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Abstract: This paper presents a model for the nature and adaptive significance of intelligence and language in early hominids based on 
comparative developmental, ecological, and neurological data. We propose that the common ancestor of the great apes and man displayed 
rudimentary forms of late sensorimotor and early preoperational intelligence similar to that of one- to four-year-old children. These abilities 
arose as adaptations for extractive foraging with tools, which requires a long postweaning apprenticeship. They were elaborated in the first 
hominids with the: shift to primary dependence on this feeding strategy. These first hominids evolved a protolanguage, similar to that of 
two-year-old human children, with which they could describe the nature and location of food and request help in obtaining it. The descendents 
of the first hominJids displayed intuitive intelligence, similar to that of four- to seven-year-old children, which arose as an adaptation for 
complex hunting involving aimed-missile throwing, stone-tool manufacture, animal butchery, food division, and shelter construction. The 
comparative developmental and paleontological data are consistent with the hypothesis that the stages of development of intelligence and 
language and their neural substrates in our species recapitulate the stages of their evolution. 
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One major obstacle to attempts to reconstruct the evolution of 
intelligence is a failure to distinguish different types and levels of 
intellectual achievement. We can hardly determine the stages of the 
evolution of intelligence before we know which achievements are 
more advanced than others, which are prerequisites for others, which 
are correlated with others, and most basically, which imply intelli­
gence. A Piagetian model for human cognitive development (Cowan 
1978) is useful in such a reconstruction because it provides a 
taxonomy for the various kinds of intellectual achievement and their 
interrelations, as well as a stage system indicating their structural 
prerequisites and the sequence in which they tend to emerge [see 
also: Brainerd: "The Stage Question in Cognitive-Developmental 
Theory" BBS 1(2) 1978]. 

Intellectual deve.lopment in human children occurs in three major 
domains: (l) the physical domain, including object concepts (perma­
nence, identity, and quantity), space, time, and causality; (2) the 
interpersonal domain, including imitation, the symbolic functions of 
drawing, language, and symbolic play, and moral judgment; (3) the 
intrapersonal domain, including imagery, memory, consciousness, 
and dreams. The earliest period of intellectual development is called 
the sensorimotor period, spanning from birth to 18 or 24 months of 
age. During this period the human infant achieves the ability to 
remember the spatial location of a hidden object, to retrieve it, and 
finally to search for an invisibly displaced object in a series of 
loeations (object pelrmanence). He also achieves the ability to place 
objects inside, outside, before, behind, underneath, and on top of 
eacb other, and to understand simple means-end relationships as 
revealed, for example, by using a stick as a tool to rake in an 
OUt-of-reach object. He also achieves the ability to imitate novel 
actions long after he has seen them, and to mentally represent actions 
and images. The achievements of this period can be divided into six 
lequential stages occurring in six series: sensorimotor intelligence, 
SJlace, time, causality, imitation, and object concept. 
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The subsequent period of intellectual development is the preoper­
ations period, spanning from 18 to 24 months to 6 or 7 years of age. 
During this period children extend their new symbolic capacities in 
language, drawing, and make-believe play, constructing preconcepts 
(interiorized actions) concerning object relations and causal relations 
between events (Piaget & Inhelder 1967; Inhelder & Piaget 1964). 
During the early part of this period (the symbolic subperiod) they are 
preoccupied with simple topological relations between objects (such 
as proximity and enclosure). During the later part (the intuitive 
subperiod) they are emancipated from this preoccupation and begin 
to construct simple Euclidean spatial notions such as angularity and 
straightness. They also begin to construct simple classes of objects 
based on a single criterion. In subsequent periods they develop true 
concepts based on reversible mental operations, and finally they 
develop hypothetical-deductive reasoning. 

Intellectual development occurs through the differentiation and 
coordination of actions (and interiorized mental representations of 
actions) on objects: Intelligence arises from action rather than from 
perception (Piaget & Inhelder 1971). These coordinations create 
classes of objects (classification) and relations between objects (seria­
tion), revealing properties (quantity) that did not exist before; they 
also reveal the nature of physical causality (gravity, inertia, equal 
and opposite forces, transmission of forces, etc.). The coordinations 
create feedback, which the agent tries to assimilate to his sensorimo­
tor and mental "schemes" (repeatable action patterns). When the 
feedback does not fit his schemes, he accommodates his schemes to 
the phenomena as best he can. Mismatches between his schemes and 
the world create disequilibration and give rise to attempts to re­
equilibrate on a higher level. Feedback from other people in the 
form of disagreement also plays an important role in creating 
disequilibration (Piaget 1977). 

Recent research on the course of intellectual development in 
monozygotic versus dizygotic twins reveals a strong genetic canaliza-

367 



Parker and Gibson: Evolution of language and intelligence 

Table I. Piaget 's model of cognmve development 

Domains of cognition 

Periods of devdopment Types of logic Physical Interpersonal lntrapersonal 

Sensorimotor period 
(birth to 2 yrs ) 

sensorimotor trial­
and-error, 

experimentation; 
discovery of new 
means 

object permanence; 
externalized time, 
space, & causality 

deferred imitation of 
novel schemes; 
sensorimotor games 

first evoked images 

Preoperatwns period 
Symbolic subperiod 

(2 to 4 yrs.) 

nonreversible 
interiorized action 
schemes, i.e., 
preconcepts with 
transductive 
reasoning 

object identity; 
topological space; 
graphic collections 

make-believe games; 
language; drawing 

static evoked images 

Intuitive subperiod 
(4 to 7 yrs.) 

incipient projective and 
Euclidean space; 
nongraphic 
collections 

construction games 

Concrete operatjons 
period 

(7 to 12 yrs) 

reversible interiorized 
action schemes, i.e., 
true concepts with 
deductive reasoning 
about concrete 
phenomenon 

object quantity; true 
classification with 
inclusion 

games with rules dynamic evoked imager. 

Formal operations period 
(12 yrs. on) 

abstract reasoning true measurement; 
systematic hypothesis 
formation and testing 
of causality 

universal rules 

tion of intellectual development analogous to the genetic canalization 
of morphological development in the embryo (Wilson 1978). This 
research supports the notion that the sequences of intellectual devel­
opment in human childrcm are products of a species-specific 
constructive propensity that produces a standard schedule of devel­
opment, given appropriate environmental stimulation. Comparative 
data from studies of intellectual development in other societies 
confirm the existence of an invariant sequence of human cognitive 
development (Cowan 1978; Piaget 1976; Dasen 1972). Although 
there are conflicting data as to specific ages of development and 
highest levels of achievement in different societies (Cowan 1978; 
Piaget 1972), research based on naturalistic tasks administered by 
native speakers reveals a more consistent pattern (Cole & Scribner 
1974; Nyiti 1976; Deavilla & Pulos 1977; Ogbu 1978; Kamara & 
Easley 1977). 

A developmental model is useful for cross-species as well as 
cross-cultural comparisons (Jolly, 1972; Parker, 1977). Piagetian 
analysis of primate behavior allows us to compare the numbers and 
types of schemes (manual, locomotor, etc.), their coordinations, and 
the scope and nature of their applications. Finally, it allows us to 
compare species- or family-specific sequences, types, and levels of 
achievement. This model extends the domain of comparative studies 
to include complex nonstemotyped behavior, which is not amenable 
to traditional ethological analysis. 

The intelligence of prosimians, monkeys, and lesser apes 

Intellectual achievements have been studied from a Piagetian 
perspective in stumptail maeaque monkeys (Parker 1973, 1977), 
chimpanzees (Mathieu 1978; Chevalier-Skolnikoff 1977), gorillas 
(Gibson & Parker 1976; Chevalier-Skolnikoff 1977; Redshaw 1978), 
and cebus monkeys (Chevalier-Skolnikoff 1978; Gibson & Parker 
1976; Parker & Gibson 19'77). Although we know of no develop­
mental studies of prosimians, lesser ape species, or other old- or 
new-world monkeys, some conclusions can be drawn from published 
reports and casual observation of object-manipulation in these 
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groups. rf
1

:' 

Studies of problem-solving and object manipulation in lemurs and :11:1 
lorises (Jolly 1964) suggest that prosimians display neither the object "n 
permanence characteristic of the fourth and fifth stages of the object , !( ! 
conrept series, nor the object manipulation schemes characteristic of , ·I< 1 
stages three through six in various other series in the sensorimotor ·;!/! 
period. They do seem to display reflex grasping and the simple 

1 
;!.: ~ 

prehensive adaptations characteristic of the first and second stages of '1l i 
the sensorimotor period. This pattern correlates with their heavy 'jl 
relianre on olfaction and their use of their mouths rather than hands 

1
( 

as primary foraging and grooming organs. Reflex grasping occurs in i!: 
insect catching, and simple prehensive adaptations occur in climbing jj 
and bringing food objects to the mouth. (1 

Stumptail macaques display a mosaic of sensorimotor period i1
1
: 

}) 

abilities more advanced than those of prosimians and less advanced' i> i 

than those of the great apes. They complete stage five or six of the :;j; . 
object concept series, searching for an invisibly-displaced object ~i. 
when it is hidden in the hand or inside a small cup and then emptied ;'1 

under a cloth (Wise et al. 1974). They do not, however, display the · 
behaviors of stage five or six in the other series of the sensorimotor 
period, such as tool-use or the imitation of novel schemes. And 
although they display the coordination of vision and prehension •' 1 

characteristic of stage three of the sensorimotor intelligence series, 
they do not display the "secondary circular reaction" (repeating 
actions that create an interesting spectacle, such as the movement or · 
noise of a toy), which is also characteristic of stage three in that series 
in human infants. They do display most of the coordinations and 
object manipulation schemes of stage four of the sensorimotor 
intelligence series, including hand-to-hand exchange, rotation. pull-
ing apart, and rubbing, and they investigate the properties of objeCtS · 
through serial application of these schemes. They do not, however. 
display the object-object manipulations (such as placing objects inside 
other objects and removing them, rolling balls, raking in out-of-reach 
objects with sticks, etc.) of stage five in the spatial and causalitY, 
series. They also fail to display the "tertiary circular reaction 
(varying the intensity and orientation of schemes on objects in order 
to discover novel reactions) and they do not experiment with new 



to solve problems, both charncteristic of stage five in the 
intelligence series. The only circular reactions they 

stage-two "primary circular reactions" of hand-mouth 
coordination, and circular body reactions in play 

}973, 1977). 
other old-world monkey species have not been studied 

this developmental perspective, published reports and casual 
..w..rv·anuu• on other species in this group suggest that the stumptail 
ii\IOIClue pattern is common to old-world monkeys. 1 It seems likely 
diJt obJeCt permanence (stages four to six of the object concept 
Mill), the coordination of vision and prehension (stage three of the 

! ~rl.lllotor intelligence series), and simple manipulation of single 
~~~ through the coordination of schemes (stage four of the 
,.nsorhnotor intelligence series) arose in the common ancestor of 
old-world monkeys and. apes some time in the Oligocene, about 35 
l!lllliCIP years B.P. (belore present), as an adaptation for hand­
fartling and feeding on a variety of vegetable foods. This pattern of 
_,arimotor period development in monkeys correlates with 
lllhlnced hand-eye reliance (as opposed to the mouth-nose domi-
11111ce of prosimians). The coordination of object rotation, pulling­
apart, hand-to-hand exchange, and rubbing is highly adaptive for 
picking and deaning l oods. It is possible, of course, that some 
old-world monkey species may have evolved elaborations on this 

bafic pattern. 
Like great apes, cebus monkeys display the intellectual abilities of 

llul fifth and sixth stages of the sensorimotor intelligence, space, and 
caUIIIIity series (Parker & Gibson 1977 ), as well as the object concept 
torles (Mathieu et al. 1976). Specifically, they display the "second­
ary" and "tertiary circular reactions" and the discovery of new 

111oans, which are characteristic of the sensorimotor intelligence 
lllfilli, and the object-object manipulations of stage five of the spatial 
end causality series. They do not, however, display imitation of novel 
ce~tures and vocalizations. Judging from published reports and 
penanal observation of object manipulation in other new-world 
lp!ICiCS, this pattern is unique among ceboid monkeys. 

Although they have not been studied from a developmental 
penpective, the lesser apes (gibbons and siamangs) do display some 
of the intellectual abilities of stage five of the sensorimotor intelli­
IOQCe and spatial series. A young siamang at the San Francisco Zoo 
WU observed repeatedly dropping a leaf and catching it in the air, 
8!Ue5ting "tertiary circular reaction'" (Lacie, personal communica­
tion). Siamangs at the Gladys Porter Zoo, Brownsville, rolled coco-
111111 on the Ooor and launched them off walls repeatedly (Gibson, 
peraonal observation). Humbaugh (1970) reported a gibbon weaving 
i rope in and out of the links of a chain-link fence, suggesting an 
tarly preoperational understanding of topological relations of enclo­
IUre. Reynolds (1971) reports a gibbon raking in food with a stick 
when the food was placed directly in front of the stick but not when 
It was further away, suggesting a poorly-canalized capacity to 
dlacover new means for solving problems. 

The intelligence of great apes 

Gorillas and chimpanzees pass through the six stages of the sensori­
motor period in the same sequence and at almost the same rate as 
h11man infants, and they display most of the abilities characteristic of 
human infants in most of the series: They complete the object 
wncept series earlier than human children and the sensorimotor 
Intelligence series somewhat later than human infants. They 
diaplay the "tertiary circular reaction" and "discovery of new 
means," hut somewhat less frequently and in fewer contexts. They 
llOmplete most but not all aspects of the space and causality series. 
~hey L'Omplete the imitation series in object use and in the gestural 
I ut not the vocal modality (Parker 19'76, 1977; Chevalier-Skolnikoff 
h:6, 1977; Redshaw 19?8; Mathieu 1~78). Different investigators 

e reported slightly d1fferent rates of development in the same 
;Jlecies, perhaps as a result of differences in methodology; investiga­
ors studying sign-using animals report the development of causality 
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schemes that are not reported in group-living animals (Mathieu, 
personal communication). 

Although there are no published reports of developmental studies 
on the preoperations period in great apes, there are reports of tests for 
specific abilities; and there are other reports on great ape intelligence 
from which much can be inferred about the abilities characteristic of 
this period (Jolly 1974). Taken together, these reports suggest that 
great apes display the abilities characteristic of human children in 
the symbolic subperiod of preoperations (two to four years of age), 
such as language (sec below), drawing of simple topological forms, 
and symbolic play (see below). They also display evidence of this 
subperiod's topological-perceptual dominance. This is revealed, for 
example, in the phenomenon of "optical realism" described by 
Kohler (1927), wherein chimpanzees focus on the apparent proxim­
ity of objects rather than their causal relations - as in standing a 
ladder on edge against a wall rather than leaning its two ends against 

the wall. 
Observations and experiments on chimpanzees and gorillas at the 

San Francisco ZOCJ have revealed the prominence of the topological 
preconcepts of enclosure and open versus closed form. Like two- to 
four-year-old children, these apes engaged in repeated tactile and 
visual exploration of the hole in doughnut-shaped objects but did not 
systematically explore their surfaces, or those of cubes, cylinders or 
eggs. (Davenport & Rogers, 1970, report that chimpanzees have 
much greater difficulty than children in recognizing the shape of 
objects from tactile exploration alone.) The chimpanzees also 
displayed a strong interest in the containing or enclosing aspects of 
hollow plastic cubes, doughnuts, and detachable "pop" beads, peer­
ing into the small holes in the beads, pushing the nipples into the 
holes, purposefully enlarging tOCJth marks in the toys with their teeth 
and hands, and placing small objects and water into the holes (Pulos 
& Parker 1979). These observations are consistent with Premaek's 
(J976) observation of the high salience of the "in" scheme in 
chimpanzees and human children. (This scheme is less salient in 
gorillas; Pulos & Parker 1979, Redshaw 1978). The focus on topologi­
cal relations is also suggested by reports that chimpanzees and 
gorillas, like two- to four-year-old human children, draw closed 
figures resembling circles, and open figures resembling crosses 
(Renseh 1973; Temerlin 1975; l'remack 1976; Reynolds 1971; Patter­
son 1978b) but are unable to copy triangles (and other geometric 
figures), even with a mechanical guide (Rensch 1973) According to 
Piaget & Inhelder (1967), in human children this phenomenon results 
from the fact that they abstract from geometric figures only the 
topological features of openness and closedness. 

Knot tying is another expression of the development of topological 
notions during the symbolic subperiod in human children. We know 
of no reports of knot tying in great apes, but Kohler (1927) reported 
that his chimpanzees removed a knot from a hook and unwound rope 
looped around a beam. They could not, however, untie a knot. A 
three-year-old gorilla at the San Francisco ZOCJ repeatedly looped 
burlap around his cage bars and hung by the end of it (Bent, personal 
communication; Parker, personal observation). Schiller (1949) 
reported similar "weaving" of sticks through bars by his captive 
chimpanzees. These reports suggest that the great apes are slightly 
less advanced in this regard than two- to four-year-old human 
children. 

The classification and seriation abilities of great apes have not 
been systematically studied. Like two- to four-year-old human chil­
dren, chimpanzees in zoos construct "graphic collections" of geomet­
ric blocks: a series of pairs of related forms, with similarity criteria 
shifting from pair to pair (e.g., chOCJsing a green square and a red 
square and then shifting to color and choosing a red circle; Pulos & 

Parker 1979). Premack (1976) reports, however, that his sign-using 
chimpanzees group geometric forms by shape and color; Hayes & 
Nissen (1971) also report object grouping by color and form (Jolly 
1974). These reports suggest some classification abilities like those of 
human children in the intuitive substage of preoperations. Premack 
(1976) reports that his chimpanzees could not seriate objects by 
size - an ability that emerges at a trial-and-error level in the intuitive 
substage of preoperations in human children (Inhelder & Piaget 
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1964). jolly (1974) interprets chimpanzees' serial choice of symbols 
for graded sizes of food as seriation. It seems likely, however, that this 
behavior is based on perceptual recognition of seriation rather than 

on construction. 
The contrasting patterns of prosimians, macaques, great apes, and 

man constitute four levels of intellectual achievement, suggesting a 
phyletic series of stages in the evolution of intelligence. Insofar as the 
contemporary representatives of each group retai~ their respective 
ancestral characteristics, we can infer the following stages in the 

evolution of intellectual abilities: 
First, the prosimian stage: stage-one and -two sensorimotor period 

grasping and coordination of hand and mouth without object perma­

nence. 
Second, the old-world monkey stage: the accretion of stage-three 

coordinations of vision and prehension without "secondary circular 
reactions," stage-four coordination of simple prehensive schemes, 
stage-five or -six object permanence. 

Third, the great ape stage: an elaboration of stage three with the 
addition of "secondary circular reactions," addition of stage-five 
"tertiary circular reactions" and "discovery of new means," stage­
five spatial and causal object manipulation schemes, stages-five and 
-six deferred imitation of novel object manipulation and gestural 
schemes, symbolic play, and spatial preconcepts. 

Fourth, the hominid stage: elaboration of the "secondary" and the 
"tertiary circular reactions" and "discovery of new means," imita­
tion of novel vocal schemes, preoperational spatial notions, and 
classifieation and seriation notions. 
We can infer that the addition of all the subsequent stages of 
preoperational, concrete operational, and formal operational intelli­
gence must have occurred subsequent to hominid differentiation. 

It is important to emphasize in this context that the comparison of 
living species can only provide an approximation to a phyletic series. 
Living prosimians and monkeys do not necessarily retain the adapta­
tions of the ancestor that they share with us. They are all produets of 
adaptive radiation into different feeding niches, and some have 
evolved new specializations. 

Although we are focusing almost exclusively on intelligence in this 
paper, we do not mean to imply that any primate species, including 
our own, relies exelusively on intelligence. Each species has its own 
total adaptive pattern, based on a unique interdependent mixture of 
innate and learned elements (Lorenz 1965). This pattern includes 
reproductive, defensive, and maintenance strategies. Intelligent 
problem-solving is one adaptive mechanism that has been selected in 
a few species. Most successful specit~s. however, survive with very 
little intelligence. It would be wrong to conclude that an adult animal 
with the intelligence of a two-month-old human infant eould not 
survive in the wild because a two-month-old human infant could not. 
Whatever level and degree of intelligcmce a species displays is part of 
a total adaptive pattern and must be analyzed in that context. A hasal 
great ape, a chimpan7.ee, or a protohominid adult with the intelli­
gence of a one- to five-year-old human child are not equivalent to 
such a child in all other respects. Their locomotor skills and their 
defensive strategies, for example, are those of adult animals adapted 
to a particular niche. It is interesting, however, to reverse the 
perspective and ask at what age a human child could survive on his 
own in a benign environment. A three-year-old child is quite 
competent to move about on his own and to feed himself, given the 
availability of appropriate foods that do not require special prepara­
tion. The phenomenon of feral children suggests that human children 
of tender years can survive on their own for extended periods (Lane 
1977). 

Extractive foraging in apes and hominids 

Feeding strategies are the behaviors involved in locating, extracting, 
preparing, distributing, storing, and eating foods. These strategies are 
adaptations to the temporal and spatial distribution of food sources in 
a given habitat, and, like all other behavioral systems, they involve 
both learned and instinctive elements. Feeding strategies are 
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Figure I. Chimpanzee extracting termites from mound with stick. 

primary determinants of mating and parental care and, hence. 
social structure (Wilson 1975; Klein & Klein 1975; Trivers 197$•1. 
Orians 1969; Daly & Wilson 1978). (There is, of course, a feedba~~ · 
relationship, whereby the reproductive strategies of ancestors all!l .: 
constrain the feeding strategies of the descendants, as, for exampl~.: , 
in lactation.) We suggest that feeding strategies are also primary'·.' 
determinants of intelligence (Parker & Gibson 1977) and that Intel:! :, 
lectual adaptations for social life are probably secondary to those fq11 'i 
feeding (contra Humphries 1976). ) 

Chimpanzees live in a wide variety of habitats, including contil)·i .. ; 
uous forests (Reynolds 1971; Jones & Sabater-Pi 1971) and a mosal~·· 
of riverine forests and savanna woodlands (van Lawick-GoodaU · 
1968b; Suzuki 1969). They are omnivorous seasonal feeders who e~l' ·. 
fruits, leaves, shoots, and flowers of more than 80 plants; birds' egg~i' 
many small mammals, including four species of monkeys at thf, 

Figure 2. Chimpanzee extracting water from tree bowl with leaf sponge. 



Stream Reserve alone; many ~nsects, including galls, caterpil­
species of ants and term1tes, grubs, and msect eggs (van 

1968b; Teleki 1975; Suzuki 1969). Chimpanzees 
a locally variable "subsistence technology" throughout their 

range, including pounding open nuts and hard-shelled 
sticks and stones (reported in Liberia and Ivory Coast); 

with twigs for termites, ants, and honey (reported in two 
in Rio Muni and four locations in Tanzania); sponging up 

brain tissue with crumpled leaves (reported in Tanzania); 
the body off with leaves (Teleki 1974). All but the last of 

are associated with extractive foraging for em-

or encased foods. 
wild, both gorillas and orangutans engage in extractive 

without tools; on account of their great strength they are 
edract foods with their hands and teeth (Schaller 1963; 

'"•d.lPn<m 1974; Brindamour 1976). 
1. . . common ancestor of the great apes and hominids was a small 
;;;;..m111 of Dryopithecid or Sivapithecid ape living in the middle or 
""'Miocene (fifteen to eight million years B.P.) somewh~re in 
·1frica, Asia, or Europe (Pilbeam e~ al. 1977) .. Although the particular 
· illS giving rise to the adaptive rad1at1on of great apes and 
:lnids is unknown, it seems likely that they were locomotor 
· · ralists, equally capable of movement on the ground or in the 
::. Like chimpanzees, they were opportunistic omnivorous ground 
.ad tree feeders who ate a variety of seasonally-variable embedded 
blah·energy foods present in the Sf~asonal forest-edge savanna 
llabitats. Their ability to use tools allowed them to exploit embedded 
foadathat were relatively inaccessible to competitors. Foraging with 
IIlii~ IP extract mnbt~dded foods was a !;mall but important part of a 
f'IIOTal feeding strategy, including heavy seasonal consumption of 
(rult, young leaves and small vertebrates. Hominid differentiation 
from the apes was based on a shift from secondary seasonal depen­
dtn~~e (as in the case of chimpanzees) to primary year-round depen­
«<trnJCl on such tool-aided extractive foraging. All the target foods 
.bared the property of being encased in a shell or being embedded in 
a J~lid matrix such as the earth, which had to be penetrated or 
fJcavated in order to free it. Because of their small body size 
(probably comparable to that of pygmy chimpanzees) hominids 
tauld not open these foods with their hands and teeth (as gorillas and 
qrangutans do). Tool use is an efficient use of energy for species 
laclking the relevant anatomical equipment. (Alcock 1972, 1975). 

The first hominids had a basic tool kit consisting of perishable 
wooden and other organic tools and unmodified stones; pounding 
IIOIIC!$ for breaking open hard-shelled fruits and nuts, for cracking 
qp~~n IICavenged long-bones for marrow, for smashing open turtle 
lbolb, and so forth; digging sticks, for excavating deep roots, tubers, 
and bulbs, and for digging for water; stabbing sticks for stabbing 
eacavated fossorial animals; hitting sticks for knocking nuts, fruits, 
and seeds off bushes and trees; probes for termite fishing and ant 
dipping; leaves for cleaning and wiping grit from food; natural shell 
dippers for scooping up and drinking fluids from holes such as water, 
blood, and honey; and perhaps natural containers for collecting and 
lfiiiiJXlrting small extracted and gathered items such as grubs and 
liUII (Gibson & Parker 1979). Most of these extractive foraging 
loehniques are still used by contemporary hunters and gatherers. 

The 6rst hominids 

Although the Plio-pleistocene (from 2.5 million years on) hominids 
4'"1ralopithecus and Homo habilts are well known, the age and 
IJIIcific identity of the first hominid is unknown. Until recently there 
were no ape or hominid fossils representing the late Miocene and 
tarly Pliocene epochs (from about 8 to 2.5 million years B.P.) 
Preceding the time of Australopithecus and Homo habilts. 
l'l'Part of this gap has been filled with the discovery of the new 
/OCene (3.8 to 3 million years B.P.) hominid, Australopithecus 

;h:ensts, which is almost certainly the common ancestor of the 

6 
pl~1stocene Australopithecus specitJS and early Homo (Johanson 

Whtte 1979). A. afarensts is a small (three- to four-foot tall) 
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l>ipedal creature with reduced canines and a chimpanzee-sized brain. 
No archeological remains are associated with this creature. The 
mixture of ape-like and hominid-like characteristics in A. afarensis 
suggests that this species was the direct descendant of the common 
ancestor of the great apes and hominids. It is impossible to be certain 
that A. afarensts was indeed the first hominid, but this interpreta­
tion is supported by the dating of hominid-ape divergence as 5 
million years ago on the basis of immunological comparisons of living 
primate species (Sarich & Wilson 1967). 

An earlier hominoid, Ramapithecus, may have been the first 
hominid (Leakey & Lewin 1977; Simons 1976, 1977; Grantt & 

Pilbeam 1977; Tattersall1975; Pilbeam et aL 1977), a collateral line 
of apes that died without issue, or the common ancestor of the great 
apes and the hominids (Zihlman eta!. 1978). The latter interpretation 
is attractive, because Ramapithecus was a small pygmy chimpanzee­
sized creature inhabiting a variety of late Miocene mosaic biomes 
(Isaac 1976a), which offered a diversity of embedded foods. In other 
words, Ramapithecus is an appropriate candidate for the first 
extractive-foraging adaptation (Gibson & Parker 1979). 

Even though the identity of the first hominid is unknown, the idea 
of a pre-archeological phase of hominid evolution has brought in its 
wake a de-emphasis on the hunting hypothesis and a compensatory 
emphasis on seed-eating (Jolly 1970) and gathering of vegetable 
foods (Teleki 1975; Tanner & Zihlman 1976; Lancaster 1978). The 
emphasis on vegetable gathering has also focused interest on the 
digging stick (Washburn 1960; Robinson 1963; Bartholomew & 

Birdsell1953; Mann 1972; Tanner & Zihlman 1976; Lancaster 1978) 
and on containers (Tanner & Zihlman 1976; Lancaster 1978). 

The present extractive-foraging model of hominid differentiation, 
derived from Hamilton's (1973) "scavenge-hunting" model, is not 
inconsistent with the gathering and seed-eating hypothesis, but it has 
several advantages: it provides (1) a central organizing principle 
embracing a larger range of behavior and technology, (2) a smooth 
transition from protoape to protohominid behavior and technology, 
(3) a smooth transition from early hominid subsistence and technol­
ogy to later hominid subsistence and technology, and (4) a basis for 
understanding the adaptive significance of language and intelligence 
in hominid life. The seed-eating and vegetable-gathering models, by 
contrast, do not provide an adequate challenge for the selection of 
intelligence and language, nor do they provide preadaptations for 
hunting and construction. 2 

Sensorimotor and symbolic intelligence as adaptations 
for extractive foraging 

True tool use (as opposed to simpler forms of prototool use) involves 
using one detached object (not a part of the animal's anatomy) to 
change the state of another object - that is, tool use requires a tooL 
The activity can be stereotyped and context-specific, as it is in some 
birds, such as the Galapagos woodpecker finch, or it can be more or 
less intelligent and generalized, as it is in man and great apes. Tool 
use in animal species tends to correlate with extractive foraging on 
embedded foods. Stereotyped tool use is associated with context­
specific foraging on a single nonseasonal food source; intelligent tool 
use is associated with extractive foraging on a variety of seasonally­
and locally-variable encased foods. Intelligent tool use results from 
trial-and-error and insightful invention of new means to solve a 
problem. Once a tool-using technique is invented, it may spread 
through imitation and observational learning in a local population. 
Intelligent tool use allows species to invent new technology to exploit 
locally and seasonally variable resources (Parker & Gibson 1977). 

Intelligent trial-and-error tool use is based on certain achievements 
characteristic of the fifth stage of the sensorimotor period in human 
infants, which occurs at about one year of age (Piaget 1962, 1963, 
1971a). Specifically, it requires a practical understanding of object­
object relations in space such as relations of before-behind, near-far, 
above-underneath, inside-outside (fifth stage of the spatial series); a 
practical understanding of simple means-ends relations of force and 
movement (fifth stage of the causality series); variable experimenta-
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Table 2. Umng and fossil apes and hominids' 

Dryopithecida" 
(extinct apes) 

---
Pongidaf 
(living 

great ape.·1 

~' ~ 1------------1 

Sivapithecidae• 
(extinct apes or 
hominids?) 

Australopithecus 
(extinct 
hominid) 

Homo 

millions of years before present 
20 18 16 14 12 10 8 6 4 2 

Miocene Epoch 
23.5 to 5 million years B. P. 

Pliocene 
5 to 18 

Pleistocene 
1.8 million 
to 10,000 

================================·· 
•Based on Table from Pilbeam eta!. (1977) 
'Family including genus Ramapithecus 

tion to discover the properties of objects and force fields such as 
dropping objects from different heights (the "tertiary circular reac­
tion") and goal-directed trial-and-error coordination and application 
of sehemes to solve problems ("discovery of new means", the fifth 
stage of the sensorimotor intelligence series); but not object perma­
nence (fifth stage of the objeet concept series). 3 Insightful tool use 
without prior trial-and-error groping is based on the achievement of 
deferred imitation of new schemes and on the mental representation 
of schemes characteristic of the sixth stage of the sensorimotor period 
in human infants, which occurs at about one year to eighteen months 
of age. 

The discovery of new sources of embedded foods and the anticipa­
tion of tool use to extract and gather them in containers is based on 
topologieal preconcepts, mental imagery, and the formation of 
·:graphic collections," characteristic of the symbolic subperiod of the 
preoperations period in human infants, which occurs between two 
and four years of age (Piaget & Inhelder 1967; Inhelder & Piaget 
1969). The discovery or recognition of new potential embedded 
foods requires mental imagery of the topological relationships of 
enclosure, proximity, and separation of elements in space, combined 
with a strong propensity to focus on these relationships in the 
environment. Anticipation of tool use requires interiorized schemes 
of trial-and-error groping for means of penetrating enclosures with 
implements; anticipation of container use requires interiorized 
schemes of placing objects in other objects. 

Tool and container selection, and transportation to the site for 
extractive foraging requires mental imagery of enclosing relations 
and the propensity to create small ("gmphic") collections of func­
tionally related objects (e.g., digging stick, wiping leaves, and a 
natural container that can be used to excavate, clean, and store 
extracted foods). 

Searching for new foods involves a propensity to see the world in 
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terms of the potential topological relationships of enclosure and 
proximity - that is, suspecting that objects such as shells contain fruib 
and nuts, that substrates such as earth contain objects such as tuben, 
roots, bulbs (especially in proximity to plants), and small fossorial 
animals such as moles and gophers (especially in the proximity uf 
holes). 

Foraging with digging sticks for deep tubers, roots, or bulbs, for 
example, requires: (I) an image of the embedded food and lb 
proximity to surface plants; (2) a grasp of the enclosure relation 
between earth and the food; (3) a mental representation of the 
scheme for penetrating the enclosure with a stick through trial· 
and-error manipulation of the tool in space relative to the earth and 
to the surface plant; (4) an image of the position of the agent's body: 
and, finally, (5) a mental representation of the scheme for cleaning 
the food with leaves and placing it in a container. Foraging with tllOb 
also requires a propensity to see the potential of objects such as rock1. 
branches, leaves, and shells as tools, wipers, and containers, as well Ill 
a tendency to collect and transport them to the sites of emhlldded 
foods - that is, a propensity to create small functional collections of 
objects. 

The importance of fifth and sixth stage sensorimotor period and 
symbolic subperiod abilities for tool use and food location sugglllll 
that these abilities, which are present in great apes and man, arose ill 
the common ancestor.' Elaborations of these abilities must have 
occurred in the first hominids as the latter increased their depon· 
dence on this subsistence mode. 

The food-sharing hypothesis of language origin 

We suggest that food sharing first arose as a secondary adaptation for 
extractive foraging with tools, rather than as an adaptation for 



d gathering {Isaac 1978). During a long apprenticeship 
an ,·)e protohominids depended on their mothers and other 

juven 
to share food with them, to help them open embedded 

~in d to act as models for extraetive foraging. Data on the 
110 

of contemporary chimpanzees support this view. Chimpan­
develop slowly and depend on their mothers to nurse 

dlare food with them, and act as models for observational 
of )ocal subsistence technolo!w Silk {1978} reports that 

mothers at the Combe Stream Reserve share hard­
foods such as Strychnos fruits with their offspring during 

from suckling to independent foraging, which occurs 
four and five years of age in this species. She emphasizes the 
efficiency of food sharing u.s opposed to continued lacta­

(1974) and McGrew {1976} report that efficient termite 
and ant dipping with probes require several years' appren­
by juvenile chimpanzees at the Combe Stream Reserve. 

. . sharing must have been more frequent and adaptively 
· !&cant in a species relying primarily on hard-to-process foods 
: had to be extracted with tools. The energetic savings. fro~ a 

, ... vloral {()(l<l-sharing strategy, as compared to a physwlogJcal 
: t.¢atlon strategy, would have been even greater in a species requir­
.!PI five or six years' apprenticeship for efficient independent forag-

~he importance of food sharing in hominid adaptation is indicated 
· ·~ liS apparently universal occurrence among. human c~ildren. as 

young as one year of age. In their second year children begm feedmg 
~lr parents with real and imaginary food and greeting strangers 
lflth food and other objects (Parker, personal observation}. These 
food·sharing behaviors persist into nursery school, where greetings 
with food are common (Garvey 1977). Eibl-Eibesfeldt (1974) 
wllpel~SC(! this food-sharing complex in young children in several 
primitive societies and suggests that it is an innate human pattern [see 
•IM> J£ibi-Eibesfeldt: "Human Ethology'' BBS 2(1) 1979]. Food shar­
lnl abo plays a vital role in adult human social behavior. The 
pence of these patterns, of course, does not necessarily imply that 
fll!ld sharing began with extractive foraging, but their appearance 
during the sensorimotor period does. 

Jn human children language emerges during the period from 9 to 
84 months, between the fourth and sixth stages of the sensorimotor 
period. The language of this period is called prelanguage or protolan­
~ge, because it precedes the mastery of grammar and entry into 
the adult language system (Halliday 1975}. Protolanguage has 
1111n1ent and expression. The content is the meaning within a given 
IOCial and material context. By eighteen months (the sixth stage of 
the &ensorimotor period) these meanings serve the following func­
tions: the instrumental funcHon of getting goods and services (the "I 
Wtnl" function); the regulatory function of controlling the behavior 
of others (the "do as I tell you" function); the tnteracttonal function 
of initiating ami responding to intemctions (the "you and me" 
function}; the personal function of expressing emotional states (the 
''here I eome" function}; the heuristtc functton of gaining informa­
tion about the environment (the "tell me why" function); and the 
lllllll!inattue function of creating make-believe (the "let's pretend" 
function). The last function, the tnfO!'matiue function (the ''I've got 
IOIIlething to tell you" function), appears later. 

An "expression" is the particular form that meanings take. While 
the meanings of protolanguage and their functions remain relatively 
•POntlant (with the gradual addition of new functions}, the expressions 
of these meanings change radically hom phase I to phase II of 
protolanguage development. Phase I, from nine to sixteen months of 

. •&e, is charaeterized by instrumental, regulatory, personal, and 
Imaginative functions. The meanings subserving these functions are 
elpreiiSed in idiosyncratic personal utterances (which are usually not 
imitations of adult words) and by ritualized referential gestures. 
During phase I the meaning of an utterance is synonymous with its 
USe in the immediate situation. In other words, each utterance 
ljlecifies both meaning and context and has only one function. 

Meanings in phase II of protolanguage, from 16 months to 24 
~onths of age, are expressed in the words of the adult language. 

IC!&e utterances have more generalized, less context-specific mean-
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ings and can hence refer to objects and events outside the immediate 
situation. During phase II children's utterances begin to display the 
heuristic function (tell my why} and to differentiate into pragmatic 
and descriptive functions. Pragmatic utterances have a rising intona­
tion, indicating that they require a response, while descriptive 
utterances have a falling intonation, indicating that they do not. 
Children in phase II engage in dialogues (which require the ability to 
adopt, assign, and reverse social roles), asking and answering yes, no, 
and "wh?" (who, where, when, why) questions, as well as lying, 
joking, rhyming, and analogizing (Halliday 1975). 

Protolanguage involves gestures that express all or part of a 
particular meaning. In fact, the emergence of a "gestural complex" 
between nine and thirteen months predicts and precedes the emer­
gence of the first words (Bates et al. 1977). This gestural complex is 
comprised of referential pointing, object showing, object giving, and 
a gestural request for objects (the "gimme" gesture of rapidly 
opening and closing the fists, with hands extended; Bates, personal 
communication). The emergence of this gestural complex correlates 
with the achievement of the fourth and fifth stages of the causality 
series (involving the realization that other people can act on objects, 
as revealed by nonverbal requests to reach objects and wind up toys, 
etc.} and with the achievement of the fifth stage in the imitation 
series (involving the ability to imitate novel schemes}, but not with 
the stages of the object concept series (Bates et al. 1977). 5 

Neither this gestural complex, nor the use of adults to act on 
objects, were displayed by gorilla infants living in a social group at 
the San Francisco Zoo (Parker, personal observation). The complex 
has not been described in wild chimpanzees and gorillas (van 
Lawick-Goodall1968a; Schaller 1963), and its absence in interactions 
between animals in undisturbed social groups of apes contrasts with 
its occurrence in interactions between apes and their human keepers. 
In the presence of their keepers chimpanzees proffer objects, engage 
in referential pointing at objects that they want (Alcarez, personal 
communication), and use people to activate toys for them (Mathieu, 
personal communication; Pulos, personal communication). This 
suggests that while apes do not use these gestures in undisturbed 
social groups because under these conditions gestures fail to elicit 
helping responses, gestures are available to them, and apes will use 
them, given the appropriate context and incentives. Chimpanzees 
and gorillas are also able to learn, and use productively, several 
hundred arbitrary and iconic signs in the hand/eye modality- that 
is, hand sign language (Gardner & Gardner 1969), plastic form 
language (Premack 1971), and typewriter language (Rumbaugh et 
al. 1973}, although it is important to emphasize in this context that 
ape language learning has only occurred as a result of "arduous, 
carefully-planned instruction" by human keepers (Rumbaugh, 
personal communication); whether the offspring of hand-signing 
apes will learn signs from their mothers is an unanswered question. 

Setting aside this crucial difference in spontaneity, we can ask 
what level of language ability apes display relative to human 
children. Gorillas and chimpanzees can engage in dialogues with 
each other and with their human keepers, (interactional function), 
asking yes, no, and perhaps "wh?" questions (heuristic function), 
issuing and responding to requests and commands (instrumental and 
regulatory functions}, labeling and describing objects (by shape, 
color, and class of function), referring to past and future events 
(mathetic functions), expressing emotional states (personal function), 
lying, joking, and rhyming (imaginative function) (Gardner & 
Gardner 1969, 1975; Premack 1971, 1976; Fouts 1973, 1975; 
Rumbaugh et al. 1973; Gill & Rumbaugh 1975; Rumbaugh & 

Savage-Rumbaugh 1978; Savage-Rumbaugh et al. 1978, 1979; 
Patterson l978a and b). [See also "Cognition and Consciousness in 
Nonhuman Species" BBS 1{4) 1978.] With these protolanguage 
functions, meanings are expressed in signs and words that are used in 
a variety of contexts for a variety of functions. (Like human children, 
chimpanzees first associate meaning with a specific context, and only 
later, under the pressure of multifunctional uses of a word by their 
keepers, do they develop more generalizable and less context-specific 
meanings; Savage-Rumbaugh et al. 1979.) 

The pragmatic functions of referential communication are well 
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illustrated in the dialogues between two language-using chimpanzees 
at Yerkes. Two sign-using animals were placed in adjacent rooms 
connected by a window and a pass-through; each had a typewriter 
and a screen displaying the messages typed on the keyboard. When 
they were placed in a situation where one animal had access to food 
(which had been hidden by the experimenter while both animals 
watched) and the other did not, the one without access requested 
food items by name from his partner, and his partner gave the 
requested items to him (Savage-Rumbaugh et al. 1978). When the 
animal without access to the food had access to the tools his partner 
needed to get at encased foods (but to which he did not himself have 
access), he responded to requests for !>pecific tools by giving them to 
his partner. His partner used the tools to get at the encased foods and 
then shared the bounty with his partner (Savage-Rumbaugh et al. 
1979). 

In other words, when placed in a situation of enforced dependen­
cy, with a language system at their disposal, these animals used 
language to request foods and tools that they could not get for 
themselves. The authors interpret these data as indicating that 
chimpanzees are capable of intraspecific referential communication, 
with intentional message transmission and reception as well as 
reversible roles. 

On the basis of the close phylogenetic relationship between great 
apes and hominids, we assume that the common ancestor displayed a 
capacity for referential communication at least as great as that of 
chimpanzees and gorillas, and that the first hominids displayed a 
language capacity at least as great as that of the common ancestor, 
and probably greater. The similarities between great ape language 
and human infant phase ll protolanguage, as well as the correlation 
between protolanguage and fifth and sixth stage sensorimotor intelli­
gence imitation and causality series abilities, suggest that the 
common ancestor of great apes and man displayed language-learning 
abilities similar to those of two-year-old human infants. From the 
absence of spontaneous language acquisition in gre,at apes, we 
conclude that these abilities were not specifically canalized into 
language learning in this common ancestor as they are in human 
infants (Fishbein 1976), but were side-effects of the sensorimotor 
intellectual capacities that arose as adaptations for extractive forag­
ing with tools. The shift to primary dependence on extractive 
foraging with tools, and the attendant food sharing that character­
ized hominid differentiation, favored canalization of language­
learning abilities and resulted in a strong propensity to acquire 
protolanguage. The first hominids displayed a form of protolanguage 
similar to the phase II protolanguage of human infants. Comparative 
data suggest that the common ancestor had a greater degree of 
voluntary control in the gestural modality than the vocal modality. 
These data support the idea that the first language was primarily 
gestural (Hewes 1973). The evolution of a propensity to acquire a 
gestural protolanguage only required an increased tendency for 
voluntary combination and coordination of gestures (including the 
gestural complex and gestural imitations) and their use to refer to 
objects and events. The intellectual prerequisites for this sort of 
problem-solving already existed in connection with object manipula­
tion for tool use and only needed to be extended into the arena of 
gestures. 

The subsequent evolution of language in the vocal modality was 
slightly more complex, since it required a shift from involuntary 
subcortical control of vocalization to voluntary cortical control 
(Campbell 1974). This shift also involves increased neurological 
control of the lips and tongue, permitting rapid and precise articula­
tory coordinations and combinations (Gibson, 1977). As vocalizations 
came under voluntary control, they could be used as "means" to 
refer to objects and events. Language in the vocal modality probably 
first arose as an imitational supplement to gestural language, then 
gradually replaced it due to the two advantages of vocal/auditory 
communication over gestural/visual communication: First, vocal 
communication is multidirectional and ·therefore does not require 
visual attention from the receiver (Marler 1965). Second, the vocal 
channel is more energy-efficient than the gestural/locomotor chan­
nel - that is, moving the vocal chords requires substantially less effort 
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than moving the hands, arms and legs. Vocal communication . 
advantageous for animals engaged in extractive foraging with 1 ~~~, 
an activity that requires sustained visual attention. There wa ll<•' 
advantage for individuals who were able to convey rents ~_'' 

-,IL\1, 
commands and other information over short distances Wt'tl 

!()ill 
expending the extra energy required to go to the receiver and get!,., 
visual attention. 

The functions of protolanguage are well suited for communicat· 
Ill~ 

requests for tools and help in opening embedded food sources and(," 
issuing commands to accompany a scout to distant food sourct, 
These messages were expressed by referential pointing and ritualiz..,j 
"display walking" in the direction of stationary or distant foods· 1 
showing an object and imitating the tool-using schemes assoct~t~~ 
with extracting it; and by object-giving plus ritualized "giman .. 
gestures to indicate the need for help in opening a food. (It\ 
interesting to note in this context that "display locomotion" toward • 
distant food source has referential value. Captive chilnpanze., 
communicate to their fellows the location and relative size of hidden 
food caches through the direction and speed of their locornntion 
[Menzel & Halperin 1975). Honey bees too communicate the lo"aliu1, 
of distant food sources through a highly ritualized form of "displa) 
locomotion" [Brown 1975].) 

Our confidence in a theory of adaptive function is increased it 
there is evidence of analogous function in other animal taxa. Tht· 
honey bees are the only other animal taxon known to displa\ , ! 
referential communication [See Griffin: "Prospects for a Cognitive 
Ethology" BBS 1(4) 1979). Theories of language origin havt' tendr11 
to ignore the analogies between human and bee language, however 
because of the great phylogenetic distance between the two taxa '' 
Obvious differences in the proximal mechanisms of human and !Jet. ' · 
language have also discouraged comparisons. This is unfortunut~ 
because analogies between the most distantly related taxa may bt: ' 
very instructive if they are made at the appropriate level (Gibson 1. 
Parker 1979; Hockett 1960). 

ln fact, the analogies between human and bee language funclim1 
are very instructive: Honey bees communicate the nature of a distant 
food through olfactory cues, and its location through a dance 
involving "display locomotion," indicating the direction and distance 
from the hive (Brown 1975). Early hominids communicated the 
nature and location of embedded or distant food through ritualiwd 
"display locomotion" toward the food and through a referential and 
imitational gestural system. Despite the differences in the mooha· 
nisms of expression, both languages involve directed communication, 
to close kin, as to the location of food. It seems likely that diroot!l(l 
forms of referential communication are favored in situations where 
kin groups are competing for scarce, dispersed, seasonal foods. 

This directed, referential communication contrasts with the nondi· 
rected, nonreferential communication of chimpanzees, which occur• 
when they advertise fruit bonanzas by loud calling and drumming. 
The latter communication system is apparently an adaptation for 
sharing abundant, dispersed, seasonal food. It is also worth mention· 
ing that the hunting hypothesis for language origin is not supported 
by functional analogies. Hunting animals who share food do not IIIli! 

referential communication systems. 

Symbolic play and imitation as extractive-foraging adaptations 

Human children begin to display symbolic play during the sixth 
stage of the sensorimotor period when they become capable of 
deferred imitation of novel schemes. During the symbolic subpertod 
they extend and elaborate this ability, creating and enacting small 
dramas of daily activities such as eating, preparing and serving food. 
traveling, dressing, sleeping, and so forth (Piaget 1962). Mak~ 
believe feeding is an especially important theme in symbolic pia) 
Symbolic play (imitative make-believe play), like play fighting ancl 
play chasing (Symons 1978), is important for the rehearsal of subsi> 
tence roles. Specifically, imitative tool use is important in practicin~ 
extractive foraging. Bushman children as young as fifteen months ol , 1 



>le play at digging with digging sticks (DeVore & 
for eJllmi ' 

1974). lx I b 'od b·t· . t' with their other sym , ie su pen a 1 11les, cap 1ve 
display symbolic play. Koko, the signing gorilla, for 
lays dolls and has make-believe tea parties with her 

(P ~terson 1978b). Both she and Lucy, a signing chimpanzee, 

d 

11 
ing up 11m! making up (Patterson 1978b; Temerlin 1975). 

ress d h' I d · h · · other human-reare c 1mpanzee, p aye w1t an 1magmary 
an it along behind her by an imaginary pull string, even 

to unloop it (Hayes 1976). These apes also display the 
function of language in their make-believe play - they 

to themselves on what they are doing. 
similarity between great ape and human children in terms of 

play suggests, by homology, that early hominid children 
symlx>lic play, and that this form of play arose as an 
for learning tool use in extractive foraging, and perhaps 

for symbol use. 

1!,~\\<:llltUiili•~c intelligence as an adaptation for aimed throwing, 
manufacturing, animal butchery, and shelter 

.,..,., 1tr1~ct 1ton in Homo habilis 

: ~methne in th~ Pliocene e~h (a~ut 2.5 to 3 million. years B. P.) 
'Ahll ftrst homnud specws or 1ts dU'ect descendent spht . mto two 
. lineages, Au.dralopithecus and Homo (Leakey & Lewm 1977). 

J,llftraloptthecus, the more primitive of the two, maintained an 
~ifltractlve-foraging adaptation; Homo ilabilis, the ancestor of Homo 
lr.ctm, evolved hunting as an additional subsistence strategy. This 
now strategy was based on several new technologies: aimed-throwing 

·<If missiles to drive or stun game; stone tool manufacture for aimed 
*hrowing and for butchering large animals; shelter construction 
(GibM>n & Parker 1979). 
· tlomo imfnlis was a larger-bodi1l<i, larger-brained (600 to 700 cc) 
bJpedal creature who apparently preferred lake margins, while his 
~usin, the Australopithecine spedes, preferred river margins 
(&hrensrneyer 1975). During the Plio-Pleistocene Epoch, East 
,+.!rica was a mosaic of lakes, marshes, rivers, narrow strips of riverine 
~'~!rest, dedduous woodland, and grnssland. The climate was drier 
lnd more seasonal than that of the Miocene, and the amount of forest 
yas roouced. During the dry season, surface water was available only 
at lakes and permanent rivers. Lakes were desirable locations for 
llomo habilts because they provided water as well as plant and 
tnimal food. Large mammals congregated near rivers and lakes 
during the dry season, providing a source of game. Fossil evidence 
fr11m Omo, Olduvai, and East Turkana indicates that by 2.5 million 
years ago Homo habilis was eating big game (more than 30 pounds), 
lllCluding antelope, porcupine, waterbuck, horse, pig, giraffe, 
~llphant, and hippopotamus (Isaac 1978). 

Aimed throwing of missiles by Homo habilis. Driving large 
'nimals into bogs or traps, or stunning small animals, are impossible 
lnr a relatively slow-running animal without the aimed throwing of 
llliliiilt,s: Man sprints at about 22 mph and runs for sustained periods 
II about 13 mph, while antelope sprint at 61 mph, horses at 43 mph, 
hippopotamuses at ao mph, and elephants at 25 mph (Hamilton 
1.973). Therefore we can conclude that hunting by Homo habdis 
Involved missile throwing. This possibility is also suggested by the 
Cll'esence of spheroid stone tools at Olduvai Gorge; because of their 
tbape, these llx>ls are particularly well suited for aimed throwing. 
Mary Leakey suggests that they were used in bolas (M. Leakey 
1971). 

Aimed missile throwing was a significant innovation, and a much 
more mmplex and difficult one thnn it appears. It requires the 
::truct~on of ~ straigh~ line ~twee~ the thrower and the _target 

ugh hne-of-s1ght a1mmg. Th1s abll1ty does not emerge until four 
to s~x years of age in human children - before that time the child is 
Ulla •le to draw or construct with sticks a straight line between two 
;,ints unless he does so along the edge of a table or another guide 

laget & lnhelder 1967) - and it does not seem to occur at all in 
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great apes. The emergence of aimed-throwing games at four to six 
years of age (Dennis 1940; Fortes 1976; Hartley & Goldenson 1963) is 
consistent with the notion that aimed throwing is dependent on 
line-of-sight straight line construction emerging in the intuitive 
subperiod. 

The adaptive importance of aimed throwing in hominids is also 
suggested by the ubiquity of aimed-throwing games among human 
males. Since play is generally recognized as a mechanism for practic­
ing skills (particularly fight and flight skills; [Dolbinow 1971; Aldis 
1975; Symons 1978]), it is likely that aimed-throwing games have a 
practice function for hunting and warfare. By analogy with wrestling 
and chasing games, there may be an innate tendency to play 
aimed-throwing games in our species, a tendency that is especially 
strong in males. This is particularly likely because efficient aimed­
throwing is difficult and requires extensive practice. 

Although great apes occasionally throw missiles, they rarely hit 
their targets (Kortlandt & Kooij 1963; Albrecht & Dunnett 1974; van 
Lawick-Goodall1978; Eaton 1978). Missile-throwing in apes seems to 
be primarily a threat display aimed at increasing the apparent size 
and ferocity of the displayer (von Lawick-Goodalll971). Although 
chimpanzees use tools in extractive foraging, until recently there has 
been no evidence that they use tools in bunting (Teleki 1973). Now 
there is a report of unaimed missile-throwing at adult animals to 
isolate immature prey for seizure (Plooij 1978). This is apparently an 
intelligent application of social tool use. It is very likely that the first 
hominids regularly engaged in this practice, and that tbis behavior 
was a pre-adaptation for the practice of aimed missile-throwing to 
drive and stun game. Very few animals have evolved aimed 
throwing as an adaptation for predation (or any other function). 
Bolas spiders fling silk bolas at insect prey (Gertsch 1947); worm lions 
and ant lions fell insect prey with hurled grains of sand (Wheeler 
1930). In all of these species, aimed missile throwing is context­
specific and almost certainly relies on a simple innate releasing 
mechanism and fixed action pattern similar to that involved in the 
aimed tongue-flicking of frogs. 

On the basis of the importance and complexity of aimed throwing 
for hunting game, and its association with the development of 
line-of-sight aiming during the intuitive subperiod between four and 
six yE>>llrs of age in human children, we suggest that the projective and 
Euclidean preconcept of the straight line constructed through line­
of-sight aiming arose in Homo habilis as an adaptation for aimed 
missile-throwing at prey. 

Stone tool manufacture by Homo habilis. By two million years 
ago at Omo, Olduvai, and East Turkana, Homo habilis was using a 
variety of simple stone tools including spheroids, hammerstones, 
choppers, scrapers, and small flakes. Some of these tools (e.g., 
choppers, spheroids, scrapers, and flakes) were manufactured by 
chipping flakes off with a hammerstone (they were tools made by 
tools; M. Leakey 1971). This new extension was more complicated 
than simply pounding open a hard-shelled fruit or nut with a stone, 
however. Each artifact implies a set of intellectual operations (Deetz 
1967; Holloway 1969; Isaac 1976b). Creating a sharp-edged stone 
tool requires the notions of sharpness or angle and of sectioning 
solids, which emerge only during the intuitive subperiod. These 
notions of angle and section emerge in conjunction with the 
construction of the straight line as a part of a complex of emerging 
projective and Euclidean spatial preconcepts (Piaget & Inhelder 
1967). Using percussion to create a geometric section requires a 
notion of the transmission of forces through object contact, which 
begins to emerge at this time6 (Piaget 1974). 

On the basis of the stone tools associated with llomo habilis and 
their intellectual prerequisites, we suggest that certain projective and 
Euclidean preconcepts, including sharpness (angle) and geometric 
sectioning, arose as adaptations for stone-tool manufacture. 

Food preparation and animal butchery. Homo habilis 
butchered large animal carcasses with stone tools and distributed the 
meat to adult and juvenile members of their group. They almost 
certainly transported meat and other foods to a home base and 
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distributed and exchanged it there (Isaac 1978). This form of food 
sharing is unique among animals. Although chimpanzees hunt, 
divide and share their prey, they do so in a manner entirely different 
from hominids. Division of carcasses occurs through manual ripping 
and pulling apart by one or several animals, rather than through 
butchery with sharp tools (Teleki 1!173). The absence of tool use in 
division of prey is hardly surprising, however, because chimpanzees 
hunt small prey (under 20 pounds) that are easily dismembered by 
hand, and hecaUS{l meat does not play an important role in their diet. 
Sharing of carcasses by chimpanzees is opportunistic rather than 
systematic and occurs through passive permission ("tolerated 
scrounging"; Isaac 1978), rather than through active distribution 
(Teleki 1973). Active food sharing only occurs in the case of mothers 
giving hard-to-prepare foods to their own offspring during the 
period between weaning and self-sufficient feeding (Silk 1978). 
These hard-to-prepare foods are small vegetables that do not require 
division into pieces and subsequent distribution among several 
animals, as large animal carcasses do. Even food sharing by the first 
hominids was primarily among parent, offspring and siblings. It did 
not require division of a whole carcass or exchanges between adults. 

The food sharing of llomo habilis was obviously much more 
extensive and elaborate than that of contemporary chimpanzees or of 
the first hominids. It involved butchery and transportation of 
carcasses for delayed distribution and consumption as well as the 
exchange of meat for other kinds of food between adults, probably 
mates. Use of containers to gather and transport collected and 
extracted foods for later distribution was also an important part of 
the food-sharing complex in Homo habilis. 

Butchering large animal carcasses requires the use of sharp-edged 
tools to penetrate tough hides and hence calls for the intellectual 
abilities subserving stone-tool production. Cutting animals open is a 
new extension of extractive foraging with tools. Cutting substances 
into equal parts is an ability that emerges in human children during 
the intuitive subperiod; before that time, when children are asked to 
cut a substance into two parts, they will cut off a small piece or two 
and ignore the rest (Piaget & Inhelder 1967). Distributing pieces of a 
divided whole requires an ability to construct one-to-one 
correspondences, which emerges during the intuitive subperiod. 
Exchanging food on a systematic basis requires an understanding of 
one-to-one exchanges, which also emerges at this time (Piaget 1965). 
The entire proccldure requires some degree of planning, which 
begins to emerge in the intuitive subperiod. 

Although they can engage in one .. to-one exchanges and matching 
(Pulos & Parker 1979), chimpanzees apparently cannot construct 
one-to-one correspondences (Premack & Kennell1978). The data on 
chimpanzee notions of number and quantity are somewhat 
confusing. In human children one-to-one correspondences are 
constructed but not conserved during the intuitive subperiod (that is, 
the numerical correspondence between two sets of objects is 
forgotten when they are no longer laid out side by side). The 
emergence of numerical concepts of conservation of quantity 
(including conservation of one-to-one correspondence of discrete 
items, and conservation of the quantity of continuous substances such 
as liquid and plastic) first occurs at the onset of concrete operations at 
seven or eight years of age (Piaget 1965). Therefore the report of 
conservation of quantity of liquid and plastic substances by a 
chimpanzee (Premack & Kennell 1 078) is surprising. It seems more 
likely that the animal is conservinJ~ the identity of the substance 
(understanding that it is the same substance, despite its 
transformations in shape) and not the quantity. Conservation of 
identity in human children occurs during the symbolic subperiod 
(Piaget 1068). 

Despite the ambiguity of the data on chimpanzee notions of 
number, we suggclst that the ability to divide a whole into equal parts 
and the ability to construct one-to-one correspondences arose as 
adaptations for butchering large cawasses and distributing foods. 

Shelter construction. The importance of shelter construction in 
hominid evolution has not been widely appreciated. This may be 
because this behavior is not common among primates and carnivores 
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Figure 3. Inaccurate throwing by 4 1 /2-year-old boy (aimed-throwing gatnto 
-symbolic subperiod). 

which have been the sources of most hominid analogies. Such : 
construction by other taxa, however, suggests interesting analogie~ :. 
concerning the adaptive functions of shelters. Shelters, like tools, art• .: 
"artificial organs" (Hass 1970) serving many adaptive functions thai • 
are served by natural organs in other species. They are partial 01 ' 

complete enclosures constructed, excavated, or appropriated by i 
animals for various purposes. Among other functions, such enclosurel 
protect an animal from predators and from temperature extreuws; 
they shelter its young, and its food. Shelter construction is common 
among insects, birds, and rodents. 

Construction is a technique that is distinguished from other typtlli 
of manufacture by the conjoining of two or more separate object~ tn ;, 
form a new composite object. Conjoining can occur in a variety oi ,· 
ways: for example, by weaving or intertwining flexible materials, hy ·: 
cementing materials, by nesting, or by juxtaposing or interlocking, 

Figure 4. Block construction by 4 1/2-year-old boy (construction games·· 
symbolic subperiod). 
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n·als (often with stacking). Shelter construction generally occurs 
fl)lit6 . 

lOP of or suspended from some sort of substrate. Like tool use, 
: Iter construction can be stereotyped and context-specific, as it is 

e pg insects and birds, or generalized and intelligent, as it is in our 
tJIIOies. Great apes construct sleeping nests every night on the ground 
!jl6C the trees. Nest building by apes is a rapid and simple process of 
,$IP 
!Jendlng over and stepping on small branches to create a body-sized 

rave structure. Insertion and intertwining occur sporadically in 
~n . 
pest constructiOn. 

As early hominids became bipedal and moved further from the 
tfllllS• they became more dependent on shelter construction as a 
dpfense against predators and as a protection against wind and rain. 
The first hominids probably constructed simple shelters of branches 
piled against natural barriers such as serubs and small hillocks. They 
maY have slept inside these piles rather than on top of them. Even 

Tahl~ 3. Primary adaptive functions of primate jnte/ljgence, by grade levels 

Kind of intelligence 

~motor jntel/jgence 

Stages I II< 2 
Simple prehension, hand-mouth 

.oordinatlnn 

Sta~e 3 
fland·eye coordination 
Secondary circular reactions• 

Stage 4 
Coordination and application of manual 

sdaemes on single objects 

Stage 5 
Object permanence 

Object-object coordinations, trial-and-error 
investigation of object prop. (tertiary 
circular reactions), discovery of new means 
(tool use) 

Stage 6 

P.,lerred imitation of novel schemes 

Mental representation of images of actions 

fret>peraUonal jntel/jgence 
Symbolic subperiod 

Topological preconcepts of enclosure and 
proximity 

Make·believe games 

Intuitive subperiod 

Euclidean and projective preconcepts of 
>lraight line and angle 

Cla111ifieat1on and seriation 

llu I correspondence 

( :oustruetion games 

Aimed-throwing games 

======== 

Prosimian 

manual prey catching, 
branch-clinging, 
climbing-by­
grasping 

QNot present in Macaques .. arose as retrospective eJaboration in great apes 

simple sleeping-pile construction requires sensorimotor schemes of 
stacking objects on top of other objects (characteristic of the fifth 
stage of the spatial series) and an understanding of the topological 
relationship of enclosure enclosure of the body in the sleeping pile. 
Shelter construction in early hominids favored sensorimotor and 
symbolic spatial intelligence and led to more elaborate shelter 
construction in Homo habilis. 

There are many factors suggesting that Homo habilts constructed 
shelters. These creatures lived in open areas around lakes, where they 
were more vulnerable to predators, wind, and rain. The butchery, 
transport, delayed consumption, and meat distribution called for by 
subsistence on large animals brought increased vulnerability to 
predators and scavengers. These factors combined to favor more 
elaborate shelter construction. Archeological evidence from East 
Africa suggests that Homo habilts had home bases and lived in 

Old-world monkey 

manual foraging 

manual food 
preparation and 
cleaning, manual 
grooming 

food location, 
memory(?) 

Great ape 

object play for tool use 

same 

trial-and-error 
discovery of tool use 
for extractive 
foraging on 
embedded foods 

Imitative learning of 
tool-use traditions 

search for new 
embedded foods, 
insightful tool-use 

search for rare 
embedded foods 

Early hominid 

same 

same 

same 

same 

same 

same, plus shelter­
construction 

practice of subsistence 
roles 

tool manufacture, tool 
use in butchery, 
shelter-construction 

shelter-construction 

food division 

practice in shelter­
construction and tool 
manufacture 

practice for aimed­

throwing in hunting 
and defense 

THE BEHAVIORAL AND BRAIN SCIENCES ( 1979). 2 377 



Parker and Gibson: Evolution of language and intelligence 

groups of nine to twenty animals. There is also evidence of a walled 
enclosure or windbreak at Olduvai Gorge (M. Leakey 1971; Leakey 
& Lewin 1977; Isaac 1978). 

Shelter construction by Homo habilis required some degree of 
planning to collect and transport building materials; a propensity to 
form collections of similar materials (leaves, stones, branches, etc.) 
and seriate them by size; a propensity to construct straight lines and 
simple geometric llgures; and the ability to tie knots and inter! wine 
materials. Construction also required hierarchical organization of 
elements (Greenfield 1975). All these abilities emerge during the 
intuitive subperiod of the preopemtions in human children. Shelter 
construction favored the evolution of tying and intertwining, 
construction of collections, serial ion of objects, and angle and 
straight-line construction. It also favored construction games as an 
adaptation for practicing construction. 

Selection for specific abilities. If our model for the adaptive 
significance of intelligence seems overly specific, this is because there 
are compelling reasons for specificity in evolutionary models. The 
study of organic evolution suggests that specific abilities and 
characteristics have been selected for specific functions in one or a 
few contexts. Once selected, these abilities may take on new 
secondary and tertiary functions in other contexts. The subsequent 
multiplication of functions tends to obscure the original primary 
function, which can only be inferred through comparative study of 
closely-related species and of distantly-related species displaying 
analogous adaptations (Daly & Wilson 1978). 

The ability to grasp objects with the hand, for example, serves 
many functions in living apes: they use their hands to cling to their 
mothers, climb trees, pick food, catch prey, make nests, use tools, and 
so forth. The variety of grasping functions in apes, however, does not 
suggest that grasping aro.o;e as a general adaptation for nonspecific 
functions. Comparative studies of grasping in monkeys and 
prosimians and more primitive mammals suggest that this ability 
arose in primitive primates as an adaptation for small-branch 
clinging while hand-catching prey insects (Cartmill1976). Likewise, 
the variety of functions of intelligence in modern man does not 
suggest that intelligence arose as a general adaptation for nonspecific 
functions. Mutation and natural selection work very specifically: they 
generate specific adaptations that m11y turn out in the future to be 
pre-adaptations for new functions. If this occurs, these new functions 
may obscure the original function. We proceed now to a 
consideration of the comparative neurology of the species that have 
been discussed. 

The brain and intelligence 

Intelligence differences between primates correlate with differences 
in brain size and organization. The most obvious neuroanatomical 
differences among primate species are in terms of total brain size, a 
measure that probably reflects the total information-processing 
capacity of the brain. Brain size and total information-processing 
capacity reflect more than intelligence, of course. They also reflect 
the entire perceptual, sensorimotor, and emotional organization of 
the organism. Nevertheless, brain size can be used as a rough index of 
intelligence when corrected for allometric variations in the 
brain/OOdy size ratio (Jerison 1973). 

Several investigators have found that indices of brain size correlate 
with performance on psychological tests (Rensch 1956; Riddell & 

Corl1977; Passingham 1975a and b). The use of brain size statistics in 
comparative studies of behavior has been criticized, however, on the 
grounds that species differences in behavior result not from increases 
in brain size but from internal structural reorganization of the brain 
(Holloway 1966, 1968). The reorgunization hypothesis is supported, 
for example, by the fact that microcephalies of our species, who have 
brains the size of great apes, speak and display other typically human 
behaviors. This implies that speech depends on neural organization 
Gnd not solely on brain size. Despite their species-specific abilities in 
some domains, however, microcephalic men are mentally-retarded. 
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This suggests that while brain organization determines SJltit·,., 

specific behaviors, brain size (in the case of two organisms With '· 
same basic neural organization) determines intelligence. II., 

Modern human brains are both absolutely and relatively I• i 

"'~··· than great-ape brains. Modern human brains average 1300 to 141,, , 
cc, while great-ape brains average 383 to 594 ee (383 to 393 <:t 1: 

chimpanzees, 400 to 411 cc in orangutans, 497 to 504 cc in gorill . 
[Tobias 1971 ]). When differences in body size and surface-to-V<>It ' 

111!, 
ratios are taken into account, the size of the human brain exceeds ih,. 
size of great-ape brains even more markedly than it d()(~s in absot

111
, 

terms (Jerison 1973; Stephan 1972). ( ;' 
Assuming that the common ancestor of great apes and man hutl, 

brain size in the range of modern apes, we infer that the first Ill~~.· 
increase in brain size occurred in Plio-Pleistocene hominids. llruo: 
sizes in Australopithecus and early Homo range from 506 to 775 ,, i. 

(McHenry 1975). (Brain size in the newly-named Australopithen,, 
afarensis is nearer that of great apes.) The larger-brained hominid, 
at this time probably were members of the genus Homo (Leak11y ~ r 
Leakey 1978). Brain sizes increased significantly in the middlr 
Pleistocene: Homo erectus in Java averaged 880 cc, in Asia, 1075 n 
(Tobias 1971). The total information-processing capacity of th,. 
hominid brain apparently increased gradually from about t110 

million years ago until 35,000 to 100,000 years ago and then 
stabilized at about 1300 to 1400 cc. 

Among mammals, species with the largest brains usually have tlu· 
largest neocortices (Elias & Schwartz 1969; Jerison 1973). This rult· 
holds true in our order as well. In fact, the human brain has a larger 
neocortex in relation to the rest of the brain than the ape brain dtll'l 

The human neocortex is 3.2 times larger than it would be in a 
nonhuman primate of our body size. Within the neocortex the mot01 1 
cortex and the association areas are proportionately larger than the • 
neocortex as a whole (Passingham 1973, 1975b). In other words, mau 
has much more neocortex, and particularly association cortex, than 
any other primate. 

Histological reorganization as well as expansion of the neocortex 
apparently occurred during the evolution of the hominid brain. The 
human neocortex has a lower neuronal density than that of any other 
primate species. Consequently, even though the human brain is more 
than three times as large as the chimpanzee brain, it contains only 
1.25 times as many neurons (Holloway 1968; Shariff 1953). In 
animals, low neuronal density in the neocortex is associated with 
increased dendritic branching, increased numbers of axons, and 
increased numbers of glial cells (Bok 1959; Holloway 1968; Sholl 
1959). Although these data were not obtained from primate species 
and must be interpreted with caution, they suggest that the human 
neocortex processes information differently from the ape neocortex . 
Specifically, the greater number of dendrites and axons suggests that:. 
the human neocortex is designed for greater intercellular communi· ; 
cation and integrated information processing than that of the apei 
brain. In other words, the lower neuronal density of the human 1. 

cortex is associated with increased information-processing capacity j 
and increased synthesis of data and behavior. f: 

The cortex provides flexibility and mobility of behavior, fine':· 
differentiation of sensory and motor data, and simultaneous and·, 
sequential synthesis of data and behavior (Gibson 1977, 1978). The11< 
neurological functions may be the basis for the combination and ~f 
coordination of schemes, their trial-and-error application in new;· 
contexts, and the varieties of mental construction discussed in the·~ 
preceding developmental sections. ..· 

Brain development correlates with intellectual development. Al :;· 
birth the human brain weighs approximately 350 to 400 g; by &h •· .. 
months, approximately 600 to 650 g; by 1 year, 900 to 1000 g;·~ 
subsequently it slowly increases in size until puberty (Blinlcov & : 
Glezer 1968, Tables). At birth, then, the human brain is alreadY',: 
within the size range of that of adult apes; by six months of age it ha> ~ I 
clea~ly surpassed the size norms for any ape species. This should not: ··1 
be mterpreted to mean that the human neonate has as much •;i : 
functioning nervous tissue as the adult ape. Neurons do not imme<h· ;~' 
ately become functional but may remain dormant for long periods of·;,,; 
time prior to interacting in neuronal circuits (Jacobson 1978). Much.·. / 

,' ~~' i 
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the human neocortex is still extremely immature at birth (Cunei human brains are not the result of neurogenesis. Human neonates 
.
1
1 ,j 9-1967). and much of the existing nervous tissue must be consid- have virtually their full complement of neurons at birth. The major 

~ · ~ non-functional at that age. It is not possible on the basis of factors influencing size are changes in histological parameters. The 
!'' nt data to state the age at which the human child surpasses the ontogeny of the human brain is characterized by decreasing neuronal ,, ~:ape in functioning nervous tissue. The .importa~t point is that density in the neocortex accompanied by increasing numbers of glial 
.cj he size of the human nervous system mformatwn-processmg cells, increasing differentiation of dendrites, and increasing numbers 
l. 1 work increases dramatically after birth, from a starting point of axons per unit cortical volume. In addition, neurons increase in 
1 1¢1 ibly equal to, but probably less than, that of the adult ape. size and axons grow in width and acquire myelin sheaths (Conel 
j ~ust as the major factor producing the differences in brain size 1939-1967). These changes are particularly marked within the first 
! !Jelween man and apes is not the increase in numbers of neurons year or two of life but continue well into childhood. Myelin may 
:1 •hariff 1953; Holloway I 968), the major postnatal size-increases in continue to increase even into early adulthood (Yakovlev & Lecours 

''.1' to ) h h h f I d 

Figure 5. Human, chimpanzee, and rhesus monkey brains drawn to scale. 
Note the greater size of the human cerebral cortex as a whole and the expansion 
:~the posterior parietal and inferior frontal association areas. [Adapted from 
'"""n (1974) p. 141.] 

I 967 . T ese c anges serve to increase t e unctiona capacities an 
efficiencies of individual neurons. The increased dendritic differen­
tiation and axonal proliferation also increase synaptic interconnec­
tions, which are substrates for increasingly-advanced intellectual 
construction. 

The majority of existing data on ontogeny of the brain concern 
myelinization. Myelinization is the deposition of the myelin sheath 
around a nerve fiber during ontogeny. This lipoprotein sheath 
surrounds the fibers of most peripheral and central nerves above a 
critical diameter in size: 1 micron in the peripheral nervous system, 
.2 microns in the central nervous system. Myelin contributes to the 
functional efficiency of neurons because myelinated fibers transmit 
impulses more quickly, have shorter refractory periods, lower thresh­
olds to stimulation, and greater functional specificity than nonmy­
elinated fibers (Bishop & Smith 1964; Duncan 1934; Kingsley et al. 
1970; Martinez & Friede 1970; Matthews 1968). 

From the standpoint of intelligence, the maturation of the neocor­
tex is of the greatest interest. This is the last region of the brain to 
myelinate in all species in which myelinization has been studied. 
Detailed studies of patterns of cortical myelinization exist for three 
species: rat (Jacobson 1963); rhesns monkey (Gibson 1970, 1977, 
1979); and human (Fiechsig 1927; Cone) 1939-1967). All three 
follow the same general pattern. Primary sensory and motor areas 
myelinate first, followed by secondary sensory and motor areas. The 
association areas myelinate last. At any given age the sensory and 
motor areas are the mosl mature regions of the cortex; the association 
regions are the least mature. 

In the rhesus monkey some myelin is found in the cortical layers of 
ihe primary and secondary sensory and motor areas at birth, and 
myelin is found in all layers of these regions by six months. In 
contrast, most of the association areas do not possess any myelin at all 
until three months. Myelin is not found in all layers of the association 
regions until two years of age. In our species the first myelin is found 
in the cortical layers of primary sensory and motor areas by one to 
three months, and in the association areas by six to fifteen months. All 
layers of the primary sensory and motor areas contain myelin by 15 
to 24 months, while some layers of the association areas remain 
unmyelinated at six years. Since the general direction of morphologi­
cal differentiation in man, apes, and monkeys is the same in other 
morphological traits (Schultz 1950), it is likely that, although the 
myelinization of great-ape brains has not been studied, it does not 
deviate in a significant way from the general pattern of brain 
maturation exhibited by other primates and other vertebrates. 

The evolution of ontogeny 

Developmental rates are part of a larger pattern known as a life­
history strategy. A life-history strategy refers to the relative and 
absolute length of different parts of the life span. Large, long-lived 
animals such as man, great apes, elephants, and whales are the 
products of selection for repeated reproductive effort with low 
fecundity, long gestation, slow development, and late sexual maturi­
ty. Selection favors extended life-history strategies in animals feeding 
on relatively stable and dependable food sources who can increase 
their efficiency in exploiting resources through individual and social 
learning, thereby increasing the carrying capacity (K) of their 
environment (Gould 1977). Iteroparity (repeated reproductive bouts 
by the same individual) is advantageous because it reduces vulnera-
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bility of the group to extinction by increasing the number of age 
classes reproducing at the same time (Demetrius 1975). Hence 
patterns of development, like morphological and behavioral traits, 
are adaptations. Our strategy of extended life-history with slow 
maturation and increased number and length of developmental 
stages resulted from selection for retardation of developmental rates 
and terminal addition of new traits resulting in neoteny and reca­
pitulation. 

There has been considerable controversy over the legitimacy of the 
concept of recapitulation. A recent reexamination of recapitulation 
theory, however, places this phenomenon squarely in the context of 
evolutionary biology: " ... recapitulation was not 'disproved'; it 
could not be, for too many well e!;tablished cases fit its expectations. 
It was instead abandoned as a universal proposition and displayed as 
but one possible result of a more general process ... evolutionary 
alteration of times and rates to produce acceleration and retardation 
of development of specific characters" (Gould, p. 206, 1977). 

Neoteny and recapitulation are two results of the alteration of 
ontogeny by natural selection. "Evolution occurs when ontogeny is 
altered in one of two ways: When new characters are introduced at 
any stage of development . . or when characters already present 
undergo changes in developmental timing" (Gould, p. 4, 1977). 
Neoteny refers to the retention, in the adult-life stages of the 

descendants, of what were fetal or juvenile traits of the ancestors. 
Recapitulation is the repetition of the stages of phylogeny during 
ontogeny. Recapitulation is due to two processes: the first process is 
the extension of ancestral ontogeny, involving "terminal addition" of 
new features at the end of ancestral ontogenies; the second process is 
the acceleration of the development of the new features. The second 
process, however, is not universal. Although recapitulation often 
involves acceleration of development, it need not; "If ontogeny is 
simply extended without being compressed, the adult characters of 
the ancestors appear at the same time as in the descendents, but at 
intermediate stages of ontogeny" (Gould, p. 237, 1977). 

Given the fact that in human children the abilities of each stage of 
intellectual devdopment (within a given area) are logical and struc­
tural prerequisites for the emergence of the abilities of the succeed­
ing stage [d. Brainerd: "The Stage Question in Cognitive-Develop­
mental Theory" BBS 1(2) 1978), and given the fact that the abilities 
of each ancestral species were logical and structural prerequisites for 
the evolution of new abilities in descendent species, we must 
conclude that intellectual abilities develop in the same sequence in 
which they evolved. In other words, in the case of human intelli­
gence, ontogeny recapitulates phylogeny (Stenhouse 1974). Ontoge­
netic recapitulation of the stages of evolution of traits in a functional 
complex results from a series of "terminal additions" of new traits at 
the end of the developmental sequence in a series of descendent 
species. Terminal addition, like neoteny, is a product of natural 
selection (Gould 1977). 

Comparative data on primate development are consistent with the 
hypothesis that hominid intelligence evolved through a series of 
terminal additions of new abilities and a series of retrospective 
elaborations of abilities already present in rudimentary form in 
ancestr~tl species. The stages of evolution by terminal additional and 
retrospective elaboration correspond roughly to the grades of 
primate intelligence outlined in the earlier part of this paper, and to 
the grades of hominid intelligence proposed on the basis of homolo­
gy. Judging from the time of human and great-ape intellectual 
development, it seems likely that new abilities appeared in our 
ancestors at roughly the same ages at which they appear in human 
children today. In other words, the evolution of hominid intelligence 
probably involved terminal addition and retrospective elaboration 
without changes in developmental timing. 

Although the comparative method gives fewer clues for recon­
structing the evolution of language, there is evidence to support the 
hypothesis that the stages of language development recapitulate the 
stages of language evolution (Lamendella 1976). The fact that great 
apes don't acquire language spontaneously but have the mental 
capacity to learn it, and the fact that the stages of language 
development are correlated with the emergence of certain intellec-

380 THE BEHAVIORAL AND BflAIN SCIENCES (1979), 2 

tual abilities (Slobin 1973; Edmonds 1976; Bates et al. 1977), sugg,.~i 
that the evolution of intelligence was a necessary but not a suffici< . 
condition for the evolution of language. The invariant sequen "I 
nature of the acquisition of language implies that each stag:•~! 
dependent on the preceding stage. All these factors indicate 11 '1 
language could not have evolved in any other sequence than that';! 
which it develops. 'I 

Not only do the stages of intellectual and language developrntn~ 
seem to recapitulate evolutionary stages, but so do the stages of b 1 

• . . 1 ~1fl 
development. RecapitulatiOn m nervous-system development h · 
been reported by so many investigators that a leading texthoo'· •N 

I Ut~ 
developmental neurobiology (Jacobson 1978, p. 60) states " ... tl.i 
parallels between ontogeny of the nervous system and its presurnl'jj 
phylogeny are often so striking as to demand explanations. It is tl~ri 
general rule that parts of the nervous system that appeared first ir,: 
phylogeny have a tendency to appear early in ontogeny and struc, 
tures that arose later in evolution also arise late in ontogeny." 

Not all aspects of brain maturation recapitulate the phylogenetk· 
sequence, however, and not all those that do are relevant to thr 
evolution of human intelligence. Only those aspects that differentiatr: 
man and other primate species, that mediate intelligence, and th,t 
develop in synchrony with intellectual development are relevant 111 
reconstructing the evolution of intelligence in hominids. The follow · 
ing parameters apparently do qualify: increasing total brain size 
increasing dominance of the neocortex and its association areas, 4111)' 

decreasing neuronal density with its correlated increase in conne1~th. 
ity. 

The data on human brain maturation and brain evolution are 
consistent with the hypothesis that the ontogeny of the human bra111 
recapitulates phylogeny in these parameters. Specifically, neuronal 
density decreases during development as dendrites differentiate and 
axons grow; the neocortex matures last during human development, :i 

and within the neocortex the areas that have undergone the greatest I 
size increases are the last to mature. This conclusion is contrary to the. 
theory that the development of the human brain is neotenous (Gould ~~ 
1977). The neoteny model was proposed because the total morpho· !I 

logical pattern of the human face and brain case is neotenm1s with :

11 
respect to that of apes, and because the rate of brain maturation is· 
retarded in human infants as compared to ape infants. Human infant : :I 
brain growth continues at what is the fetal growth rate for apes (aud, !I 
hence probably the fetal growth rate in the common ancestor). Th1• 1

1J 

neoteny model is also based on the observation that we do not displar i iJ 

the retardation of sexual maturation usually associated with terminal , '.II 

addition. 

Although the human brain does grow at a rapid rate for a longer : il.',,ll 

period of time than the brains of other primates, thus prolonging the ' 
high fetal growth rate into postnatal life (Count 1947; Gould 1977;' 
Passingham 1975a), the result is that the brain assumes new shape!! ,. 
and enlarged size. The adult human brain does not resemble the 
brain of a juvenile ancestor; it has added new tissue and connectiorll ! 

in the neocortex and its association areas. The human infant brain ' 
resembles the ancestral juvenile state of a relatively small neocorl~l i 

in which sensory and motor areas predominate. During ontogeny the ~' 1

, 

brain goes on to achieve functional predominance of the later· : 
1 

evolving association areas. · 
The neoteny model for brain evolution is based on a classification ' 

by process; the recapitulation model is based on a classification by 
result. The latter criterion is preferable (Gould 1977). The recapitulu· 
tion model for the development of human intelligence, language, 
and neocortex does not imply purposiveness in evolution. The new 
abilities and tissues characteristic of each stage arose through mula· 
tion (and/or recombination) of genes programming brain growth 

1 

and the coordination and application of schemes; new genes 
increased in frequency through natural selection because they 
increased the reproductive success of their bearers. Each new trait, of 1 

course, arose through modification of pre-existing structures and wal 
therefore dependent on the latter's prior existence for its emergence· 
This phenomenon is sometimes referred to as preadaptatioll or 
phylogenetic inertia (Wilson 1972; Daly & Wilson 1978). Phyloge­
netic inertia, mutation, and natural selection are responsible for tht 

I 

1 'II 
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of epigenetic stages of development, just as they are for 
daptive complexes. The purposive nature of the result of 

;lection should not be confused with the nonpurposive 
of the proces.~ by which it evolved (Mayr 1976). 

sa,ncns is the "cultural animal" (Fox 1971), and culture is the 
of language and intelligence; intelligence and language are 
of the brain. The human mind and brain, like all other 
characteristics, are the. result of natural selection (Humph­

The stages ot intellectual, linguistic, and neocortical 

.:.lowei,PP'"'"" in modern human children recapitulate the stages of *' )png evolutionary journey, leadh1g fr~m simple object ~anip~la­
in monkeys to simple tool use m M1ocene apes, to engmeenng, 

:;"nee, religion, and literature in modern man. :I each stage of this journey specific abilities were selected 
ia~KiiliS6 they facilitated particular technological and social adapta­
jQII$' elaborated fifth and sixth-stage sensorimotor and symbolic 
~~~~ljigence were selected in the first hominids because they facili­
iatod expanded tool use in extractive foraging. Protolanguage was 
toJected as an adaptation for food sharing, necessitated by the long 
,pprenticeship for extractive foraging with tools. Symbolic (imita­
!lve) play was selected because it facilitated social learning of tool 

1110hnology and language. Intuitive intelligence was selected in 
IIOfflO habilis because it facilitated hunting by aimed missile throw­
Ing, stont' tool manufacture for missile throwing and butchery, and 
Jhelter construction for food sharing and defense. The evolution of 
language and intelligence has made us adaptive imperialists who 
display virtually every technological adaptation discoverable in the 
animal kingdom, from tool use (as in Galapagos finches), to shelter 
IIOI131fllction (as in weaver birds), to interior decoration (as in bower 
bjrds), to food processing and storing (as in honey bees), to domesti­
~ation (as in aphids by ants), to dam building (as in beavers), to use of 
organic poisons (as in hedgehogs), to referential communication (as 
in honey bees). We are adaptive imperalists because we can do .:11 
these things and many more. We can do all these things because of 
our intelligence and language. Unlike other animals, we do not have 
to wait for natural sdection to fashion new organs or new fixed action 
patterns in order to create new technology. 

Ultimately language and intelligence were favored in our lineage 
because they increased the carrying capacity of our environment in 
the most efficient manner. Given the absence of specialized organs 
and fixed adion patterns, and the intelligence and manipulative 
ability of our ancestors, selection for increased intelligence was 
highly efficient; in a small fangless naked ape, tool use is more 
efficient than organ use for extractive foraging; aimed throwing of 
mil$iles is more efficient for hunting than running and biting; shelter 
OOIIlllruction is a more efficient defense against predators than 
tree-sleeping; language is more efficient than begging gestures in 
llimulating food sharing. From an energetic perspective, language 
and intelligence are a bargain. 

NOTES 

I. Although tool use has been reported in old world monkeys (Beck, 1975), 
judging from field and colony reports, this behavior is rare. Tool use may occur 
lpOntaneously in some animals of unusual intelligence or it may be evoked 
through prolonged training. It is evidently not canalized. 

I. The specialized seed- or tough-object-eating adaptation does not seem to 
be associated with tool use or intelligence in other taxa and, judging from the 
1JIO<'ies exhibiting it, it is apparently suS<:eptible to extinction; giant pandas, 
Hlldmplthecm (an extinct, giant ground-living lemur from Madagascar), 
Clguntoplthecm (an extinct ape from Asia); gelada baboons (once widespread 
in Southern and Eastern Africa; now limited to the Ethiopian Highlands); 
l.u.tralopjthecm (an extinct hominid); and gorillas (Jolly 1970; Groves 1970; 
TallersallJ975; Dunbar 1976). 

3. Unlike the abilities characteristic of the fifth stages in other series, object 
Jlermanence (fifth stage of the object concept series) is displayed by macaque 
lllonkeys (Parker 1973, 1977; Wise et al Hl74). It has also been reported in 
lquirrel monkeys (Vaughter et al. 1972) and cats (Gruber et al. 1971). The 

taxonomic distribution of object permanence suggests, by homology, that this 
ability evolved earlier than the abilities characteristic of the fifth stage in the 
sensorimotor intelligence, imitation, space and causality series. The indepen­
dent evolution of different abilities is an example of mosaic evolution - that is, 
independent evolution of different characteristics influenced by different 
selective agents (Parker 1977). 

4. The existence of homologous structures or behaviors in two or more species 
implies common ancestry (Brown 1975; Eibi-Eibesfeldt 1975; Mayr 1976). 
Although homology can never be proven (Brown 1975), its existence is 
indicated by the following phenomena: I) common position of a structure in the 
anatomical, behavioral or developmental pattern of the species; 2) common 
details of structure in the species; 3) linkage by intermediate forms, in terms of 
either ontogeny or taxonomy; 4) presence of the same structure in a large 
number of closely-related species (Eibi-Eibesfeldt 1975). Cognitive develop­
ment and language in great apes and man is characterized by all these 
similarities. By the same token, firm evidence of common ancestry based on 
homology in one set of characters suggests homology in other sets of characters. 
Therefore by reversing the principle of homology we can reconstruct the 
characteristics of the common ancestor [see Eibl-Eibesfeldt: "Human Etholo­
gy" BBS 2(1) 1979). 

5. While great apes complete the fifth and sixth stages in all the sensorimotor 
period series except the vocal modality in the imitation series (Parker I 976; 
Chevalier-Skolnikoff 1976, 1977; Redshaw 1978; Mathieu 1978), stumptail 
macaques do not complete the fifth and sixth stages in any hut the object 
concept series (Parker 1973, 1977). This suggests mosaic evolution of the 
abilities characteristic of different series in the sensorimotor period, with object 
permanence preceding other abilities. It also suggests that great-ape language 
abilities are dependent on the fifth and sixth-stage abilities in the sensorimotor 
intelligence, causality and imitation series (Parker 1973, 1976, 1977; Chevalier­
Skolnikoff 1976, 1977). Bates eta). (1977) comment on the apparent confirma­
tion of this hypothesis implicit in their discovery that the achievements of the 
object concept series do not correlate with the emergence of the prelanguage 
"gestural complex" in human children. (Bates et al. used Uzgiris & Hunt's 
[1975] sensorimotor-period scales rather than Piaget's stages to assay the 
intellectual achievements of the children in their study; we have translated 
these scales hack into Piaget's stages.) 

6. A captive orangutan learned through imitation to hammer a flake off a 
rock with another rock and to use the flake as a cutting tool (Wright, 1972). This 
performance implies a rudimentary notion of pointedness. 
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Recapitulationism, PiaQet, and the evolution of Intelligence: deja 
vu. Attempts to devise evolutionary explanations for the emergence of 
intelligence, language, or any other behavioral trail are bedeviled by 
the fact that behavior. unlike physical structures, leaves no fossil 
record. Consequently, interpretations of behavioral evolution are 
bound to be speculative and, more often than not, out of the reach of 
direct experimentation But we need such interpretations, especially in 
the case of socially valued traits such as intelligence and language So 
the difficulties attendant upon producing compelling empirical support 
should not dissuade us, and Parker & Gibson (P&G) are to be 
applauded for their efforts. However, I think that neither the need for 
models in this area nor the traditional difficulty of empirical verification 
can entirely excuse a failure to learn from history or a failure to 
consider contradictory evidence. The first point refers to P&G's 
reliance on the outmoded doctrine of recapitulation. The second point 
refers to their failure to consider either conceptual or empirical 
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criticisms of Piaget's theory. Althounh these points are not unrelated, 

they will be discussed separately. 
1 Recapitulationism The recapitulation doctrine says that the order 

of appearance of traits (physical or behavioral) in the individual is the 
same as their order of evolutionary emergence This parallelism is said 
to result from a "bionomic law," according to which an evolutionary 
change has its date of ontogenetic appearance (if any) so fixed as to 
precede the ontogenetic appearance of subsequent evolutionary 
changes. It is obvious that P&G's analysis presupposes the validity of 
some form of recapitulationism; otherwise, it makes no sense to invoke 
an ontogenetic model ,(Piaget's) to interpret the evolution of intelli­
gence and language The authors' reliance on recapitulationism over­
looks the insuperable difficulties posed by this doctrine. Interestingly, 
these difficulties are especially severe when it comes to traits whose 
ontogenesis is closely connected to brain maturation (e.g., intelligence 

and language). 
Thanks to our history, we developmental psychologists are probably 

more familiar with the dangers of recapitulationism than any other 
single group of scientists. As a field of research, developmental 
psychology was more or less invented by Granville Stanley Hall Hall 
and his circle at Clark University (which included Franz Boaz, William 
Burnham, and Edmund Sanford) thought that the proper way to study 
behavioral ontogenesis was from an evolutionary point of view. They 
were firmly committed to explaining the facts of behavioral ontogenesis 
in phylogenetic terms. Fashionablo evolutionary concepts of the day, 
particularly recapitulationism, were routinely invoked. There were many 
serious discussions of fish stages, reptile stages, and monkey stages, 
discussions that in retrospect seem to revolve around an epicenter of 
utter irrelevance The high-water mark for recapitulationism was Hall's 
two-volume opus Adolescence ( 1904), wherein, for example, are 
found fish-stane interpretations of gross motor behavior: "In children 
and adults . we find swaying from side to side or forward or 
backward, not infrequent This suggests the slow oscillatory move­
ments used by fish" (vol. 1, p. 192). It was not long thereafter that E L. 
Thorndike ( 1913) summarized the main flaws in recapitulationism. His 
observations are still instructive today. 

For our purposes, Thorndike's two most important objections are 
these: (a) traits that violate the rule seem to be almost as numerous as 
those that obey it and (b) the maturation of the human brain seems 
especially nonrecapitulative. The first objection refers to the fact that it 
is very easy to identity behaviors whose ontogenesis reverses their 
order of phylogenetic emergence. Thorndike gave several examples in 
chapter 16 of his book Educational Psychology However, since P&G's 
paper deals with intelligence and language, it seems more appropriate 
to consider some linguistic examples. Ontogenetically, the ability to 
understand and to utter speech appears long before sexual behavior, 
the ability to throw missiles accuratetly, and the ability to run either 
rapidly or for sustained distances. Yet the phylogenetic sequence must 
have been the opposite in each case. The exceptions to the rule are so 
numerous and the explanations for them so ad hoc that one is led to 
wonder with Thorndike whether "little more is left of the theory than a 
useless general scheme for explaining facts whose existence has to be 
proved by direct observation entirely apart from the theory" (quoted in 
Grinder 1967, p. 244). 

Thorndike's second objection poses serious problems for any 
recapitulationistic theory whose principal ontogenetic medium is brain 
maturation. Thorndike noted that there is very little correspondence 
between human brain maturation and what we know about brain 
evolution from either the fossil record or from the comparative study of 
extant species. One of the most obvious anomalies concerns the ratio 
of brain mass to body mass. This ratio steadily decreases from birth to 
physical maturity in humans, whereas the opposite is true phylogeneti­
cally. The ontogenetic-phylogenetic disparities in the brain are so 
pronounced that authors of neurology textbooks sometimes warn the 
reader against assigning phylogenetic significance to certain ontoge­
netic events. I would add that there are also important trends in brain 
evolution that seem to have no counterparts in brain maturation. 
Perhaps the most important of these is neurotaxis, the migration of 
neurons toward their sources of stimulation - a phylogenetic event of 
major significance. As nervous systems evolve, neurons seem to get 
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li 
closer and closer to their sources of stimulation. However, thea~ :,1.: 

migrations are not observed during human brain maturation; lht 
change seems to be purely intergenerational. 

P&G seem to be aware that all ts not well with recapitulationlsn, 
Near the end of thetr paper, they observe that "there has be 
considerable controversy over the legitimacy of the concept of recar:~ 
ulation " However, their response consists of citing a 1977 book b 
Gould fq.v.) in which it is claimed that recapitulationism cannot b,; 
disproved because one can find examples that are consistent with tL 
predictions This is rather like saying that one cannot disprove th: 
conjecture that a coin is biased because if you flip it enough times, YOt 

will find some runs of outcomes that depart significantly from chanc~ 
expectations. The crucial point about recapitulationism is that the 
exceptions are so numerous that it seems necessary to establish tht• 
tact of recapitulation in any individual case. This would seem to rule out 
the assumption of recapitulation in the P&G model. 

2. Piaget. The authors state at the outset that they wish to use '' 
Piaget's theory to clarify evolutionary questions. Forgetting the recapit­
ulation problem for the moment, this strategy obviously requires thai 
one be willing to assume the theory's conceptual and empirical validity, 
at least in broad outline. Given the many criticisms lodged by variOlJ~ 
authors in an earlier BBS treatment (Brainerd 1978a), this seems a , 
dubious strategy with regard to something as important as interpreting :' 
the evolution of intelligence and language. Although P&G believe that 
Piaget's theory is useful "because it provides a taxonomy for the 
various kinds of intellectual achievement and their interrelations, as woll 
as a stage system indicating their structural prerequisites and the 
sequence in which they tend to emerge," they do not say how such 
basic criticisms as circularity, measurement sequences, and plain aiel 
obscurity are to be blunted. These criticisms, it will be recalled, bear 
directly on the key theoretical notions of stage, structure, and culturally 1 

universal invariant sequences. Some of them also have implications for 
aspects of P&G's paper The measurement sequence and measure­
ment error criticisms, for example. raise questions about the evolution· 
ary significance of the authors' interspecies comparisons of sensori· 
motor intelligence. 

Some readers will undoubtedly argue that it is not the job of 
would-be appliers of Piaget to sort out and deal with criticisms of the 
theory's validity This view, which is especially prevalent among devo· 
tees of Piaget-based curricula (e.g., Kamii 1973; Bingham-Newman 
1974), strikes me as both frivolous and intemperate. It is frivolous 
because it avoids serious intellectual questions merely for the sake of 
getting on with the business of application. It is intemperate because it 
can lead to conclusions that are dead wrong. The uncritical accep .. 
lance of the theory by Piaget-inspired curriculum developers provides 
a rich source of illustrations. For example, Piaget-inspired curriculum 
developers all agree that a Piagetian curriculum is truly child centered. 
The most effective curriculum, according to the theory, is one that 
introduces new material very slowly and in lock step with the child's 
ongoing sequence of spontaneous cognitive acquisitions. These ideas 
are derived primarily from the Piagetian concepts of stage and 
structure (e g., see Brainerd 1978b). The facts, however, tell a 
different story. Contrary to the tenets of the theory, it seems that the 
crucial element in curriculum effectiveness is the teacher rather than 
the child or the content of the curriculum. The best curriculum effects 
seem to accrue from hard-working and highly motivated teachers, 
regardless of the type of children they teach or the curriculum they 
have to work with. 

Even in areas of application where it is relatively easy to generate 
disconfirmatory data (e.g., curriculum effects), we must beware of 
uncritical acceptance of any theory. Theories, after all, have a way of 
resisting falsification by the facts. We should be still more circumspect 
when contemplating areas of application where disconfirmatory data 
are usually hard to come by. 

by Suzanne Chevaller-Skolnlkoff 
Department of Anthropology, Stanford Univeraity, Stanford, Calif. 94306. anti 

Department of EpidemloloQy end International Health, Unlverelty of Celllomle, s.n 

Francisco, Celli. IU f43 

The gestural abilities of apes. Until recently, research on me 

~I; 



Commentary/Parker & Gibson: Evolution of language & intelligence 

t
. n of behavior has been h.ampered by the absence of a 

~~ . . "'¥ t·cal framework or measunng tool, tor mak1ng systemat1c 
jhllOfe I ' 

risons between spec1es P1aget's model of human development, 
~Pi~S ontogenetic sequence of lflcreasingly complex behavioral 
WI offers such a measuring tool. P&G's paper 1S a welcome 
lfV!liS, t to apply p1aget's model to the evolution of intelligent behavior, 

•=~~ reconstruct the behavior of early hominids. It will no doubt 

•:mutate further research in this area. 
"'

1 
am in general agreement with F'&G's proposal, but disagree on 

me details For 1nstance, they have presumed that great apes hv1ng 
$0 disturbed soc1al groups do not use gestures to communicate w1lh 
I(IUO · · t d d' I " I I I " oonspecifics Group·hv1ng grea apes o 1sp ay a . ges ura comp ex 
. liar to that shown by human infants between n1ne and twenty-four 

:nthS. During my observation of a captive. gorilla group, I noted 
stures similar to those descnbed for human Infants (Bates, Ben1gn1, 

~~atherton, Camioni, and Volterra 19"77; Bruner 1977). They made 
"begging" gestures, with hands stretched palm up toward the IndiVId­
ual from whom they were begging. One infant learned the gesture from 
n adult through stage-five imitative matching. The same infant also 
~ade frequent "let's go" gestures to his mother. He slowly motioned 
with his hand and gazed 1n the direction in which he wanted to travel, 
and his mother then picked him up and carried him there. Occasionally, 
the gorillas gave each other food. In one instance, an infant fed a leaf 

10 his mother, putting it into her mouth. Adults were seen trading 
objects In gorillas, as in human infants, these gestures appeared 
during the fourth, fifth, and sixth stages of development of the 
sensorimotor intelligence, causality, and imitation series (Chevalier­

SKolnikoff 197b, film). 
Chimpanzees also display a gesture complex. Their use of gesture 

is more salient than that of gorillas. A number of chimpanzee gestures 
occur repeatedly in the films of wild chimpanzees taken at the Gombe 
Stream Reserve (e.g. Goodall 1966; Van Lawick, Marler, and Lawick­
Goodall 1971) Among these are "begging" with upturned palm held 
out an "away" gesture, with arm swung briskly forward as in under­
hand throwing; a "reassurance" gesture, with hand - generally palm 
down- held out; and what is probably a gesture of "impatience," with 
both arms held out to the sides and shaken rapidly Chimpanzees also 
give each other food. 

These gestural abilities in apes require only minor modifications of 
P&G's model. However, I think we should keep in mind that the model 
presented here is based on scant data. Cognitive ability has been 
studied systematically from a Piagetian perspective in only ten of the 
two hundred or so living primate species: squirrel monkeys (Vaughter, 
Smotherman, and Ordy 1972), howler and spider monkeys (Chevalier­
Skolnikoff 1978), wooly monkeys (Mathieu, Bouchard, Granger, and 
Herscovitch 1976) cebus monkeys (Chevalier-Skolnikoff 1978; 
Mathieu et al. 1976), stumptail macaqut3S (Parker 1973, 1976), rhesus 
macaques (Wise, Wise, and Zimmerman 1974), gorillas (Chevalier­
Skolnikoff 1976, 1977; Hughes and Redshaw 1973; Redshaw 1978), 
chimpanzees (Chevalier-Skolnikoff 1977; Mathieu et al. 1976) and 
orangutans (Chevalier-Skolnikoff 1979b). The study of even these few 
species has just begun; only the object concept series has been 
mvestigated in squirrel monkeys, wooly, and rhesus monkeys; only 
howler, spider, and cebus monkeys have been studied in the wild 
Where the adapt1ve significance of their abilities can be examined. It will 
be interesting to see how data collected in the future will support or 
require modifications of P&G's model. 

by William Orr Dingwall 
O.p•rtment ot Hearing and Speech Sclencea, University of Maryland, College Perk, 

Md. 20742 

Reconstruction ofthe Parker/Gibson "model" for the evolution of 
intelligence. A model is nothing more than one of the possible 
Interpretations within some data domain of a mathematical theory. 
Such a theory typically covers a much broader range than deductive 
calculae in that it need only involve the names of relations, the names 
ot variables, and the properties of the retlations (see Dingwall 1978, ch. 
6• for a discussion of such concepts in relation to linguistic theory). I 
begin with this somewhat esoteric statement simply to highlight the fact 
lnat seldom, if ever, do "models'· within the soc1a1 or biological 

sciences even begin to approximate this degree of formalization 
Usually the term model is used to convince readers of a degree of rigor 
that is invariably lacking; indeed, the term has been used in the 
literature in such a multitude of ways as to have become virtually 
devoid of content (Chao 1962). 

While P&G have clearly failed to develop a model characterized by 
the degree of explicitness demanded by current philosophy of science, 
they have, I believe, made a positive contribution, in this and other 
papers they have written, to the understanding of the evolutionary 
history of complex behaviors By attempting to reconstruct the general 
approach - we cannot as yet (if ever) speak of a model in the sense 
outlined above - the authors appear to be employing, I hope to be able 
to demonstrate the nature of their contribution as well as some of the 
transgressions they have committed along the way. 

The general approach to which I am alluding was probably first set 
forth by Darwin ( 1872) in his monograph on the expression of emotions 
in man and animals. In this work he sought to demonstrate how one 
might glean insights into the origins and development of human 
emotional expressions via the study of closely related species, particu­
larly nonhuman primates. He, in effect, extended the methods of 
comparative anatomy to behavior, retaining the insight that behaviors 
require structural correlates. This program for the establishment of 
behavioral homologies has been clarified and extended recently in a 
number of papers (see, e.g., Hodes 1976). Basically, what is being 
proposed is that behaviors (BEH) that are similar in closely related 
species, that can be related to structures showing a high degree of 
concordance in a number of parameters, and that could - together 
with their structural correlates - be traced back to a common ances­
tor, may be considered homologous. Structural correlates refer, as 
they did in Darwin's work, to peripheral structures (PS) such as nerves, 
muscles, bones, and structures of the central nervous system (CNS). 
Some of the possible relationships that have been documented among 
these variables are illustrated in Figure 1. 

A number of guidelines (heuristics) have been proposed by Hodes 
and others for the investigation of behavioral homologies. Let us 
examine a few of these in relation to the paper under review: 

1. The most convincing examples of behavioral homologies involve 
behaviors uniquely observed in closely related species. While it is true 
that some striking instances of convergence, such as vocal learning in 
birds, may be of heuristic value in determining the phylogeny of 
behaviors in humans, I am doubtful that such behaviors as "display 
locomotion" in bees, aimed throwing in ant lions, shelter construction 
by weaver birds, and others cited by the authors have any relevance. 

2. Behaviors, in order to be considered homologous, must be 
mediated by both peripheral and CNS structures that can be shown to 
be homologous. P&G have by and large followed this guideline, in that 
they mainly discuss behav1ors mediated by the hands of nonhuman 
primates and man. At least two questions can be raised, however, in 
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spectes of prtmates) 

s, s, 
(0:) 0 

B. Parallelism 

(e.g., color change (e.g., vocal learning 
tn some spectes of lizards) in some spectes of btrds 

as co""'pared to humans) 

Figure 1 (Dingwall). Three instances of similar or identical behaviors only one of 
which can be traced back to a stipulated common ancestor. (S1 - species,; white 
circles refer to structures or behaviors in extant forms; black c1rcles refer to 
reconstructed structures or behaviors in common ancestors.) For further discus­
sion of the processes illustrated in this figure. see Dingwall 1979, Hodos 1976, 
and Nottebohm 197!>. 
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connection with their discussion of the brain. (a) II is not clear that 
microcephalies really constitute support for the reorganization hypoth­
esis as is so often claimed (Passingham and Ettlinger 1974). I should 
hasten to add that there is no doubt that such reorganization has 
occurred within the order of primates (for example, as regards vocal 
learning). (b) 1 am certain that many commentators will point out that 
myelination cannot be assumed without qualification to be tied with 
functional maturation of the brain (Jacobson 1978, p. 179). Further, 
the ties between the ontogeny of the nervous system and phylogeny 
have recently been called into question, particularly as regards myeli­

nation (Sanides 1975, pp. 402-3). 
3. One must avoid the circularity of employing behavior to establish 

taxonomies and then using such similarity in behavior as evidence for 
behavioral homology This type of circularity has, I believe, crept into 
the discussion of homology in P&G's footnote 3. 

4. In comparing acquired behavior across species, the maximum 
ability to perform the behavior should be the common reference point. 
An animal's behavioral potential for dealing with new or unusual 
situations is important in the struggle for existence I am thus not 
particularly worried, as are P&G and others, by the absence of 
spontaneous gestural language acquisition by the great apes in the 

wild. 
5. The ontogeny of beh.3viors, together with their mediating struc­

tures, can be an important clue in establishing behavioral homologies. 
It is, of course, in connection with this heuristic that P&G have made 
their major contribution. In order to apply the approach we have been 
discussing to complex capacities such as language or intelligence, 
these need to be analyzed into their constituent functions, not only to 
establish valid comparisons at the level of behavior but also to 
establish correlations with peripheral and CNS structures. Despite 
recent criticisms of Piaget (Siegel and Brainerd 1978; Brainerd 1978a; 
Donaldson 1978), P&G have, I believe, made a case for how some­
thing as amorphous as intelligence can be investigated in a systematic 
manner employing Piaget's "model" of human cognitive development. 
While I tend to agree with their conclusions concerning exceptions to 
Gould's jq.v.J neoteny "model" (the development of the human vocal 
tract is an additional exception), I cannot bring myself to embrace their 
resuscitation of Haeckel's Law. Would that it were true, how simple 
things would be! But then again, that would take all the fun out of> what 
Washburn ( 1973) has termed "the evolution game." 

by G. Ettlinger 
Department of Psychiatry, Institute of Psychiatry, University of London, London SE5 

IMF, England 

voes development tell us about evolution? This paper raises 
certain wide-ranging questions, perhaps unanswerable ones at the 
present time, as well as some more limited problems. To what extent 
do developmental stages after birth recapitulate evolutionary stages? 
Is a developmental model useful for cross-species comparisons? 
Some will be impressed by the similarities of behaviour between stages 
of human development and presumed ancestors of man or living 
nonhuman species. But in what respects are the factors determining 
the optimal development from birth to maturity within a species likely to 
be the same as those determining the evolution of a new spec1es? The 
former relate to survival of an immature individual for a short period in a 
protected setting until the adult potential can be realised; the latter 
relate to survival of a changed (adapted) individual over long periods in 
a competillve setting (Or can it be argued that the neonate, like the 
foetus, is relatively protected from evolutionary pressures? A difficulty 
then arises from the finding of, for example, Glanville, Best, and 
Levenson 1977, that lateral asymmetries of cerebral function already 
exist early in human infancy, and at a time when neocortex may not yet 
have become functional, so that phylogenetically "old" noncortical 
structures rnay t1ave evolved to subserve specifically human behav­
iour.) 

Several Important questions are raised in regard to language and 
cognitive skills, but I remain uncomtortable w1th the answers given Why 
do present-day apes have a capacity for language that 1s not sponta· 
neously realised 1n normal settings? Why has this discrepancy surv1ved 
if the common ancestors of great apes and man already possessed 
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such capacities? Is the assumed early protolanguage, based . ; 
gestures, functk:mally a genuine precursor of human vocallangua ''. 
Can we conclude, despite the absence of clearly negative ftndi~· 
that monkeys lack the capacities possessed by chimpanzees ~-­
trained language and other cognitive skills (e.g. conservation)? A It' :. 
recent studies (e.g. Lenneberg, and Ettlinger 1978; Jarvis and Ettlinc.•_ 1 

"\1*''1 
1977; Brown and Pasnak 1979) have failed to find substantial Cliffet ! 

ences between apes and monkeys. If some monkeys were able 
1 

learn the skills shown by communicating apes, would we infer that th~ · 
too can be taught "language," or that such performance is not 

11
: 

closely analogous to human language as has been suggested? 
Discussion of neuronal density in relation to cognitive attainment 

to be welcomed. (I have been surprised to find little reference 
densities in studies of anatomical asymmetries in man and apes.) fk.~ 
do changes during the ontogeny of neuronal density (or of lh, 
dominance of the neocortex and its association areas) correlate 
the appearance of specifically human behaviour? I fear that th, 
identification of the neural correlate(s) of uniquely human behaviOIJI(> 
will prove elusive. 

by Harold D. Flahbeln 
Department of Paychology, University of Cincinnati, C/nclnnetl, Ohio 45221 

An evolutionary perspective of the family. This commenta1y i' 
consists of two caveats, one concerning a central assumption in tho!, 
Parker & Gibson paper, and the other, longer one, concerning theJ' 
intellectual context of the paper itself. The latter lakes the form of an i1 

outline dealing with the social context of human evolution. In •, 
concluding passage I will attempt to make some explicit links between:;: 
the outline and P&G's thesis. 

The paper by P&G is well written, well conceived, and stimulating As 
someone who has traveled along the same intellectual road as these. 
authors but arrived at a different destination (Fishbein 1976), ' 
positively impressed by their integration of the human and nonhuman 
primate psychological data. In my book I eschewed such an inlegrat1on 
because I thought it would add little to the human evolutionary story 
The present paper has forced me to reevaluate that conclusion. 

My one serious reservation about this paper concerns P&G's, 
reliance on Piaget's stage theory. My reading of the contemporarv;i 
psychological literature indicates that the sequences he noted tor the' 
sensorimotor stage have been pretty well substantiated. (This is not a:. 
universally held opinion; see, e.g. Bower 1974.) However, once you

1 

I• 

move into the preoperational and concrete operational stages, the'',, 
sequence and ages at which they are attained often bear little 'J; 

resemblance to Piaget's reported results. For example, in the realm ol .. /. 
spatial understanding, for the coordination of perspectives task, Piagel i' 

and lnhelder ( 1967) report that it is not until children are 9-11 years old! 
(upper stage of concrete operations) that they can master this task .. !: 
which they state is accomplished in part by the near complete dropping,: 
out of egocentric errors. Fishbein, Lewis, and Kieffer (1972) found that.! 
when given a simplified task, children as young as 3 (lower stage all 
preoperational thought) can perform without error. With more diffloull ~ 
tasks they and older children perform at an above-chance level.!; 
moreover, the ratio of egocentric to total errors remains relatively i: 

constant across all ages. 
I don't think that P&G have built a Piagetian house of cards i 

However, they will have to find ways to strengthen the foundation ol 
1 

their arguments, laking into account the research carried out bY 
students of psychological development other than Piaget and hi8 

collaborators. 
Moving from the specific to the general, the essence of P&G's paper 

(and my book) is the notion that evolutionary processes designed the 
human spec1es such that individuals would acquire certain intellectual 
characteristics in specified developmental sequences. 

Although I still adhere to this position, 1 have recently been rethinking 
the social context 1n which these intellectual characteristics maY havo 
emerged. My conclusion thus far 1s that it 1s premature to indicate lists :. 
of intellectual capacities and sequences until we have a fuller under 
standing of the evolut1onary social context When we attain a clearel 
understand,ng we w1ll be in a better pos1t1on to identify and elaborate 
the most relevant features of both soc1al and intellectual development 
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hill follows, then, rs an outline (literally) of what I consrder to be 
W of the essenttals of the sacral context of human evolutron I place 

manY mphasrs on the famrly and hence believe that future evolutron­
pllfllarY :lopment construcltons should vrew psychologrcal develop­
arvJdBV 

tin that context . . 
JIMif1 's evolutionary desrgn rs that of a placental mammal, an Old 

Man 
ld primate, and a gatherer and hunter These adaptations probably 

:,0~ a sequence from stronger to weaker degrees of canalization. 

far the mammals, the long-range goal of genetic survival is 
A. ccomplished through at least four shorter-range survival goals: ( 1) 

:ttaining food; (2) reproducing; (3) protecting oneself and one's 
offspring; (4} socralizing the young (thrs refers pnmanly to rntenndr­

vidual behaviors). 
I. Intensive and long-term maternal care of young is characteristic 

of the placentals. This places constraints on protection and 
socialization especially, but also on the attainment of food and 

on reproduction. 

2 AI a minimum, long-term maternal care requires mother-infant 
bonding and the inhibition of aggression by adults of the same 
species toward infants (see Rajecki et al.: "Toward a General 
Theory of Infantile Attachment" BBS 1(3) 1978) 

a The following arE! characteristics shared by nearly all Old World 

pnmates. 
1 They form long-lasting subsistence groups whose members are 

all well known to one another. 
a Short-range survival goals are accomplished by the subsis­

tence group. 
b. There is substantial cohesiveness within the subsistence 

group. 
2 Mother-infant dyads are the core of the subsistence group. 

a Mother-infant involvement is very long, relative to other 
mammals, which produces strong bonding between the 
mother and her offspring, and often between siblings (sibling 
rivalry is a concomitant). 

b. Adult males typically have little interaction with infants, includ­
ing their own offspring. 

3 Socializatron occurs primarily by play, observation, and imita­
tion. 

C Man's ancestors about 3-5 million years ago evolved in environ­
ments in which relative food scarcity was a regularly occurring 
event. This periodic scarcity had at least two effects on the social 
organization of the prehuman subsistence group. 
1. Adult male- adult female- offspring subunits (families) formed, 

which periodically (in times of food scarcity) left the main group 
to fend for themselves 

2. l~eciprocal obligations between the adults in these family sub­
units started to emerge. 

D About 1-1.5 million years ago, man's male ancestors started to 
engage in the hunting of large game. This had several major effects 
on the social organrzation of the subsistence group. 
1. Large-game hunting requrres cooperation among the hunters. 

a. Cooperation required increased attraction between the 
males. 

b. Cooperation required decreased aggressiveness between 
the males 

2. Male/female role differentration in food-seeking activities, tool­
making activities, and tool use, markedly rncreased 

3. The sharing of resources - food in particular, and of obligations 
between members of the subsistence group, was rn general 
markedly strengthened 

4. Paternal rnvolvement rn the offspnng, especially the males, 
markedly increased (e.g , the future hunters had to be 
"trained") 

5 Cross-generational collaborative activities were markedly 
SltfJngthened rhus, parent/ child recrprocitres emerged such 
that parents were responsrble for thetr young children, and 
Chtldmn were wsponsibiH for their old parents 

6 The atlrlity to form temporary t11fnard11Cally organized groups to 
carry out strort-term tasks ernerg,ecJ The family was probably 
lhe model for tt·rese aclivitres 

7 In general, the family was strengthened as the basic subunit of 
the subsistence group. The family was special in that greater 
bonding and reciprocity among its members occurred, relative 
to others in the group 

When the P&G paper and the above outline are considered 
together, several salient observations can be made. We agree that at 
each evolutionary stage of social development, as with intellectual 
development, the earlier stages "are logical and structural prerequi­
sites for the emergence of the abilities of the succeeding stage." It is 
not clear, however, that the stages of social development of individuals 
recapitulate the evolution of the human species. For example, the 
development of reciprocity is a key attribute of human evolution. Do 
infants and children proceed through stages of reciprocity that parallel 
those of prosimians, Old World monkeys, great apes, and early 
hominids? The same question can be asked of sex-role differentiation, 
cooperation, sharing, and male involvement in child care. Finally, P&G 
link the evolution of language and food sharing to extractive foraging 
with tools, whereas I would place primary emphasis on their social 
consequences, for example, strengthening familial bonds. 

This last point goes to the heart of the matter. P&G focus on the 
development of intelligence as the essence of human evolution, and 
they trace roots to our primate ancestors. If the development of the 
family is considered to be the essence of human evolution this causes 
us to ask different kinds of questions about individual social and 
intellectual development Some of the questions asked by P&G may be 
highly relevant to this different context, but with the present level of 
analysis, we don't know. 

by Stephen Jay Gould 
Mu .. um of Comparative Zoology, Harvard Unlv•r•lty, Cambrldg•. M•••· 02 138 

Panselectlonist pitfalls in Parker & Gibson's model for the evolu­
tion of intelligence. I admire very much both the boldness and range 
of the model proposed by P&G for the evolution of intelligence. I have 
read many weaker attempts constructed only from the data ·of paleon­
tology, or from comparative psychology, or from little more than sheer 
guesswork. The synthetic approach followed here is a great improve­
ment over previous attempts; as an old devotee of the neglected 
subject of relationships between ontogeny and phylogeny, I was 
especially intrigued by the comparison of Piagetian stages in human 
children, possible phyletic pathways of human evolution, and the 
attainments of modern primates -the "threefold parallel" of the old 
recapitulationists. 

However (and there must always be a however), as an evolutionary 
theorist, I did locale what I regard as two serious problems, one very 
general, the other more specific. 

1. The construction of adaptive scenarios and the problem of 
adaptation P&G base their evolutionary speculations on the notion 
that highly specific adaptation, v1a natural selection acting directly for 
its attainment, is the cause of nearly every organic structure and 
Jehavior - an attitude that I call panselectionism Such panselection­
ism was a feature, almost a defining feature, of mainline evolutionary 
thought under the so-called modern synthesis, or neo-Darwinism. But 
this attitude is now fast fading, partrcularly as the accumulating data of 
molecular evolution continue to challenge the idea that virtually all 
changes in gene frequency are adaptive w1thin populations. (Natural 
populations generally conta1n more genetic variation than models 
based on selection allow. Genetic change seems to accumulate at too 
clocklike a rate to be attributed to the workings of selection alone for 
selection pressures should vary greatly through time ) We are returnin(l 
to a pluralism of causes (with natural sHieclion prominent, even 
predom1nant, among ttrem to be sure) - a position rather close to 
Darwin's own. In th1s chrnate, I belreve it 1S no longer perrnissrtllfl to builrJ 
a speculatrve model on the prernrse that nearly all bits of morpt10logy 
and behavior are direct results of natural selection workrng srmciftcally 
for them We must take more sHr1ously the rssues of developrnHntal 
and des1gn constra1nts (llrruts imposfld by the df>llcate orcltestrafiDn ot 
ontogeny and by thfl nAture of tJroloqrcitl rnatmr3ls), ami the rrnpor 
lance of nonfunctional correlat1on (srnce the body is an integrated 
structure. every adaptiVfl change 1rnposes a t10st of other alteratrons, 
sorne potent1ally maJOr in scope and nottndaptlve) Tt1e panselectiotl 
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isis never denied conslr<:unl and correlation, but they pa1d little more 
than lip service to these ideas and constructed lhe1r speculal1ons with 

adaptive stories alone 
In th1nking about the evolutionary path of human mental abilities, I 

fully admit that a large dollop of speculation cannot be avoided - the 
evidence is too scrappy, indeed in some cases probably unobtainable, 
for anything else Thus, I do not criticize the highly speculative 
character of many statements in lh1s work per se. Bull do feel that the 
confinement of speculation to strictly adaptive arguments (this behav­
ior "for" this highly specific action) represents a limited view Inconsis­
tent Wllh our best read1ng of evolutionary theory. 

P&G remark, for example: "There are compelling reasons for 
specificity in evolutionary models The study of organic evolution 
suggests that specific ab11it1es and characteristics have been selected 
for specific functions in one or a few contexts " Leading evolutionists 
did speak this way during the heyday of the modern synthesis; but an 
abandonment of such panselectionism has been among the healthiest 

of recent trends 1n our sc1ence 
As an example of what I regard as an overly specific adaptive story, 

consider the following ''We suggest that the ability to divide a whole 
into equal parts and the ability to construct one-to-one correspon­
dences arose as adaptations for butchering larger carcasses and 
distributing food." I doubt very much if any mental ability so broad, 
complex, and multifarious arose "for" any specific action And, on the 
subject of pluralism, in the absence ol direct evidence I would avoid 
such definite assmtions as: "Hominid differentiation from the apes was 
based on a shift from secondary seasonal dependence (as in the case 
of chimpanzees) to primary year-round dependence on such tool­
aided extractive foraging ... 

1 don't doubt for a moment that the brain's enlargement in human 
evolution had an adaptive basis mediated by selection But I would be 
more than mildly surprised if many of the specific things it now can do 
are the products of direct selection "for" that particular behavior. 
Once you build a complex machine, it can perform so many unantici­
pated tasks Build a computer "for" processing monthly checks at the 
plant, and it can also perform factor analyses on human skeletal 
measures, play Rogerian analyst, and whip anyone's ass (or at least tie 
them perpetually) in tic-tac-toe. The fact that some people write great 
operas and that all of us can write at all is just one obvious and 
quintessentially important ability that could not have arisen by direct 
selection. 

Scientists overly tempted by panselectionist models should remem­
ber Wallace's dilemma. Wallace, not Darwin, was the real nineteenth­
century panselectionist, but he made a single exception for the human 
brain as a result of the following curious argument: "savages" and 
civilized folks have the same mental capacities (Wallace was one of 
the very few nineteenth-century egalitarians); but savages do not use 
all these capacities; since natural selection is evolution's only force and 
since it makes each part, no matter how small and seemingly insignifi­
cant, for a specific use, it cannot be the artificer of unused potential. 
The capacities of the human brain must, therefore, not be the product 
of selection (or of evolution at all). Clearly Wallace, blinded by his 
panselectionism, did not realize that a brain, evolved "for" some set of 
functions to be sure, could also (as a result of its complexity) do a 
variety of other "unanticipated" things as well. 

2. Ontogtmy and phylogeny. P&G provide a recapitulationist inter­
pretation, based on the principle of terminal addition, for human 
intellectual evolution. I do not contost this interesting hypothesis 
(though I do wonder whether mental evolution could really proceed by 
simple addition to the end of ancestral ontogenies without any correla­
tive modification or reconstruction of earlier ontogenetic stages). But I 
do reject P&G's assertion that this hypothesis contravenes the theory 
of neoteny, which argues that our bodies evolved by a retardation of 
somatic development with retention, as adults, of many features 
representing juvenile stages of ancestral primates. As De Beer and 
others have argued since 1930, neoteny and the other categories of 
heterochrony are "morphological modes." Not even the most devout 
neotenist has ever argued that our mental capacities regressed down 
an ontogenetic scale because our bodies retained youthful characters. 
(E.D. Cope, in the 1880s, first pointed out that mental advance had 
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accompanied morphological neoteny.) Mental evolution has be~, 'I 
process of add1t1on, perhaps in the recapitulationist mode advoc I' 
by P&G But we must still explain the morphological basis ot":1';: 11 

capac1ty for add1l1on I suggest that the somat1c delays associated ,, 
f .d f I b v.,r,, ·I 

neoteny - particularly the prolongation o rap1 eta rain growth rill·,. il 
into postnatal stages of ontogeny (a process admitted by P&G)t., li 
provide the morphological basis for increased mental capacity We . 1i u .• ,, 
not have here, as P&G claim, a conflict between classification 1 ,! 

processes and result (I advocate classification by process in Ont011 :· !1 
6,J,. '! 

and Phylogeny, Gould 1977, not by result as P&G state). We hav, ii 
rather, the possibility of a unified (and interesting) explanation II 
morphological neoteny permitting 1ncreased mental capac1ty by tern, 1! 

nal addition in a larger brain ' 

by Howard E. Gruber 
Institute tor Cognitive Studies, Rutgers University, Newark, N.J. 07102 

Protocultural factors in a constructionist approach to intellectual il· 
evolution. In a recent episode in the evolution of intelligence, two 
distinct currents may be discerned. In the field of artificial 1ntelligenco 

1
; 

progress in the invention of computer hardware, which can be likeneo'. 
to organic evolut1on, has been almost exclusively aimed at very genero: r 
tncreases in computing power. In contrast, conceptual progress :: 
computer languages, programming strategies, ways of representtno' ,' 
knowledge - has been both general and specific. This evolution w. 
software can be likened to cultural or protocultural evolution. Botlli 
kinds of evolution occur in nature. They are governed by quite different 
laws, and they occur at very different rates, on entirely different · 

scales. 
P&G present an admirable synthesis of information and ideas 

suggesting a synergistic relation among anatomical, behavioral, cogn1 · 

live, and protocultural forms of evolution. But this relationship can 
considered within different theoretical frameworks. P&G are 
a certain variant of the family of neo-Darwinian models, in 
genetic changes beget anatomical changes which beget 
cognitive-behavioral changes. As they develop this theme, a 
of proposed cognitive changes permits a corresponding sequence o( 
behavioral changes: 

It is furthermore proposed that each such cognitive change 
from a highly specific genetic change, which is then favored by 
selection: 

G,-. C,-. B1 ; G,-. C,-. B2;. 

It seems to me that the same synthesis can be thought of in another'. 
way. At the psychological level, cognitive changes open the way for 1i 
behavioral changes, which in turn open the way for new cognitive:! 
changes. Neither level of functioning has any evolutionary priority ovarji 
the other. Within each evolutionary episode, a given l'nnnitiv.e-t•ehav-:•~'1· 
ioral complex can be thought of as a culture or protoculture. 
protoculture is made possible by the general neurological level thai! 
group of organisms has achieved, that is, the total information·i: 
processing capacity of the brain as it has evolved. 

protoculture # 1 __. protoculture # 2 --+ protoculture # 3 .. 
c,..-.B, 

It is noteworthy that the major part of P&G's paper, that i; 
the relation between cognition and behavior, applies equally well to the: 
whole of human history, operating over considerable reaches of, 
cultural time, but negligible spans of evolutionary time , · 

We now know that protocultural transmission of innovations can at.' 
least occasionally occur between species (as in the case of humans~ 
teaching other primates language). The same kind of transmission ol; 
information also occurs within species, as among the members of a:· .. 
culturally and organically evolving species. Suppose that we are: 
dealing with a species that produces some members who occasionally!• 
make adaptive behavioral innovations that might be called "inven-: 
lions." Selection would operate to favor individuals capable of profitin9:. 
from these novelties, of emulating the inventors. There is no need to; 
think that a specific invention is governed by a specific genetic change, 1r ' 
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' eed only suppose some capac1ty within the species for invention 
~n . 
wnich m1ght even remain quite constant) and some capac1ty for 
~mutation. This coupling would produce protocultural evolut1on, JUS! as 

duces whatever we may call progress on the t1me scale of human 
it pro 
hiStorY 

selection favors neural organizations (and that of other organs) 
errnitting higher levels of information processing. There is no need to 

p ppose selection for specific cognitive structures or behavioral 
~~tterns Indeed, such spec1ficity 1S at odds with the general nature of 
Intelligence, as must be the case 1f the outcome 1s to be intelligent. In 
p1agetian theory, cognitive structures -- such as obtect permanence, 
conservation, seriation, spatial coordinate systems - do not and never 
were intended to specify the cognitive strategies and procedures by 
wtliCh they are attained They serve more as criteria that any intelligent 
system must satisfy if it is to be capable of highly general understand-

1ng and problem solving. 
Moreover, at the primate level that concerns us, the possession of a 

g1ven neurological endowment by no means guarantees the emer­
gence of any particular behavior pattern that can be called intelligent 
(cf. the accumulated observations at assorted faculty meetings). E:ach 
such cognitive structure and corresponding behavior must first be 
constructed and Invented by some individual or group; it must then be 
reconstructed by otfspnng generations who have the advantage of 
protocultural transmission. There is ample evidence of such transmis­
sion at the primate level. Natural selection can operate to favor in­
dividuals (or groups) more capable of participating in this protocultural 
process because of their general neurological development, rather 
than because of any highly specific, inherited cognitive or behavioral 

patterns. 
Although P&G rely heavily on Piagetian theory, there are two 

relalively new developments that their model does not reflect. First, it is 
now quite widely recognized that a d1SI1nction must be made between 
cognitive structures and the strategies and procedures employed in 
embodying them in action. For example, seriation is not a single 
behavior pattern but a very general structure that can be achieved in a 
variety of ways; Gillieron ( 1977) has shown that there are some eight 
strategies, each executed by several more detailed procedures: which 
approach is most suitable depends both on the individual's develop­
mental level and on the task situation. This puts a premium, not on 
specificity, but on the generality and fltlxibility of cognitive-behavioral 
complexes of the Piagetian kind. 

Second, Piaget has recently published an emphatic treatise arguing 
that behav1oral changes necessarily precede and set the stage tor 
genetic changes This is almost the exact opposite of P&G's thesis. It 
is unfortunate that Piaget's work has been translated under the title of 
"Behavior and Evolution," since its original title was Le Comportement 
Moteur de /'Evolution (Piaget 1978) 

Piaget's central argument is that every individual must construct and 
reconstruct cognitive complexes of strategies, procedures, and struc­
tures in his or her own lifetime. What has happened over evolutionary 
time is that intelligent systems capable of these constructive processes 
have appeared A constructionist approach to evolution corresponds 
admirably to the problem of understanding the construction of individ­
ual intelligence. The latter must be capable of transforming itself with 
every migration or other environmental change (often initiated by the 
organism's own actions), and of reconstructing itself in every genera­
lion. 

by Gordon W. Hewes 
Department of Anthropology, Univer•lty of Colorsdo, Boulder, Colo. 80309 

Some complexities in the evolution of language. It is refreshing to 
encounter a frank (rather than covert) recapitulationist scenario for 
some very important features of hom1nid phylogeny. Although the 
Piagetian schema, based on studies of Swiss children, will probably 
have to be refined and modified further if it is to be fully applicable to 
Problems in the comparative cognitive psychology of primates, up to 
now it has provided the most completely worked out system for dealing 
With the complex array of facts and hypotheses constituting this field of 
Investigation. The evidence for the sequential myelinization of nerve 
fibers in the brain points generally in a similar direction. 

The most impressive thing in the P&G model is the use of "extractive 
foraging with tools" as a substitute (I would prefer, as an important 
supplement) to the by now overworked hunting model for hominid 
emergence That a switch from seasonal to year-round dependence 
on tool-based extractive foraging was a major hominizing step is a 
plausible suggestion, as is the parallel between P1agetian "graphic 
collections" and Lower Paleolithic tool kits. On the other hand, I arn not 
impressed with the possibility that Ramapithecus used tools to a 
sigmficant extent, nor that we need to continue thinking of Ramapithe­
cus as a particularly hominid precursor. 

Despite the promise implied in the title of their paper, the topic of 
language is not very fully explored. To begin with, I do not think that 
recent language-origin theorists have ignored the work on honeybee 
"language." Thanks to C. F. Hockett's well-known presentation of the 
design features of language, with which almost all would-be glotto­
gonic theory-builders are familiar, bee language has not been over­
looked Unfortunately, one can only go so far with the bees, when it 
comes to attempting to understand how human language might have 
originated. Similar limitations with respect to apian analogies apply in 
the area of human reproductive behavior. Social communication in taxa 
tar closer to the primates, notably in the Cetacea, has also failed so far 
to yield much of direct bearing on early hominid linguistics )see 
Cognition and Consciousness in Nonhuman Species, BBS 1(4) 1978). 

That tool using and subsistence probably had much to do with the 
orig1n of language I would certainly accept. Some time ago I explored 
relations between tool using and language (Hewes 1973a). It seems 
likely that food sharing also played some part in glottogenesis, but I arn 
not dismayed by the absence of referential communication in food­
sharing carnivores such as the African wild hunting dog. Early hominid 
adaptations to predation and carnivority seem to me much more 
adventitious and "jury rigged," compared to the 60-odd million years 
during which the Carnivora perfected their ways of life, under condi­
tions rather different from those confronting the Australopithecines. 

P&G suggest that the hypothesized transformation of an initial 
gestural language system into a vocal one was only "slightly more 
complex" as a process. If by "complex" it is meant that many factors 
were involved, whose interrelations are by no means clear to us, I 
disagree. Although I happen to regard the gestural beginnings of 
human language as highly plausible, the problem of explaining how 
spoken language arose out of gesture has never seemed simple to 
me. Several neurological changes were probably required before a 
sound-based language could become more efficient than a visual­
gestural one, both in the productive (speech-output) and receptive 
(speech-input) channels. 

The authors suppose that Homo habilis possessed the ability to hunt 
with well-aimed missiles - rough-hewn stone spheroids, perhaps, or 
sharpened sticks. I do not see that we have any evidence tor this, 
despite the modern prevalence of aimed-throwing pastimes practiced 
chiefly by male children and adults. Our ancestors clearly acquired 
aimed-throwing skills, which we now learn with little difficulty, but I am 
not yet ready to subscribe to the notion that modern baseball or 
basketball, or even darts as hurled in British public houses, rests on a 
genetically based propensity. Rock throwing was probably never a 
very efficient hunting technique, although it probably served to drive off 
troublesome animals, predatory or otherwise. Of all the rocks still 
hurled at offensive dogs, I suspect that few result in mortal wounds; 
squirrels are another matter. 

I am equally skeptical of the notion that Homo habilis used contain­
ers for carrying food or water. To be sure, containers would have been 
very useful, just as digging sticks would be useful tor baboons (I believe 
the suggestion comes from Sherwood Washburn). but that is not the 
same as direct evidence. Cordage, too, would have been useful for 
transporting butchered meat back to camp, but archaeological 
evidence for its use comes quite late in the prehistoric record. Early 
hominids may have survived without either containers or cordage, just 
as they seem to have survived without fire. 

P&G are more willing than I am to accept the validity of the reported 
cases of feral children. Fascinating as the few "documented" cases 
are - the Wild Boy, Victor, of Aveyron, and the two "wolf-girls" of 
Midnapore - I think a hearty skepticism is still called for. I suspect that 
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not only would human 1nfants fail to survive on their own from age three 
or so, even with the kindly supporl of a maternal wolf or dhole, but 
pongid infants too would probably succumb. We do have evidence that 
pongid infants can survive under the care of human surrogate mothers, 
and the reverse is at least possible in principle, but I think the odds for 
feral survival would decline rapidly with taxonomically more distant 

foster mothers. 
In their conclusion, P&G suggest that "engineering, science, religion, 

and literature in modern man" are part of the long continuum from 
ObJect manipulation in monkeys and simple tool using in Miocene apes 
I cannot disagree with the continuum, but wish to suggest that ever 
since language arose, the "continuum" has been shifting into a 
superorganic mode, in which genetically programmed behavioral 
tendencies, while never totally overcome, have been increasingly 
subordinated to learned, cultural programs. For the latter, we are not 
going to find Piagelian stages or anticipations. II is probably no 
accident that most of the world's formal educational systems are 
planned to start at about age six or seven, when all but the last two 
Piagetian stages have been completed in most individuals. 

by Glynn L. laaac 
Department of Anthropology, University .of California, Berkeley, Calif. 94720 

Evolutionary hypotheses. As E. 0. W1lson ( 1975) has pointed out, 
the study of human evolution has until very recently tended to involve 
passionate advocacy of a particular interpretation as being "the truth." 
However, during the past decade there has been a healthy shift 
towards the recognition of the need to work with multiple rival 
hypotheses, thereby minimising the propensity for emotional commit­
ment to one particular interpretation. As I see it, the paper by P&G 
makes a very valuable contribution by adding to the stock of worth­
while hypotheses to be scrutinised and tested In point of fact, the 
paper does not so much introduce an entirely new hypothesis as clarify 
and make far more explicit (and therefore most testable) an old idea; 
namely, the notion thallool use was the prime mover rn the estaolish­
ment of the evolutionary trend that produced the human brain and its 
associated intellect (see Washburn 1960, Tobias 1967, and many 
other authors). 

In the search for potential explanations of how the evolutionary trend 
to brain enlargement got underway, P&G's "tool-aided extractive 
foraging hypothesis" joins two other major rival hypotheses that have 
been clearly formulated and currently remain under particularly serious 
consideration. One of these is the "hunting hypothesis" first vigorously 
enunciated by Raymond Dart ( 1949) and then widely promulgated by 
Robert Ardrey (1961). Variants of lhis view have been incorporated 
into anthropological literature (e.g. Morris 1967, Tiger and Fox 1971, 
Campbell 1966, and others). The other is the "food-sharing hypothe­
sis" which was recently clarified by myself (Isaac 1978, 1978a) and 
which incorporates elements of the tool-using and the hunting hypothe­
sis. It should be noted that three other important hypotheses 
concerned with the early stages in human evolution deal only indirectly 
with selection pressure for expanded intellect. Jolly's seed-eating 
hypothesis suggests a preadaptive shift to a vertical body posture and 
changed dental configuration as the starting point for other behavioural 
developments (Jolly 1970). Tanner and Zihlman's ( 1976) "gathering 
hypothesis" and Lovejoy's (forthcoming) "shortened birth-space 
hypothesis" both deal with mechanisms by which food-sharing or 
hunting got underway rather than with new direct selection pressures 
on the evolution of the brain. 

As several philosophers of science have shown (e.g. Karl Popper 
and Peter Medawar). there are, in general, numerous potential hy­
potheses that can be enuncial!ld to cover a particular problem. 
Science commonlv progresses by picking what seem to be the most 
useful ones and testing them. This process can lead to the rejection of 
hypotheses that are inconsistent with the evidence, and to the modifi­
cation and elaboration of others for which at least partially consistent 
evidence is found. In the investigation of processes of great complexity 
by simple means, rejection more commonly amounts to the recognition 
of a much lesser degree of plausibility than to outright elimination. 

Given the plenitude of potential hypotheses, how does one evaluate 
a new one such as that advanced by P&G? I would recognise two 
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1: 

criteria first, the value of a new hypothesis is perhaps in proportior ••. ~· 
its potential for demonstrating interconnections between prev . 'I' 
unconnected data sets. By suggesting connections betwee11

10~ l
1
i 

St •. 'I' disparate fields as ecology and diet, tool-use skills, and the onto ' 
of cognrtion in modern higher primates, P&G's hypothesis is clear~··~1: 
value Second, the hypothesis must be testable and should slirnu~·,': 
new lines of research Many predictions or test implications lnVol • j; 

Vi<.IIJ 
many different lines of research do follow from P&G's proposal 

1 
;, 

this, more below. : 
II should be apparent that the hypotheses mentioned earlier'" ':'1 

""!Ill' not necessarily mutually exclus1ve, and the explication at hun
141

/ 

evolut1on may well turn out to 1nvolve not so much eliminat1on •
111

! 

assessing the interaction of the various factors and the determ1nat1 1! 

'"'''' of the sequence in which they came into play. Let me illustrate this ,.,11 j
1

! 
reference to my own work. I have been working since 1970 lrirl 
enunciate and start testing the hypothesis that by about two milhc.1l1!

1 

years ago, a novel adaptive complex had come into existenc..:';i 
involving food sharing, tool making, meat eating, gathering, divis1on Ill! 
labour, and operation out of a home base. I have argued that 11 .. ,,:

1 adaptive complex might well have been operated by nonhum01 j! 
homrnids and that it would have put selection pressure on the develop,. II 
men! of the mental capabilities needed for language\ ike commun1cut10,

1

,:

1

l 
and the calculalton of advantage 1n long-term cha1ns of reciprocal!! 
social interaction (Isaac 1969, 1978a). The evidence with which 1 haw

1
! 

been concerned tests for the existence of this complex at an earl1,
1j 

stage (i.e. about two million years ago) and cannot therefore deal Willi!!! 
the mechanisms whereby the complex itself came into existenr.e .. il 
Herein lies an important part of the interest for me of P&G's hypothes1si.i'l. 

Incorporating observations of their own, and new information from Silli,!, 
( 1978) and McGrew ( 1976) regarding mother-infant food shannq:' 
among chimpanzees, P&G have boldly suggested a sequence olll 
possible preadaptations that could have culminated in the aforemen":i 
tioned food-sharing, tool-making, hunting, gathering complex Further .. :! 
more, the suggested sequence has interesting looking cross ties witll'; 
observations on the ontogeny of modern human mental capabilitieW: 
(which potential cross ties I am not qualified to judge specifically). 

I also share P&G's sense that the precision throwing of modernii 
humans is an ability with very ancient evolutionary beginnings, and thal;l ,, 
it was an important part of the initial hominid adaptive complex. We artj': 
already seeking to investigate this in archaeology and ethnography. d 

In summary, it seems to me that P&G's specific hypothesis is at leas!!i 
as useful and promising as any other in confronting the problem o ;; 
mechanisms by which early hominid t:jehaviour came to acquire evoltt',!l 
tionary trends not shared with other hominoids. It could also help tct;j 
explain selection pressure towards bipedal locomotion, though that ~~ ~ 

not a line to be pursued here. i'i 
To turn now to testability and stimulus: the hypothesis has clear tesli 

implications in several fields. It leads to predictions about the dl~t: i 
feeding modes, and ecology of early hominids which might well b~!l 
testable against the evidence of tooth wear and paleoenvironments' i 
These are lines of work that are already being pursued, and specllll.!:l1 
questions can be formulated. It should also stimulate studies of 1111! :, 
feeding opportunities and problems in environments analogous I~:; 
those occupied by very early hominids. Were there important foodjl 
sources to which tool use gave improved access? Clearly this paper' !1 

should also stimulate increased activity and rigor in the comparativ~: j, 
study of human and other primate behavioural ontogeny. I look forward'!, ,, 
to seeing the implications of this important paper being followed up ' 

by V. V. Ivanov 
Structural Typology Section, lnatitute of Slavlat/cs and B•lk•nlatlcs, Ao•<HmY o( 
Sc/ancaa of tha U.S.S.R .• Moscow, U.S.S.R. , ' 

On the development of sign systems in primates. 1. There is an:: 
evident parallel between the communication systems of great apes ., 
and early hominids and the sensorimotor period and gestural!:' 
complexes of a child's sign systems (Ivanov 1978b, p. 82). As tar as:; 
the Piagetian idea of the priority of action (particularly in the third . 
sensorimotor period) is concerned, it seems important to use the 
homological facts bearing on the sign systems ot the deaf-mute. 
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. ad, and blind As has been shown by Sokolyansky ( 1959!: blind 
ffl" te children manipulate obJects be1fore produc1ng tact1le hlero-
.-t-rnu . 
II""" . " signs consisting of the schemes for these preoperat1ons. The 
tj(fi'IC s describing different methods of fishing and other operations 

ges:eto all the members of the community are typical of the sign 
~ invented by the only deaf-mute of Renelllsland (Kushel 1974, 

1 
,yete~ l978b, pp. 53-61). Since symbolic play and some other 

~~~~~~iltld forms of primate behavior (see' Tikh 1970) might have their 
~ in ancient everyday routine operations, 11 seems poss1ble to 
01101n struct some of the latter (e.g. flower gathering by early hominids) 

~~udying such rituals lei. Eibi-Eibesfeildt: "Human Ethology" BBS 

2(1) 19791. . . . . 

2. Ttle nypottlesis of strong genet1c canahzat1on of Intellectual 

dflvelopment with a result close to the Ch~msk1an concept of the 
i'lfllltll language un1versals !see Chomsky: Rules and Representa­
ti0!1S" 885, forthcoming! rn1ght lead to another step in the search for 
tile roots of symbolic behavior Some of ttle gestures found 1n the 
gorilla's natural system of communication, such as tongue showing, 
re common to great apes and man (Sm1th, Chase, and Lieblich 

~9?4). The grooming described as a social custom in wild chimpan­
zees has exact homolooies in different cultural traditions (Paleosibi­

.rean, Amerindian); there are grounds to suppose that the roots of the 
motif of the "chercheuses de poux" (to use Rimbaud's image relating 
to the grooming of a child) may be typical of a common ancestor 

(Ivanov 1977, p. 33; 1978b). 
According to this commentator·s personal observations, the inacti­

valion of a left (speech dominant) hemisphere (under a unilateral 
electrical shock therapy) can lead (especially in the first minutes after 
1tle shock) to some (minor hemisphere-controlled) gestures homolo­
gous to the visual communication of 1Jreat apes. Some of these 
g~~stures can be compared to the Piagetian egocentric speech of a 
child as well as to the homologous behavior of the trained chimpanzee 
Washoe while manipulating an illustrated magazine (Hewes 1973). 

The use of a tree branch as a sign of social rank (especially by the 
troop leader) in monkeys (Kawamura 1967; Neville 1968, p. 23) has 
homologies in the symbolic function of a tree or of the branch of a tree 
as a universal sign of the sacral king. It would be particularly important 
to find out whether the open figures resembling crosses drawn by great 
apes might be compared to the universal tree drawing characteristic of 
a normal human child ("l'arbre de Koch," Bouvard 1961, p. 51). It 
seems possible that the complex of activities directed toward twin 
children and their mothers in human societies has homologies in 
monkey troops (Tikh 1970, pp. 126-127, Ivanov 1978a). The symbolic 
("sublimiert," in the Freudian sense) soc:1al use of sexual symbols is 
found in monkeys (Tikh 1970) and continues through Paleolithic art up 
to the subconscious (right hemisphere) layers of symbols in modern 
man (Ivanov 1978b). 

3. Among the important datable human and anthropoid visual 
symbolic systems one should first mention the difference between the 
evidently innate three--colour triad, black-white-red, found in all the 
linguistic and cross-cultural studies of man and the great apes' 
systems including black as the most important color (Firsov 1972, pp. 

164-65). The early date of the symbolic use of red in Homo erectus's 
cUlture is evident in the archeological remains, such as archaic 
llhelters, that were associated with se1asonal activity more than 
250,000 years ago (according to the new methods of thermoluscence 
dating); the burials and artifacts of the period are understood as the 
earliest evidence of consciousness (EcciBs 1977, p. 172). In modern 

man (and in the modern child) the growth of the symbolic function of 
llloe is found only in pathological and sp1~cific (e.g. artistic) cases of 
BC1IVily (Navalis's "blue Hower" etc.). 

4· The experiments on electrically elicited vocalization in monkeys 
and lesser apes make it possible to study the subcortical mechanism 
01 

vocal control reorganized in more complicated cortical systems not 
later than in Homo erectus. Particularly important are the data accord­
ll1g to Whic)) the monkey's vocal communication consists of very short 
SIQnals. Their temporal characteristics (Gershuni, Bogdanov, Vakar­
~~k, and Malts'ev 1977) as well as the average number of signals 

8 
llson 1975) are quite similar to those of human phonological 

Ystems. The difference lies neither in the shortness of the elementary 

signals nor in their number but in their use as the elements to be 

comb1ned in morphemes and words (Ivanov 1977) . 
5. The selective causes of brain evolution, particularly in Homo 

habilis and Homo erectus, are clearly connected with the evolution of 

gestural and vocal communication (see also Eccles 1977) The causal 
link between methods of food sharing and language and brain devel­
opment does not seem so clear to the present commentator, although 
some data on archaic mythologies and rituals might be interpreted as 
showing the importance of food sharing (e.g. the magical number of 
the parts of the sacrificial animal such as the bear or horse). It is by no 
means evident that this single factor, although energetically important, 
should be chosen as the only decisive one in brain and language 
development. On the other hand, much data can be cited in support of 
the suggestion that the formation of semantic spaces (including 
pre-Euclidean and possibly pre-non-Euclidean in the right hemisphere) 
was partly conditioned by man-animal relations in hunting (see Thorn 
1974). 

by Allaon Jolly 
School of Biological Sciences, University of Suuex, Brighton BN 1 9QG, England 

Feeding versus social factors in cognitive evolution: can't we 
have it both ways? Sue Parker and Kathleen Gibson have given us a 
rich and illuminating article. They make at least three major proposi­
tions -two that apparently contradict much current thinking, and 
another that will surely stimulate research to contradict it. I believe that 
the contradictions are more apparent (or didactic) than real. P & G 
have thrown new light on the evolution of intelligence, but by adding to 
previous speculations, rather than refuting them. 

Recapitulation versus neoteny. To begin at the end, P & G conclude 
that human intelligence is a terminal addition, tacked on at the end of a 
brain growth and growth in intelligence that largely parallel those of 
great apes. They say: "this conclusion is contrary to the theory that 
development of the human brain is neotenous, !retaining juvenile 
characters into adulthood!." 

However Gould ( 1978), championing neoteny, says that "juvenile 
features are a storehouse of potential adaptations. Retardation 

provides a mechanism for the easy retention of any juvenile feature 
that suits the adult life style of the descendants" (p. 68.) Gould lq.v.l 
thus argues for mosaic evolution of human neotenous traits, in the 
anatomical sphere. Gould, Parker, or Gibson could each argue for 
mosaic cognitive evolution. We would then have neotenous playfulness 
and curiosity as adults, and perhaps our willingness to pay attention to 
others' opinions, even if we do grow crustier with age. Meanwhile, we 
would have achieved our logical and linguistic powers by terminal 
addition, even if we achieved them through a slowing as well as a 
prolongation of relative growth rates. 

Phylogenetic grades and Piagetian stages. P & G have given clear 
evidence that apes and macaques seem to mature through the same 
stages, in the same order, as human children, though with "decalage" 
or mosaic evolution of various capacities within each stage. However, 
P & G might qualify phrases like "language could not have evolved in 
any other sequence" or "the abilities of each ancestral species were 
logical and structural prerequisites for the evolution of new abilities in 
the descendent species." These statements hold if they are restricted 
to "within the human line," or "within the constraints of the primate 
line" - they then become empirical accounts of higher primate natural 
history. However, Piagetian stages are not universal- the logic does 
not apply to bees or to machines. 

Further, P & G need not assume that the common ancestor of apes 
and men "displayed a capacity for referential communication at least 
as great as that of chimpanzees and gorillas." The common ancestor 
probably had less capacity than any of its descendants. If sensorimo­
tor intelligence toward food is not logically bound so tightly to language 
stages as P&G imply, then the modern apes' language capacity could, 
indeed, be a mere byproduct of intelligence as apes evolved it. Human 
language, on the other hand, might have evolved as a far more integral 
part of the differing hominid style. In fact, I am inclined to accept that 
ape and human language evolved in perfect parallel. This, however, is 
because so few empirical differences have appeared between free 
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utterances of chimpanzees and young children (Gardner and Gardner 

1978). not because of "logical" necessity. 
Finally, P&G's Table 3, and the list of prosimian stage, old-world 

monkey stage, and great ape stage intelligences, are a fundamental 
step torward - out due to be 1nstantly superseoeo. Like CrooK and 
Gartlan's ( 1966) seminal classification of primate social structure, 
P&G's will inspire research, and then research attention will focus on all 
the ways their classification breaks down. After all, every species has 
its own cognitive style: it might have been safer for them to say "our 
macaques," rather than "old-world monkeys." And they themselves 
point out the mosaic qualities of each "stage's" achievements 1n their 

notes and footnotes. 
Embedded foods versus social life or hunting as selective pressures 

for intelligence. P&G make a beautiful case throughout - but why must 
we choose either I or? Are not two or three good reasons for evolv1ng a 

trait better than one? 
What P&G's target article does, it seems to me, is to bridge a time 

gap rather than a logical ~Jap. Suppose the first advances from 
prosimian to simian intelligence took place primarily in the social 
sphere (Humphries 1976, Jolly 1966) Suppose, then, that ape-level 
intelligence did evolve primarily through the search for food, and 
ape-level memory in order to recall the distribution of widely spaced, 
seasonal food. The two hypotheses are compatible, unless you take 
the second as far as MacKinnon ( 1978). and argue that apes evolved 
as large-bodied, solitary animals, such that individual wit and knowl­
edge were at a premium long before they committed themselves to 

social groups 
Then the ancestral hominid.s' social communications could hAVA 

been refined, as P&G suggest, to communicate about the getting and 
sharing of food. Meanwhile, tool use grew in the same context. (One 
further advantage of the food-gathering context over the hunting one is 
that there is time for worrying over a problem, for second thoughts and 
delayed inspiration before the quarry escapes Even a protohominid 
may have protothought, "What I should have said was ... "). 

Surely, though, in deciphering this undervalued aspect of human 
evolution, there is no need to see it as the only aspect. Emerging man 
with millennia at his disposal might well have invented linguistic symbols 
for food extraction and food sharing and plans for hunting distant 
animals and mystic sing-songs that linked an apelike sense of rhythm 
with the growing human need to conjure cause and effect. 

by J. Kltahara-Frlsch 
Lite Science Institute, Sophia University, Tokyo, Japan t02 

rne evolution of intelligence: making assumptions explicit and 
hypotheses testable. As .J. P. Scott observes in a recent review 
(Scott 1979), there are two possible approaches to the evolutionary 
study of behavior. The first is to discover how the evolution of behavior 
occurs, the second to explain behavior on the basis of evolutionary 
history. The model presented in P&G's target article obviously belongs 
to the second kind of approach: it attempts to visualize how human 
behavior might have developed, and in so doing it provides numerous 
helpful hints for anthropologists and archeologists who choose to 
undertake the discovery of how the evolution of human behavior did 
occur. 

For this sort of model to perform its heuristic function fully it is 
important to make clear the major assumptions that underlie it. These 
may best be brought out by somewhat oversimplifying the pattern of 
reasoning that runs through P&G's article: ( 1) a certain behavior 
appears at a given stage of hominisation; (2) rudiments of this behavior 
are observed in chimpanzees; (3) a similar behavior also appears at a 
given stage in the sensorimotor development of the human child; (4) 
therefore, it can be assumed to have been present in the hypothetical 
dryopithecine ancestor of man. 

This line of reasoning assumes, in the first place, that the behaviors 
compared are truly homologous; that is, that they reflect a common 
phylogenetic origin. As noted by P&G, homology may be difficult to 
prove. The issue is, nonetheless, far from trivial, since the behavioral 
similarities on which homology is predicted may turn out, upon exami­
nation, to be superficial. Territoriality, for instance, in species such as 
vervets and langurs, is found to be, in some populations, an adaptation 
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to local ecological conditions, while in other species it appears to 
genetic heritage that permits no alternative (Kummer 1971). In 
words, outwardly similar behaviors may result from entirety 
mechan1sms - here an adaptation to a particular habitat, tt1816 
inhented pattern of behavior. Obv1ously, the implications Of 
behavioral similarities for a reconstruction of phylogeny differ 
ably from those due to homology. 

There are reasons to suspect that some of the similarities on 
the argument presented in P&G's article rests may just as well 
diversity of meanings. Take, for instance, the sharing of food 
in meat-eating chimpanzees and the sharing taking place 
mother and child during the sensorimotor period, both in 
and humans. Are these truly comparable? As stressed by Isaac ( 
in an article quoted by the authors, sharing by adult chimpanzees 
been observed only in the case of meat-eating, and, even than 
best described as "tolerated scrounging." Vegetable foods, the' 
apes' principal diet, are not shared and are almost 
consumed by each individual on the spot. Neither is it clear 
so-called food sharing reported by Silk ( 1978) as taking 
mother-infant pairs amounts to anything more than the Isaac's " 
ated scrounging" (observe, for instance, that Silk considers 
or stealing food as instances of sharing). 

Observations by Japanese workers in Kasoge support 
comments as they report that "meat-owners at Mahala were 
to share and apt to monopolize carcasses in all cases when 
tion was observed" (Nishida, Uehara, and Nyundo 1979, 
Observation of chimpanzees in captivity likewise points to the 
of active sharing between mother and offspring, although, here 
in the wild, some "scrounging" appears to be tolerated 
1977, p. 336). 

In contrast, the food giving observed by Parker in children 
their second year probably represents the imitation by the child of 
body schemata of the mother: the child imitates the pattern 
another," whether it deals with food, toys, or other objects. 
comparison raises a number of questions, such as: do 
tolerated scrounging (the involuntary yielding of food in resp 
persistent solicitation) and active imitation of giving have 
elements in common to justify the assumption of homology 
them? Can the tolerance shown by the mother chimpanzee to 
offspring be regarded as a step in the direction of bringing food 
to the basecamp envisaged by Isaac as a determining factor in 
process that made hominids human? Should not the tolerance 
be regarded as a form of parental-care behavior, whose like ·

1 

perhaps more readily found in birds than in human food sharing 
adult males? 

The above questions are not meant to invalidate the ;n1•>m•o~,,,; 

offered in P&G's article, but rather to stress that the 
evidence at hand is still far from sufficient to allow more than 
roughest of guesses as to the meaning of the observed behaviors 
the reconstruction of hominid phylogeny. 

A second assumption in P&G's model concerns the legitimacy of 
concept of recapitulation. As acknowledged by the authors, 
explanatory value of this concept has been the object of 
controversy. That the case for recapitulation as an 
concept has been recently reexamined and masterfully 
Gould ( 1977) does not terminate the controversy (witness the 
reviews received by the book). Yet, much in P&G's article appea 
depend on the soundness of the recapitulation concept. 
others, the correlation assumed to obtain among the grades of 
intelligence, the stages in the development of the human infant, an 
grades in the development of hominid intelligence raises the 
of the extent to which phylogeny can be assumed to be rec:api!UIIn 
ontogeny. 

In the final pages of their article, P&G clearly state the 
character of their attempt. One would have wished the 
which the reconstruction rests to have been clearly formulated 
in the article. Also, would it be mischievous to suggest ttlat 
conclusion tends to present as verified fact what had been 
presented, during the exposition, as a hypothesis? Let the 
beware! 
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5 
ite these cr~liCISms, the endeavor that th1s article represents is 

l)il. • p 1 one It <Jeals w1th a subJeCt of paramount 1nterest to 
liuabe 

v• and psychologists alike. 1 he model proposed 
a number of avenues for research It could be considerably 
by mak1ng 1fs assumptions and hypotheses more expl1cit 

thereby, rendenng the model susceptible of proof or disproof 
ought to be done 1f the scenarios proposed are to be more than 
So Stones a Ia f1udyard Kipling. 

a~etvlo Konner 
BiaiDflical AnthropoloQy Wing, Department of Anthropology, Harvard Univera1ty, 

. c.m~tidiJS. Mus 02138 

. ~ .. ins of language: a proposed moratorium. P&G have provided 
···!ilJr/{1 d . . I I I th . . f . ·. ;or!laps th•l most comprehensive an ong1na accoun o e ong1ns o 
J nguaue 1n many years. Its scope extends from great ape language to 
. !~otohorr11n1d neurology, from infantile problem solving to A~stralo­
. · ,111ecine taphonomy, from P1aget1an developmental sequences to the 

tollavior of wild chimpanzees; and it covers all these areas informa­
hvely Its great anginal contnbution is in the revival, in an up-to-date, 
·~neasured, and, I think, acceptable form, of the notion of Haeckelian 
·l&capitulation Th1s revival rests largely on previous work of the present 
:~ 11u 1ors on comparative neurobehavioral ontogeny (which I much 
il!<imlfe) as well as on the excellent recent work of Stephen Gould. It 

:tMrelore became quite a challenge for me to discover why, in the end, 
1 tound thelf attempt so unsatisfying. 

Though I doubt their central importance, there are significant omis­
~1005 Considering Gibson's great experience in neuroanatomy, it 1s a 
pity that the secli(Jn on "The brain and intelligence" is not more 
$ubstantive It tantalizes us with a prospect of structure-function 
relationships 1n the recapitulation model, rather than really describing 
them 1n detaiL Gibson's own excellent previous work is given too short 
~hritt More s1gn1ficant, possibly, is the rather sk1mpy account of 
prosent knowledge of brain evolution No reference is made to the 
work of LeMay on tho phylogeny of lateralization, and scant referonce 
tP the most recent and relevant work of Holloway and Radinsky. No 
(~terence IS made to the ma1or contribution of Kotchetkova, recently 
lflude available 1n Fnglish 

On the functional side, 11 seems difficult to understand the omission 
Of any treatment of sources on modern qathering-hunting populations 
Surely some attention to the cognitive challenges faced by people in 
auch populations, and, perhaps more 1mportant, the1r uses of language 
·and other forms of symbolic and nonsymbolic communication, would 
•um1nate somewhat the more shadowy regions of protohominid 
taphonomy. 

Perhaps this fast orniss1on is an important one P&G offer an 
account of language-related cognitive functions presumed to exist in 
ptotohominids It has some interesting original elements, such as the 
elress on aimod throwing and shelter construction, and, again, the very 
intriguing recapitutationist parallels. But, finally, it seems quite conven­
tional and also quite thin bes1de the cognitive and linguistic complexi­
ijas of gatherer-hunter life. What, for instance, of the capacity to store 
mentally a map of the location of vegetable food sources, three-fourths 
ot the diet by weight in tropical foragers !See BBS multiple book review 
Of O'Keefe & Nadel's The Hippocampus as a Cognitive Map, BBS 3( 1) 
1980f? What of the capacity to care for increasingly altricial, increas­
ingly vulnerable young fSee Rajecki et al . "Toward a General Theory 
ot Infantile Attachment," BBS 1 (3) 1971lf? What of the possible value of 
14nguage in maintaining and equilibrating the infant's social bonds after 
wean1ng, a period of great vulnerability to mortality among higher 
Primates? What of the possibility of sexual selection - females exercis­
lflg choice in favor of more verbal, less aggressive males? It appears 
that P&G have fallen prey, alas, to the conventional male emphasis on 
the central role of hunting 1n human brain evolution. 

"Ultimately," they write near the end, "language and intelligence 
Were favored 1n our lineage because they increased the carrying 
capacity of our environment in the most 13fticient manner." It is difficult 
tor me to gloss this sentence in any way that makes sense in relation to 
Illy understanding of how evolution works, and the remarks about 
comparative bioenergetics, given without evidence in the next two 
sentences, do not really help. Is 1! a group-selectionist argument? If so, 

1 must demur, language and 111telligence were favored in certain 
1ndlv1duals and k1n groups because of reproductive advantage confer­
red on 1t1em relative to conspecihc competitors. Fitness, by defin11ion, 

IS always relative 
We can, 11 we w1sh, cont1nue to speculate on JUSt what functions 

conferred these htness increments However, I wonder 1f we are not 
making rather a spectacle of ourselves for the nonanthropological 
suentihc community - at least tor that segment of it that realizes how 
little we have to go on. Davi<J Pilbeam has been calling for a 
moratonum on the "human family tree" questton as, for the moment at 
least, a paleontological red herring. I would like to see a similar 
moratorium - a sort of epistemological quietus - on the question of the 
origins of language. There 1S much related work to be done. Tt1anks to 
the ape language studies, we are on the verge of understanding for the 
first time the mutual interdependence of language and other cognitive 
functions !See Cognition and Consciousness 1n Nonhuman Species, 
885 1(4) 19781; tllese studies will probably lead, in the not too distant 
future, to the first solid foundation for the neurophysiology of language. 
The current work of Holloway, LeMay, and others on cerebral cortex 
phylogeny sllould soon lead to a conception of hominid brain evolution 
that goes far beyond cranial capacity Not least in this picture will be a 
comparative neurobehavioral ontogeny of primates such as that 
initiated by P&G in previous writings. Perhaps we can take their present 
paper as a sort of manifesto of future research direct1ons; and if 
rewritten in twenty years, it should be substantially more than that. 

by John T. Lamendella 
Linguiatics Program, San Jose State University, San Jose, Calif. 96192 

Assumptions about hominid "intelligence" and "language." 
would like to comment on two aspects of P&G's very interesting paper. 
First of all, I find inappropriate the tone of sure conviction with which 
the authors state their conclusions. Given the paucity of direct 
evidence and the impossibility of performing crucial observations on 
extinct hominids, the answers P&G provide in such detail lie squarely 
within the realm of speculation and plausible inference. There is 
nothing wrong with well-reasoned speculation, particularly in an area 
for which conclus1ve answers may never be attainable. Still, I feel that 
P&G might have exercised a greater degree of rhetorical caution in 
stating their hypotheses, 1f only to remind the reader that, at best, these 
conclusions have the status of probabilistic inferences with widely 
varying degrees of cert1tude associated with them. 

P&G claim that extractive torag1ng with tools was the primary 
factor responsible for hominid preadaptations tor "intelligence" and 
"language," rather than any of the several other factors that have 
already been proposed as "tile" answer I am not sure on what basis 
they feel able to affirm this answer so categorically. Surely every 
aspect of hominid evolution involved the complex interaction of a 
multiplicity of factors operating in different domains. At this point, 
neither the extant ev1dence, nor Occam's razor, nor logical necessity 
allows us to decide which factor was pnmary, or even the relative 
weight a given factor really had for a given hominid species; these are 
empirical questions with little likelihood for certain resolution. In itself, 
extractive foraging is neither a necessary nor a sufficient condition for 
explaining the selective value of cognitive and communicative func­
tions. This aspect of the hominid adaptation may actually have played 
the central role P&G assign it, but there is no way to know this for sure. 
Moreover, there is no a priori reason to assume that human cognition 
and communication developed only once and in onty one manner. Both 
individual and group variability in cognitive makeup and cultural norms 
(even for members of the same hominid species) may welt have played 
a determining role in the actual course of evolution. 

The second aspect of this paper I would like to comment on 
concerns P&G's focus on the adaptive significance and selective basis 
for early hominid intelligence. They invoke the notion of different 
"types," "levels," and "degrees" of intelligence. They seem to view 
intelligence as an independent quality which can be "acquired" in 
phylogeny, but which is distinct from either overt behavior or "brain 
organization." Neither do they identify it as one of the "mental 
structures" posited by Piaget. At one point they conclude that brain 
organization determines "species-specific behaviors," while brain size 
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(for two organisms with the same basic brain organization) determines 
intelligence (but note, for normal human adults, a range in brain size 

from approximately 600-2,200 cc.). 

11 is not at all obvious what the empirical counterpart or ontological 
status of P&G's notion of "intelli~1ence" is supposed to be Within the 
Piagetian tradition, some obsmved behaviors are labeled as "rntelli­
gent," and the progressive manifestation of such behaviors is called 
"intellectual development." In this context, Piagetians use the derived 
nominalization "intelligence ... Once reified, it becomes quite tempting 
to talk about the development or evolution of an intelligence that 
transcends both the individual and the specres Most psychologists 
have given up on the notion of a "nonspecific intelligence" which 
species possess in varying degrees. P&G imply that great apes and 
human children of some age have the same intelligence, even while 
differing drastically on so many other behavioral and cognitive parame­
ters. This conclusion derives from the observed ability of apes and 
children to perform successfully some subset of Piagetian tasks That 
is, the cognitive information-processing systems that are responsible 
for producing behavior in great apes and the cognitive systems 
underlying the behavior of children are both able to muster "equiva­
lent" behaviors in these instances. This conclusion does not carry with 
it an entailment that the internal functional organization of the relevant 
cognitive systems in apes and children is rpso facto structurally or 
functionally homologous, much less that they are equivalent in all 
significant respects. Given our ueneral lack of information about the 
internal functional basis for such behaviors, it is gratuitous to attribute 
the same intelligence to apes and chrldren merely on the basis of their 
ability to perform some equivalent behaviors. To extrapolate this same 
intellinence backward in time as a hypothetical attribute of the first 
hominids accomplishes little. In my opinion, intelligence is a classic 
example of a name without a coherent referent. As such, it is not the 
most useful focus for investigations into the origins of human cognition 
and communication 

In a similar fashron, the notion of "language" that P&G adopt is a 
vague nominalization covering a wide variety of radically drfferent types 
of communication and, like intelligence, is treated as an independent 
entity transcending individual ancl species. Their willingness to label the 
various nonverbal and verbal communication systems of 9 to 24-
month-old children as a type of "language" called "prelanguage or 
protolanguage" suggests that, according to their use of the term, the 
hominoid ancestors of the first hominids already possessed "lan­
guage." What they call the "adult language system" is presumably 
what a linguist would call language - that is, a specialized type of 
verbal communication system with particular phonological, morpholog­
ical, lexical, syntactic, semantic, and pragmatic propertres. 

P&G assume that the hominoid ancestors of the first hominids 
possessed at least the same "language capacity" as chimps and 
gorillas have shown under laboratory conditions In their view, already 
existing "language-learning capabilities" were selected for in relation 
to the sharing of food associated with extractive foraging, thus 
resulting rn a strong propensity to acquire "protolanguage." Leavrng 
aside the questionable force o'i their argument, this account ignores 
the prior need for some hominid or homrnids unknown to have first 
created "protolanguage." For many people, it is precisely the origin of 
verbal communication systems (and especially the "adult language 
system") that rs of interest, and up to this point at least, no contempo­
rary ape has exhibrted a capacity to create even the most rudimentary 
verbal system 

Comparatrwo !iludres of nonhuman primates srmply cease to be of 
direct relevance when one rs concerned witt1 the culturally condrtioned 
coonrtrve and communicative capacities that make human berngs 
human Nertlwr "formal operations" nor language in the linguist's 
sense~ seem to be within the scope of the nonhuman prrmates' 
rnforrnation-processing potential It is at thrs porn! that the maturational 
stages of the hurnan child become of special import on the (probabilis­
tic) assumption ttmt the neurofunctronal systems characterrstrc of 
modern llorno saprens arose during homrnrd evolutron in a process of 
"termrnal a<Jdrlrorr" I havr argued (Lamendella 1976) tt1at a modified 
recaprlulatrcmrst view could in principle provrde a useful frarnework for 
considmrnq lhn orrqins of human speech and language l o the de(Jree 
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that we understand the internal functional organization of the hiera,.·. 
cally structured neural systems responsible for maturational stag "'··. 

e~' the development of nonverbal and verbal communication, we 1 _ 
another possible evidential basis for drawing inferences about'•·,, 
series of evolutionary stages that led from the limbic communicat·

10 

10
' : 

lln1 
our hominoid ancestors to the type of language system that exr , 
today. However, I do not share P&G's conviction that evidence alre >., 
exists that demonstrates that any particular stage of prelanguageao, 
language acquisition, much less the entire sequence, is in fact rae t,, 

ar .. 
tulative. There are simply too many variables that could have actEld 

1
., • 

modify either the sequential or substantive character of the genelicall 
specified neurofunctional systems underlying cognition and cornrnur,,' :, 
cation for this conjectural leap to be made on general principle alorrc ~ 

(see Lamendella 1976 for discussion). Once again, P&G might hav.; 
adopted a more cautious stance with regard to the certainty ot lht;,,·' 
conclusions. 

by Liliana Lur~at 
U.E.R. de Dldactlque des dlac/pl/nea, Un/vara/111 Par/a VII, Par/a, Franca 

Graphic skills, posture, snd the evolution of intelligence. llli! . 
hypothesis underlying P&G's article is the following: ( 1) intelligence ,1, 
defined according to Piaget's model with progression through a serie~. ! 

of stages and substages; (2) the model has a universal value that can 
be projected back onto the development of humanity to the extent ol 
being extrapolated into a phyletic model. 

Piaget's model, insotar as it concerns the intellectual developmen 
of the child, is of course debatable. His theory is enjoying an enor 
popularity in psychological and pedagogical circles at the present tim 
to the extent that many writers do not hesitate to identify the model w1t 
the actual processes that it claims to describe. Certainly this 1s th 
case with the article under consideration. Recent French critiques, (F 

Lur<;:at 1976; Thorn, 1976) as yet untranslated into English, sug 
however, that the Piagetian model is historically dated and thus 
limitations that must be taken into account. Piaget has borrowed ma 
of the concepts that he uses to describe intellectual development fr 
physics and mathematics. It is not surprising therefore, that some 
the criticisms should come from physicists and mathematicians w 
are not afraid of attacking Piaget when he trespasses into areas 
their disciplines where most psychologists would fear to tread. 

According to Rene Thorn ( 1976) what Piaget defines as topologi 
relations between objects are in fact only semantic relations be 
concepts In addition, Thorn argues that Piaget has misused axi 
exigencies of mathematical systems for describing fundar 
psychological structures. Fran<;:ois Lur<;:at ( 1976) suggests 
Piaget's ideas on the role of mathematics are closely tied to the th 
of the logicist school, ideas that for modern contemporary mathe 
cians have become museum pieces. For Piaget, adds F Lu 
mathematics is supposed to say what are, from the psychological poir 
of view, the fundamental notions of space Intellectually this is dangel 
ously seductive. Order in the psychological development of notions 
space has nothing to do with the fact that the corresponding rnath 
matical objects are more or less complex, or with the order of difficuM 
in which they appear in mathematical text books 

Pia get adopts the concepts of intellectual realism and visual realisr 
developed by Luque! in his study of children's drawings (Luque! 1977 
The analysrs of children's drawings is basic to the theory (Piaget an 
lnhelder 1948) Drawings are used to verify whether the constructron · 
representative space goes through the same phases as did th 
construction of perceptual space several years before In lhfl case 
intellectual realism, the elementary topological relations are respec 
rn visual realism, a method of drawing taking perspective and pro 
lion rnto account appears in the eighth or nrnth year. One wand 
when looking at the distortron in these drawings how much is due to 
child's possible representation of what is real, and how rnuch 
phenomena assocrated with the evolution of graphrc skills Pia 
observes that certarn children, although quite capable of placing a I 
vertrcally rn a prle of sand representing a mountain, will neverth 
persist in drawing rl as bPrng perrwn<1icular to the side of tt1e rnou 
He rnterprets these grapllrc drstortrons solely as evrdence tor a slil 
spatml represrmtation It appears difficult at this point to rnispurc 
the propertres of oraphic space (L Lurcat. 1979) 
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~·ng the Piageban model literally, P&G are brought to the posit1on 
ra~' · · 1 ,. th 

'

·tying the beginn1ng of Euclidean and proJeCtive re a 1ons w.' Ill iden' 
anutacture of certain objects and tools Such a perspective 

11'111 i~ates from our ancestors' activities the sense of pos1tiomng and * patial locating sk1lls indispensible lor the satisfaction of the most 
~s . 
fjjl1damental of needs, entailing the search .lor food and the appropna-
!1011 of places to live Moreover, what does 11 mean to attnbute a human 

t 
U'gence level of two months 1n our current world to a monkey who 

In~ I · · · '" .fi . t? Th 
11116 

to solve h1s own surv1val problems 1n •liS spec1 c enwonmen . e 

pjagatian model appears to be Irrelevant 
ln addition, the legitimacy of an evolutionary approach from monkey 

10 
man is questionable Lero1-Gourhan ( 1964, 1965) considers that to 
y that man evolves from the monkey has as much val1d1ty as to say 

::,, the tapir evolves from the rhinoceros He argues that human 
cllllracteristics are not reducible to those of monkeys - that the 
history of evolutionary theory, from fish to gorilla, shows posture to be 
fundamental. Monkeys have one particular set of postures quadrupe­
dal and seated; hommids have another bipedal and seated This 
difference means that the hom1nids not only have the hands free while 
moving, but also have a shortened face, weak can1nes, and a bra1n 
treed from the mechamcal constra1nts caused by suspended position 
The trans1tion from the primates to the first toolmakers is not a 
question of technological skills· apes grasp, touch, forage, crush, peel, 
and manipulate; they tear w1th lt1eir fingers and teeltl, crush w1th the1r 
molars, cut with their incisors, p1erce with their can1nes, hammer with 
their fists, and scratch and dig with their nails. This inventory comprises 
all the varieties of tool·using activities that one might wish to d1stinguish 
in archanthropes and paleanthropes What is valuable for humans 1s 
not the nature of the hand, but the vertical walk and the paleontological 
consequences of this for the development of the cerebral mechanism. 

What we are contesting here is not so much the posing of the 
problem of the evolut1on of intelligence, but of using an inadequate 
model that elim1nates the ent1re soc1al dimension from that evolution. 
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byW. C. McGrew 
O•partment of Psychology, University of Stirling, Stirling FK9 4LA, Scotland 

Habitat and the adaptiveness of primllte intelligence. P&G are to 
be congratulated for their latest and most comprehensive effort to 
integrate the insights afforded by Piagettian developmental psychology 
and recent findings on the behaviour of human and nonhuman 
primates. They provide one of the most heuristically useful frameworks 
yet advanced tor dealing with the adaptive significance (and therefore 
the evolution) of higher Intelligence. Such a synthesis 1S long overdue. 

As a field primatotog1st, I shall address myself to several pervasive 
implications arising from P&G's formulation of the phyletic stages of 
mtellectual achievement. These relate to what I see as their underem­
phasis on the contributions of the environment to adaptation and their 
overemphasis on phylogenetic position Since the crux of the authors' 
model is extractive foraging, I shall concentrate on it whenever 
possible These points are 

1. Reliance upon laboratory findings may result in a misleading 
Picture, as is the case w1th the gorilla; 

2 Find1ngs of recent ecological field studies may provide a more 
r&presentattve and accurate picture, as with the baboons; 
. 3. Consideration of ( 1) suggests that a recapitulationist approach 

Without taking account of phenotypic adaptation may be simplistic; 
4. Consideration of (2) in terms of intra- and interpopulational 

(cross-cultural?) comparisons suggests that, at least w1th some 
catarrhines, P&G's grade-levels (see Table 3) underestimate cognitive 
capacity 

Most of P&G's generalizations and specific examples concerning 
the great apes are based upon the chimpanzee. The species has been 
Well studied in field and laboratory and during home rearing, and its 
tntellectuat performance is impressive in all circumstances. Compara­
ble scrutiny of the other two pongid species (orangutan, gorilla), 
however, yields perplexing results. All evidence from captive studies 

seems to 1ndicate that few 1f any differences exist in the intellectual 
capacities of the three spec1es. However, field studies of subsistence 
behaviours indicate that gorillas show little intelligence beyond basic 
stage five of sensorimotor intelligence, that is, the authors' Old World 
monkey grade level Once it could be argued that the disparity might be 
an artifact of lim1ted knowledge of the gorilla in nature, but recent 
detailed studies refute th1s (Fossey and Harcourt 1977; Goodall 

1977) 
In P&G's model, the baboons (Papio spp.). as representative Old 

World monkeys, should be consigned only to the second grade of 
intelligence. Others might agree, both on the basis of field (Beck 1974) 
and laboratory (Benhar, Carlton, and Samuel 1975) data. But even 
tak1ng the (overly?) stringent criteria of tool use as an example, this is 
unjustified, as tool-using baboons in captivity would seem to show 
most if not all of the sensorimotor series (Beck 1973a). Furthermore, 
wild baboons regularly use tools 1n some circumstances (Hamilton, 
Buskirk, and Busk1rk 1975) If one looks at object manipulation in a 
broader sense, naturally exhibited baboon intelligence satisfies all 
stages of the sensonmotor series and perhaps even extends into the 
preoperational series. To cite a few suggestive examples baboons 
detect hidden corms and show individually different techniques in 
excavating them (Rhine and Westlund 1978). They dig water holes in 
dry riverbeds and rub fish in the sand to remove the surface mucous 
layer; infants play "games" focused on objects (toys?) such as palm 
nuts (Hamilton, Buskirk, and Buskirk 1978). 

In light df the above, it would seem insufficient to characterise 
grades of primate intelligence on the basis of phylogenetic position, 
even given exctting new knowledge of the interactive ontogeny of the 
brain's morphology and function. The fact remains that 1n the real 
world, baboons appear to be much more intelligent than gorillas. The 
solut1on to this paradox, I submit, lies in the adaptive interchange 
between organism and enwonment Put more specifically, baboons 
show more Intelligence because they are opportunistic, omnivorous 
generalists subsisting 1n the Widest range of marginal habitats Gonllas 
are conservative, herbivorous spec1alists restricted to certa1n suitable 
habitats. Any assessment of intellectual performance (as opposed to 
potentia{) should take these differences into account. Neither recapitu­
lation (nor neoteny) as presently formulated can explain adequately the 
observed disparities between baboon and gorilla This calls for caution 
in extrapolating along the same lines to the early hominids 

The authors stress the cross-cultural robustness of the Piagetian 
sequence of human cognitive development. This may unwittingly give 
the Impression that Intelligence 1S somehow expressed even more 
invariantly in 1nfrahuman species. Comparative studies of nont1uman 
primate groups, both within and across natural populations, are 
showing JUSt the opposite, namely, greater and more frequent differ­
ences. Hamilton et al.'s (1978) careful study of object manipulation in 
five troops of chacma baboons shows more differences than similan­
ties, many of which are d1rectly attributable to the demands and 
limitations ot the phys1cal enwonment. In other words, adaptive 
(intelligent) behav1our stems primarily from habitat features, not cogni­
tive capacity, which is assumed to be constant across all populations 
of the same species Furthermore, wild chimpanzees show interpopu­
lational contrasts that are presently inexplicable in enwonmentally 
dictated terms They appear to be cross-cultural differences in social 
customs (McGrew and Tutin 1978; McGrew, Tutin, and Baldwin 1979). 
Regardless of the relative contributions of environmental and social 
factors to such emergent differences, their origins and persistence 
imply that at some time novel solutions were applied to subsistence 
problems and that these solutions have been transmitted socially 
through cultural tradition. Innovation and dissemination require more 
than basic sensorimotor intelligence. The capacity for cultural evolution 
in baboons, at least, shows them to be underestimated in P&G's 
gradings, since such a process would seem to require (among other 
things) Inventiveness and imitation. 

by John Macnamara 
Department of Psychology, McGill University, Montreal, Que. H3A 18 t, Canada 

Doubts about the form of development. What would be needed to 
construct an interesting model lor the evolution of language and 
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intelligence in early hominids? In addition, what would be needed to 
persuade us that tt1e language and intelligence ol early homrnids led on 
to our own? The least we would need would be a satisfactory 
charactenzalion of the followinn human intelligence homu11d intelli­
gence; human language: homrnid language Havrng none of them, we 
are scarcely in a positron wisely to undertake the project, or wisely to 

evaluate any model set before us. 
I will say little about homrnids because I am unmoved by arguments 

about brain size, eating habits, shelter building, tools, or the sinnrng of 
chimpanzees. The trouble is double edged. We do not know whether 
P&G underrate or overrate hominids They point out that much of what 
nonhuman species do looks intelligent, but may not requrre an intelli­
gence directing the behavror. It follows that we do not know what to 
take as evidence of rntelligErnce in homrnids, or what as lack of 
intelligence. The lan(JUage of early hominids is best passed over in 

complete silence. 
P&G have a strong farth in F'iaget, in the validity of hrs stages of 

cognitive growth, in the belief that the stages "provide a taxonomy of 
intellectual achievement," and lhat intelligence and language in the 
human species evolved through those stages in that order. I see no 
grounds, intuitive or ott1erwis!l, ·lor assuming that the chrld's learning 
which words refer to which objects in the second year of life rs 
intellectually a lesser achievement than learning that volume is 
conserved under certain transformations in the sixth year. Though I 
cannot here elaborate on it (s13e Macnamara, 1976, 1978, and in 
preparation), 1 see no grounds for believing that the structure of 
intelligencH changes with age The null hypothesis of developmental 
psychology, hitherto unfalsified rn any particular, is that it does 
not - though there surely is learning. If the structure of mind does not 
change, therH is no reason to suppose that manifestations of intelli­
gence over time follow an order that ascends on any scale except that 
of age. I havEl no idea how to assess the claim that the successron of 
accomplishments through childhood recapitulates the succession of 
accomplishments in the race. I have nothing agarnst it; and alas I have 

nothing for it. 
What about the fact, invoked by P&G, that there is physiological 

devHiopment of the human brain after birth? The trouble is that we do 
not know what that means in terms of intelligence and language And 
even when we do know, there is no guarantee that the development of 
brain function will follow some interesting scale of intellectual advance. 
Neither, unfortunately, is ther!l any guarantee or, as far as I can see, 
any probability that it reveals the path of evolution. 

A word about loquacious chimpanzees! They are more impressive 
than fifteen years ago I believed they could ever be. But have they 
human language in any sense of that word? I am at a loss to jUdge. A 
minimal requirement for language is that some of their signs refer to 
objects in the same sense as some of our words refer. The problem is 
that refer resists analysis. II has never so far been defined, say, in 
terms of truth (an equally prickly notion). Tarski succeeded rn eliminat­
ing the notion of reference for certain purposes in certain formal 
languages. But he succeeded only because he was able to presup­
pose reference both in setting up the formal language and in making 
statements in it. To make a long story (see Macnamara, in preparation 
ch. 2) short, we seem obliged to take referring as a primitive of 
cognitive psychology. Intuitively we recognize acts of referring in 
ourselves and in other people Should we allow our intuition to tell us 
whether a Washoe or Sarah refers? I would argue against those who 
say yes, and also against those who say no As for hominids! 

My feeling about P&G's whole project can be summed up in Sellae's 
cautionary lines: 

0, never, never let us doubt 
What nobody is sure about 

by Alexander Marahack 
Pe11body Museum of Archaeology and EthnoloQy, Harvard University, CsmbridQe, 

Ma ... 02138 

Data for s theory of language origins. Parker and Gibson deal with 
data and subjects that have come increasingly under interdisciplinary 
discussion in the last decade. Unlortunately, in a subject of extraordi-
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nary biological and cultural complexity, much relevant research ., 
data are omitted, and the theories used are, rn large part, '·' 
uncrrlically and without evaluation. There is no mention of stuare. 
brain functron and dysfunction, brain laleralization and hernis 1" ' ' p ltl<, 
specializalron, or the atfeclrve and hmbrc components in h4rn.,. 
language rn prrmate communrcahon and sharrng, and rn recent Prirnill, 
language studies. There is no mention of the important non·IOo: 
orrented aspects of prunate language use, of the ways rn '"h '• 

"•(• 
language rs actually used by hunter-gatherers during tool rnakrn 
huntrng, gatherrng, butchering, or food sharing, or of the use ' 
language by hunter-gatherers while subsistence skills are being laugq . 
Nor rs there any consideratron of the way in whrch language is used '. : 

L. 
hunter-gatherers in "nonsubsistence" cultural activity. Similarly, the,;, 
is no mention of the use or adaptive role of cognitive and syrnbohzrn, : · 
skills in nonsubsistence activities, either by chimpanzees or childre/i 
except as play preparatory to subsistence activity; and there 18 nc' 
discussion of how nonsubsislence activities may have played a part ' 
hominization and in hominid adaptive success. There is no awarenee,, 
of the inherent limitations of the early archaeological evidence, wheth&~: 
of tool kits or measurements of brain volume, in documenting anythrn.• 
valid about cultural or behavioral complexity. ' 

The crux of the P&G model is the statement that the "stages n! 
intellectual, linguistic, and neocortical development in modern 
children recapitulate the stages of the long evolutionary journey " 1 w111 

not comment on the heuristic use ot the concept of ontogeny repeating 
phylogeny when it refers not to biological structures but to cornple, 
behavior. I will discuss only the validity of certain basic referential data· 
used by P&G to structure their model. 

' 
The paper assumes that Piagetian sequences of cognitive develop- , 

men! in the human child (and to a degree in the great apes) represent :. : 
the fundamental measure of "intellectual" development and therefore i' 
comprise the basic adaptive capacity that evolved in the hominid line . 
These observable, measurable, and testable skills and capacities are '' 
viewed as primarily subserving subsistence survival, that is, food .. 
getting and eventually food sharing. II is assumed that the development: 
of the human language capacity, which biologically occurs in tandem 
with the development of the above cognitive skills, is dependent on and 
primarily related to this fundamental subsistence activity. 

But the developing skrlls of the child are not the developed skills 
the adult, or even those of the still-developing adolescent. In the 
evolutron of the protohominids and then of the hominids it was the' 
adaptrve capacity of adults or near adults, both in the natural ptlEmo· '· 
monological world and in the cultural, social, relational world, thai' 
represented the functional matrix and the operational arena within· · 
which success, failure, reproduction, rearing, survival, and selection: 
occurred. As recognized by P&G, the cognitive skills of the child are''· 
not in and of themselves adaptive, nor are they adequate for subsis·', 
tence survival. In terms of adaptive success, they are minimally: 
functional without the presence of other relational, social skills. The, · 
child's skills are preparatory for the successful strategies and 1 

constructs of adults, and the latter are far more complex intellectually,: 
affectively, hormonally, sexually, socially, culturally, and neurologically' 
than the developing cognitive, operational, or linguistic skills measured• 
by Piaget in the child. 

What human and monkey or primate infants begin to learn, before 
the development of stage four, five, or six cognitive skills, are the 
relational equations of the species. Harlow's mother-deprived 
(relationally) feedback-starved rhesus infants, though they can later 
score comparatively well on Piagetian cognitive tests, will fail totallY rn 
adult survival, adult relations, or adult reproduction. Long before the 
child begins language production, he is involved in complex relational 
modeling, involving intelligence, symboling, structuring, cognitive 
mapping, and other relational strategies [see BBS multiple book revieW 
of O'Keefe & Nadel's The hippocampus as a cognit1ve map. BBS 2(4) 
1979(. Food-getting is only one part, and not the most important part, 
of this learning process When language production does begin, it 18 

the rapidly developing relational domain, and the child's role and 
increasing competence in it, that is used, tested, and talked about. The' 
objects and relations named and tested in language are essential~ 
marked and culturally relevant aspects and cues. "Naming" is itself a 
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1 
relat1onal as well as linguistic competence The child, then, is 

0 ·ng language production but relal1onal modes med1aled 
onlY tearn• · 

This is a complex and non-Piagetian aspect of the 
language 

ot human language. II is also the central problem for 
.1 commun~calion as such and the evolution of the human 

· ge capacity One small part of this problem is today be1ng 
, 18ngu:sad and studied 1n terms of "context" 1n ch1ld language develop­
' c)•CU t<aller-Cohen 1978). The "contexts" are not essentially related 
,ot~lll( . , .. , 

j getting or subs1stence ac 1v1 y. 
'lfl tooc · · · I II I · 

1 
e"S that tood getting and food shanng 1n all poss1b e cu ura 

1 s r ~ . 
ts are neither the central nor the cruc1al sets of relations 1nvolved, 

,anan 1.11 
the ontogeny of P1agellan skills 1n the child or in the 

tNiflllr h'ld ·11 . I I 
10 men! of language competence. A human c 1 WI , 1n ac , 

· ,wve P w•th or without developing its cognitive or linguistic skills. The 
;;ufVIYS . . .. 

I Child w1ll survive by developing some, at least, of 1ts cogn1t1ve 
ldiU 
. 1. but like Harlow's monkeys (Harlow, Schilz, and Harlow 1969) or 
tii<H~. . 
. chimpanzees (Menzel, Davenport, and Rogers 1963 a, b), he 1s 
iii<O C .,. d tornatically excluded from the evolutionary process. ogn1 1ve an 
~~uls!IC or communicative skills are ultimately adaptive and will serve 
~ 1 species survival only to the extent that they are successfully used 1n 

adult soc1al, relational, and cultural contexts. 
Pnmary "shanng" in the hominid or human line depends on the 

capacity for structuring complex relational modes, a capacity that is 
apparent in varying degrees among the !~real apes and was probably 
~iCreasingly developed in the hominids. Now, one way or another, 
relational modes, whether they involve rearing, teaching, learning, ritual 

01 rote playing, sexual acts, cultural specialization, or cooperation and 
group subsistence activity, alt have a strong limbic, affective compo­
nonl Language itself, a relational mode, has such a component 

The above comments do not mean that I underestimate the impor­
tance of Piaget's data or his developmental sequence. I think, in fact, 
!hall was the first to use P1agetian data and concepts in an attempt to 
explain the cognitive contents and complexities of early Homo sapiens 
symbolic materials (1969, 1972a, 19721J, 1974, 1976, 1977, 1979) 
But 11 was adult cultural material and the adult use of these basic skills 
in nonsubs1stence cultural activity that I was studying, and it was the 
adaptive significance of these adult activities that I was seeking. 

1 present an example of the theoretical problem from the archaeol­
ogy of early man. At the Homo erectus sheller of Becov in Czechoslo­
vakia, c 250,000 B.P, archaeologist J. Fridrich ( 1976) excavated a 
p1ece of red ochre that was striated on two faces with the marks of 
abrasion and one flat rubbing stone with a granular crystalline surface 
lhat had been abraded in the center, clearly in the preparation of ochre 
powder. On the floor of the shelter, at the side where the piece of 
ochre was found, there was a wide area of ochre powder Seating 
hrmselt on a rock against the wall of the sheller to study the ochre, 
Fridrich found that his feet accidentally fitted the only two areas without 
ochre powder Homo erectus had sal on this stone, away from other 
activities in the site, while he made his reef powder. 

The manipulative, "extractive" skill involved was perhaps not much 
ilifferent from that of New World cebus monkeys who take pods or 
beans with an uncomfortable fuzz to another location to rub them 
against a hard surface before beginning extraction (Chevalier-Skolni­
koff t978), nor was it much different from the skills used by chimpan­
lees in idiosyncratic acts of curiosity and experimentation on the 
nature of materials. The difference lies in the adult human use and 
context of these skills. 

Preces of red, brown, and yellow ochre have been found in the 
Homo erectus site of Terra Amata, France, c. 380,000 B.P., by H. de 
lumtey ( 1966), indicating that what we have here is an early and 
Widespread cultural tradition. The ochre powders would also have had 
10 be contained in a holder of sorts. Le1aving out any discussion of 
.Possible meaning or usage, it is clear that what we have at the simplest 
level of discussion are cognitive skills not much beyond Piagel stages 
four, ftve, and six of the human child, but which were here used in an 
adult, nonsubs1slence context, one that involved an adult semantic 
~ne Part of the meaning and viability of this symbolic activity, one part 
1 
lis deep structure, would have involvecj an affective, limbic compo­

nent 

In sum, the generalized cross-modal capacities evolving in the 

hominid line, including the cross-modal cognitive and communicative 
capacities, were potentially effective and adaptive in areas that went 
S1gn1ficantly beyond subsistence activity, extraction, and food sharing. 
Symbolically structured relations were perhaps as significant as cutting 
edges, extractive strategies, or carrying vessels, certainly in the 
evolul1on of language. These relational, social activities and contexts 
involved all the evolving parts of the neocortex as well as the older 
parts of the brain and the limbic centers. 

Finally, subsistence activities requiring cognitive and manipulative 
capac1ties at the level of stages five and six do not require a complex 
use of language and, 1n fact, in normal day-to-day success do not 
require directed language at all. Tool making and tool use are not 
learned through language, and the skills of the hunt are learned by 
example and participation, not by linguistic description. Even direc­
tional references do not necessarily lead toward the complexities of 
human language. The most effective "linguistic" or protolinguistic 
component of subsistence activity (whether vocalized or gestural) is 
often simple "affect marking," indicating approval, affirmation, 
support, negation, warning, request for cooperation or delay, none of 
which requires a complex use of language or any significant increase in 
evolved linguistic capacity. Such affect marking forms a large part of 
communication during human subsistence activity even today. 

Protolinguistic affect marking, with perhaps a minimum of gestural or 
vocalized nominative marking, would have been utilitarian and effective 
long before the development of syntactic modes of language because 
the nonlinguislic contexts in adult life were understood and shared. In 
an early volume (Marshack 1972a, p. 115) I indicated how such 
communication in a shared context can signal completed action, future 
action, role, status, and even nominative specification, in essentially 

non-food-oriented activity. If human language is cross-modal and 
associative, involving, in its evolution, the use of the spectrum of 
available communicative and marking modes, then what evolved was 
cross-modal and assoc1ative and probably simultaneously involved 
gestural, facial, vocal, behavioral, and relational aspects. This formula­
lton implies an inadequacy in all simple, unitary, one-dimensional 
explanations for the origin of language. 

I might here suggest that the selective advantage in hominid 
evolution was not with those who "talked" a lot when they worked, 
either gesturally or vocally, but with those who "talked" most relevantly 
when they were not engaged in direct subsistence activity, that is, 
before, after, and in between. Those who had to "talk" a lot about the 
subsistence activities in which they were engaged would probably have 
been selected out for eventual extinct1on. 

These problems and suggestions, which I have been investigating 
and wnting about for more than a decade, are perhaps to some 
degree validated by recent archaeological findings and chimpanzee 
studies. If the evidence reported by Johanson (Johanson and While 
1979) and Mary Leakey ( 1979) is correct, and hominids or prolohom­
inids were walking upnght with freed hands and forward vision three to 
four million years ago, before the archaeological presence of a cultural 
tool kit and before the presence of a brain significantly larger than that 
of the great apes, then we have in the anatomical evidence the 
theoretical possibility of laryngeal vocalization at some nonphonemic 
level, present in the species before major brain enlargement and 
artifaclual innovation. Such a potential vocalizing capacity would have 
existed with or slightly above the prololinguistic capacity that has been 
determined for the chimpanzee and gorilla Protolinguistic potential of 
hands and throat were then contemporary. Simply posing the question 
and problem in these terms puts the recent chimpanzee research in a 
different perspective. 

Clearly, in the case of the chimpanzee, the potential capacity for 
protolinguistic behavior in the laboratory is not dependent on a change 
in either brain volume or brain structure, but is elicited by a change in 
context - in cultural, relational, and behavioral contexts that contain 
periodic, culturally maintained feedback and reinforcement. The 
contexts are supplied and maintained by man. As a result, at least part 
of the question relating to the inherent potential for language present at 
the prolohominid stage must be discussed in terms of the changing 
cultural contexts within which the early brain functioned. Natural 
selection would have then operated for the development of those 
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potent1ally vanable capacit1es that were present or incipient in varying 
degrees among different individuals and that were becoming increas­
ingly adapt1ve with the increasing complexity of adult cultural behavior 

and structures 

by Sue Savage-Rumbaugh, Duane M. Rumbaugh, and Sally 
Boysen 
Yer«ea Regional Primate Center of E.·mory University, Atlanta, Ga. 30322: Deparl­

ment of Paychology, Georgia State University, Atlanta, Ga. 30303; and Yerkes 

Regional Primate Center of Emory University, Atlanta. Ga. 30322 

Chimpanzees and proto/angua11B. P&G offer important perspectives 
on the evolution of intelligence Their basic postulate - that the stages 
of intellectual and linguistic development in the human infant recapitu­
late the stages of the evolution of intelligence experienced within the 
order Primates - is both intriguing and, at least in part, testable 
However. as P&G point out, at birth the brain of the human infant is very 
different from that of 1ls nearest primate relative, the great ape. The 
brain of a human infant contains more neurons and by six months -
long before the onset of language - it completely surpasses in size 
even the brain of adult apes. The richness of associative connections 
permitted by such a large brain would suggest that the progress of the 
modern human 1nfant through the sensorimotor stages may be very 
different from that of the apes or the now extinct human ancestor. 

While an ape 1nfant may display object-permanence understanding 
earlier than a human infant - because of the ape's more rapid matura­
tion (and thus earlier myelinization)- we should not conclude that the 
intellectual achievements of the two species at the end of the object­
concept period are equivalent. The larger brain of the human infant will 
have allowed him to store more information and perceive more 
associative relations 1t1an the smaller brain of the ape - even if both 
have arrived at the concept of object permanence. P&G note this 
difference themselves when they point out that although apes give 
evidence of engaging 111 "tertiary circular reactions" and "discovery of 
new means," they do so less frequently and in fewer contexts than 
human infants. This implies that, at any stage, the brain of the human 
infant permits a wider variety of behaviors than the brain of the ape 
infant. and therefore is recapitulating the levels of intelligence of 
smaller brained creatures only in a general way Thus one could expect 
to find in all domains of modern human development a richness of 
behavior that simply did not ex1st in our ancestors. Tt1e problem with a 
recapitulation approach is to separate those behaviors that do reflect 
important developmental stages in ancestral intelligence from behav­
iors that are peculiar to the human species by virtue of its large and 
associatively rich brain 

Although the P&G view of the origin of hominid intelligence and 
language is. as the authors sug~1est. more versatile than the hunter­
scavenger model, it leaves many questions unanswered. First, the 
authors do not clearly state why food-sharing "arose as a secondary 
adaptation for extraction with tools." They point out that it would be 
more efficient (physiologically) for mothers to share hard-to-process 
foods with offspring than to continue lactating for the lengthy rearing 
periods required by hominoid-hominid infants. They then note. howev· 
er, that human infants have a strong tendency to feed their parents and 
strangers with real and imagined foods. The implied premise here is 
that mother-to-offspring food sharing and offspring-to-parent (or other 
individual) food-sharing are equivalent behaviors - that infants share 
because their mothers share. However, mother-infant food sharing is 
widespread within the other Primates, yet is is only human infants who 
have been reported regularly to use imagined or real food in greeting 
behaviors !see Eibi-Eibesteldt "Human Ethology" BBS 2 ( 1) 19791 
This would suggest that mother-offspring sharing of food is not itself a 
sufficient explanatory mechanism for the appearance of the hominid 
group pattern of food sharing. 

The proposed relationship between the evolution of "protolan­
guage" and that of extractive foraging and food sharing is intriguing, 
but tt1e way in which 1t1e appearance of a protolanguage enhanced 
these abilities is not clearly specified. Moreover, although present-day 
apes engage in both extractive foraging and food sharing, P&G offer 
no explanation for their lack of a protolanguage. 

The chimpanzees Sherman and Austin have employed symbols to 
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1dentify hidden foods to one another and to request tools from 
another (Savage-Rumbaugh et al. 1978). Moreover these toots 

0
''1 

requested because they were needed to open an embedded ~"''1' 
source. The lingwstic. cooperat1ve-social, and motor skills that 1 °~l·~ 
emerged in Sherman and Austin are atypical for apes anct 1

1
"' :1 

d 
. lihj 

appeared as we structure the laboratory enwonment in a wa 
stressed cooperative tool use tor extracting embedded food 801~ lh<'l 
This was not done with the intention of testing the P&G model (of w'',-"'· 

,1:'1 
we were unaware). but arose from trial and error. In an effort to ht~ 
ways to induce interanimal cooperation and to teach object refer . 1 

enq 
we tried many approaches that failed. The use of tools to extra,, 
embedded foods emerged as a successful way of initially incl11catrr,: 
these skills and was therefore intentionally elaborated upon Ttl 

' \1~ 

method has also proved successful with retarded children who sho 
similar deficiencies in cooperation and referential capacity. ~ 

Thus while we were unable to begin language training with names 
colors or objects, we were able to begin by designing the 
so that the animals had to request foods and tools. Furthermore, 
we have only rarely been able to achieve spontaneous 1nterani11111, 

communtcation regarding tickling, playing, hugging, and the like (o,11 
animals seem to prefer to communicate about these things nonverbal 
ly) we have achieved spontaneous interanimat communication 
hidden foods and needed tools. This would strongly imply that 
apes are placed in an environment in which communication about 
and implements is placed at a premium, they are able to encode 
use symbols in the protolanguage fashion proposed by P&G. 

Have we, without intendtng, created a laboratory environment 
bears significant similarities in terms of environmental pressures to 
natural environment encountered by our ancestors? We feel that 
answer is yes - we have done this, in part. However, in the 
Sherman and Austin knew the symbols and used food an<J 
symbols to communicate with human instructors long before they 
them to communicate with one another The human instructors, in fa 
taught these symbols by making tools and foods available only 
requested symbolically. Nonverbal requests such as pointing 
whimpering were ackowledged, but not honored. II seems unlikely 
protolanguage would have emerged because parents suddenly 
insisting that their offspring use a symbolic mode to 
requests tor tools and embedded foods. Surely, if such requests 
be communicated by whimpering and gestural begging (as is 
the case in apes) they would be - and they would be understood 
honored Why then did our ancestors need a protolanguage to 
food and to use tools when present-day apes do not need a 
guage to accomplish these things? 

Based on our observations of interanimal symbol use, we 
that protolanguage arose to facilitate the structuring of 
interindividual endeavors. In present-day apes most 
activities are of an individual nature. Chimpanzees, for example, 
singly at termite mounds; if sharing of food occurs at all, the 
who has received food moves away after getting the food and eats 
alone The only social game involving an object is that of "kee 
away," and here again only one individual has the object at a time. 

In contrast human beings cooperate in tool use, with two or 
individuals working together to accomplish the task. Human beings 
facing one another and repeatedly take food from the same pot. 
engage in object games that involve passing objects from one · 
ual to another or cooperatively constructing forms from a variety 
objects. Object giving and showing develop in association with 
giving, and both occur before the human has completed the 
sensonmotor stage This high level of cooperative behavior, 
around the taint use of and action upon objects (as opposed to 
non-object-oriented interaction found in social behaviors such 
tickling and grooming) requires a more elaborate means of 
ing and structuring inlerindividual behavior. 

For example, when faced with a fixed amount of food, human 
will divide it into portions All individuals in the group will rece1ve 
portiOn, and !he Size Of !he portiOnS Will be determined in a<i>-•AniCf!lillfl 

according to some standard shared by the group. Division of lhts 
requires a coordination of group actions. Turns must be taken, and 
distributton itself requires a concept of one-to-one correspondence , • 
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gets what food when must be determined in advance of action or 
band beg s1tuation ensues, as occurs with present-day apes 

sr:G vieW food diViSIOn as an important adaptatiOn for butchering 
P dividing large carcasses We suggest that food division and 
~ 

1 
lion occurred much earlier. Any embedded food whose extrac­

MQU:equired cooperat1ve effort would be subject to division The 
110" erlltive extraction might initially have been as simple as one 
""~dual keeping watch while a second extracted the food, or as 
WldiVplex as two individuals using two levers to jointly lift a heavy rock 
C(IIT'IV tram food In any case, wherever joint effort is required to obtain 
~ division is encouraged, and to be successful the JOint act1ons of 
:aining and div1ding must be structured and regulated 

While facial expressions and nonverbal vocalizallons readily serve 
communicative mediators during a social bout of tickling or groom­

~. theY are poor coordinators of object-linked interindividual interac­
ljon because they are contextually bound. They can communicate 
messiiQes such as "tickle me," "groom me," or "stay away from me," 
out they cannot communicate specific messages such as ''from the set 

1 objects around you select the lever," or "from the group of foods in 
iront of you give me the orange and take the apple." The interindividual 
structuring of actions upon or with objects therefore requires a level of 
communication not required by simple social exchanges. Coordinated 
food distribution and the coordinated use of implements to obtain 
embedded foods require a protolanguaoe that permits the coordina­
tion of joint attention toward and action upon objects. 

we suggest that it was not the requesting itself, but rather the need 
tor coordinating JOint action toward ObJects This view is supported by 
observallons of symbol use by Sherman and Austin. Althouoh we 
initially structured their environment to force interanimal communica­
tion, the two chimpanzees now coordinate and structure their interac­
tions symbolically when working together. They use symbols during 
tood division, they regulate turn-taking with gestures, and they use 
symbols to regulate object exchange. These gestural role- and atten­
tion-regulating behaviors have emerged without specified environmen­
tal structuring or tra1ning As they have appeared the iconic gestural 
repertoire has also become increasingly elaborate. Both symbols and 
gestures function In th1s context to permit a degree of inter- individual 
object-related behavioral coordination and cooperation that was not 
previously present 

In linking Piagetian developmental sla(Jes to ancestral evolutionary 
landmarks, the P&G comparative approach to the evolution of intelli­
gence is important because it otters a broader perspective and more 
testable framework than were heretofore available. Although we have 
suggested some conceptual modifications based on our work and 
although we feel that more are needed, we applaud in general the 
enorts of P&G. 
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An alternative model for language acquisition. P&G offer some 
lflteresting ideas on the evolution of language and intelligence They 
see the roots of language acquisition in the events surrounding 
extractive foraging and food sharing. With this perspective in mind, it 
llllght be useful to examine the cases of extractive tool use across the 
Primates to see if there are other species that might serve as a useful 
model besides the chimpanzee, gorilla, and orangutan Otten it is 
lemphng to look only at the pongids if we are trying to develop a model 
lor language acquisition, but it is clear that other species may exhibit 
adaptations of some considerable interest and importance. 

II we look at other primate species that practice extractive foraging 
or have a substantial amount ot animal protein in their diet, we might 
hnd a form that would provide additional information tor building a 
suitable model lor the acquisition of language and the development ot 

higher cognitive abilities. In addition to the numerous references that 
P&G have presented for extractive foraging in nonhuman pnmates, we 
find among the neotropical primates one form that is reported to rely 
on animal protein tor part of its diet and to practice extractive foraging, 
at least in a rudimentary sense. Cebus monkeys have been reported to 
open oysters with rocks on Gorgonia Island (Hernandez-Camacho and 
Cooper 1976), as well as to open Astrocaryum chambira nuts by 
smashing them together (Struhsaker and Leland 1977) Chevalier­
Skolnikoft ( 1978, 1979a) and Parker and Gibson ( 1977) have also 
noted the manipulative and cognitive abilities of Cebus in the wild. 

Numerous researchers have noted the omnivorous dietary propensi­
ties of Cebus, and particularly their reliance on animal protein - tor 
example, lizards (Hernandez-Camacho and Cooper 1976; lzawa 1978; 
Watts 1977), baby squirrels (Oppenheimer 1969; Watts 1977), frogs 
(lzawa 1978), crabs (Milton and Mittermeier 1977). and other small 
vertebrates (Klein and Klein 1975). Furthermore, Cebus are reported 
to be found frequently in polyspecific associations with Saimiri which 
Kle1n and Klein ( 1973) feel increases their foraging efficiency tor 
insects By traveling in larger groups, they stir insects into flight, making 
them much easier to catch. 

Taken together, these observations suggest that the neotropical 
primates should be investigated more fully to document their feeding 
patterns and overall foraging strategies. It is clear that the Cebus are 
interesting primates with some considerable potential for cognitive 
tasks Although not rivaling chimpanzees, they might provide additional 
data on the possible alternative pathways to the evolution of persistent 
food sharing and, ultimately, language acquisition. Interestingly, how­
ever, food sharing has not been observed in Cebus, even in the 
consumption of animal prey, although it has been observed in Ateles 
geoffroyi on Barra Colorado Island (Dare 1974a, 1974b). Ateles, 
however, have not been observed to practice extractive foraging. 

Overall, it seems that P&G are on the right path to developing a 
model tor the evolution of language and intelligence, but it is necessary 
to keep in mind all the possible alternatives to the particular evolu­
tionary end. Investigation of the cognitive abilities of other species 
should provide additional insight that may force some reevaluation of 
the model, but may not render it invalid 

by Charles T. Snowdon and Jeffrey A. French 
Department of Psychology, Univt~rsity of Wisconsin, Madison, Wise. 63706 

Ontogeny does not always recapitulate phylogeny. The idea that 
the ontogeny within an individual represents a recapitulation of the 
individual's phylogenetic history was most strongly developed in 
comparative embryology. It was used by Jolly ( 1972) as a device for 
organizing a diverse literature on the cognit1ve abilities of primates 
While the idea is useful tor organizing a body ot diverse data for a 
textbook presentation, it is not clear that it is as useful as an 
explanatory principle tor the evolution of language and intelligence A 
model or explanatory principle must, if it is to be useful, account for a 
large amount of existing data with few exceptions. If there are 
numerous exceptions, then the specific nature of these exceptions 
should be predictable from the model. 

While the recapitulation model presented by P&G may seem 
compelling given the supporting data in the text, there are many other 
data that we can cite that fail to fit the model or to be predictable from 
the model in a straightforward way 

For example, in the description of the Piagetian paradigm, lemurs, 
stumptail macaques, cebus monkeys, and great apes are discussed 
as though they provided a uniform phylogenetic sequence. However, 
cebus monkeys which "like great apes display the intellectual 
abilities of the filth and sixth stages of the sensorimotor intelligence" 
are actually more primitive phylogenetically than the stumptail maca­
ques, which do not show this "apelike intelligence." No explanation is 
given for this anomaly nor is an anomaly even acknowledged to exist 

Furthermore, while the inability of the stumptail macaque to demon­
strate tool use or to imitate novel schemes is used to define the 
cognitive levels of the macaques and indeed of all Old World primates, 
a recent study has shown that the closely related Japanese macaque 
(Macaca fuscata) shows complex object-object manipulations and 
imitallon (Candland, French, and Johnson 1978). One juvenile rna-
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caque learned to take a steel bar, insert it between the bars of the 
enclosure, and bend it into a hook ThEl subadult male who performed 
the manipulations rarely used the objects as swings at the site where 
he modified them but carried them from the floor of the enclosure to 
the walls or the roof. All the infants in lhe enclosure intently observed 
the subadult male using the swing objeets and subsequently played on 
the swing, both alone and with peers. These observations, as well as 
others cited in Candland et al. (see Table II), suggest that tool use, 
object modification, and the imitation of novel schemes of behavior are 
not unique to great apes, protohominids, and man 

Classification is cited as an ability unique to great apes and man 
However, there are numerous exceptions. As one example, Tinbergen 
( 1938) showed that the digger wasp (Pflilanthus triangulum) could 
classify geometric shapes. If when leaving her nest the wasp saw a 
circular array of pine cones around the nest, she would, upon 
returning, fly to the center of a circular array rather than some other 
geometric shape. When pine cones were rearranged in some other 
geometric shape and a totally different set of objects was placed in a 
circular array, the wasp would fly to the center of the circle, demon­
strating a classification of geometric shapes. There are a host of 
species intermediate between wasps and apes, which apparently do 

not show this sort of classificatory behavior 
Similar examples can be raised with each of the remaining behaviors 

used to define the evolution of language and intelligence. Pygmy 
marmosets engage in extractive feeding by digging holes in the bark of 
trees and extracting sap. A variety of different animals feed from the 
same hole, suggesting that food sharing is occurring: not only the 
animal who excavates the hole uses its sap. Almost all passerine b1rds 
engage in food sharing, both adults with mates and adults with 
offspring. Canids also display extens1ve food sharing. The imitation of 
novel vocal schemes has been demonstrated in several studies of bird 
vocalizations. While-crowned sparrows will learn the particular dialect 
to which they are exposed during the early months of life (Marler 1970) 
and goldfinches, upon mating, 1mitate unique characteristics of their 
mate's songs (Mundinger 1970). Finally, shelter construction has 
appeared several times in evolution, from social bees and termites, to 
the elaborate nests of weaver finches such as Oropendula, the nests 
of wood rats, and the burrows of pra1rie dogs. If any conclusion were to 
be drawn about shelter construction it would have to be that the 
closest ancestors of man are noticeat1ly poorer constructors than his 
more primitive ancestors. 

These examples all indicate that there is no simple relation between 
phylogenetic level, ontogenetic level, and intelligence or language. 
Behaviors that we human beings consider "intelligent" or "protolin­
guistic" have appeared at several points in evolution and failed to 
appear at other points. A more sophisticated biological theory of the 
evolution of intelligence or language would lake into consideration the 
different types of adaptations that are suitable to different ecological 
habitats Since each biological spec•es has adapted to a unique 
habitat, one would expect not JUSt quantitative differences in behavior 
or cognition between any pair of specios, howevor closely related, but 
also qualitative differences reflecting the qualitative differences in 
habitat. 

An example of these qualitative differences in behavior was given in 
a study by Jolly ( 1964) on seven closely related species of prosimians. 
All were presented with ObJects. either baited with food or unbaited. 
The insectivorous species paid attention to objects for long periods, 
but displayed little object manipulation, while the herbivorous species 
only paid attention to the object for brief periods, but displayed 
extensive manipulation of both baited and unbaited objects. The 
omnivorous species were intermediate. These responses to objects 
are similar to the responses needed to obtain each type of food 
efficiently. This example illustrates the importance of a model for the 
evolution of intelligence that focuses on the specific adaptations of the 
members of each species to their habitat. 

from this type of model one would not expect to find simple 
correlations between phylogeny and intelligence. One would expect to 
find anomalies, and one can develop predictive hypotheses about the 
circumstances in which different anomalies should appear. On the 
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'nte!Jigence 'T 
other hand the recapitulation theory presented by P&G does not 

1 
, :. :••.' 

Onf' 
to the prediction of anomalies. · 

One final comment must be made about the argument that brain a,
1 

' 

and intelligence are correlated This notion is quite oversirnpliha t . . a 
Many species have larger brains than ours, yot1l 1S not clear that tt

11
, 

are more "intelligent" than we. Human females have, on the averag: 
lighter brains than human males yet most of us do not cons1der fernflle 
to be less intelligent. It seems a mistake to raise the brain-sizetinte; 
gence issue, when it is likely that the complexity of neuronal conn~(· 
lions IS more correlated with what we call intelligence. The authD!, 1 

have opened a Pandora's box 

by Jan Wind 
Department• of Human Genetic• end Otorhinolaryngology, Free Unllllrflty 

01 

Am•terdem. tOOT MC Am•terdam, The Netherlands 

The evolution of intelligence: rehabilitation of recapitulation? 
111 

general I found P&G's approach quite interesting, refreshing, ann 
convinc•ng. It deals with a fascinating though difficult problern the 
orig1n (rather than just the evolution, as suggested by the title) 01 
language and intelligence. The road to the solution of the problem hos 
many pitfalls. most of which the authors seem to have ably bypassij,J 
Their basic methodology is sound: comparing phylogeny with ontogeny 
rather than assuming a priori that the former can be reconstructed w1u, 
the latter as has traditionally been propagated by the "biogenetic law" 
Departing from the axiomatic point that all selective pressures that 
shaped a series of adult ancestors were the same as those that 
shaped the individual development of the modern human cannot 
reasonably be accepted by modern evolutionary biology. On the other 
hand, it might well apply to some of the selective forces that have 
shaped human intelligence and language, as when a comparison at the 
behavior of ancestral primates with that of modern children would 
indicate analogies or even similarities. Though the previously publishtlt1 
attempts - of which I am aware - to use Piagetian cognitive (Brune1 

1972; Stenhouse 1974) and moral (Wilson 1978) development model~ 
for reconstructing phylogeny seem to have been less thorough, a 
(short) discussion of them might have been useful for BBS readers 
And thorough as P&G's approach may be, it impresses me as havillg 
left some questions not clearly answered. 

There is a pitfall in recognizing a similarity between the behavioral 
processes of ancestral species and modern children. Because ol 
convergent selective pressures two comparable behaviors may vef'/ 
well be the net result of two completely different sequences of causes 
and effects in two different species, for example, the type of anwon· 
mental stimulus acting as a releaser for the behavior, the sensory and 
afferent neural pathways, the cerebral processing centres, the med1at .. 
ing enzymes, or the efferent neural pathways may be different. 

Second, P&G's target article's central argument seems to me to 
hinge upon six hypotheses mentioned in the section "Extractiva 
forgaging in apes and hominids" which, unfortunately, are not clearlY 
discernible as such, and which, in addition, are largely interdependent. 

Hypothesis 1 "Feeding strategies are primary determinants ot 't 

mating and parental care and, hence, of social structure. . . We 
suggest that feeding strategies are also primary determinants ol 
intelligence." It would have been helpful tor the reader- at least lor 
me - if P&G had discussed some evidence for these suppositions 
instead of referring to previous publications. (In any case, I could not 
find this topic in Trivers 1972.) All these types of behavior form ~ : 
complicated, mosaic like network (Wind 1970, 1976), both dunng 
evolutionary processes and during ontogeny, in which it is hard to point , 
to one type as a primary determinant. For example, why could tool use 
not have started as a antipredator strategy (Kortlandt, in press) or 
during shelter construction? 

Hypothesis 2: "Like chimpanzees, (the Dryopithecines or Sivapithe· 
cines) were opportunistic omnivorous ground and tree feeders '' 
Mentioning some paleontological, paleoclimatological, or paleobotant· 
cal evidence would have been helpful in providing a basis for this 
hypothesis. 

Hypothesis 3: "Their ability to use tools allowed them to expiOII 
embedded food." I am unaware of any paleoscientific evidence tor tool 
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· • . D opitt1ecines In add1t1on, are not embedded foods exploited 
11" tn ry pigs birds and moles digging up bones, truffles, and 
.., dogs, · ' . . . 
'" rtebrates? Or, for that matter, by manv carn1vores open1ng the sk1n 
.,... bones to get to the flesh, brains, or marrow? 
~~' 1118 

thesis 4: "Foraging with tools to extract embedded foods was 
HVP0 

" s all but important part of a general feeding strategy. . ee my 
'$Ill~ under Hypothesis 2. In addition, some more ecolog1cal data 
''""U: have been helpful here, that is. which niches contain which 
11111\,edded foods and which do not 
llfi!HYPothesis 5: "Hominid dilferentiation from the apes was based on 
....at from seasonal dependence . . to primary year-round depen­
.,.,. 

8 
on such tool-aided extractive foraging. All the target foods 

=~ed the property of being encased in a shell or being embedded " 
Tllll first sentence provides a hypothesiS that can only be viable after 
ttl previous three have been supported, and 1t forms the central 1dea 

8 
whiCh P&G's arguments on langua<:Je origins are based. The 

tlA ond one impresses me as circular reasoning. The authors continue· 
:cause of their small body size (probably comparable to that of 

gmY chimpanzees) hominids could not open these foods with their :nds and teeth " Why d1d and do not the various other similarly sized 
primates, hke the pygmy chimpanzees themselves, or at least the 

tmaller ones, show the hypothes1zed tool use? 
f1Ypothesis 6: "The first hominids had a basic tool kit." I would have 

wltlcomed some more evidence for the series of techniques mentioned 
than the statement that most of them an~ still used by contemporary 
hunters and gatherers The latter belong to the species Homo sapiens 
$4piens which is quite dilferent from the earliest hominids, and whose 

1188 of simpler techniques, next to more complicated ones, does not 
provide any evidence for dating the origin of such techniques in their 
ancestors Second, to be sure, it is probable that the hypothesized 
"tool and container selection, and transportation to the site for 
extractive foraging reqUires mental imagery." However, here we run 
Into another food quest1on, namely, the chicken-egg problem: what 
came first, the mental capacities or the tool use? Most elegantly, such 
reconstructions are made by finding an ecological change acting as a 
eelective pressure and triggering the origin and the evolution of such 
new morphological and behavioral properties rather than by assuming 
an elaborate series of mutations accidentally leading to it 

The food-sharing hypothesis for language origin leaves me with 
aome unanswered questions. Food sharing occurs in many taxa that 
uae beaks, crops, stomachs, mammary glands, limbs (or, as in some 
er1hropodes, even whole bodies). Why did these taxa not develop 
language? Again, this hypothesis is dependent upon the chain of 
previous ones and on a new one: that food sharing evolves in spec1es 
using tool-mediated food extracting. P&G suggest that numerical 
concepts arose as adaptations for butchering large carcasses and 
distributing foods Isn't this another chicken-egg question? And what 
pert of the early hominids' diet was actually meat, and what part of the 
meet actually originated from large carcasses? Doesn't the nonhom­
inid food sharing and transportation mentioned above often involve 
division into equal parts? 

Some miscellaneous remarks: P&G repeatedly use the term intelli­
Gence when referring to nonhuman spe1cies; for readers, like me, 
unfamiliar with comparative psychology, some definition might have 
been useful to avoid anthropomorphic projections. Vocal communica­
tion may require less effort (I would have said physical effort). than 
gestural communications, but its disadvantages include prey and 
predator arousal and interference with breathinll and swallowing. 
"Vocal communication was advantageous for animals engaged in 
&~tractive foraging with tools, an activity that requires sustained visual 
attention;" was it not so for those species that foraged extractively 
With beaks, like birds feeding on molluscs, or, for that matter, any other 
vocalizing species? Shelter construction cannot be explained only by 
btpedality and nonaboreality as it is not always found in other species 
lhowing this combination. 

. I had some problems with "The evolution of ontogeny," especially 
tis fourth paragraph, where it is concluded that "in the case of human 
Intelligence, ontogeny recapitulates phylogeny ... Apart from the fact 
that Stenhouse ( 1974) did not make such a statement (see his p. 201). 

1 wondered whether there is really only one and the same sequence of 
causes and effects constituting (1) the ontogeny of intelligence in 
modern humans, as indicated by the Piagetian model, for example; and 
(ii) the phylogeny of human intelligence But what is really meant here 
by phylogeny? This 1S a fragile concept with an admittedly great 
heunstic value, but here it presumably means a comparison of some 
loosely defined properties of an artificial, imaginative series of adult 
(male? female? unicellular? amphibian? reptilian?) ancestors. And 
what, exactly, are the parameters to be compared (see Wind 1970, 
1976, and again my second paragraph)? Though the end results may 
at best be comparable, the underlying causes, and therefore phylog­
eny and ontogeny themselves, are not. The pleonastic - if not tauto­
logical - statement the authors adduce for basing their conclusion that 
the abilities of each stage are logical and structural prerequisites lor 
those of the succeeding stage during ontogeny as well as during 
phylogeny does not elucidate the problem since this applies to almost 
any sequence of biological events once it has been 1nvesligated and 
described. 

In conclusion, I think that the question mentioned in my comment's 
title cannot yet be confirmed. However, there is still hope for fervent 
recapitulationists. For the fact that- at least in my copy- "neotony" 
was typed nine times instead of neoteny and "langauge" twice instead 
of language, indicates that the latter has sufficient embedded food for 
modern scientific hominids to keep them foraging for the time being. 

Authors' Response 

by S. T. Parker and K.R. Gibson 

How the child got his stages 

We are happy for the opportunity to receive and respond to a wide 
variety of commentaries on our model. We were pleased to discover 
that commentators from a variety of disciplines found heuristic value 
in our hypotheses. We are particularly grateful to ISAAC and DING­
WALL for outlining criteria for judging hypotheses and for finding 
ours useful and testable. 

Many commentaries revolve around the scope and focus of our 
paper, and in some cases they are based on misinterpretations of our 
assertions. Because the number and breadth of issues raised preclude 
a detailed response to each point, we will respond on the most 
general level whenever possible. Before addressing general issues, we 
want to explain that our "tone of sure conviction" which disturbed 
J.AMENDELLA, KITAHARA-FRISCH, and JOLLY was a rhetorical device 
meant to save the reader from frequent reiteration of the conjectural 
nature of the presentation. 

Recapitulation: a sometimes thing. Our recapitulation model was 
the most controversial aspect of the article. BRAINERD, DINGWALL, 
KITAIIARA-FRISCH, MACNAMARA, and LURCAT all saw us as resurrecting 
Haeckel's biogenetic law. Some of them argued that we are inferring 
phylogenetic sequences from ontogenetic data. 

These interpretations are based on misreadings. We note 
specifically that recapitulation is only one possible result of the 
evolution of ontogeny, and furthermore, as WIND notes, we explicitly 
limit our recapitulation model to the stages of intellectual 
development, language development, and certain selected aspects of 
neocortical development in human children. Moreover, we do not 
derive our model from a doctrine as Brainerd asserts, but from 
comparative data on highest achievement and developmental 
sequences in prosimians, old world monkeys, and great apes. We 
interpret these data in the light of well-established phyletic 
relationships and evolutionary principles. 

Since no universal law of recapitulation is proposed, BRAINERD's 
arguments based on "exceptions" have no force. Because of this, and 
because of space limitations, we will not respond specifically to 
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"exceptions" falling outside the scope of our model. Without 
digressing into larger issues in the history of science, we cannot resist 
responding to Brainerd's comment on our historical ignorance- past 
rejection of a theory does not constitute a valid argument against it. 
Past rejection of Wegener's theory of continental drift, for example, 
was no index of its validity. Continental drift was accepted when the 
mechanism of sea floor spreading was documented, and 
recapitulation will be accepted if the mechanism of terminal 
addition and neumlogieal development of behavior are better 
documented. 

Piaget's evolutionary and dt~velopmental models. LUHCAT and 
GRUBER both chide us for relying on a strictly Piagetian interpretation 
of development and for ignoring neo- and anti-Piagetian research-' 
Gruber also chides us for ignoring Piaget's constructionivist model of 
evolution. Lest it seem that we are uncritical disciples of Piaget, we 
want to indicate that we eompletely reject Piaget's extension of his 
oiJtological model into the domain of phylogeny (Piaget 1971, 1978). 
His evolutionary model is Lamarckian and vitalistic and hence in 
conflict with well-demonstrated meehanisms of evolution. 
Distinguishing the mechanisms of phylogenetic and ontogenetic 
change and the relation between them has been one of the great 
achievements of biology. 2 Piaget's stand on this issue is particularly 
unfortunate becaust' it will alienate many biologists who might 
otherwise find his developmental model useful. 

On the other hand, we rely on a strictly Piagetian developmental 
model because it is the only powerful, comprehensive, and coherent 
model for development that currently exists, and because neo- and 
anti-Piagetian research is plagued by serious conceptual and 
methodological problems [see Brainerd: "The Stage Question in 
Cognitive-Developmental Theory," BBS l (2) 1978]. 

First of all, many investigators are unfamiliar with the original 
theory and research, having taken their model for Piaget's theory 
from secondary sources, which are often incomplete and inaccurate. 
Investigators often take a single issue out of context and set up 
experiments that eliminate the critical complexities Piaget included. 
On the basis of their simplified research design, they claim 
disconfirming results (Groen Hl7H; Cowan 1978; Kamara and Easley 
1977). This is true, for example, of the Fishbein, Lewis, and Kieffer 
(1972) study cited by I'ISHBEIN. 

Se<~ond, most experiments cited as evidence against Piaget's model 
focus on performance rather than mechanism. This creates 
considerable confusion because in some cases the same problem can 
be solved with different structures (Cowan 1978; Gillieron 1977). 
Thew are particularly serious problems in translating Piagetian tasks 
into learning-set experiments. This process is based on the unstated 
and untested assumption that structures and transformations 
produced through learning sets are equivalent to those produced by 
spontaneous activities and ontogenetic transformations in human 
children (Pulos, personal communication). The experiments cited by 
ETTLINGER suffer from these problems. There is no reason to believe, 
for example, that the conditioned responses described by Brown, 
Lenneberg, and Ettlinger (1978) have any similarity to hierarchical 
classification by concrete operational children' (Similarly, there is no 
reason to believe that the structures responsible for pattern 
recognition in digger wasps have any similarity with classification, as 
suggested by SNOWDEN & FIIENCH.) 

In our opinion, the most telling criticism of our model is that we 
focu.~ primarily on the descriptive aspects of intellectual and 
linguistic development rather than explicating the underlying 
cognitive structures involved (GRUBEII, LURCAT, KITAIIARA·FI\ISCII, 
LAMENDEI.LII). Although such a presentation would be much more 
difficult, it would allow a more thorough analysis of the relation 
between performance and structure and would facilitate the analysis 
of homology and nonhomology of mechanism behind similar 
performances (raised by Lamendella and Kitahara-Frisch). 

Organism~nvironment intclractions. SMITH, GOULD, MCGREW, 
MARSHACK, and SNOWDEN & FRENCH raise the issue of the interaction 
between learning and intelligence and the environment. A brief 
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theoretical analysis of organism-environment interactions Will he 
clarify this issue. 'ill 

Animals experience at least two types of environmental infl11enc·,.,, 
autogenJc or self-generated inputs arising from their own actio '' 

H!it 41 social and physical objects, and allogenic or other-generated in ~ 
from biotic and abiotic objects in their environment. Both ly1~, :';1 

input have didactic consequences. While some of these conseq11., ''''""1 are fortuitous, others are evolutionarily shaped thr• ' 
•lU~q 

developmental algorithms which have been selected to respond , 
"provenient" inputs with progressive and irreversible reorganizat· 

1
' 

h,!j 

of the nervous system. Exposure to these provenient inputs tll<q 
becomes a prerequisite for normal ontogeny. 

By analogy with deprivation experiments, we think of trainh,. 
experiments (including learning-set experiments) as "augmentatj,,~ 
experiments," exposing animals to (nonprovenient) inputs that do 

11
.,
1 

constitute part of their normal developmental environment. Wheu,~, 
deprivation experiments reveal which provenient elements ur,. 
critical to normal development, augmentation experiments reve-.;i 
the response range of preexisting structures to nonprovenient mput, 
and hence suggest new functions of old structures which might),. 
canalized in changing environments. In other words, they reveal th .. 
serendipitous potential of existing behaviors and structures, Trainiug 
experiments, including learning-set experiments on monkeys, aud 
language-training experiments on great apes, can best be understlx~j 
in this light. 

It is important to emphasize, however, that the potential respom,, 
of organisms to changed environments is always shaped and lhnited 
by their current adaptation, that is, by phylogenetic inertia. Th1, 

means that there are definite limits to the serendipitous response t., 
new situations. Generally speaking, we expect the descendants of a11 

adaptive radiation to share the complexes inherited from tllt'ir 
common ancestor, except where adaptations are superimposed as • 
result of entry into a new niche. 

As we have indicated in another article (Parker and Gibson 19771, 
the parallel evolution of fifth and sixth stage sensorimoto1 

intelligence in two distantly related primate taxa with similar 
feeding strategies is a good example of adaptations arising as a result 
of entry into a new niche (specifically an extractive foraging nichr) 
Far from vitiating our model, as SMITH and MARSHACK suggest, till' 
similarity in intelligence of cebus monkeys and great apes strongl) 
suppol!.s our extractive foraging model. (Since this similarity could 
only have arisen through parallel evolution, the cebus data alsf, 
support our underlying assumption- "panselectionist" as it ma1 
be- that natural selection rather than genetic drift was the primar) 
factor shaping primate intelligence.) To the extent that omnivorow 
extractive foraging with tools favors fifth and sixth stagr•, 
sensorimotor intelligence, we expect monkey species exhibiting thb 
complex to display this level of intelligence. 

It is possible that this level of intelligence is present to some degrllll 
in both baboons and Japanese macaques, but we know of no well 
documented cases of true tool use in wild baboons or Japan4!lf 
macaques. (As Hamilton, Buskirk, and Buskirk 1878 point out. 
stone-dropping behavior and other object manipulation schemes in 
baboons do not qualify as tool use by the rigorous definition that I 

separate object must be used as a means of changing the state ol 
another object.) While it is true that a few individual baboons (Bee~ 
1973 a, b) and macaques (Candland, French, and Johnson 1978) havt 
displayed stage five means-end schemes in captivity, these art 
probably the products of rare genotypes which have had no special 
advantage in wild populations. The existence of these rare genotypH 
is significant, however, because it indicates that mutations for higher 
intelligence must be available for selection to favor, should condlUorll 
change. 

MCGREW's argument that baboons are more intelligent than gorilla• 
"in the wild" is based on equating object manipulation w!lh 
intelligence. Object manipulation per se cannot be equated with 
advanced sensorimotor intelligence: many forms of objed 
manipulation displayed by baboons and macaques in food 
preparation and other activities (e.g., pushing and pulling. twisting; 
pulling apart, and rubbing), are characteristic of the fourth stage 11 
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. ~· . . r1motor intelligence rather than the litth . and s~xth ~tages 
ftt'O • model is valuable for comparative studws of mtelhgence 
,.._ets . . . 1 · . ly because it makes such s1gmhcant but nona wwus 
JlffOI:ions (Parker 1977; Parker and Gibson 1977). Even though 

: . ·fMtl;as maY engagtl in less object manipulation in the wild and. feed 
""• more restricted diet than baboons, they are more mtelhgent 

· f(l use their ancestors were tool-using extractive foragers and they :II the intellectual legacy of that basal great ape adaptation. 

J1 eding strategies, social life, and primate intelligence. LURt,;AT, 
~IJACt:, FISHBEIN, and K<>NNER argue that we neglect social factors 

"~hominid evolution. In fact we simply emphasize that social 
In d · · ( ·f· II t' d . b4Jhavior an orgamzatwn spec1 JCa y ma mg an reanng 

tagies, Trivers Hl72; Clutton-Brock and Harvey 1978; Emlen and ::ng 1977) are adaptive responses to the dispersion of resources, 
rtioularly food resources, and hence depend on feeding strategies. 

:fact, feeding strategies are the centerpiece of all the major models 

of hominid evolution.' 
Although we stick by our assertion that feeding strategies were 

llllportant in early hominid evolution, we agree with FISHBEIN and 
CONNER that we have given short shift to sex differences in 
mbsistence activities. A recent report by McGrew (1978) indicates 
that chimpanzees show a significant division of labor between 
ftmales, who search for termites, and males, who hunt. A similar 
tituation probably existed in early hominids" 

We also appreciate KONNER's remarks on the pertinence of data on 
living hunters and gatherers. We do believe, however, the data on 
apes are more important for reconstructing the earliest stages of 
hominid evolution, and that ethnographic data are more important 
for reconstructing later stages. 

We do not, as MARSBACK and LURCAT imply, address the nature and 
adaptive significance of higher forms of intelligence in Homo 
,.,clus and llomo sapjens, nor the retrospective elaboration of 
JCIQIOrimotor and preoperational intelligence in these forms. 6 In 
particular, we do not claim that intellectual capacities characteristic 
of these later hominids arose as feeding adaptations. In fact, we agree 
with Marshack that nonfeeding social contexts became increasingly 
1igni6cant in later stages of hominid evolution as man relied on 
COPperative technologies in a growing number of contexts. 

We do claim that sensorimotor and preoperational intelligence 
were adaptations for adult as well as infant and juvenile subsistence 
activities in early hominids, and not just for the infant and juvenile 
stages as MARSHACK implies. Selection operates at all stages of the life 
cycle, and there is good reason to believe that it operates on 
intelligence as well as other characteristics. The general importance 
of selection in shaping early stages in the life cycle is clear from the 
myriad of behavioral and structural adaptations specific to infancy 
and juvenility (e.g., egg tooth in snakes, suckling adaptations in 
mammals, and natal coats in primates and carnivores). Although no 
iludies have explored the adaptive significance of sensorimotor and 
prooperational cognitive structures, it is easy to imagine the survival 
value of tool use, symbolic communication, and imitation in the 
Critical postweaning period among hunters and gatherers where 
infant and juvenile mortality is extremely high (Howell 1976). 

LURCAT is also dismayed at our neglect ot bipedalism as a factor in 
the evolution of hominid intelligence. She attributes several traits, 
Including the freeing of the hands, the shortening of the face, and the 
canine teeth and enlarged brain to bipedal locomotion. This is a very 
Jli!Culiar argument, which fails to address the issue of the adaptive 
ligniBcance of bipedalism itself. In fact, far from being the prime 
mover in the evolution of any of these traits, bipedalism was itself 
probably a secondary adaptation for food and tool transport 
(Lancaster 1978). Lurc;at also expresses the peculiar notion that the 
11~~le hand-mouth object manipulation of monkeys (?) is equivalent 
:. _all the varieties of tool using activities that one might wish to 
f l$hnguish in archanthropes and paleonthropes." The confused 

0~mulatior.• demonstrates_ the ~1eed for a dear definition of tool use, 
lect marupulatton, and mtelhgence (Parker and Gibson 1977). 

The · · f ongms o language. Our food-sharing hypothesis for 

language origin was the second most controversial aspect of our 
model. LAMENDELLA and MACNAMAI\A, rejecting the theoretical bases 
of our reconstruction, see no virtue in our hypothesis. KONNEII even 
calls for a moratorium on language ongm models. Other 
commentators such as SAVAGF>RUMBAUGII ET AL. and HEWES see 
important virtues in our hypothesis. 

HEWES, MARSIIACK, KONNER, and IVANOV correctly remark on 
omissions in our treatment of the data and suggest a variety of 
directions for future research, including the sign systems of deaf 
mutes, the sign and language use of hunter-gatherers, and the 
affective aspects of language use. 

We were particularly pleased by the elaboration and extension of 
our language origin model suggested by SAVAGE-RUMBAUGH ET AL. 
Our model differs from theirs primarily in its emphasis on the casual 
role of extractive foraging as a selection pressure generating the 
inJUal conditions favoring cooperative tool use and food sharing 7 

Their elaboration has the virtue of emphasizing cooperation and of 
suggesting an evolutionary path by which cooperative tool use 
expanded into new arenas creating cultural innovations which in 
turn carried new didactic consequences, thereby increasing the 
tempo of hominid evolution 6 

The begging gestures and occasional trading behavior of gorillas 
described by CIIEVALIER-SKOLNIKOFF do show close parallels with the 
object-showing and object-giving gestures described in human 
children by Bates, Benigni, Bretherton, Canioni, and Volterra (1977). 
If these gestures were present in the common ancestor of great apes 
and hominids, they may have been the basis for the elaboration of 
this element of the gestural complex. 

MARSHACK disputes our food-sharing model for language origin on 
grounds that "food getting and food sharing ... are neither the 
central nor the crucial sets of relations involved ... in the 
development of language compehmce." He stresses the importance 
of "relational modes." Of course we are not arguing that food sharing 
is the major focus of language use in modern human children, but 
rather that it was so in the earliest hominids. We do suspect, however, 
that the instrumental and regulatory functions of prelanguage 
continue to play an important role in that context in addition to the 
role they play in other contexts. Our evolutionary reconstruction 
focuses on primary functions which become obscured with 
subsequent elaborations of secondary and tertiary functions. If we 
took all the current functions of a complex as primary, no coherent 
evolutionary model would btl possible. 

WIND asks why other food-sharing species have not evolved 
language. It is important to emphasize that all food sharing is not 
equivalent in its effects on communication. As we indicate in our 
paper, only food sharing requiring directed transmission of 
information about the location and nature of hidden foods, or about 
the nature of the tools necessary for food extraction favors referential 
communication. The only other taxon displaying referential 
communication has this kind of food sharing. 

The evolution of the brain. The short section on the brain was 
intended to suggest something of the structm al basis for the evolution 
of hominid intelligence and to indicate that the neocortex of the 
human brain and the stages of human intellectual development both 
recapitulate the stages of their evolution. This section was not 
intended to trace the evolution of the brain or to describe in detail 
parallels between the ontogeny of brain and behavior. We agree with 
KONNER, IVANOV, and MARSHACK that thorough discussion of brain 
evolution demands treatment of brain function and dysfunction, 
lateralization and hemispheric specialization, limbic components, 
and paleontological data. 

Comments on our treatment of the brain revolve around the issues 
of recapitulation versus neoteny, the validity of myelinization as an 
index of maturation, brain size as an index of intelligence, brain size 
versus brain reorganization, and selection pressures for increased 
brain size. 

GOULD argues that the human brain is neotenous because increased 
brain size resulted from the prolonging of fetal growth rates. We 
agree that longer fetal growth rates provided the mechanism for the 
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production of new neural substrates for the terminal addition of new 

intellectual abilities. We disagwe with the designation of this 

phenomenon as neotenous because the adult human brain does not 

resemble thtl brain of the ancestral juvenile. (Gould 1977, p. 387, 
defines neoteny as a form of paedomorphosis produced by the 

retardatiou of somatic development, and argues that "the best 

measure of puedomorphosis is the extent to which an adult 

descendant resembles an ancestral juvenile.") 
DINGWALL implies that we use myelinization as an index of brain 

maturation "without qualification." We suggested the use of 

myelinization as an index of the increasing functional efficiency that 

prevails during maturation provided it is used within and not 

between neuroanatomical systems (Gibson 1970, 1977). The validity 

of myelinizatiou as a measure of neocortical maturation is also 

supported by the fact that it provides exactly the same picture as data 

from other measures of neocortical maturation including Nissl 

substance, cell size, neuronal density, and number of axonic and 

dendritic processes (Cone! 1939-·67). 
LAMENDELLA and SNOWDEN & FRENCH imply that we use absolute 

brain size as an index of intellectual differences. In fact, we use the 

allometric relation between brain and body size, which, although far 

from ideal, is the best existing measum of brain capacity relative to 

intelligence. The validity of this index is supported by its high 

correlation with neocortical size, neocortical association layer size, 

and neuronal density. We do say that brain size correlates with 

information-processing aspects of intelligence, but not with species­

specific repertoires of schemes, and presumably each parameter can 

change independently. Parenthetically, the idea that normal human 

brains can be as small as 600 cc is highly questionable because it is 

based on anecdotal data and fails to account for the fact that disease 

and trauma can increase and decrease brain size, and that brain size 

varies with the length of time since death as well as with the 

preservative used (Tobias 1970; Passingham and Ettlinger 1974). 
ETILINGER's comment that phylogenetically older structures have 

evolved to subserve specifically human behaviors is undoubtedly 

correct; moreover, there is evidence, for example, that subcortical 

structures that mature early in ontogeny have changed significantly 

during hominid evolution (Stephan 1972). Our limited model in no 

way contradicts or is contradicted by this phenomenon. Ettlinger also 

raises the interesting question of whether the decreasing neuronal 

density and increasing neocortical dominance during ontogeny 

correlate with the appearance of species-specific human behaviors. 

Our best guess is that they eOJ·relate with the appearance of the 

increasing combination and hierarchical coordination of schemes 

rather than with specific motor patterns, many of which are shared 

by other primate species or have a subcortical component (Gibson 

1970,1977). 
SAVAGE-RlJMBAUGH ET AL. note that the human infant's brain has 

greater cortical capacity than the ape's brain at all ages. As they 

suggest, this greater capacity is undoubtedly instrumental in the 

greater elaboration of each stage of sensorimotor and preoperational 

development in human infants and children. It is important to note, 

however, that much of this brain eapacity is afunctional during early 

stages of development. (Because neurons do not divide after birth. 

the total number are present at birth and only ramify and connect 

over many years; in this respect, as in many others, the ontogeny of 

the brain does not parallel its phylogeny.) 

NOTES 
1. MACNAMARA and LAMENOELLA make much more radical criticisms: Macna­

mara asserts that no satisfactory characterization of human intelligence or 
language exists. If he is right, our entiw exercise is futile; Lamendella doubts 
the "empirical counterpart of ontological status" of the Piagetian concept of 
Intelligence. He argues that it and our Halliday-like concept of prelanguage are 
"vague nominalizations" and "independent entities transcending individuals 
and specie>." It is unclear whether this is a criticism of any comparative models 
of intelligence and language or if it is specific to ours. 

2. It should be clear that we do not mean to imply , as WINO and ElTLINGER 
suggest, that there is any parallel between the mechanisms involved In 
producing ontogenetic and phylogenetic change, but only that there can be a 
parallel in their sequences. 
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3. Even if this experiment reveals significant cognitive structures, cont ... , 
ETJ'I.INGER's implication, its results are consistent with our model: lle<'a•u.' 
concept of "some," which chimpanzees and macaques both fail to . 
characteristic of concrete operations, we would not expect to see it in 
monkeys or apes. 

4. Indeed, this emphasis goes back at least as far as Darwin: "We can llee 
1 

in the rudest state of society, the individuals who were the most sagacit"" 
invented and used the best weapons or traps, and who were best able to ' 
themselves, would rear the greatest number of offspring .... Numbers 
primarily on the means of subsistence, and this depends partly on the Phi'"• · 
nature of the country, but in a much higher degree on the arts which ., 
practiced" (Darwin 1930, p. 130). 1

· 

5. Clearly sexual selection and kin selection have played a major role in tt" 
evolution of social behavior and the generation of social structure. We dt!<l,,.' 
~ONNER's interpretation of group selection. No such implication was inten"el '

1 

\1( l•f 

the statement he cites or in any other statement we made. Selectiw, 
1
l 

individuals and kin. groups with greater intelligence. increased the carrH"~ 
capacity of the envuonment for those genotypes. Dlfechona) selection""': 
many generations shifted the population norm so that the carrying capacit) •·li 
the environment increased for the whole species. 

6. Much of the sexual symbolism in Paleolithic art and sculpture can t<; 
interpreted as a retrospective elaboration of preoperational topological nnhoq 
of enclosure and penetration expressed in a new context (albeit embedded '" 
higher level structures). Marshack would be mistaken, however, if he inlorrd· 
from his reconstruction of the use of fifth and sixth stage sensorimotor · 
in the ochre production of Homo erectus, that these sensorimotor abilitie• 1 , 

the highest level of achievement of this species. As we point out in our ortk~· , 
individuals typically continue to use structures characteristic of all the stag, :. 
below their highest level. 

7. We did not imply, as SAVAGE-RUMBAUGH ET AL. suggest, that 
suddenly insisted on a symbolic mode to communicate requests for 
embedded foods. Rather, we implied that children and adults who 
neously engaged in this mode of communication contributed more 
subsequent generations. Presumably parents with genes for symbolic 
would have children with symbolic abilities and hence would 
requests in that mode. (As Savage-Rumbaugh et al. emphasize, 
communication involves alternating reciprocal roles.) 

8. We do not claim as DINGWALL implies, that bee language (or bird 1 

construction, etc.) are homologous to human language (or technology) 
rather that they are analogous (i.e., convergent and based on 
mechanisms). 
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