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ABSTRACT: The perspective that features of species-typical behavior could be
traced to experience that occurred prenatally was raised by Zing-Yang Kuo [1921
Journal of Philosophy 18: 645–664] early in the last century and Gilbert Gottlieb
subsequently elaborated on and provided empirical support for this idea over the
course of more than four decades of innovative psychobiological research. Although
we are still a long way from fully understanding the specific pathways and processes
by which prenatal experience can influence postnatal development, Gottlieb’s
research with precocial birds provided significant insights into the conditions
and experiences of prenatal development involved in the achievement of species-
typical perception and behavior. In particular, his elegant series of studies on the
development of species identification in ducklings documented how the features and
patterns of recurring prenatal sensory experience (including self-stimulation) guide
and constrain the young individual’s selective attention, perception, learning, and
memory during both prenatal and postnatal periods. I review how this body of
research supports the view that the structure and functions of the developing
organism and its developmental ecology together form a relationship of mutual
influence on the emergence, maintenance, and transformation of species-typical
behavior. I also explore how Gottlieb’s empirical demonstrations of the
prenatal roots of so-called ‘‘instinctive’’ behavior provided a foundation for his
conceptual efforts to define the links between developmental and evolutionary
change. � 2007 Wiley Periodicals, Inc. Dev Psychobiol 49: 749–757, 2007.
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INTRODUCTION

One of the most profound insights achieved by the

psychological sciences in the 20th century was that

behavior is not represented in a genetic or neural template

prior to its emergence. Notions of ‘‘hard-wired’’ or

predetermined behavior have gradually given way over

the last several decades to a growing appreciation that

behavioral development is much more than simply the

unfolding or triggering of a fixed genetic program

occurring independently of the activity, experience, or

context of the organism. Behavior is now generally

viewed as emerging and being maintained or transformed

during development by the dynamic and reciprocal

interaction of a complex system of factors both internal

and external to the organism. Each individual encounters

an array of developmental resources, experiences, and

constraints over the course of its development, thereby

making some behavioral outcomes more likely to be

supported and maintained and other outcomes prevented

or eliminated. This hard-won insight of the probabilistic

nature of behavioral development had its roots in the

efforts of a handful of comparative psychologists and
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developmental psychobiologists working in the last

century (e.g., Denenberg, 1969; Kuo, 1967; Lehrman,

1953; Moltz, 1965; Schneirla, 1956; Tobach, 1970).

Much of the conceptual and empirical support for a full

realization of this probabilistic view came from the work

of Gilbert Gottlieb, whose research and scholarship

enhanced the fields of comparative psychology, develop-

mental psychology and psychobiology, and evolutionary

biology for over 40 years.

Gottlieb’s contributions to the behavioral and develop-

mental sciences were both wide and deep, covering such

topics as imprinting, perceptual development, behavioral

plasticity, and the links between developmental and

evolutionary theory. Perhaps his most enduring contri-

bution was the demonstration that species uniformity

does not imply the absence of experiential inputs during

development. His theoretical efforts to articulate this

view included the notion of probabilistic epigenesis, the

concept of the development manifold, the delineation

of the various roles of experience in development, and

his pioneering contributions to developmental systems

theory. As reviewed in the various articles of this special

issue, these contributions provided key insights and

valuable heuristics that advanced our collective under-

standing of the principles and processes of behavioral

development. In this article, I focus on Gottlieb’s research

program on the development of species identification in

ducklings, which carefully documented how the features

and patterns of recurring prenatal sensory experience

(including self-stimulation) guide and constrain young

organisms’ selective attention, perception, learning, and

memory during both the prenatal and postnatal periods.

This body of work demonstrated the remarkable specific-

ity of the timing and stimulus parameters of prenatal

experience contributing to normal or species-typical

behavior. It also called our attention to the often non-

obvious role of experience in the process of development.

Gottlieb provided numerous demonstrations that experi-

ential factors that are not necessarily apparent or obvious

precursors to a particular behavior may nonetheless

prove to be critical contributors. Gottlieb’s research and

scholarship also provided a novel framework for integrat-

ing our understanding of developmental and evolutionary

change, which I briefly review in later sections of the

article. Finally, I discuss how Gottlieb’s arguments for a

‘‘developmental point of view’’ inspired a new generation

of scientists to focus on the underlying dynamics of

behavioral development.

PRENATAL DETERMINANTS
OF SPECIES IDENTIFICATION

Following up on results obtained from his dissertation

work on imprinting in precocial birds completed at

Duke University in 1960, Gottlieb embarked on a

series of experiments to determine if normally occurring

prenatal auditory experience had anything to do with

ducklings’ species-specific preference for the maternal

call of their species after hatching. At the time, such

species-specific responsiveness was viewed as a classic

example of ‘‘innate’’ or ‘‘instinctive’’ behavior, argued

by many to be genetically determined, unlearned, and

occurring relatively independent of the young bird’s

experience (see Bateson & Mameli, this issue). However,

duck embryos begin to vocalize several days prior to

hatching and even though their vocalizations do not sound

like the maternal call, Gottlieb wondered whether these

prenatal vocalizations could be involved in establishing

the selective auditory preferences he had previously

demonstrated in both wood ducklings and mallard

ducklings. His thinking on this topic was inspired by the

work of two pioneering developmentalists, Zing-Yang

Kuo and T.C. Schneirla, both of whom came to be a

mentor and friend to Gottlieb in the early years of his

research career. Kuo (1921, 1967) was among the first

psychologists (see also Holt, 1931) to raise the possibility

that features of the so-called ‘‘instinctive’’ behavior of

neonates might be a consequence of experience that

occurred prenatally. Kuo pointed out that behavior does

not begin at birth or hatching, and as a result prenatal

factors could not be overlooked in attempts to account for

the nature and path of behavior development. In much the

same vein, since the 1930s Theodore Schneirla had

championed the view that all behavior stems from highly

complex developmental processes, including the inter-

action of morphological, physiological, and biosocial

factors, the organism’s developmental history, and the

specific stimuli encountered or absent in the individual’s

developmental context.

Gottlieb had read and assimilated Kuo’s and Schneir-

la’s perspectives on behavior during his graduate training

and after setting up his own lab and field station in the mid

1960s, he was eager to provide empirical documentation

of the prenatal experiential roots of species-typical

behavior. Following in the intellectual footsteps of his

mentors, Gottlieb viewed experience as much more than

traditional learning. For him, experience was best defined

as the total history of all stimulation to which the organism

was exposed during the various stages of its development.

This broad view of experience included spontaneous

neural activity, endogenous motor activity, and sensory

stimulation. Gottlieb thus turned his focus to assessing the

possible roles of both endogenous and exogenous sensory

stimulation in fostering species-specific behavior.

He reasoned that the best way to go about this

challenging task was to experimentally modify the type,

timing, and amount of sensory experience available to the

embryo during prenatal development and then assess any

Developmental Psychobiology. DOI 10.1002/dev750 Lickliter



subsequent changes in behavioral organization. He was

particularly interested in the role of self-stimulation,

whereby the embryo stimulates itself by the movement of

its own body parts and by its own vocalizations. Gottlieb

speculated that the stimulation which the developing

organism provides itself might be of greater significance

than the passive reception of stimulation from the

environment and set out to empirically explore this

possibility. As a first step, he wanted to examine whether

the preference for the maternal call he had observed in

maternally naive ducklings might be established as a

result of the embryo having been exposed repeatedly to its

own vocalizations prior to hatching.

After 18 months of effort with the collaboration of

John Vandenbergh, Gottlieb eventually devised a tech-

nique to devocalize duck embryos during the late stages of

incubation in a way that otherwise did not harm them

(Gottlieb & Vandenbergh, 1968). With this novel tech-

nique, he was able to undertake the necessary sensory

deprivation and sensory replacement studies he had

planned to assess the role of auditory self-stimulation in

ducklings’ ‘‘instinctive’’ selectivity for the maternal call

of their species. As is now well known to most students

of behavioral development, Gottlieb discovered that the

selectivity of the devocalized mallard duckling did not

develop if they did not experience their own embryonic

vocalizations. Indeed, devocalized mallards reared in

isolation from other embryos were as likely to prefer a

chicken maternal call as the mallard maternal call follow-

ing hatching. A control group of devocalized birds that

were allowed to hear their own vocalizations for 18–21 hr

before they were devocalized did, however, prefer the

mallard maternal call over the chicken maternal call. In

discussing these results, Gottlieb concluded:

‘‘The present results indicate that the epigenesis

of species-specific auditory perception is a pro-

babilistic phenomenon, the threshold, timing, and

ultimate perfection of such perception being

regulated jointly by organismic and sensory stimu-

lation factors. In the course of normal development,

the manifest changes and improvements in species-

specific perception do not represent merely the

unfolding of a fixed or predetermined organic

substrate independent of normally occurring sen-

sory stimulation’’ (1971, pp. 156–157).

To document the nature of the constructive role

of embryonic auditory experience in the development

of auditory perceptual specificity, Gottlieb then set out

to (1) document the specific perceptual deficits in the

devocalized ducklings, and (2) identify which aspects

of the embryonic vocalization the embryo needed to

be exposed to in order for that deficit to be rectified

following hatching. Accomplishing these two aims took

him 14 years of experimentation, reported in Gottlieb’s

series (I–XV) of publications ‘‘On the Development of

Species Identification in Ducklings.’’ His research efforts

showed that in the case of the mallard duckling, the

embryo needed to hear its prenatal vocalizations in all

the variations of repetition rate that would normally be

produced by the embryo itself to prefer the mallard

maternal call. Specifically, the embryo had to experience

embryonic vocalizations in the repetition-range from one

to six notes per second in order to prefer its species-

specific mallard maternal call (which has a repetition rate

of four notes per second). In the absence of hearing the full

range of variation in repetition rates, the devocalized

hatching did not prefer the mallard maternal call over a

chicken maternal call. Further, exposure to the full range

of variation had to occur prenatally, in the embryonic

state, not postnatally. Devocalized hatchlings exposed to

the variable embryonic vocalizations at 24–48 hr post

hatch did not show a preference for the mallard maternal

call.

The importance of hearing embryonic vocalizations

was also shown by Gottlieb to be the case for wood

ducklings, but it turned out that frequency modulation

(FM) rather than repetition rate is the critical acoustic

feature of prenatal auditory experience necessary to foster

a species-specific preference for the wood duck maternal

call. Although mallard ducklings remain on their species-

typical perceptual trajectory by hearing either embryonic

calls produced by themselves or those provided by

their broodmates, his research showed that wood duck

embryos must hear the vocalizations of their broodmates

to subsequently prefer the wood duck maternal call after

hatching; prenatal auditory self-stimulation was found

to be ineffective (Gottlieb, 1984). Further, these sibling

embryonic calls had to contain the typical descending FM

of around 5,000–3,000 HZ to be effective. If devocalized

embryos were exposed to the wood duck embryonic call

played backwards (thereby creating an ascending FM), it

did not rectify the devocalized bird’s lack of preference for

the wood duck maternal call following hatching. Again,

seemingly subtle and non-obvious features of experience

were found to have a significant effect on the emergence

and subsequent organization of behavior (see Miller, this

issue, for further examples).

These findings and those from the mallard work also

highlighted the striking experiential specificity underlying

the emergence and maintenance of species-typical be-

havior. Far from being ‘‘hard-wired’’ or predetermined,

Gottlieb’s data pointed to the fact that species-typical

behavior is actually generated during individual ontogeny

because particular aspects of the temporal and spatial

arrangements of an individual and its environment reliably

occur at times when the organism is in particular deve-

lopmental states, having had a particular developmental
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history. This dynamic and contingent view of behavioral

development represented a radically different view from

that assumed by traditional notions of innate or other

predetermined characterizations of species-typical be-

havior common throughout most of the 20th century.

From Gottlieb’s developmental psychobiological systems

perspective (see Gottlieb, Wahlsten, & Lickliter, 2006),

behavior is best characterized as being generated,

constrained, maintained, and reorganized through the

experiences of an historical individual actively engaged

with and situated in its specific developmental ecology.

Research efforts from comparative psychology, develop-

mental psychology, and developmental psychobiology

over the last decade have provided compelling evidence

in support of this dynamic view of behavior (e.g.,

Champagne, Francis, Mar, & Meaney, 2003; Lickliter,

2005; Moore, 2003; Putz & Crews, 2006; Thelen, 2000;

White, King, Cole, & West, 2002).

EXPERIENTIAL CANALIZATION
OF DEVELOPMENT

Although shifts in behavior that are brought about by

alterations in species-typical development can potentially

arise at all stages of the life cycle, they are most likely

to occur during early stages of development. Several

developmental and evolutionary theorists highlighted this

point over the last century (e.g., deBeer, 1940; Denenberg,

1964; Goldschmidt, 1940; Kuo, 1967; Waddington,

1975). Despite their different backgrounds, each recog-

nized the significance of embryonic and neonatal periods

of development to the generation of phenotypic novelties.

These early periods of development are a time of rapid

morphological, physiological, and behavioral change, and

modifications in experience during this time can initiate a

host of physical and behavioral novelties, some of which

can (given the availability of appropriate developmental

conditions) persist across subsequent generations (see

Denenberg & Rosenberg, 1967; Denenberg & Whimbey,

1963 for early examples). As a comparative psychologist,

Gottlieb became interested in the potential significance

and implications of such ontogenetically based plasticity

or malleability for both developmental and evolutionary

processes. In the 1980s, he turned his keen experi-

mental mind to the exploration of the possible experiential

sources of the behavioral stability and variability observ-

ed within any given animal species. In particular, he

wondered whether the ‘‘canalization’’ of behavior and

the resulting decrease in plasticity or malleability over the

course of individual development could be the result of

the organism’s usual or typical experiences, which could

not only foster the development of species-specific

behavior (as he had demonstrated in his mallard and

wood duck embryo work) but also prevent the developing

organism from being susceptible to non-species-typical

forms of stimulation.

The concept of behavioral canalization was first

articulated by Holt (1931) to describe how prenatal

conditioning could narrow down the initially diffuse or

random nature of early motor activity in the embryo. Kuo

(1967) expanded the notion of canalization to refer to the

fact that as development proceeds, the originally large

range of behavioral possibilities narrows as a result of

the organism’s particular developmental history and

context. In this framework, Gottlieb began to explore

the possibility that the ducklings’ normally occurring

sensory experience could narrow their perceptual respon-

siveness, such that if they were denied exposure to their

own vocalizations, for example, they might become

capable of preferring non-conspecific maternal calls

over their species-specific maternal call. In 1991, Gottlieb

reported that in the absence of hearing their own or

sibling vocalizations, mallard embryos remained per-

ceptually malleable, in the sense that prenatal exposure to

a recording of a chicken maternal call resulted in the

development of a postnatal preference for the chicken

call over the mallard maternal call. However, he found

that if he exposed devocalized mallard embryos to

their embryonic vocalizations for just 10 min/hr, this

brief exposure ‘‘buffered’’ them against developing a

preference for the chicken maternal call. Embryos

and hatchlings that were not devocalized continued to

prefer the mallard maternal call over the chicken call, even

after 96 hr of exposure to the chicken call. Thus, exposure

of mallard ducklings to their own embryonic vocali-

zations not only fostered their selective responsiveness

to the mallard maternal call, but also buffered them

from becoming responsive to the maternal call of

another species. These results demonstrated the canaliz-

ing influence of normally available sensory experience,

leading Gottlieb to conclude:

‘‘normally occurring experience, in concert with

genetic and other activities, can canalize behavioral

development. Canalizing influences account for

developmental stability, so that what we think of

as normal or typical for a species repeats itself

generation after generation. In order for evolution

to occur, through genetic mutation or otherwise,

the canalizing influences associated with normal

development must be overcome’’ (1991, p. 35).

Gottlieb went on to show that by manipulating the type

and amount of sensory stimulation available to mallard

ducklings following hatching, he could affect both their

arousal levels and their malleability to respond to the non-

conspecific chicken maternal call (Gottlieb, 1993).

Specifically, he found that mallard ducklings’ postnatal
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malleability to learn to prefer the chicken maternal call

over their own species-specific mallard maternal call after

hatching was affected by the presence or absence of tactile

stimulation. Mallard ducklings who were denied tactile

stimulation from their broodmates following hatching

(a normally reliable aspect of their postnatal rearing

environment) did not learn to prefer the chicken maternal

call over the mallard maternal call after extended

postnatal exposure. In contrast, ducklings allowed normal

levels of tactile experience strongly preferred the chicken

call over the mallard maternal call following extended

auditory exposure. These outcomes appeared to be

determined by the ducklings’ level of arousal during

exposure to the chicken call. Ducklings denied normal

postnatal tactile experience demonstrated higher levels of

behavioral arousal (as indexed by distress vocalizations

and time spent awake) than did ducklings with normal

access to tactile contact. Birds not permitted tactile

contact thus slept less and were highly aroused before,

during, and after playbacks of the chicken call. In contrast,

socially reared ducklings slept more and were less aroused

than the isolates, suggesting elevated arousal interfered

with the usual (normal) degree of malleability following

hatching. In sum, ducklings that experienced normal

levels of tactile contact with siblings were able to learn

and prefer a non-conspecific maternal call, whereas those

deprived of usual levels of tactile contact were not.

My lab (Lickliter & Lewkowicz, 1995) was also able

to demonstrate the importance of prenatal tactile and

vestibular stimulation from broodmates to the successful

emergence of species-typical responsiveness to maternal

cues in bobwhite quail chicks. In this study, quail embryos

incubated in physical (but not auditory) isolation from

other eggs in their clutch (thereby removing the tactile

and vestibular stimulation associated with the hatching

process) during the late stages of prenatal development

failed to show species-specific postnatal responsiveness

to both maternal auditory and visual cues reliably seen in

communally incubated embryos. In addition, embryos

denied normal levels of tactile and vestibular stimulation

from broodmates failed to show prenatal auditory learning

of an individual bobwhite maternal call, an ability readily

observed in communally incubated embryos allowed

normally occurring tactile and vestibular stimulation in

the period prior to hatching.

These differences in perceptual and behavioral malle-

ability across groups of ducklings or quail receiving

different amounts of tactile contact from siblings

suggest that the normally occurring prenatal and early

postnatal rearing environment provides the embryo and

hatchling with an optimal range and timing of sensory

stimulation, thereby supporting an effective level of

arousal and attention necessary for species-typical

perceptual development to occur (see Radell & Gottlieb,

1992; Lickliter, 2000 for further discussion). Deviations

above or below this window of stimulation can modify the

embryo or neonate’s arousal level and in turn modify

its attention and perception of the available sensory

information present in its developmental milieu. Thus,

the structure of the organism and the structure of its

developmental ecology together form a relationship of

mutual influence on the emergence, maintenance, and

transformation of perception and behavior. This dynamic

establishes the organism–environment system as the

primary unit of developmental analysis (see Wagman

& Miller, 2003) and expands the scope of traditional

developmental inquiry to include inherited environmental

effects, including those provided by conspecifics (Harper,

2005; Meaney, 2001).

DEVELOPMENT AND EVOLUTION

His empirical work on experiential canalization and

malleability further fueled what had become a deep

and enduring interest for Gottlieb—the nature of the

links between developmental and evolutionary change.

Beginning in graduate school, where he had read on the

history of genetics, embryology, and evolutionary bio-

logy, Gottlieb became increasingly interested in the

interrelationship of heredity, individual development,

and the evolution of species. His first key article on the

topic of the possible links between development and

evolution was published in 1987 (Gottlieb, 1987) and

was followed by a highly influential article articulating a

developmental theory of phenotypic evolution co-auth-

ored with Tim Johnston in 1990 (Johnston & Gottlieb,

1990). He went on to develop and further elaborate his

perspective on the role of behavior in evolutionary change

in the 1992 book Individual Development and Evolution

and his 1997 Synthesizing Nature–Nurture. Together

these writings provided a new framework for how

developmental and ecological dynamics contribute to

behavioral and psychological functioning (especially in

terms of degrees of flexibility or malleability) and how

developmentally based changes in behavior contribute

to the evolutionary process (particularly in generating

novel phenotypes). Gottlieb pointed out that behavioral

changes brought about by alterations in normal prenatal

and postnatal rearing environments often lead to new

organism–environment relationships, including potential

changes in diet, habitat use, and reproductive behaviors,

including parenting. These new relationships can in some

cases bring out latent possibilities for morphological,

physiological, or further behavioral change. Changes in

behavior driven by the physical or social environment can

thus be the first step in generating new phenotypic variants

on which natural selection can act. Contrary to the
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established neo-Darwinian perspective, Gottlieb argued

that evolutionary change need not begin with genetic

change, and evidence available from a range of animal

species suggests it often does not (e.g., Jablonka & Lamb,

2005; Newman & Müller, 2000; West-Eberhard, 2003).

For example, historically the apple maggot fly

(Rhagoletis pomonella) laid its eggs on haws (the fruit

of the hawthorn, a spring flowering tree or shrub).

However, when domestic apple trees were introduced

into the flies’ home ranges in the 17th century, maggot fly

females also began laying their eggs on apples. There are

now two variants of the apple maggot fly, one that mates

and lays its eggs only on haws and one that mates and lays

its eggs only on apples. Because apples mature earlier in

the summer season than haws, the life cycles of the two

variants are desynchronized. In particular, the two fly

variants have different mating and egg-laying times (late

summer vs. early fall) and thus no longer mate with one

another. Evidence also indicates that these changes in life

history characteristics have resulted in differences in gene

frequencies between the two fly populations (Feder et al.,

1997). Thus, it appears that a change in egg-laying

behavior led the way to a genetic change in the population

(see Rosenblatt, this issue, for further discussion).

Gottlieb’s extended observations and findings from

precocial birds had repeatedly demonstrated to him that

the features of available prenatal and early postnatal

sensory stimulation (such as amount, intensity, timing,

and sources of stimulation) coact with specific organismic

factors (such as the stage of organization of the sensory

systems, previous history with the given properties of

stimulation, and the current state of arousal of the young

organism) to contribute to both the stability and variability

of behavioral phenotypes observed within a species.

The recurrence from generation to generation of the

specific resources and interactions that make up a given

organism’s developmental ecology thus serves as a key

basis for the development and maintenance of species-

typical behavior. In addition, significant alterations or

modifications in these normally available resources pro-

vided by an organism’s developmental ecology are an

important basis for the generation of novel behaviors.

This production of phenotypic novelties is the generative

function of development and has significant implications

for evolutionary change (Alberch, 1982; Gottlieb, 2002;

West-Eberhard, 2003).

For example, shifts in behavior brought about by

changes in the individual’s developmental ecology and the

resulting changes in the activity of the organism can lead

to variations within and across generations in anatomy,

morphology, and physiology. These variations (resulting

from modification in developmental processes) can place

their possessors in different ecological relationships with

their environments, and if these phenotypic variations

provide slight advantages in survival and reproduction,

then competitors without the novel phenotype will

eventually decrease in frequency in the population. In

Gotttlieb’s view of evolutionary change, genetic change is

often a secondary or tertiary consequence of enduring

transgenerational behavioral changes brought about by

alterations of normal or species-typical development.

This scenario introduces a plurality of possible path-

ways to evolutionary change, complementing known

genetic factors such as mutation, recombination, and drift

(Jablonka & Lamb, 2005). One important consequence of

this shift in view is that by placing changes in behavior,

context, and development at the forefront of evolutionary

inquiry, systematic investigations of the various mecha-

nisms involved in evolutionary change can be pursued at

several different levels of analysis and not simply in terms

of traditional population genetics.

ENDURING CONTRIBUTIONS
TO A DEVELOPMENTAL POINT OF VIEW

Gottlieb deeply appreciated the probabilistic nature of

development. Over the course of four decades, his work

in behavioral embryology carefully documented how

inputs from external factors coact with internal factors,

putting the developing organism under the stimulation of a

complicated and interwoven ‘‘developmental manifold’’

of both intraorganismic and extraorganismic origin.

Extending the ideas of several pioneers in developmental

psychobiology (including Kuo, Lehrman, and Schneirla),

Gottlieb emphasized that development always takes

place in some ‘‘experiential’’ context, where experience

is defined broadly to include not just learning, but also

the various stimulative aspects to which individuals are

subject during prenatal and postnatal life. His research

with precocial birds provided multiple examples of

how normally occurring prenatal sensory experience and

postnatal social experience can play a critical role in the

development of behavior. He showed that reliable and

repeatable features of sensory stimulation are available

to the embryo and hatchling and provide diverse but

dependable resources and influences for the develop-

ing organism. Due in large part to Gottlieb’s efforts,

these specific resources, interactions, and constraints at

particular times and places (the individual’s ‘‘develop-

mental ecology’’) are now increasingly recognized by

biologists and psychologists to play a vital role in the

realization of species-typical behavior (see Carporael,

2003; Haraway & Maples, 1998; Lickliter, 2005; Miller,

1997; West, King, & White, 2003).

In addition, in a fitting tribute to Gottlieb’s enduring

emphasis on a developmental point of view, a growing

number of investigators are turning their attention to the

Developmental Psychobiology. DOI 10.1002/dev754 Lickliter



discovery and mapping of the dynamic, bidirectional

relations between levels of organization in the organism–

environment system. Scientists working with species as

divergent as fruit flies, cowbirds, rats, rhesus macaques,

and humans are providing compelling evidence that the

development of any physical or behavioral trait is always

the result of a complex web of interactions among the

individual’s genes, molecular interactions within and

across cells, and the nature and sequence of the physical,

biological, and social environments in which the indi-

vidual develops (see Hall, Pearson, & Müller, 2004;

Michel & Moore, 1995; Oyama, Griffiths, & Gray, 2001;

West-Eberhard, 2003 for multiple examples). Although

most accounts of development and evolution over the last

century focused on partitioning the organism’s pheno-

typic traits into those that are genetically determined and

those that are produced by the environment, Gottlieb

reminded us that no such partitioning is possible, even in

principle. In this important way, he was able to resolve the

nature–nurture dichotomy, replacing it with a synthesis of

nature and nurture, a fully integrated coactional depiction

of development that takes into account the role of

genes, nervous system, behavior, and environment. In so

doing, Gottlieb provided a developmental point of view

that stressed that all phenotypes have a specific develop-

mental history that explains their emergence. As a result, a

developmental mode of analysis is the only method that

has the potential to fully explicate the structures and

functions of maturing and mature organisms (Gottlieb,

2007). Remarkably, he recognized the value and signi-

ficance of this approach more than 35 years ago:

‘‘As we move into an era of increasingly sophisti-

cated analyses of the development of behavior,

it will not be altogether surprising to find that

normally occurring sensory stimulation or motor

movement is essential to the normal threshold,

timing, and perfection of behavior conventionally

regarded as instinctive or innate. If this prediction

turns out to be correct, the nature–nurture con-

troversy may all but evaporate, and a consensus

will have been reached on the idea that structure

only fully realizes itself through function’’

(Gottlieb, 1971, pp. 156–157).

Gottlieb’s efforts to link development and evolution

anticipated the coalescence and growth of the new

discipline of evolutionary developmental biology (evo-

devo, see Carroll, 2005; Hall, 1999; Hall & Olson,

2003). His enduring focus on the role of individual

development in evolutionary change, inspired by the

work of a handful of unconventional biologists in the first

half of the 20th century (Garstang, de Beer, Goldschmidt,

Schmalhausen), emphasized that behavioral change can

play an important role in the evolutionary process.

Moreover, his empirical work pointed out that the

transgenerational stability of new behavioral phenotypes

is preserved by the repetition of the developmental

conditions that gave rise to them in the first place

(Gottlieb, 1992). A fuller understanding of how this

process works in terms of the interdependence of develop-

ment and evolution will require both description and

experimentation, with the goal of explaining how one

generation sets up or provides the necessary develop-

mental conditions and resources for the next. In other

words, understanding the persistence and change of

phenotypic forms over time will require an empirical

focus on the activities and resources that generate them.

Gottlieb provided a powerful roadmap for how to proceed

in this challenging quest and scientists from a number

of disciplines are now actively pursuing it. For instance,

behavioral scientists are focusing on how and when

organisms change their activity patterns, enter new

habitats or inhabit new ecological niches, and how these

new activities can be perpetuated across generations (e.g.,

Freeberg & White, 2007; Yeh & Price, 2004). Physio-

logists, endocrinologists, and developmental biologists

are focusing on how changes in the activities and

ecologies of organisms alter physiological and morpho-

logical development in members of a population, and

how these changes can be transmitted and maintained

transgenerationally (e.g., Crews, 2003; Meaney, 2001).

These and the varied examples from the companion

articles of this special issue highlight how Gottlieb’s

perspective on the dynamics of development and evolu-

tion is continuing to inform and guide research across

a wide range of disciplines, including comparative

psychology, developmental psychology, developmental

psychobiology, developmental neuroscience, and evolu-

tionary biology, among others. Such influence is a fitting

legacy to his long and distinguished career.

NOTES
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