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ABSTRACT

Positional behavior is the measurable and observable link between the biology and 

behavior of an animal in its environment. In this dissertation, I examine ontogenetic patterns 

of positional behavior in infant, juvenile, and adult white-faced capuchins (Cebus capucinus) 

and mantled howling monkeys (Alouatta palliata)  inhabiting the same tropical forest in 

Costa Rica.  During growth and development ontogenetic changes in body size, limb 

proportions, and motor skills are likely to influence locomotion and posture through the 

arboreal canopy. I collected data on positional behavior, activity, prehensile-tail use, branch 

size, branch angle, and crown location during a 12 month period at Estación Biológica La 

Suerte in northeastern Costa Rica.  The data set is comprised of 401.3 hours of data on Cebus

capucinus and 554.3 hours of data on Alouatta palliata totaling 955.7 hours of data or 57,344 

individual activity records.  

Life history timing and differences in rates of growth did not predictably influence 

the development of adult-like positional behaviors in Cebus and Alouatta.  In both species, 

infancy was characterized by high proportions of dorsal, ventral, and side riding on the 

mother with smaller proportions of independent positional modes observed during play, 

explore, active posture, and feed/forage. Young Cebus resembled the adult pattern of 

positional behavior by six months of age while howlers exhibited significant differences in 

several positional behavior categories through 24 months of age.  The positional repertoire of 

both species revealed similarities in the types of modes used during feed/forage and travel in 

juveniles and adults.  For example, in juvenile and adult age categories of Cebus, feeding and 

foraging included high proportions of quadrupedal walk, sit , and squat in conjunction with 
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climbing, leaping, and suspensory behaviors.  In howlers, the degree to which coordination 

and increases in body mass during ontogeny as limiting factors in the development of adult-

like positional competence is unclear.  Data presented here suggest that the environment 

exerts different pressures on growing Cebus and Alouatta that may relate to diet, energy 

expenditure, foraging skill, and/or social learning.
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CHAPTER 1: INTRODUCTION AND QUESTIONS
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Introduction

This research examines the ontogeny of positional behavior (locomotion and posture)

in two sympatric New World primate species (Cebus capucinus and Alouatta palliata) 

inhabiting a tropical forest in Costa Rica.  During the course of growth (somatic) and 

development (maturation), individuals face different challenges in exploiting their 

environment.  The main objectives of this research include:  1) providing  a comprehensive, 

systematic, and quantified description of expressed behavior and environmental context of 

two sympatric neotropical prehensile-tailed species that vary in regard to life history, diet, 

and foraging strategy, and; 2) emphasizing how growth and development may influence 

positional behavior, feeding and foraging strategy, social behavior, and ultimately survival 

during the infancy and juvenile periods.  By addressing questions of ontogenetic similarities 

and differences in positional behavior, this study examines the degree to which adult-like 

patterns of locomotion and posture appear in primate ontogeny and how patterns differ 

within and between age categories.  In this introductory chapter, I review the broad

theoretical frameworks used in the work presented here.  I then outline the main questions to 

be addressed and the organization of the dissertation.

Positional behavior is the measurable and observable link between the biology and 

behavior of an animal in its environment. It has recently been argued that researchers of 

animal movement need to focus more on whole-organism locomotion. For example, 

Dickinson et al., (2000:100) state, “locomotion, movement through the environment, is the 

behavior that most dictates the morphology and physiology of animals.” These authors argue 

for a ‘real-world’ view in understanding animal locomotion and that this view requires 
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examination in naturalistic settings with measurement of the interactions among anatomy, 

physiology, and locomotor behavior.  The importance of integrative views has been 

recognized since the first quantitative studies of primate positional behavior (Ripley, 1967; 

Rose, 1974, 1979; Morbeck, 1974, 1977, 1979; Fleagle and Mittermeier, 1980). Implicit in 

any examinations of primate positional behavior are evolutionary and anthropological 

frameworks.  The term positional behavior refers to posture and locomotion (Prost, 1965). 

Descriptions of the types of frameworks that should be used in the examination of positional 

behavior first appeared in the mid to late 1960s with publications by Prost (1965) and Ripley 

(1967).  These authors argued for consistency in definitions or categories in conjunction with 

holistic and integrative frameworks, all within an evolutionary framework.  Since these 

publications, examination of primate positional behavior has remained within the discipline 

of anthropology and has thus provided an important basis for understanding movement 

capabilities and expressed behavior during primate evolution and in extant nonhuman and 

human primates.

The study of positional behavior is necessarily integrative as locomotion and posture 

allow interaction with the environment.  Bock and van Wahlert (1965) provided a detailed 

framework for understanding adaptation, selection, and form-function relationships.  These 

authors argued for consideration of the form-function complex or a phenotypic analysis of 

features (traits, characters) combined with environmental features to understand adaptation 

from the perspective of the individual. The primary goal of this framework is to understand 

biological role—or how a given form-function complex is used during ontogeny within an 

environment.  Ontogeny is defined as ‘the life history of the individual’ (Gould, 1977).  An 
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ontogenetic framework acknowledges the importance of developmental patterns during the 

evolutionary process and the environmental interactions that both influence and are 

influenced by these patterns (Gould, 1977).  

Cebus and Alouatta were chosen to answer questions about the effects of ontogeny 

for several reasons.  First, they are sympatric species with varying species-specific patterns 

of positional behavior.  Studies of sympatric species offer the opportunity to examine 

similarities and differences while considering habitat as a constant variable (Fleagle and 

Mittermeier, 1980; Gebo and Chapman, 1995; McGraw, 1998).  Second, capuchins and 

howlers differ in life history scheduling. Cebus experiences a longer juvenile period, longer 

life span, and a delay in reproductive maturity when compared with Alouatta. Third, 

anatomical data illustrate important developmental changes that likely influence posture and 

locomotion in Alouatta and Cebus. (Lumer and Schultz, 1947; Stahl et al., 1969; Jungers and 

Fleagle, 1980).  

Questions addressed in this dissertation

Expressed positional behavior in nonhuman primate species has been hypothesized to 

differ according to body mass, mass distribution, diet and resource distribution , habitat 

structure, and community structure (sympatric species and predator escape strategies) (see for 

example, Fleagle and Mittermeier, 1980; Garber, 1984;  McGraw, 1998).  It is well 

documented that sympatric primate species exhibit species-specific patterns of positional 

behavior that are linked with varying adaptive patterns.  Cebus and Alouatta exhibit different 

positional anatomical and behavioral repertoires that have been linked to many features of 
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the physical and social environment.  The questions addressed in this research are presented 

below.

Question 1: How do expressed positional behaviors change during the life stages of Cebus

capucinus and Alouatta palliata inhabiting the same tropical forest in Costa Rica?  Related 

questions: (a) Do juveniles exhibit a pattern of positional behavior that resembles adults in 

the modes of locomotion and posture but differs in the relative frequency of these behaviors? 

(b) If body mass influences positional behavior and substrate utilization, then do younger 

individuals use smaller supports, leap more, and climb less than older individuals? (c) If 

coordination influences positional behavior and substrate utilization, then do younger 

individuals engage less frequently in climbing and leaping modes and use larger, more stable 

supports than older individuals?

Question 2: Do species-specific differences in rates of growth and life-history timing

influence positional behavior in Cebus capucinus and Alouatta palliata?  In the genus

Cebus, the limb segments and tail are relatively shorter at birth and grow less rapidly in 

relation to the trunk postnatally than Alouatta. In addition, howlers experience earlier times 

of reproductive maturity than Cebus.

Question 3: Are there differences in behavioral maintenance activities (feeding, foraging, 

travel, social behavior) and associated positional behavior among different age classes? If 

differences in feeding and foraging behavior are linked with sociality (rank and dominance), 
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then subordinate individuals, regardless of body size or age should exhibit identical patterns 

of positional behavior and support use during feeding.  If foraging differences are linked with 

positional behavior, then differences in positional modes during feeding and traveling should 

be consistent and vary by age and body size.

Question 4: How do ontogenetic changes in body mass and morphology influence 

prehensile-tail use in Alouatta and Cebus? The prehensile tail functions in suspensory 

locomotor and postural behaviors and distributes mass across a range of different supports.

Therefore, as an individual ages, prehensile- tail use should increase in frequency with 

ontogeny in both species as individuals increase in body mass. If prehensile-tail use is a 

neotenic leftover, suggested by the fact that several primates exhibit tail prehensility as 

infancy but not as adults, then tail use should decrease during ontogeny.

Question 5: What is the forest structure and distribution of tree gaps at Estación Biológica 

La Suerte in Costa Rica?  Do juvenile and adult Alouatta and Cebus preferentially cross gaps 

at different locations due to gap size? Given their smaller body mass and limb lengths, do 

juvenile and Alouatta and Cebus use different locomotor patterns than do adults to cross gaps 

in the arboreal canopy?

Organization of the Dissertation



22

The primary goal of this dissertation is to provide information on ontogenetic patterns 

of positional behavior in Cebus capucinus and Alouatta palliata. In chapter two, I present

study species classification and natural history information, and the appropriateness of these 

two species for addressing how ontogeny may influence positional behavior. Chapter three 

reviews how positional behavior studies have addressed issues of body mass, mass 

distribution on arboreal supports including prehensile-tail use, and ontogeny in terms of 

expressed behavior of free-ranging primates. I describe the life stages of infancy and 

juvenescence in non-human primates.  Because positional behavior integrates with all other 

aspects of life, behavior during these life stages and information about the context in which a 

lengthy juvenile period may have evolved allows a clearer picture of positional behavior 

development. In what contexts are positional behaviors employed early in life? Does the 

development of locomotor competence reflect foraging or traveling efficiency? How is 

efficiency measured? In chapter four, I describe the methods used for behavioral data 

collection, forest sampling, and statistical techniques.  Standardized techniques for collecting 

positional behaviors are currently uncommon in positional behavior studies and I review the 

nature of positional definitions and the ways in which positional behaviors are pooled, 

generalized into broad versus more fine-grained categories, and presented.  I also present 

information about samples and behavioral context from my dataset to provide a general 

picture of overall behavior in Cebus capucinus and Alouatta palliata.  Chapter five provides 

results on ontogenetic patterns of positional behavior in Cebus capucinus.  I describe age-

based differences to assess the impact of body mass on above-branch and below-branch 

postural and locomotor modes.  The primary goal of this chapter is to provide a picture of 
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how changes in growth and development influence the positional repertoire during infancy, 

juvenescence, and adulthood.  In chapter six, I present data on ontogenetic patterns of 

positional behavior in Alouatta palliata to address the nature of similarities and differences 

across different age classes.  I address whether Alouatta palliata follow a similar or different 

pattern of positional change during ontogeny when compared with Cebus capucinus and if 

differences can be linked to diet, developmental schedule, and energy expenditure.  In 

chapter seven, I provide a description of the forest in which my study groups live at Estación 

Biológica La Suerte and compare methods of crossing tree gaps in different ages of Cebus

capucinus and Alouatta palliata.  This final results chapter serves as a case study in which to 

combine arboreal habitat environmental information with specific expressed positional 

behaviors in sympatric primate species.  I address whether smaller and younger 

independently locomoting individuals adjust behavior to cross smaller gaps or utilize 

different behaviors to cross the gaps.  Chapter eight presents conclusions.  I compare the 

ontogenetic pattern of positional behavior in Cebus capucinus and Alouatta palliata to 

answer the questions defined at the outset of the study.
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CHAPTER 2: CLASSIFICATION AND NATURAL HISTORY OF CEBUS 
CAPUCINUS AND ALOUATTA PALLIATA
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Introduction

The goals of this chapter are threefold.  First, I provide a general overview of the 

classification and behavioral ecology of the species examined in this research.  Second, I 

address the factors that might influence positional behavior of primates exhibiting varying 

body mass and morphology (both within and between species) and frameworks for 

understanding the primate positional adaptations using behavioral data.  Capuchins and 

howlers differ in social behavior, diet, foraging strategy, and positional behavior and are 

expected to vary in ontogenetic patterns of positional behavior. 

Study Species

Classification

Cebus and Alouatta are New World primate species inhabiting a range of forest types 

from Mexico to Colombia.  While Cebus and Alouatta species live sympatrically in many 

forests, they vary greatly in diet, foraging strategy, growth patterns, and social structure.  For 

example, capuchins are extractive and manipulative foragers of insects, fruits, vertebrates, 

flowers, and other plant parts.  They spend their day moving and foraging and engaging in 

higher proportions of social behavior than that observed in other New World primates 

(Sussman and Garber, 2004).  Howlers spend their days foraging for leaves and fruits and 

invest a high proportion of their day resting.  They are considered to be a less socially overt 

primate when compared with other New World primates and this activity pattern may be 
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related to a diet that is costly to digest.  Capuchins and howlers are currently classified in two 

different families, Cebidae and Atelidae.  New World primate classification is constantly 

changing and has presented much confusion. Until very recently, the taxa were considered to 

be more closely related.  

The New World primates are a diverse group, consisting of 18 (Mico and Callibella

have been added to the traditional 16 genera classification) extant genera.  Table 2.1 lists 

New World primate (= Platyrrhini or platyrrhine) taxonomic names and common names to 

the genus level. Sarich and Cronin (1976) presented the first phylogeny of platyrrhines based 

on molecular data.  Immunological data (albumin and transferrin) were used to create 

distance matrices and determine phylogenetic proximity among 14 platyrrhine genera 

(Brachyteles, Chiropotes, Mico, and Callibella were not included in the analysis).  The 

analysis revealed seven major groups including, Callicebus, the atelines (Ateles, Lagothrix, 

and Alouatta), Cebus, pithecines (Pithecia and Cacajao), Saimiri, callitrichines 

(Leontopithecus, Callimico, Callithrix, Cebuella, and Saguinus) and Aotus.   Morphological 

data placed the 16 New World primate genera (excluding Callibella and Mico) into two 

families: Cebidae and Atelidae.  This two family classification has been maintained in many

publications and textbooks until recently (for example, Simpson, 1945; Le Gros Clark, 1959; 

Hill, 1960; Napier and Napier, 1967; Hershkovitz, 1977; Jolly, 1985; Richard, 1985; Rowe, 

1996; Dolhinow and Fuentes, 1999)

Considerations of platyrrhine phylogeny primarily focused on morphological data 

until the early 1990s (Hershkovitz, 1977; Rosenberger, 1981). Schneider et al. (1993) 

presented the first molecular phylogeny of the platyrrhines that considered all genera.  A 
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dataset of aligned ε- globin nucleotide sequences indicated that the Platyrrhini should be 

divided into two families: Atelidae and Cebidae.  The addition of ε- globin data to the data 

set and comparison with another nuclear gene dataset (interstitial retinol-binding protein,

IRBP) suggested the addition of the Pitheciidae at the family level (Harada et al., 1995).  

Further testing with additional IRBP and ε- globin data supported the three-family division 

(Schneider et al., 1996).  Clade one, the Atelidae, consisted of four genera: Ateles, Alouatta, 

Lagothrix, and Brachyteles. Clade two included the Pitheciidae: Chiropotes, Cacajao, 

Pithecia, and Callicebus.  The third clade was the Cebidae, consisting of the callitrichines

(Leontopithecus, Saguinus, Callimico, Cebuella, and Callithrix), Aotinae ( Aotus), and 

cebines (Cebus and Saimiri). Schneider and Rosenberger (1996) combined morphological 

and molecular data to present two acceptable platyrrhine classifications.  Results from 

Schneider’s lab continued to support a three-family division while Rosenberger concluded 

that two families were justified with morphological and molecular data combined.  The IRBP 

data showed that the pithecines were more closely aligned with the cebines.  IRBP and ε-

globin combined placed the pithecines with atelines.  

The most recent comprehensive consideration of platyrrhine classification appeared 

in Groves' (2001) treatment of primate taxonomy.  Groves used all morphological data that 

have appeared in the literature and applied a PAUP (Phylogenetic Analysis Using 

Parsimony) to compare with molecular data.  The classification that follows included four 

families: Cebidae, Aotidae, Pitheciidae, and Atelidae.  Recently, it has been suggested that 

New World primate systematics consider two additional genera (Groves, 2001;van 
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Roosmalen and van Roosmalen, 2003).  Both genera are in the subfamily Callitrichinae and 

are related to the marmosets.  Mico includes 14 species of Amazonian marmosets that  are 

distinguished from the Atlantic forest marmosets or the genus Callithrix (Rylands et al., 

2000). Callibella (van Roosmalen and van Roosmalen, 2003), meaning ‘beautiful beautiful’

includes the dwarf marmosets which are distinguishable from Cebuella (pygmy marmosets), 

Mico (Amazonian marmosets), and Callithrix (Atalantic marmosets).  These marmosets were 

discovered in 1996 and were previously included within the genus Callithrix.  Callibella is 

distinguished by behavioral (single births, lack of territoriality, lack of female reproductive 

inhibition, parking behavior, and distinct vocal repertoire), morphological (smaller body size 

than Callithrix, genital form, pelage differences), and molecular data (Callibella forms a 

clade with Cebuella and Mico and comparatively greater divergence estimates) (van 

Roosmalen and van Roosmalen, 2003).  

Currently, there are up to eight species (Table 2.2) classified within the genus Cebus, 

including Cebus albifrons (white-fronted), Cebus apella (tufted), Cebus capucinus (white-

faced), Cebus kaapori (Ka’apor), Cebus libidinosus (bearded), Cebus nigritis (black), Cebus

olivaceous (wedged-capped or weeper),and Cebus xanthosternos (yellow-breasted) (Groves,

2001; Fragaszy et al., 2004).  However, Cebus is traditionally defined into four species 

including C. capucinus, C. apella, C. olivaceous, and C. albifrons with C. libidinosus, C. 

nigritis, and C. xanthosternos subsumed under C. apella.  The most recently defined C. 

kaapori is included within C. olivaceous by some authors (Harada and Ferrari, 1996; Rylands 

et al., 2000).  The geographic range of C. capucinus is southeastern Honduras to western 

Colombia.  In this work, the subspecies Cebus capucinus imitator was studied in Costa Rica. 
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Groves (2001) identifies ten species within the genus Alouatta including: Alouatta 

belzebel (red- handed howler), Alouatta caraya (brown howler), Alouatta coibensis (Coiba 

Island howler), Alouatta guariba (red and black howler—previously A. fusca), Alouatta 

macconnelli (Guyanan red howler), Alouatta nigerrima (Amazon black howler), Alouatta 

palliata (mantled howler), Alouatta pigra Guatemalan black howler), Alouatta sara (Bolivian 

red howler), Alouatta seniculus (Venezuelan red howler) (Table 2.3). Traditionally, howlers 

have been defined into six to eight species (Crockett and Eisenberg, 1987; Kinzey, 1997). 

Groves (2001) finds the genetic, chromosomal, and/or morphological data compelling 

enough to separate A. macconnelli from A. seniculus or A. belzebul. A. nigerrima is more 

recently described as morphologically distinct from A. belzebul (Groves, 2001). A. guariba

was considered to be a subspecies of A. seniculus but is distinctive in hyoid morphology and 

chromosome number (Groves, 2001).  The genus Alouatta has the widest geographic range 

of all New World primates, extending from Southern Mexico to Argentina.  Alouatta palliata

is found from the north in Mexico through Honduras, Guatemala, Nicaragua, Costa Rica, 

Panama, Ecuador, and Colombia.  This research examines the subspecies, Alouatta palliata 

palliata, found in Costa Rica, Nicaragua, Honduras, and Panama.
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Common name
Suborder: Anthropoidea, Mivart 1864/ Haplorhini, Pocock 1918 (if 
Tarsius is included)
Infraorder: Platyrrhini, Geoffroy 1812
  Superfamily: Ceboidea/Ateloidea, Gray 1825

Platyrrhines/ New World 
monkeys

Family: Atelidae, Gray 1825
Subfamily: Atelinae, Gray 1825

Genus: Alouatta, Lacepede 1799
Ateles, Geoffroy 1806
Brachyteles, Spix 1831
Lagothrix, Geoffroy 1806

Atelines
Howler monkey
Spider monkey
Muriqui
Woolly monkey

             Family: Pitheciidae, Mivart 1865
Subfamily: Pitheciinae, Gray 1849

Genus: Pithecia, Desmarest 1820
Chiropotes, Lesson 1840
Cacajao, Lesson 1840
Callicebus, Thomas 1903

Pithecines
Saki monkey
Bearded saki
Uakari
Titi monkey

Family: Cebidae, Bonaparte 1831
Subfamily: Cebinae, Bonaparte 1831

             Genus: Cebus, Erxleben 1777
Saimiri, Voight 1831

                             Subfamily: Aotinae, Illiger 1811
Genus: Aotus, Illiger 1811

Subfamily: Callitrichinae, Thomas 1903
Genus: Callithrix, Erxleben 1777

Cebuella, Gray 1886
Mico, Gray 1868
Callibella, van Roosmalen, van 
Roosmalen, Mittermeier, and da 

                                                                          Fonseca,1998
Leontopithecus, Lesson 1840
Saguinus, Hoffmannsegg 1807
Callimico, Miranda-Ribiero 1912

Cebines
Capuchin monkey
Squirrel monkey

Night monkey
Callitrichines
Atlantic marmoset
Pygmy marmoset
Amazonian marmoset
Dwarf marmoset

Lion tamarin
Tamarin
Goeldi’s monkey

Table 2.1: Classification of New World primates to the genus level (compiled from Rylands 
et al., 1995; Groves, 2001; Rylands et al., 2000). 
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Common name
Infraorder: Platyrrhini

Superfamily: Ceboidea/ Ateloidea
Family: Cebidae

                            Subfamly: Cebinae

Platyrrhines/ New World monkeys

Cebines

Cebus capucinus (Linnaeus 1758)
Cebus capucinus capucinus (Linnaeus 1758)
Cebus capucinus imitator (Thomas 1903)
Cebus capucinus curtus (Bangs 1905)
Cebus capucinus limitaneous (Hollister 1914)

Cebus albifrons (Humboldt 1812)
Cebus olivaceous (Schomburgk 1848)
Cebus kaapori (Queiroz, 1992)
Cebus apella (Linnaeus 1758)
Cebus libidinosus (Spix 1823)
Cebus nigritus (Goldfuss 1809)
Cebus xanthosternos (Wied-Neuwied 1826)

White-faced/ white headed capuchin

White-fronted capuchin
Wedged-capped/weeper capuchin
Ka’apor
Tufted capuchin
Bearded capuchin
Black capuchin
Yellow-breasted capuchin

Table 2.2: Currently recognized species of Cebus with subspecies of Cebus capucinus (Rylands et al., 2000; Groves, 2001).
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Common name
Infraorder: Platyrrhini

Infraorder: Platyrrhini
Superfamily: Ceboidea

Family: Atelidae
                         Subfamily: Alouattinae

Platyrrhines/ New World monkeys

Atelines

Alouatta pigra (Lawrence, 1933)
Alouatta palliata (Gray, 1849)

Alouatta palliata mexicana (Merriam, 1902)
Alouatta palliata palliata  (Gray, 1849)
Alouatta palliata aequatorialis (Festa, 1903)

Alouatta coibensis (Thomas, 1902)
Alouatta seniculus (Linnaeus, 1766)
Alouatta macconnelli (Elliot, 1910)
Alouatta sara (Elliot, 1910)
Alouatta belzebul (Linnaeus, 1766)
Alouatta nigerrima (Lönnberg, 1941)
Alouatta guariba (Humboldt, 1812)
Alouatta caraya (Humboldt, 1812)

Guatemalan black howler
Mantled howler

Coiba Island howler
Venezuelan red howler
Guyanan red howler
Bolivian red howler
Red-handed howler
Amazon black howler
Red and black howler
Brown howler/ black and blonde howler

Table 2.3: Currently recognized species of Alouatta with subspecies of Alouatta palliata (Rylands et al., 2000, 2006, Groves,
2001).
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Cebus capucinus

The genus Cebus is characterized by extractive foraging, dexterous hands, large 

brains, ‘slow’ life histories, and omnivorous diets when compared with other New World 

primates.  White-faced capuchins are found in a variety of habitats including tropical 

rainforest, dry tropical forests, dry deciduous forests, mangrove forests, and gallery forest 

and exhibit a flexible and opportunistic foraging strategy that allows them to survive in a 

range of environments. The natural history of C. capucinus is defined from two long-term

field sites.  In  Santa Rosa National Park in Costa Rica, white-faced capuchins have been the 

subject of behavioral studies focused in several areas including diet and foraging strategy 

(Chapman, 1987; Chapman and Fedigan, 1990; Fedigan, 1990; Rose, 1994, 1997, 1998; 

Panger, 1998; Vogel, 2004), life history (Fedigan and Rose, 1995; Jack, 2001) locomotion 

(Bergeson, 1996), social interactions (Fedigan, 1993; Vogel, 2004), vigilance (Rose and 

Fedigan, 1995), and dispersal (Jack and Fedigan, 2004).  At Lomas Barbudal, a tropical 

rainforest in Costa Rica, researchers have described social interactions (Perry, 1996, 1998; 

Manson, 1999), diet (Perry and Rose, 1994), and vocal communication (Gros Louis, 2002). 

Shorter term studies have taken place at Palo Verde National Park, Costa Rica (Panger, 

1997), La Selva National Park, Costa Rica (Bergeson, 1996), La Suerte, Costa Rica (Garber 

and Paciulli, 1997; Garber and Rehg, 1999; Garber and Brown, 2002; Garber and Brown, 

2006) and  Barro Colorado Island (BCI) , Panama (Oppenheimer, 1968; Fontaine, 1985; 

Phillips, 1995).
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Traditionally, Cebus has been described as an arboreal quadruped (Napier and 

Napier, 1967; Hershkovitz, 1977).  However, more detailed examinations of Cebus positional 

behavior are beginning to provide a more complex picture of the positional repertoire. Thus 

far, positional behavior in white-faced capuchins has been considered in five studies 

(Oppenheimer, 1968; Fontaine, 1985; Gebo, 1992; Bergeson, 1996; Garber and Rehg, 1999).  

Fontaine (1985) reported on locomotion, posture, and tail use in five species on BCI, Panama

and captive groups housed at Monkey Jungle in Florida.  Fontaine’s examination in Panama 

focused on Alouatta, Cebus, and Ateles and described Cebus as distinguishable from Alouatta

and Ateles as a nonsuspensory New World primate that emphasized quadrupedal climbing 

and leaping (1985).   Bergeson (1996, 1998) specifically addressed gap crossing and all 

categories of suspensory behavior.  While white-faced capuchins engaged in a smaller 

proportion of hindlimb and tail-assisted suspensory postures (2.7% of total feeding and 

foraging samples) than Alouatta (12.7%) or Ateles (33.3%), it is concluded “in all three 

species, suspension was common regardless of resource and was not used more often when 

feeding and foraging on fruit” (Bergeson, 1998: 58). Garber and Rehg (1999) reported higher 

proportions of suspensory behavior. While feeding and foraging, suspensory positional 

modes totaled 12.6% of feeding/foraging activity records.  During travel, quadrupedalism 

was described as the most common positional mode followed by leaping and climbing 

(Fontaine, 1985; Bergeson, 1996; Garber and Rehg, 1999). White-faced capuchins used a 

variety of methods to cross intercrown gaps including leap (55.7%), quadrupedal (16.5%), 

vine (11.1%), and pronograde bridge (10.5%) (Bergeson, 1998).   Cebus differs from 
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Alouatta with more frequent use of leaping locomotor modes and utilization of the prehensile 

tail during extractive foraging (Gebo, 1992; Garber and Rehg, 1999). 

Cebus capucinus is the heaviest and most sexually dimorphic of the Cebus species. 

Captive males weigh an average of 3.3-3.9 kg and captive females weigh an average of 2.5

kg (Ford and Davis, 1992). Females weigh approximately 64-75.7% of the male’s total body 

mass.  The genus Cebus is characterized by large brains relative to body size and have among 

the highest EQ’s (encephalization quotient) of nonhuman primate species. A study of 

mammalian EQ’s revealed that Cebus (C. apella, C. albifrons, and C. capucinus) values 

ranged from 2.54-4.79 with C. capucinus averaging 2.54 (Jerison, 1973). The upper number 

of 4.79 would place Cebus above the range of all living nonhuman primates. However, this 

dataset is criticized as sampling was based on just a few large individuals and juveniles 

(Fragaszy et al., 2004).  Later studies have focused on the relative volume of the cerebral 

cortex, the thalamus, and the cerebellum and found that capuchin values rank as high as the 

great apes (Stephan et al., 1988; Fragaszy et al., 2004). Many field and captive studies 

describe intelligent behavior such as tool use, social transmission, and the maintenance of 

behavioral traditions in the genus Cebus (Fragaszy et al., 2004).  However, tool use in the 

wild is relatively rare, and it appears that while capuchins are able to learn an association, 

they do not have knowledge of cause/effect relationships in object manipulation (Visalberghi 

and Limongelli, 1994; Panger, 1998; Garber and Brown, 2004)

Compared with other primates of similar size, the genus Cebus is described as having 

a relatively ‘slow’ life history schedule.  Data from captive studies report that C. capucinus, 

gestation is 157-167 days and age at first birth is approximately seven years (Freese and 

Oppenheimer, 1981; Fragaszy et al., 2004). The maximum lifespan is reported as 54.75 years 
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in a captive individual but C. capucinus individuals in the wild are estimated to live to 

approximately 30 years (Fedigan cited in MacKinnnon, 2006).  Recent field data suggest that 

males reach reproductive maturity (but not full body mass) at about ten years while females 

are reported to reach reproductive maturity at approximately seven years of age (Jack and 

Fedigan, 2004; Fragaszy et al., 2004). 

Capuchins have independently mobile digits on their hands with semi-opposable 

thumbs that allow manipulative foraging.  Their diet (Table 2.4) consists of fruit, insects, 

flowers, and vertebrates (including squirrels, coati pups, birds, lizard, frogs, and bats) and 

they spend the majority of the day moving and actively foraging (Table 2.5). White-faced 

capuchins are reported to have a home range that averages 1 km2 (Oppenheimer, 1968; 

Chapman, 1987; Rose, 1998) and varies according to group size and site characteristics. C. 

capucinus are described as living in multimale/ multifemale groups with a mean group size 

of 15-20 individuals (reports from Santa Rosa, CR, and BCI, Panama) (Fedigan and Jack, 

2004; Oppenheimer, 1981).  Groups are reported to contain 2.0-4.9 adult males, 4.8-5.95 

females, 4.8-5.4 juveniles, and 2.0-2.4 infants (Freese, 1976; Oppenheimer, 1982; Fedigan 

and Jack, 2001). Dispersal is male-biased, juvenile males leave the natal group as young as 

two years of age and average dispersal age is four to six years (Jack and Fedigan, 2004).  It 

appears that young males are forced out of the natal group by adult males and young 

individuals may disperse with older siblings of members of similar age.  Examinations of 

dominance in C. capucinus suggest that females exhibit a linear domin ance hierarchy and 

that males are dominant to females (Perry, 1997, 1998). 
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Fruit Plant 
parts

Seeds Flowers Invertebrates Vertebrates Other

Barro Colorado 
Island, Panama 
(Freese and 
Oppenheimer, 1981)

65% 15% 20%

Santa Rosa, CR 
(Rose, 2000)

40.1% 0.9% 19.7% 2.5% 35.1% 0.9%

Santa Rosa, CR and 
La Selva, CR 
(Bergeson, 1996)

43.4% 49.2% 6.5%

Santa Rosa, CR 
(MacKinnon, 2006)

62.1% 1.1% 10.6% 21.3% 2%

Table 2.4: Diet of adult Cebus capucinus from other sites.
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Feed Forage Travel Rest Social 
Behavior

Active 
Posture

Other

Santa Rosa, CR and La 
Selva, CR (Bergeson,
1996)

19.1% 19.9% 24.7% 12.7% 7.5% 14.3% 1.8%

Santa Rosa, CR (Rose, 
2000)

37.9% 13.7% 19.5% 16.2% 8.6% 1.4% 2.6%

Table 2.5: Activity budget for Cebus capucinus from previous studies.
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Alouatta palliata

The genus Alouatta is described as a ‘behavioral folivore’ (Milton, 1978) and thus is 

characterized by a suite of features that reflect this feeding strategy.  These features include 

selective feeding, goal-directed travel, and long periods of rest.  The natural history of 

Alouatta palliata is known from several long-term field studies and field sites in Costa Rica, 

Mexico, Panama, and Nicaragua.  In fact, the first long-term field study of a nonhuman 

primate took place in the 1930’s in an attempt to understand the social behavior of mantled 

howlers on BCI, Panama (Carpenter, 1934).  Since this pioneering research, examinations of 

diet and resource use (Milton, 1980; Glander, 1978, 1980), social behavior (e.g. Glander,

1980; Chapman, 1989), positional behavior (Richard, 1970; Mendel, 1976; Gebo, 1992; 

Bergeson, 1996), spatial memory (Garber and Jelinek, 2006), and grouping patterns (Gaulin 

et al., 1980; Chapman and Balcomb, 1998; Fedigan et al., 1998)  have provided a relatively 

comprehensive picture of the howler behavioral repertoire and behavioral variation.

Positional behavior in the genus Alouatta has been well studied (Richard, 1970; 

Mendel, 1976; Schön Ybarra, 1984; Cant, 1986; Schön Ybarra and Schön, 1987; Bicca 

Marques and Calegaro Marques, 1993, 1995; Youlatos , 1993, 1998).  Richard (1970) 

published the first quantitative study of howler locomotion in 1970.    In this work, mantled 

howlers were observed to run (36.3%), walk (26.8%), swing and grasp (34.2%) and leap

(2.7%) during locomotion, although locomotion consisted of only 9.17% of all behavior.  

Since this work, positional behavior of A. palliata has been considered by a few researchers 

using a variety of sampling techniques (Mendel, 1976; Fontaine, 1985; Gebo, 1992; 

Bergeson, 1996).  Examples of factors reported to affect positional behavior in the genus 

Alouatta include: 1) size, shape, and location of branch supports (Mendel, 1976; Bergeson,
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1996, 1998); 2) seasonal differences in resource availability (Youlatos, 1998), and; 3) body 

size and mass distribution (Fleagle and Mittermeier, 1980; Cant, 1986). The positional 

repertoire of the genus Alouatta is described as cautious, slow arboreal quadrupedal 

locomotion with above-branch and below-branch feeding postures (Richard, 1970; Fleagle 

and Mittermeier, 1980; Gebo, 1992; Bergeson, 1996).  In mantled howlers (A. palliata) the 

prehensile tail is reported to play a primary role in suspensory feeding postures and for added 

support and balance during rest (Bergeson, 1996).

A. palliata is sexually dimorphic, although exhibiting a smaller degree of dimorphism 

than other members within the genus, with variation in body mass from different sites in 

Costa Rica.  Average body mass for males ranges from 4.3 kg to as heavy as 9 kg and female 

averages have been reported as 3.1 kg to 8.0 kg (Glander, 2006).  Compared with Cebus, 

howlers have small brains and are well known for their loud vocalizations and the associated 

anatomy of a large hyoid bone.  Male hyoid bones are up to twice the size of that exhibited

by females and males are the louder members of the group (Hill, 1960).  Precise function of 

the calls is unknown, although researchers have suggested that territoriality and group spatial 

relations are tightly linked to the frequency and timing of calls (Whitehead, 1989; Garcia-

Chairello, 1995).  

Compared with capuchins, mantled howlers with heavier body mass, are described as 

having relatively ‘fast’ life history schedules.  In A. palliata, age at first birth is 

approximately 48 months and the maximum lifespan is reported as 20 years (Ross, 1991; 

Kappeler and Pereira, 2003).  Conversely, gestation is 186 days and weaning age has been 

reported to vary between 325 and 630 days, values higher than that reported for capuchins

(Ross, 1991; Kappeler and Pereira, 2003). It appears that infants of first-time mothers 
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experience higher mortality with an average of 33% infant survival in new mothers (three

groups, N=21) (Clarke et al., 1998). However, the precise factors contributing to survival and 

social interactions among different age and sex classes remains largely unknown in mantled 

howlers although inexperience, infanticide, kidnappings, and falls have been hypothesized 

(Zucker and Clarke, 1992; Clarke et al., 1994)

Fedigan et al. (1998) report an average group size for mantled howlers in Costa Rica

of 14.8, with a range of 3-44 individuals per group. Groups contained from 1-12 resident 

adult males (mean=3.2) and 1-21 resident adult females (mean=6.2). Both male and female 

howlers disperse from their natal group as juveniles (Glander, 1992) and preadult male 

howlers spend several months to several years as solitary individuals before entering a new 

group. Therefore, howler groups are primarily composed of unrelated individuals. 

Traditionally, researchers have described mantled howlers as living in highly cohesive social 

groups (Glander, 1980; Estrada, 1982; Milton, 1980). For example Milton (2000:380) reports 

that “for most of the year a typical howler troop on BCI can be thought of as a tight-knit 

social unit whose constituent parts move through the forest together, feed and rest together, 

howl together, and do everything together…”. However, in contrast to the traditional 

description of howler group structure, Gaulin et al. (1980) and Leighton and Leighton (1982),

have observed mantled howlers on BCI foraging in small and scattered subgroups. Similarly, 

data collected by Chapman (1989) in a dry forest in Costa Rica indicate that troop 

fragmentation was common (84% of all observations). A similar pattern of subgrouping has 

been described for mantled howlers inhabiting a tropical forest in Nicaragua (Bezanson et al., 

2002).  Howlers showed evidence of frequent subgrouping, with subgroups most commonly 

composed of 3 to 6 animals.  Dominance has been addressed by several researchers.  Unlike 
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Cebus, howlers are not socially overt and aggressive interactions are extremely rare.  In more 

than 1000 hours of observing howlers in Nicaragua and Costa Rica, I have observed very few 

aggressive interactions among males.  In addition, it can be difficult to measure how some 

interactions may constitute dominant or submissive behavior (problematic and nonstandard 

definitions) in a primate that is not socially overt.  Mantled howlers have been described as 

having both relaxed dominance hierarchies and age-graded linear hierarchies (Jones, 1980; 

Glander, 1980; Wang and Milton, 2004).  

Howler diets consist primarily of leaves, other plant parts (petiole, stem), fruit, and 

flowers (Table 2.6).  In 1978 and 1980, Milton described howlers as ‘behavioral folivores’.  

She differentiated howlers from leaf-eating African monkeys as exhibiting a suite of 

behavioral adaptations for dealing with a leafy diet rather than the anatomical and 

physiological features observed in colobine monkeys.  While howlers possess tooth 

morphology (high shearing crests) that would be expected given a leafy diet and a larger 

hindgut (caecum and colon) than that of closely-related, fruit-eating primates, they exhibit a 

set of behavioral traits related to a leafy diet.  Howlers are selective foragers and are reported 

to use less than 20% of available trees in their home range (Glander, 1975).  They appear to 

select young leaves of different tree species to balance the intake of energy and nutrients, and 

possibly to minimize the amount of energy it would take to detoxify a large number of 

different plant items (Glander, 1978; Milton, 1978, 1980). Additional methods for 

minimizing energy expenditure include large proportions of the activity budget devoted to 

day resting (Table 2.7) and minimizing travel or engaging in goal-directed travel between 

feeding trees (Milton, 1980; Garber and Jelinek, 2006).  Howler home ranges have been 

reported from 10-60 hectares (0.1-0.6 km2) (Crockett and Eisenberg, 1987) and howlers 
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appear to be able to withstand human impacted forests to a larger degree than similarly-sized 

New World primates (Estrada et al., 2006).
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Fruit Flowers Leaves Other
Barro Colorado 
Island, Panama 
(Milton, 1980)

42.1% 9.6% 48.2%

Los Tuxtlas, Mexico 
(Estrada et al., 1999)

40.6% 0.7% 54.3% 4.3

Santa Rosa, CR and 
La Selva, CR 
(Bergeson, 1996)

25.7% 22.2% 46.9% 5.2%

Table 2.6: Diet of Alouatta palliata from other sites.
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Feed* Forage Travel Rest Social 
Behavior

Active 
Posture

Other

Santa Rosa, CR and La 
Selva, CR (Bergeson,
1996)

18.5% 5.4% 13.7% 50% 1.8% 11.1% 1.5%

BCI, Panama (Milton, 
1980)

16.2% 10.2% 65.5% NA NA NA

BCI, Panama (Richard, 
1970)

10% 9.2% 79.5% 0.4% NA 0.3%

BCI, Panama (Mendel, 
1976)--Females

11% 22% 66% <1% NA NA

Ometepe, Nicaragua 
(Bezanson et al., 
submitted)

16.2% 5.3% 78.4% <1% NA NA

Table 2.7: Activity budget of Alouatta palliata from other sites (NA= data not available).

* Definitions of categories vary according to research questions and observational context.  In some studies Forage and 
Feed are lumped into the same category.
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Cebus and Alouatta Life History

Previous knowledge of howler and capuchin natural history provides the basis for 

defining the questions presented in this research. Cebus and Alouatta, like other primates, 

share a pattern of growth where limb proportions and body mass increase with age to reduce 

postnatal hand and foot dominance (Lumer and Schultz, 1947; Schultz, 1956; Stahl et al., 

1968; Jungers and Fleagle, 1980).   Comparisons among primates that exhibit varying diets 

suggest that folivores (such as Alouatta) grow at a faster rate than nonfolivorous primates of 

similar size (Leigh, 1994). However, howlers and capuchins exhibit variation in life history 

timing that may influence positional behavior and foraging strategy (Table 2.8). Cebus

capucinus shows rapid mass gain during the first 60 days with relative slowing after. 

Neonatal mass averages 0.23 kg and body mass at 12 months of age is 1 kg or 26.3%-38.5% 

of the adult body mass (Table 2.9).  Detailed growth and life history information are 

unavailable for Alouatta palliata at age one, however, by 6-30 months, mantled howlers are 

1.5-3.5 kg or 28.3%-66% of the average adult female body mass (Glander, 1980).  Therefore, 

it appears that Alouatta palliata exhibits slightly accelerated growth in body mass when 

compared with Cebus capucinus. Finally, howlers and capuchins possess prehensile tails.  

The prehensile tail has evolved independently in Cebus and in the subfamily Atelinae, and 

the degree to which this adaptation is used differently or similarly among the prehensile-

tailed primates in below-branch foraging and travel remains poorly understood.
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Body
Mass (kg.)

Gestation length 
(days)

Weaning
(days)

Reproductive 
maturity (mos.)

Age at first 
reproduction
(mos.)

Life span
(yrs)

Cebus
capucinus

Females: 2.6 
Males: 3.8

157-167 (free ranging) 510 Females: 84
Males: 120

84 54.75
30 (free ranging)

Alouatta 
palliata

Females: 5.3 
Males: 7.2

186 325-630 
days

40 48 20

Table 2.8: Life history features collected from captive and free-ranging (where noted) studies of Cebus and Alouatta (Freese and 
Oppenheimer, 1981; Ross, 1991, Kappeler and Pereira, 2003; Fragaszy et al., 2004).
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Adult Body
Mass (kg.)

Neonatal 
Mass (kg.)

Neonatal/ 
Adult 
Body 
mass (%)

Neonatal 
Brain Mass 
(g)

Adult Brain 
Mass (g)

Neonatal/ 
Adult Brain 
Mass (%)

Cebus
capucinus

Females: 
2.6 
Males: 3.8

0.23 9 29 79.2 36.6

Alouatta 
palliata

Females: 
5.3 Males: 
7.2

0.32 6 NA 51.5 NA

Table 2.9: Body mass and brain mass for Cebus capucinus and Alouatta palliata (Freese and Oppenheimer, 1981; Ross, 1991;
Fragaszy et al., 2004). NA-data not available
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Summary

In this chapter I have provided an overview of the natural history of Cebus capucinus

and Alouatta palliata.  Compared with other New World primates foraging strategy, 

positional behavior, social behavior, activity levels, and life history patterns are relatively 

well known for these genera. However, we lack specific information on how ontogeny 

influences behavior.  Detailed information about ontogenetic patterns of positional behavior 

provides a clearer picture of what it means to be a white-faced capuchin or mantled howler 

infant, juvenile, and adult. Do varying patterns of growth and development influence these 

species in different ways?  At what point do small individuals resemble adults in locomotor 

and postural behavior?  Are patterns of positional behavior influenced by substrate size, gap 

size, crown location during travel and foraging?  
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CHAPTER 3: ONTOGENY AND POSITIONAL BEHAVIOR
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Introduction

Many examinations of positional behavior focus on the interaction of 

particular aspects of positional behavior and anatomical features (Morbeck, 1977, 1979; 

Schön Ybarra and Schön, 1987) and positional behavior and environmental features (Fleagle 

and Mittermeier, 1980; Bergeson, 1996; McGraw, 1998; Garber, 1998; Walker, 1998).   

While field examinations are complicated by field conditions, they best represent what 

primates actually do.  Primatologists, as biological anthropologists, are interested in these 

ecological interactions in our desire to understand the evolutionary process.  In this chapter, I 

describe the current state of knowledge of life history variation in the infancy and juvenile 

periods in nonhuman primates and how varying datasets (e.g. diet, positional behavior, social 

behavior) can be used to test these hypotheses.  As an individual matures from birth to 

adulthood, many factors may influence the positional repertoire.  The biological and 

behavioral changes that accompany a growing individual are expected to influence foraging 

strategy, social status and interaction, diet, predator avoidance strategies, and ultimately 

positional behavior as a behavioral link between anatomy and the environment.  

Infancy

Infancy is the period between birth and weaning and in most mammals, is 

characterized by dependence on a parent.  In most primates, this dependence is focused 

solely on the mother. From birth, the infant rides on its mother (dorsal or ventral) as it sleeps, 

learns, travels, and engages in social interactions with other members of the group.  Early 
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movement by the infant takes place on the mother and involves moving toward suckling or 

short excursions on or near the mother.  The infancy life stage is characterized by interrelated 

life threatening risks, including falling, predation, low nutrition, low immunity (higher rates 

of infection), and aggression from other group members (e.g., Altmann, 1980; Goodall, 1986; 

Altmann, 1998).   

In many primates, while dependency on the mother for nutrition, protection, and 

comfort characterizes infancy, locomotor independence occurs relatively early (e.g. Altmann, 

1980; Turnquist and Wells, 1994; Raichlen, 2005; Young, 2005).  In baboons (Papio 

cynocephalus), infant baboons locomote independently on the ground at one month, 

efficiently move in trees by the third and fourth month, and by six months, move 

independently in all behavioral contexts, spending only a small proportion of time in direct 

contact with their mothers (Altmann, 1980). The degree to which locomotor independence 

correlates with foraging efficiency is unclear.  Morphologically, primate infants can be 

characterized as having well-developed hands and feet (muscle mass distribution) when 

compared with other mammals (Raichlen, 2005; Young, 2005).  While other limb muscles 

are increasing in mass, hand muscle decreases in proportion to the total body mass.  In fact, it 

is hypothesized that greater distal limb development or compensation for relatively 

underdeveloped extensor muscles may confer a locomotor competence early in primate (and 

mammalian) ontogeny (Young, 2005).  Then, as the infant develops anatomically and 

behaviorally (locomotion), compensation is no longer needed.  As the infant develops 

locomotor independence, growth is marked by a “drastic transition” in limb mass distribution 

as more proximal limb segments require mass for quadrupedal locomotion (Raichlen, 2004).  
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Behaviorally, infancy can be considered a period of learning via exploration, play, 

and observation of its mother’s environment.  Young infants leave their mother during rest 

and foraging to touch, taste, and explore their physical and social environment.  Play with 

non-mothers becomes more common (six months in baboons; three to five months in chimps) 

(Altmann, 1980; Goodall, 1986).  As the infant matures, it begins to forage and feed and 

depend less on its mother for sustenance via milk and suckling.  This time also is considered 

a time of conflict as the mother begins to prepare her infant for independence by not allowing 

it to suckle or depend on her for transportation. Nutrition is important because survival is 

influenced by foraging success during the beginning of the weaning process (Altmann, 

1998).   Social status may be changing and as the infant spends increasing proportions of 

time away from its mother, it loses direct protection from predators and conspecifics. 

Weaning is the transition between infancy and juvenescense and is a process that can occur 

over a long period (Lee, 1996).  From the perspective of individuals experiencing these 

transitions, it is important to consider these markers as processes rather than discrete events.  

Examination of the weaning process in particular nonhuman primate individuals is rare (but 

see J. Altmann, 1980; S. Altmann, 1998), and we lack data on particular species-specific 

behavioral changes as they occur.  Additionally, it is very difficult to observe details of 

suckling behavior in arboreal primates.  While we can understand weaning as the time when 

a young individual ceases to gain a particular proportion of milk from the mother, juveniles 

often continue to suckle and/or receive provisioned sustenance from mothers (Garber and 

Leigh, 1997; Altmann, 1998).  It is becoming increasingly clear that individual experience 

can vary greatly in life history timing and this may relate to resource availability and the 



54

nature of social relationships (Altmann, 1998; Pereira and Leigh, 2003).  The end of the 

weaning process marks the beginning of the juvenile period.

The Juvenile Period

The juvenile period, or the time between weaning and sexual maturity, is considered 

to be a stage of ‘phenotypic limbo’; individuals are too old to receive complete and direct 

care from their mother while too young to reproduce (Pagel and Harvey, 1993).  Relative to 

other mammals, primates have an extended lifespan and a long juvenile period (Harvey and 

Clutton Brock, 1985; Harvey et al., 1987; Ross, 1998).  Juvenile periods are characterized by 

play behavior, a continued association with the mother during social behavior, locomotor 

independence, and continued social learning. An intriguing question in life-history research 

is to consider why delayed reproduction (i.e., a longer juvenile period) should evolve, 

resulting in an antagonistic relationship between growth (or how it might relate to survival) 

and reproduction (Cole, 1954; Gould, 1977; West-Eberhard, 2003). A series of models for 

the evolution of a prolonged juvenile period in primates suggests that long juvenile periods 

may have evolved in relation to ecological risks, learning and neural capacity (Janson and 

van Schaik, 1993; Joffe, 1997; Deaner et al., 2003).  Other models illustrate the importance 

of body mass, brain mass, metabolic demands, and demographic constraints such as life 

expectancy and fecundity and how these may relate ecology (linked with ideas about r-and 

K- selection) (Cole, 1954; Calder, 1984; Charnov, 1991; Charnov and Berrigan, 1993; Pagel 

and Harvey, 1993). 
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In this section I review hypotheses for the evolution of a lengthened juvenile period.  

These hypotheses can either be adaptive in nature in that lengthy juvenile periods are 

considered evolutionary responses to complex social behaviors or acquisition of foraging 

skills or that the lengthy juvenile periods are consequential by- products (trade-offs) of 

lengthened lives and reproductive periods.  

Life History, Body Size, and Brains

“Selection can never directly favor a lengthening of the juvenile period.  The 

development of longer juvenile phases in a phyletic line must always be considered a 

price paid for some more important development.” Williams (1966: 88)

Life history analyses have focused on the interrelationships among life history traits 

to explain the evolution of particular ‘life history strategies’.  Empirical examinations across  

mammalian and bird taxa have suggested that a pattern of  life history trait covariance is 

linked to adult body size and associated metabolic demands (Western, 1979; Calder, 1984; 

Schmidt Nielsen, 1984).  In this framework, mammals can be placed on a ‘slow-fast’ 

continuum where larger species are expected to mature more slowly and a lengthy juvenile 

period is a consequence of overall lengthened timing.  Body mass constraints (and associated 

energetic relationships) influence biological and behavioral traits such as group size,

locomotion, feeding efficiency, predation risk, diet, habitat use, brain size, metabolic rate, 

care of offspring.   Timing relationships scale to one-fourth of the body mass and are 

measured as units of physiological time (Lindstedt and Calder, 1981).  This trend has been 

identified in allometric studies involving primates and age at maturity has been hypothesized 
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as conforming to ‘slow/fast’ modes of development (Harvey and Clutton Brock, 1985; 

Harvey et al., 1987; Ross, 1991).  

Promislow and Harvey (1990) suggested that life history traits covary along a 

‘slow/fast’ continuum when the effects of body mass, brain mass, and metabolic rate are held 

constant.  Comparisons among mammalian taxa illustrated that age-specific mortality may be 

a better predictor of life history variation.  Several theoretical contributions later suggested 

that ‘slow/fast’ continuum (and specifically r-and K-selection) were inadequate for 

describing variation and integration of complex relationships in many species (Stearns, 1992; 

Roff, 1992; Ross and Jones, 1999). Charnov and Berrigan (1993) proposed that that late age 

at maturation in primates may have evolved in response to having relatively low amounts of 

energy to invest in growth and reproduction and low levels of adult mortality.  In other 

words, selection operates to delay maturation to achieve greater lifetime reproductive success 

by reaching an optimal body size and low mortality rates.

Another view emphasizes the role of brain development in determining life history 

patterns and that brains serve as a “pacemaker” ultimately influencing somatic growth  (e.g. 

Sacher, 1959; Sacher and Staffeldt, 1974, Harvey et al., 1987).  Under this framework, late 

age at maturation is considered a non-adaptive consequence of the timing for growth and 

development of a large brain.  This model has been criticized given that other animals have 

long life histories but relatively small brains (Charnov and Berrigan, 1993; Austad and 

Fischer, 1992), and because it does not account for the dissociation between brain growth and 

somatic growth in many species (Bogin, 1999; Pereira and Leigh, 2003; Leigh, 2004). For 

example, monotremes (especially Tachyglossidae) have high LQ (longevity quotient) 

compared with low EQ (encephalization quotient) and a maximum longevity of 32.6 years 
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(Austad and Fischer, 1992). Other authors have focused on learning, with large-brained 

primates needing more time to learn (Dobzhansky, 1962; Gould, 1977; Gavin, 1982; Joffe, 

1997). The maturational constraints model is a newer version (Deaner et al., 2003) that 

focuses specifically on the neural capacity necessary for developing complex behavior.  For 

example, in humans, language understanding can only be acquired after the one-year mark. 

Delayed brain growth linked to complex behaviors thereby influences the onset of sexual 

maturity

Pereira and Leigh (2003) and Leigh (2004) recently have examined the mosaic nature 

of morphological development during the juvenile period and the importance it may play in 

understanding primate life history evolution.  Building on views of ‘modularity’ presented by 

Needham (1933), Gould (1977), and Wagner (1996), development involves “dissociability 

among functionally integrated character complexes and their recombination to express 

alternative modes” (Pereira and Leigh, 2003: 152). Specifically, varying rates of growth of 

morphological features may be the result of natural selection targeting phenotypic plasticity 

and the mitigation of metabolic risks during the juvenile period. While modularity has been 

long appreciated in examinations of phenotypic plasticity in developmental biology literature 

(reviewed in West-Eberhard, 2003), studies of primate life history have just recently 

incorporated this perspective (Pereira and Leigh, 2003; Leigh, 2004).  Neurological 

development required for efficient foraging and locomotor capabilities can be dissociated 

from physical development (somatic growth).  This strategy may allow immature individuals 

to concentrate on growing and developing expensive neurological tissues when they are still 

being nutritionally subsidized by their mother’s milk.  
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Ecological pressures

Many of the theoretical perspectives discussed above incorporate ideas from ecology 

(Charnov and Berrigan, 1993; Pereira and Leigh, 2003).  A few key studies have more 

specifically emphasized the role of ecological factors such as unpredictable habitats and 

arboreal lifestyles and how they may influence life history variation (Williams, 1966; Austad 

and Fischer, 1992; Janson and van Schaik, 1993).  A model proposed by Janson and van 

Schaik (1993) provides an explanation for late maturation age that focuses on juvenile risks.  

Building on Williams’ (1957) statement that “All through development there must be 

compromises between the need for continuous fitness and the demands of morphogenesis” 

(409), they suggest that a long juvenile period allows primates to reduce risks of starvation 

imposed by high rates of intragroup feeding competition.  Like the models described above, 

an aspect of learning is involved. They argue that juveniles face especially high risks of 

predation related to small size, low rates of vigilance, and lack of experience recognizing 

predators.  Juveniles are argued to minimize predation risk by foraging in the center of the 

group, where surrounding group members provide protection.  This protection comes at the 

cost of increased feeding competition, and high levels of feeding competition are especially 

risky for juveniles because they are less efficient foragers.  A long juvenile period is 

suggested to allow juveniles to minimize these ecological risks “per unit time” (effort versus

intake) and increase their chances of surviving to reproductive maturity (Janson and van 

Schaik, 1993).  

Field studies that seek to support Janson and van Schaik’s (1993) predictions should 

demonstrate the following patterns among primates. First, juveniles should be less efficient 

foragers than adults.  Second, juveniles should seek strategies that reduce predation risk (e.g. 
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forage in larger party sizes and forage at the center of the group).  However, these variables 

can be difficult to approximate in the field.  What is the center of a group?  How do we 

define high risk? Third, larger foraging party sizes will result in decreased foraging 

efficiency.  Although the risk aversion model suggests that there may be differences in diet 

between adults and juveniles, it is based more specifically on the assumption that juveniles 

are less efficient foragers than adults.  

Distribution of Body Mass in the Arboreal Canopy

“…most nonflying animals move within the canopy matrix rather than upon its surface. 

The main supports of the canopy are variably placed, stable, vertical tree trunks that do 

not directly interconnect.  In the upper regions of each tree radiate smaller, inclined 

branches and leaf clusters that form the primary horizontal intersections between the 

tree and its neighbors. Branch instability is asymmetrical; because a branch becomes 

more slender towards its periphery, any weight or strain increases its downward 

deformation, and all canopy dwellers must cope with this mechanical property.” 

Grand (1984:54-55)

The complex forest substrate mediates movement, foraging strategy, and way of life. 

The arboreal primate must move across branches, stabilize itself above and below branches 

while it manipulates and ingests resources, seeks protection from predators, and conducts all 

social interactions in an unpredictable, flexible, angled environment (Grand, 1978; Cartmill, 

1985).  The study of positional behavior integrates data on substrate and habitat utilization in 

order to identify the ecological context of postural and locomotor adaptations (Mendel, 1976; 
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Morbeck, 1977; Garber, 1984; Bergeson, 1996).  Studies of sympatric species have clearly 

indicated significant differences in interspecific patterns of positional behavior and resource 

utilization. Primates of varying body sizes with differing positional strategies are reported to 

share the same habitat by differential use of resources at varying levels in the forest (Fleagle 

and Mittermeier, 1980; Gebo and Chapman, 1995; Cant et al., 2001).     

Several authors of positional behavior reports have theorized about the influence of 

body mass on locomotor behavior (Fleagle and Mittermeier, 1980; Hurov, 1991; Cant, 1992; 

Preuschoft et al., 1996). Smaller primates (both within and between species) are expected to 

encounter larger gaps, expend more energy (more steps), use branches differently (use 

smaller branches or exhibit adaptations facilitating use of the large branch setting), and vary 

in regard to center of gravity and limb dimensions (Grand, 1978, 1981; Cartmill, 1985; 

Jungers, 1985; Hurov, 1991; Cant, 1992). In fact, Fleagle (1978:250) stated: “Locomotor and 

morphological differences (e.g., weight, limb proportions, muscle proportions) between 

immature and adult individuals of the same species are often as great as the differences 

between adults of different species.”  These same authors have presented several solutions 

for dealing with the arboreal substrate including: lower body mass, lower the center of mass 

(shorten limbs), or change the way in which mass is distributed above and below branches. 

For example, larger-bodied primates might solve the problem of small branch balance and 

movement by distributing mass below the branch.  An arboreal primate also might distribute 

mass above a branch by squatting with hindlimbs on two or three branches instead of 

balancing precariously on one small branch as the individual reaches out to the peripheral 

slender branches. Anatomical arboreal adaptations for distribution of mass in primates 

include claw-like nails in the callitrichines, tail prehensility in some neotropical primates, 
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shoulder joint mobility in apes, and variation in limb segment length (e.g., hindlimb leaping).  

In regard to behavior, larger primates are expected to bridge more (Cartmill, 1985), climb 

more, and leap less (Fleagle and Mittermeier, 1980) than their smaller counterparts.  In 

addition, larger primates are expected to use larger supports for mass bearing and to maintain

of center of gravity.

Several researchers have tested the effects of body mass on positional behavior and 

branch use in sympatric primate communities (Dagosto, 1994; McGraw, 1998; Gebo and 

Chapman, 1995; Youlatos, 1999) with varying results.  Gebo and Chapman (1995) examined 

five sympatric species in Kibale National Park, Uganda.  The heaviest species, Colobus 

badius (8.2 kg) was observed to climb during 37% and leap during 16% of feeding locomotor 

modes.  The smallest species observed was Cercopithecus ascanius, and leaping (11%) and 

climbing (50%) did not follow body mass predictions expected for a smaller bodied species.  

McGraw’s (1995) study of seven sympatric species at Tai National Park in West Africa

revealed similar results.  Colobus polykomos (8.3 kg) was observed to leap 14.5% and climb 

14.3% of all observations while Cercopithecus campbelii (2.7kg ) was observed to leap 5.2% 

and climb 14.5% of all observations.  Similarly, the smaller bodied Cercopithecus petaurista

(2.9 kg) was observed to leap 10.1% and climb 18.8% of all observations while the larger 

bodied Colobus badius (8.2 kg) was observed to leap 17.8% and climb 17% of all 

observations. In a study of six sympatric species in Ecuador, Youlatos (1999) tested 

predictions about body mass and branch use. Branch use in the largest and smallest bodied 

species also did not follow predictions.  Cebuella pygmaea (0.1 kg) used medium branches 

most often (54.5%), followed by large branches (17.2%), small branches (14.1%), and very 

large branches (13.1%).  Ateles belzebul (7.7 kg) was observed on small branches 41.4% of 
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all observations, followed by medium branches (40.6%), large branches (16%), and very 

large branches (1.8%).

One important question to consider in these predictions is what it means to be a small 

or a large primate.  While it is easy to see how a primate of 0.1 kg may differ in positional 

strategy than a primate of 9 kg, researchers are not explicit in the meaning of  large or small, 

and it is used as a relative term. In addition, the effects of diet, energetics, and strategies for 

predator avoidance rarely are discussed. Results from these studies show that between 

species, body mass alone does not serve as a straightforward predictor of positional strategy

and that the relationships among forest structure, resource use, limb proportions, and 

distribution of mass in body segments should be examined using a more integrative approach 

to understand more precise details of the behavior/environment/morphology interface

(Gomberg et al., 1979).  This can be accomplished by addressing specific details of mass 

distribution such as above- and below-branch limb placement and food retrieval.  

Researchers of positional behavior tend to focus on behaviors during feeding/foraging and 

travel as these activities are considered to have bigger influences on adaptation.  Integrative 

studies also should address locomotion and posture during social behavior, especially during 

ontogeny as behaviors such as playing and exploring are where young infants and juveniles 

begin using the positional behaviors that promote survival and reproduction later in life.

Cant (1992) provided a theoretical framework to address how positional behavior 

solves problems in an arboreal canopy with specific regard to body mass. This problem-

oriented approach is likely built upon an earlier theoretical approach to better understand 

foraging and feeding adaptations in primates (Cant and Temerin, 1984).  This comprehensive 

framework defined the constraints that a primate faces in day to day foraging from a 
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biological, behavioral, and individual basis (Cant and Temerin, 1984).  Primates devise 

complex solutions for resource acquisition with extensive behavioral plasticity.  Foraging 

ultimately influences life history and population features and should be examined in terms 

feedback relations through ecological and evolutionary time.  Cant (1992) expands on this to 

define the types of locomotor solutions to arboreal movement in an attempt to more 

specifically delineate how mass might influence within- and between-species differences.

Cant defines six problems of habitat structure including: 1) straightening the path between 

trees, 2) negotiation of large vertical supports, 3) crossing gaps, 4) increasing speed, 5) 

acquisition of resources on small, peripheral supports, and 6) acquisition of mobile prey.  

Two aspects of predator response are added.  Small primates must first detect and then 

respond to prey.  Responses include slow or stealth movement in some primates or fast 

escapes in others.  Testing these predictions showed that sympatric species of Sumatran 

primates varied in their effectiveness of solving each problem.  For example, gibbons and 

leaf monkeys were most effective in solving problems 1, 3, and 4 via leaping behavior during 

forelimb dominated suspensory locomotion while orangutans were most effective at solving 

problem 2 and macaques exhibited the highest effectiveness at solving problem 6.  Cant’s 

framework is useful in considering how variability in the forest substrate may influence a 

variety of solutions in primates of different sizes and it provides a more detailed approach to 

the behavior/environment/morphology interface.  

Currently, the precise ways in which mass influences positional strategy are unknown 

and,  as described above, some sympatric primates do show patterns that fit previously 

presented body mass hypotheses while others deviate from predictions based on body mass 

alone.  The primate order exhibits a range of body mass diversity from the smallest mouse 
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lemur to the gorilla, and this disparity is certain to yield generalized patterns in locomotion, 

especially in regard to arboreal behavior.  When examining positional behavior of closely-

related species, it may be more fruitful to follow a framework that addresses specific ways in 

which primates solve problems in the environment (Cant and Temerin, 1984; Cant, 1992) 

and how larger or smaller primates distribute mass above and below branches and increase 

their feeding sphere (Grand 1977, 1979).  For example, how do locomotor adaptations 

influence whether a primate uses an above-branch feeding posture such as crouch or squat 

where the terminal branch deforms away from the individual as it reaches out (Grand, 1972)?  

How do movement capabilities or different limb lengths and proportions, joint surface size, 

and center of gravity influence expressed behavior? Conversely, what types of locomotor 

adaptations influence distribution of mass among many branches in below branch feeding?

The prehensile tail exhibited in some neotropical primates is described as one such 

adaptation that facilitates movement and feeding below small branches.

The Prehensile Tail

Prehensile tails have evolved in several mammalian groups including 15 families and 40 

genera.  Among these taxa, arboreality is the only common feature and is found in all of the 

prehensile tailed mammals except for the largest anteater (Myrmecophaga) and the pangolin 

(Manis).  The prehensile-tailed mammals differ in diet, biogeography, locomotor patterns, 

and body size.  Emmons and Gentry (1983) have suggested that forest structure may have 

played a critical role in the evolution of the prehensile tail. These authors argued that features 

of habitat structure led to the evolution of specialized locomotor and postural adaptations 

such as the prehensile tail.  Specifically, neotropical forests are characterized by fewer lianas 

than African forests, requiring locomotor adaptations facilitating gap crossing. More 
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recently, Emmons (1995) modified this hypothesis to focus on gap size and to suggest that

primates that lack prehensile tails leap more than their prehensile tailed counterparts. 

Emmons suggests that mammals with prehensile tails are more likely to frequent habitats 

with connected canopies and should favor resources whose distributions do not require much 

travel.  These hypotheses present a starting point with which to examine the biological role of 

the prehensile tail.  Incorporation of positional behavior data (frequency of leaping, degree of 

tail-assisted travel) will provide additional information on the prehensile tail as an adaptation. 

Hypotheses specific to the evolution of the prehensile tail in primates have been 

suggested.  These include: 1) below-branch feeding (Grand 1972, 1977); 2) transitions 

associated with hindlimb suspension (Meldrum, 1999); 3) tail-assisted arm suspension 

(Rosenberger and Strier, 1989, and; 4) ontogenetic patterns of tail use (Bergeson, 1996).  

Ontogenetic effects on prehensile-tail use and positional behavior in New World primates 

have not been examined using field data.  

Anatomical details of platyrrhine tails, limbs, and body proportions have been 

presented by several authors (Table 3.1).  Prehensile tails occur in five genera of New World 

primate including Ateles, Alouatta, Lagothrix, Brachyteles, and Cebus.  Prehensile tailed 

primates and non-prehensile tailed primates exhibit differences in tail morphology including 

length of the tail, number of caudal vertebrae, skeletal anatomy, muscular arrangement, and 

joint surface size (Lumer and Schultz, 1947, Ankel, 1972, German, 1982, Lemelin, 1995, 

Bergeson, 1996, Johnson and Shapiro, 1998).  For example, in primates with prehensile tails,

tail muscles such as the extensor caudae longus and flexor longus cross fewer caudal 

vertebrae allowing greater flexion and extension (Lemelin, 1995).   Important morphological 

differences in skeletal and muscular features in the limbs are exhibited between the atelines 
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and the genus Cebus.  In Alouatta and Ateles tails are heavier than the forelimbs while in 

Cebus; the forelimbs are heavier than the tail (Grand, 1977).  Ateline tails feature a bare 

distal end with dermatoglyphics and Meissner’s corpuscles (tactile receptors) while Cebus

tails are fully furred.  Differences in tail length allow locomotor and postural behavior.  The 

genus Ateles (Ateles paniscus) exhibits the longest tail relative to body length with a greater 

number of caudal vertebrae and may be able to “hyperextend” the tail (Lemelin, 1995; 

Turnquist et al., 1997).  These differences in soft-and hard-tissue anatomy in conjunction 

with descriptions of positional behavior illustrate the importance for understanding finer 

details of posture and locomotion.  How are these anatomical differences revealed in 

expressed behavior?  Are these differences linked to foraging strategy and diet?  How are

differences exhibited through the life stages?  And finally, what may the ontogenetic 

differences in behavior when linked with anatomy reveal about the evolution of positional 

behavior, foraging strategy, and habitat use in sympatric species? 
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Anatomical Feature Cebus Alouatta Ateles
Body Mass (kg.) F: 2.6  M: 3.8 F: 5.3 M: 7.2 F: 7.4 M: 8.2
Skeletal Features of Tail

# of caudal vertebrae
Sacroiliac joint
Distal caudal vertebrae

25
Reduced
Wide

27
Expanded
Wide

31
Expanded
Wide

*Muscular Features of Tail
compared with primates that lack
prehensile tails

Extensor caudae lateralis

Extensor caudae longus

Ventral muscles larger than dorsal
muscles
Cross 9 or fewer vertebrae

Cross 7-8 caudal vertebrae

Ventral muscles larger than 
dorsal muscles
Cross 7 or fewer vertebrae

Cross 7-8 caudal vertebrae

Ventral muscles larger 
than dorsal muscles
Cross 7 or fewer vertebrae

Cross 7-8 caudal vertebrae

Skin
Bare grasping distal end with 
dermatoglyphics and Meissner’s 
corpuscles

Absent Present Present

Limb Segment Weight as % of Total 
Body Weight

Tail
Forelimbs
Hindlimbs

5.4
5.8
10.3

6.5
5.3
8.1

7.8
7.0
11.6

Table 3.1: Anatomical features of ateline and Cebus tail and limbs.
Portions of table adapted from Bergeson 1996 and Garber and Rehg 1999, based on information from Ankel 1972; German 1982; 
Grand 1977; Ford and Davis 1992; and Lemelin 1995.
* Caudal myology information from Cebus apella, Alouatta palliata, Alouatta seniculus, and Ateles paniscus) .
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Ontogenetic Patterns of Positional Behavior

“Changes in the physical properties of the musculoskeletal system during growth 

represent a unique natural manipulative experiment in which hypotheses of correlated 

change in performance, substrate selection, and structural design can be tested for their 

causal relationships.”  Hurov (1991:212)

Field studies of ontogenetic effects on primate positional behavior are rare (Doran,

1992, 1997; Wells and Turnquist, 2001; Workman and Covert, 2005; Wright, 2005). 

Assessment of chimpanzee (Pan troglodytes) and gorilla (Gorilla gorilla) positional behavior 

through differing lifestages demonstrated significant increases in quadrupedalism and 

decreases in suspensory behavior during growth (Doran, 1997). Growing mountain gorillas 

develop a locomotor repertoire similar to adults by three to five years of age. Climbing 

behavior was highest in individuals aged four to five months (76.5% of the total repertoire) 

and gradually decreased as individuals aged (17-21 months: 35.3%, 3 years: 14.9%, 6 years: 

4.1%, and adult: 2.7% in females and 0.7% in males). Ontogenetic differences in morphology 

were tied to changes in positional behavior throughout growth and development in Macaca 

mulatta (Turnquist and Wells, 1994, 2001). Juveniles engaged in a wider variety of 

locomotor modes including a higher proportion of arboreal leaping and climbing when 

compared with adults. In a recent study on C. olivaceous and C. apella, Wright (2005) found 

no significant differences in juvenile and adult patterns of locomotion in C. olivaceous.  

Conversely, juvenile C. apella were found to vary significantly from the adult condition, 

engaging in more leaping, bounding, running, and climbing.  In fact, Wright suggests that C. 

olivaceous adults are more “juvenilized” due to their smaller body size (2005).
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Summary 

Due to variation in body mass both between and within (during ontogeny) Cebus 

capucinus and Alouatta palliata, the arboreal environment is likely to exert different 

pressures as individuals travel, forage/feed, and interact.  Data on ontogenetic patterns of 

positional behavior provide information on the evolution of delayed maturation.  For 

example, if the consequences of slow life histories associated with socioecological 

complexity are feeding competition with adults and susceptibility to predators then we expect 

to see dietary differences between adults and juveniles linked with social context (such as 

rank and dominance).  However, if differential access to resources can be linked with 

constraints in positional behavior during feeding contexts then dietary differences are linked 

to positional strategy rather than social pressures.  Therefore, foraging behavior is a critical 

component to understanding the ontogeny of positional behavior.  This dissertation provides

information on the nature of mass distribution through the life stages and how individuals of 

varying sizes solve problems of small, flexible, unpredictable branches and acquisition of 

resources in the peripheral areas of the tree crown.  Finally, data presented in the following 

chapters will provide information on the nature of the infancy and juvenile periods in two 

species that exhibit variation in life history timing.
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CHAPTER 4 : SUBJECTS, METHODS, AND THE DATASET
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Introduction

Field research on primate positional behavior provides information on expressed 

behavior in natural habitats. To understand the nature of movement capabilities in fossil or 

extant forms, we must know what primates are actually doing (performance) in their 

environment (Gomberg et al., 1979; Morbeck, 1979).  Despite the increase in numbers of 

positional behavior studies since the mid 1960s, there have been no thorough descriptions of 

standardized methods with behavioral definitions, forest characteristics, or analytical 

protocols that have been used successfully or unsuccessfully.  A few authors have examined

certain types of statistical methods (Dagosto, 1994) or suggested definitions (Hunt et al.,

1996) but field studies still lack comparability and there is concern about the behavioral 

methods that provide the best ‘record of behavior’ (Doran, 1992; Dagosto and Gebo, 1998).  

Ripley (1967, 1979) suggested that thorough investigations of positional behavior should 

include habitat description, social activity, and morphological description.  Specifically, a 

research design should use an evolutionary framework to examine substrate features, arboreal 

routes, forest structure, posture, locomotion, details about leaping, ontogeny, anatomy, diet, 

inter-and intraspecific relations, and behavioral context.  Only after thorough studies of a 

variety of primate species, can we make classificatory statements about positional behavior.    

Ripley’s research design for understanding langur positional behavior was innovative.  Trees 

were divided into zones to better determine the relative position of the individual within a 

tree.  In addition, detailed definitions and drawings of postural and locomotor modes in 

langurs were presented and still are used in current examinations of positional behavior 

(Hunt et al., 1996; McGraw, 1998). This research and publication was one of the first to use 
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this level of detail in understanding positional behavior (Dagosto and Gebo, 1998) and 

illustrated the levels of complexity that are ideal when creating a research design.  However, 

multi-faceted examinations of all interactive effects are not always feasible given time 

constraints and growing specialization in anatomical, behavioral, and environmental studies.  

Many examinations of positional behavior focus on interaction of particular aspects such as 

positional behavior and anatomical features (Morbeck, 1979; Schön Ybarra and Schön, 1987; 

Turnquist and Wells, 1994) and positional behavior and environmental features (Fleagle and 

Mittermeier, 1980; Bergeson, 1996; Garber, 1998; McGraw, 1998; Walker, 1998).   In this 

chapter, I present behavioral sampling and analytical protocol, study site location and 

subjects, behavioral definitions, substrate categories, sample sizes, and forest structure 

measures to provide a general behavioral context for subsequent results.  I also review 

behavioral methods for examining positional behavior and assess the feasibility of standard 

definitions in primate field studies. 

Study Site and Study Subjects

Study Site

Research was conducted at Estación Biológica La Suerte in northeastern Costa Rica 

(10º26’N, 83º47’W).  This site is a tropical premontane wet forest that includes primary 

forest, advanced secondary forest, and areas that have been selectively logged in the past.  

Rainfall in this region averages 3, 962 mm per year (Sanford et al., 1994). Finca La Suerte 

was purchased in 1987 by the Molina family and later established as Estación Biológica La 

Suerte in 1993 as a research and educational facility.  Researchers have identified 235 bird 

species (Class: Aves); 5 turtles and tortoises (Order: Testudinata), 1 cayman (Order: 
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Crocodylia), 12 lizards (Order: Squamota), 28 snakes (Order: Serpentes), and 32 amphibians 

(Class Amphibia) (www.lasuerte.org).  Thus far, a systematic study of mammalian species 

has not been conducted.  Mammal sightings during the present study include: Common 

Opossum (Didelphis marsupialis), Central American Woolly Opossum (Caluromys 

derbianus), Northern Tamandua (Tamandua mexicana), Brown Throated Three-toed Sloth 

(Bradypus variegates), Hoffman’s Two-toed Sloth (Choloepus hoffmanni), Nine-banded 

Armadillo (Dasypus novemcinctus), Proboscis bat (Rhynchonycteris naso), Lesser White-

lined Bat (Saccopteryx bilineata), Common Tent-making Bat (Uroderma bilobatum), White-

faced Capuchin (Cebus capucinus), Mantled Howler (Alouatta palliata), Central American 

Spider Monkey (Ateles geoffroyi), Variegated Squirrel (Sciurus variegatoides), Red-tailed 

Squirrel (Sciurus granatensis), Central American Agouti (Dasyprocta punctata), Northern 

Raccoon (Procyon lotor), White-nosed Coati (Nausua narica), Olingo (Bassaricyon gabbi), 

Kinkajou (Potos flavus), Greater Grison (Galictis vittata), Tayra (Eira barbara), and 

Neotropical River Otter (Lutra longicaudus) (Emmons, 1997; Reid, 1997). Tracks were 

identified for the following: Ocelot (Leopardus paradalis) and Baird’s Tapir (Tapiris bairdii)

(Reid, 1997).  In addition, local people reported three sightings of jaguar (Panthera onca) in 

the forest during the study. A trail system was established in 1994 and additional trails have 

been added and mapped by researchers.  However, due to rapid growth of grass and 

understory plants, trails needed to be re-established and re-mapped in the first two weeks of 

the study.  In addition, several new trails were established to facilitate observation of 

capuchins.  Field observations took place from March 2002-November 2002 and May 2003-

August 2003.  
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Study Subjects

Data on the ontogeny of positional behavior were obtained by examining two Cebus

groups, each with 11-16 individuals and three Alouatta groups with 9-14 individuals in each 

group.  Group sizes in each species changed during the two field seasons as several infants 

were born and individuals left the group, joined the group, or disappeared due to unknown 

reasons. Cebus group one was composed of 11-13 individuals with three adult males, six 

females, three juveniles, and three infants.  The three juveniles were estimated to be at the 

same stages of development (1-1.5 years in age) due to similarities in body size, behavior 

around adults including their mothers, and forehead coloration patterns (Oppenheimer, 1968; 

Fragaszy et al., 2004).  The three infants were born during the field season.  Group two was 

composed of 12-16 individuals with two adult males, seven females, three juveniles, and four 

infants.  The four infants were born during the study and the three juveniles ranged from two 

months to one year of age.  Three Alouatta groups were observed.  Group 1 was composed of 

11-13 individuals with three adult males, four adult females, three juveniles, and one to three 

infants.  Group two was composed of 12-14 individuals with two adult males, five adult 

females, three juveniles, and two to four infants. Group three was composed of nine

individuals with two adult males, four adult females, and three juveniles.  No infants were 

born in group three during the course of the study.  
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Behavioral Data

Sampling methods

Systematic, quantitative behavioral data were collected utilizing one-minute 

instantaneous focal animal sampling on habituated groups of howlers and capuchins 

(Altmann, 1974; Martin and Bateson, 1993).  This method allows an observer to analyze the 

proportion of time devoted to particular positional behaviors while recording the 

environmental and social context of these behaviors (Altmann, 1974).  An instantaneous 

focal animal sampling method commonly is used to collect quantitative data on primate 

positional behavior (Garber, 1984; Doran, 1992; Bergeson, 1996; McGraw, 1996, 1998; 

Walker, 1996). Instantaneous sampling involves collecting a series of variables via a 

‘behavioral snapshot’ collected at a predefined time interval, usually one minute, two 

minutes, or five minutes.  The observer carries a timer, collecting information at each beep,

thereby breaking the observation time into more discrete units in an attempt to minimize 

autocorrelation of samples.  This sampling regime permits quantification of percentage of 

time devoted to behavioral categories but may obscure details about rare events or behavioral 

sequences.  

One alternative to instantaneous sampling is bout sampling or continuous sampling of 

positional behaviors (Morbeck, 1974; Fleagle, 1976; Dagosto, 1994; Gebo, 1992). 

Continuous sampling attempts to achieve a record of behavior by recording each behavioral 

bout. Bouts can then be ‘weighted’ by distance where each behavioral change (e.g. locomotor 

mode, branch size) is noted (Mittermeier, 1978; Gebo and Chapman, 1995).  These studies 

often focus on locomotion rather than on the entire positional repertoire but vary according to 



76

questions defined at the onset of the study. Unweighted bout sampling can include the 

examination of posture but often does not include the proportion of time devoted to postural 

activities.  For example, if a study subject quadrupedally walks for 15 seconds on a 

horizontal substrate, then leaps across a gap, then quadrupedally walks for 10 seconds, 

followed by a lie posture for 25 minutes, the observer would record: quadrupedal walk, leap, 

quadrupedal walk, lie. In bout sampling, results are presented as frequencies of behavior and 

rates of change.  If bouts are weighted then results are presented with distance traveled.  Bout 

sampling is ideal when examining the frequency of occurrence of rare events, rates of 

behavioral change, and details of locomotor modes such as distance traveled or locomotor 

sequences.  Choosing a method depends on the questions presented in the research design.  A 

few authors have presented comparisons of bout and instantaneous sampling to examine 

which method presents the ‘right answer’ (Doran, 1992; Dagosto, 1994; Wright, 1996; 

Dagosto and Gebo, 1998).  Doran (1992) compared the two sampling regimes in a study of 

chimpanzee positional behavior and concluded that results were comparable if corrected for 

distance.  However, in a study of lemur positional behavior, significant differences between 

the sampling methods were found in Eulemur rubriventer even when corrected for distance 

traveled (Dagosto, 1994).   The question can then be asked: Which method best reveals the 

positional repertoire?  This is difficult to answer. 

Dagosto and Gebo (1998) creatively attempted to answer this question by examining 

Chicago Bulls basketball games (player shot attempts) using both methods in comparison 

with the true record of behavior of the players during each game (game statistics published in 

the morning newspaper).  They concluded that bout collection never differed by more than 

3% and time sampling differed by as much as 15% from actual proportions of shot attempts.  
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This method would not have revealed the actual contribution of each player of the game such 

as rebounds, turnovers, steals, fouls, assists, and subtle nuances such as trash talking, eye 

contact, and coach, bench, and audience influence because these variables would have been 

too cumbersome to record given the sampling regime.  This example illustrated that the 

method chosen by the researcher should be based on the questions addressed in the study.  In 

this case, it is important to point out that bout sampling (or continuous sampling) better 

assesses the role of particular events, sequence of events, and the time it takes to achieve the 

event.  If an observer is specifically looking for shot attempts, then they should consider bout 

sampling.  If an observer seeks to analyze all of the types of plays and behavioral context of 

individuals that occur during a game, then instantaneous sampling would better facilitate that 

goal.  

Instantaneous Sampling

In this study, I chose instantaneous sampling for several reasons. First, instantaneous 

sampling facilitates the collection of a larger number of variables.  One-minute instantaneous 

focal animal sampling allows a researcher to collect 60 individual activity records (IARs) or 

point samples of behavior per hour. In the present study, each instantaneous record 

contained information on the identity of the focal animal, activity pattern (feed, forage, rest, 

travel, and social behavior), positional behavior, branch size, branch angle, placement of the

limbs, crown location, and diet. During samples in which the animal was leaping or moving 

from one support to another, the size and orientation of the take-off and landing support were 

recorded along with the size of the gap traversed.  Second, instantaneous sampling allows a 

better assessment of feeding and therefore, postural activities.  The positional repertoire 
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usually consists of many more postural activities than locomotor activities and postural 

activities become increasingly important when considering use of the prehensile tail (Rose,

1974; Bergeson, 1996). Third, the questions addressed in each chapter of this dissertation 

involve finding proportions of behaviors or proportions of observations in each activity given 

the behavioral and environmental context.

Standard Definitions

“Primate locomotion is in a state of disorder. This is demonstrated by the fact 

that numerous disagreements exist over definitions of locomotor types and assessments 

of class membership” (Prost, 1965: 1198).

This quote exemplifies a common sentiment among many researchers in the mid 

1960s and early 1970s (Prost, 1965; Ripley, 1967; Rose, 1974).  Locomotor definition has a 

longevity that matches primate taxonomic classification (e.g. Jones, 1916; history reviewed 

in Rose, 1973). The first attempts to present detailed definitions based on form-function 

relationships occurred in the 1960s. Authors sought to link function, phylogeny, morphology, 

and environmental features to understand certain behaviors (i.e., locomotion) as biological 

adaptation (Ashton and Oxnard, 1964; Napier and Napier, 1967). Prost (1965) provided 

definitions of the terms positional behavior, posture, and locomotion.  Positional behavior is 

simply the study of posture and locomotion.  Locomotion is “…the displacement of the 

center of gravity…” while posture is described as an alternative to locomotion, where the 

body mass remains stable (Prost, 1965: 1200).  In 1967, several publications addressed 
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primate locomotion and provided more detailed categories to consider when addressing 

locomotion.  Napier and Napier (1967) presented a classification with broad categories, 

subcategories, and definitions.  All primates can be classified under a broad locomotor 

pattern that fits in one of four categories: 1) ‘vertical cling and leaping’; 2) ‘quadrupedalism’; 

3) ‘brachiation’, and; 4) ‘bipedalism’.  These categories were further defined into subtypes.  

For example, quadrupedalism included the five subtypes: slow climbing, branch running and 

walking, ground running and walking, New World semibrachiation, and Old World 

semibrachiation.  Each category was then defined to describe the location of the forelimbs 

and hindlimbs in relation to the substrate within each particular movement.  For example, 

slow climbing was defined as “A type of quadrupedal locomotion in which three of the four 

extremities are applied to the branch at any given moment.  Movement is slow and cautious.  

The limbs may act to suspend the body or to support it.” (Napier and Napier, 1967:388).  

Fifty genera of primates were placed into the categories to provide a general picture of 

primate locomotion.  The category “slow climbing” described Arctocebus, Nycticebus, Loris, 

and Perodicticus.  The authors cautiously stated that locomotor differences are quantitative 

and that broad discrete categories do not adequately describe the complexity of a locomotor 

repertoire. Their classification was provided to illustrate the continuous nature of locomotor 

categories, the morphological basis that should be utilized when examining locomotion, and 

as a framework for understanding movement from a phylogenetic perspective.

Like species designation, positional definitions tend to reflect the world view of the 

namer or observer. Following key publications in 1967 (Napier and Napier, 1967; Ripley,

1967), authors redefined categories into more discrete units.  Locomotor behaviors are not 

discrete but are continuous activities (Morbeck, 1976) and can be difficult to define.  The 
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best definitions reveal the anatomical/ behavioral details with substrate information so that 

the reader can visualize the action or posture.  Ideally, a complete, standardized list would 

provide drawings and/or photos of all postures and locomotor sequences.  Critical 

examinations of locomotor categories focused more on understanding form-function 

relationships and biomechanical details (e.g. Grand, 1972; Rose, 1974; Morbeck, 1974; 

Mittermeier and Fleagle, 1976).  Quadrupedalism was defined into eight or more categories 

and the term semibrachiator involved diverse anatomical specializations given behavioral 

variation in below-branch versus above-branch movement (Rose, 1974).  Some longer-term 

studies of positional behavior provided detailed lists of all positional categories.  In a study 

on mantled howlers (Alouatta palliata), Mendel (1976) presented 15 positional categories 

and incorporated seven categories of crown location and estimates of the sizes of supports 

relative to the size of a focal animal’s hand. Rose (1979) used 24 positional behavior 

categories in his examination of Colobus guereza and Cercopithecus aethiops and compared 

leap take off and landing substrate size and shape.  Later studies provided even more 

categories. In his description of sympatric New World primates, Fontaine (1985) defined 50 

positional behavior categories with 19 positional behavior modifiers or details of tail flexion, 

extension, and mass bearing with supplementary details of hindlimb and forelimb functions.  

While many detailed definitions seem to provide the ideal basis for better 

understanding the complete positional repertoire, studies lack comparability as several 

definitions may be used between studies to describe similar behaviors.  Some researchers 

may use the category ‘climb’ to describe all movement that occurs on vertically oriented 

substrates, while another researcher may define several categories of climb such as ‘scramble 

climb’, ‘pulse climb’, and ‘bimanual pull-up’.  Even seemingly straight-forward categories 
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such as ‘sit’ may be used differently.  Many authors include ‘squat’ within the category sit 

even though the definition states that the body mass is being supported by the ischia 

(Bergeson, 1996; Garber, 1999).  Alternatively, definitions can be ambiguous, providing very 

little information about the postural or locomotor mode.  One study defines ‘sit’ as: 

“crouched posture above one or more supports” (Youlatos, 1998:451), thereby conflating the 

categories of sit, crouch, and squat into one term.  The questions in the previously mentioned 

studies are not focused on differences in sitting behavior and provide important information 

about positional behavior. However, if comparability is a goal then it would be impossible to 

compare among studies that define categories very differently.  In addition, combining 

categories allows clearer presentation of results and larger sample sizes with which to apply 

statistical tests.  For example, in this research, I combine climb categories in my results 

presentation to facilitate a clearer picture of patterns of change.

Is standardization possible?

Behavioral studies still lack a standardized method for examining maintenance 

activities such as feeding, foraging, traveling, resting, and social behavior. An ideal first step 

to standardization would be to use the same definitions for these contextual activities.  Hunt 

et al. (1996) tackled the lofty goal of standardizing positional categories.  The authors 

provide detailed definitions of 32 general modes that are divided into 52 postural modes and 

74 locomotor modes. Standardization attempts to remove observational biases (poor 

habituation, conspicuous behaviors, and time of day biases), prevent conflation of related 

categories, and promote comparability among studies.
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Since the publication of Hunt et al. 1996, several examinations of positional behavior 

have been presented.  To determine if standards have been incorporated into more recent 

research designs, I reviewed all publications involving observations of positional behavior in 

the journals: Folia primatologica, American Journal of Physical Anthropology, American 

Journal of Primatology, Primates, and International Journal of Primatology.  Of 11 

publications, where data were collected after the 1996 publication of standard categories, 

three publications utilized the standard definitions (Chatani, 2003; Thorpe and Crompton,

2005; Workman and Covert, 2005).  One of these publications combines the method with 

definitions presented in other publications (Chatani, 2003).  Thorpe and Crompton (2005:60) 

identify 54 modes exhibited by orangutans but conflate these into seven general positional 

modes.  The authors modify the two categories ‘tree sway’ and ‘ride’ into an ‘oscillation’ 

category to indicate substrate modification during intercrown arboreal movement.  The 

category ‘drop’ (a locomotor mode) is subsumed into the category ‘torso-orthograde 

suspension’ (a postural mode) as “predrop postures are orthograde in nature” (2005:60).  This 

illustrates the difficulty researchers experience when attempting to define continuous features 

of posture and locomotion into discrete units.  

While standardization is ideal, it seems that new categories will be added as more 

data are collected for each primate species.  In this study, I followed the definitions presented 

by Hunt et al. (1996).  I spent the first few weeks of data collection identifying postural and 

locomotor modes in the study groups.  I found one locomotor category not described by Hunt 

et al. (1996) and found that the publication lacked descriptors of how infants ride on their 

mothers.  Additionally, it was difficult to define fined-grained subtle differences in positional 

behavior or assess the role of experience in contributing to a locomotor repertoire.  For 



83

example, if juveniles and adults leap in similar proportions, does this mean that juveniles are 

as efficient leapers as adults?  Finally, many postural and locomotor modes were assisted by 

the prehensile tail.  Some categories incorporate this while some do not.  

Variables

The following data were collected during each one-minute sample.

1) Time: One-minute intervals. During each sampling period, the trail system was walked to 

look for one of 5 troops that were examined in this study.  Once the group was located, a 

focal animal was chosen and followed until lost for more than 10 sampling periods.  In cases 

where a focal animal was lost, a new animal of same sex/age and engaged in the same 

activity was chosen if possible.

2) Sex: Sex categories included Male, Female, and Unknown. Adult sex was relatively easy 

to determine using body mass and external genitalia.  It was more difficult to determine the 

sex of infants and juveniles as external genitalia are not fully formed and/or visible.

3) Age Determination: Five developmental age categories are compared.  These include two 

infant stages  two juvenile stages, and the adult stage (Table 4.1).  Preadult individuals (older 

than 36 months in Cebus and 24 months in Alouatta) were excluded from data collection as 

skeletal growth has ceased and it was difficult to discern age differences within this category.  

Therefore in this analysis, the youngest age classes are compared with adults to avoid 

confusion between older juveniles/preadults and small adults.  
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Table 4.1: Age categories used for Cebus capucinus and Alouatta palliata. Age categories are based on information from Freese 
and Oppenheimer 1981, Glander 1980, and Fragaszy et al. 2004.  Infant I, Infant II, and Juvenile I individuals were known and 
identified from birth.  Juvenile II categories were identified based on size of the individual, forehead coloration patterns (Cebus), 
and pelage (Alouatta). 

Age/ Cebus Appearance/ Cebus Age/ Alouatta Appearance/ Alouatta
Infant I Birth to 2 months Dark gray in color, 

carried dorsally.
Birth to 3 months Hair silver/gray to light 

brown.  Carried 
ventrally/dorsally.

Infant II 2 months to 6 months Lighter gray, pelage 
becoming more 
contrasted as adult 
pelage, face light in 
color, carried dorsally 
when carried

3-6 months Adult pelage. Carried 
dorsally and locomotes 
independently.

Juvenile I 6 months to 12 months Face, light in color.
Locomotor 
independence

6-12 months Locomotor 
independence

Juvenile II 12 months-36 months Face light in color. 
Adult pelage

12-24 months Adult pelage, no mantle/ 
secondary sex 
characteristics not 
developed
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4) Activity Pattern (behavioral context, maintenance activities)

F: Feed: The focal animal is eating food resources (ingestion).

Fr: Forage: The search, acquisition, and processing of food items.

T: Travel: The focal animal is moving (body mass is displaced) without feeding, 

foraging, or not engaged in social movements (e.g. chasing)

R: Rest: Periods of inactivity associated with sleep over extended periods of time.

AP: Active posture: Short-term pauses in movement during travel and foraging bouts. 

Subcategories include: autogrooming, scratch, watch.

SB: Social behavior: The focal animal is observed interacting with one or more group 

members. Subcategories include: vocalizing, grooming, playing, chasing, displaying, 

copulating, allomothering, fur rubbing, and fighting.

DS: Display: The focal animal is observed displaying at humans or other species (e.g. 

snake, tayra, coati, opossum, bird, dog, howler, spider monkey).  Displays include facial 

expression and branch shaking or throwing.

U: Unknown.

5) Positional Modes defined by Hunt, et al. (1996). 

Postural Modes:

P1. Sit: A posture in which the ischia bear substantial portion (usually more than half) 

of the body weight; the torso is relatively orthograde. Submodes: sit-in, sit-out, foot-prop sit, 

sit in/out, ischium sit, chair sit, sit/forelimb suspend, angled sit.
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P2. Squat: The body weight is borne solely by the feet/foot, both hip and knee are 

strongly flexed.  Neither forelimbs nor ischia bear substantial body weight.  The trunk is 

orthograde or suborthograde (│) and the back is typically flexed.  The animal often facing at 

right angle to the length of the support.  Sit-in is different than squat in that the ischia bear 

body weight in sitting.  

P3. Cling: Flexed limb posture most common on vertical or subvertical supports. 

Submodes: bimanual cling, unimanual cling, cling/forelimb suspend, ladder cling.

P4a. Quadrupedal stand: Four-limbed standing on horizontal or subhorizontal 

supports; the elbow and knee are (relatively) extended and the trunk is near horizontal.

P4b. Tripedal stand: As above with two hindlimbs and one forelimb bearing weight.

P4c. Crouch: Quadrupedal flexed elbow and/or flexed knee posture. (1) Full-crouch, 

where both elbows and hindlimbs are flexed; (2) Forelimb-crouch, wherein the elbows are 

flexed, but the knees are not; and (3) Hindlimb-crouch, wherein the hindlimbs and not the 

elbows are flexed.  

P5a. Flexed bipedal stand: Standing on the hindlimbs with no significant support 

from any other body part. The torso is typically held at an approximately 45˚ angle. The hip 

and knees are flexed.

P5b. Extended bipedal stand: hip and knee are completely extended, but there is no 

significant support from the forelimb(s). The trunk is near orthograde.  This mode best 

describes human-like bipedal standing.  If one foot does not contact the support, this is still 

recommended.
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P5c. Stand/forelimb suspend: More than half of the body weight supported by the 

hindlimbs, but there is significant support from a forelimb oriented in a forelimb-supsend 

pattern, either (1) extended-stand/forelimb-suspend; or (2) flexed-stand/forelimb suspend.

P6a. Horizontal tripod: A combination of tail-hang and bipedal standing in which the 

animal is partly supported by its tail, anchored to a support above the base of the tail, and 

also by weight transmitted downward or rearward through the feet. The torso is pronograde 

or subpronograde.

P6b. Vertical tripod: A flexed bipedal stand in which additional stability is provided 

by contact between the stiffened tail and the ground.

P8. Forelimb suspend (= arm-hang): Posture wherein more than half of the body 

weight is borne by the forelimb(s) grasping a support above the animal’s center of mass. 

Submodes: unimanual forelimb-suspend, bimanual forelimb-suspend, forelimb-suspend/sit, 

forelimb-suspend/squat, forelimb-suspend/stand, forelimb-suspend/cling, forelimb-

suspend/lie, trunk-vertical suspend, unimanual flexed-elbow-suspend, bimanual flexed-

elbow-suspend.

P9. Forelimb-hindlimb suspend: suspension by a forelimb and a foot with the trunk in 

a subhorizontal orientation.  Limbs are typically extended.  Differs from forelimb-suspend in 

that the forelimb need not be completely abducted. Submodes: ipsilateral forelimb-hindlimb-

suspend, contralateral  forelimb-hindlimb suspend.

P10. Quadrumanus suspend: suspension with the torso pronograde (―), with all the 

four limbs providing relatively equal support.

P11a. Tail-suspend: suspension from the tail with little or no support from the limbs.
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P11b. Tail/forelimb-suspend: Where at least half the body weight is borne by the tail 

with significant weight borne by the forelimb(s). The humerus is abducted and the elbow is 

completely extended.  The trunk is probably never completely orthograde ( | ). 

P11c. Tail/hindlimb-suspend: suspension with substantial support from the extended 

hindlimb(s) and the tail.

P11d. Pronograde tail/quadrumanus-suspend: All the five extremities provide support.

The trunk is pronograde (― ).

P13. Lie: Torso orthograde posture on a relatively horizontal supporting stratum, 

body weight borne principally by the torso.  When an individual grasps a support, the 

extremity bears little more than its own weight. When lying on a side, the individual may 

support the upper body with an elbow.  Submodes: supine lie, sprawl, lateral lie, back lie, 

sit/lie.

Locomotor Modes

L1. Quadrupedal walk: Locomotion on top of supports angled at < 45°; typically all 

the four limbs contact the support in a particular sequence.  The torso is pronograde (― ) or 

roughly parallel to the support.  Walking is distinguished from running principally by its 

slow or medium speed.  Submodes: symmetrical gait walk, asymmetrical gait walk, irregular 

gait walking.

L2. Tripedal walk: Same as quadrupedal walking in its various expressions, except 

one limb is not used in locomotion, the other often being used to grasp a carried object. 

Submodes: forelimb tripedal walk, hindlimb tripedal walk.
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L4. Bipedal hop: Torso orthograde ( | ) bipedal progression wherein the hindlimbs 

push off and land roughly simultaneously; there is a period of free flight (i.e. period of time 

in which no body part touches a support). Different from leaping in its repetitive, stereotyped 

progression and orthograde torso.

L5. Quadrupedal run: Fast locomotion using asymmetrical or irregular gaits and with 

a period of free flight. Submodes: assymetrical gait run, irregular gait run.

L8a. Flexed –elbow vertical climb: Ascent on supports angled at > 45°.  Typically a

hindlimb and its contralateral forelimb provide propulsion.  The forelimbs help to elevate the 

body by the retraction (= extension) of the humerus and flexion of the elbow.  Limb 

kinematics follow a diagonal sequence (hand-over-hand, foot-over-foot).  The humerus is 

typically protracted in the process of reaching upward, not abducted.  The torso is held 

pronograde ( | )and nearly parallel to the support being climbed.  Grasping hands are 

palmigrade in their contact with the support, and the feet are semiplantigrade. 

L8b. Ladder climb: Similar to flexed-elbow climbing except supports are often 

relatively horizontal, and are never a single vertical support.  Limb kinematics follow a 

diagonal sequence.   

L8c. Vertical scramble: Upward ( > 45°) progression on multiple, often oddly angled 

supports, typically without a discernible gait pattern. 

L8d. Extended-elbow vertical climbing: Ascent on larger supports angled  > 45° in 

which the elbow is extended.  The gait is a diagonal couplet, i.e., hand-over-hand, foot-over-

foot climbing similar to vertical or ladder climb, except the elbow is extended.  The support 

is gripped by the entire volar surface of the hand, including palm and fingers.  Foot contact is 
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principally semiplantigrade.  Retraction of the humerus and and extension of the hip provide 

most of the propulsive power; elbow flexion provides little propulsive force.

L8e. Pulse climb (= vertical bound): Ascent of supports angled at > 45°. The 

forelimbs grasp a support as the hindlimbs are gathered underneath the body by flexion of the 

knee, hip, and spine; extension of the hindlimbs and back push the body upward.  While the 

back and hindlimbs propel the body upward, the forelimbs release the support and are 

protracted in unison to reach a higher handhold.  The motion has a pulsing appearance.  

L8f: Bimanual pull-up (hauling or hoisting): A typically horizontal support is grasped 

by both hands and the body is lifted by retracting the humerus and flexing the elbow; the 

spine may be flexed to aid bringing the hindlimb on top of the support.

L8g. Rump-first descent: (1) symmetrical rump-first descent: vertical quadrupedal 

descent of a support angled at > 45°; rather the kinematic reverse of ascent, but often with 

more abduction of the forelimb.  (2) rump-first scramble descent: as with rump-first descent, 

except on multiple supports with odd orientation or size.

L8h. Head-first descent: (1) Symmetrical head-first descent: similar to quadrupedal 

walking, except the limbs serve a braking function on these steep descents (>45°); some 

skidding may occur (cf. Fontaine 1990); (2) head-first scramble descent: as with symmetrical 

head-first descent, except on multiple supports with odd orientation and sizes, and a less 

symmetrical gait; and (3) cascade: as with head-first scramble descent, except supports are 

still smaller, and radically angled. Limbs and tail grasp briefly and in rapid succession to 

brake descent.
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L8i. Sideways vertical descent: the body is held at right angles to the long axis of the 

support. The downside fore-and hind-limbs provide most of the braking support.

L8j. Head-first bounding descent: both forelimbs move together, followed by both 

hindlimbs. Hands and feet act as brakes. May grade into pronograde slide.

L8l. Fire-pole slide: Rump-first, largely passive quadrupedal, orthograde sliding on 

vertical or subvertical support, usually very large (>20 cm). The support is circumducted by 

the forelimbs and hindlimbs, after which the animal allows its body to descend by sliding 

with little other movement. Not infrequently, the forelimbs regulate the velocity of the 

descent with hand over hand movement.

L10a. Inverted quadrupedal walk: All the four hands/feet are used in some 

combination; the torso is pronograde, and limbs are in tension. Regular gaits are common. 

This mode is often accompanied by the grasp of a prehensile tail in atelines and Cebus.

L11a. Cautious pronograde bridge: A torso-pronograde gap-closing movement where 

the hands reach out to grasp a support on one side of a gap and cautiously pull the body 

across the open space with the feet (and tail in atelines and Cebus) retaining their grips until a 

secure position is established on the other side (Youlatos 1993).

L11b. Lunging bridge: feet and/or tail grasps a support and a lunge (“incomplete 

leap” Fontaine 1990) closes the gap, allowing the hands to grasp a distant support. The 

forelimbs pull the distant support closer with all four limbs in tension. May be followed by a 

postural bridge.

L12. Leap: Leaping is a gap-closing movement in which the hindlimbs prinicipally 

are used as propulsors. The flexed handlimbs and flexed back are forcefully extended, often 
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aided by the forelimbs. There is an extended period of free flight, distinguishing this mode 

from bounding.

L12a. Pronograde leap: The torso is principally pronograde at take-off, and the leap 

may be initiated from either a postural or locomotor position. This type of leap is characteric 

of most anthropoids. Longer leaps tend to have a downward component, which increases the 

horizontal distance covered (Oxnard, 1984; Gebo, 1989). Anthropoid leaps effecting ascent 

are typically over short spaces, with a series of such leaps used to ascend the tree.  This mode 

grades into bounding.

L12b. Pumping leap: Similar to pronograde leap, with the addition of several forceful 

extensions of the limbs used to initiate a sway in the branch, the force of which is used to add 

length to a leap.

L12d. Hindlimb-forelimb suspensory leap: “takeoffs that involve suspension by any 

hindlimb-forelimb combination in which the simultaneous swaying motions of the forelimbs 

and hindlimbs (generate) propulsive force” (Fontaine, 1990)

L12e. Hindlimb suspensory leap: Flinging the trunk and forelimbs forward from 

suspension by one or both hindlimbs (and possibly the tail) (sensu Fontaine, 1990).

L13. Drop: This mode differs from leaping in that the takeoffs are initiated not by 

substantial muscle propulsion, but by falling after releasing a support. It is categorized by the 

semi-posture (“semi” because there is little pause before dropping) assumed before the drop. 

L14. Tail swing: Pendular movement during tail suspension propels the animal 

forward to cross a gap (Fontaine, 1990).
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L18. Scoot: The body is propelled by sliding while the ischia support a substantial 

proportion of the body weight; knee and thigh remain flexed while propelling the body.

5a) Additional positional categories added for this study : dorsal ride, ventral ride, dorsal 

cling, ventral cling, side ride, side cling.  All categories for infants riding on other 

individuals.

6) Tail-use categories (modified from Fontaine 1985 and Bergeson 1996).

TH: Tail hang.  The tail is not touching the substrate (Figure 4.1). 

 TT: Tail touch. The tail is touching the substrate or is wrapped around the body 

during rest (Figure 4.2).  

*TW: The tail is observed wrapped around the substrate and is not observed bearing 

mass (e.g. during sitting or lying posture) (Figure 4.3). 

 *TMB: The tail is observed bearing equal or greater mass than any single limb

(Figure 4.4). 

 * For all tail categories where the tail was observed wrapped around the substrate, 

branch size and angle were noted.  In addition, the relative proportion (0-25%, 26%-50%, 51-

75%, and 76% and higher) of the tail that was wrapped around the substrate was recorded.

7) Branch size: Substrate size was recorded using predefined estimated circumference 

categories (small = less than 5 cm, medium= 6 – 10 cm; large = greater than 11cm; clumps of 

small branches) and in relative proportion to the primate's individual hand. A sample of tree 

branches and bamboo was measured at the onset of study (N= 50) as a reference for branch 

size estimation in the field.
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8) Branch angle: Branch angle was estimated in three categories including: vertical (0-15º), 

oblique (16-75º), and horizontal (76-90º).  

9) Location: Height in canopy was estimated in meters and described in relative location 

within a particular tree crown (peripheral, middle, core and upper, lower, middle portions of 

the tree crown).

10) Diet: Diet categories included leaves, petiole, fruit, buds, insects, vertebrates, and 

unknown.  Feeding trees were marked for later identification using field guides and keys and 

were then checked with a local botanist to insure correct identification.
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Figure 4.1: Tail use category (TH) Tail hang:  The tail is not touching the substrate.
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Figure 4.2: Tail use category (TT)Tail touch: The tail is touching the substrate or is wrapped 
around the body during rest.  
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Figure 4.3: Tail use category (TW) Tail wrap: The tail is observed wrapped around the 
substrate and is not observed bearing mass (e.g. during sitting or lying posture).
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Figure 4.4: Tail use category (TMB) Tail mass bearing: The tail is observed bearing equal or 
greater mass than any single limb.
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The Dataset

The dataset presented in this study includes 401.3 hours of data on Cebus capucinus

and 554.3 hours of data on Alouatta palliata totaling 955.6 hours of data or 57,344 individual 

activity records. The numbers of IARs obtained for each age category and activity are 

provided in Tables 4.2 and 4.3. To increase the number of active behavioral samples for 

comparison between and within species, I collected more individual activity records (IARs)

of mantled howler positional behavior due to long periods of rest during each day.  Overall, 

the three most common activities in the capuchin dataset were foraging, resting, and 

traveling. Juveniles spent more time foraging (Juvenile I [JI]: 36.8%, Juvenile II [JII]: 

33.8%) than did adults (29.7%) and spent a smaller proportion of the observations resting.  

Juvenile and adult howlers devoted considerable time to rest (JI: 48.7%, JII: 49.4%, A: 

74.2%), while juveniles spent a larger proportion of the day foraging than did adults (JI: 

16%, JII: 12.4%, A: 5.1%).

Tables 4.4 and 4.5 show the number of IARs and proportion of time engaged in 

locomotor versus postural modes in Alouatta and Cebus.  In Cebus, locomotor activities 

account for 24-31.4% of the positional repertoire in the Infant II through Adult age 

categories.  As stated above, capuchins are described as manipulative foragers and engage in 

more foraging behavior in their search for insects and fruit.  In all age categories of Alouatta, 

more than 80% of the positional repertoire is dedicated to postural activities. Howlers are 

described as behavioral folivores and minimize energy expenditure to deal with digestion of 

a leafy diet (Milton, 1980; Crockett and Eisenberg, 1987).
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Activity Infant I
(n=2,354)

Infant II
(n=2,890)

Juvenile I
(n= 3,248)

Juvenile II
(n=4,322)         

Adult 
(n=11,264)       

Total
24,078

Feed 98
4.2%

62
2.1%

347
10.7%

475
11%

998
8.9%

2052
8.5%

Forage 4
0.2%

318
11%

1,196
36.8%

1,462
33.8%

3,342
29.7%

6,722
27.9%

Travel 3
0.1%

78
0.7%

703
21.6%

857
19.8%

2,298
20.4%

3,880
16.1%

Rest 7
0.3%

33
1.1%

361
11.1%

524
12.1%

1,845
16.4%

2,598
10.8%

Social Behavior 97
4.1%

78
2.7%

366
11.4%

615
14.2%

1,495
13.3%

2,351
9.8%

Active Posture 12
0.5%

108
3.7%

215
6.6%

353
8.2%

1,154
10.2%

1,842
7.7%

Explore 42
1.8%

292
10.1%

14
0.4%

348
1.4%

Ride 2,091
88.8%

1,917
68.4%

14
0.4%

4,081
16.9%

Other 4
0.1%

32
1%

36
0.8%

132
1.2%

204
o.8%

Table 4.2: Activity budget and number of IARs for Cebus capucinus. Infant activities (except ride) take place independent of the 
mother.
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Activity Infant I
(n=2,954)

Infant II
(n=4,504)

Juvenile I
(n= 6,326)

Juvenile II
(n=6,202)

Adult 
(n=13,280)       

Total
(33,266)

Feed 94
2.1%

455
7.2%

568
9.2%

1,124
8.5%

2,241
6.7%

Forage 84
1.9%

1,009
16%

766
12.4%

676
5.1%

2,535
7.6%

Travel 132
2.9%

599
9.5%

844
13.6%

929
7%

2,520
7.6%

Rest 1,134
25.2%

3,080
48.7%

3,065
49.4%

9,854
74.2%

17,133
51.5%

Social Behavior 179
6.1%

278
6.2%

255
4%

273
4.4%

176
1.3%

1,161
3.5%

Active Posture 54
1.8%

72
1.6%

448
7.1%

491
7.9%

477
3.6%

1,542
4.6%

Explore 46
1.6%

167
3.7%

130
2.1%

167
2.7%

510
1.5%

Ride 2,675
90.5%

2,543
56.5%

327
5.2%

8
<0.1

5,553
16.7%

Other 23
0.3%

20
0.3%

44
0.3%

87
0.3%

Table 4.3: Activity budgets and number of IARs for Alouatta palliata. Infant activities (except ride) take place independent of the 
mother.
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Postional Behavior Infant I Infant II Juvenile I Juvenile II Adult Total
Locomotor modes 153

6.5%
707
24.5%

1,012
31.2%

1,345
31.1%

2,913
25.9%

6,130
25.5%

Postural modes 2,201
93.5%

2,183
75.5%

2,236
68.8%

2,977
68.9%

8,351
74.1%

17,948
74.5%

Table 4.4: Proportions of postural and locomotor categories across age classes in Cebus capucinus.



103

Postional Behavior Infant I Infant II Juvenile I Juvenile II Adult Total
Locomotor modes 188

6.4%
469
10.4%

863
13.6%

1,049
16.9%

1,107
8.3%

3,676
11.1%

Postural modes 2,766
93.6%

4,035
89.6%

5,463
86.4%

5,153
83.1%

12,173
91.7%

29,590
88.9%

Table 4.5: Proportions of postural and locomotor categories across age classes in Alouatta palliata.
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Forest Sampling

Plots

Circular plots (radius = 5 meters, area = 78.5m2), were randomly selected within 

the overlapping home ranges of the two species.  Plots were selected by placing a grid 

over the map of the forest and generating 94 random plots out of available plots using 

Microsoft Excel random numbers generator.  The capuchins in this area range over an 

area of 60 hectares (HA).  The area included in the forest sampling totaled 7,379 m2

(11.7% of the primary home range) out of approximately 48 HA or 480,000 m2.  Areas 

excluded from analysis include all areas that the capuchins visit that have been impacted 

by intensive human activity such as three bamboo groves, pejibaye palm grove, coconut 

plantation, mamon chino grove, and limon trees.  These areas are all connected to the 

main area of the capuchin and howler home range by narrow tree corridors or fences 

(capuchins use fence routes).  These areas were excluded from measurement as they 

represent areas that are not used by the howlers and were uncharacteristic of the primary 

habitat area. 

Measurements

Within each plot, I collected measurements on all trees more than 2.5 cm dbh 

(diameter at breast height~ 1.2m) (Table 4.6).  This measurement served as a baseline as 

it was observed to the minimum dbh that could support the weight of an independently 

mobile capuchin (the smaller species sampled in this study).  Capuchins were observed 

moving on branches and twigs of this size in heliconia and bamboo patches at close 

proximity.
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Forest Variables Methods or measurement

DBH (cm) Recorded using a dbh measuring tape 
(Forestry Suppliers). In the case of 
multitrunked trees dbh is measured on the 
largest trunk.

Bole height, crown height, and total height 
(m)

Estimated in meters based on 2 meter tape 
at base and by using a clinometer (Forestry 
Suppliers).

Distance to nearest neighbor of trees more 
than 2.5 cm dbh and of trees of equal or 
greater size (m)

Measured with a meter tape at the trunk 
and estimated between canopies using a 
meter tape at ground level.

Canopy connectedness Estimated % of overlapping proportions of 
tree crown.  

Canopy density Four estimates of canopy density were 
obtained using a densiotmeter (Forestry 
Suppliers).  Measurements were estimated 
by taking four readings from the center of 
the circular plot.  The densitometer is held 
far enough away so one does not see their 
own image in the mirror, and held level (a 
level is included on the surface of the 
densitometer). The concave mirror is 
divided into 24 1/8 by 1/8 squares and each 
square represents one area of canopy 
opening.  I assumed 4 equispaced dots in 
each square and counted dots where I could 
see sky (or not occupied by the canopy).  
The final count is multiplied by 1.04 and 
subtracted from 100 to estimate canopy 
cover.

Climber load Count

Table 4.6: Forest structure measures.
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The primary goals of measuring forest structure are to describe the arboreal 

habitat, compare microhabitats within the same forest, and facilitate comparison with

previously published descriptions.  This information in conjunction with data collected on 

feeding and foraging behavior, branch use, and crown location allows assessment of the 

environmental factors that may influence positional behavior and cross-site comparison.

Tree Gap Measurement

To assess the distribution of discontinuities in the forest, gap sizes were measured 

in three locations in the canopy (lower, middle, and upper) for a sample of 1000 trees 

along 50 10-meter transects within the howler and capuchin home ranges.   Gap sizes

were divided into six categories.  1) Category one included tree crowns that were 

overlapping (no gap).  2) Category two gaps measured fewer than 10 centimeters.  3) 

Category three included gaps that measured between 11 and 25 centimeters. 4) Category 

four included gaps that measured between 26 and 50 centimeters. 5) Category five gaps 

measured between 51 centimeters and one meter.  6) Category six included all gaps more 

than one meter wide.  Measurements were taken at ground level by measuring the 

estimated distance between branches using a tape pre-marked with the distances of the 

six categories (total: 3,000 gaps).  Additionally, in each tree, I recorded the smallest gap 

(shortest distance) between the three terminal portions of the tree crown (lower, middle, 

and upper).

Howler and capuchin feeding trees were marked with photodegradeable tape, leaf, 

flower and fruit samples were described, collected (when possible), and later identified.  I 

initially identified trees using published keys (Gentry, 1993; Salas Estrada, 1993; Zamora 
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et al., 2000; Weber et al., 2001) and by talking with local people about tree s in the area. I 

then hired Reinaldo Aguilar, a botanist for INBIO (Institúto Biodiversidad) in San José 

Costa Rica, to verify my identifications and identify trees that I was unable to designate 

to genus or species level.  

Data Analysis

Statistical analyses using categorical behavioral data

Most studies of positional behavior present results in the form of frequencies, 

rates, or durations of behaviors given the nature of the research questions and sampling 

protocol. Positional behaviors are necessarily descriptive.  In order to best understand the 

nature of postural and locomotor diversity, details (e.g. limb tension, extension, and 

flexion) observed in natural settings are desired.  Ideally, the positional repertoire is 

defined into categories that best describe variation in posture and locomotion.  These 

behaviors are further divided and presented within the context of broader behaviors 

(feeding, foraging, travel, social behavior) to better understand the context of positional 

strategy. To this end, positional behavior studies involve many categorical variables and 

decreasing numbers of IARs as behaviors are divided among behavioral contexts. This 

presents a problem in statistical testing.  Positional behavior studies violate assumptions 

of standard parametric tests including random sampling, normality, large numbers of 

individuals, and sample independence (Dagosto, 1994; Dagosto and Gebo, 1998). Past 

positional behavior researchers have solved this problem by avoiding statistical testing, 

applying nonparametric tests such as the chi-square test, or removing sequential 

observations.  Randomization, resampling, or permutation techniques involve shuffling of 

the dataset to assure that chance sampling error is not influencing the results.  
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Randomization techniques have become increasingly common in behavioral studies 

(Adams and Anthony, 1996; Bejder et al., 1998) and in studies of positional behavior 

(Dagosto, 1994; Hunt, 1994; Bergeson, 1996; Wright, 2005; Lawler, in press).  Dagosto 

(1994) applied chi-square and randomization tests to a dataset on lemur positional 

behavior to assess the robusticity of different types of testing. In 12 comparisons, the chi-

square test revealed significant results while the three types of randomization tests (E, 

Wilk’s Lambda, and Mantel) provided between 1-2 significant results.   Dagosto (1994) 

concluded that randomization presents the most robust test for positional behavior data. 

The Tests

Descriptive statistics were used to examine proportions of observations of 

positional behavior among the five age classes of Cebus and Alouatta and forest structure 

characteristics.  In addition, statistical analyses were performed using two-sample 

randomization procedure written in R- 2.3.0, (The R-foundation for Statistical 

Computing). Randomization tests involve creating a test statistic or the mean differences 

in the comparisons for each randomization loop through multiple randomizations of the 

data. In these analyses, significance refers to the degree to which the difference is greater 

than what would be expected by random chance. In each randomization, the mean 

difference of use rate of a positional mode is compared.  This two-sample test is 

equivalent to the student’s t-statistic (Manly, 1997).  The p-value represents the 

proportion of values greater than the observed value of all randomization loops.  Adams 

and Anthony (1996) compared 500, 1,000, 2,000, 3,000, 4,000, 5,000, 7,500, and 10,000 

randomizations and concluded that variance drops rapidly and then decreases, remaining 

stable at 4,000 loops and higher.  Manly (1997) suggested 1,000 loops to test hypotheses 
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at the 5% level and 5,000 at 1% level.  In this study, significance was set at p< 0.05

using 5,000 randomizations.  To address issues of multiple pairwise comparisons in each 

table of p-values, I applied a sequential Bonferroni procedure (Holm, 1979). Gap sizes 

were compared using a chi-square test (JMP, version 6). One problem in many recent 

assessments of positional behavior is a focus on statistical significance when the true 

objective is to examine biological significance.

Application of Tests

To assess differences among age categories, I tested among observed categories 

of positional behavior that totaled more than 5% of the positional repertoire.  For the 

purpose of significance testing, I placed all vertical climbing categories into the climb

category to consider how body mass differences may influence the frequency of climbing 

and leaping modes. Infants were excluded from statistical analyses for several reasons.  

First, the goal of this dissertation is to assess how growth and development (maturation)

influences positional behavior.  Much infant behavior takes place on the mother with very 

few observations of locomotion and posture off of the mother.  Breaking down the 

number of observations into different behavioral contexts reduces the number of IARs.  

Therefore, I provide descriptive data for the small number of infant modes as an overall 

pattern of positional behavior and focus on the differences and similarities observed 

among juveniles and adults.  The adult category combines males and females for both 

species.  Although Cebus and Alouatta exhibit varying degrees of sexual dimorphism, 

previous studies have suggested that adult males and females exhibit similar patterns of 

positional behavior (Gebo, 1992; Doran, 1993; Garber, 2006).  To be certain this was the 
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case in Cebus and Alouatta, I tested for differences between females and males in both 

species during feeding and foraging and found no significant differences. However, 

females carrying infants exhibited significant differences during travel.  Due to low 

sample sizes of these individuals and uncertainty about size of different infants carried 

when a mother was the focal animal, I removed these activity records from the adult 

dataset.  

Due to the large number of arboreal contexts, I limit presentation of substrate 

characteristics to feed/ forage and travel as these activities are hypothesized to present 

limitations on positional behavior.  I present information on the frequency of crown 

location, support characteristics, and support size.  I then test for differences in branch 

size use among different age categories to assess the effects of size on branch selection.  I 

focused analyses on broad categories single branch sizes (clump, small, medium, large) 

as the single branch setting would be likely to exert the largest influence on size 

selection. In addition, single branches comprise the largest proportion of branch types 

(more than 70%).  In this regard, observations where multiple branches of different size 

are used (take off and landing and multiple branches) or where substrates could not 

described as branches are excluded. 

Positional behavior studies often focus analyses on positional modes during 

feed/forage and travel.  In this research, I also present information about positional 

behavior during social behavior. Play is described as an important aspect of locomotor 

development in mammal lives (Bekoff and Byers, 1998).  Social behavior should 

consequently reveal positional behavior differences that may be important to consider in 

addressing ontogenetic patterns of behavior.  In addition, behaviors during explore and 
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active posture also are more common during young lives. Therefore, I present results 

within the categories of feed/forage, travel, social behavior, explore, and active posture.  

Finally, there were many instances where tail position and/or degree of mass bearing 

were unobservable due to howler and tree visual obstructions (especially in the younger 

categories) and these observations were excluded from the analysis.  

Summary

In this dissertation I examine ontogenetic patterns of positional behavior and 

prehensile-tail use in Cebus capucinus and Alouatta palliata inhabiting a tropical forest in 

Northeastern Costa Rica. Systematic, quantitative behavioral data were collected from 

March 2002-November 2003 and May 2003-August 2003 using a one-minute focal 

animal instantaneous sampling technique. The data set is comprised of 401.3 hours of 

data on Cebus capucinus and 554.3 hours of data on Alouatta palliata totaling 955.7 

hours of data or 57,344 individual activity records.  A set of 49 positional categories were 

observed in Cebus and Alouatta, 43 of which were defined by Hunt et al. (1996).  In 

addition, data were collected on activity, prehensile- tail use, branch size, branch angle, 

and crown location to provide contextual information for positional behavior.  Vegetation 

was sampled at the research site to provide a site description and 3,000 gaps (between 

trees) were measured to assess inter- and intra- species differences or similarities in gap 

crossing movement.  The most common activities observed in Cebus were foraging, 

traveling, and rest while howlers were observed to rest most often, followed by traveling 

and foraging.  Data were analyzed using descriptive statistics and randomization 

techniques.
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CHAPTER 5: ONTOGENETIC PATTERNS OF POSITIONAL BEHAVIOR IN
CEBUS CAPUCINUS
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Introduction

Positional behavior interacts with every aspect of life, revealing information about 

foraging behavior, diet, social behavior, and travel.  In Cebus capucinus, adult positional 

behavior has been well described as including large proportions of quadrupedal walking 

and sitting in conjunction with climbing, suspensory behavior, and leaping. Ontogenetic 

changes in body mass, manipulative abilities, body coordination, and life experience are 

expected to influence an arboreal primate’s ability to forage and travel efficiently in the 

arboreal canopy. Ontogenetic data on positional behavior allow assessment of the ways 

in which developmental (maturation) trajectories (body mass, limb proportions, agility, 

manipulative ability) influence behavior during the infancy and juvenile periods. Here I 

discuss how ontogeny influences posture and locomotion and associated behaviors.  Does 

positional behavior reveal changes associated with developmental timing?  Do juveniles 

interact with their environment differently than adults?

Questions

The questions addressed in this chapter are:

1) What are the ontogenetic patterns of positional behavior of Cebus capucinus

across different behavioral contexts?

2) Do age-related differences in body size influence positional behavior and 

substrate use?

3) Do age-related differences in body mass influence prehensile-tail use?

4) When do adult patterns of positional behavior appear during ontogeny in Cebus

capucinus?
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Results

Behavioral Context

Positional behavior results are presented within the categories of feeding and 

foraging, travel, exploration, and social behavior. Figure 5.1 provides an activity budget 

as contextual information for positional behavior results through the life stages.  I 

compare infants, juveniles, and adults to assess the degree to which varying positional 

patterns (during feeding/foraging, travel, exploration, and social behavior) develop during 

ontogeny. Young capuchins first engage in postural and locomotor modes within the 

context of watching, exploring, and social behavior.  Therefore, I also present results 

within these important behavioral contexts. To address age-specific patterns of posture 

and locomotion, I present results for each age category and then present the comparative 

results among age categories.
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Positional Behavior during Feeding and Foraging

The positional repertoire of juvenile capuchins was more diverse when compared 

with adults, with the addition of above-branch and below-branch positional modes such as 

quadrumanus suspend, pronograde tail quadrumanus suspend, cling, extended -elbow 

vertical climb, fire pole slide, and inverted quadrupedal walk (Table 5.1). Young infants 

(Infant I) were not observed feeding or foraging other than suckling.  Squat (Infant II [II]: 

33.4%, Juvenile I [JI]: 27.3%, Juvenile II [JII]: 28.0%) was the most common positional 

mode in the younger age categories, followed by quadrupedal walk (III: 19.1%, JI: 20.6%, 

JII: 22.8%). Positional modes such as sit, quadrupedal stand, horizontal tripod, tail suspend, 

and flexed-elbow vertical climb were used by all of the younger age categories but varied in 

relative frequency.  

Four behaviors dominated the adult posi tional repertoire during feeding and foraging.  

Squat (25.3%) and quadrupedal walk (22.4%) were most common, followed by quadrupedal 

stand (16.7%), and sit (14.7%).  Below-branch suspensory modes such as tail hindlimb 

suspend and tail suspend were observed in smaller frequencies. When considered together, 

climbing modes accounted for 4.8% of feeding and foraging and included the behaviors, 

pulse climb, bimanual pull-up, flexed-elbow vertical climb, and vertical scramble.  

Overall, juvenile and adult capuchins exhibited a similar pattern of positional 

behavior during foraging and feeding with sit, squat, quadrupedal stand, and quadrupedal 

walk observed frequently.  Table 5.2 shows the number of significant differences in 

positional modes among adults, juveniles, and infants.  Significant differences between 

juvenile and adult categories included more frequent sit (JI vs. J2 p<0.001, J1 vs. Adult 

p<0.001) observed in the older categories.  
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Positional Mode Infant II Juvenile I Juvenile II Adult
Sit 7.9 7.1 10.3 14.7
Squat 33.4 27.4 28.0 25.3
Cling 0.3 0.4 0
Quadrupedal stand 7.4 12.4 14.6 16.7
Tripedal stand 0.8 4.2 1.3 0.8
Crouch 5.4 2.9 2.1 4.2
Flexed bipedal stand 2.1 2.3 1.6 1.9
Extended bipedal s tand 0.3 0.2 0.2 0
Horizontal tripod 4.2 4.0 3.5 2.8
Vertical tripod 0.8 1.4 1.0 1.0
Quadrumanus suspend 0.3 <0.1 0
Tail suspend 3.7 5.0 3.6 2.0
Tail/hindlimb suspend 1.8 1.6 2.6 0.7
Pronograde tail/quadrumanus 
suspend

<0.1 0.2

Lie 0.5 <0.1 0.2 0.2

Quadrupedal walk 19.2 20.6 22.8 22.4
Tripedal walk 0.5 0.4 0.3 0.4
Quadrupedal run 3.2 2.7 2.0 0.4
*Flexed-elbow vertical climb 4.5 3.4 2.9 1.6
*Ladder climb <0.1 0.1
*Vertical scramble 0.3 <0.1 <0.1 0.3
*Extended-elbow vertical climb 0.3
Pulse climb 0.5 0.7 1.9
Bimanual pull-up 0.5 0.5 0.4 0.9
Fire pole slide 0.5 <0.1 <0.1
Inverted quadrupedal walk <0.1 0.3
**Bridge <0.1 <0.1 0.2
***Leap 1.8 2.3 1.3 1.5
Drop 0.3 0.1 <0.1

Table 5.1: Positional modes (%) during feeding and foraging in infant, juvenile, and adult 
Cebus capucinus.
* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Positional 
Mode

Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. Juvenile II

Sit 0.1029
(p<0.001) +

0.0085
(p=0.411)

0.1079
(p<0.001) +

Squat 0.1232
(p=0.210)

0.0068
(p=0.533)

0.0771
(p=0.456)

Quadrupedal 
Stand

0.0126
(p=0.130)

0.5615
(p=0.071)

0.0077
(p=0.190)

Quadrupedal 
Walk

0.0027
(p=0.752)

0.0041
(p=0.091)

0.0022
(p=0.202)

*Climb 0.0020
(p=0.701)

0.0186
(p=0.192)

0.0019
(p=0.831)

**Leap 0.00615
(p=0.101)

0.0057
(p=0.083)

0.0078
(p=0.093)

Table 5.2: P-values of ontogenetic differences in positional behavior during feeding and foraging in juvenile and adult Cebus 
capucinus. The plus (+) indicates the direction of the difference. Bold values indicate statistical significance, 5,000 
randomizations.

All bold values are significant after comparisons using sequential Bonferroni correction

* * Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Leaping modes include pronograde leap, and pumping leap.
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Positional Behavior during Travel

During travel, independently locomoting capuchins employed three main categories 

of movement including quadrupedal walk, leap, and quadrupedal run (Table 5.3).  Infant I 

individuals were not observed traveling independently.  I observed rare occurrences of Infant 

II travel (N=78). Independently locomoting juveniles used quadrupedal walk (JI: 61.3 %, JII: 

62.1%) most often, followed by quadrupedal run (JI: 14.9%, JII: 14.9%), leap (JI: 13.6%, 

JII: 13.1%), and flexed-elbow vertical climb (JI: 4.8%, JII: 4.6%). 

Quadrupedal walk dominated the adult travel repertoire (71.1% ). Leap (15.3%) was 

the second most frequent positional mode, followed by quadrupedal run (5.5%) and flexed-

elbow vertical climb (4.6%).  The only significant differences in travel occurred in the use of 

quadrupedal run and quadrupedal walk (Table 5.4) .  Adults employed quadrupedal walk 

significantly more often than juveniles (p<0.001 in both comparisons).  The quadrupedal run 

category was used significantly more often in juveniles than adults (p<0.001).  Leap and 

climb were used similarly among adult and juvenile age categories.
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Positional 
Mode

Infant 
I

Infant 
II

Juvenile I Juvenile II Adult

Quadrupedal 
Walk

<0.1 2.2 61.3 62.1 71.1

Quadrupedal 
Run

<0.1 0.9 14.9 14.9 5.5

*Flexed-elbow 
vertical climb

<0.1 4.8 4.6 4.6

*Ladder climb 0.5 <0.1
*Vertical 
scramble

0.1 0.7 0.9

*Pulse climb 1.6 1.3 0.8
Bimanual pull-up 0.3 0.6 0.3
Fire pole slide <0.1 0.5
**Bridge 1.3 0.6 0.7
***Leap 0.4 13.6 13.1 15.3
Drop 0.3 1.1 0.7
Tail swing <0.1
Dorsal ride 99.9 96.4 1.8

Table 5.3: Positional modes (%) during travel in infant, juvenile, and adult Cebus capucinus. 

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Positional Mode Juvenile I vs.
Adult

Juvenile II vs. Adult Juvenile I vs. Juvenile 
II

Quadrupedal Walk 0.3431
(p=0.016) +NS

0.1056
(p=0.021) +NS

0.0515
(p=0.890)

Quadrupedal Run 0.1131
+ (p<0.001)

0.0009
(p=0.756)

0.0316
(p=0.068)

* Climb 0.0098
(p=0.411)

0.0097
(p=0.346)

0.0055
(p=0.684)

**Leap 0.0009
(p=0.272)

0.0027
(p=0.853)

0.0143
(p=0.452)

Drop 0.0005
(p=0.923)

0.0026
(p=0.475)

0.0040
(p=0.239)

Table: 5.4: P-values-values of ontogenetic differences in positional behavior during travel in 
juvenile and adult Cebus capucinus. The plus (+) indicates direction of the difference. Bold 
values indicate statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Leaping modes include pronograde leap, and pumping leap.
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Positional Behavior during Social Behavior, Explore, and Active Posture

Infants, juveniles, and adults exhibited different types of social behaviors.  For 

example, Infant I were observed to receive groom (61.5%) often during social behavior while 

Infant II and Juvenile I play most often (III: 74.2%, JI: 55.6%). It is expected that the nature 

of social context will influence differences in positional behavior observed among different 

age categories (Table 5.5). When separated from the mother, Infant I were observed to lie

(82.5%), tail suspend (6.2%), sit (5.1%), crouch (4.1%), and quadrupedal stand (2.1%). Lie

(22.6%) also was the most common positional mode observed in the infant II category with 

higher proportions of squat (15.8%), sit (13.7%), quadrupedal walk (6.2%), and quadrupedal 

run (6.2%). As play increased in Juvenile I individuals, the positional repertoire became 

more varied.  Lie (24.5%) was still dominant, followed by quadrupedal run (17.1%), sit

(11.1%), tail suspend (9.8%), fire pole slide (8.6%), and squat (8.6%).  Juvenile II showed 

increased proportions of sit (26.7%) and squat (19.7%) when compared with the younger 

categories. This decrease in locomotor emphasis is likely the result of increased proportions 

of active postures during autogroom. 

In adults, social behavior included grooming, copulation, displays, vocalizations, and 

agonistic interactions.  Allogrooming was the primary social behavior observed and it 

comprised approximately 92% of adult social behavior. Given the nature of social behavior 

in adults, positional behaviors during social behavior can be expected to fall primarily within 

the more relaxed postural modes such as sit and lie.  Sit was the most common postural mode 

observed (59.7%), followed by lie (24.4%).  The greatest differences in juvenile and adult 

positional behaviors are within the context of social behavior (Table 5.6). Juveniles exhibited 
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more tail suspend (p<0.001 in all comparisons) and in faster locomotor modes such as 

quadrupedal run and leap (p<0.001 in all comparisons).

Table 5.7 summarizes positional behavior during active posture and explore in 

infants, juvenile, and adults. Active posture includes activities where an individual is awake 

but clearly not resting, feeding/foraging, or engaged in social behavior.  Examples of active 

posture include autogroom, short pauses while traveling, or transitions before and after rest.  

Explore is a behavior exhibited by infants when they appear to be watching or moving 

around with no evident goal.  These behaviors are described in frequencies to provide a 

general picture of infant, juvenile, and adult behavior during these activities but were 

excluded from statistical analysis due to a small number of IARs.  In Infant I individuals, 

explore and active posture emphasized above-branch postures such as squat (37%), crouch 

(24.1%), and flexed bipedal stand (9.3%).  Infant II showed an increased number of 

positional modes with squat (16.5%), quadrupedal walk (14.7%), quadrupedal stand

(12.8%), and sit (12.5%). As individuals mature, explore was observed less often.  Juveniles 

and adults exhbited more frequent active activities such as autogroom.  Above-branch 

postural modes such as sit (JI: 32.8%, J2: 21.2%, Adult: 33.3%) and quadrupedal stand (JI: 

36.7%, JII: 54.4%, Adult: 41.9%) were observed most often.



124

Positional 
Mode

Infant 
I

Infant 
II

Juvenile 
I

Juvenile 
II

Adult

Sit 5.1 13.7 11.1 26.7 59.7
Squat 15.8 8.6 19.7 7.5
Quadrupedal 
Stand

2.1 4.1 3.2 4.0 2.4

Tripedal Stand 0.1
Crouch 4.1 5.2 0.7 0.3 2.1
Flexed Bipedal 
Stand

0.7 2.9 0.1 0.1

Horizontal Tripod 0.3 0.5 0.4 0.3
Vertical Tripod 1.0 0.7 0.7 <0.1
Tail Suspend 6.2 12.3 9.8 8.7 0.9
Tail/hindlimb 
Suspend

0.5 2.0 <0.1

Lie 82.5 22.6 24.5 18.1 24.4

Quadrupedal Walk 6.2 5.2 2.6 1.1
Quadrupedal Run 6.2 17.1 8.1
*Flexed-elbow 
vertical climb

2.7 1.2

*Ladder climb 0.5 1.0 0.9
*Vertical scramble 4.5 0.9 2.2 <0.1
Bimanual pull-up 1.7 0.2
Fire pole slide 1.0 8.6 3.8
**Leap 1.0 3.6 1.6 0.2
Hop 1.0 0.2

Table 5.5: Positional modes (%) during social behavior in infant, juvenile, and adult Cebus
capucinus.

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Leaping modes include pronograde leap, and pumping leap.
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Positional Mode Juvenile I vs.
Adult

Juvenile II vs. Adult Juvenile I vs. Juvenile 
II

Sit 0.3736
(p<0.001) +

0.0708
(p=0.01) +

0.3499
(p<0.001) +

Squat 0.0294
(p=0.226)

0.0027
(p=0.776) 

0.0228
(p=0.139)

Lie 0.1231
(p=0.140)

0.0850
(p<0.001) +

0.0781
+ (p=0.025)NS

Tail Supension 0.2512
+ (p<0.001)

0.0357
(p<0.001) +

0.0706
(p=0.101)

Quadrupedal Walk 0.0615
+ (p<0.001)

0.0389
(p=0.021) +

0.0172
(p=0.27)

Quadrupedal Run 0.5037
+ (p<0.001)

0.0551
+ (p<0.001)

0.1606
+ (p<0.001)

*Climb 0.0393
+ (p<0.001)

0.0150
+ (p<0.001)

0.0330
(p<0.001) +

**Leap 0.0328
+ (p<0.001)

0.0082
(p=0.078)

0.0226
+ (p=0.031)NS

Table: 5.6: P-values of ontogenetic differences in positional behavior during social behavior
in juvenile and adult Cebus capucinus. The plus (+) indicates direction of the difference.
Bold values indicate statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.

*  Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Leaping modes include pronograde leap, and pumping leap.
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Positional Mode Infant 
I

Infant 
II

Juvenile 
I

Juvenile 
II

Adult

Sit 5.6 12.5 32.8 21.2 33.3
Squat 37.0 16.5 19.2 17.1 20.7
Cling 3.0 0.9 1.1
Quadrupedal stand 7.4 12.8 36.7 54.4 41.9
Tripedal stand 1.0 0.4
Crouch 24.1 6.0 0.9 1.4
Flexed bipedal stand 9.3 1.0 0.3 0.2
Horizontal tripod 0.5 0.4 0.3 0.3
Vertical tripod 0.4
Forelimb suspend 2.0
Quadrumanus suspend 1.2
Tail suspend 5.6 12.3 3.0 1.1 1.5
Tail/forelimb suspend 0.3
Tail/hindlimb suspend 3.7 0.2 0.4 0.6 0.9
Lie 3.7 2.8 2.2 1.7 1.3

Quadrupedal walk 14.7 0.8
Tripedal walk 1.8
Quadrupedal run 6.3 0.5
*Flexed-elbow vertical 
climb

3.7 2.8 0.4

*Ladder climb
*Vertical scramble 1.2
Pulse climb 0.2
Bimanual pull-up 1.0
**Bridge
***Leap 0.8
Drop 0.5
Hop 0.2
Scoot 0.2
Table 5.7: Positional modes (%) during explore and active posture in infant, juvenile, and 
adult Cebus capucinus.
* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Prehensile-tail use

Capuchins employed the tail as a mass-bearing fifth limb primarily during feeding 

and foraging and social behavior (Table 5.8). The tail rarely provided support in Infant I 

individuals.  During feeding/foraging activities, the prehensile tail was primarily 

observed in non-prehensile positions such as tail hang and tail touch.  While riding on the 

mother’s dorsum, during travel, Infant I tails were observed to tail hang (not touching the 

mother) (58.4%), tail touch (mother) (31.4%) and tail wrap (around mother’s arm or 

torso) (10.2%.).  While engaged in social behavior, Infant I individuals primarily 

exhibited tail hang (44.1%) followed by tail wrap (29.4%) and tail mass bearing (5.9%).  

The Infant II category exhibited a similar pattern while riding on the mother during 

travel, but exhibited a greater number of activities where the tail served as a mass-bearing 

fifth limb.  For example, during feeding/foraging, the tail was observed providing support

during 10.9% of the observations and wrapped around the substrate during postural 

modes in 21.5% of the observations.  Increased tail mass bearing also was observed 

during social behavior.  Infant II were observed to tail hang (49.6%), tail touch (20.3%), 

tail wrap (16.7%), and tail mass bearing (13.4%).  In Juvenile I, the tail was used for 

mass bearing 13.9% of feeding/foraging and 1.9% of travel. During social behavior, the 

tail modes included tail hang (38.7%), tail touch (33.6%), tail wrap (14.5%), and tail 

mass bearing (13.2%).  Juvenile II exhibited a similar pattern as juvenile I, tail mass 

bearing was observed during 10.6% of feed/forage and during 1.2% of travel.  During 

social behavior, the juvenile II category exhibited tail mass-bearing behaviors during 

10.3% of the observations.
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Adults were observed using their tail as a mass-bearing fifth limb (6.4%) less 

frequently during feed/forage and during social behavior when compared with Infant II, 

Juvenile I, and Juvenile II.  During social behavior, the tail was often observed touching 

the substrate (71.3%).  This pattern likely reflected high proportions of sit and lie during 

grooming. Table 5.9 reports statistical differences in tail use.  Like the positional 

behavior data, the highest number of differences was observed in  tail use within social 

behavior.  These differences reflect higher proportions of play in juveniles and higher 

proportions of grooming in older age groups.  For example, the tail provided support 

significantly more often in Juvenile I and Juvenile II when compared with adults 

(p<0.001 in all comparisons). Juvenile I individuals exhibited significantly more tail 

mass-bearing modes when compared with Juvenile II during social behavior (p<0.001).  

During feeding and foraging, juveniles exhibit significantly higher proportions of tail 

mass bearing and tail wrap than do adults.
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Infant I Infant 
II

Juvenile I Juvenile II Adults

Feed and Foraging

TH 51.3 61.2 54.9 57.9 68.4
TT 38.6 6.4 10.4 10.8 10.7
TW 10.1 21.5 20.8 20.7 14.5
TMB 10.9 13.9 10.6 6.4

*Travel

TH 58.4 47.2 97.1 96.8 97.4
TT 31.4 37.5 0.1 0.5 0.9
TW 10.2 15.2 0.9 1.5 0.8
TMB 1.9 1.2 0.9

Social Behavior

TH 44.1 49.6 38.7 46.0 20.8
TT 20.6 20.3 33.6 30.9 71.3
TW 29.4 16.7 14.5 12.8 7.1
TMB 5.9 13.4 13.2 10.3 0.8

Table 5.8: Prehensile tail use (%) in infant, juvenile, and adult Cebus capucinus.
TH: Tail hang.  The tail is not touching the substrate.

TT: Tail touch. The tail is touching the substrate or is wrapped around the body.  

TW: The tail is observed wrapped around the substrate and is not observed bearing mass.

TMB: The tail is observed bearing equal or greater mass than any single limb.

* Travel modes for Infant I and Infant II are dorsal ride.
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Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. 
Juvenile II

Feed and Foraging

TH 0.1494
(p<0.001) +

0.1450
(p=0.765)

0.0298
(p=0.01) +

TT 0.0058
(p=0.553) 

0.0049
(p=0.832)

0.0089
(p=0.431)

TW 0.0746
+ (p<0.001)

0.0354
+ (p=0.02) NS

0.0002
(p=0.872)

TMB 0.0338\
+ (p<0.001)

0.0404
+ (p=0.03) NS

0.0045
(p=0.650)

Travel

TH 0.0015
(p=0.941) 

0.0047
(p=0.406)

0.0031
(p=0.751)

TT 0.0052
(p=0.100) 

0.0048
(p=0.500)

0.0032
(p=0.109)

TW 0.0011
(p=0.635) 

0.0019
(p=0.593)

0.0066
(p=0.266)

TMB 0.0085
+ (p=0.02)

0.0017
(p=0.527)

0.0068
(p=0.232)

Social Behavior

TH 0.2392
+ (p<0.001)

0.1354
+ (p<0.001)

0.1000
(p<0.001) +

TT 0.4259
(p<0.001) +

0.2215
(p<0.001) +

0.2023
(p= 0.345)

TW 0.0508
+ (p<0.001)

0.0438
+ (p<0.001)

0.0072
(p=0.681)

TMB 0.1329
+ (p<0.001)

0.0422
+ (p<0.001)

0.0906
+ (p<0.001)

Table 5.9: P-values of ontogenetic differences in prehensile- tail use in juvenile and adult 
Cebus capucinus. The plus (+) indicates direction of the difference. Bold values indicate 
statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.
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The Arboreal Substrate

Capuchins use a variety of supports in all areas of the forest.  La Suerte capuchins 

were observed foraging on the ground, near human habitations, on the human-constructed 

bridge over the Rio Suerte, in heliconias, and in coconut palm plantations.  

Canopy Location

Canopy location was divided into nine different categories (upper, middle, lower 

and periphery, middle, core).  Capuchins used all areas of the canopy and do not seem to 

focus feed/forage activities in any one area.  Tables 5.10 and 5.12 summarize crown 

location results into the periphery, middle, and core.  When feeding/foraging 

independently, Infant II individuals used the middle areas most often (42.9%), followed 

by the periphery (31.6), and core (25.5%).  Infant II showed a similar pattern of crown 

use during travel.  Juvenile I individuals showed higher proportions of feed/forage in core

areas (42.4%).  However, travel was observed in the middle (51.5%) portions most often. 

Juvenile II individuals exhibited more equal proportions of middle (36.3%), core 

(35.3%), and periphery (28.4%) areas.  Positional behaviors during travel occurred in all 

portions of the tree canopy at more equal frequency than feed/forage with slightly more 

observations in the middle portions (45.2%) most often.  Adult feed/forage positional 

behaviors also show a similar proportion in the three crown areas.  A larger frequency of 

travel locomotor modes took place in the middle area (44.1%), followed by the periphery

(31.8%) and core (24.1%).
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Support Characteristics

Capuchins use a variety of support types but emphasize the single branch setting.  

In all age groups, single branches were the arboreal substrate used most (Tables 5.10 and 

5.12).  Adults (6.1%) were observed feeding on the ground more often than Juvenile I 

(0.4%) and Juvenile II (0.8%).  Infant II individuals were not observed feeding/foraging 

on the ground. 

Branch Size

During feed/forage, all age categories of capuchins emphasize the small branch 

setting (III: 66%, JI: 58.9%, JII: 50.7%, Adult: 55.9%) (Tables 5.10 and 5.12).  All age 

categories were observed on medium branches during 30-36% of the observations.  Large 

branches and clumps were used in smaller proportions. An analysis of significant 

differences in branch use did not reveal any consistent patterns of branch  use during 

ontogeny.  Adult and Juvenile II categories used clumps significantly more often than 

Juvenile I (p<0.001 in both comparisons) and Juvenile I individuals were observed on 

small branches significantly more often than Juvenile II (p<0.001).  During travel, the 

only significant differences in branch use were observed between the Juvenile I and the 

Juvenile II categories.  Juvenile I were observed on small branches significantly more 

often and Juvenile II on medium branches significantly more often (Table 5.13) . 
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Infant II Juvenile 
I

Juvenile 
II

Adults

Crown 
Location

Periphery 31.6 21.1 28.4 31.2
Middle 42.9 36.5 36.3 37.5
Core 25.5 42.4 35.3 31.3

Support 
Characteristics

Single 79.7 79.3 77.2 71.2
Multiple 7.0 5.9 9.1 10.3
Liana 5.0 2.4 0.5 0.9
Bamboo 5.9 3.1 5.0 1.9
Fruit Clump 0.5 0 1.3 2.8
Heliconia 0.2 0.6 1.7 1.2
Coconut 0.9 0.4 1.6 2.8
Palm 0.4 1.4 1.8 2.5
Ground 0 0.4 0.8 6.1
Bridge 0.4 6.5 1.0 0.3

Support Size

Clump 1.1 0.8 2.9 3.9
Small 66.0 58.9 50.7 55.9
Medium 23.4 31.6 36.3 30.6
Large 9.5 8.7 10.1 9.6

Table 5.10: Support characteristics (%) during feeding and foraging in Cebus capucinus.
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Juvenile I vs.
Adult

Juvenile II vs.
Adult

Juvenile I vs. 
Juvenile II

Clump 0.0261
(p<0.001) +

0.0087
(p=0.861)

0.0203
(p=0.036) +

Small 0.0175
(p=0.191) 

0.0160
(p=0.218)

0.0758
+ (p<0.001)

Medium 0.0146
(p=0.242) 

0.0233
(p=0.961)

0.0318
(p=0.062) 

Large 0.0160
(p=0.030) 

0.0014
(p=0.890)

0.0157
(p=0.091) 

Table 5.11: P-values of differences in support size during feeding and foraging in 
juvenile and adult Cebus capucinus.  The plus (+) indicates direction of the difference.
Bold values indicate statistical significance, 5,000 randomizations.

All values remain significant after sequential Bonferroni correction.
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Infant II Juvenile I Juvenile II Adult

Crown Location

Periphery 38.2 26.1 28.3 31.8
Middle 41.8 51.5 45.2 44.1
Core 20.0 22.4 26.5 24.1

Support 
Characteristics

Single 80.5 85.2 86.2 90.9
Multiple 10.4 7.9 5.6 2.9
Liana 1.6 2.2 0.7 1.7
Bamboo 5.9 3.8 6.3 1.8
Palm 1.6
Ground 0.4
Bridge 1.6 0.9 1.2 0.7

Support Size

Clump 3.6 3.0 3.9 1.9
Small 34.5 43.8 34.8 38.1
Medium 30.8 40.4 46.9 43.5
Large 31.1 12.8 14.4 16.5

Table 5.12: Support characteristics (%) during travel in Cebus capucinus.
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Juvenile I vs.
Adult

Juvenile II vs.
Adult

Juvenile I vs. 
Juvenile II

Clump 0.0005
(p=0.901) 

0.0091
(p=0.071)

0.0086
(p=0.056)

Small 0.0181
(p=0.166)

0.0977
(p=0.432)

0.1144
+(p<0.001)

Medium 0.03609
(p=0.065)

0.0297
(p=0.131)

0.0658
(p=0.004)+ 

Large 0.0174
(p=0.357)

0.0589
(p=0.221)

0.0414
(p=0.071)

Table 5.13: P-values of differences in support size during travel in juvenile and adult 
Cebus capucinus. The plus (+) indicates direction of the difference. Bold values indicate 
statistical significance, 5,000 randomizations.

All values remain significant after Bonferroni correction.
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Discussion

Ontogeny and Positional Behavior

It appears that positional competence develops early in Cebus capucinus.  Young 

infants exhibited adult- like modes of behavior early, quickly increasing their positional 

repertoire or number of different locomotor and postural modes from two months to 6

months of age. By six months to 12 months, juveniles resembled adult positional 

behavior in most categories during feed/forage and travel   Body mass differences among 

age groups did not predictably influence positional categories but may impact finer 

details of movement and manipulation.  In this section I describe the development of the 

positional repertoire as observed in Cebus capucinus infants, juveniles, and adults.  

Infant I (0-2 months):The young infant’s behavioral repertoire primarily involved 

sleeping and watching while on its mother, and very brief instances of exploration within 

reach of the mother as she rested or was involved in social grooming. The infant’s social 

world was focused on its mother but included grooming by other group members. As 

weeks passed, infants became more engaged with the non-mother environment as they

explored, tasted, and watched while mothers foraged and rested. 

 Infant I individuals were observed clinging to their mother’s neck and upper 

back.  During the first few weeks following birth, infants grasped primarily with their 

hands and the prehensile tail did not appear to be used as a grasping fifth limb as the 

young infant was not yet large enough for the tail to reach to areas of the mother’s arm, 

torso, leg, or tail, with which it could grasp.  The distal tail did not seem mechanically 

able to grasp a small clump of hair as observed in howlers (chapter 6).  In the fifth week 
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following birth, captive infants are able to hold the torso up in a quadrupedal postural 

mode (Fragaszy et al., 2004). Captive infants have been observed reaching out at this age 

and sitting up and reaching by eight weeks. During early infancy, La Suerte capuchin 

locomotor skills seemed limited.  While the primary environment was the mother, the

infant spent brief periods in postural modes such as sit, squat, crouch, and lie.  When 

moving, the infant was slow, tentative and appeared ‘wobbly’.  

Infant II (2 months to 6 months): Infant II individuals exhibited increased involvement 

with the non-mother environment.  Play increased dramatically and comprised about 

three-quarters of the total social behavior.  Previous studies of Cebus social behavior 

suggest that play increases at four months, with locomotor independence at four to five

months (Cebus capucinus-Oppenheimer, 1968; Cebus apella- Robinson, 1988). In these 

cases, locomotor independence refers to behaviors by infants that occur outside of the 

context of the mother’s positional behavior (i.e. not clinging to the mother).   Mothers 

were observed leaving their infants together in common areas (bamboo resting areas and 

large resting branches) while foraging for insects nearby.  During these periods, infants 

explored the area, chewed on plant items, and played with other infants. 

Infant II individuals engaged in some independent feeding and foraging (around 

13% of the activity budget) and brief periods of independent travel over short distances.  

Other individuals (of all age and sex categories) were observed carrying infants during 

travel and foraging. Even smaller juveniles attempted to carry infants even though it 

seemed energetically draining (slowed and strained quadrupedal walking).  Other forms 

of allomothering occurred during this stage as well.  Allomothering is common in 

capuchins, and in free-ranging Cebus capucinus, infants are reported to begin to be 
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carried by others at three months (Mitchell, 1989).  All infants and juveniles were 

observed suckling on all lactating females.  The weaning process likely began during this 

stage as the infant begins to achieve nourishment from fruit and insect foraging.  

However, the precise contribution of nutrition from milk and other sources was unknown 

as nursing behavior was very difficult to observe.  Previous studies addressing weaning in 

the genus Cebus have suggested  that suckling continues through the first year (Robinson, 

1988; Mitchell, 1989).  

The majority of Infant II travel continued on the mother as she traveled and 

foraged.  Positional behavior off the mother occurred within the contexts of exploration, 

feeding and foraging, travel, play, and grooming. While engaged in relatively higher 

proportions of quadrupedal walk, squat, sit, and quadrupedal stand, Infant I individuals 

practiced additional modes such as climbing locomotor modes and suspensory postures 

while feeding and foraging.  These modes were classified as the same positional 

categories as those observed in adults.  Positional modes during social behavior increased 

in diversity during the Infant II stage. Within play, Infant II individuals engaged in higher 

proportions of below-branch suspension and in speedier modes such as running and 

vertical scramble.  The Infant II stage was marked as the beginning of the use of the 

prehensile tail as a mass-bearing fifth limb. Infant II hung by its tail as sole support 

(positional mode: tail suspend) during feeding and foraging and during social behavior.  

When riding on its mother during travel, the Infant II category rarely wrapped its tail 

around the carriers’ arm, torso, or tail.  

Juvenile I (6 months-12 months): Capuchins at La Suerte exhibited marked independence 

from their mothers during the Juvenile I stage.  More than 50% of the social repertoire 
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was play where Juvenile I individuals showed varied social behaviors such as display, 

chase, and fight. Grooming also increased, representing 30% of all social interactions. 

The activity budget of Juvenile I showed a slightly higher proportion of time spent 

foraging when compared with later categories and slightly lower proportions of rest, 

social behavior, and active posture.  

Juvenile I individuals resembled adults in most positional modes during 

feed/forage and travel.  Quadrupedal walk, quadrupedal stand, and sit were the most

common positional modes.  During feed/forage, the primary difference in positional 

behavior between Juvenile I and adult individuals was in the relative frequency of sit.  

Adults used sit significantly more often than Juvenile I.  Climbing and leaping are two 

behaviors that are hypothesized to vary according to body mass (Fleagle and Mittermeier, 

1981).  In the current study, changes in body mass did not influence the relative amounts 

of climbing and leaping across age categories.  One notable difference between Juvenile I 

and Adult individuals was use of the prehensile tail .  The tail was used as a mass-bearing 

fifth limb and was passively wrapped during postural modes significantly more often in 

Juvenile I individuals than Adults.  Theoretical considerations have suggested that 

prehensile tails are a neotenic retention as many primates exhibit tail prehensility during 

infancy but not during adulthood (Rose, 1974; Bergeson, 1996; Meldrum, 1998).  While 

prehensile-tail use was not observed in infants as often as in juveniles, it is possible that 

the precise positioning and degree of prehensility were not easily distinguished as the 

infant is riding on its mother.  Positional modes during travel also closely resembled the 

adult repertoire with differences in the relative frequencies of quadrupedal walk and 

quadrupedal run.  Juvenile I individuals ran more often during travel than their adult 
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counterparts. The prehensile tail was rarely used for support during travel.  Changes in 

body mass did not appear to influence branch use during feed/forage 

The largest differences in positional behavior between Juvenile I and Adult 

individuals occurred within the context of social behavior.  In capuchins, play involved 

chasing, displaying, wrestling, and games (Mitchell, 1989; Perry, 2004).  As play 

increased, the diversity of positional modes increased.  For example, in one area of the 

forest, young juveniles used small vertical trees and chased each other up and down these 

trees, across the ground, and up the other trees.  Capuchin individuals were observed to 

cling to the top of the tree and when another individual arrived, it would slide down the 

tree, to the ground and up another tree. This could last up to 35 minutes and accounted 

for an increase in the positional mode, fire pole slide.   Positional modes such as tail 

suspend, leap, and quadrupedal run increased during play.  This pattern was consistent 

with the intuitive suggestion that as play increases, so will the frequency of locomotor 

modes (Grand, 1981; Hurov, 1991).  Play presented the opportunity to contort the body 

while wrestling (above and below branches) and to run.  Positional behavior of young 

langurs (Pygathrix nemaeus, Trachypithecus delacouri, Trachypithecus hatinhensis) 

showed a similar pattern (Workman and Covert, 2005). Young langurs showed a wider 

diversity of positional behavior, utilizing three modes not observed in adults.

The arboreal environment did not seem to exert different pressures on young 

capuchins. The genus Cebus and closely-related Saimiri reveal a pattern of early foraging 

efficiency and results presented here support early positional competence.  Research on 

Saimiri oerstedii (Boinski and Fragaszy, 1989) indicated that Costa Rican squirrel 

monkeys locomote independently by four weeks of age, began foraging on their own by 
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seven weeks, were weaned by 16 weeks of age, and “by 4-5 months of age, most of the 

foraging patterns were indistinguishable from those of older individuals” (Boinski and 

Fragaszy, 1989:423).  In addition, recent research on Saimiri sciureus indicated that 

infants were as successful in capturing insects as their adult counterparts by six months of 

age (Stone, 2004).  Wild Cebus olivaceus exhibited a pattern of adult-like manipulative 

efficiency early during the juvenile period (Fragaszy and Boinski, 1995).   Once past 

infancy, wedge-capped capuchin juveniles were as efficient as adults in the amount of 

fruit and insects ingested and in the way they foraged for insects and fruits (manipulative 

activities).  Additionally, research on captive groups of Cebus apella suggest ed that 

captive capuchins exhibited adult-like dextrous manipulative abilities long before the 

weaning process is complete (Fragaszy and Adams Curtis, 1997).  Cebus capucinus

inhabiting a dry forest showed a similar pattern (MacKinnon, 2006).  Young juveniles 

acquired an adult-like foraging repertoire (with further refinement during ontogeny) early 

even though they have a relatively prolonged juvenile period.

Previous studies of the ontogeny of positional behavior in other primates revealed 

mixed results.  As stated above, Doran (1997) found that juvenile locomotor behavior 

resembled adults by three to five years of age.   Similarly, macaque juveniles differ in the 

relative use of climbing and leaping than adults (Wells and Turnquist, 2001).  Recent 

research has suggested that positional behavior in juvenile and adult C. olivaceous was

very similar while C. apella exhibited significant differences in leaping, bounding, 

running, and climbing during feed/forage and travel (Wright, 2005). It appears that being 

juvenile means many different things and may vary greatly across species and within 

species.  In Cebus and Saimiri, the development of adult locomotor competency and finer 
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manipulative abilities associated with foraging and diet appears early during ontogeny.   

However, other insectivorous New World primates such as tamarins and marmosets 

appear to dissociate locomotor development and fine manipulative skills.  Tamarins and 

marmosets locomote independently at three months of age, but are provisioned with 

insects and fruits by adult caretakers well into the juvenile period (7-9 months) (Garber 

and Leigh, 1997).

Juvenile II (12 months-36 months): Juvenile II individuals interacted with the physical 

and social environment similarly to adults. They resembled adults in relative frequency of 

most behavioral contexts (Figure 5.1).  Juvenile II individuals were observed to invest 

more time in social behavior and rest than younger individuals.  When compared with

Juvenile I individuals, there was a substantial increase in grooming (one-half of social 

interactions) and play decreased (one-quarter of social behavior).  

Like Juvenile I individuals, the positional behavior of Juvenile II resembled adults 

in all categories except for social behavior.  As discussed, the primary differences in 

positional behavior related to increased play behavior.  Like the Juvenile I category, use 

of the prehensile tail as support was increased when compared with adults.  There were 

no significant differences in prehensile-tail use (mass-bearing or wrap categories when 

compared with the Juvenile I category.  It did not appear that increasing body mass of 

older individuals influenced rates of below-branch suspensory postures.  

Adult (6-10 years and older): The positional behavior of adults involved above-branch 

quadrupedal progression, above-branch feeding postures such as sit and squat, and use of 

the prehensile tail as a mass-bearing fifth limb during feeding and foraging.  Currently, 

there are two studies of adult Cebus capucinus positional behavior with which these 
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results are comparable (Bergeson, 1996; Garber and Rehg, 1999) (Table 5.14).  Results 

presented here seem to differ in regards to relative frequencies of positional behavior 

with more frequent quadrupedal walk and less frequent proportions of above-branch sit 

during feeding and foraging.  However, I believe that differences observed between 

studies likely reflect contextual differences in definitions.  Garber and Rehg (1999:329) 

define forage as “localized movement within the tree crown that was associated with the 

visual inspection or manual manipulation of a potential food bearing substrate”, feed 

includes activities  “associated with handling, biting, or ingesting a potential food item”, 

and travel is “relatively straight-lined progression within the crown of the tree or between 

crowns of adjacent trees that did not appear to be food related.”  Activity definitions used 

in the present study more closely match Bergeson (1996) where foraging can occur 

between tree crowns. In addition, differences in postural activities reflected the pooling 

of several positional modes (see legend, Table 5.14).  However, Garber and Rehg (1999) 

found larger proportions of climbing and leaping than I observed in La Suerte capuchins.

These differences could reflect time of year (January-March) and associated resources, 

number of observations, or differences in habituation (Garber and Rehg, 1999).  In 

general, all three studies reveal a positional pattern characterized by quadrupedal walking 

and above-branch sitting postures during feeding behaviors.  Below-branch suspension 

facilitates movement during feeding and foraging and may be more important during 

feeding on fruit (Garber and Rehg, 1999).

The prehensile tail provided assistance primarily during feed/forage and social 

behavior.  Given that the prehensile tail can increase the feeding sphere of larger-bodied 

arboreal primates (Grand, 1972), it would be expected that prehensile- tail use increases 



145

during ontogeny as smaller branches are likely to deform under the weight of the larger 

individual.  This was not the case in La Suerte capuchins.  In fact, prehensile-tail use did 

not show predictable increase during growth.  During feed/forage, Juvenile I individuals 

showed slightly higher proportions of support by the tail when compared with younger 

and older age categories.  Garber and Rehg (1999) reported that capuchins use their tail 

as a fifth limb during 18.4% of feed/forage observations.  Bergeson (1996) found a 

similar pattern with the tail providing sole support during 14.3% of feeding and foraging 

observations. In this study, adult capuchins only used their tail in this manner during 

6.4% of observations.  Several features of the studies may account for these differences.  

First, the earlier studies may have included juveniles in their observations.  Higher 

proportions of tail use were observed in juveniles.  Second, males in the present study 

spent large proportions of time foraging on the ground, near the ground (heliconia), or in 

the fruit clumps at the base of pejibaye palm crowns.  Pejibaye fruit clumps are 

surrounded by thorns and lack areas in which to wrap the tail.  Bergeson (1996) and 

Garber and Rehg (1999) do not report results on ground behavior or heliconia foraging.

Intraspecific comparisons of positional behavior can provide information on the degree to 

which environment and morphology influence positional behavior.  In the case of Cebus, 

it appears that adult positional behavior is similar across sites and seasons with variation 

in the frequency of positional modes. 
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This study Bergeson (1996) Garber and Rehg 
(1999)

Feed/ Forage

Sit 14.7 39.2 13.6
Squat 20.3
Crouch 4.2
Quadrupedal Stand 16.7 25.1 12.6
Vertical Tripod 1.0 7.7
Horizontal Tripod 2.8 7.0 12.5
Tail Suspend 2.0 2.7 3.7
Quadrupedal walk 27.4 12.2 13.6
Quadrupedal run 0.4 0.2 <1
Leap 1.5 0.1 1.3
Climb 3.9 3.0 22.5
Travel

Quadrupedal Walk 71.1 68.9 49.8
Quadrupedal Run 5.3 4.6 8.1
Climb 6.6 11.1 9.4
Leap 15.3 7.4 24.7
Bridge 0.7 2.4

Table 5.14: Comparison of results (%) of positional behavior in adult Cebus capucinus.
(more common modes are reported).
Definitions: In Bergeson (B), (1996) and Garber and Rehg (GR), (1999) sit includes 
crouch and squat. 
(B) Vertical tripod defined as assisted bipedal stand.
(B) Horizontal tripod is defined as inverted bipedal posture.
(GR) Quadrupedal stand includes tripedal stand and vertical tripod.
(GR) Horizontal tripod is defined as bipedal crouch plus tail.
(GR) Tail suspend includes all suspension involving the tail.
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Conclusions

1) The positional repertoire of Cebus capucinus varies according to behavioral 

context.  Feeding and foraging included high proportions of quadrupedal walk, 

sit, and squat in conjunction with climbing, leaping, and suspensory behaviors.  

Travel consisted of quadrupedal walk, quadrupedal run, climbing, and leaping.  

2)  Age-related differences in body mass did not appear to influence the positional 

behavior of young capuchins during feed/forage and travel.  The greatest 

differences among age categories were within the contexts of social behavior and 

are related to the relative proportions of play and grooming in juveniles and 

adults.  Substrate use was similar in juveniles and adults and did not follow 

predictions based on body mass.  Smaller individuals did not use smaller branches 

than their adult counterparts.  

3) Prehensile-tail use did not increase with body mass.  Juveniles exhibited increased 

use of the prehensile tail as a fifth limb during feeding and foraging and during 

social behavior.

4) Adult patterns of positional behavior appear early during ontogeny.  By 6 months 

of age, young capuchins appear to behave much like a miniature adult.
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CHAPTER 6: ONTOGENETIC PATTERNS OF POSITIONAL BEHAVIOR IN 
ALOUATTA PALLIATA
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Introduction

Positional behavior in the genus Alouatta has been well studied and is described 

as cautious, slow arboreal quadrupedal locomotion dominated by above-branch travel and 

below-branch feeding postures (Richard, 1970; Mendel, 1976; Fleagle and Mittermeier, 

1980; Schön Ybarra, 1984; Cant, 1986; Schön Ybarra and Schön, 1987; Gebo, 1992; 

Bicca Marques and Calegaro Marques, 1995; Youlatos, 1993, 1998; Bergeson, 1996, 

1998).  It is unclear whether Cebus and Alouatta exhibit similar ontogenetic locomotor 

trajectories (i.e., develop adult-like patterns during a comparable stage of development). 

In this chapter, I discuss how ontogeny influences posture and locomotion and associated 

behaviors in mantled howlers (Alouatta palliata).  Specifically, I address the nature of 

these differences and the degree to which developmental timing and environment may 

influence positional behavior. Young howlers exhibited similar positional modes as 

adults but varied greatly in the frequency of modes utilized.  As the young howler 

matures, proportions of positional behaviors became more ‘adult-like’.  However young 

howlers (12 months-24 months) exhibited significant differences from the adult condition

in several categories of positional behaviors during feed/forage, travel, and social 

behavior.  The arboreal environment appears to exert different pressures on Alouatta

individuals and the anatomical and behavioral changes that accompany development. 

Questions

The questions addressed in this chapter are:

1) What are the ontogenetic patterns of positional behavior of Alouatta palliata 

across different behavioral contexts?
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2) Do age-related differences in body size influence positional behavior and 

substrate use?

3) Do age-related differences in body size influence prehensile- tail use?

4) When do adult patterns of positional behavior appear during ontogeny in Alouatta 

palliata?

Results

Behavioral Context

Howler monkeys are known to devote large proportions of the day resting and 

very little time engaging in social behavior (Figure 6.1).  Like many primates, play is an

important feature in a young howlers life, and infant and juveniles at La Suerte engaged

in higher frequencies of social behavior when compared with adults (Infant I (II): 6.1%, 

Infant II (III): 6.2%, Juvenile I (JI): 4%, Juvenile II: 4.4%, and Adult (A): 1.3%).  In 

younger categories, social behavior was primarily play behavior.  Adult social behavior 

consisted of copulation, vocalization, play with juveniles (rare), huddling, and tongue 

flicking.  

Positional Behavior during Feeding and Foraging

All age categories of mantled howlers engaged in high proportions of sit, tail 

suspend, and quadrupedal walk while feeding and foraging.  The relative frequency of 

these positions changed across different age groups (Table 6.1). Infant I howlers were not 

observed feeding and foraging.  During rare observations of feed/forage activities, Infant 

II individuals were observed to sit (58.4%) and tail suspend (24.7%).  Juvenile I and 

Juvenile II individuals engaged in the highest proportions of feed/forage activities across 

the age categories and exhibited a more diverse positional repertoire when compared with 
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Infant II individuals.  While sit (JI: 42.7%, JII: 53.1%) and tail suspend (JI: 24.7%, JII: 

21.6%) characterized much of the positional repertoire, quadrupedal walk (JI: 10.6%, JII: 

8.8%), horizontal tripod (JI: 7.8%, JII: 3.9%), squat (JI: 3.8%, JII: 2.5%), and flexed-

elbow vertical climb (JI: 2.3%, JII: 1.6%) also were observed.  Adults exhibited increased 

sit (55.4%) and decreased tail suspend (17.8%) when compared with juveniles.  While 

the patterns of positional behavior were very similar across age categories, significant 

differences were observed in the major modes utilized by howlers (Table 6.2).  Sit

increased significantly with age and tail suspend decreased significantly with age 

(p<0.001 in all comparisons).  Horizontal tripod is a posture that combines tail suspend 

and crouched bipedal standing while processing food with the hands, Juvenile I 

individuals used horizontal tripod significantly more often than the Juvenile II and Adult 

age categories.
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Figure 6.1: Activity budget of infant, juvenile, and adult Alouatta palliata.
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Positional Mode Infant II Juvenile I Juvenile II Adult
Sit 58.4 42.7 53.1 55.4
Squat 3.8 2.5 1.1
Cling 1.1 0.2
Quadrupedal stand 2.2 0.2 1.1 1.6
Tripedal stand 0.3 0.7 1.5
Crouch 2.5 1.3 1.3
Flexed bipedal stand 0.6 0.5 0.5 0.3
Horizontal tripod 3.4 7.8 3.9 5.2
Vertical tripod 0.3 0.4 0.2
Tail suspend 24.7 24.7 21.6 17.8
Tail/forelimb suspend 0.2
Tail/hindlimb suspend 0.2 1.3 2.7
Pronograde tail quadrumanus 
suspend

1.7 0.4 <0.1

Lie 1.1 0.5

Quadrupedal walk 5.1 10.6 8.8 10.2
Quadrupedal run 0.3 0.1 0.1
*Flexed-elbow vertical climb 2.3 1.6 1.0
*Ladder climb 0.2 0.3
*Vertical scramble 1.1 0.3 0.4
Bimanual pull-up 1.7 0.7 0.6 0.1
**Bridge 0.7 1.2 0.6
***Leap 0.2 0.3 0.3
Drop 0.1

Table 6.1: Positional modes (%) during feeding and foraging in infant, juvenile, and adult 
Alouatta palliata.
* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Positional 
Mode

Juvenile I vs.
Adult

Juvenile II vs.
Adult

Juvenile I vs. 
Juvenile II

Sit 0.1284
(p<0.001) +

0.0653
(p<0.001) +

0.0652
(p<0.001) +

Horizontal 
Tripod

0.0329
+ (p=0.02)NS

0.0034
(p=0.645)

0.0271
+ (p<0.001)

Tail Suspend 0.0687
+ (p<0.001)

0.0529
+ (p<0.001)

0.0177
(p=0.251)

Quadrupedal 
Walk

0.0080
(p=0.413)

0.0112
(p=0.228)

0.0203
(p=0.065)

Table 6.2: P-values of ontogenetic differences in positional behavior during feeding and 
foraging in juvenile and adult Alouatta palliata. The plus (+) indicates the direction of the 
difference.  Bold values indicate statistical significance, 5,000 randomizations.

*Values remain significant after sequential Bonferroni correction.
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Positional Behavior during Travel

Above-branch quadrupedal locomotor progression characterized travel in juveniles 

and adults (Table 6.3).  Infant I individuals traveled by riding on the ventrum, side, or 

dorsum of their mothers (no independent travel).  Infant II individuals were occasionally 

observed traveling independently (approximately 5% of travel) within tree crowns (see 

chapter 7 for details on crossing gaps).  In Infant II, quadruepdal walk (4%) was the most 

common locomotor mode during independent travel with rare observations of climbing 

categories, leap, and bridge.  Juvenile I individuals continued to ride dorsally (35.3%) on 

their mothers while increasing independent locomotor modes such as quadrupedal walk, 

quadrupedal run, climbing modes, and bridge when compared with younger individuals.    

Juvenile II and adult howlers revealed yet higher proportions of quadrupedal walk (JII: 61.3, 

A: 77.2%) and bridge (JII: 11.6%, A: 10.3%) but varied in relative frequencies of climbing, 

leap, and quadrupedal run categories.  While howlers can generally be described as arboreal 

quadrupeds during travel, the relative frequency of locomotor modes changes significantly 

during ontogeny.  Juveniles exhibited a more diverse positional repertoire by using faster 

locomotor modes (quadrupedal run, leap) and in significantly more climbing modes than 

adults (Table 6.4).
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Positional Mode Infant 
I

Infant 
II

Juvenile 
I

Juvenile 
II

Adult

Quadrupedal walk 4.0 46.7 61.3 77.2
Quadrupedal run 0.1 8.4 5.0 2.2
*Flexed-elbow vertical 
climb

<0.1 1.4 8.7 3.4

*Ladder climb 0.1 0.2
*Extended-elbow 
vertical climb

0.2 0.4

*Pulse climb 1.2
Bimanual pull-up 0.5 0.7 1.8 1.4
*Vertical scramble 1.6 1.3 0.9
Inverted quadrupedal 
walk

0.7 0.2 0.1

**Bridge 0.1 3.8 11.6 10.3
***Leap 0.1 7.9 1.9
Drop 0.7 1.2 0.9
Tail swing 0.7 0.6 0.1
Ventral/side
ride

63.1 23.7

Dorsal ride 36.9 71.3 35.3

Table 6.3: Positional modes (%) during travel in infant, juvenile, and adult Alouatta palliata. 

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Positional Mode Juvenile I vs.
Adult

Juvenile II vs.
Adult

Juvenile I vs. Juvenile 
II

Quadrupedal Walk 0.1464 
(p<0.001) +

0.1793
(p<0.001) +

0.0328
(p=0.213)

Quadrupedal Run 0.0655
+ (p<0.001)

0.0306
+ (p<0.001)

0.0349
+ (p=0.011)NS

* Climb 0.0816
(p<0.001) +

0.0576
+ (p<0.001)

0.0240
(p=0.188)

**Bridge 0.0466
(p<0.001) +

0.0308
(p=0.116)

0.0775
(p<0.001) +

***Leap 0.0458
(p<0.001) +

0.0602
+ (p<0.001)

0.0143
(p=0.327)

Table: 6.4: P-values of ontogenetic differences in positional behavior during travel in 
juvenile and adult Alouatta palliata. The plus (+) indicates direction of the difference. Bold 
values indicate statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Bridge includes cautious pronograde bridge and lunging bridge.
*** Leaping modes include pronograde leap, and pumping leap.
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Positional Behavior during Social Behavior, Explore, and Active Posture

 Social behavior is not common in mantled howling monkeys.  However, the role of 

play in social behavioral development is important.  Like capuchins, the nature of social 

behavior determined the differences observed among age categories (Table 6.5).  Social 

behaviors including play (42.3% of social behaviors) were first observed in Infant I 

individuals and were characterized by high proportions of tail suspend (37.4%) and sit

(36.3%).  Similarly, Infant II individuals engaged in high proportions of tail suspend (54.3%) 

and sit (19.4%) while increasing the number of positional modes employed during social 

behavior (play=78% of social behavior). This pattern continued in the juvenile categories 

(play=JI: 80.2%, JII: 78.2%).  Play was characterized by long periods of tail suspend (JI: 

58.1%, JII: 57.5%) while wrestling (with forelimbs) in juveniles.  Sit, quadrupedal stand, and 

tail hindlimb suspend were observed in lower proportions when compared with infants.  

Adult social behavior included vocalization, sex and sexual solicitation (tongue flick) 

with very rare and brief occurrences of aggression and play with juveniles.  These behaviors 

primarily involved low-energy positional modes such as sit (47.2%), quadrupedal walk

(22.1%), quadrupedal stand (9.7%), and lie (8.5%).  As one might expect, sit, quadrupedal 

walk, and quadrupedal stand were observed significantly more often in adults while tail 

suspend decreased significantly with age (Table 6.6).

In howlers, active posture primarily involved sit while scratching or postural 

transitions between resting and other activities.  Explore was more common in infants and 

juveniles than adults and the differences in relative frequencies of positional behavior 

account for this difference (Table 6.7).  Like feed/forage and travel, sit continued to be 

common feature of howler life and dominated positional behavior during active posture and 
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explore in all age groups.  Infants and juveniles were often observed in the below-branch 

postural mode; tail suspend  (II: 26.6%, III: 41.8%, JI: 31.7%, JII: 32.8%) for long periods of 

time while seemingly watching others, looking around, or looking at me.  Adults were 

observed in tail suspend infrequently (5.7%) as explore behaviors were not observed in this 

age category.
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Positional 
Mode

Infant 
I

Infant 
II

Juvenile 
I

Juvenile 
II

Adult

Sit 36.3 19.4 11.8 9.5 47.2
Squat 2.2 2.7 0.7 4.0
Quadrupedal stand 3.4 5.4 3.1 1.8 9.7
Crouch 0.4 0.4
Stand/forelimb 
suspend

2.2 1.6

Horizontal tripod 1.1 3.9 1.1
Vertical tripod 0.7
Tail suspend 37.4 54.3 58.1 57.5 6.2
Tail/hindlimb 
suspend

3.9 4.3 3.1 2.6

Pronograde tail 
quadrumanus 
suspend

2.8 2.2 2.7 2.9

Lie 3.9 7.5 6.3 3.3 8.5

Quadrupedal walk 3.2 0.8 13.7 22.1
Quadrupedal run 2.3 2.2
*Flexed-elbow 
vertical climb

0.8 1.1 2.3

*Ladder climb 0.8 0.7
*Vertical scramble 1.1
*Bimanual pull-up 10.1 0.4 1.6 0.7

Table 6.5: Positional modes (%) during social behavior in infant, juvenile, and adult Alouatta 
palliata.

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
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Positional Mode Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. Juvenile II

Sit 0.6502
(p<0.001) +

0.4933
(p<0.001) +

0.1568 
(p<0.001) +

Quadrupedal Stand 0.0626
(p=0.026) NS +

0.0749
(p=0.008) +

0.0122 
(p=0.432)

Tail Supension 0.5425
+ (p<0.001)

0.5519
+ (p<0.001)

0.0055
(p=0.849)

Quadrupedal Walk 0.1703
(p<0.001) +

0.0201
(p<0.001) +

0.1501 
(p<0.001) +

Table: 6.6: P-values of ontogenetic differences in positional behavior during social behavior in juvenile and adult Alouatta 
palliata. The plus (+) indicates direction of the difference. Bold values indicate statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.
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Positional Mode Infant 
I

Infant 
II

Juvenile 
I

Juvenile 
II

Adult

Sit 53.7 49.4 49.1 48.6 80.9
Squat 3.3 1.5 0.2
Cling 0.2
Quadrupedal stand 1.7 6.3 3.6 10.5 8.0
Tripedal stand
Crouch 0.5 1.2 0.8
Flexed bipedal stand 0.5
Horizontal tripod 1.3 1.4 0.2 1.0
Forelimb hindlimb suspend 0.3 0.8
Quadrumanus suspend 0.3
Tail suspend 26.6 41.8 31.7 32.8 5.7
Tail/hindlimb suspend 4.8 0.9 0.4
Tail/forelimb suspend 0.3 0.4
Pronograde tail 
quadrumanus suspend

1.3 0.3 0.3

Lie 3.6 2.1 1.5

Quadrupedal walk 18.0 0.2 0.8
*Flexed-elbow vertical 
Climb

0.6

*Bimanual pull-up 0.2
**Leap 0.3
Table 6.7: Positional modes (%) during explore and active posture in infant, juvenile, and 
adult Alouatta palliata.

* Climbing modes include rump-first, head-first, and sideways descent and ascent. 
** Leaping categories include pronograde leap, and pumping leap
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Prehensile-tail Use

 Table 6.8 summarizes relative frequencies of prehensile-tail use during feed/forage, 

travel, and social behavior in all age categories of howlers.  Like capuchins, howlers were 

observed using their tail as a mass-bearing fifth limb primarily during feed/forage and social 

behavior.  During feed/forage, the tail appears to be important as additional support during 

nonsuspensory postures as it was observed wrapped around the substrate during almost half 

of the observations in all age categories.

 During rare observations of independent feed/forage in Infant I and Infant II 

individuals, the prehensile tail served as an important feature of mass bearing (II: 29.9%, III: 

33.4%) or support (wrapped) (II: 51.6%, III: 44.1%).  The use of the prehensile tail as a 

mass-bearing fifth limb increased (II: 44.6%, III: 57.4%) during social behavior where 

below-branch suspensory postures were more common during play.  During travel, Infant I 

tails were observed to tail hang (49.8%), tail wrap (25.9), and tail touch (23.7%) of 

observations, while riding on the ventrum or dorsum of the mother.    Infant II tails were 

observed to tail touch (56.4%), tail hang (35.2%), and tail wrap (4.9%) of the observations.  

Both juvenile categories exhibited a similar pattern of prehensile-tail use as infants during 

feed/forage activities.  Tail mass bearing was more common in social behavior (JI: 56.7%, 

JII: 59.9%) and feed/forage (JI: 36.6%, JII: 36.3%) than during travel (JI: 6.7%, JII: 12.7%).  

Individuals that have reached the adult life stage continued to use their prehensile 

tails during feed/forage positional modes.  The tail was observed as a mass-bearing limb 

during 27.4% of the observations and wrapped around the substrate during 49.5% of the 

observations.  Tail use during travel was uncommon with tail hang observed during 81.0% of 
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travel.  The context of social behavior (less play) seemed to dictate a different pattern of tail 

use during social behavior with tail wrap (51.8%) and tail touch (26.8%) observed more 

often than tail mass bearing (14.3%).  Table 6.9 summarizes statistical differences in tail use 

among juveniles and adults.  Juvenile I and Juvenile II individuals used their tails in mass-

bearing modes significantly more often than adults during feed/forage and social behavior 

while tail wrap significantly increased in adulthood during social behavior
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Infant I Infant II Juvenile I Juvenile II Adults

Feed and Foraging

TH 15.4 20.1 15.0 12.0 14.4
TT 3.1 2.4 1.1 2.6 8.6
TW 51.6 44.1 47.3 49.1 49.5
TMB 29.9 33.4 36.6 36.3 27.4

*Travel

TH 49.8 35.2 86.8 81.6 81.0
TT 23.7 56.4 2.0 1.6 4.5
TW 25.9 4.9 4.5 4.0 6.1
TMB 0.6 3.5 6.7 12.7 8.4

Social Behavior

TH 29.6 20.6 23.4 18.1 7.1
TT 3.4 5.6 2.8 1.6 26.8
TW 22.4 16.4 17.1 20.4 51.8
TMB 44.6 57.4 56.7 59.9 14.3
Table 6.8: Prehensile-tail use (%) in infant, juvenile, and adult Alouatta palliata.

* Travel modes for Infant I and Infant II include dorsal/ventral side ride.
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Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. Juvenile II

Feed and Foraging
TH 0.0059

(p=0.658)
0.0251

(p=0.042) NS+
0.0306

+(p=0.022) NS

TT 0.0751
(p<0.001) +

0.0601
(p<0.001) +

0.0149
(p=0.044) NS +

TW 0.0225
(p=0.198)

0.0042
(p=0.804)

0.0183
(p=0.295)

TMB 0.0917
+ (p<0.001)

0.0890
+ (p<0.001)

0.0027
(p=0.857)

Travel
TH 0.0576

+ (p=0.021) NS
0.0066

(P=0.698)
0.0509

+ (p=0.017) NS

TT 0.0247
(p=0.114) 

0.0284
(p<0.001) +

0.0036
(P=0.584)

TW 0.0155
(p=0.233)

0.0209
(p=0.057) 

0.0053
(P=0.608)

TMB 0.0172
(p=0.267)

0.0427
+ (p=0.005) NS

0.0599
(p<0.001) +

Social Behavior
TH 0.1626

+ (p=0.009) NS
0.1094

+ (p=0.045) NS
0.0531

(p=0.200)
TT 0.2394

(p<0.001) +
0.2546 

(p<0.001) +
0.0119

(p=0.324)
TW 0.3476

(p<0.001) +
0.3139 

(p<0.001) +
0.0337

(p=0.423)
TMB 0.4245

+ (p<0.001)
0.4558

+ (p<0.001)
0.0313

(p=0.523)

Table 6.9: P-values of ontogenetic differences in prehensile tail use in juvenile and infant 
Alouatta palliata. The plus (+) indicates direction of the difference. Bold values indicate 
statistical significance, 5,000 randomizations.

NSValue not significant after sequential Bonferroni correction.
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The Arboreal Substrate

The leafy diet of howlers may cause them to emphasize feeding activities higher in 

the forest canopy.  Therefore the substrate characteristics used by howlers are less diverse 

than observed in capuchins.  In this section, I present information on the proportion of 

feed/forage and travel activities in different crown locations, support types, and support sizes.  

Canopy Location

During feed/forage, all age categories were observed in the peripheral areas during 

almost 50% of the observations (Table 6.10).  The middle portions were also used in 

relatively high proportions while howlers were infrequently observed feeding in the core 

areas (III: 12.9%, JI: 13.8%, JII: 11.3%, 11.4%).  During travel, howlers appeared to use the 

peripheral, core, and middle areas at relatively equal proportions (Table 6.12).  This pattern 

would be expected in arboreal animals that are moving between tree crowns during a 

selective feeding regime.

Support Characteristics

Howlers were observed on single supports, multiple supports, lianas, and with a few 

rare observations, traveling through the bamboo forest.  During feed/forage, howlers were 

observed using single and multiple supports with rare observations on lianas.  Single supports 

were used more often by all age categories (III: 71.2%, JI: 68.6%, JII: 78.8%, A: 72.2%) than 

were multiple supports. Similarly, howler travel was observed on single supports most often 

totaling more than 89% of all travel observations in all age categories.  Lianas were used 

infrequently during travel.
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Branch Sizes

During feed/forage, howlers were observed using small and medium branches most 

often.  Infant II and Juvenile I used small branches (III: 61.3%, JI: 64.2%) more often than 

older juveniles (JII: 37.7%).    However, this pattern did not show an increasing trajectory 

relative to body mass as adult howlers used small branches (53.4%) more often than medium 

branches (44.8%).  During travel the use of small branches decreased from Juvenile I 

(51.7%) to Juvenile II (40.6%) to Adult (21%) with an associated increase in use of the 

medium branch setting through the age stages. Large branches and clumps were used in 

smaller proportions.  Significant differences in small, medium, and large branch use were 

evident in most comparisons during feed/forage and travel (Tables 6.11 and 6.13).  Smaller 

individuals appeared to select smaller branches during travel than larger individuals.  While 

differences occurred during feed/forage, these patterns did fit expectations given increases in 

body mass during ontogeny.
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Infant II Juvenile I Juvenile II Adult
Crown Location

Periphery 49.5 48.8 46.2 49.9
Middle 37.6 37.4 42.5 38.7
Core 12.9 13.8 11.3 11.4
Support Characteristics

Single 71.2 68.6 78.8 72.2
Multiple 28.8 31.0 19.4 26.7
Liana 0.4 1.8 1.1
Support Size

Clump 1.3 0.7 2.1 1.1
Small 61.3 64.2 37.7 53.4
Medium 31.5 30.7 46.0 44.8
Large 5.9 4.4 14.2 0.7

Table 6.10: Support characteristics (%) during feeding and foraging in infants, juveniles, and 
adults.
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Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. Juvenile II
Clump 0.0017

(p=0.616)
0.0284

(p<0.221)
0.0347

(p<0.001) +
Small 0.4127

+ (p<0.001)
0.2137

(p<0.001) +
0.0793

+ (p<0.001)
Medium 0.3100

(p<0.001) +
0.1780

+ (p<0.001)
0.1876

(p<0.001) +
Large 0.1009

+ (p<0.001)
0.0641

+ (p<0.001)
0.0390

(p<0.001) +

Table 6.11: P-values of differences in support size during feeding and foraging in juvenile 
and adult Alouatta palliata. The plus (+) indicates direction of the difference.  Bold values 
indicate statistical significance, 5,000 randomizations.

*Values remain significant after sequential Bonferroni correction.
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Infant II Juvenile I Juvenile II Adult
Crown Location

Periphery 31.3 27.8 30.5 28.6
Middle 36.4 38.3 35.6 36.4
Core 32.3 33.9 33.9 35.0
Support Characteristics

Single 95.9 94.2 89.8 89.0
Multiple 2.4 4.7 8.2 10.4
Liana 1.7 1.1 1.8 0.6
Bamboo 0.3
Support Size

Clump 0.7 1.4 1.9 1.6
Small 48.7 51.7 40.6 21.0
Medium 31.5 33.5 43.1 51.6
Large 19.1 13.4 14.4 25.8

Table 6.12: Support characteristics (%) during travel in Alouatta palliata.
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Juvenile I vs. Adult Juvenile II vs. Adult Juvenile I vs. Juvenile II
Clump 0.0263

(p=0.312)
0.0533

(p=0.071)
0.0106

(p=0.075)
Small 0.2556

+ (p<0.001)
0.1925

+ (p<0.001)
0.1123

+ (p<0.001)
Medium 0.3546

(p<0.001) +
0.0955

(p<0.001) +
0.0965

(p<0.001) +
Large 0.0978

(p<0.001) +
0.1040

(p<0.001) +
0.0051

(p=0.752)

Table 6.13: P-values of differences in support size during travel in juvenile and adult 
Alouatta palliata. The plus (+) indicates direction of the difference.  Bold values indicate 
statistical significance, 5,000 randomizations.

All values remain significant after sequential Bonferroni correction.
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Discussion

Ontogeny and Positional Behavior

Given a shorter age to maturity, howlers were expected to develop locomotor 

competence earlier and resemble an adult pattern of positional behavior earlier than 

capuchins.  This was not the case.  It appeared that howlers began to resemble the adult 

pattern of positional behavior within feed/forage and travel contexts later during ontogeny.  

Positional behavior seemed to develop along a trajectory becoming increasingly more adult-

like from infancy to 24 months of age while still differing in frequency in Juvenile II 

individuals.  Changes in body size, relative limb length, center of gravity, and motor control 

may influence differential patterns of positional behavior among age categories.

Infant I (0-2 months)

Young howlers rode ventrally, dorsally or on the mother’s side during the first two 

months of life and were rarely observed out of contact with the mother.  Young infants 

followed the howler pattern, engaging in small proportions of social behavior including 

vocalization, play, and social interactions (‘explorative contact’; Baldwin and Baldwin, 

1978) with adult group members. Grooming is not common in howlers and was rarely 

observed in this study.  In mantled howlers, play behavior has been observed as early as three 

weeks of age (Clarke, 1990) but is described as slow, cautious and tentative (Baldwin and 

Baldwin, 1978). La Suerte Infant I individuals engaged in play activities during almost one-

half of social behavior.  Infant I individuals were observed using juvenile and adult-like 

modes of posture and locomotion including tail suspend and sit during social behavior but 

the positional repertoire was limited.  Infant I individuals were not observed feeding or 

traveling independently.  The proportion of time spent nursing was difficult to observe in La 
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Suerte howlers as infants were frequently observed in the ventral position during long 

periods of rest.  Mack (1979) reported frequent nursing (at least once in 70% of observations) 

by red howlers (Alouatta seniculus) through nine months of age.  At La Suerte, explorative 

and active posture behaviors primarily took place near the mother while she rested or fed.  

These behaviors consisted of watching while sitting or hanging by the tail.

Infant I howlers were observed to grasp their mothers with their hands and feet while 

riding.  As Baldwin and Baldwin (1973) described, infants needed to be ready to grasp and 

go at any time as mother frequently begins moving while the infant is not in either of the 

preferred riding positions. The prehensile tail served as an important component of postural 

modes during social behavior and active posture.  While riding on the mother, the tail was 

not wrapped during approximately 75% of the total observations.  When observed, tail wrap

consisted of wrapping the tail around the mother’s torso or tail.  In many cases of tail touch, 

it appeared that the most distal portion of the tail was wrapped around a tuft of the mother’s 

hair.  In all cases of tail touch the tip of the tail was curled, so it is possible that it was

wrapped around fur.  Mack (1979) described prehensile activities (wrap) in howlers by the 

second month with tail hanging observed as sole support beginning during the third month of 

age.  

Infant II (2 months -6 months)

While social behavior comprised similar proportions of the activity budget in Infant I 

and Infant II individuals, the nature of social behavior changed with the amount of play 

almost doubling to three-quarters of social behavior.  Associated with increased play, Infant 

II howlers showed increased tail suspension.   Infant II individuals continued to ride on the 

mother with increased dorsal ride during travel.  During this stage, brief observations of 
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positional independence were observed during feed/forage and travel.  Clarke (1990) 

described ‘exploratory feeding’ at ten weeks of age, increasing through 33 weeks with the 

end of suckling at 15 months.  Allomothering behaviors like those observed in Cebus, were 

rarely observed.  Clarke et al. (1998) described the nature of infant/non-mother interactions 

in detail.  In their study of mantled howlers at Hacienda la Pacifica, non-mothers were 

observed to interact with infants as early as four weeks and carry infants while mothers fed.  

In red howlers, interactions with non-mothers decreased from early infancy through nine

months of age (Mack, 1979).  Clarke (1990) observed a similar pattern in Alouatta palliata

with interactions gradually decreasing from six weeks (54.5%-63.2% weekly average 

interaction with non-mothers) to 14-26 weeks (42%) to 66-80 weeks (22.1%).

Infant II individuals exhibited similar positional modes as those observed in later life 

stages but the use of varied modes was limited with high proportions of sit and tail suspend

during feed/forage and quadrupedal walk during  travel (more than three-quarters of all 

travel is on the mother).  At Hacienda la Pacifica in Costa Rica, infants were observed 

‘exploratory feeding’ as early as 10 weeks, but individual howlers did not match the adult 

pattern until 9-12 months (Clarke, 1990).  Mack (1979) described more frequent ‘jumping’ at 

four months and acquisition of an adult-like locomotor repertoire by this age as well.  Infant 

II individuals at La Suerte also exhibited acquisition of many adult-like positional behaviors 

but these varied greatly in frequency. 

Juvenile I (6 months-12 months)

Juvenile I individuals exhibited an overall increase in positional diversity when 

compared with Infant II with the number of modes doubling during feed/forage.  Locomotor 

independence during travel increased and Juvenile I individuals continued to be carried about 
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one-third of all travel observations.  During feed/forage, sitting was less common than that 

observed in adults.  This pattern suggests that juvenile howlers may experience greater 

stability in below-branch suspensory modes than in above-branch sitting while foraging on 

peripheral branches.  Juvenile and adult howlers were observed feeding in the peripheral 

branches.  While there were significant differences in branch use in adults and juveniles, 

larger individuals did not appear to be selecting larger branches during feeding.  

Play characterized social behavior and was observed in similar proportions as in

Infant I individuals.  During play, the diversity of positional modes utilized increased with 

more frequent integration of the prehensile tail as support.  Similarly, active posture and 

exploration positional modes were more numerous than that observed in infants.  The 

prehensile tail serves as a more critical element of postural modes in young juveniles when 

compared with adults.  They appeared to be able to hang for long periods and the tail was 

employed as a gripping limb or wrapped during most postural modes.

Larger primates are expected to bridge more, climb more, and leap less than their 

smaller counterparts and this pattern is expected to be revealed during ontogeny as well 

(Fleagle, 1978).  However, smaller Juvenile I howlers did not leap  more than Juvenile II or 

adults and both Juvenile I and Juvenile II individuals were observed climbing more than

adults during travel.  Juvenile II may leap more often due to experience and greater motor 

control.  Predictions about body mass expectations and positional behavior using broad 

positional categories may better be applied between species with greater disparity in body 

size.  Observed differences in positional behavior in juveniles and adults may relate to 

differential interaction with the arboreal substrate.  Juvenile howlers may see larger gaps and 

minimize energy expenditure by devoting less time to quadrupedal walking during travel 
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(more time carried).  While quadrupedal running was more common in younger categories, 

the increase was not proportionate to the amount of adult quadrupedal walk.

Juvenile II (12 months-24 months)

Positional behavior in Juvenile II individuals more closely resembled an adult pattern 

during feed/forage with a trajectory of increased sitting and decreased tail suspension from 

Juvenile I to Juvenile II to Adult age classes.  While Juvenile II individuals were rarely 

observed traveling on their mother, I did observe three instances (not during sampling) of 

using their mothers as a bridge during a particularly wide gap crossing to a fruiting Ficus

tree.  Juvenile II individuals continued to show high proportions of play and associated 

locomotor diversity in their social repertoire.  Baldwin and Baldwin (1973, 1978) describe 

the nature of play in mantled howlers.  While play characterized infants and juveniles, play 

(especially wrestling) became rougher during later juvenile years (age categories ranging 

from 12- 20 months).  At La Suerte, explore and active posture showed similar frequencies of 

positional modes.  Juveniles differ from adults with more frequent use of the prehensile tail 

in below- branch suspensory postures and less frequent sitting.  Juvenile II individuals 

exhibited prehensile tail use that more closely resembled younger juveniles than adults.  

A pattern of ontogenetic change in locomotion has been reported in several primate 

taxa.  For example, Doran (1997) reports that mountain gorillas (Gorilla gorilla) were 

characterized by developmental shifts from infancy to adulthood that differed in the 

frequency of quadrupedalism, climbing, and suspensory behaviors.  In other words, similar to 

results presented here, the pattern of positional behavior among younger and older 

individuals was very similar while frequencies exhibited marked differences when 

considered within all behavioral contexts.  Younger individuals (age 0-23 months) engaged 



178

in locomotor modes such as climbing and suspension more frequently than adults and 

juveniles closely matched the adult repertoire by four years of age.  Chimpanzees (Pan 

troglodytes) showed delayed competence when compared with gorillas, matching adults in 

most locomotor modes at six years of age.   Ontogenetic effects on locomotor behavior also

have been described in Macaca mulatta (Wells and Turnquist, 2001).  It appears that the 

environment may exert different pressures on Cayo Santiago macaques as juveniles (10-18 

months) exhibited more arboreal positional modes in an arboreal setting (adults: 35% and 

juveniles: 49.5%) and in less quadrupedal walking (adults 70.85% and juveniles 31.54%) 

than adults.  However, these patterns were argued to reflect risk-sensitive behavior and 

predator avoidance more than mechanical problems associated with locomotion.  

While play as an aspect of social behavior is perceived to be a time of practice of 

motor control and development in mammals (Beckoff and Byers, 1998), studies rarely 

emphasize locomotion and posture during play even though this activity can be associated 

with disparity in relative amounts of postural and locomotor modes (Grand, 1981; Hurov, 

1991).  Workman and Covert (2004) discuss the possible importance of positional practice 

during play in captive red-shanked Douc (Pygathrix nemaeus), Delacour’s (Trachypithecus 

delacouri) and Hatinh (Trachypithecus hatinhensis) langurs. The young langur positional 

repertoire differences emphasized the suspensory, swinging, and leaping categories used 

during play.  Their study and results presented here not only illustrate the importance of play 

and locomotor development but also suggest that studies of ontogenetic patterns of positional 

behavior consider differences among more precise behavioral contexts.
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Adult (3 years or older)

Adult howler positional behavior was characterized by high proportions of above-

branch locomotor modes during feed/forage and travel.  Below-branch suspension included 

the postural modes; tail suspend and tail-hindlimb suspend.  While positional behavior in the 

genus Alouatta has been relatively well-studied (Richard, 1970; Mendel, 1976; Cant, 1986; 

Schön Ybarra and Schön, 1987), results from this study are only directly comparable to one 

published source (Bergeson, 1996) and unpublished data on howlers inhabiting a tropical 

forest in Nicaragua (Table 6.14).  

Results from these studies illustrate a pattern of positional behavior during 

feed/forage characterized by high proportions of sit and tail suspend in conjunction with 

lower frequencies of quadrupedal walk, leap, climb, and bridge.  During travel, mantled 

howlers at the four sites considered within the three studies exhibited high proportions of 

quadrupedal walk, bridge , and climb.  Bergeson (1996) observed slightly higher proportions 

of quadrupedal stand and horizontal tripod during feed/forage in his study of Alouatta 

palliata inhabiting two forest sites in Costa Rica.  In addition, howlers were observed to 

climb more often and leap less frequently during travel.  However, these differences are 

slight.  Previous research on primate positional behavior suggests that inter-site and seasonal 

differences in positional behavior are more likely to occur within the context of feeding and 

foraging and relatively uncommon during travel (Gebo and Chapman, 1995; Garber, 2006).  

Intra-specific differences in positional behavior have been examined in lemurs (Dagosto, 

1995), Old World monkeys (Gebo and Chapman, 1995) and New World monkeys (Garber 

and Pruetz, 1995; Bergeson, 1996; Garber, 1998). For example, moustached tamarins 

inhabiting two different forest types exhibited few significant differences in positional 
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behavior during feeding and foraging (Garber and Pruetz, 1995; Garber, 1998).  It is 

concluded that the small differences in categories such as sit (32.5% vs. 26.5%) and hindlimb 

grasping (15.1% vs. 8.2%) resulted from differences in diet (legume feeding) rather than 

intraspecific positional behavior adjustments as a response to habitat type (Garber, 1998).  

While forest structural differences may have influenced tamarins in travel and feeding 

locations, the authors determined that anatomical features influenced expressed positional

behavior (Garber and Pruetz, 1995).

Like Cebus capucinus, the prehensile tail played an important role in below-branch 

suspensory postures during feed/forage in mantled howlers.  Results presented here show that 

tail mass-bearing postures occurred in higher proportions than those observed in Cebus.  

Anatomical features suggest that ateline tails are stronger in terms of mass-bearing capacity 

and ability to grip branches (Lemelin, 1995).  For example, compared with Cebus, ateline 

tails are longer, exhibit greater flexion capabilities (muscles cross fewer joints), and have a 

specialized gripping pad at the distal end.  Among La Suerte howlers, the use of the 

prehensile tail as a gripping limb was highest in the juvenile categories during feed/forage.  

This pattern is consistent with increased below-branch suspensory postures behaviors in 

juveniles and increased sit in adults during feed/forage.  
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This study Bergeson (1996) Bezanson, unpl. 
Nicaragua

Feed/Forage

Sit 55.4 56.8 60.4
Squat 1.1 1.4
Quadrupedal 
Stand

1.6 13.5 0.5

Horizontal 
Tripod

5.2 8.6 10.2

Tail Suspend 17.8 12.7 17.8
Quadrupedal 
walk

10.2 5.2 6.2

Quadrupedal run 0.1 0.0 0.2
Leap 0.3 0.0 0.1
Climb 1.1 1.0 0.3
Bridge 0.6 0.5 1.0

Travel

Quadrupedal 
Walk

77.2 68.5 76.7

Quadrupedal 
Run

2.2 1.6 1.0

Climb 7.3 10.4 7.6
Leap 1.9 2.3 1.2
Bridge 10.3 9.3 10.7

Table 6.14: Comparison of results (%) of positional behavior in adult Alouatta palliata.  For 
comparison, only more common modes are reported.  Blank=positional mode not used.
Definitions: In Bergeson, (1996) sit includes crouch/squat and horizontal tripod is defined as 
inverted bipedal posture.
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Foraging Efficiency and Positional Behavior

Juvenile Alouatta exhibited adult-like locomotor behavior later in development than 

Cebus capucinus.  Juvenile howlers differed from adults in the frequency of positional 

behaviors during feed/forage, travel, and social behavior.  Several factors could account for 

the differences observed in this study including: 1) age-based differences in diet or body 

mass; 2) social dominance affecting patterns of habitat utilization and positional behavior 

and; 3) differences in patterns of the development of fine motor skills.  Martin (1996) has

argued that infant brain size at birth is constrained by maternal metabolic requirements. One 

possible advantage of mothers investing heavily in prenatal brain tissue is that it allows 

young animals to develop motor skills required for adult-like foraging patterns at a relatively 

early age. However, howler (Alouatta seniculus) neonatal brains are 53.2 % of adult brain 

mass while capuchin brains are 36% of adult brain mass (Hartwig, 1996).  In the case of 

Alouatta, mothers may invest more in prenatal brain growth in each infant. Cebus, on the 

other hand, despite having a small neonatal brain weight, exhibited a relatively fast rate of 

postnatal brain growth following birth (Fragaszy et al., 2004).  

Given the nature of differences in positional behavior observed in juveniles and 

adults, it is important to consider the idea of foraging efficiency.  Janson and van Schaik 

(1993) consider efficiency in ‘per unit time’ measured as the number of substrates searched 

and food actually ingested.  Considering the activity budgets presented in Chapter 4 (Tables 

4.2 and 4.3), ‘success’ (feed) and ‘effort’ (forage) can be compared in La Suerte capuchins 

and howlers (Figure 6.2).  It appears that capuchins experienced similar ‘success’ across age 

categories while howler ‘success’ increased during growth and development.  Janson and van 
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Schaik (1993) hypothesize that this pattern should make juveniles more vulnerable during 

times of food scarcity.  Dietary proportions of leaves, fruit, and insects are not presented 

here; however, if positional behavior is considered as a link between anatomy and 

diet/resource acquisition, these data suggest that habitat features do exert different pressures 

on the growing howler monkey and younger individuals may face higher metabolic risks 

when compared with adults. The consequences of juveniles developing adult-like locomotor 

and manipulative skills early remain unclear; however, given these differences in positional 

behavior, it can be hypothesized that compared with Cebus, young Alouatta may have 

different diets and exploit their environment differently than do adults.
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Figure 6.2: Feeding (success) and foraging (effort) in Cebus and Alouatta.  Darker color = foraging, Lighter= feeding.
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Conclusions

1) The positional repertoire of Alouatta palliata varies according to behavioral context.  

Feeding and foraging included high proportions of sit, tail suspension, and 

quadrupedal walk.  Travel was characterized by high proportions of quadrupedal 

walk and bridge locomotor modes.  

2)  Age-related differences in body mass and coordination influenced the positional 

behavior of young howlers during feed/forage and travel.  The greatest differences 

among age categories were within the contexts of social behavior and are related to 

the relative proportions of play in juveniles and adults. Substrate use varied among 

juveniles and adults, but did not follow predictions based on body mass.  Smaller 

individuals did not use smaller branches more than their adult counterparts.  

3) Prehensile-tail use did not increase with body mass.  Juveniles exhibited increased 

use of the prehensile tail as a fifth limb during feeding and foraging and during social 

behavior.

4) Adult patterns of positional behavior appear early during ontogeny but vary greatly in 

frequency.  By 12-24 months of age, young howlers still exhibit significant 

differences in locomotor and postural modes when compared with adults.
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CHAPTER 7: FOREST STRUCTURE AND LOCOMOTOR BEHAVIOR ACROSS 
GAPS
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Introduction

In this chapter, I examine the forest structure of the small forest area at Estación 

Biológica La Suerte and evidence of age-related or ontogenetic patterns of locomotion across 

gaps.  The arboreal canopy is a discontinuous substrate characterized by branches of varying 

size, shape, and mass-bearing capacity (Ripley, 1967; Grand, 1978; Cant and Temerin, 1984; 

Cartmill, 1985; Cant, 1992).  Gaps in the forest canopy present a set of problems that 

arboreal primates must solve to forage and travel efficiently both between and within tree 

crowns.  These include absence of continuous routes of travel, difficulties in bridging or 

leaping across gaps within the tree crown or between tree crowns, and problems of 

maintaining balance and weight support on terminal branches (Ripley, 1967; Cant and 

Temerin, 1984; Grand, 1984; Cant, 1992). As a result of these challenges, arboreal primate 

species that vary in diet, body mass, limb proportions, and locomotor adaptation are expected 

to cross gaps differently. Bridging and smaller proportions of leaping characterize adult 

Alouatta gap crossing (Richard, 1970; Mendel, 1976; Fleagle and Mittermeier, 1980; Schön 

Ybarra, 1984; Cant, 1986; Schön Ybarra and Schön, 1987; Gebo, 1992; Bicca Marques and 

Calegaro Marques, 1995; Youlatos, 1993, 1998; Bergeson, 1996, 1998).  In contrast, leaping 

and running locomotor behaviors are frequent in capuchins and serve to distinguish adult 

Cebus from adult Alouatta (Gebo, 1992; Bergeson, 1996; Garber and Rehg, 1999). When 

crossing gaps in the canopy, adult Cebus capucinus engage in leaping (47.3%) more 

frequently than Alouatta palliata (6.7%), while Alouatta adults have been observed to bridge

more frequently (31.5%) than Cebus adults (11.3%) (Bergeson, 1996).  However, it remains 

unclear when adult-like locomotor and gap crossing patterns first emerge in these 

platyrrhines.  
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Questions

This chapter examines ontogenetic patterns gap crossing.  Specifically, I address the 

following questions:

1) What is the forest structure and distribution of tree gaps at Estación Biológica La 

Suerte in Costa Rica? 

2) Do juvenile and adult Alouatta and Cebus vary in positional behavior and  gap-

crossing location due to gap size? For example, do juveniles travel in areas of the 

canopy characterized by a greater degree of branch overlap. 

3) Given their smaller body mass and shorter limb lengths, do juvenile Alouatta and 

Cebus use different locomotor patterns than adults to cross gaps in the canopy?

Results

Forest Sampling

The small forest is approximately 48 hectares of forest bisected by the Rio La Suerte 

(Figure 7.1). The forest is composed principally of primary forest and secondary forest 

bordered by several human habitations with agricultural plots.  The forest on the west side of 

the river is bordered on the north and the west ends by a coconut plantation with a river 

corridor to the north, connecting the small forest to the large/German forests of about 125 

hectares (Figures 7.2).  The river acts as a forested corridor connecting the small forest to 

many forest fragments as Costa Rican law prohibits cutting within 50 meters on each side of 

a river.  The forest on the east side of the river is bordered by a road, the field station 

buildings to the east, and the town of Primavera to the south.  Peripheral areas are 
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characterized by the presence of recently-introduced species of plants including plantains, 

pejibaye (harvested for fruit and heart of palm), bamboo, and breadfruit. The large forest and 

small forest are protected from hunting and wood harvesting.  There is a small amount of 

forest use by humans for fishing and other river use.  The German forest is currently being 

logged by its owners and it is expected that this area will be completely deforested with the 

next 2-3 years.

Table 7.1 lists all tree species identified at the site and their observed use by 

capuchins and howlers.  The most common trees measured in forest plots include: 

Pentaclethora macroloba, Miconia affinis, Luehea seemanii, Poulsenia armata, Cercropia 

sp., Dendropanax arboreos, Cordia cymosa, Dypteryx panamensis, Tabebuia rosea, Vitex 

cooperi, and Alchornia costaricensis. Table 7.2 summarizes tree and plot characteristics for 

the small forest. I measured 1,496 trees within 94 plots.  The average number of trees per 

78.5m2 plot was 10.27 or 1,308 trees per hectare. Within these plots, I measured 563 trees 

that were more 10 cm dbh.  Capuchins use stems and small trees and a stem of 2.5 cm can 

support their weight as they often forage in the forest understory.  Conversely, howlers rarely 

forage in the forest understory and concentrate all behaviors on trees that are more than 10 

cm dbh. Mean dbh of all trees measured was 13.93cm + 18.77 (range: 2.5-223) and the mean 

number of trees more than 10 cm dbh was 27.67 cm + 24.04 (range: 10-223).  Average tree 

height was 10.18m + 6.81 (range: 0.8-53.3) and average height of first branching or bole 

height was 6.33m + 4.86 (range: 5-32).  The tallest trees were estimated at 30-50 meters. The 

average distance to the nearest neighbor of all trees was 1.49m + 1.69.  Plots were 

characterized by trees with several kinds of epiphytes including bromeliads, orchids, 
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philodendrons, vines, and lianas.  The number and density of epiphytic growth varied with 

size of the tree with some very large trees exhibiting no epiphytic growth and some trees 

covered with so many bromeliads and liana that an accurate count was impossible.  

Canopy cover in the small forest was extensive with darkness to the point of needing 

a flashlight during daylight hours on days of extreme cloud cover.  Canopy cover readings 

taken from the middle of the plots varied from very little cover (about 24%) to complete 

cover.  Canopy density averaged 73.7%.  In addition, canopy overlap of each tree with 

neighboring trees was estimated in categories of  <25%, 26%- 50%, 51- 75% and 76-100%. 

Average connectedness from the perspective of individual trees was 42.2%.  
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Figure 7.1: Map of the small and large/German forests.
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Figure 7.2: Satellite image of small (blue) and large/ German (yellow) forests.  
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Family Species Cebus Howlers
Annonaceae Guatteria inuncta (anonillo) L
Annonaceae Unonopsis costaricensis L
Araceae Philodendron sp. (hemiepiphytic 

climber)
FR

Araliaceae Dendropanax arboreos (fosforillo)
Arecaceae/Palmae Bactris gasipaes* (pejibaye) F
Arecaceae/Palmae Cocos nucifera* (coconut)
Bignoniaceae Amphitecna sessifolia
Bignoniaceae Tabebuia rosea (roble sabanero, 

macuelizo)
Bombacaceae Quararibea obliquifolia
Boraginaceae Cordia cymosa (muñeco) F F, L
Boraginaceae Cordia liesneri
Burseraceae Bursera simarouba (indio desnudo)
Chrysobalanaceae Hirtella triandra F, FL FL
Clusiaceae Symphonia globulifera (cirella) F
Combretaceae Terminalia oblonga (guayabón)
Euphorbiaceae Alchornea costaricensis F
Fabaceae/Mimosoideae Enterlobium cyclocarpum
Fabaceae/Mimosoideae Inga marginata F
Fabaceae/Mimosoideae Inga nobilis F L
Fabaceae/Mimosoideae Pentaclethra macroloba L
Fabaceae/Papilionoideae Dipteryx panamensis (almendro) F F

Heliconiaceae Heliconia sp. F, FL
Lauraceae Ocotea babosa 
Lauraceae Rhodostemonodaphne kunthiana F
Malpighiaceae Byrsonima crispa (nance de montaña) F F
Malvaceae Ceiba pentandra (ceiba, kapok)
Malvaceae Hampea appendiculata 
Melastomataceae Miconia affinis F
Meliaceae Guarea sp. F
Moraceae Artocarpus altilis F, P P
Moraceae Brosimum lactecens (ojoche blanco) L
Moraceae Castilla elastica
Moraceae Cecropia insignis (guarumo) F F, FL, L
Moraceae Cecropia obtusifolia (guarumo) F F, FL, L
Moraceae Ficus insipida (chilamate) F F
Moraceae Ficus pertusa F F
Moraceae Ficus tonduzii (higuerón) F F
Moraceae Ficus sp. F F
Moraceae Poulsenia armata (mastate) L
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Moraceae Sorocea cufodontisii F
Myristicaceae Virola koschnyi (fruta doarado, 

nutmeg)
F F

Myrtaceae Psidium guajava* (Guayaba, Guava) F
Rhizophoraceae Cassipourea elliptica F
Rubiaceae Alseis hondurensis L
Rubiaceae Palicourea guianensis F
Rutaceae Citrus aurantifolia* (limón) FR
Rutaceae Cirtus aurantium* (naranja) FR
Sapindaceae Nephelium lappaceum (mamon chino)
Tiliaceae Apeiba membranacea (peine mico) F
Tiliaceae Luehea seemannii (guácimo 

colorado)
L

Verbenaceae Vitex cooperi  (manú cuajado) F L
Verbenaceae Tectina grandis* (teak) FL
Violaceae Rinorea sp F

Table 7.1: Plant species identified at La Suerte Biological Station and their use by Cebus
capucinus and Alouatta palliata. F: fruit, FL: flowers, FR: fur-rubbing, L: leaves, P: petiole 
only. *Recent introduction to area.
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Total number of trees measured 1,496
Total number of trees > 10 cm dbh 563
Average # of trees (>2.5 cm dbh)  per 78.5m2 10.8 
Average # of trees (> 10cm dbh)  per 78.5m2 5.08 
Average dbh (cm) (std dev.) 13.93 (18.77)
Average dbh (cm) of trees >10cm dbh (std dev.) 27.67 (24.04)
Average  tree height (m) (std dev.) 10.18 (6.81)
Average tree height (m) of trees more than 10cm dbh (std 
dev.)

16.14 (7.06)

Average bole height (m) (std dev.) 6.33 (4.86)
Average distance to nearest neighbor >2.5 cm dbh (m)
(std dev.)

1.49 (1.69)

Average distance to nearest neighbor of equal or greater 
size (m)  (std dev.)

3.67 (10.54)

Average distance to nearest neighbor of equal or greater 
sizeof   trees >10 cm dbh (m) (std dev.)

6.78 (16.26)

Average crown radius(m) (std dev.) 2.67 (2.49)
Average spherical densitometer( %) of canopy 
connectedness

73.7%

Average crown cover—single tree (%) 42.2%

Table 7.2: Forest structure of Estación Biológica La Suerte.
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Distribution of gaps

A sample of 1000 trees and 3000 gaps was measured to describe the nature of gap 

distances at La Suerte.  The forest canopy varied in the vertical distribution of gap sizes 

(Figure 7.3).  Overall, the largest gaps (>1 meter) were observed in the upper portions of the 

tree canopy (proportion of gap sizes that are greater than one meter in each section: lower; 

30.2%, middle; 32%, and upper; 38.5%).  Slightly higher frequencies of overlap were 

observed in the lower portions of the tree crowns.  However, a determined search for the 

smallest gaps revealed that the smallest gaps were located in the lower third at a higher 

frequency (43.2%) than the middle (30.6%) and upper portions (26.2%) (χ2= 48.8, 

p<0.0001).  Cebus displayed a greater degree of variation in gap crossing behavior when 

compared with howlers (Table 7.3).  Juvenile II individuals utilized the lower portions for 

gap crossing more often (57.4%) than adults (39.8%) or younger juveniles (29.8%).  Adults 

and Juvenile I crossed in the middle portions of the tree crown most often (50.7% and 66.4%, 

respectively).  On average, gaps crossed by Cebus were in the lower and middle portions of 

the tree with the primary differences in gap crossing behavior occurring in Juvenile II.

All independently locomoting age categories of Alouatta traversed principally in the 

middle portions of the tree crowns (Juvenile I: 74.4%; Juvenile II: 58.2%; adult: 53.9%).  

Adults crossed in the lower terminal branches more often (27.5%) than did the Juvenile I 

(10.4%) and Juvenile II (16.5%) categories.  Juvenile II crossed in the upper portions of the 

tree canopy (25.3%) more frequently than Juvenile I (15.2%) and Adults (18.6%) (Table 7.4).  
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Canopy Location Juvenile I Juvenile II Adult

     L3 29.8% 57.4% 39.8%
     M3 66.4% 23.8% 50.7%
     U3 3.8% 18.8% 9.5%

Table 7.3: Canopy location during between-tree gap crossing in Cebus
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Canopy Location Juvenile I Juvenile II Adult

     L3 10.4% 16.5% 27.5%
     M3 74.4% 58.2% 53.9%
     U3 15.2% 25.3% 18.6%

Table 7.4: Canopy location during between-tree gap crossing in Alouatta.
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Ontogenetic patterns of gap-crossing locomotion in howlers and capuchins

Infant I individuals crossed gaps by traveling ventrally (howlers) or dorsally 

(capuchins) on their mother.  They were rarely observed off their mother during the 

behavioral context of traveling or foraging and were never observed off their mother during 

gap crossing between trees.  The adult pattern of gap crossing was very similar in capuchins 

and howlers in that both species used the modes leap, bridge, drop and bimanual pull-up.

Adult howlers were observed to bridge more often than adult capuchins (67.1% versus 6.1%) 

while adult capuchins leap more often than howlers (84.2 % versus 19.1%). The most 

common method for gap crossing in all age groups of Cebus was leaping (Infant II: 8.1% 

(when locomoting independently), Juvenile I: 85.9%, Juvenile II: 81.1%, Adult: 84.2%) 

(Table 7.5).  Bridging gaps increased slightly through the life stages (Infant II: <1%, (when 

locomoting independently) Juvenile I: 4.8%, Juvenile II: 4.7%, Adult: 6.1%). In howlers and 

capuchins, bridging was the only behavior where the tail was used as an important limb in 

mass distribution (bearing equal or greater mass than any other limb).  Overall, no significant 

differences in gap crossing behaviors were found among the Juvenile I, Juvenile II, and Adult 

categories (p> 0.5 in all comparisons). Howlers were more variable in their methods of gap 

crossing (Table 7.6).  Both Juvenile I and Juvenile II were observed to leap significantly 

more often than adults (Juvenile I: 40.2%; Juvenile II: 29.9%; Adult: 19.1%) (p < 0.01 in all 

comparisons).  Bridging behaviors significantly increased from the Juvenile I (33.3%) to 

Juvenile II (51.8%) categories (p < 0.01).  Adults were observed to bridge in 67.1% of all 

gaps crossed which was not significantly greater than in the Juvenile II category.
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Positional Mode Infant I Infant II Juvenile I Juvenile II Adult

Bimanual Pull Up 4.6% 5.8% 8.4% 4.7%

Bridge <1.0% 4.8% 4.7% 6.1%

Drop 1.6% 3.3% 5.8% 5.0%

Leap 8.1% 85.9% 81.1% 84.2%

Ventral/ Side Ride <1.0%

Dorsal Ride 100% 85.2% <1.0%

Table 7.5: Frequencies of locomotor modes during gap crossing in Cebus capucinus.
No statistically significant differences for all comparisons between juveniles and adults.
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Positional Mode Infant I Infant II Juvenile I Juvenile II Adult

Bimanual Pull Up 14.3% 11.0% 5.3%

Bridge 33.3% 51.8% 67.1%

Drop 8.6% 7.3% 8.5%

Leap 40.2% 29.9% 19.1%

Ventral/ Side Ride 94.8% <1.0

Dorsal Ride 5.2% 99.8% 3.6% <1.0

Table 7.6: Frequencies of locomotor modes during gap crossing in Alouatta palliata.

Statistical significance in comparisons among Juvenile I, Juvenile II, and adults--Bimanual 
Pull-up: Juvenile I vs. Juvenile II (p=0.006)*, Juvenile I vs. Adult (p<0.001), Juvenile II vs. 
Adult (p<0.001); Bridge: Juvenile I vs. Juvenile II (p=0.003), Juvenile I vs. Adult (p<0.001), 
Juvenile I vs. Adult (ns); Drop: ns-all comparisons; Leap: Juvenile I vs. Juvenile II 
(p<0.001), Juvenile I vs. Adult (p<0.001), Juvenile II vs. Adult (p=0.002).
*Value not significant after sequential Bonferroni correction.
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Discussion

This chapter considers the ontogeny of arboreal gap crossing in sympatric populations of 

Cebus capucinus and Alouatta palliata inhabiting a tropical forest in Costa Rica.  The forests 

at Estación Biológica La Suerte are located in areas classified as tropical premontane wet 

forest under the Holdridge life zone classification system (Holdridge, 1947; Hartshorn, 

1983).  Tropical premontane forest characteristics include canopy heights of 30-40 meters, 

understory trees of 10-20 meters, ferns, epiphytes, and lianas (Hartshorn, 1983).  The eastern 

portion of La Selva Biological Reserve in Costa Rica also is classified as Tropical 

premontane forest and accordingly, is characterized by similar tree species (e.g., 

Pentaclethora macroloba, Dipteryx panamensis, and Dendropanex arboreus), and  similar 

rainfall patterns (Hartshorn and Hammel, 1993).  Canopy density has been reported as 93-

96% at La Selva (Bergeson, 1996).  Canopy density was estimated at 73.7% for the small 

forest in the present study and it is likely that this number is smaller due to the fact that the 

La Suerte small forest is a combination of primary and secondary advanced forest (Reinaldo 

Aguilar, personal communication), whereas La Selva is described as ‘virgin forest’ 

(Hartshorn, 1983).  

A random measurement of tree gaps suggested that no overwhelming pattern of gap 

distribution can be discerned in this forest.  In seeking the smallest gaps (even if the 

difference between the smallest gap and the second smallest gap is minimal), it appeared that 

the lower portions of the tree canopy exhibited the highest proportions of the smallest gaps. 

However, different age classes of mantled howlers and white-faced capuchins did not appear 

to be adjusting their gap-crossing location according to this pattern.  Juvenile and adult 
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howlers crossed gaps between trees in the middle portions and smaller individuals did not 

choose the lower portions of the tree to cross.  Capuchins also do not appear to adjust their 

gap-crossing movements relative to location of the smallest gaps or relative to body mass.  In 

fact, the smallest juveniles cross gaps in the middle proportions of the tree at a higher 

frequency than larger juveniles.  Therefore, it can be hypothesized that particular locomotor 

adjustments (i.e. method for getting across gaps) may influence locomotor behavior in 

capuchins and howlers.

Results obtained in this study indicated that when compared with mantled howlers, 

juvenile white-faced capuchins exhibited adult-like patterns of gap crossing early in 

development.  For example, juveniles that have reached six months of age were found to 

engage in similar proportions of leaping, bridging, and climbing behaviors as adults.  These 

data suggest that changes in limb and trunk proportions that accompany the growing and 

developing juvenile have only a minor influence on gap crossing positional behavior in 

Cebus (Lumer and Schultz, 1947; Jungers and Fleagle, 1980) despite the fact that Juvenile I 

and Juvenile II individuals weigh approximately 25-50% of adult body mass.  In the case of 

howlers there was greater evidence of age-based patterns of gap crossing.   Young howlers 

were characterized by significant increases in leaping behavior relative to adults, and adult 

howlers were characterized by significant increases in bridging relative to younger juveniles.  

Conclusions

1) The forest structure of the small forest at Estación Biológica La Suerte is 

characterized by multilevel strata with 1,308 trees per hectare and canopy trees 

reaching up to 53.3 meters in height.  Gaps of varying sizes appear to be randomly 

distributed through the arboreal canopy. 
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2) Independently locomoting juvenile and adult howler and capuchin monkeys do not 

appear to adjust their travel patterns based on the location of the smallest gaps.  

3) Adult-like locomotor patterns during gap crossing were found to develop at an earlier 

age in Cebus capucinus than in Alouatta palliata.   By six months of age, young 

Cebus resemble adults in the frequency of positional behaviors while young Alouatta

individuals vary significantly from the adult condition.  Young Alouatta (6-24 months 

of age) differed from adult Alouatta in leaping, bridging, and climbing.  Leaping 

modes significantly decreased during ontogeny in Alouatta while bridging modes 

increased significantly during ontogeny.  Cebus was observed leaping between gaps 

more often (juveniles and adults) than howlers but did not exhibit significant changes 

in gap-crossing behaviors beyond the infant stage of development. These data suggest 

that in a comparison of these New World monkeys, interspecific ontogenetic 

differences in linear growth, body mass, and life history timing did not predictably 

influence locomotion across gaps.
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CHAPTER 8: CONCLUSIONS 
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Introduction

In this dissertation, I have presented data on the ontogeny of positional behavior in 

Cebus capucinus and Alouatta palliata inhabiting a premontane tropical wet forest in Costa 

Rica.  Differences in life-history timing and rates of growth did not predictably influence the 

development of adult- like positional behavior.  Infancy was characterized by dorsal, ventral, 

and side riding on the mother with smaller proportions of independent positional modes 

observed during play, explore, active posture, and feed/forage in both species.  The positional 

repertoire in juveniles and adults of both species revealed similarities in the types of modes 

used during feed/forage and travel; however, howlers differed significantly in frequency of 

many positional modes. In this final chapter, I provide answers to the broad questions defined 

at the outset of the study and compare patterns between species.  I then outline directions for 

future research in light of results presented here.

Ontogenetic Patterns of Positional Behavior in Cebus capucinus and Alouatta palliata

Question 1: How do expressed positional behaviors change during the life stages of Cebus

capucinus and Alouatta palliata inhabiting the same tropical forest in Costa Rica?  Related 

questions: (a) Do juveniles exhibit a pattern of positional behavior that resembles adults in 

the modes of locomotion and posture but differ in the relative frequency of these behaviors? 

(b) If increasing body mass influences positional behavior and substrate utilization, then do 

younger individuals use smaller supports, leap more, and climb less than older individuals? 

(c) If coordination influences positional behavior and substrate utilization, then do younger 

individuals engage less frequently in climbing and leaping modes and use larger, more stable 

supports than older individuals?
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Cebus capucinus and Alouatta palliata inhabiting a tropical premontaine wet forest in 

northeastern Costa Rica exhibited a different pattern of positional behavior change during 

ontogeny.  As stated above, infancy was characterized by high proportions of dorsal, ventral, 

and side riding on the mother with smaller proportions of independent positional modes 

observed during play, explore, active posture, and feed/forage. Young Cebus resembled the 

adult pattern by six months of age while howlers exhibited significant differences in several 

positional behavior categories through 24 months of age.  The positional repertoire of both 

species revealed similarities in the types of modes used during feed/forage and travel.  For 

example, in juvenile and adult age categories of Cebus, feeding and foraging included high 

proportions of quadrupedal walk, sit, and squat in conjunction with climbing, leaping, and 

suspensory behaviors.  Travel consisted of quadrupedal walk, quadrupedal run, climbing,

and leaping.  In juvenile and adult howlers, feeding and foraging included high proportions 

of sit, tail suspension, and quadrupedal walk.  Travel was characterized by high proportions 

of quadrupedal walk and bridge locomotor modes.  

In howlers, the degree to which coordination and increases in body mass during 

ontogeny are limiting factors in the development of adult-like positional competence is 

unclear.  Larger howlers (Juvenile II and Adult) bridge significantly more often than younger 

juveniles, a pattern consistent with expectations about increasing body mass.  Conversely, 

howler juveniles differed from adults in significantly higher proportions of tail suspend and 

significantly lower proportions of sit, which may relate to coordination and balance on thin 

peripheral branches during terminal branch feeding or during play.  During travel, leap was 

more common in adults when compared with Juvenile I individuals, but more common in 

Juvenile II individuals than Adult individuals.  Juveniles and adults did not reveal a 
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consistent pattern of branch use among age categories.  These data suggest that the 

environment exerts different pressures on growing Cebus and Alouatta that may relate to 

diet, energy expenditure, foraging skill, and/or social learning.

Life History and Positional Behavior

Question 2: Do species-specific differences in rates of growth and life history timing

influence positional behavior in Cebus capucinus and Alouatta palliata?   In the genus

Cebus, the limb segments and tail are relatively shorter at birth and grow less rapidly in 

relation to the trunk postnatally than Alouatta. In addition, howlers experience earlier times 

of reproductive maturity than Cebus.

Life history timing and differences in rates of growth did not predictably influence 

the development of adult-like positional behaviors in Cebus and Alouatta (Table 8.1).  

Recent theoretical and empirical examinations in developmental biology and anthropology 

suggest that a framework that incorporates modularity and functional integration will reveal 

more about adaptive patterns in primate ontogeny.  Given that positional behavior integrates 

with all aspects of primate lives (environment/behavior/morphology), a relatively slow 

growth trajectory and slow juvenile period would be expected to constrain foraging behavior 

and associated positional behavior during ontogeny. In white-faced capuchins, juveniles and 

adults revealed a very similar pattern of positional behavior during feeding/foraging and 

travel.  Despite delayed maturation, capuchins appear to have attained adult competence in 

positional behavior during foraging at a young age.   In howlers, it also seems that 

considering life history in terms of modularity and functional integration can yield important 

insight into growth, development, age at maturation, and positional competence.  Howler 
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brains are relatively more developed at birth when compared with Cebus (Hartwig, 1996) 

while exhibiting a similar pattern of molar eruption (first molar present by weaning, Cebus 

apella) (Godfrey et al., 2001).  Despite their larger body mass, howlers are reported to have 

an earlier age at first reproduction and a shorter interbirth interval than Cebus (Fedigan and 

Rose, 1995; Ross, 1991).  Conversely, gestation is longer in howlers (186 days) than in 

capuchins (157-167 days) (Ross, 1991).

An increasing number of studies suggest dissociation among life history traits in 

nonhuman primates (Altmann, 1998; Godfrey et al., 2001, 2003; Pereira and Leigh, 2003; 

Leigh, 2004).  It appears that patterns observed in Cebus and Alouatta support this 

dissociation.  In Cebus, while certain traits can be considered ‘slow’ (age at reproductive 

maturity and life span), other traits appear to be relatively ‘fast’ (gestation, development of 

foraging skills, and postnatal brain growth).  The ‘slow/fast’ continuum is based on 

expectations related to body mass and on the assumption that life history traits covary (Cole, 

1954; Calder, 1980; Schmidt-Neilsen, 1984).    While trends linked to body size are found in 

nature, it is important to consider variation observed in animals of similar size and individual 

differences (Roff, 1992; Stearns, 1992; Ross, 1993; Morbeck, 1997; Pereira and Leigh, 

2003).  

Expectations based on body mass and scaling relationships predict that many of these 

features scale together and that a capuchin of relatively smaller size than a howler or its 

folivorous and frugivorous counterparts should exhibit ‘faster’ growth, ‘faster’ dental 

development, and ‘faster’ times to reproductive maturity. A comparison of dental 

development, body mass, and brain size suggests that in fact, many primates do not fit these 

expectations and that diet may play a larger role in influencing the pace of dental 
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development (Godfrey et al., 2001).  Studies of brain growth also suggest that body mass, 

brain size, and age at maturation are dissociated (Leigh and Pereira, 2003; Leigh, 2004).  It 

appears that studies of ontogeny should focus more on variation between and within groups 

to understand the evolution of primate life histories.  In some species, long juvenile periods 

do not appear to scale to body mass or reflect requirements for learning about foraging.  

Results presented here cannot deny the importance of metabolic risks and the role of ecology 

in influencing age at maturation.  Additional field studies on ontogeny and behavior in 

nonhuman primate individuals will yield compelling results on the nature of these links.
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Species Average 
adult 
female
body mass 
(kg)a

Adult
female
brain 
mass
(g)

Gestation
(days)

Age at 
weaning 
(days)/ post-
canine 
permanent 
dentition at 
weaningb

Age at first 
reproduction
(AFR)
(years)

Ratio 
of 
AFR 
to 
body 
mass

Adult-like 
positional
behavior
(months)

Ratio of 
adult-like 
positional 
behavior 
to AFR

Adult-
like 
foraging
(months)

Cebus
capucinus

2.54 79.2b 157-167b 510-517
---

7c 2.76 6 0.071 6

Alouatta 
palliata

5.35 51.5c 186d 325-630d

M1
1

3.99d 0.75 >24 0.5 >24

Table 8.1: Life history traits in Cebus capucinus and Alouatta palliata.  Data in table from sources listed below and 
combines information from captive and free-ranging populations.

a: Smith and Jungers (1997)
b: Fragaszy et al. (2004)
c: Godfrey et al. (2001)
d: Ross (1991)
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Activity, Positional Behavior and Ontogeny

Question 3: Are there differences in behavioral maintenance activities (feeding, foraging, 

travel, social behavior, and associated positional behavior among different age classes.  If 

differences in feeding and foraging behavior are linked with sociality (rank and dominance), 

then subordinate individuals, regardless of body mass or age, should exhibit identical patterns 

of positional behavior and support use during feeding.  If foraging differences are linked with 

positional behavior, then differences in positional modes during feeding and traveling should 

be consistent and vary by age and body size.

The greatest differences among age categories in both species were within the 

contexts of social behavior and explore and are related to the relative proportions of play in 

juveniles and adults.  Howlers exhibited differences in relative proportions of feed/forage and 

juveniles can be characterized as inefficient foragers when compared with the adult 

condition.  These foraging differences may be linked to positional behavior and varying 

environmental pressures facing young howlers.  For example, behavioral and anatomical 

specializations linked with a leafy diet may be tied with the development of an adult-like 

repertoire.  It also is important to consider the interaction of many features such as social 

structure and interactions, brain and motor development, predator avoidance strategies, and 

energetic requirements.  
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Mass Distribution and Positional Behavior

Question 4: How do ontogenetic changes in body mass and morphology influence 

prehensile-tail use in Alouatta and Cebus? The prehensile tail functions in suspensory 

locomotor and postural behaviors and distributes mass across a range of different supports.

Therefore, as an individual ages prehensile- tail use should increase in frequency with 

ontogeny in both species as individuals increase in body mass. If prehensile-tail use is a 

neotenic leftover, suggested by the fact that several primates exhibit tail prehensility as 

infancy but not as adults, then tail use should decrease during ontogeny.

In capuchins and howlers, prehensile-tail use did not increase with body mass.  

Juveniles exhibited increased use of the prehensile tail as a fifth limb during feeding and 

foraging and during social behavior when compared with adults.  However, in both species, 

tail use does seem to follow a developmental trajectory from infancy to juvenescence.  Tail 

use categories (tail wrap and tail mass bearing) increased in frequency from the youngest 

infant categories to the juvenile category.  The prehensile tail serves a biological role related 

to mass distribution during feed/forage in all age categories of Cebus and Alouatta.  In 

addition, juveniles employ it often during play and explore activities.  These activities may 

serve as practice for refinement of suspensory postures during feed/forage or just merely 

owning a prehensile tail facilitates diverse actions during play.

Crossing Gaps and Ontogeny

Question 5: What is the forest structure and distribution of tree gaps at Estación Biológica 

La Suerte in Costa Rica?  Do juvenile and adult Alouatta and Cebus preferentially cross gaps 

at different locations due to gap size? Given their smaller body mass and limb lengths, do 
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juvenile and Alouatta and Cebus use different locomotor patterns than do adults to cross gaps 

in the arboreal canopy?

The forest structure of the small forest at Estación Biológica La Suerte exhibited a 

pattern of tree height, density, and woody tree species distribution characteristic of 

premontaine wet forests in Costa Rica.  A random sample of gaps revealed no consistent 

pattern of gap distribution at La Suerte and independently locomoting juvenile and adult 

howler and capuchin monkeys did not choose areas of the tree crown with smaller gaps when 

crossing. Adult-like locomotor patterns during gap crossing were found to develop at an 

earlier age in Cebus capucinus than in Alouatta palliata.   By six months of age, young 

Cebus resembled adults in all gap-crossing locomotor modes while young Alouatta

individuals varied significantly from the pattern observed in adults.  Young Alouatta (6-24 

months of age) differed from adult Alouatta in leaping, bridging, and climbing.  Leaping 

modes decreased during ontogeny in Alouatta while bridging modes increased during 

ontogeny.  Cebus individuals were observed leaping between gaps more often (juveniles and 

adults) than howlers but juveniles and adults did not exhibit significant changes in gap-

crossing behaviors. These data suggest that in a comparison of these New World monkeys, 

interspecific ontogenetic differences in linear growth, body mass, and life history timing did 

not predictably influence locomotion across gaps.
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Directions for Future Research

Ontogeny and Positional Behavior

Data from this research show that capuchin juveniles and adults are similar in regard 

to a general positional prof ile.  Additional data on finer details of positional behavior (e.g. 

degree of flexion and extension of each limb, gait details, and speed) would provide more 

precise information on how changes during ontogeny might influence positional behavior.

While clearer understanding of the behavior/morphological interface is a worthwhile goal, 

we often move between very detailed considerations of anatomical features to describe broad 

behaviors (e.g. arboreal quadruped) or more fine-grained descriptions of positional behavior 

to describe broad anatomical features (e.g., mobile shoulder joint).  Recent biomechanical 

analyses in lab settings (e.g. Isler 2003; Schmitt and Hanna, 2004; Demes et al., 2005; Garber 

et al., 2005) are shedding light on the kinematic basis of the behaviors we observe in living 

and fossil primates and as Hunt et al., (1996) point out, our definitions should reflect these 

categories.  However, it may be that species-specific variations on certain positional modes 

may reflect important anatomical differences and prevent fruitful comparison.  Application of 

lab biomechanical techniques in field settings will reveal the precise ways in which substrate 

influences postural and locomotor modes and allow more precise comparisons among 

different age classes, different sex classes, different individuals, and in varying 

environmental contexts (resource differences, habitat structure, and predator avoidance).

Data presented in this dissertation indicate that ontogenetic changes in body mass and 

morphology appear to have a minimal effect on positional behavior and habitat use in 

juvenile Cebus while greatly influencing Alouatta as they negotiate the juvenile period. This 
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may relate to brain size, foraging strategy, and manipulative capabilities leading to an 

important set of questions. Why be juvenile if one can forage efficiently early in life?  How 

does sociality influence the juvenile period?  How do omnivory, large brains, and fine 

manipulative abilities influence the evolution of life characters in large-brained primates 

(including humans)?  More detailed information on social behavior, manipulation and food 

quality will reveal more about foraging and the juvenility in nonhuman primates and allow 

further interpretation of variation in ‘what it means to be juvenile’.  Field observations of 

play behavior also are important.  In La Suerte howlers and capuchins, play comprised the 

majority of social behavior, yet field studies (and positional behavior studies) rarely highlight 

details about play behavior.  Does positional behavior during play resemble adult positional 

behavior during social behavior or other behavioral contexts?  Is positional behavior more 

complex during play?  If so, how do these patterns influence future foraging strategy, 

manipulation, and social interaction?

In chapter three, I described several issues in behavioral definitions and lack of 

comparability in studies of positional behavior.  This point becomes increasingly evident in 

reviewing results presented here.  Comparability is confounded by discrepancies in 

behavioral context definitions and presentation, positional mode definition, analytical 

protocol, and methodological differences (Hunt et al., 1996; Dagosto and Gebo, 1998). While 

standardized definitions are desired, it becomes difficult to present results in such fine-

grained categories (e.g. using several definitions of the category sit or quadrupedal walk) and 

most researchers end up pooling categories to facilitate analysis, interpretation, and 

presentation.  However, research presented here and recent reports on the ontogeny of 

locomotion in Cebus apella and Cebus olivaceous illustrate a need for more precise 
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definitions or fine-grained definitions (Walker, 1998; Wright, 2005) if we are to understand 

details of patterns of positional behavior during ontogeny.  Gomberg et al., (1979) stress the 

importance of an integrated approach for understanding positional behavior. The 

environment/behavior/morphology approach is based on the idea that, “the most critical 

research questions concerning positional adaptations in primates focus less on the 

associations of one selected variable with another, and more on the causal relationships 

among morphological, behavioral, and environmental variables” (Gomberg et al., 1979:5).  

Interpretation of expressed positional behavior in particular environments in extinct primates 

depends on detailed analyses of anatomy and behavior in living groups.  

Life History and Life Stages

Most data on life history timing in neotropical primates are from captive studies as 

records of free-ranging primate lifeways are too cumbersome for single researchers and 

relatively short-term field sites.  However, the database is increasing with data from several 

longer-term study sites (e.g., Santa Rosa, Lomas Barbudal, Hacienda La Pacifica) and 

shorter-term field studies are providing more precise information on the interactions among 

life history, foraging, social behavior, and positional behavior in young primates (e.g., 

Boinski, 1989; Jack, 2001; MacKinnon, 2002, 2005; Jack and Fedigan, 2004; Stone, 2004; 

Workman and Covert, 2005; Wright, 2005; Lawler, in press). A life history perspective is 

necessary to address particular components of primate lifeways.  It allows elucidation of 

particular components of the research presented here including: body size and locomotion; 

behavioral, morphological, and environmental aspects of infancy, juvenescence, and 

adulthood; and social, cognitive and manipulative development.
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Age categories used in this research were based on descriptions from previous field 

studies.  However, once I was observing young individuals, it became increasingly clear that 

age estimates would be difficult to determine.  I solved this problem by waiting until infants 

were born (luckily this happened) and observing individuals of known age for Infant I, Infant 

II, and Juvenile I categories.  However, estimates of ages of older juveniles and preadults 

were more difficult.  I focused observations on younger individuals.  In order to more 

precisely understand what it takes to be an adult, finer assessment of behavior during older 

juvenile years is necessary.  A more precise understanding of the life history markers and 

individual variation in non-captive primates also is needed (Altmann, 1998; Pereira and 

Leigh, 2004). Many behavioral studies are now incorporating genetic and hormonal analyses 

that promise to provide exciting information about the interactions among life history timing, 

social status, resource availability, foraging efficiency, and reproductive capacity (e.g. 

Whitten et al., 1998; Bercovitch and Ziegler, 2002; Hodges and Heistermann, 2002; Strier 

and Ziegler, 2005).

Traditionally, primates have been characterized by longer gestations, larger neonates, 

slow growth, low reproductive rates, late maturation, and long lives (Schultz, 1956; Le Gros 

Clark, 1959).  Important empirical research and theoretical exploration about the nature of 

what it means to be ‘slow’ or ‘fast’ has revealed that biological, behavioral, and 

environmental factors contributing to life history evolution in animals are more complex 

(e.g., Williams, 1966; Calder, 1984; Schmidt Nielson, 1984; Harvey et al., 1987; Ross, 1992; 

Roff, 1992; Stearns, 1992; Pereira and Leigh, 2003). Also remarkable, is the variation 

observed within the primate order in regard to body mass, brain mass, habitat use, social 

structure, and diet (Gould, 1977; Leigh, 1992, 2004; Smith and Jungers, 1997; Kappeler et 
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al., 2003).  Recent studies stress the importance of theoretical frameworks that combine ideas 

about modularity, connectedness, and ecology in evaluations of life history variation (Pereira 

and Leigh, 2003; Godfrey et al., 2003; Leigh, 2004).  Incorporation of this perspective in 

conjunction with an increasing database on life history in free-ranging nonhuman primates 

will provide a better understanding of the interaction of behavioral features (foraging, 

positional behavior, social behavior), biological features (skeletal growth, nutrition, 

physiology), and environmental features in influencing life history variation in individuals, 

groups, and higher level organizational categories.
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