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Recogmtion that orgamisms have a developmental history, ex-
hbit behavior that 1s umquely suited to or constrained by fea-
tures of thewr immediate environment, and adapt to new envi-
ronments 1s central to current psychobiological thought
Unfortunately, these concepts have in the past been restricted
largely to the study of postnatal behavioral development How-
ever, recent extension of these concepts to the fetus as an ac-
tive and interactive orgamism that resides within a specialized,
intrauterine niche is proving to be a profitable approach toward
understanding the onigins of behavioral organization during de-
velopment

The existence of behavioral organization in the mam-
mahan fetus implies that many of the motor, sensory, and
learning abilities that typically are associated with the
behavior of mature mammals have their ongins in the
prenatal peritod However, the behavioral literature 1s re-
plete with examples of expernnmental design, reasoning,
and conclusions that convey the implicit assumption that
the prenatal period 1s urelevant to the postnatal expres-
sion, function, or development of behavior. Efforts to
replace simphstic dichotomies in the study of behawvior,
such as the everlasting distinction between nature and
nurture, with a more sophisticated perspective of behav-
1oral epigenesis (QOyama, 1985) seem continually
thwarted by the widespread lack of appreciation for the
early development of behavior For no portion of the hife
history of an amimal 1s this lack of appreciation more
evident than for the prenatal period

A considerable body of evidence collected n the last
decade 1s revising our view of the behavioral abihties of
the fetus (Smotherman & Robinson, 1988a) Research on
sensory development in human and nonhuman fetuses
has demonstrated prenatal chemosensation (Pedersen,
Greer, & Shepherd, 1988) and audition (Fifer & Moon,
1988) 1n utero Research on the importance of expenence
dunng prenatal life (Smotherman & Robinson, 1987c) has
documented the ability of fetuses to respond to changes
m the intrauterine environment, to learn by association of
stimuhi, and to retain prenatal expenences into postnatal
hfe. Research concerned with the patterning of prenatal
behavior has discovered temporal rhythms in fetal activ-
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ity, the emergence of motor coordination before birth,
and the prenatal development of species-typical action
patterns (Robertson, 1988; Smotherman & Robinson,
1987a) It has become apparent that the behavior of mam-
mals has its roots 1n the prenatal period and that a com-
plete understanding of behavioral development must 1n-
clude investigation of the behavioral capabilities of the
fetus (Smotherman & Robinson, 1988c)

Any improvement 1n our understanding of prenatal be-
havioral development must be attributed to the new tools
and concepts that recently have been applied to fetal in-
vestigation Efforts to improve methods for directly ob-
serving healthy fetuses have provided experimental prep-
arations that closely approximate an undisturbed fetal
environment Viewing prenatal behavior under such nat-
uralistic conditions has revealed that the fetus 1s more
than a passive passenger during gestation, it 1s an active
organism responsive to changes within its intrauterine
environment Certain features of the fetal environment
can facilitate the expresston of organized behavior, other
features constrain or inhibit behavioral production Fur-
ther, the behavior expressed by the fetus can have func-
tional consequences Some orgamized motor patterns
emerge prenatally, in anticipation of postnatal function,
whereas other patterns are expressed in utero as ontoge-
netic adaptations to the special demands of the intrauter-
ine environment These facts imply that the behavior of
the fetus 1s inextricably connected to the environment m
which 1t has developed, to the environment i which it
currently exists, and to the succession of predictable en-
vironments that will follow m the course of its life his-

tory.

METHODOLOGICAL CONSIDERATIONS

Viviparity presents numerous obstacles to the study of
prenatal behavior Because the fetus is dependent for life
support on placental connection to the mother’s uterus,
protocols for placing the fetus in a situation conducive to
observation by necessity must include provisions for
preparation of the mother. In humans, technological ad-
vances in external monitoring and real-time ultrasonog-
raphy have made the maternal abdomen electromcally
transparent, permitting noninvasive description of fetal
activity, postures, and simple movement patterns
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(Prechtl, 1985). Methods for controlled mamipulation of
the sensory environment of human fetuses are less well
developed, however, and opportunities for employing
true expenimental designs are himited by practical and
éthical concerns

These hnmutations can be circumvented by study of
nonhuman fetuses, such as laboratory rats Surgical
blockade of the spimal cord msensitizes the lower abdo-
men of the pregnant rat and permts surgical exposure of
the uterus while avoiding the activity-suppressing effects
of general anesthesia (Smotherman & Robinson, in
press). When immersed 1n a temperature-regulated phys-
iological flwd, healthy fetuses may be directly observed
(Figure 1). Studies that focus on the response of the fetus
to naturally occurnng changes within the uterus involve
observation through the transparent wall of the uterus (in
utero environment) Studies that require manipulation of
the ammiotic fluid surrounding the fetus are facilitated by
delivery of the intact ammotic envelope into the saline
bath while maintaining the integnity of the placental-
uterine attachment (in amnion) Direct presentation of
tactile or intraoral chemical stimuli to the fetus 1s possible
after further removal of the chorionic and amnionic mem-
branes that envelop the fetus, thereby suspending the
fetus freely within the saline bath (ex utero) It is feasible
to observe healthy fetuses in any of these environments
from the time of the earhest embryonic movement (day
16 1n laboratory rats) through the end of gestation (day
21) The advent of these improved methods 1s providing

Fig. 1. lthlnsmphofal&day—oﬁmtfetusobsewedtbrwgh
the amniotic membrane. The fetus is engaged in synchronous
head and forelimb movements. (From Smotherman, Richards,
& Robinson, 1984)

a window on prenatal development through which the
fetus may be studied n 1ts natural environment.

MOTOR ACTIVITY BEFORE BIRTH

Fetuses move spontaneously within the uterus This
simple observation, which 1s self-evident to any pregnant
woman, has been objectively documented in humans
through the use of external fetal momtors and real-ime
ultrasonography (e g , deVries, Visser, & Prechtl, 1985)
However, the mere presence of motor activity, or motil-
ity as 1t 1s sometimes termed, 1n embryos does not imply
behavioral orgamzation Many of the early behavioral
embryologists, with noteworthy exceptions, were con-
vinced that much of the motor activity of the fetus 1s
reflexive, and that truly spontaneous movements lack
pattern or onientation (Hamburger, 1963; Oppenheim,
1982) Such nonquantitative assessments of behavioral
organization 1 the fetus have been perpetuated to the
present day For mstance, a frequently quoted study of
rat fetuses concluded that prenatal movements ‘‘give the
impression of umntegrated, aimless movements n the
sense that the movement of different parts, such as the
head, antenor, posterior trunk and face and hindlimbs,
tail and mouth are not related to each other as in clearly
integrated action patterns such as walking’’ (Narayanan,
Fox, & Hamburger, 1971) A consequence of such gen-
eralizations 1s that embryonic motor activity, while useful
as an mdex of neural and muscular development, has
been viewed widely as an epiphenomenon of the devel-
oping nervous system This perspective has created a
qualitative distinction between prenatal and postnatal be-
havior.

Among the early behavioral embryologists, undoubt-
edly the strongest proponent of the opposing view that
prenatal behavior 1s cntically important i the develop-
ment of postnatal behavior was Zing-Yang Kuo. In a se-
nes of studies beginning in the 1930s with chick (Gallus
domesticus) and duck (Anas platyrhyncos) embryos
(Kuo, 1967) that pioneered the modern study of prenatal
behavioral development, Kuo qualitatively descnibed nu-
merous instances of organized motor patterns that are
present before hatching and are associated with presump-
tive sensory events i the embryo’s environment within
the egg. Among Kuo’s conclusions are: (a) Organs begin
to function while only in a rudimentary form; (b) the
configuration of body structures mfluences the patterns
of movement that are expressed during development; (c)
non-orgamsmic, external factors also influence action
patterns of the embryo; and (d) the embryo 1s continually
subjected to self-produced and external stimuli through-
out development. For example, the avian embryo exhib-
its combined movements of the bill, head, wings, legs,
and tail that emerge during the second week of incuba-
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tion. The occurrence of these movements 1s influenced
by events within the egg environment, such as contrac-
tions of the amnion or movements of the yolk sac As the
pentod of incubation draws to a close, general embryonic
actvity gives way to stereotypic prehatching and hatch-
g movements, mncluding head-tucking and pipping (Op-
penheim, 1973) These movements are configured by the
relative position of the head and wings and are directed
toward and hmited by specific features of the external
environment, namely the shell Observations such as
these led Gotthieb and Kuo (1965, p. 187) to conclude

‘“The above facts would seem to support the view that
the ontogeny of behavior 1s gradual and continuous and
that sequences of action occurring in embryo are signif-
icant precursors to the ‘preadapted’ quality of action pat-
terns in postnatal lfe *’

RESPONSE TO ENVIRONMENTAL CHANGE

Considerable evidence now exists to support Kuo’s
suggestion that fetuses can sense and alter their behavior
1n response to conditions within their immediate environ-
ment In some respects, the prenatal environment of the
developing mammal 1s buffered from perturbations arts-
ing in the environment outside the mother On the other
hand, the mnternal milieu 1s subject to considerable van-
ation during gestation, and 1n most species the fetus must
co-occupy a niche with httermates that share the same
needs for space and life support (Smotherman & Robin-
son, 1988f) The ammotic fluid that surrounds each indi-
vidual fetus, for example, 1s subjected to both physical
modification (fluctuation in flmd volume and viscosity)
and chemucal alteration (short-term and long-term vana-
tion 1n composition resulting from changes in maternal
diet and fetal physiology) throughout gestation Expen-
mentation has confirmed that rat fetuses are responsive
to both physical and chemical modification of theirr am-
motic fluid environment

Rat fetuses begin to exhibit spontaneous movement on
day 16 of gestation During the first days of fetal activity
ammotic flmd increases in volume, providing a relatively
open space between the fetus and the surrounding mem-
branes enveloping the fetus. Ammotic fluid achieves its
peak in volume around day 19 and dimimshes rapidly
over the last two days of gestation, nearly disappearing
by term (day 21) Overall fetal activity reaches a peak at
the tme of maximum flurd volume, but remamns high
through term. However, other aspects of fetal behavior m
utero change qualitatively as ammotic flud becomes
scant and the free space surrounding the fetus disap-
pears. Behavioral orgamzation is evident in movement
synchrony, which mvolves simultaneous movement of
two or more body regions of the fetus. Movement syn-

VOL. 1, NO 2, MARCH 1990

chrony occurs infrequently on days 16-17, but on days
18-20 the mmcidence of synchrony far exceeds levels that
can be ascribed to chance association of independent
movements, indicating the emergence of an underlying
coordination of motor activity Interestingly, the rate of
synchronous movement 1s substantially less than pre-
dicted by chance when fetuses are observed within the
uterus on the last day of gestation (day 21) But the ability
of fetuses to continue to exhibit behavioral organization
1s revealed by delivering the fetus outside the uterus into
an unconfiming fluid environment (ex utero). Under these
conditions the rate of synchronous movements 1s well
above chance levels These environmental manipulations
ilustrate how behavioral orgamzation, as evidenced by
movement synchrony, exists but i1s not expressed by mo-
toncally immature fetuses under conditions of physical
restrant within the uterus (Smotherman & Robinson,
1988b)

We have further explored fetal sensory responstveness
by presenting chemical stimuh to fetuses under con-
trolled conditions Presentation of chemical fluids to 1m-
mature rats has been made possible through development
of intraoral cannulation techniques (Hall & Rosenblatt,
1977) These procedures involve installing a fine polyeth-
ylene tube 1n the mouth of the fetus and connecting the
free end to a syninge, permitting dehvery of fluds in mu-
croliter volumes at specified times (Smotherman & Rob-
mnson, in press)

A vaniety of chemical flmds ehcit behavioral responses
in rat fetuses as early as day 17 of gestation (Smotherman
& Robinson, 1988a) Early responses consist of an 1m-
mediate increase 1n overall activity following infusion and
a subsequent decrease in movement over the ensuing 30—
60 s Fetuses continue to respond to infusions through
term, although the magmtude of the behavioral activation
and the pattern of activity vary with age In addition to a
general effect on fetal activity, more specific patterns of
behavior are elicited by infusions 1n older fetuses (days
20-21) Facial wiping, for example, is a stereotypic, spe-
cies-typical pattern of behavior mvolving movement of
the forepaws n contact with the face, which closely re-
sembles behavioral patterns employed by adult rats dur-
g grooming or aversion sequences (Smotherman &
Robinson, 1987a). In the rat fetus, facial wiping 1s con-
sistently ehicited by infusion of a vanety of solutions,
such as extracts of lemon (Figure 2), munt, citral, and
cyclohexanone. The stretch response is a second fetal
action pattern that 1s ehicited only by infusions of mulk
(bovine hight cream, which 1s similar in composition to rat
milk). The stretch response is charactenized by an exten-
sion of the body trunk and rear legs and 1s similar to the
behavior exhibited by neonatal rat pups in response to
milk letdown at the nipple (Lau & Henning, 1985). Both
the facial wiping and stretch responses exhibit a sudden
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Fig. 2. Expression of facial wiping by the rat fetus and neonate
m response to intraoral lemon infusion in different environmen-
tal contexts (A) Facial wiping emerges abruptly between ges-
tational days 19 and 20 when infusions are admnistered to fe-
tuses suspended 1n a physiological saline solution (B) Infusion
ehcits facial wiping on gestational day 19 when fetuses are
tested within the ammiotic sac (C) Fetuses are first responsive
to the presence of a solid substrate on day 21 of gestation (D)
Increased physical restraint within the uterus suppresses the
expression of facial wiping at term. (E) After birth, facial wiping
gradusally disappears when pups are infused 1n a terrestnial en-
vironment. (F) Immersion of pups mn a buoyant fliud medmum
reinstates facial wiping on postnatal day 1, but testing pups on
a submerged substrate within the fliud medium mhibits wiping.

ontogenetic onset, emerging over a peniod of 1-2 days
late in gestation.

The existence of distinctive and rebiable responses
such as facial wiping, to stimulation has permitted the
experimental assessment of prenatal sensory function.
One feature shared by all of the solutions that elicit facial
wiping is a strong olfactory component. Citral especially
has been described as a tasteless odor cue. This common-
ality suggests that prenatal facial wiping may be governed
by an olfactory sense. Other liquids, such as sucrose,
saline, and quinine hydrochlonde, which lack strong
odors, fail to elicit facial wiping at concentrations tested

to date Expenmental transection of the main and acces-
sory olfactory bulbs ehminates facial wiping while spar-
ing the effect of infusion on overall activity. Presentation
of cyclohexanone, a peppernunt odor, mn gas phase also
elicits facial wiping These behavioral findings augment
physiological and anatomucal evidence (Pedersen, Greer,
& Shepherd, 1988) that fetuses possess a functional ol-
factory sense in utero

The ability of the fetus to detect and respond to sen-
sory sumuh potentiates the adaptive modification of be-
havior as a result of sensory experience. The question of
whether fetuses are capable of learning, however, re-
mained httle more than a theoretical possibility until very
recently, when techmques that permit mampulation of
chemucal cues within the fetus’s amniotic milieu became
available (see Smotherman & Robinson, 1987c, for a
review) Amniotic flmd 1s an obvious source of chemical
stimuli, because 1t surrounds and bathes the fetus, amm-
otic fluid gains access to the oral, pharyngeal and nasal
cavities, and the vomeronasal organ Immediately after
birth, rat pups exhibit a preference in a two-choice situ-
ation for ammotic flmud collected from stblings over fluid
from unrelated rats Discrimination of amniotic fluid,
therefore, may be mvolved in the development of kin
recognition (Hepper, 1987) Ammiotic fluid has also been
demonstrated to play a role in directing the first attach-
ment to the nipple by newborn rats Dunng partunition,
the mother licks her penineum and ventrum, and thereby
distributes ammiotic fluud onto the teats (Dollinger, Hol-
loway, & Denenberg, 1980) Under expertmental conds-
tions, pups attach to mipples that bear the odor of amni-
otic flmid but fail to attach to nipples that lack fluid (Blass
& Teicher, 1980) These results suggest that fetal expe-
rience with ammotic flmd before birth may contribute to
the development and expression of adaptive postnatal
behavior

Manipulation of the amniotic flmd environment has
confirmed that prenatal experience with constituents of
ammotic flmd can shape postnatal preferences. Sub-
stances present 1n the diet of pregnant rats, for instance,
can be transported into the ammotic flud. Hepper (1988)
has shown that introduction of garlic mto the food of
pregnant rats results in offspring that exhibit an enhanced
preference for garlic odor when tested 12 days after birth.
More direct manipulation of the prenatal environment 1s
possible through intra-ammotic injection. Injection of ci-
tral (a lemon odor) into the fluid, in conjunction with
immediate postnatal exposure to citral, induces a prefer-
ence m pups to attach to mipples painted with citral (Ped-
ersen & Blass, 1982). Injection of other odor cues (or-
ange, apple) mto the ammotic flmd also can influence
postnatal orientation and drinking preferences in juvenile
and young adult rats (Hepper, in press; Smotherman &
Robinson, 1987c). The studies cited previously all em-
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ployed prenatal training coupled with postnatal testing to
assess evidence for fetal learming Combining techniques
for manipulating the ammiotic environment with proce-
dures for observing fetuses later in gestation has provided
further evidence for the expression as well as acquisition
of associations 1n utero Pairing of a chemical stimulus
with intrapenitoneal injection of hithium chloride (LiCl) on
day 17 alters the behavior of fetal rats that are re-exposed
to the same stimulus two days later Re-exposure to a
mnt stimulus paired earlier with LiCl results in a condi-
tioned suppression of fetal actuvity Simularly, painng of
sucrose with an infusion of lemon extract, which ehcits a
sudden increase 1n activity, produces conditioned behav-
1oral activation upon re-exposure of the sucrose stimulus
In both instances, not only are changes in overall activity
apparent, but specific behaviors expressed at the time of
testing are simlar in form to behaviors exhibited at the
time of conditioning (Smotherman & Robinson, 1985).
Studies such as these have conclusively demonstrated
that fetuses are capable of associating stimuli and altering
their behavior as a result of such experiences mn utero

Experimental demonstrations that rat fetuses possess
olfactory and tactile senses that are functional as early as
day 17 of gestation imply that events within the intrauter-
e environment contribute to the organization of behav-
tor before birth (Smotherman & Robinson, 1987b) The
fetal environment undergoes considerable change during
gestation, with stimuli from the world external to the
mother penetrating to the fetus indirectly, via maternal
physiology (e g , chemicals transported across the pla-
centa) or transmitted directly through maternal tissues
(e.g , acoustic and mechanical stimuli) (Smotherman &
Robinson, 1988f). Interaction of external stimuh with
events within the uterus, such as accidental transient
compression of the umbilical cord, may be sufficient to
support fetal learning under naturalistic conditions n
utero Because fetuses can retain and express associa-
tions 1n utero, it 1s evident that they are not only sensitive
to immediate features of their environment, but produce
behavior shaped by a history of interaction with that en-
vironment

ENVIRONMENTAL CONSTRAINTS ON
BEHAVIORAL PRODUCTION

Environmental context now is recognized as a factor
that can either constrain or facilitate the expression of
behavior during ontogeny. Experiments in which context
1S manipiilated have indicated that the measurement of
behavioral abilities is strongly influenced by the environ-
ment in which the subject is tested. It is a common find-
mg that a particular behavior is expressed at an earlier
age when the subject is tested in a supportive environ-
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ment For example, human nfants normally progress
from crawling locomotion to standing and then to walk-
ing Thelen and colleagues (Thelen, 1988; Thelen &
Fisher, 1982) have used this research approach to dem-
onstrate that infants are capable of performing coordi-
nated stepping movements shortly after birth. Immersion
of the lower half of the infant’s body 1n water provides
buoyant support for the legs, permitting the infant to per-
form stepping movements at an age normally character-
1zed by crawling Similarly, Rochat and Stacy (1989) have
traced the development of one-handed reaching directed
toward external objects 1n human infants. Typically, bi-
manual reaching 1s expressed at an earlier point in devel-
opment than one-handed reaching But one-handed
reaching occurs much more frequently in young mfants
(six months) when they are externally supported in a
seated posture A third example 1s taken from Stehouwer
and Farel’s work on the development of terrestnal loco-
motion 1n bullfrogs Tadpoles swim with undulatory
movements of the tail, whereas mature frogs utilize hind-
hmbs n either stepping or jumping locomotion Even
though the hindlimbs differentiate at a developmental
stage well before the tadpole emerges from the water,
hindlimb locomotor behavior 1s not ordinarily observed
prior to emergence Hindhimb stepping may be evoked in
tadpoles up to five developmental stages earlier than nor-
mally expressed by placing them on a moist, hard surface
(Stehouwer & Farel, 1984) These and many related find-
ings indicate that the age-typical environment of 1mma-
ture organisms either constrain or lack appropnate stim-
uhi to elicit behavioral abilities ordinanly associated with
more mature individuals

The opposite research strategy—searching for infan-
tile or embryonic behavioral patterns in older individu-
als—has been adopted less often, but there are some re-
markable examples nonetheless Pfister, Cramer, and
Blass (1986) have found that young rats will continue to
suckle from a lactating female well after the normat wean-
g age (up to 70 days of age) if they remain associated
with littermates of normal suckling age Simularly, Licht-
man and Cramer (1989) have shown that two daily expo-
sures to an anesthetized milk-laden rat are sufficient to
promote the expression of suckling behavior into the sev-
enth postnatal week. These findings document that re-
productively mature rats retain the motor patterns unique
to suckling if tested in an appropnate context. Even more
striking is the experiment of Bekoff and Kauer (1984) in
which chickens, up to 63 days after hatching, are
“‘folded” mto an embryonic posture and replaced in an
artfficial glass egg. Even though they would ordinarily
never encounter this environment, chickens exhibit head
and neck movements that characterize the hatching
movements of chick embryos in ovo. This experiment
demonstrates that embryonic patterns of behavior may
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not disappear from the repertore, but simply fail to be

expressed owing to lack of appropnate ehciting stimuh
Context-dependent expression of facial wiping by the

rat fetus and neonate may illustrate both of these re-

'l search strategies (Smotherman & Robinson, 1989) Al-

though virtually all rat fetuses exhibit the wiping re-
sponse to lemon infusion on day 21 of gestation (Figure
2d, e), the incidence of facial wiping 1s reduced by 50% in
newborn rat pups tested only a few hours after birth.
Within 24 hours, the wiping response disappears almost
completely and remains absent from the behavioral rep-
ertowre of pups until the end of the second week of life
(Figure 2¢). The neonatal disappearance of facial wiping
coincides with the transition to a terrestrial environment
and with the emergence of behavioral patterns, such as
an active contact-nghting response, that permit the pup
to onent within such an environment

The transient disappearance of facial wiping behavior
in neonatal laboratory rats has recently been confirmed 1n
other rodent species. Cotton rats (Sigmodon hispidus)
and spiny mice (Acomys cahirinus), which bear offspring
that are well-furred and ambulatory at birth, also exhibit
the wiping response to lemon infusion well before birth
In these precocial species, the incidence of facial wiping
in response to infusion dimimishes as components of the
contact-righting response and other stereotypic imb be-
havior, such as quadrupedal locomotor movements,
emerge during late gestation The result 1s a prenatal dis-
appearance of the facial wiping response These findings
argue that interaction among elements of the behavioral
repertoire and features of the environment influence the
expression of behavior during the prenatal as well as the
early postnatal period.

Although neonatal laboratory rats do not exhibit facial
wiping when tested in an age-typical, terrestrial environ-
ment, placement in a buoyant flud medium reinstates the
expression of facial wiping in response to lemon infusion
(Figure 2f). This effect may be mterpreted either as the
result of ehmnating physical constramnts on the expres-
sion of postnatal wiping or of recreating key features of
the prenatal environment, facilitating the postnatal ex-
pression of a fetal pattern of response. Because testing
imersed pups on a submerged substrate also mhibits the
wiping response, the absence of facial wiping during the
immediate postnatal period 1s related to the presence of a
solid substrate This mhibitory substrate effect evidently
emerges prenatally. Rat fetuses exhibit a sharply reduced
wiping response when tested on day 21 on a submerged
surface (Figure 2c).

Recently, experiments employimng contextual supports
blvesimﬂaﬂyextendedthceaﬁi&stageatwhichfemus
will exhibit facial wiping. Testing fetuses that are freely
suspended within a fluid medium originally indicated an
sbrupt emergence of the facial wiping response on day 20

2

of gestation. However, when lemon infusions are deliv-
ered to 19-day-old fetuses that remain within the intact
ammotic envelope, facial wiping 1s elicited at least one
day earlier in development (Figure 2a, b). Most likely, the
enclosure of the amnion alters the posture of the fetus
and thereby promotes the expression of the wiping re-
sponse. The opposite effect 1s achieved when fetuses are
tested on day 21 of gestation within the uterus Under the
conditions of intrauterine restramnt existing at term (Fig-
ure 2d), the incidence of facial wiping 1n response to in-
fusion 1s sharply reduced (Held & Smotherman, 1989)
The foregoing examples argue that descriptions of the
behavioral phenotype of the fetus or neonate are not ab-
solute, but are contingent on the environmental condi-
tions present at the time of measurement Manipulation
of environmental context can enhance our understanding
of behavioral organization when applied either to imma-
ture or mature members of a species By either eliminat-
ing environmental constraints or providing contextual
supports, precocial expression of behavioral orgamzation
may be facilitated in immature amimals (Rochat & Stacy,
1989, Smotherman & Robinson, 1989, Stehouwer &
Farel, 1984, Thelen & Fisher, 1982) Conversely, unique
elements of the developing orgamism’s repertorre are not
necessarlly ehminated as the individual matures and oc-
cupies new age-typical environments, fetal or neonatal
behavioral patterns may simply fail to occur due to ab-
sence of appropniate environmental context If context-
dependent expression of behavior 1s a common feature of
development, then the potential behavioral repertoire of
an ammal at any given age must be much larger than 1s
normally expressed within an age-typical environment

ANTICIPATION OR ONTOGENETIC ADAPTATION

Given an epigenetic approach to studying develop-
ment and improved methods for discovering the behav-
1oral repertowre of immature animals, behavioral sophis-
tication 1n the neonate demands an ontogenetic
explanation that 1s rooted in the prenatal period (Hall &
Oppenheim, 1987, Smotherman & Robmson, 1988c)
Ths 1s fundamentally a question of continuity: To what
extent are the motor and sensory capabilities of the neo-
natal rat dependent upon prenatal behavioral develop-
ment? Numerous studies have documented the behavior-
al ecology of the newborn rat (Alberts, 1986). Although
born blind and deaf, the mfant rat enters into an active
symbiotic relationship with its mother to provide for its
subsistence. Prenatal antecedents have been identified
for many of the behavioral characteristics that contribute
to this relationshap. Young rats are capable of rudimen-
tary locomotion and orientation toward the mother and
siblings (Alberts & Brunjes, 1978; Altman & Sudarshan,
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1975); the rat fetus exhibits head and limb motor syner-
gies charactenistic of postnatal locomotion (Bekoff &
Lau, 1980). Pups rely heavily on olfaction for onientation
and recogmition (Coopersmith & Leon, 1988), olfaction 1s
a functional sense 1n utero and can serve as the basis for
fetal discrimination between different odor stimuli (Smo-
therman & Robimson, 1987c) Location of the nipple 1s
specifically facilitated by an odor component of pup sa-
hiva (Pedersen & Blass, 1981), odor components of am-
motic flud, to which the fetus 1s exposed durng late
gestation, function to direct the first mipple attachment
after parturition (Pedersen & Blass, 1982) Attachment to
the nipple 1s facilitated by rooting behavior of the pup
(Hall & Wilhams, 1983), rooting may be ehcited in the
fetus by penoral tactile sumulation Suckling behavior of
the pup consists of rhythmic mouth movements followed
by a stereotypic stretch response upon milk letdown (Lau
& Henmng, 1985), the sequence of rhythmic mouth ac-
tivity and the stretch response are elicited by intraoral
mfusion of milk to the fetus (Smotherman & Robinson,
1987a) Elimination by the newborn rat requires maternal
anogenital hicking, which 1s promoted by the leg-
extension response (LER) (Moore & Chadwick-Dias,
1986), the LER 1s elicited 1n utero by tactile stimulation of
the anogemital region (Smotherman & Robinson, 1988d)
Offactory information present during bouts of suckling by
the newborn can influence olfactory-based preferences mn
adult reproductive (Filhon & Blass, 1986) or ingestive
behavior, fetuses demonstrate an ability to form associ-
ations based on olfactory stimuh present in utero and to
retain these associations into adulthood (Smotherman &
Robinson, 1985,1987c)

Close scrutiny of one example of fetal behavior illus-
trates the anticipation of postnatal behavior in prenatal
activity Neonatal rats do not readily exhibit forward lo-
comotion, but do exhibit oniented movement 1n the form
of pivoting or punting (Altman & Sudarshan, 1975) Punt-
mg locomotion 1s sufficient to enable neonatal rats to
approach preferred objects such as the mipple and to reg-
ulate their position relative to hittermates in the nest (Al-
berts & Cramer, 1988) The motor pattern of punting con-
sists of the pup turning its head m one direction while
simuitaneously sweepmg the contralateral foreleg in the
opposite direction. Because the rear legs serve as a point
of anchor, extension of one foreleg and flexion of the
other result 1n a pivoting motion m the direction the head
1s turned (Figure 3). Punting is a charactenistic stage m
the development of quadrupedal locomotion n altricial
mammals, but it is not simply an immature form of walk-
ing, as“it mvolves a unique synergy of head and limb
movement. Slow motion examination of videotape
records of rat fetuses on day 20 of gestation indicates that
the motor pattern of punting, as distinct from the walking
step cycle, is also expressed before birth (see Figure 1)
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Fig 3 Early locomotion by punting can be broken down into
three units (a) turning the head to the night, (b) pulling the nght
foreleg out from under the head and placing 1t to the nght, (c)
pushing the shoulder region to the right with the left forelmb
(From Altman & Sudershan, 1975)

Further, head and forehmb movements necessary for
punting are synchronized earlier than any other combs-
nation of movements Punting thus illustrates how a form
of behavior that 1s first expressed in a functional context
by the neonatal rat emerges during the prenatal peniod
Whether or not behavioral continuity exists between pre-
natal and postnatal life is no longer in question, but only
the extent to which postnatal behavior has its ongins
before birth.

But the developing orgamism not only prepares for
adult Iife, 1t also survives within and must adapt to a
particular environment that may exist for a bnief period of
early development The fetus, for example, inhabits an
intrauterine niche that 1s not constant and occasionally
poses hazard to fetal well-being (Mann, 1986; Smother-
man & Robinson, 1988f) If the behavior of the fetus
exhibits greater orgamzation than once thought, then the
existence of behavioral adaptations that promote survival
within the specialized intrauterine environment may be
expected Behavioral or anatomucal structures that pro-
mote survival of immature orgamsms during a hmted
period of development have long been recognized 1n spe-
cies that undergo metamorphosis (Gould, 1977) and are
termed ontogenetic adaptations (Alberts, 1987; Oppen-
heim, 1984). A putative ontogenetic adaptation that has
been identified 1n ultrasound studies of human fetuses is
turming to the vertex position (head down) immediately
before parturition, an orientation that 1s achieved by or-
ganized limb and body movements of the fetus (Suzuki &
Yamamuro, 1985). Sensitivity of the human fetus to
acoustic simuli such as human speech has been sug-
gested to promote parental recogmition and facilitate
bonding, adaptive processes that begin immediately after
birth (DeCasper & Fifer, 1980; Fifer & Moon, 1988).

The stereotypic fetal response to hypoxia induced by
umbilical cord compression may function as an ontoge-
netic adaptation in rodent fetuses (Robinson & Smother-
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man, 1989, Smotherman & Robinson, 1988¢). Placement
of a microvascular clamp on the umbihcal cord produces
a stereotypic response 1n the rat fetus that consists of
three consistently identifiable phases of behavior Imme-
diately following occlusion of umbilical circulation, fetal
activity 1s suppressed and a pronounced deceleration n
heart rate 1s evident This period of inactivity gives way
to hyperactivity consisting predommantly of exaggerated
flexions of the body trunk The overall rate of fetal move-
ment during this phase increases to nearly five times that
of spontaneous activity The hyperactive phase ulti-
mately 1s followed by a secondary suppression of fetal
activity as trunk movements decline in frequency and
rostral extensions of the head (‘‘head-tosses’’) become
evident. The hypoxic response is apparently an organized
pattern of behavior the alteration in fetal behavior 1s
virtually immediate following cord compression. and the
occurrence of the pnincipal components of the motor re-
sponse, namely trunk flexions and head tosses, are pat-
terned 1n time and in spatial relation to other body re-
gions. Further, the pattern of behavioral activation and
cardiac deceleration that characterizes the fetal hypoxic
response 1s exactly contrary to the motor and physiolog-
ical response of neonatal rats deprived of oxygen (Eden
& Hanson, 1987) Therefore, the orgamzation inherent mn
the fetal hypoxic response 1s unlikely to exmbit continu-
ity with any postnatal pattern of behavior These motor
patterns may be adaptive in utero in alleviating accidental
cord compression produced by fetal posture or pressure
against siblings or maternal structures

NICHE-CONTINGENT EXPRESSION OF
BEHAVIORAL ORGANIZATION

The previous sections argue that an understanding of
behavioral development 1s incomplete without knowl-
edge of the history of the orgamism, pomts of interaction
between the orgamism and its current environment, and
new environments that the organism will inhabit in the
future. Such information fosters a view of the developing
organism as occupying a succession of ontogenetic
nmiches (West & King, 1987). Peniods of adaptation to a
particular niche are interrupted by transitions to subse-
quent mches. Development within an ontogenetic niche
15 charactenzed by increasing behavioral diversity and
organization, while penods of transition between niches
may result in temporary slowing or regression of mea-
sures of developmental improvement. Viewing ontogeny
as a process that incorporates adaptation to a succession
of niches predicts not only that disruption 1in behavioral
organization will occur during the period of adjustment
that inmediately follows a sudden transition to a novel
adaptive mode, but also that a peniod of behavioral dis-

orgamization may occur i anticipation of an immnent
transition between niches

Undoubtedly the best example of this process 1s pro-
vided by the dramatic transition of birth In the rat, this
transition 1s presaged by changes in fetal behavior that
would seem to mndicate a reduction in overall behavioral
orgamzation Although the rat fetus at term remains de-
pendent on its prenatal hfe support system, it exhibits
diminished behavioral components of the hypoxic re-
sponse to umbihical cord occlusion (less activity, delayed
peak of activity, fewer lateral trunk movements) Al-
though central and penipheral neural structures subserv-
mng sensory and motor responsiveness continue to ma-
ture, rat fetuses on day 21 are less responsive to novel
olfactory stimulation and exhibit fewer spontaneous
movements and less synchronous activity within the
uterus It 1s also at this age that the presence of a hard
substrate begins to mhibit the expression of fetal facial
wiping Thus, evidence for fetal behavioral organization
assessed only at this age (a reasonable approach from a
strictly maturational approach), would lead to inaccurate
conclusions about fetal behavioral abilities

Fetal study presents a umique opportunmity for under-
standing behavioral development At its inception, fetal
movement 1s charactenzed by randomness (Robinson &
Smotherman, 1988) Late in gestation, considerable or-
ganization 1s evident and species-typical action patterns
are expressed The task of developmental research is to
chart the events that lead randomly ordered elements of
movement to become orgamized into an imtegrated sys-
tem of behavior As more information becomes available,
it 1s increasingly apparent that the expression of orga-
mzed behavior by the fetus 1s not ngidly determined, but
rather 1s contingent on both historical and immediate cir-
cumstances. The influence of prenatal sensory expen-
ence on subsequent behavior demands that the fetus be
seen in historical perspective. For instance, much of the
behavioral sophistication evident in the neonate 1s di-
rectly traceable to the prenatal period. At the same time,
behavioral production by the fetus 1s sensitive to both the
quality of impinging sensory sttmuh and the physical con-
text of the prenatal environment Recognition of the roles
of context, anticipatory development, and ontogenetic
adaptation argues that a broader perspective of the life
history and ecology of the fetus must be ncorporated mnto
an adequate theory of behavioral development.
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