. The results of 

these three studies indicate that, despite which hand is 

preferred to perform a task, performance proficiency is 

enhanced by significant individual hand biases. 

Roney and King (in press) have suggested that the 

evolutionary development of population level handedness may 

have been subsequent to the appearance of enhanced 

performance in, at least, moderately lateralized individuals, 

independent of whether their lateralized biases were for the 

right or left hand. This performance enhancement through 

lateralization may have produced populations with 

approximately equal numbers of right and left hand preferring 

individuals. Once the degree of lateral preferences was 

sufficiently amplified, natural selection for a direction of 

laterality, based on small cerebral hemispheric differences 
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in efficiency of guiding manual activities, may have 

gradually produced population level handedness. The direction 

of population level handedness would have depended upon 

whether the left or right hemisphere was the more proficient 

for the particular manual activity. Roney and King's (in 

press) theory of the evolutionary development of hand use 

patterns in primates has tremendous heuristic value. It 

provides a new perspective on the multiplicity of hand 

guidance systems which are apparent in nonhuman primates. 

In summary, several hand guidance system theories have 

been proposed to explain the variability seen in nonhuman 

primate handedness (Fagot and Vauclair, 1990; MacNeilage, 

Studdert-Kennedy and Lindblom, 1987, 1988; Ward, 1991). 

However, the important task elements which elicit specific 

hand guidance systems can not always be isolated and this 

makes interpretation of the theories difficult. At present, 

there is not enough information to identify the importance of 

each specific task element nor to fully evaluate the 

different hand guidance system theories. Additionally, 

performance proficiency is an important variable which has 

not been extensively studied. Roney and King (in press) have 

shown that monkeys performance success is enhanced by degree, 

rather than direction, of laterality. This finding could 

have profound implications for our understanding of the 

evolution of strong human handedness patterns. 
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CHAPTER 3 

LATERALIZED TURNING BEHAVIOR AND ITS POSSIBLE RELATIONSHIP 

TO MANUAL LATERALITY 

Geshwind and Galaburda (1985a) have described the 

pyramidal and axial motor systems as possible sources of 

lateralized movement biases. The pyramidal motor system is 

responsible for acquisition of motor programs which control 

complex sequences of separate joint movements, especially in 

the fingers. For example, manipulation of an object, 

performance of a delicate dissection, or the complex finger 

movements required to play a piano would be controlled by the 

pyramidal system. The axial motor system is involved in 

acquisition of motor programs which control movements of the 

trunk and eyes along with coordinated limb adjustments. The 

axial system commonly controls proximal movements at the limb 

girdles such as the movements required in turning, dancing, 

throwing and in many sports activities. For the most part, 

the two types of movements, fine manipulative control and 

whole body or trunk adjustments, have quite separate 

representations in the brain. Complex sequences of finger 

movements depend primarily on purely contralateral motor 

systems arising in the precentral gyrus. And, although the 

output of the axial system is distributed bilaterally, 

Geshwind and Galaburda (1985a) speculated the programs for 

axial learning are primarily dependent on a single 

hemisphere. The authors have hypothesized that each motor 

system displays hemispheric dominance, usually functions 

independently of the other system and results in lateralized 

behavior biases. 

Lateral biases for manipulation and fine motor control 

of the hands and fingers are well established for humans. 

However, whole body adjustment biases are less well 

understood. Geshwind and Galaburda (1985a) speculated that 

axial system lateral biases might be most evident when 

subjects are performing, or trying to acquire the movements 
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necessary to perform, a difficult maneuver. Additionally, 

the authors proposed that, in almost all right handed humans, 

the left hemisphere is dominant for both the axial and 

pyramidal motor systems; however, in ambidextrous, and some 

left handed individuals, the two motor systems display 

anomalous dominance. 

One implication of Geshwind and Galaburda's (1985a) 

hypotheses is that ambidextrous individuals should show a 

tendency for clustering. In other words, one hand should be 

primarily used for pyramidal tasks and the other hand and arm 

should be used for axial tasks. The concept of clustering in 

humans could lend support to, and a new understanding of, 

MacNeilage, Studdert-Kennedy and Lindblom's (1987; 1988) 

proposed hand guidance system dichotomy in monkeys. If 

monkeys consistently show left hand preferences during 

visually guided reaching, and right hand preferences during 

reaches which have high manipulatory demands, this mixed hand 

dominance could be explained by anomalous dominance of the 

axial and pyramidal motor systems. As a matter of fact, it 

may be misleading to think of hand use patterns in monkeys as 

demonstrating mixed dominance. These hand use patterns may 

actually reflect pure pyramidal dominance of one hemisphere 

and equally pure axial dominance of the other. 

A second implication of Geshwind and Galaburda's (1985a) 

hypotheses is that whole body postural adjustment prior to or 

during reaching, should potentiate hand biases innervated by 

the axial motor system. Both Ward (1991) and MacNeilage, 

Studdert-Kennedy and Lindblom (1987) have suggested postural 

adjustment or instability may enhance hand use biases in 

nonhuman primates. It would be interesting to compare the 

effects of postural instability on hand preference during 

both highly manipulative and visually guided tasks. If 

Geshwind and Galaburda's (1985a) hypothesis concerning 

clustering is applicable to monkeys, postural instability 

might enhance hand biases and performance accuracy during 

tasks which involve visually guided reaching. 
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Geshwind and Galaburda (1985a) also speculated that, 

when executing difficult trunk adjustments and turns, humans 

may show a preferred direction of rotation. The preferred, 

easiest or most successful direction of rotation should be 

contralateral to the hemisphere dominant for the axial motor 

system. In a longitudinal study of human laterality, Gesell 

and Ames (1947) described the tendency of newborns, who have 

been placed on their backs, to turn their head and trunk to 

one side. Ninety percent of infants studied became right 

handed by age 10 years and all right handed children had made 

head and trunk turns to the right at birth. The other 10% of 

subjects were left handed at age 10. Half of the left handed 

children had made predominantly right, and half had made 

predominantly left, head and trunk turns at birth. Geshwind 

and Galaburda (1985a) suggested that the 5% of subjects who 

turned right at birth, but were left handed by age 10, have 

axial and pyramidal systems which show anomalous hemispheric 

dominance. Thus, in humans, when the axial and pyramidal 

systems share the same dominant hemisphere, predominant turn 

and hand preference directions will almost always be the 

same. However, when the systems display anomalous dominance, 

predominant turn and hand preference directions will be 

opposite. If Geshwind and Galaburda's (1985a) hypothesis is 

correct and applicable to monkeys with mixed hand use 

patterns, one would expect that the preferred direction of 

hand use during performance of visually guided tasks and the 

preferred direction of whole body turns should be the same. 

Additionally, the direction of hand use during manipulative 

tasks and the direction of whole body turns should be 

opposite. Of course, this performance prediction rests on 

the assumption that mixed hand dominance in monkeys reflects 

anomalous dominance of the axial and pyramidal motor systems. 

There is a large body of evidence indicating that 

mammals show strong lateral biases during performance of 

rotational, whole body movements (see Glick & Shapiro, 1985, 

for review). During active hours, or after drug treatment 
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with d-amphetamine, the preferred direction of whole body 

rotation is consistent within individual normal rats. 

Additionally, the direction of turning bias in rats has been 

correlated with other laterally biased behaviors such as paw 

use (e.g., Glick, 1973) and tail posture (e.g., Ross, Glick & 

Meibach, 1981). Neonatal asymmetries in tail posture can 

even be used to predict adult preferred turning direction in 

rats (Glick & Shapiro, 1985). 

The direction of lateral turning biases in rats, mice, 

gerbils and cats is related to imbalances in dopamine in the 

left and right basal ganglia (Jerussi & Glick, 1976; Glick & 

Shapiro, 1985). The basal ganglia are an integral component 

of the axial motor system. In normal rats, the left and 

right striata (caudate nucleus and putamen, of the basal 

ganglia) show asymmetries in dopamine concentrations. 

Dopamine levels are normally higher in the striatum 

contralateral to a rats direction of turning preference. In 

Geshwind and Galaburda's (1985a) terminology, the striatum 

contralateral to a rats direction of turning bias is 

designated as dominant. High doses of d-amphetamine can 

exacerbate the dopamine asymmetry in the striata and induce 

daytime rotation in a direction consistent with the rats 

normal turning preference (see, Bradshaw, 1988; Glick, 

Jerussi & Fleisher, 1976; and Pycock, 1980, for reviews) 

Although the turning behavior of individual rats is 

quite reliable, results of turning behavior research, 

reported from different laboratories, are occasionally 

contradictory (Glick, Jerussi & Fleisher, 1976). These 

contradictory results may be due to variables such as gender, 

subject strain or species differences, and use of different 

recording methods. Measurement of rotational movements can 

be profoundly affected by the surroundings in which a subject 

is made to rotate and the recording device which is used. 

When a subject's rotational movements are confined to a 

small, flat bottomed, square or oblong box, results can be 

much different than when rotations are made on a 
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hemispherical or spherical surface. Additionally, although 

use of automated recording devices, often called rotometers, 

allow simultaneous and continuous assessment of turning 

behavior, visual observation is crucial to validate results. 

Posturing or other forms of abnormal motor behavior, such as 

stereotypy and hyperactivity, can bias data recordings and 

must be monitored. 

Adult humans exhibit lateral rotational biases which 

differ as a function of hand, foot and eye preferences, and 

gender of the individual. Bracha, Seitz, Otemaa and Glick 

(1987) measured peoples work day turning preferences and 

found females had a higher average rate of rotation than 

males. Additionally, right side dominant males (hand, foot 

and eye dominance) showed a turning bias toward the right, 

while right side dominant females and mixed dominance males 

showed a turning bias toward the left. 

As noted earlier, human infants display turning biases 

which are strongly predictive of later hand use patterns 

(Gesell and Ames, 1947). Preadolescents, aged 7-9 years, 

also exhibit strong biases in turn direction. However, 

unlike the turning biases of adults and infants, 

preadolescent turning biases can not be used to predict 

handedness. Additionally, preadolescent turning biases seem 

to be unrelated to gender. Gospe, Mora and Glick (1990) 

reported that male and female, and right and left handed, 

preadolescents all turn preferentially toward the left. 

Reports have also indicated strong directional turn 

biases in prosimians (see Ward, 1991, for review). Larson, 

Dodson and Ward (1989) reported that 8 of 10 lesser 

bushbabies (Galago senegalensis) displayed significant left 

whole body turning biases after a manual response. During 

free movement, whole body turning biases toward the left have 

also been observed in lesser bushbabies (Galago sengalensis) 

and mouse lemurs (Microcebus murinus) (Ward, Dodson, Seltzer, 

Forsythe & Stafford, 1990). Additionally, Dodson, Stafford, 

Forsythe, Seltzer and Ward (1992) measured the turning 
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behavior of 16 lesser bushbabbies (Galago sengalensis), after 

a reach for a meal worm, and 8 mouse lemurs (Microcebus 

murinus) , during movements to and from a food source. The 

authors found a population level left turn bias in the 24 

prosimians. Although strong hand use laterality was present 

in almost all subjects, the authors found no relationship 

between direction of hand use and direction of turning 

biases. Even though hand use and turning biases seem 

unrelated in prosimians, Ward (1991) has suggested, when 

examining the relationship between the dopaminergic system of 

the basal ganglia, whole body turning biases and other 

lateralized response systems, the left whole body turning 

bias observed in some prosimians may help us understand the 

link between nonprimate animals and human primates. 

King (1992) examined the effects of postural instability 

on performance proficiency in cotton-toe tamarins (Saquinus 

oedipus). Tamarins were required to snatch a tiny bit of 

cherry off a moving turntable while standing on either a 

stable or an unstable platform. It would seem reasonable 

that the constant need for postural adjustment, caused by an 

unstable platform, would impair performance. However, 

performance proficiency, measured by number of successful 

reaches, was significantly enhanced in the unstable 

condition. This result is consistent with Geshwind and 

Galaburda's (1985a) hypothesis concerning the axial motor 

system and postural adjustment. The task performed by the 

tamarins required visually guided whole body orientation and 

reaching. In other words, the task required use of the axial 

motor system. Addition of an unstable platform, from which 

reaches were made, required continual body adjustments and 

balancing. The increased demands of an unstable platform may 

have ensured enlistment of the axial motor system and thereby 

enhanced performance in the complex reaching task. It would 

be interesting to investigate the effects of an unstable 

platform on tamarins performance proficiency in a highly 

manipulative reaching task. Performance proficiency might be 
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expected to decline, or remain completely unaffected, during 

an unstable testing condition when the reaching task being 

performed is innervated by the pyramidal motor system. 

In an interesting recent study of squirrel monkey 

(Saimiri sciureus) lateralized behavior, Roney and King (in 

press) analyzed the relationship between turn direction prior 

to reaching and hand used during quadrupedal and vertical 

cling posture reaching tasks. All but one monkey displayed a 

significant and consistent direction of hand bias in both 

tasks. However, no population level bias in hand use 

patterns was found. The individual hand biases were 

significantly stronger in the less stable, vertical cling 

reach task than the horizontal reach task. Additionally, the 

authors found, left handed monkeys had a greater left turning 

bias than right handed subjects prior to the manual response. 

At first glance, these findings could be interpreted as 

indicating that squirrel monkeys who prefer the left hand for 

visually guided reaching have a strong right hemispheric 

dominance for axial motor system programs, while right hand 

preferent monkeys show only mild lateralization of the axial 

system. However, the authors also found that, as degree of 

hand preference increased in the vertical reach task, 

direction of hand use became less dependent upon previous 

turn direction. In other words, for both right and left 

handed subjects, hand use and turn direction decoupled when 

posture was less stable. This decoupling is not consistent 

with Geshwind and Galaburda's (1985a) hypothesis concerning 

coupling of responses which are mediated by a single type of 

motor system. The postural instability involved in 

performance of the vertical cling task should have enhanced 

preferences in turn direction and in direction of the 

following simple reach. One credible explanation is that 

some part of the monkeys performance had strong pyramidal 

motor system innervation. It is possible that the reaching 

task had unidentified strong manipulative demands. However, 

further evaluation is necessary to assess this contingency. 
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In summary, Geshwind and Galaburda (1985a) hypothesized 

that hand, arm and turning lateral biases are related to the 

hemispheric dominance of two, predominantly independent, 

motor systems: the axial and pyramidal systems. If the two 

motor systems display anomalous dominance in monkeys, the 

authors theory could lend a new understanding of the mixed 

handedness patterns seen in nonhuman primates. Geshwind and 

Galaburda's (1985a) ideas concerning clustering are quite 

consistent with MacNeilage, Studdert-Kennedy and Lindblom's 

(1987; 1988) proposed hand guidance system dichotomy in 

monkeys. However, there are few data available to support or 

refute many of Geshwind and Galaburda's (1985a) theories. 

Further research must be done to evaluate the relationship 

between hand use patterns, postural instability and turn 

direction preference in nonhuman primates. 
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CHAPTER 4 

LATERALIZED LEG AND FOOT MOVEMENT 

The ability for exact foot placement develops gradually 

in phylogeny (Georgopoulos & Grillner, 1989). All 

terrestrial animals must control precise placement of their 

feet and limbs in order to avoid obstacles. Never-the-less, 

upper and lower limb placements have traditionally been 

regarded as separate, independent motor activities in humans. 

Foot preferences do not always seem to relate, in any simple 

way, to arm and hand use patterns. However, to assume foot 

and hand activities are completely independent is inaccurate. 

Even in humans, foot placement is often determined by, or 

complimentary to, the role of the hands. For example, the 

typical stances taken when throwing an object or firing a 

rifle are dependent on the hand that is preferred to make the 

throw or pull the trigger, respectively. The movements 

involved in reaching, foot placement and locomotion appear to 

be closely connected both from an evolutionary and a 

neurophysiological point of view (see Peters, 1988, for 

review) . 

Annett (1975) proposed that most right handed humans 

possess a right-shift genetic factor which predisposes them 

to performance of skilled movements by the right hand. 

Assuming handedness represents a specialization of one 

hemisphere in the guidance of a particular class of 

movements, predictions about footedness can be derived from 

Annett's theory of handedness. Theoretically, individuals 

who display a right hand bias would be expected to show a 

similar right foot bias (Peters, 1988). Annett (1975) 

suggested individuals lacking the genetic right-shift factor, 

somewhat randomly, display either right or left hand 

preferences. By extrapolation, foot preferences of 

individuals lacking the right-shift factor should also be a 

matter of chance. Additionally, if handedness and footedness 

are determined independently in individuals who do not carry 
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the right-shift factor, a large number of incongruent hand 

and foot preferences should occur in lefthanders, compared to 

righthanders. In other words, Annett's (1975) right-shift 

model predicts that most right handed humans should display 

robust right foot preferences, but the population of left 

handed individuals should not show significant foot 

lateralization at the population level. 

If footedness and handedness are only partially related, 

both must be measured reliably to identify individuals who 

have consistent right or left side preferences (Brown & 

Taylor, 1988). Bonin (1962) suggested the larger size, 

strength and weight of the left leg and right arm of most 

humans indicates humans are generally left footed and right 

handed. However, most investigators currently consider limb 

laterality to be a continuum of functional roles, that range 

from right to left, rather than a simple dichotomy (Bradshaw 

& Nettleton, 1983). If limb laterality is defined by 

different functional roles of the legs or feet, any single 

measure of foot dominance, such as leg weight, may be 

extremely biased. 

When foot preferences on tasks such as stepping on a 

spade, hopping on one foot, kicking a ball, picking up 

objects with the toes, stepping forward, or stepping on and 

off a stool are considered, human footedness can be defined 

in terms of a reliable role differentiation between the two 

feet. Right handed humans show a significant right foot 

preference for activities requiring fine object manipulation 

or focused attention and for leading motion. Although the 

human left leg tends to be largest and heaviest, it is used 

by most right handed individuals for postural and stabilizing 

support while the preferred foot performs more complex 

activities. In left handed humans, the right and left leg's 

anatomical asymmetries tend to be in the opposite direction 

and functional preferences are less clearly expressed 

(Chapman, Chapman & Allen, 1987). These findings are 

consistent with Annett's (1975) right-shift model 
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footed and lefthanders show mixed and weak foot dominance. 
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Performance proficiency can also help distinguish foot 

and hand dominance. Performance accuracy, proficiency or 

success would be expected to increase when the dominant foot 

or hand is performing a complex task. Gabbard (1989) studied 

the foot performance proficiency of 4 year old children on 8 

motor performance tasks. Right footed children outperformed 

children with unestablished foot preferences on 6 of the 8 

tasks. Augustyn and Peters (1986) and Peters and Durding 

(1979) reported results of several speed tapping tasks 

performed by adults. Right handed subjects showed 

significant right hand and right foot performance advantages. 

Left handed subjects showed significant left hand and right 

foot performance advantages. Thus, footedness, as measured 

by performance proficiency, seemed to follow handedness in 

right, but not left, handed adults. However, more 

importantly, the authors reported left handed individuals 

showed smaller left/right performance differences than right 

handed individuals in both the hand and foot tapping tasks. 

In other words, left handed, when compared with right handed, 

subjects were more ambidextrously and ambipedally successful 

in the tapping tasks. In right handed subjects, performance 

success was strongly dependent on use of the dominant hand or 

foot. 

Annett (1975) proposed that left handed individuals come 

from a population with random cerebral dominance for 

handedness. Geswind and Galaburda (1985a) further suggested 

that, in the random dominance group, pyramidal dominance will 

not, on the average, be strongly localized in one hemisphere. 

In other words, the authors suggested handedness has greater 

bilateral cerebral representation in the left handed 

population. Geshwind and Galaburda's (1985a) hypothesis is 

supported by the results cited above and by Kilshaw and 

Annett's (1983) report that, in actual tests of skill, left 

handed individuals showed smaller differences in performance 
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between the two hands than right handed individuals. By 

analogy, the bilateral foot proficiency of left handed 

individuals may indicate cerebral control for footedness is 

also weakly lateralized within the left handed population. 

Geshwind and Galaburda (1985a) have suggested weakly 

lateralized cerebral control of hands and feet may lead to a 

higher level of overall skill and performance success when 

left handed individuals preform tasks which require each hand 

or each foot to make a significant performance contribution. 

Even if Annett's (1975) right-shift model is accurate, 

one should not expect all humans who carry the right-shift 

genetic factor, nor all members within any specific species, 

to have brains that are identically lateralized or organized. 

Functional organization of different cortical areas does not 

occur completely independently, nor is it inextricably linked 

to language, handedness and footedness. Eye, hand and foot 

dominance will always be impacted by ontological influences 

on brain organization and, therefore, will not be perfectly 

congruent in any population. However, when hand preference 

is correlated with other lateral preferences, such as ear, 

eye and foot dominance, the correlation between hand and foot 

preference tends to be the largest (Porac and Cohen, 1981). 

Therefore, understanding foot preferences, and their 

relationship to handedness, may be useful in predicting other 

aspects of brain organization (Geshwind & Galaburda, 1985a) 

Foot preferences have been given only superficial 

attention in studies of hemispheric lateralization. It is 

difficult to determined whether footedness or handedness has 

the strongest relationship to other aspects of cerebral 

lateralization, or whether both measures together predict 

lateralization better than one of them alone. If footedness 

and handedness are similar to one another and reflect 

lateralization of verbal skills, a reliable measure of 

footedness might be especially useful in understanding 

cerebral lateralization. 

Few data are available concerning the relationship of 
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foot preference to lateralization of verbal skills. 

Searleman (1980) examined the relationship between 

footedness, handedness and ear advantage in dichotic 

listening. He found the relationship between language 

lateralization and handedness was limited to strong right 

handed or left handed individuals. However, footedness was 

significantly correlated to language lateralization in all 

subjects. This would suggest that foot preference is a more 

reliable predictor of language lateralization than is hand 

preference. 

The influence of nonhuman primate hand, foot and 

postural behavior on the evolution of human lateralization 

has recently drawn interest from the the scientific 

community. MacNeilage (1991) described a "postur~l origins 

theory" of laterality in which he suggested that the 

evolution of lateralized brain functions may have been 

influenced by lateralized demands on the hands and feet in 

early primates. Despite MacNeilage's (1991) postural origins 

theory, very little research has been done to examine foot 

preferences in nonhuman primates. In a case study of an 

infant orangutan (Pongo pygmaues), Cunningham, Forsythe and 

Ward (1989) reported a right hindlimb preference for 

initiating locomotion. Additionally, Heestand (1986) studied 

the free behavior of 29 gorillas (Gorilla gorilla), 20 

chimpanzees (Pan troglodytes), 8 orangutans (Pongo pygmaeus) 

and 13 siamangs (Symphalangus syndactylus) and found an 

extremely strong tendency for all four species to initiate 

locomotion, or step out, with the right side of the body. 

Over two thirds of the significant limb preferences for other 

activities were concordant with locomotion initiation 

asymmetries. Subjects without locomotor initiation 

asymmetries showed no hand preferences in other tests of 

laterality. These results suggest lateral foot and hand 

preferences exist and may be meaningfully linked to one 

another in apes. Further investigation of footedness and its 

relationship to handedness in nonhuman primates may lend to a 



better understanding of cerebral lateralization in all 

species. 
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In summary, very little has been published concerning 

foot preferences in humans and animals. In humans, the foot 

used when performing tasks such as picking up an object or 

stepping forward, is the dominant foot. The nondominant foot 

is used for postural and stabilizing support of the dominant 

foot's activities. The majority of right handed humans are 

right footed but, the population of left handed individuals 

displays random foot preferences (Chapman, Chapman & Allen, 

1987). Both left and right handed individuals display a 

significant performance advantage when using the right foot 

in speed tapping tasks. However, the disparity between right 

and left foot performance proficiency is significantly 

greater in right handed individuals (Augustyn & Peters, 

1986); Peters & Durding, 1979). In other words, right handed 

individuals are more strongly lateralized in speed tapping 

tasks, while left handed individuals are weakly lateralized 

and more ambipedally skilled. These results are consistent 

with Annett's (1975) right-shift model of lateralization 

which predicts that individuals carrying the right-shift 

genetic factor will be right side dominant; but, individuals 

not carrying the factor will show random dominance. By 

extrapolation, footedness and handedness seem to be similarly 

related in apes. Generally, apes who show no foot preference 

also show no significant hand preference (Heestand, 1986). 

The simultaneous occurrence of ambipedal and ambidextrous 

behavior in single apes could reflect anomalous cerebral 

dominance for handedness and footedness. This is similar to 

the anomalous dominance which Geshwind and Galaburda (1985a) 

have suggested exists in left handed humans. Further 

investigation of human and nonhuman primate footedness and 

its relationship to handedness and cerebral functional 

organization is necessary to gain a better understanding of 

lateralization. 



CHAPTER 5 

RESEARCH RATIONALE 
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The present study was designed to examine squirrel 

monkey (Saimiri sciuz~us) hand preferences, foot preferences 

and turning biases. The effects of postural stability, age, 

and experience with tasks, on monkeys' degree and direction 

of handedness was evaluated. Additionally, the relationship 

between hand biases, turning biases and leg preferences was 

examined. Because constrained laboratory settings have been 

cited as one reason for the failure to find population level 

handedness patterns in nonhuman primates (i.e., MacNeilage, 

Studdert-Kenedy and Lindblom, 1987) monkeys were given free 

range of the testing area during all tasks. 

Hand preferences were observed during performance of 

three simple reaching tasks: one posturally stable reaching 

task and two tasks which required varying levels of postural 

stability. In the 'stable base reaching' task, monkeys 

assumed a horizontal or sitting stance on the edge of an 

elevated, stable platform. Once in position,. monkeys reached 

out beyond the platforms edge and grasped a small marshmallow 

suspended at the end of a string. The distance of the string 

from the platforms edge promoted use of a single hand during 

the reach. However, the required length of the reach was not 

large enough to threaten the monkeys balance. 

The two posturally unstable testing conditions required 

walking on the underside of a chain-link fence ceiling and 

balancing on a tightrope. During the 'ceiling reaching 

task', monkeys climbed and suspended themselves in a 

horizontal posture, upside down, on the underside of a chain 

link, fence ceiling. The reach required clinging to the 

chain link with three limbs while extending one arm toward 

the floor to grasp a marshmallow from the end of a string. 

The second posturally unstable reaching task, a 'tightrope 

reaching task', required monkeys to walk to the middle of a 

plastic, chain link rope. While balancing on the rope, 
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subjects momentarily freed one hand and grasped a small 

marshmallow from the end of a string. During both of the 

unstable reaching tasks, monkeys balance and postural stance 

was a critical component in successful completion of the 

reach. 

All of the manual reaching tasks promoted use of a 

single hand and arm, in a visually guided movement, to grasp 

a small marshmallow from the end of a string. The main, and 

most important, distinction between the three tasks was 

degree of postural stability. The two unstable posture tasks 

almost always demanded use of three limbs to secure the 

monkeys position. The tightrope reaching task challenged 

monkeys with the greatest threat to their equilibrium and 

stability. Even when the monkeys used all four limbs to walk 

and maintain balance on the chain link rope, remaining on the 

rope could not be assured. During performance of the ceiling 

reach task, monkeys were required to use the chain link, 

fence ceiling as their only source of support. When monkeys 

released the grip of even a single hand from the ceiling, 

they increased their risk of falling to the floor. By 

contrast to these two unstable testing conditions, the stable 

base reaching task did not require good balance or a specific 

postural stance. Monkeys could perform the task without any 

risk to their stability. MacNeilage, Studdert-Kenedy and 

Lindblom (1987, 1988) suggested that tasks which demand 

visually guided movements and have low manipulatory demands 

should elicit left hand responses in prosimians and monkeys. 

Therefore, it was anticipated that squirrel monkeys would 

make left hand responses during performance of all three 

visually guided tasks. 

MacNeilage, Studdert-Kenedy and Lindblom (1987, 1988) 

and Ward (1991) have also suggested that postural adjustment 

and instability may enhance the expression of handedness in 

nonhuman primates. Additionally, if Geshwind and Galaburda's 

(1985a) hypothesis concerning clustering is applicable to 

monkeys, postural instability would be expected to enhance 



hand biases during performance of tasks which involve 

visually guided reaching. Within the present study, the 

least amount of postural adjustment was demanded in the 

stable base reaching task and the greatest adjustment 

occurred in the tightrope reaching task. Therefore, degree 

of handedness was expected to be weakest in the solid base 

task and most strongly amplified in the tightrope reaching 

task. If postural instability, itself, elicits a specific 

direction of handedness, the direction of handedness rather 

than the degree of laterality might be expected to change 

when postural instability was a task component. 
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In an effort to promote the use of, what Fagot and 

Vauclair (1991) have called, "manual and contralateral 

hemispheric specialization", the two unstable posture tasks 

were designed to be "high level", novel, demanding and 

spatiotemporally complex. The stable base task might be 

defined as having only "low level" performance demands. 

However, even this simplest task would be novel and, 

tllerefore, "high level" during the initial part of testing. 

If Fagot and Vauclair's (1991) hypothesis concerning high and 

low level tasks is correct, degree of hand laterality would 

be expected to diminish with performance experience in low 

level tasks. Fagot and Vauclair (1991) have suggested 

comparing the first and last 25 percent of responses to 

evaluate the performance contribution of practice and 

learning during manual response tasks. Within the present 

study, squirrel monkeys were expected to make reliable 

population level lateralized hand responses, reflecting 

contralateral cerebral specialization. Therefore, monkeys 

were not expected to show any shift in degree of laterality 

during the last 25 percent of performance trials. However, 

if performance biases during the stable base task reflected 

learned "handedness" patterns, the degree of laterality 

should diminish with experience. 

MacNeilage, Studdert-Kenedy and Lindblom (1987) noted 

that results indicating an absence of population level 
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handedness patterns in nonhuman primates sometimes reflect 

the use of subjects too young to express a preference. 

However, aged maturity and experience have also been reported 

as variables which modify the direction and degree of hand 

preferences in humans (e.g., Porac, Coren & Duncan, 1980) and 

lemurs (Ward, Milliken, Dodson, Stafford & Wallace, 1990). 

In the present study, two age groups were chosen for testing: 

a young adult and an aged adult group. All monkeys were 

fully mature and, therefore, old enough to express lateral 

biases. However, because each of the handedness tasks was 

quite novel, the experience and learning associated with age 

were not expected to effect handedness patterns in the 

monkeys. No age effects were expected. 

As previously noted, predominant turn direction 

preferences have been identified as an important indicator of 

lateralized cerebral functioning (Glick & Shapiro, 1985) If 

Geshwind and Galaburda's (1985a) hypothesis concerning 

anomalous dominance of the axial and pyramidal motor systems 

is correct, and applicable to monkeys, one would expect the 

preferred direction of hand use during performance of 

visually guided tasks and the preferred direction of whole 

body turns to be the same. Additionally, postural 

instability should enhance preferences in turn direction. 

Roney and King (in press) reported results inconsistent with 

these predictions. The authors found that right handed 

squirrel monkeys (Saimiri sciureus) showed no turning biases 

prior to a visually guided manual response and that, for both 

right and left handed monkeys, hand use and turn direction 

decoupled when posture was unstable. In an effort to further 

evaluate the relationship between direction of hand and whole 

body turn lateral biases, the present study was designed to 

measure turning preferences which followed, rather than 

preceded, visually guided manual responses. Whole body 

turning preferences during free movement were also observed. 

Direction of hand biases and direction of turning biases, 

during free movement and after manual responses, were 



44 

expected to be congruent. Additionally, the strength of 

turning biases was expected to be amplified after performance 

of the two unstable reaching tasks. Age was not expected to 

significantly effect any turning preference measures. 

Lateral foot and hand preferences are meaningfully 

linked to one another in both humans (e.g., Porac and Cohen, 

1981) and apes (e.g., Heestand, 1987). In humans, the foot 

used when performing tasks such as picking up an object, 

stepping forward or stepping on and off a ladder, is 

designated as the dominant foot. The nondominant foot is 

used for postural and stabilizing support of the dominant 

foot's activities. Within the present study, observations 

were made of the leading leg used by squirrel monkeys to 

initiate and terminate climbing on a chain link fence. 

During observations of foot preferences, monkeys were given 

free movement within the testing area. Data were only taken 

when monkeys paused at the base of the fence and deliberately 

initiated or terminated climbing with a single foot. No data 

were collected when the initiation or termination of fence 

climbing occurred within a pattern of continuous locomotion. 

In keeping with Heestand's (1987) findings in apes, monkeys 

showing significant hand preferences were expected to also 

show significant, and directionally congruent, foot 

preferences. Age was not expected to affect foot laterality. 
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CHAPTER 6 

SQUIRREL MONKEY NATURAL HISTORY 

The labile expression of handedness in nonhuman primates 

influenced Corballis (1989, 1991) to conclude that findings 

of laterality in nonhuman primates reflect nothing more than 

laboratory constraints. MacNeilage, Studdert-Kennedy and 

Lindblom (1987, 1988) have also expressed concern that 

confusion about primate handedness has resulted from use of 

tasks performed in constrained and artificial laboratory 

settings. These criticisms must be addressed when designing 

handedness research. It is important to design laboratory 

handedness tasks which are compatible with the natural 

abilities of subjects being tested. A laboratory setting 

provides the researcher tremendous control over observations. 

However, if the subjects natural history is incompatible with 

the demands of the experimental tasks, even statistically 

significant results may be meaningless. 

Squirrel monkeys (Saimiri sciureus) were chosen as 

appropriate subjects for the present research because of 

their natural climbing abilities. Squirrel monkeys are 

small, diurnal, arboreal monkeys from the tropical forests of 

Central and South America (Jolly, 1972). They are primarily 

quadrupedal and move about their arboreal habitat by 

climbing, springing and branch running or walking (Napier & 

Napier, 1967). They can move swiftly through dense shrub and 

over 40% of their locomotion is accomplished by leaping 

(Feagle, Mittermeir & Scopic, 1981). Because of squirrel 

monkeys natural arboreal habitat, these monkeys are well 

adapted to climbing, balancing and turning when support is 

precarious or changing. 

Within a natural arboreal canopy, squirrel monkeys 

usually travel and forage in cohesive social groups. Groups 

consist of large and variable numbers of adult males, adult 

females and their young (Wilson, 1975). Each squirrel monkey 

population occupies a loosely boundaried home range, which is 
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not defended against neighboring populations. Successful 

foraging and feeding is accomplished as the monkey population 

travels across branches and leaves, disturbing insects by 

their passage and catching them as they move (Klein & Klein, 

1975). The social, interactive and competitive environment 

which is present during natural squirrel monkey foraging, 

could not be reproduced within the current research design. 

Monkeys were tested individually and experienced no physical 

competition for food items. However, all subjects were 

housed and tested in a single room, allowing vocal and visual 

contact between colony monkeys and test subjects during all 

task performances. 

In comparison to the squirrel monkeys normal diet, 

relatively static food item targets were used as incentive 

during the present handedness tasks. The normal squirrel 

monkey diet is composed mostly of fruit and small insects. 

Foraging groups regularly prey on mobile insects such as 

katydids, grasshoppers, caterpillars and cicadas (Jolly, 

1972). Squirrel monkeys have been described as frequent, 

compulsive leaf foragers and, on the average, each monkey 

captures 56.1 insects during a foraging hour (Terborgh, 

1983). The tasks used during the present study did not 

include highly mobile or ballistic food items. Incentive 

targets hung, relatively motionless, at the end of a string. 

However, similar to natural insect targets, once touched, the 

reinforcement target was set in motion. Additionally, the 

two unstable base reaching tasks provided monkeys with a 

dynamic environment which required balance and postural 

adjustments similar to those used in a natural arboreal 

setting. 

Squirrel monkeys are also excellent candidates for 

handedness testing because of their natural reaching and 

grasping abilities. Squirrel monkeys almost always use their 

hands, and rarely their mouths, to grasp insects from leaves 

(Jolly, 1972). Although squirrel monkeys have a pseudo

opposable thumb, they never use a precision grip to grasp 



objects (Costello & Fragaszy, 1988; Fragaszy, 1983). They 

use a whole hand, nonmanipulative, power grip, even when 

grasping small or quickly moving targets. Since squirrel 

monkeys use a rapidly projected power grip to capture prey, 

the handedness tasks within the present study were designed 

to be easily performed with a single hand and to have no 

manipulative demands. 
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Anatomical brain asymmetries also indicate that squirrel 

monkeys are excellent candidates for laterality testing. 

Heilbroner and Holloway (1988) took linear measurements of 

squirrel monkey Sylvian fissure length, on each cerebral 

hemisphere; to evaluate differences related to development of 

auditory association cortex. Squirrel monkey brain samples 

exhibited significant temporal lobe asymmetry favoring the 

left hemisphere. The part of the Sylvian fissure lying 

anterior to the central sulcus was significantly longer on 

the left than right hemisphere. The authors discussed the 

implications of their findings for understanding the 

evolution of cerebral lateralization and language processing 

areas in hominids. 

In summary, squirrel monkeys are well adapted to tasks 

which include manually capturing a food item, while balancing 

and clinging to a mobile or precarious and unstable base. In 

the present study, use of a single hand for task performance 

was promoted by making reaches difficult, rather than by 

confining monkeys movements, postural stance, or manipulative 

options. Tasks were designed to be challenging; however, all 

tasks were within the natural movement abilities of the 

monkeys. 



Subjects 

CHAPTER 7 

METHOD 
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Subjects were 12 squirrel monkeys 

young adult and 6 aged adult monkeys. 

(Saimiri sciureus): 6 

Monkeys ages ranged 

from approximately 4 to 32 years. Young adults ages, based 

on date of birth, were between 4 and 6 years. Aged adults 

ages were estimated to be over 15 years on the basis of their 

dentition and arrival dates in the laboratory. The young 

adult group contained 5 male and one female monkey and the 

aged group contained 6 males. One of the young monkeys and 

all of the aged monkeys were feral born. Five young monkeys 

were born in the laboratory where testing was completed. 

Throughout the research, monkeys were housed 

individually and maintained on a 12:12 hour light:dark cycle. 

After each day's test, all monkeys received their daily 

ration of moist monkey chow and a small portion of fruit, 

vegetable or egg. Water was available to monkeys at all 

times, except during test sessions. 

Apparatus 

One side of the colony room, where subjects were 

permanently housed, was fenced off to form a 3.3 m x 1.5 m x 

2.3 m (length x width x height), oblong testing enclosure. 

The 3.3 m x 2.3 m (length x height) enclosure wall, which 

faced the monkey housing area, and the 3.3 m x 1.5 m (length 

x width) ceiling were constructed of 5.0 cm square, chain 

link, wire fencing. Because the fence wall of the enclosure 

was situated at one end of the colony room, individual test 

subjects had visual and auditory contact with all other 

subjects during research trials. 

Hand use and whole body turns following a manual 

~ 

During the three reaching tasks described below, all 

equipment used in each reaching task and all incentive 

suspension strings remained in the testing enclosure. The 
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solid base reaching task and the two unstable reaching tasks 

were always set up on opposite ends of the oblong testing 

enclosure. For example, when the solid base reaching task 

was set up in its position on the right end of the enclosure, 

the tightrope and ceiling reaching tasks were set up on the 

left end of the enclosure. 

Solid base reaching task. The platform, from which the 

solid base reaching task was performed, was a stable, 60 cm x 

20 cm x 100 cm. (length x width x height), textured, nonslip 

table top. The platform was placed lengthwise, 5.0 cm from 

the fence wall and was centered 120 cm from either the right 

or left end of the oblong testing enclosure. A small 

marshmallow incentive was suspended at the end of a string 

and centered in front of the platform, 15 cm above the 

platform's base and 68 cm from the fence wall. Monkeys were 

required to reach out 12 cm from the platform;s edge to 

prehend the incentive. 

Ceiling reaching task. A small marshmallow incentive 

was suspended at the end of a 10 cm string, which hung from 

the 2.3 m high, fence ceiling. The incentive hung 2.2 m 

above the floor. The string was placed 0.76 m from the fence 

wall and 1.2 m from either the right or left end of the 

oblong testing enclosure. 

Tightrope reaching task. A 1.6 m long plastic, chain

link rope, with 5.0 cm x 2.5 cm (length x width) links, was 

strung between the two 3.3 m x 2.3 m (length x height) walls 

of the testing enclosure. The rope was placed 0.94 m above 

the floor and 1.2 m from either the right or left end 

of the oblong enclosure. A small marshmallow incentive was 

suspended at the end of a string, directly over the rope. 

The end of the string was 76 cm from the fence wall and 114 

cm above the floor. Therefore, the reinforcement hung, 

centrally, 20 cm above the chain link tightrope. 

Free movement 

The entire 3.3 m x 1.5 m x 2.3 m (length x width x 

height), oblong testing enclosure was used during measurement 
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of footedness and whole body rotations during free movement. 

The chain link tightrope and all reinforcement suspension 

strings were removed from the testing area. 

Whole body rotation during free movement. The 60 cm x 

20 cm x 100 cm. (length x width x height) solid base testing 

platform, described above, was placed against the center of 

the solid 3.3 m x 2.3 m (length x height) wall. 

Leading hindlimb in climbing Task. During data 

collection, the 60 cm x 20 cm x 100 cm (length x width x 

height) solid base testing platform, described above, was 

placed against the center of the 3.3 m x 2.3 m (length x 

height) fence wall. The testing enclosures fence wall was 

used as a surface for monkeys to climb. 

Procedure 

Hand use and whole body turns following a manual response 

Each of the three handedness tasks was presented to the 

monkeys five times during each test session. Testing was 

conducted 5 days a week and lasted a minimum of 12 test days 

for each subject. Testing was terminated for a subject after 

completion of a minimum of 60 unimanual responses in each 

task. A different randomized presentation order for the 

three handedness tasks was used for each subject within an 

age group, with the following restrictions; no specific 

handedness task was repeated on two consecutive trials and 

the same order of task presentation was not repeated on two 

consecutive testing days. Each subject in the aged group was 

matched to a subject in the young group for order of task 

presentation. 

During all handedness tasks, monkeys were tested 

individually and allowed free movement within the testing 

enclosure. Each reaching task was initiated by baiting, the 

single, incentive suspension string. The bait was attached 

by lightly pressing a dampened, small marshmallow on the free 

end of the string. The baited string was stabilized to be 

relatively motionless and the observation was begun. Once an 

observation was in progress, contact between the test 
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subjects hand and the reinforcement could set the baited 

string in motion. Monkeys were given three minutes to 

complete each trial. When a trial was not completed within 

the allotted time, the successive trial was begun. If the 

monkey failed to complete five successive trials, handedness 

testing was terminated until the following testing day. 

The directional bias (right, left or bimanual) of a 

reaching response and the following whole body turn direction 

were recorded during each of the handedness tasks. Whole 

body turns following a reaching response, were defined as 

single, 90 to 180 degree, rotations pursuant to locomotion 

away from the handedness task. 

Solid base reaching task. The solid base platform was 

set in either its right or left side position in the testing 

enclosure. Half of the data recordings were taken in each 

position and the right-left position was changed on 

alternating tasting days. A trial was not initiated until 

the monkey being tested was a minimum of 1.2 m away from the 

testing platform. After the string was baited and 

stabilized, the monkey was allowed to freely climb the fence 

wall, jump from the wall to the solid platform and obtain the 

incentive from the end of the string. The hand used to reach 

for the incentive and the direction of whole body turn after 

making the manual retrieval response were recorded. Because 

reaches from the platform were made from the side opposite 

the wall, the monkey had to make a whole body turn before 

returning to the fence. 

Ceiling reaching task. The incentive suspension string 

was suspended from the fence ceiling in either its right or 

left side position within the testing enclosure. Half of the 

data recordings were taken in each position and the right

left position of the task was changed on alternating testing 

days. A trial was not initiated unless the monkey being 

tested was a minimum of 1.2 m below the fence ceiling. After 

the string was baited and stabilized, the monkey was allowed 

to ascend the fence wall, climb on the underside of the fence 
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ceiling and obtain the incentive from the end of the string. 

The hand used to reach for the incentive and the direction of 

whole body turn after making the manual response were 

recorded. It was necessary for the monkey to make the whole 

body turn when returning to a more posturally secure position 

on the fence wall. 

Tightrope reaching task. The chain link tightrope and 

incentive suspension string were hung in either their right 

or left side positions in the testing enclosure. Half of the 

data recordings were taken in each position and the right

left position of the task was changed on alternating testing 

days. A trial was not initiated unless the monkey being 

tested was positioned clear of the fence wall. After the 

string was baited and stabilized, the monkey was allowed to 

ascend the fence wall, walk out on the tightrope and obtain 

the incentive from the end of the string. The hand used to 

reach for the incentive and the direction of whole body turn 

after making the manual response were recorded. It was 

necessary for the monkey to make a whole body turn when 

returning to a more posturally secure position on the fence 

wall. 

Free movement 

Whole body rotation during free movement. After each 

subject's daily handedness observation, the subject was 

allowed to locomote freely within the testing enclosure for 

five minutes. The direction of whole body turns performed on 

the floor, fence wall, fence ceiling and solid base platform 

were recorded. Whole body turns were defined as single, 90 

to 180 degree, changes in direction of locomotion. Repeated, 

stereotyped locomotor patterns and 360 degree turns were 

excluded from data collection. If a subject was stationary 

for more than three minutes, free movement observations were 

terminated until the next test session. 

Leading hindlimb in climbing task. After completion of 

all handedness data collection, individual subjects climbing 

behavior was observed for a minimum of 6 days with one 
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observational period during each test day. During each 

observational period, subjects were allowed to locomote 

freely within the testing enclosure for five minutes. 

Recordings were made of the leading hindlimb used to initiate 

and terminate climbing on the fence wall. Monkeys could 

mount or dismount the wall at either the floor or the solid 

base platform. Data were only recorded when monkeys began a 

vertical ascent, or finished a vertical descent, with a pause 

or halt, followed by a discrete, single hindlimb movement. 

Leaps and mounts or dismounts, which were continuous with a 

locomotor sequence, were not included in data collection. If 

a subject was stationary for more than three minutes, free 

movement observations were terminated until the next test 

session. 
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RESULTS 
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Manual tasks. A minimum of sixty manual responses were 

made by each subject in each of the three manual tasks. Age 

(mean young = 0.605; mean aged = 0.639), manual task type and 

the interaction between age and manual task type did not 

significantly affect proportion of right hand responses. 

Additionally, proportion of right hand responses was not 

significantly affected by birth origin (feral or laboratory) 

or the interaction between birth origin and manual task type. 

The overall proportioD of right hand reaches, across all 

manual tasks, was 0.619 and did not significantly differ from 

chance. Proportion of right reaches in the ceiling reaching 

task also did not differ from chance (mean = 0.591) . 

However, subjects showed significant population level right 

handedness in the tightrope reaching task (mean proportion 

right hand responses = 0.690; t(11) = 2.382, n = .0364) and 

solid base reaching task (mean proportion right hand 

responses = 0.585; t(11) = 2.344, n = .0389). The 

proportion of right hand responses made during the ceiling 

and tightrope reaching tasks were positively correlated 

(r(10) = +.777, n < .01), as were the proportion of right 

hand responses in the solid base and ceiling task (r(10) = 
+.634, n < .05). 

Proportion of right hand responses were compared during 

the initial and final trial subsets: trials 1 through 15 and 

45 through 60. The proportio:l of right hand reaches, across 

all manual tasks, was not significantly affected by trial 

position (mean in trials 1-15 = 0.615; mean in trials 45-60 

0.606). Analysis of performance during single handedness 

tasks showed that proportion of right hand responses was 

significantly lower in the initial trial set, during 

performance of the tightrope reaching task (mean in trials 1 

- 15 = 0.550; mean in trials 45 - 60 = 0.739; t(ll) = -4.214, 
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n = .0015) and significantly higher in the initial trial set, 

during performance of the solid base reaching task (mean in 

trials 1-15 = 0.683; mean in trials 45-60 = 0.511; t(ll) 

2.614, n = .024). The proportion of right hand reaches was 

only greater than chance during the final trial set in the 

tightrope reaching task (t(ll) = 2.652, n = .0225) and during 

the initial trial set in the solid base reaching task (t(ll) 

= 3.155, ~ = .0092). Subjects proportion of right hand 

responses were not significantly affected by trial position 

during performance of the ceiling reaching task. 

Whole body rotation following a manual response. A 

minimum of sixty turning responses were made by each subject 

in each of the three manual tasks. Neither age (mean young 

0.583; mean aged = 0.539) nor manual task type affected 

proportion of right turns following a manual responses. 

Proportion of right turns were also unaffected by birth 

origin (feral or laboratory) and by the interaction between 

birth origin and manual task type. 

The overall proportion of right whole body turns, across 

all manual tasks, was significantly greater than chance (mean 

= 0.561; t(ll) = 2.253, n = .0456). Proportion of right turn 

responses in the solid base task also exceeded chance (mean 

0.645; t(ll) = 3.959, ~ = .0022). However, proportion of 

right turn responses following a manual response in the 

tightrope reaching task (mean = 0.530) and the ceiling 

reaching task (mean = 0.507) did not differ from chance. 

The degree of association between turn direction and 

direction of prior manual response was assessed by 

calculating a ratio of conditional odds for each subject 

during performance of each manual task. A ratio of 

conditional odds or, for short, odds ratio, was defined as 

the odds of a right turn given a previous right reach divided 

by the odds of a right turn given a previous left reach. 

Because the distribution of the odds ratio statistic is often 

highly skewed, odds ratios were transformed to Yule's Q 

scores. The Q statistic, defined as (odds ratio - 1) / 
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(odds ratio + 1), has a reasonably normal distribution, when 

N is moderately large, and may vary between a magnitude of -

1.00 and +1.00 (Kennedy, 1983). When the association 

between variables is weak, Q approaches zero; Q approaches 

plus or minus one, as the association increases in magnitude. 

In the present case, a Q statistic of plus one would 

indicate perfect congruence of hand use and turning 

directions; a Q of minus one would indicate perfect 

incongruence. 

Feral monkeys displayed significantly lower Yule's Q 

scores than laboratory born monkeys (mean feral = -0.133; 

mean laboratory born = 0.161; F(1,10) = 5.497, Q = .041). 

however, the interaction between birth origin and manual task 

type did not affect the Yule's Q measures. Neither age (mean 

young = +0.098; mean aged = -0.117) nor manual task type 

(mean tightrope task 

mean solid base task 

+0.032; mean ceiling task = -0.093; 

+0.032) significantly affected Q. 

However, Q scores were significantly affected by the 

interaction between age and manual task type (F(2, 20) 

3.56, Q = .0474). Young subjects displayed a steadily 

increasing congruence between turn direction and direction of 

hand bias, as manual task stability decreased (tightrope mean 

= +.251; ceiling mean = +.148; solid base mean = -.105). 

However, aged subjects only exhibited congruence between turn 

direction and direction of hand bias during performance of 

the most stable, solid base reaching task ( solid base mean 

+.169). While performing the less stable ceiling (mean Q in 

ceiling task = -.333) and tightrope reaching tasks (mean Q 

in tightrope task = -.187), aged subjects displayed 

incongruence of turn direction and direction of hand bias 

(Fig. 1). 

Whole body rotation during free movement. A minimum of 

120 turns were made by each subject. Neither age (young mean 

= 0.563; aged mean = 0.570) nor birth origin of the monkeys 

had a significant affect on proportion of right turns. The 

proportion of right turns during free movement significantly 
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exceeded chance (mean = 0.566; t(ll) = 5.178, Q = .0003). 

Leading hindlimb in climbing task. A minimum of 18 

mounting and 16 dismounting responses were reco~ded for each 

subject. The hindleg used to lead mounts and dismounts from 

the chain link fence was not affected by age of the subjects 

(mean young = 0.215; mean aged = 0.235) or the interaction 

between age and movement direction. Additionally, birth 

origin and the interaction between birth origin and movement 

direction had no significant affect on the leg used to mount 

or dismount the fence. 

Subjects displayed a significant population level left 

foot bias for mounting (mean proportion of right foot leads 

0.228; t(ll) = -16.002, Q < .0001) and dismounting (mean 

proportion of right foot leads = 0.222; t(ll) = -10.684, Q < 

.0001) the chain link fence. Subjects direction of movement 

(mounting or dismounting) did not affect foot preferences. 

The proportion of right foot dismounts (r(10) = +.577, p < 

.05) and the proportion of total right foot mounts plus 

dismounts (r(10) = +.669, p < .02), were positively 

correlated with proportion of right hand responses across all 

manual tasks. 

Dividing the population of subjects by hand use biases 

Application of Z tests to the total proportion of right 

hand responses made during manual testing, showed that 

subjects made significantly more right than left reaches (Q < 

.00027) and 3 subjects made significantly more left than 

right hand reaches (Q < .00326). All monkeys showed the same 

significant lateral reaching preference during the ceiling 

and tightrope reaching tasks. 

Because of the dichotomy between total right and left 

hand responses made during manual testing, the 12 monkeys 

were divided into two groups for subsequent analyses: 

sinistrals and dextrals. Dextrals and sinistrals differed 

significantly in proportion of right hand reaching responses 

(dextral mean = 0.718, sinistral mean = 0.335; F(1,10) = 
52.47, Q < .00005). Additionally, as monkeys shifted from 
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stable to less stable reaching postures, the proportion of 

right hand responses in dextral subjects (dextral; mean in 

solid base task = 0.612 mean in ceiling task = 0.711; mean in 

tightrope task = 0.S31) and the proportion of left hand 

responses in sinistral subjects (sinistral; mean in solid 

base task = 0.506; mean in ceiling task = 0.231; mean in 

tightrope task = 0.26S) increased, resulting in a significant 

interaction between manual task type and hand preference 

(F(2,20) = S.63, 12 = .002) (Fig. 2). 

Performance during manual tasks by the dextral and 

sinistral subpopulations. Manual task type significantly 

affected proportion of right hand use (F(2,16) = 6.942, R 

.006S). As postural stability decreased, proportion of right 

hand responses increased. Dextrals showed significant and 

consistent population level right hand biases during 

performance of all three manual tasks (tightrope reaching 

task (t(S) = 10.193, ~ < .0001; ceiling reaching task (t(S) 

4.111, R =.0034; solid base reaching task (t(S) = 2.4S9, R 

=.0376) . 

Dextral subjects proportion of right hand responses were 

compared during initial and final trial subsets: trials 1 

through 15 and 45 through 60. There were no significant 

changes in proportion of right hand biases during the solid 

base nor the ceiling reaching tasks. However, in the 

tightrope reaching task, proportion of right hand responses 

significantly increased during the final trial subset (mean 

in initial trials = 0.674; mean in final trials = 0.S96; t(S) 

= 6.667, 12 = .0002). Although there was a significant 

increase in the proportion of right hand responses during the 

final trial subset, right l1alld responses exceeded chance 

during both the initial (t(S) = 4.S4S, 12 = .0013) and the 

final (t(S) = 13.375, 12 < .0001) sets of trials. 

The sinistral subject population only consisted of three 

monkeys. However, the left handed subpopulation displayed a 

significant overall left hand preference across manual tasks 

(mean proportion of right hand responses = 0.331; t(2) = 
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-4.594, Q = .0443). No other handedness measures 

significantly differed from chance in the sinistral subjects. 

Dextral and sinistral subjects whole body rotation 

following a manual response. The directional designation of 

handedness (dextral or sinistral), manual task type, and the 

interaction between handedness designation and manual task 

type did not affect proportion of right turns made following 

a manual response or Yule's Q scores. 

The proportion of right turns made by dextral subjects, 

after manual responses, was only greater than chance in the 

solid base reaching task (t(8) = 4.089, ~ = .0035). 

Sinistral subjects showed no statistically significant 

turning biases following a manual response in any of the 

three reaching tasks. Manual task type did not significantly 

affect dextrals or sinistrals proportion of right turns made 

after a manual response (dextrals (mean in solid base task = 
0.654; mean in ceiling task = 0.562; mean in tightrope task = 
0.477); sinistrals (mean in solid base task = 0.619; mean in 

ceiling task = 0.344; mean in tightrope task = 0.690). 

Whole body rotation during free movement in dextral and 

sinistral subjects. Hand designation (sinistral or dextral) 

did not significantly affect proportion of right turns during 

free movement (sinistral mean = 0.575, dextral mean = 0.563) . 

Dextral subjects displayed a significant population level 

right turning bias (mean proportion right turns = 0.563; t(8) 

= 4.587, P = .0018). However, the proportion of right turns 

made by the small sinistral subpopulation did not 

significantly differ from chance (mean = 0.575) . 

Leading hindlimb during free movement climbing in 

dextral and sinistral subjects. Hand designation (dextral or 

sinistral) (mean dextral = 0.243; mean sinistral = 0.183), 

movement direction (mount or dismount) (mean mount = 0.228; 

mean dismount = 0.223) and the interaction between hand 

designation and movement direction did not significantly 

affect proportion of right leading hindlimb use during the 

climbing task. 



62 

Dextral subjects showed significant population level 

left hindlimb biases for. mounting (mean proportion of right 

hindlimb use = 0.236; t(8) = -.15.186, ~ <.0001) and for 

dismounting (mean proportion of right hindlimb use = 0.244; 

t(8) = -8.7, ~ < .0001) the fence. During the climbing task, 

sinistral subjects also showed a population level left foot 

bias for mounting (mean proportion of right hindlimb use = 
0.206; t(2) = -6.039, ~ .0263) and for dismounting (mean 

proportion right hindlimb use = 0.159; t(2) = -8.167, ~ = 
.0147) the fence. 

Strength of behavioral lateraJity 

Measures of lateral bias strength for all dependent 

variables were used in the following analyses. Strength of 

lateral biases were defined as the proportion of right 

responses made by a subject predominantly responding to the 

right or, proportion of left responses made by a subject 

predominantly responding to the left. Age, birth origin, and 

hand designation (dextral and sinistral) had no affect on any 

of the dependent strength measures. 

Lateral hand bias strengths increased as postural 

stability decreased across the three manual reaching tasks 

(F(2,22) = 9.656, ~ = .001) (Fig 3). Population level 

strength of lateral hand biases were significantly greater 

than chance in the solid base (mean strength of lateral 

biases = 0.562; t(11) = 2.219, ~ = .0485), ceiling (mean 

strength of lateral biases = 0.725; t(ll) = 5.422, ~ = 
.0002), and tightrope (mean strength of lateral biases 

0.806; t(11) = 9.076, U < .0001) reaching tasks. 

Strength of hand lateralization in the solid base and 

ceiling reaching tasks did not significantly change from the 

first (trials 1-15) to the final (trials 45-60) subsets of 

trails. During the final trial subset in the tightrope 

reaching task, the strength of hand lateralization 

significantly increased (mean trials 1-15 = 0.711; mean 

trials 45-60 = 0.856; t(11) = -2.493, ~ = .0299). However, 

strength measures during the initial 15 trials in the 
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tightrope task significantly exceeded chance (t(ll) = 6.18, Q 

= .0001). Additionally, Strength of hand lateralization in 

the solid base (t(ll) = 2.221, Q = .0483) and the ceiling 

(t(ll) = 3.153, ~ = .0092) reaching tasks exceeded chance 

during the initial 15 trials of manual testing. 

Strength of individual hand biases across all manual 

tasks were positively correlated with proportion of right 

turns during free movement (r(10) = .606, Q < .04). Strength 

of hand laterality in the tightrope condition was 

significantly negatively correlated with strength of 

footedness when mounting the fence in the leading 

leg,climbing task (r(10) = -.643, Q < .05) and significantly 

positively correlated with strength of turn direction 

following all manual responses (r(10) = .769, Q < .01). 

Additionally, the strength of turn direction following all 

manual responses was significantly negatively correlated with 

strength of foot lateralization when mounting the fence in 

the leading hindlimb, climbing task (r(10) = -.649, Q < .03). 
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Many of the conclusions which may be drawn from results 

of the present study are dependent upon the characterization 

of handedness patterns in the subjects. The squirrel monkeys 

may be characterized in either of two ways; as a unitary 

population which showed highly variable, but significant, 

right hand biases during the solid base and tightrope 

reaching tasks, or as a dichotomous population, in which 75% 

of subjects displayed strong individual and population level 

right hand biases and 25% displayed strong individual and 

population level left hand biases during total manual 

testing. However, it is important to note that these two 

descriptions of the subject population do not contain equal 

amounts of information. When the monkeys are simply 

characterized as a unitary population, all information about 

the sinistral subpopulation is lost, accuracy of the 

handedness description is diminished and the results are 

misleading. 

Neither description of the subject population supports 

MacNeilage, Studdert-Kenedy and Lindblom's (1987, 1988) 

theory that visually guided tasks should elicit population 

level left hand biases in monkeys. However, treating the 

entire subject population as a unitary group makes it very 

difficult to interpret most of the present results within the 

context of current handedness theories. For example, 

Geshwind and Galaburda (1985a), MacNeilage, Studdert-Kenedy 

and Lindblom (1987, 1988), and Ward (1991) have all 

speculated that postural instability should enhance hand 

biases. This expectation was not supported by the present 

population level data analysis. Manual task type had no 

significant affect on proportion of right hand responses. In 

other words, when the squirrel monkeys were characterized as 

a unitary population, postural stability had no significant 

affect on handedness patterns. 
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When the monkeys are divided into dextral and sinistral 

subgroups, the effects of postural stability become clear. 

Manual task type had a significant effect on the monkeys hand 

bias strengths. Even in the most stable, solid base 

condition, strength of hand biases were significantly greater 

than chance and these preexisting hand biases were 

intensified by the decreasing postural stability of the 

ceiling and tightrope reaching tasks. The consequences of 

postural instability were also illustrated by the effects of 

the interaction between hand designation and manual task type 

on proportion of right hand responses. As postural stability 

in the manual tasks decreased, the proportion of right hand 

responses increased in right handed monkeys and decreased in 

left handed monkeys. In other words, preexisting lateral 

reaching preferences were intensified by decreasing postural 

stability. Right handed monkeys became more right handed and 

left handed monkeys became more left handed as their postures 

shifted from a relatively stable to less stable manual 

testing conditions. These results support the previous 

finding by Roney and King (in press) that task instability 

changes the degree, rather than the direction, of manual 

laterality in monkeys. 

Fagot and Vauclair's (1991) prediction that novelty and 

spatiotemporal task complexity should elicit population level 

manual specialization is also difficult to evaluate when 

subjects in the present study are treated as a unitary 

population. The authors set the following criteria for the 

establishment of manual specialization, representing 

contralateral cerebral specialization: (1) only population 

level hand biases, which are unaffected by trial position, 

should be called manual specialization; (2) if manual 

specialization is present during the last, but not the first, 

25% of trials, the hand biases are a resultant of learning; 

(3) if manual specialization is present during the first, but 

not the last, 25% of trials, hand biases represented manual 

specialization that was elicited by the initial novelty of 



the task. In the present study, the solid base task, which 

was the least spatiotemporally demanding and least novel 

manual task, elicited population level right handedness in 

the first fifteen, but not the last fifteen, trials. 
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However, the tightrope reaching task, which included the 

greatest number of spatiotemporal demands and was most novel, 

did not elicit population level manual biases until the final 

fifteen trials. These two results can only be understood 

using Fagot and Vauclair's (1991) criteria when they are 

isolated or viewed separately. If viewed as completely 

separate results, the solid base task could be described as 

simple, but initially novel and, therefore, capable of 

eliciting initial manual specialization. However, the 

tightrope reaching task would have to be described as 

eliciting a learned handedness pattern which only appeared 

after performance experience. These conclusions are 

unreasonable when the two results are viewed simultaneously. 

It is ridiculous to assume that the simple, solid base task 

was novel, but that the analogous and more complex, tightrope 

reaching task was not novel. Because the three manual tasks 

varied only in degree of novelty and complexity, Fagot and 

Vauclair's (1991) criteria can only be reasonably applied to 

the present data if all tasks, no tasks, or only the complex 

reaching tasks elicit manual specialization during the first 

fifteen trials of testing. 

Alternatively, when the monkeys are treated as a 

dichotomous population of right- and left-handers and Fagot 

and Vauclair's (1991) first criterion is amended to include 

hand bias strengths, the data can be more easily interpreted. 

The population level left and right hand bias strengths were 

significantly greater than chance in each of the three manual 

tasks. Additionally, all twelve monkeys hand bias strengths 

and the nine dextral monkeys proportion of right hand 

responses were significantly greater than chance during the 

initial, as well as the final, subset of trials in all three 

manual tasks. However, trial position did affect monkeys 
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hand bias strengths and dextral subjects proportion of right 

hand responses during performance of the tightrope reaching 

task. Both of these dependent measures were higher in the 

final, than the initial, subset of trials. According to 

Fagot and Vauclair's (1991) criteria, increased laterality in 

a final set of trials indicates that learning, rather than 

manual specialization, is influencing hand biases. In the 

present case, it is crucial to note that the monkeys 

performance exceeded chance in both the initial and final 

sets of trials. The performance change, as trials progressed 

in the tightrope reaching task, may indicate that learning 

simply enhanced the manual specialization initially e~pressed 

by the monkeys. It seems reasonable to assume that the two 

hand use patterns, manual specialization and handedness, 

described by Fagot and Vauclair (1991) should not always be 

opposite in direction or always be mutually exclusive. Even 

when a hand bias reflects contralateral hemispheric 

specialization, the expression of the bias should not be 

completely unaffected by performance successes or failures. 

The leading hindlimb results are also more 

understandable when the subject population is described as 

having strong sinistral and dextral subgroups. It was 

expected that, similar to Heestand's (1987) findings in apes, 

all monkeys who expressed significant hand preferences would 

also express significant and directionally congruent foot 

preferences. However, in the present study, both dextral and 

sinistral monkeys showed significant left foot preferences to 

initiate and terminate fence climbing. Interestingly, the 

proportion of leading right hindlimb responses in the 

climbing task was positively correlated with the proportion 

of right hand responses during total manual testing. In 

other words, although all subjects showed left hindlimb 

preferences, the more right hand responses made by a subject 

during total manual testing, the weaker the left hindlimb 

preference in the cJ.imbing task. Strongly right handed 

subjects showed weakest left foot preferences and strongly 
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left handed subjects showed strongest left foot preferences. 

The monkeys left hindlimb preferences were unlike the 

generally right foot use pattern reported in humans when 

mounting and dismounting a ladder. Additionally, the 

hindlimb preferences do not seem to fit Annett's (1975) right 

shift model of human handedness and footedness. Annett's 

(1975) model predicts that right-handers will be right footed 

and left-handers will display random footedness. Clearly, in 

the present study, one of the monkey handedness subgroups 

displayed anomalous dominance for hand and foot use. 

However, caution should be used when interpreting the present 

foot bias data. The right handed monkeys may not have been 

the group displaying anomalous dominance. Only one type of 

task was used to measure foot biases and it is, therefore, 

inappropriate to conclude that the leading hindlimb used to 

mount and dismount the fence was the dominant, rather than 

nondominant, foot. Geshwind and Galaburda (1985a) have 

suggested that humans who display anomalous hand and foot 

dominance also display weak hand and foot lateralization. 

However, this criterion can not be used to help identify the 

group of monkeys with anomalous dominance because sinistral 

and dextral monkeys did not significantly differ in strength 

of hand or foot biases. 

Geshwind and Galaburda (1985a) also hypothesized that 

the direction of hand use during visually guided reaching and 

the direction of turning preference should be congruent in 

humans. The authors hypothesis was partially supported and 

seemed applicable to nonhuman primates after Roney and King's 

(in press) report that, although right handed squirrel 

monkeys showed no turning biases prior to a manual response, 

the number of left hand, visually guided reaches made by 

sinistral monkeys was positively correlated to strength of 

left turning biases. Therefore, in the present study, it was 

expected that monkeys would show directionally congruent hand 

and free movement turning biases. This was hypothesis was 

not supported. All subjects, regardless of hand designation 
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right turning preferences during free movement. 
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Additionally, the strength of individual hand biases during 

all manual testing was positively correlated with proportion 

of right turns during free movement. In other words, the 

stronger the expression of a monkeys individual left or right 

hand bias, the stronger was the monkeys right turning bias 

during free movement. 

Geshwind and Galaburda (1985a) also hypothesized that 

turning biases following a manual response should be enhanced 

by postural instability in humans. It was, therefore, 

expected that postural instability would enhance turning 

biases in the monkeys. However, manual task type did not 

affect proportion of right turns, or strength of turning 

biases, following a manual responses. Interestingly, the 

only manual task in which subjects showed significant right 

turning biases was the simple, solid base reaching task. 

The association between direction of hand use and 

direction of turn following a manual response was further 

assessed by evaluating the effects of manual task type on 

monkeys Yule's Q scores. Roney and King (in press) recently 

reported that the relationship between direction of a manual 

response and direction of turns prior to the manual response 

dis linked, or became less concordant, as manual task 

stability decreased and manual laterality increased. 

However, in accordance with Geshwind and Galaburda's (1985a) 

theories concerning human handedness and turning directions, 

it was expected that decreasing manual task stability would 

result in increasing concordance between the direction of a 

manual response and the direction of the turn which followed 

that response. In other words, decreased manual task 

stability was expected to result in increased Yule's Q 

scores. However, in the present study, decreasing manual 

task stability intensified individual hand biases, but had no 

significant affect on Yule's Q scores. 

Age was not expected to, and indeed did not, directly 
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affect any of the handedness, foot use or turning measures. 

However, quite surprisingly, the interaction between age and 

manual task type significantly affected Yule's Q scores. In 

young monkeys, Yule's Q scores increased as manual task 

stability decreased. In other words, the direction of a 

manual response and direction of the following turn became 

more congruent with decreasing task stability. However, aged 

subjects displayed very low concordance between direction of 

a manual response and direction of the following turn and 

this concordance was further reduced during the less 

posturally stable manual tasks. In other words, young 

subjects became more concordant and aged subjects became less 

concordant for hand and turn directions when postural 

stability decreased. The results obtained by Roney and King 

(in press), of decreasing Yule's Q scores as manual task 

postural stability decreased, may reflect the fact that their 

squirrel monkey population ranged in age from 2 to 22 years. 

If the majority of subjects were aged, the average Yule's Q 

scores might be expected to decrease during posturally 

unstable reaching. 

One of the most important findings of this study was the 

demonstration that Warren's (1980), Corballis' (1989, 1991) 

and Fagot and Vauclair's (1991) insistence that each nonhuman 

primate population must be described as a group of 

identically lateralized individuals is not heuristically 

valuable. If all individuals within a species must be 

identically lateralized before handedness can be confirmed, 

then humans, as well as nonhumans, have unconfirmed 

handedness. Although monkeys in the present study showed 

population level right handedness in two manual tasks, the 

subject population is clearly best described as consisting of 

two subpopulations; 9 strongly, reliably dextral and 3 

strongly, reliably sinistral monkeys. More than anything 

else, the effects of the interaction between hand preference 

(sinistral or dextral) and postural instability (manual task 

type) on proportion of right hand responses illustrates the 
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untenability of assuming the subjects come from a homogeneous 

population. After monkeys were divided by hand designation, 

it was clear that individual hand biases, present in the 

simple stable base task, were intensified as postural 

stability decreased in the ceiling and tightrope reaching 

tasks. 

Both sinistral and dextral monkeys displayed significant 

right turning biases during free movement and the strength of 

the subjects individual hand biases was positively correlated 

with proportion of free movement right turns. In other 

words, the stronger an individuals lateral left or right hand 

bias, the greater their preference for right hand turns. 

Once again, this illustrates that division of the subject by 

hand preference was crucial to the accurate understanding of 

the population. 

Both the sinistral and dextral monkeys displayed 

significant left hindleg biases for mounting and dismounting 

the fence during the climbing task. However, the greater the 

proportion of right hand responses made by a subject during 

manual testing, the greater the proportion of right hindlimb 

responses made during the climbing task. When the subject 

population is described as a group of individuals who's 

handedness varies from very strongly dextral to very strongly 

sinistral, this result is easily understood. Strongly 

lateralized sinistral subjects showed the strongest left foot 

biases, while strongly lateralized dextral subjects showed 

the weakest left foot biases in the climbing task. 

The most puzzling result concerns the turning 

preferences which followed manual responses. The population 

level right turning bias, which was present following a 

manual response in the solid base reaching task, was not 

directly affected by decreasing postural stability. However, 

the interaction affect between age and manual task type on 

Yule's Q scores indicates that, when Geshwind and Galaburda's 

(1985a) ideas concerning the linkage between handedness and 

turning biases are applied to nonhuman primates, the results 
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may be dependent upon age of the subjects being studied. The 

reason for the aged monkeys failure to show increased 

congruence of hand bias and turning bias directions as task 

stability decreased, is unclear. It is possible that 

learning or the neurological changes of aging are responsible 

for the result. However, all of the aged monkeys, but only 

one of the young monkeys, were feral born. Consequently, age 

effects were confounded by birth origin effects. Further 

evaluation of age, birth origin and task stability's affects 

on the concordance between hand and turning biases is 

necessary before a more refined conclusion can be drawn. 
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