


Conclusions

In mammals, the expression of maternal caretaking behav-
iors results from the activation of certain neural circuits (the
“maternal neural substrate”). This activation occurs through
a number of partly intersecting, but largely redundant, mech-
anisms. The redundancy in this system probably attests to
the adaptive significance of these caretaking behaviors. At
delivery, sensory modalities and the central circuits for pro-
cessing and integrating birth- and neonate-related stimuli
have been sensitized by the dynamic hormone changes of
pregnancy and the precipitous hormone changes associated
with the termination of pregnancy. In addition, mechanical
stimulation associated with the growth, activity, and expul-
sion of the fetus produces neural and neurochemical signals
that also sensitize and then activate the “maternal neural sub-
strate.” Upon delivery, the combination of hormonal, neural,
and neuroendocrine effects have sensitized the central neural
substrate such that only minutes of sensory stimulation from
the neonate are sufficient to provoke intense and fully elabo-
rated maternal caretaking behaviors in the new mother.
Thereafter, neural and physiological process maintain these
caretaking behaviors even under circumstances of dynamic
hormone changes, periodic absences from the young, and
changes in the demand characteristics of the young. Last,
once the maternal behaviors have been initiated and main-
tained for some period, they can subsequently be reinitiated
much more easily.

But the “maternal neural substrate” that underlies this
complex behavior process is probably not a coherent circuit
or set of circuits dedicated to maternal caretaking behavior.
It is more likely that the arrangement and coordination of
subunits that perform specific behavioral components (e.g.,
avoid, approach, inhibit attack, retrieve, lick, inhibit biting,
hover) are recruited and sequenced in a way that makes
them appear to belong to a coherent, purposive, complex
task. It is also likely that what appears to be a “motivation
to perform maternal behavior” is an epiphenomenon re-
flecting a sequence of more immediate, and simpler,
motivations.

This conceptualization is similar to that used to under-
stand how genes or enzymes work to bring about complex
phenomena. Each step in the biochemical-physiological
process is accomplished by an enzyme that does only one
thing. When strung together and coordinated in one way or
in one context, the end result is Phenomenon A; when strung
together and coordinated in another way or in a different
context, the result is Phenomenon B. Observers do not seem
to be able to resist the temptation to erroneously label a gene
for the enzyme that participates in Phenomenon A “the gene
for Phenomenon A.” Likewise, stimulation of the MPOA in
one context (determined by sensory input and chemical sig-
nals) results in the recruitment of certain other brain systems
(e.g., leading to Phenomenon A), and in another context (a
different complex of sensory inputs and chemical signals),
the recruitment of a different set of brain systems (e.g.,
leading to Phenomenon B). The action of the MPOA is
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recruitment—it has no intent or design to accomplish either
Phenomenon A or B.

One can conceptualize the hypothalamus as the hub of a
wheel-shaped complex (e.g., a “hub and spoke” communica-
tion system) for primary motivations, with the MPOA at the
hub. The spokes are the various subunits that directly influence,
or are influenced by, the hypothalamus: those involved in
interpreting emotional valence, motivation, and the reward-
ing effect of engaging successfully in motivated behavior,
cognitive analysis of and storage of experiential variables,
and motor output for various active and passive or reflexive
behaviors. A complete understanding of the “maternal neural
substrate” will require much more detailed behavioral analy-
sis of the specific acts and inhibitions that make up what is
generally referred to as maternal caretaking behavior than is
currently available.

Perhaps researchers should be more diligent about decon-
structing the constellation of behaviors called “maternal behav-
ior” into the various behavioral components and then analyzing
the factors that produce those components and the neural sub-
strates that underlie the behaviors. Such an approach would be
more logical than trying to understand the myriad neural steps
involved in the overall category—maternal behavior—which

is like trying to build a jigsaw puzzle out of the pieces of sev-

eral smaller jigsaw puzzles. Proper deconstruction of the “ma-
ternal behavior” pattern should produce a better tool with
which to analyze how each subunit leads to the next subunit(s)
in the sequence. Although some research has already focused
on a few of the initiating factors of some of the subunits (e.g.,
pup licking, nursing, maternal aggression and defense), and
although this approach was suggested more than 50 years ago
(Birch 1956), there has been very little research on the physi-
ological and neural mechanisms by which these and other
actions of the maternal female are made to occur in a particu-
lar sequence. Only an understanding of such mechanisms will
reveal the full complexity and elegance of mammalian mater-
nal behavior.
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