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Abstract

Two extant frameworks - the harshness-unpredictability model and the threat-deprivation model - attempt to explain which dimensions of
adversity have distinct influences on development. These models address, respectively, why, based on a history of natural selection, develop-
ment operates the way it does across a range of environmental contexts, and how the neural mechanisms that underlie plasticity and learning in
response to environmental experiences influence brain development. Building on these frameworks, we advance an integrated model of
dimensions of environmental experience, focusing on threat-based forms of harshness, deprivation-based forms of harshness, and environ-
mental unpredictability. This integrated model makes clear that the why and the how of development are inextricable and, together, essential to
understanding which dimensions of the environment matter. Core integrative concepts include the directedness of learning, multiple levels of
developmental adaptation to the environment, and tradeoffs between adaptive and maladaptive developmental responses to adversity. The
integrated model proposes that proximal and distal cues to threat-based and deprivation-based forms of harshness, as well as unpredictability
in those cues, calibrate development to both immediate rearing environments and broader ecological contexts, current and future. We high-
light actionable directions for research needed to investigate the integrated model and advance understanding of dimensions of environmental

experience.
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The short- and long-term effects of early developmental experien-
ces (e.g., harsh parenting, neglect) and environmental exposures
(e.g., poverty, single parenthood) have long concerned scholars,
clinicians, parents, and policymakers alike. Initially, the most
pressing question was determining what the effects of early adver-
sity and support were on child, adolescent, and even adult develop-
ment. As work in this area evolved, the core questions shifted - in
both basic science and applications to interventions - to under-
standing how such effects become instantiated (i.e., mechanisms
of influence); why, from the perspective of human evolution, con-
textually induced development operates the way it does; and which
core underlying dimensions of adversity influence development.
Here we seek to address these questions within an integrated model
of dimensions of environmental experience. We argue that how
and why are not alternative explanations. Instead they are central
to any complete explanatory framework and thus essential to
understanding which dimensions of the environment matter.

A highly influential approach to documenting and explaining
the consequences of early adversity has been cumulative risk (Evans
et al,, 2013; Felitti et al., 1998). The general hypothesis guiding
cumulative-risk research is that the more environmental risks to
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which children are exposed, the poorer or more compromised will
be their development, be it cognitive, linguistic, social, emotional, or
even physical health. The cumulative-risk approach assumes that
discrete forms of adversity have additive effects on developmental
outcomes, and that different kinds of adversity do not produce dis-
tinct changes in behavioral or neural development (e.g., Smith &
Pollak, 2021). In this view, no single form of adversity is more
important or influential than another in shaping human develop-
ment. Although the cumulative risk approach has advanced the field
by establishing the profound power of early adversity to statistically
predict the emergence of developmental problems, it must be appre-
ciated that prediction does not equal explanation. The cumulative-
risk approach was developed to explain the what of development,
not how, why, or which.

The central goal of this paper is to move beyond cumulative risk
by addressing the how, why, and which of development in contexts
of adversity. Toward this end, we focus our analysis on two recent
dimensional models of adversity, each of which reconceptualizes
the central question of interest in cumulative risk research: What
are the effects of early adversity? Ellis et al. (2009) reconceptualized
this question from an evolutionary why perspective based in life
history theory. This approach led Ellis and colleagues to propose
which dimensions of early adversity matter — harshness and unpre-
dictability - for regulating variation in development of life history
strategies. McLaughlin and Sheridan (McLaughlin, Sheridan, &
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Lambert, 2014; Sheridan & McLaughlin, 2014) reconceptualized
this question through a mechanistic how lens, focusing on neuro-
developmental pathways linking adversity with developmental
outcomes. This neurobiological approach led McLaughlin and
Sheridan to highlight which dimensions of early adversity matter
- threat and deprivation - in relation to neurodevelopmental mech-
anisms that link these dimensions with psychopathology and related
emotional and cognitive outcomes. Although the harshness-unpre-
dictability and the threat-deprivation models developed independ-
ently and focus on different dimensions of adversity, a major goal of
this paper is to integrate these two frameworks.

We begin by reviewing the main theoretical assumptions on
which the harshness-unpredictability and threat-deprivation mod-
els are based. This involves discussing why, based on a history of
natural selection, development operates the way it does across a
range of environmental contexts, and how the neural mechanisms
that underlie plasticity and learning in response to environmental
experiences influence brain and psychological/behavioral develop-
ment in children. Then we present the basic tenets of the harsh-
ness-unpredictability and threat-deprivation models. With that
foundation in place, we endeavor to integrate these frameworks.

To demonstrate the added value of jointly addressing the ques-
tions of why and how for advancing an understanding of which, we
propose an integrated model of dimensions of environmental
experience. That model is presented in five sections. The first
(Core Integrative Concepts) discusses three guiding assumptions
that underpin the integrated model: (a) the directedness of
learning, (b) different levels of developmental adaptation to the
environment, and (c) relations between adaptive and maladaptive
processes in regulating developmental adaptations to adversity.
The second and third sections (Integrative Discussion of
Harshness and Threat; Integrative Discussion of Harshness and
Deprivation) conceptualize threat and deprivation as separate
sources of harshness. Harshness constitutes at least two distinct
adaptive problems: morbidity-mortality from harm imposed by
other agents (indicated by threat-based forms of harshness) and
morbidity-mortality from insufficient environmental inputs (indi-
cated by deprivation-based forms of harshness). Cues to each of
these adaptive problems range from more proximal to the child
(immediate experiences of threat and deprivation) to more distal
to the child (ecological factors linked to threat and deprivation).
Experiencing these cues does “double duty” in terms of calibrating
development to both immediate rearing environments and
broader ecological contexts, current and future. Although depriva-
tion primarily constrains development, it may alter phenotypes in
ways that enable individuals to make the best of bad circumstances.
The fourth section (Integrative Discussion of Environmental
Unpredictability) focuses on unpredictability in both proximal
and distal cues to threat-based and deprivation-based forms of
harshness. Discussion centers on potential mechanisms through
which individuals detect and respond to environmental unpredict-
ability. The final section (Summary of Integrated Model of
Dimensions of Environmental Experience) attempts to pull these
pieces together; it reviews how a mechanistic and neurobiological
analysis of development informs understanding of dimensions of
adversity in ways that refine and extend the harshness-unpredict-
ability model, and how an evolutionary analysis of development
informs understanding of adaptation to adversity in ways that
refine and extend the threat-deprivation model.

Throughout these integrative sections, we outline actionable
directions for research - aimed at understanding the pathways
through which early-life adversity shapes development - that
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are needed to advance the proposed integrated model of dimen-
sions of environmental experience. Our overarching goal is to
show how this integrated model can be leveraged to advance an
understanding of why, how, and which dimensions of adversity
influence cognitive, emotional, and neurobiological development,
as well as physical health. Before proceeding further, however, it is
important to acknowledge that most of the research reviewed
herein is not genetically informed. This means, of course, that
apparent effects of early adversity on developmental outcomes
could reflect gene—environment correlations and not environmen-
tal causation. Further, individuals may systematically differ in their
susceptibility to environmental influences (Belsky & Pluess, 2009;
Boyce & Ellis, 2005; Pluess & Belsky, 2013), and thus apparent
effects of early adversity could apply to some children more than
others. These limits to understanding should be kept in mind in the
conceptual analysis to follow.

Why? An evolutionary-developmental approach to early
adversity

Over the course of human evolutionary history, our ancestors
encountered recurring environmental contexts that influenced
their survival and reproductive success. These different contexts
constitute adaptive problems — distinct selection pressures posed
by the environment - that individuals had to solve to survive
and pass on their genes to future generations, the latter being
the ultimate goal of all forms oflife. A core assumption of an evolu-
tionary approach is that solutions to adaptive problems differ
markedly across domains and environmental conditions (e.g.,
Buss, 1995). In children, the adaptive problems posed by food scar-
city, emotional neglect, parental violence, and parental relationship
dissolution — which in all probability have characterized human
developmental experiences since time immemorial — require dif-
ferent kinds of solutions. As Symons (1992) pointed out, there
is no such thing as a general solution (e.g., high stress reactivity)
because there is no such thing as a general problem (e.g., early
adversity). Evolved psychological, behavioral, and physiological
processes should be sensitive to different experiences that, over
our evolutionary history, recurrently indicated the presence of dif-
ferent adaptive problems. In total, an evolutionary-developmental
perspective strongly implies that natural selection shaped our
developmental systems to detect and respond to particular forms
of adversity. This prioritization of particular sources of environ-
mental information that were historically linked to fitness provides
the evolutionary foundation for dimensional models of early
adversity.

Developmental adaptation to stress

A widespread assumption in developmental science is that children
raised in supportive and well-resourced environments tend to
develop normally and manifest so-called “optimal” trajectories
and outcomes. Notions of “normal” and “optimal” in this context
all-too-often imply that the natural course of human development,
from youth to later in life, is to become secure, autonomous, self-
regulating, prosocial, intimate in the context of pair bonds, hard-
working, and sensitively responsive in parenting, as well as physi-
cally healthy, happy and long lived. By contrast, children exposed
to early adversities are at risk for developmental dysfunction, dys-
regulation, and disorder - the opposite of “normal” and “optimal” -
leading to problem behaviors that are destructive to themselves
and others. In scholarly, policy, and journalistic writing, these
assumptions are powerful and pervasive, even if usually implicit,
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and underlie prominent models of development that focus on dys-
regulation and pathology, such as cumulative risk.

An evolutionary-developmental analysis challenges the prevail-
ing view of so-called dysfunctional, dysregulated, or maladaptive
development, especially when it arises within contexts of early-life
stress (Belsky, 2008; Belsky et al., 1991; Chisholm, 1999; Ellis & Del
Giudice, 2014; Ellis et al, 2011; Ellis et al, 2012; Hinde &
Stevenson-Hinde, 1990; Richters & Cicchetti, 1993). This analysis
begins with the assumption that early-life stress has always been
part of the human experience. Indeed, almost half of children in
hunter-gatherer societies (the best model for human demo-
graphics before the agricultural revolution) die before reaching
adulthood (e.g., Kaplan & Lancaster, 2003; Volk & Atkinson,
2013), making childhood - the time of the human life cycle when
the force of selection is the strongest (Jones, 2009; Volk &
Atkinson, 2008) — an intensive window for natural selection to
operate on biobehavioral adaptations to stress. From an evolution-
ary—-developmental perspective, therefore, early adversity should
not so much impair biobehavioral systems as direct or regulate
them toward patterns of functioning that, even if costly, are adap-
tive under stressful conditions (Belsky et al., 1991; Ellis & Del
Giudice, 2014, 2019; Frankenhuis & Amir, 2021).

Life history strategies

Life history theory (Roff, 2002; Stearns, 1992) addresses how
organisms allocate their limited time and energy to the various
activities that comprise the life cycle, namely physical and cognitive
growth, maintenance of bodily tissues, mating, and parenting.
Since all these activities ultimately contribute to an individual’s
(reproductive) fitness, devoting time and energy to one typically
involves both benefits and costs, thereby engendering tradeoffs
between competing domains. As applied to developmental science
(e.g., Belsky et al., 1991; Del Giudice et al., 2015; Ellis et al., 2009),
the central focus of life history theory is on delineating these
resource-allocation tradeoffs; explaining how developmental expe-
riences and environmental exposures shape these tradeoffs; and
modeling the effects of these tradeoffs on variation in demographic
life history traits (i.e., traits related directly to rates of reproduction
such as age at sexual maturation and offspring number) and their
phenotypic mediators (such as speed of biological aging and qual-
ity of parenting). Life history traits and their mediators form a con-
stellation of coadapted characteristics that, together, are referred to
as life history strategies (Del Giudice et al., 2015; Ellis et al., 2009;
Figueredo et al., 2006). Over both evolutionary and developmental
time, life history strategies coordinate morphology, physiology,
and behavior in ways that historically enhanced expected fitness
within the constraints of a given environment (Ellis et al., 2009),
even if links to fitness no longer hold in contemporary contexts.

At the broadest level of analysis, life history-related traits covary
along a dimension of slow versus fast. Although there is ongoing
debate about the robustness of the slow-fast continuum across and
within species (for a review, see Del Giudice, 2020), and about the
best ways to characterize human life history variation (e.g., dem-
ographic traits vs. phenotypic mediators; see Copping et al., 2014;
Figueredo et al., 2015), substantial empirical evidence supports a
slow-fast continuum in humans. Specifically, some individuals
adopt slower strategies characterized by later reproductive devel-
opment (especially in girls) and delayed sexuality, preferences
for stable pair bonds and high investment in parenting, an orien-
tation toward future outcomes, low impulsivity, and allocation of
resources toward enhancing long-term survival; others display faster

strategies characterized by the opposite patterns (e.g., Belsky et al.,
1991; Del Giudice et al., 2015; Ellis et al., 2009; Figueredo et al.,
2006). Fast life history strategies are comparatively high risk, focus-
ing on mating opportunities (including more risky and aggressive
behavior), reproducing at younger ages, and producing a greater
number of offspring with more variable developmental outcomes.
Tradeoffs incurred by faster strategies include reduced health, vital-
ity, longevity, and offspring quality. Importantly, there is no pre-
sumption that one strategy is inherently better — more adaptive -
than the other; developmental context determines that.

Life history models provide a framework for explaining why,
based on a history of natural selection, development operates
the way it does across a range of environmental contexts. As dis-
cussed below (see The Harshness-Unpredictability Framework),
life history strategies have been shaped by natural selection to
be developmentally responsive to specific dimensions of adversity.

How? The centrality of mechanism

Adverse environmental experiences can have particularly strong
and enduring consequences when they occur early in life. This
is due at least in part to the heightened neural plasticity that char-
acterizes brain development during childhood and adolescence
(Kolb & Gibb, 2014). This plasticity reflects the capacity of the
brain to be shaped by environmental experiences — a property
of early brain development that confers many advantages.
Experience-driven plasticity facilitates early learning, allowing
neural circuits to be sculpted in ways that are adapted to the envi-
ronment in which the child develops. At the same time, however,
developmental plasticity can also carry costs, especially in early
environments characterized by adversity. Indeed, substantial evi-
dence suggests that early-life adversity leads to changes in neural
structure and function that confer long-term costs in terms of
health, well-being, and longevity. For example, extensive evi-
dence indicates that the changes in cognitive, affective, and neural
development that occur following experiences of adversity serve
as developmental mechanisms contributing to elevated risk for
psychopathology, poor school achievement, and physical health
problems (Jenness et al., 2021; Koss & Gunnar, 2018; Luby et al,,
2017; McLaughlin, Sheridan, Winter et al., 2014; Miller et al,,
2011; Noble et al,, 2015; Rosen et al.,, 2018; Shackman & Pollak,
2014). It is critical, therefore, to delineate the mechanisms
through which early experiences influence health and develop-
ment — the how of development. Uncovering these mechanisms
is central to identifying targets for early interventions aimed at
preventing the wide-ranging negative consequences of early-life
adversity (McLaughlin, DeCross, Jovanovic et al., 2019). Indeed,
knowledge of these mechanisms has helped to generate novel
interventions to reduce disparities in health and educational out-
comes among children exposed to adversity (Romeo et al., 2021;
Yousafzai et al.,, 2016).

Experience-driven plasticity mechanisms

The developmental processes that contribute to experience-driven
plasticity in early life include both experience-expectant and
experience-dependent mechanisms (Black et al., 1997; Greenough
et al., 1987; Kolb & Gibb, 2014). Importantly, although the current
discussion of experience-driven plasticity focuses specifically on
mechanisms involving learning and brain plasticity, numerous
other mechanistic pathways are also important (e.g., epigenetic,
immune, endocrine, and those involving the microbiome, among
others).
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Experience-expectant plasticity

Experience-expectant processes involve neural circuits that require
specific types of input from the environment to develop.
Experience-expectant plasticity is triggered by particular species-
typical developmental experiences that the brain ‘expects’ to
encounter based on a species’ evolutionary history during specific
developmental windows referred to as sensitive or critical periods
(Hensch, 2004; Werker & Hensch, 2015). These sensitive periods
are characterized by specificity in their developmental timing, the
types of environmental stimuli that trigger plasticity, and long-
term stability of the neural changes that occur during these periods,
with more limited later plasticity once the sensitive window closes
(Takesian & Hensch, 2013). The timing of these periods of height-
ened plasticity differs across brain regions and extends across both
childhood and adolescence (Reh et al., 2020). Development of the
visual system provides a simple demonstration of experience-
expectant plasticity: Light input to the retina during a critical
period in the first months of life is required for normal visual devel-
opment; when this input is absent or atypical (e.g., occurs only in
one eye), it produces lasting changes in vision and in the structure
and function of brain circuits that support vision (Hensch, 2005;
Hubel & Wiesel, 1970; Wiesel & Hubel, 1965). In some domains,
the molecular “brakes” that dampen plasticity after a sensitive win-
dow closes can be lifted to allow further plasticity at later points in
development (Bavelier et al., 2010; Frankenhuis & Nettle, 2020;
Werker & Hensch, 2015). Within the sensitive window, the height-
ened plasticity that occurs in response to experience results from
re-wiring mechanisms that strengthen certain synaptic connec-
tions and from synaptic pruning that eliminates other connections
(Takesian & Hensch, 2013). Critically, the timing and quality of the
expected experience shapes the degree of learning and plasticity
that occur (Gabard-Durnam & McLaughlin, 2020; McLaughlin
& Gabard-Durnam, 2021; Werker & Hensch, 2015).

Experience-dependent plasticity

Experience-dependent plasticity involves changes in existing neu-
ral circuits that occur in response to specific learning experiences
that vary across individuals. In contrast to experience-expectant
plasticity, these forms of learning are not constrained to specific
developmental periods; thus experience-dependent changes facili-
tate learning throughout life, although plasticity tends to be most
pronounced in childhood and adolescence (Fu & Zuo, 2011). This
enhanced plasticity during development allows neural structure
and function to be influenced more readily by lived experiences
that occur during these early phases of life (Kolb & Gibb, 2014),
potentially shifting longer-term developmental trajectories.
Experience-dependent learning involves the selective strengthen-
ing of particular synaptic connections in response to experience
as well as the elimination of others that are under-utilized or inef-
ficient, although these neural changes are less dramatic than in
experience-expectant learning (Kolb & Gibb, 2014; Takesian &
Hensch, 2013; Trachtenberg et al., 2002). These changes occur
in the specific neural circuits that encode and process particular
experiences; in other words, the type of experience determines
the specific neural circuits involved in the experience-dependent
change. This has been demonstrated in diverse domains ranging
from music and sports training to language learning and medita-
tion (Dayan & Cohen, 2011; Gotink et al., 2016; Hyde et al., 2009;
Kraus & Chandrasekaran, 2010). For example, variation in linguis-
tic experience within the species-typical or expected range, as mea-
sured observationally in children’s natural environments, is
associated with the structure and function of circuits specialized
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in language processing (Romeo, Leonard et al., 2018; Romeo,
Segaran et al., 2018).

Across domains, the intensity and duration of environmental
experiences influence the degree of neuroplasticity and learning
that occurs (Dayan & Cohen, 2011; Gourevitch et al, 2014;
Kolb & Gibb, 2014; Kraus & Chandrasekaran, 2010). Both experi-
ence-expectant and experience-dependent plasticity mechanisms
are sensitive to particular types of experiences and to the intensity
and duration of those experiences. The specific nature of these
experiences determines the types of changes that occur, both in
neural circuits and ultimately behavior. The precise mapping of
changes in neural structure and function in response to particular
environmental experiences affords a nuanced approach to charac-
terizing the early environment and is critical to uncovering how
early-life adversity shapes brain and behavioral development.

The harshness-unpredictability framework

Using an evolutionary why perspective - life history theory — Ellis
et al. (2009) identified distinct environmental dimensions that
account for much of the variation in patterns of development both
across and within species. This analysis articulated how environ-
mental harshness and unpredictability, concomitantly, shape life
history strategies. Through a combination of evolutionary and
developmental responses to environmental harshness and unpre-
dictability, organisms make predictable resource allocation trade-
offs that result in adaptive coordination between life history
strategies and environmental conditions. This regulation of life his-
tory strategies is complex, however, because of various moderating
factors. Indeed, the effects of environmental harshness and unpre-
dictability depend on related factors such as the competitive ability
or physical condition of individuals, the severity of intrasexual
competition, the extent to which morbidity and mortality are sen-
sitive to the resource-allocation decisions of parents and offspring,
population densities and associated levels of resource scarcity, and
the extent to which fluctuating environmental risks affect individ-
uals versus populations over short versus long timescales (Ellis
et al., 2009). Here we summarize the theory, focusing on the main
effects of environmental harshness and unpredictability, and selec-
tively review empirical findings, focusing on development of life
history-related traits and behaviors.

Together with genetic factors, key dimensions of the environ-
ment that regulate the development of life history strategies include
energy availability, extrinsic morbidity-mortality (harshness), and
unpredictability (Ellis et al., 2009). A central assumption of the
harshness-unpredictability model is that, over evolutionary time,
humans experienced environments that varied in energy availabil-
ity, harshness, and unpredictability within and across generations,
and that this variation recurrently affected survival and reproduc-
tion. Natural selection thus favored conditional adaptions that
enabled shifts in life history strategies (within evolved reaction
norms) along the slow-fast continuum in response to these envi-
ronmental factors (in interaction with other related factors, as
noted above) (Ellis et al., 2009).

Energy availability (energetic deprivation)

Energetic resources — caloric intake, energy expenditures, and
related health conditions - set the baseline for many developmental
processes. Energetic deprivation (i.e., inadequate energetic resources)
slows growth, delays sexual maturation, and suppresses function-
ing of the mature reproductive axis (Ellis, 2004; Ellison, 2003), gen-
erally resulting in slower life history strategies. However, when
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bioenergetic resources are adequate to support growth and devel-
opment, cues to greater harshness and unpredictability generally
promote faster strategies (Ellis et al., 2009). The effects of physical
and psychosocial stressors, therefore, are hierarchically ordered.
For example, pubertal timing is contingent firstly on health and
nutrition (see especially Kyweluk et al., 2018) and secondly, when
these are adequate, on socioemotional conditions (Coall &
Chisholm, 2003; Ellis, 2004). Other traits related to faster life
history strategies, however, are less contingent on energetic con-
ditions (see below, Integrative Discussion of Harshness and
Deprivation).

Environmental harshness

Extrinsic morbidity-mortality, or harshness, refers to external
sources of disability and death that are relatively insensitive to
the adaptive decisions and actions of the organism (i.e., external
sources of morbidity—mortality that cannot generally be attenuated
or prevented). Extrinsic morbidity-mortality may result from such
environmental factors as warfare, neighborhood violence, family
violence, infectious disease, and famine. As denoted by the phrase
“relatively insensitive,” morbidity-mortality is almost never purely
extrinsic (Abrams, 1993); the adaptive decisions and actions of the
organism almost always have at least some impact on morbidity—
mortality risks. The key feature of high extrinsic morbidity-
mortality, therefore, is that allocations of time and effort toward
reducing morbidity-mortality/increasing survival (e.g., long-term
investments in growth and health) have low return on investment;
that is, risks of disability and death “cannot be significantly reduced
at a reasonable cost” (André & Rousset, 2020, p. 6). For example,
high extrinsic morbidity—-mortality means that increased parental
care has rapidly diminishing returns on investment (resulting in
tradeoffs that favor offspring quantity over quality; e.g., Belsky
et al.,, 1991).

Over evolutionary time, extrinsic morbidity-mortality is an
important selection pressure on the evolution of life history strat-
egies (Ellis et al., 2009).! Over developmental time, individuals can-
not directly detect levels of extrinsic morbidity-mortality and,
instead, may rely on observable cues to harsh environmental con-
ditions (e.g., premature disability and death among other people in
one’s local ecology). Given adequate energetic resources to support
growth and development, exposures to extrinsic morbidity-mor-
tality cues should cause individuals to develop faster life history
strategies (Chisholm, 1999; Ellis et al., 2009). Faster strategies in
this context — a context in which allocation of resources toward
reducing morbidity-mortality and/or increasing survival has low
returns on investment — function to preferentially allocate resour-
ces toward reproduction prior to disability or death. An underlying
assumption of this hypothesis is that early adversity carries predic-
tive information about the larger and/or future state of the environ-
ment (e.g., danger and consequent high mortality), and that
development of a faster life history strategy in this context is a

'In theoretical biology, extrinsic mortality refers strictly to the component of mortality
against which the individual can do nothing; it is age-independent (e.g., André & Rousset,
2020; Caswell, 2007). When operationalized in this manner, extrinsic mortality has no
direct effect on the evolution of life history traits; it can only shape the evolution of life
history traits indirectly through its effects on density-dependent competition (André &
Rousset, 2020). Here we use an alternative definition of extrinsic morbidity-mortality,
which is more common in evolutionary psychology and anthropology (e.g., Ellis et al.,
2009; Quinlan, 2007), that involves relative rather than absolute insensitivity of morbid-
ity-mortality to the resource-allocation decisions of the organism, as described in the pre-
ceding paragraph. André and Rousset (2020) state that extrinsic morbidity-mortality,
when defined in this manner, does select for faster life history strategies.

conditional adaptation (e.g., Belsky et al., 1991); it functions to
match the individual to this expected harsh state, despite the costs
(including potential mismatch if early environmental cues prove
unreliable, as may be common in the modern world).

In research on industrialized populations, extrinsic morbidity—
mortality is often operationalized in terms of socioeconomic
adversity (e.g., Belsky et al., 2012; Simpson et al., 2012; Li et al.,
2018) because of the systematic (though not necessarily determin-
istic) relationship between poverty and higher levels of virtually all
forms of morbidity and mortality (e.g., Adler et al., 1993; Chen
et al., 2002). However, socioeconomic adversity is a rather broad
measure of extrinsic morbidity-mortality risk, as it encompasses
- and confounds - multiple environmental factors. Thus, some
studies have used more direct indicators of risk of disability or
death by assessing local mortality rates, neighborhood dangers,
crime victimization, developmental exposures to death and injury,
sibling death, family violence, and/or perceived danger in the envi-
ronment (e.g., Chang et al,, 2019; Chang & Lu, 2018; Copping &
Campbell, 2015; Gettler et al., 2015; Gibbons et al., 2012; Johns,
2011; McCullough et al.,, 2013; Nettle, 2010; Wilson & Daly,
1997). This body of research has generally supported the predic-
tion that cues indicating heightened extrinsic morbidity-mortality,
whether assessed indirectly through socioeconomic status or more
directly through morbidity-mortality risk indicators, predict the
development of faster life history strategies.

Environmental unpredictability

In addition to extrinsic morbidity-mortality, environmental
unpredictability regulates the evolution and development of life
history strategies. Environmental unpredictability is defined as sto-
chastic variation in extrinsic morbidity-mortality (Ellis et al.,
2009). Harsh environments can be predictable (e.g., short life
expectancy with low stochastic variation around the mean) or
unpredictable (e.g., high random variation around the mean).
Environmental unpredictability corresponds to low autocorrela-
tion (the correlation of an environmental condition with itself over
time or space) and/or low cue reliability (the extent to which cur-
rent experiences or events predict other states of the world, current
or future) in environmental conditions related to morbidity and
mortality risks (Young et al., 2020), as driven by relatively high spa-
tial or temporal variation in harshness. In environments that fluc-
tuate unpredictably in this way, long-term investments, and
particularly investment in the development of a slow life history
strategy, may not optimize fitness. This is because unpredictable
environments, over both evolutionary and developmental time-
frames, bias developmental systems toward discounting future
costs and Dbenefits relative to current ones (Hill et al., 1997;
Wilson & Daly, 1997). Accordingly, individuals should respond
to signals of environmental unpredictability by adopting faster life
history strategies (Ellis et al., 2009).

Over evolutionary time, the statistical structure of extrinsic
morbidity-mortality (e.g., variance, autocorrelation) defines envi-
ronmental unpredictability as a selection pressure (Ellis et al.,
2009). Over developmental time, individuals cannot directly detect
the statistical structure of extrinsic morbidity-mortality and,
instead, may estimate environmental unpredictability based on
integration of ongoing experiences over time (Young et al,
2020) and/or rely on ancestral cues to environmental unpredict-
ability (i.e., cues that recurrently indicated unpredictability in
ancestral environments) (see below, Integrative Discussion of
Environmental Unpredictability). Such cues have typically been
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operationalized as changes in familial and ecological conditions
(e.g., parental transitions, frequent residential changes, fluctuating
family economic conditions, erratic neighborhood conditions;
see Belsky et al,, 2012; Li et al., 2018; Simpson et al., 2012). This
has meant that theory and research guided by the harshness-
unpredictability framework has generally conceptualized - and
measured — unpredictability at the ecological level. This contrasts
with a larger body of research in developmental science focusing
on more micro-level (day-to-day, moment-to-moment) unpre-
dictability in family routines and parent-child interactions (e.g.,
Cohodes et al,, 2021; Evans et al., 2005; Norofia-Zhou et al,
2020). We attempt to bring these different levels of analysis
together in the later integrative section on unpredictability.

In middle-class, Western populations in which people generally
do not face significant food insecurity or life-threatening violence
(and thus may have limited exposure to ancestral cues in these
domains), the most powerful cue to environmental unpredict-
ability may be parental transitions (Hartman et al., 2018): changes
in parental caregivers resulting from either the onset of a new or the
termination of an established marriage or cohabitating relation-
ship. Parental transitions result in changes in morbidity and mor-
tality risks to children (e.g., Daly & Wilson, 1998) as well as
fluctuations in household rules/routines, relationships, and eco-
nomic conditions. Other commonly used measures of unpredict-
ability include residential changes, parental job changes, family
member deaths, homelessness, and various indices of chronic
instability or chaos (e.g., Brumbach et al, 2009; Evans et al,
2005; Coley et al., 2015; Richardson et al., 2017; Sturge-Apple
etal., 2017; Szepsenwol et al., 2015). Notably, across these different
forms of measurement, heightened unpredictability has been
linked to presumed indicators of a fast life history strategy, includ-
ing greater number of sexual partners and higher levels of aggres-
sive and delinquent behavior (Belsky et al., 2012; Simpson et al,
2012), as well as an unrestricted sociosexual orientation, reduced
investment in parenting, increased intimate partner violence,
greater risk taking, reduced effortful control, and temporal dis-
counting (e.g., Deater-Deckard et al., 2019; Griskevicius et al.,
2013; Sturge-Apple et al, 2017; Szepsenwol et al., 2015, 2017,
2019). Nevertheless, best practices for measuring unpredictability,
and harshness, remain to be determined; some measures, such as
family member deaths, are conceptualized as an indicator of harsh-
ness by some researchers (e.g., Gettler et al., 2015) and of unpre-
dictability by others (e.g., Richardson et al., 2017).

Conclusion

Life history theory provides an informed basis for making predic-
tions about how early adversity shapes the development of multiple
psychological and behavioral traits, as well as the associations of
these traits with patterns of growth, sexual maturation, metabo-
lism, and other life history-related systems. The life history
approach has guided research on the links between early familial
and ecological conditions and a range of life history-related traits
and behaviors, such as impulsivity and risk taking, pubertal matu-
ration, biological aging, sexual behavior, reproductive timing,
parenting, and health (e.g., Belsky, 2019; Brumbach et al., 2009;
Copping & Campbell, 2015; Colich et al., 2020; James et al,,
2012; Mell et al., 2018; Sheppard et al., 2016; Sung et al., 2016;
Szepsenwol et al., 2015). This work has been instrumental in
advancing our understanding of the key distinction between child-
hood experiences of environmental harshness and unpredictability
(Ellis et al., 2009), with each of these dimensions uniquely — and
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often distinctly — predicting the development of life history traits
and their behavioral and psychological mediators (for a meta-
analysis, see Wu et al., 2020).

The threat-deprivation framework

The threat-deprivation framework concerns the how of develop-
ment; it derives from a mechanistic and neurobiological analysis
of development and experience-driven plasticity (McLaughlin,
Sheridan, & Lambert, 2014; Sheridan & McLaughlin, 2014). The
model is based on a simple principle - that brain plasticity is a pri-
mary mechanism through which environmental experiences shape
learning and development. Because neural plasticity mechanisms
are responsive to specific types of environment experiences
(Kolb & Gibb, 2014; Takesian & Hensch, 2013; Trachtenberg
et al,, 2002), the neurodevelopmental processes influenced by
adverse early experiences are unlikely to be identical across all
forms of adverse environments. Instead, this dimensional frame-
work attempts to distill complex adverse experiences into core
underlying dimensions that cut across multiple forms of adversity
in order to identify the active ingredients in adverse environmental
experiences that are likely to shape learning and patterns of brain
development in similar ways. The central tenet of this model is that
different dimensions of adversity will have distinct influences on
neural development. This claim rests on existing knowledge about
experience-driven plasticity, which indicates clearly that different
types of environmental experiences produce distinct changes in
neural structure and function that vary based on the timing, nature,
intensity, and duration of the environmental experience (Kolb &
Gibb, 2014; McLaughlin & Gabard-Durnam, 2021; Nelson &
Gabard-Durnam, 2020).

The initial model distinguished two central dimensions: threat
and deprivation (McLaughlin & Sheridan, 2016; McLaughlin,
Sheridan, & Lambert, 2014; Sheridan & McLaughlin, 2014).
Threat encompasses learning experiences involving actual harm
or threat of harm to the child’s survival, including direct victimi-
zation experiences (e.g., physical abuse), as well as those witnessed
by the child (e.g., violence between caregivers). Deprivation, in
contrast, involves limited or reduced social and cognitive inputs
from the environment during development, resulting in reduced
opportunities for learning. Although experiences of threat and
deprivation often co-occur (Green et al, 2010; McLaughlin
et al., 2012), their developmental consequences — and the neuro-
biological processes giving rise to them — are considered at least
partially distinct. The dimensions of threat and deprivation under-
lie numerous forms of early experience. For example, threat of
harm to the child occurs in physical and sexual abuse, in witnessing
domestic violence, and in other forms of violence (e.g., in the
school or community). Thus, even if physical abuse typically
involves a higher level of danger than witnessing violence in one’s
neighborhood, both experiences share the core feature of the
potential for harm to the physical integrity of the child. In contrast,
deprivation in social and cognitive stimulation is a central feature
of neglect, institutional rearing, and other forms of parental
absence, including deprivation that arises from low levels of paren-
tal involvement or interaction in low resource environments with
few social supports, such as poverty in the United States.

Threat

The ability to identify and mobilize defensive responses to environ-
mental threats is essential for survival. Specific neural circuits,
identified in animal models (LeDoux, 2003, 2012) and conserved
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across species (Milad & Quirk, 2012; Phelps & LeDoux, 2005),
respond to potential threats, orchestrate defensive responses,
and support aversive learning — encompassing amygdala, hippo-
campus, and dorsal and ventral medial prefrontal cortex.
Predictions about the dimension of threat derive from this substan-
tial neuroscience literature. Specifically, the model predicts that
threatening experiences during childhood alter the development
of neural networks that underlie salience detection and aversive
learning in ways that facilitate rapid identification of potential dan-
ger in the environment and mobilize defensive responses that pro-
mote safety (McLaughlin, Sheridan, & Lambert, 2014; Sheridan &
McLaughlin, 2014; McLaughlin & Lambert, 2017). Because these
responses to threat are critical to survival throughout develop-
ment, it is unlikely that natural selection designed the brain to
“expect” to encounter threats only during specific sensitive periods.
Instead, these developmental changes in threat-related processing
most likely reflect experience-dependent plasticity and learning
(McLaughlin & Gabard-Durnam, 2021). Such changes are pre-
sumably adaptive under threatening conditions, even if there are
long-term costs associated with these changes, such as increased
vulnerability to internalizing and externalizing psychopathology
(Briggs-Gowan et al., 2015; Kim & Cicchetti, 2010; McLaughlin
et al., 2016).

Strong evidence supports these predictions. A systematic review
demonstrates that early-life experiences of threat are associated
with changes in the structure and function of brain regions
involved in emotional learning, including reduced amygdala and
hippocampal volume, and elevated amygdala responses to threat
cues (McLaughlin, Weissman, & Bitran, 2019). These neurodeve-
lopmental patterns are consistent with substantial evidence that
children raised in threatening early environments exhibit cognitive
biases that facilitate the rapid identification of potential threats in
the environment (Dodge et al.,, 1995; Pollak et al., 2000; Pollak
et al,, 2009; Pollak & Sinha, 2002; Pollak & Tolley-Schell, 2003;
Pollak et al.,, 2005). Elevated emotional responses to stress and
heightened responsivity to cues signaling the presence of threat
in the environment are well-documented among children exposed
to violence (Glaser et al., 2006; Heleniak et al., 2016; Hennessy
et al, 1994; Kim & Cicchetti, 2010; Weissman et al., 2019).
More recent evidence has documented altered patterns of aversive
learning in children exposed to threat (DeCross et al., 2021;
Machlin et al., 2019; McLaughlin et al., 2016). Critically, these pat-
terns have been observed even in studies that control for co-occur-
ring deprivation experiences.

Deprivation

Children exposed to deprived early environments - including those
characterized by neglect, the absence of a primary caregiver (e.g.,
institutional rearing), chronic material deprivation, and low levels
of cognitive stimulation, exposure to complex language, parental
scaffolding of child learning, and other learning opportunities —
do not tend to exhibit the alterations in emotional processing
and associated neural circuits that are associated with threat (see
McLaughlin, Weissman, & Bitran, 2019 for a review). Instead, chil-
dren exposed to deprivation experience persistent difficulties in a
range of cognitive domains, such as language ability and executive
functioning (Lambert et al., 2017; Miller et al., 2018; Rosen et al.,
2020; Rosen et al., 2018; Sheridan et al., 2017).

The threat-deprivation model links these patterns to a specific
aspect of deprived early environments - the lack of consistent
interactions with caregivers — which is presumed to influence

development through a different set of mechanisms than do
environments characterized by threat (McLaughlin, 2016;
McLaughlin & Sheridan, 2016; McLaughlin, Sheridan, &
Lambert, 2014; McLaughlin et al, 2017; Sheridan &
McLaughlin, 2014). Early in life, most learning occurs in the con-
text of caregiver interactions. The sensory, motoric, linguistic,
and social experiences provided by caregivers substantially define
the complexity of the developmental environment and the degree
of cognitive stimulation afforded the child. The absence or
unavailability of a caregiver results in gross reductions in social
and cognitive stimulation and opportunities for learning.
Critically, behavioral and neural functioning associated with dep-
rivation is mediated by the degree of cognitive and social stimu-
lation in the early home environment (Miller et al., 2018; Rosen
etal., 2020; Rosen et al., 2018) — a central prediction of the model.

Reductions in expected input from the environment operate in
at least two ways to shape future cognition. First, this lack of input
constrains early learning and thus alters the foundation on which
more complex forms of cognition are scaffolded. Second, depriva-
tion may influence brain development through experience-driven
plasticity mechanisms. The selective elimination of synaptic
connections that are utilized infrequently is a central force in
the remodeling of the brain across development in response to
experience (Petanjek et al., 2011) and is a key neural mechanism
contributing to experience-driven plasticity (Kolb & Gibb, 2014;
Takesian & Hensch, 2013; Trachtenberg et al, 2002).
Environments characterized by limited or reduced social and cog-
nitive stimulation and available caregivers constrain opportunities
for learning, which can result in accelerated and extreme synapse
elimination. This has been repeatedly demonstrated in animals
deprived of sensory and social input during development
(Globus et al,, 1973; Greenough & Volkmar, 1973; O'Kusky,
1985; Turner & Greenough, 1985).

The threat-deprivation model predicts that exposure to social
and cognitive deprivation might produce a similar pattern of
accelerated synaptic pruning in humans in cortical regions that
process the specific inputs that are absent or limited in their
intensity or duration, leading to reductions in the thickness
and volume of these regions and reduced performance on com-
plex social and cognitive tasks that depend on these brain areas
(McLaughlin et al., 2017; Sheridan & McLaughlin, 2016). Existing
evidence in line with these hypotheses can be found in research
with children raised in orphanages characterized by extreme
deprivation as well as in children with less severe forms of dep-
rivation, such as neglect or material deprivation associated with
poverty. These are contextual conditions characterized by
reduced exposure to complex language, supervision by caregivers,
and environmental stimulation (Romeo, Leonard et al., 2018;
Rosen et al., 2020; Rowe, 2008). In such deprived environments,
children display difficulties in language and executive function-
ing (Bos et al., 2009; Lawson et al., 2018; Noble et al., 2007;
Pollak et al., 2010; Spratt et al., 2012; Tibu et al., 2016;
Windsor et al., 2011), reductions in cortical gray matter volume
(Hodel et al., 2015; Noble et al., 2015; Simpson et al., 2012), thin-
ner cortex throughout the brain and in the fronto-parietal net-
work (McLaughlin, Sheridan, Winter et al.,, 2014; McLaughlin,
Weissman, & Bitran, 2019; Rosen et al., 2018; Sheridan et al,,
2017), and atypical patterns of fronto-parietal recruitment during
executive functioning tasks (Rosen et al., 2018; Sheridan et al.,
2017). Notably, the precise cellular mechanisms that lead to
reductions in cortical gray matter following deprivation are cur-
rently unknown.
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Conclusion

Experience-driven plasticity mechanisms underlie learning and
changes in brain circuits in response to particular types of envi-
ronmental experiences. Because plasticity is heightened during
childhood and adolescence, environmental experiences occur-
ring during these windows of development are most likely to
produce lasting changes in the brain and in behavior. These
plasticity mechanisms provide a foundation for understanding
the pathways through which experiences of threat and depriva-
tion influence development in ways that are at least partially dis-
tinct. More broadly, these mechanisms play a key role in
facilitating adaptation to the environment in which children
are developing, while also contributing to heightened risk for
psychopathology and other problematic outcomes as children
mature.

Core-integrative concepts

As reviewed in the preceding sections, the harshness-unpredict-
ability framework fundamentally concerns the why of develop-
ment, focusing on what developmental responses to adversity
were designed by natural selection to do, whereas the threat-dep-
rivation framework fundamentally concerns the how of develop-
ment, focusing on neurodevelopment processes that are shaped
by adversity in the here and now. Although both frameworks seek
to explain the consequences of experiencing different forms of
adversity, their divergent grounding in why versus how has led
to different research questions, hypotheses, and programs of
research, which have largely proceeded independently and have
not previously been integrated.

Here we attempt to break down these silos. We see the different
research programs guided by each perspective as complementary
pieces of a developmental puzzle that, if brought together, could
meaningfully advance scientific understanding of the conse-
quences of childhood adversity. The first step toward achieving this
integration was to clearly articulate the nature of, and thereby
essential differences between, the two frameworks (above). We
now turn to discussing how these differences can be bridged to
move toward an integrated model of dimensions of environmental
experience. We begin by discussing three organizing principles that
underpin this integration: (a) the directedness of learning, (b) dif-
ferent levels of developmental adaptation to the environment, and
(c) relations between adaptive and maladaptive developmental
processes in experience-driven plasticity. Then, through a series
of integrative discussions of different dimensions of adversity,
we build our integrated model (Figure 1). We conclude with a sum-
mary of the overall model and its implications.

The directedness of learning

An evolutionary-developmental analysis of dimensions of adver-
sity stipulates that natural selection shaped the brain to treat cer-
tain environmental inputs (referred to here as ancestral cues) as
privileged sources of information. From this perspective, experi-
ence-driven mechanisms of plasticity evolved to promote substan-
tial learning and development in response to certain early
experiences and environmental exposures, but not others. This
basic assumption of an evolutionary-developmental approach
involves three suppositions: (a) the properties of the external envi-
ronment in which evolutionary adaptation occurred had a defined
statistical structure (i.e., many events/experiences were probabilis-
tically linked); (b) this structure included reliable associations
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Figure 1. Integrated model of dimensions of environmental experience. Harshness,
or extrinsic morbidity-mortality, constitutes at least two distinct adaptive problems:
morbidity-mortality from harm imposed by other agents and morbidity-mortality
from insufficient environmental inputs. These distinct adaptive problems provide
the evolutionary basis for why threat-based forms of harshness (left side of diagram)
and deprivation-based forms of harshness (right side of diagram) have distinct
influences on development. Cues signaling these adaptive problems range from more
proximal to the child (immediate experiences of threat and deprivation) to more distal
to the child (ecological factors linked to threat and deprivation). Use of both proximal
and distal cues enables individuals to calibrate development to both immediate rear-
ing environments and broader ecological contexts, current and future. Covariation
between cues is assumed but not shown in the figure. Dotted lines indicate unpredict-
ability (stochastic variation) at the level of both proximal and distal cues to threat
and deprivation. Unpredictability is conceptualized as a third distinct environmental
influence on development.

between ancestral cues (e.g., harsh parenting) and current or future
states of the world that influenced fitness (e.g., warfare, food short-
ages); and (c) natural selection embedded this structure in our
neurobiology (Tooby & Cosmides, 1990). Ancestral cues thus pro-
vide information about recurrent sets of conditions and relation-
ships that were present over evolutionary time (what Tooby &
Cosmides, 1990, called the “hidden structure” of the environment),
but that may or may not be consciously perceived or directly
observed through one’s lived experiences. This hidden structure
enables evolved mechanisms to operate adaptively based on lim-
ited information (i.e., without extensive learning trials, without
modeling all of the necessary features of the environment), even
though cues are probabilistic and vary in their reliability (see
Frankenhuis et al., 2019). From this perspective: “What evolves
is the directedness of learning” (Wilson, 1975, p. 156) — the relative
ease or efficiency with which some aspects of the developmental
environment, but not others, are detected, encoded, and ultimately
embedded as biological changes in emerging neural circuits that
guide experience-driven plasticity. That is why — ultimately - cer-
tain dimensions of the environment matter to the developing
organism.

Levels of developmental adaptation to the environment

Taken together, the dimensional models of adversity that are the
focus of this paper highlight the multi-level character of the envi-
ronment to which children developmentally adapt. With its focus
on the how of development, the threat-deprivation model centers
on the developing child’s immediate experiences of adversity and
how such experiences shape brain plasticity and, through it,
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Table 1. Multiple levels of developmental adaptation to the environment

Level of developmental adaptation

Rodent examples

Human examples

Level 1. Immediate environment: Using
information in the immediate environment as a
basis for concurrently adapting to that
environment

In many rodent species, suckling pups cling
tenaciously to the mother’s nipples in response to
sibling competition for milk, with this competition
becoming intense when litter size exceeds nipple
number (reviewed in Gilbert, 1995). Tenacious
nipple attachment in this context presumably
functions to increase access to scarce maternal
resources prior to weaning.

Children who experience violence in the home
tend to exhibit enhanced abilities for detecting
threat and remembering anger relative to other
emotions (e.g., Gibb et al., 2009; Pollak, 2008).
These heightened threat detection skills may
function to quickly mobilize defensive responses
to promote safety in hostile family conditions.

Level 2. Proximal (current) ecological: Using
information in the immediate environment
inferentially as a basis for adapting to a broader
ecological context that is temporally proximal.

Rat pups use low levels of maternal LG as a cue
(likely signaling increased risk of early death from
predation) to upregulate defensive responses (e.g.,
heightened physiological stress reactivity,
increased burying behavior in response to threats;
Cameron et al., 2005; Meaney, 2010). Rat pups
presumably use LG as a cue to adapt to a larger
ecological context (beyond the burrow) that is
temporally proximal.

High family conflict and low family warmth are
cues (likely signaling increased morbidity-
mortality risk) that upregulate inflammatory
processes, such as increased expression of
proinflammatory cytokine genes (Robles et al.,
2018), which in turn promote present-focused
decision making (i.e., impulsivity, present focus,
reduced delay of gratification; Gassen et al., 2019).
This proinflammatory phenotype presumably
functions to capitalize on currently available
resources and opportunities in a proximal
ecological context where future/delayed rewards
are uncertain and less valued.

Level 3. Distal (future) ecological: Using
information in the immediate environment
inferentially as a basis for adapting to a larger
ecological context that is temporally distal (i.e.,
anticipated future conditions).

Female rat pups use low levels of maternal LG as
a cue to upregulate reproductive physiology and
behavior (e.g., earlier onset of puberty, higher
sexual proceptivity toward novel males, higher
rates of pregnancy following mating sessions;
Cameron, Del Corpo et al., 2008; Cameron,
Shahrokh et al., 2008; Sakhai et al., 2011). This
occurs in adulthood, well after the sensitive
period for LG in the first week of life, and
presumably functions to increase the probability
of reproduction prior to disability or death in the
high morbidity-mortality contexts into which rats
exposed to low LG are likely to mature.

Children exposed to threat-related adversities (i.e.,
physical abuse, domestic violence, sexual assault,
community violence) tend to experience
accelerated pubertal development (Colich et al.,
2020). This accelerated development in
adolescence is temporally distal from early-life
threat experiences. As per the rodent example,
early sexual development is presumably a
predictive adaptive response to heightened
morbidity-mortality risk (e.g., Belsky et al., 1991;
Ellis, 2004), in this case signaled by recurring
threat cues in the environment.

Note. LG, licking and grooming.

learning and development. The focus is on how children use infor-
mation in the proximal environment in which they are developing
(e.g., experiences of threat from a caregiver) as a basis for concur-
rently adapting to that environment (e.g., early development of fear
learning) (see Table 1, Level I). A key assumption is that the nature,
intensity, and duration of developmental experiences determines
the degree of neuroplasticity and learning that occur. There is
no implication that the developing child inferentially uses cues
in their immediate environment as a basis for adapting to some
broader ecological context, current or future, that they may or
may not ever experience. The focus instead is on neural and behav-
ioral adaptation to, and within, the child’s current context.

By contrast, with its focus on the why of development, the
harshness-unpredictability model extends developmental adapta-
tion to broader ecological contexts. The evolutionary-developmen-
tal model assumes that the environment has a “hidden” statistical
structure characterized by recurrent sets of conditions and rela-
tionships that were present over evolutionary time (see above,
The Directedness of Learning). Based on this implicit structure,
the child uses early developmental experiences to adapt to multiple
levels of the environment, from immediate contexts to broader
ecological contexts that are more spatially or temporally distal
(see Table 1, Level 2 and Level 3). Developmentally adapting to
more distal contexts involves using immediate environmental cues
inferentially (e.g., harsh parenting as a probabilistic cue to higher
extrinsic morbidity-mortality).

In sum, the threat-deprivation and harshness-unpredictability
frameworks have largely focused on different levels - and especially
different timescales — of developmental adaptation to the environ-
ment, making the insights afforded by each perspective quite dif-
ferent. Critically, however, these are not alternative frames of
reference, but complementary ones. Indeed, what each “sees”
the other “misses.” An integrated dimensional model of environ-
mental experience therefore needs to systematically address adap-
tation to the environment across all of the levels shown in Table 1.
We discuss this issue further, and attempt to bridge this gap, below
(see Integrative Discussion of Harshness and Threat).

Adaptive versus maladaptive processes

Related to the focus on different levels of developmental adaptation
to the environment, the threat-deprivation and harshness-unpre-
dictability models conceptualize adaptive versus maladaptive proc-
esses differently in relation to adversity-mediated phenotypic
variation. Here we discuss these (partially) divergent perspectives
in relation to both experience-expectant and experience-depen-
dent developmental processes.

Experience-expectant processes influence development of both
adaptive and maladaptive forms of adversity-mediated phenotypic
variation. In considering this issue, it is useful to distinguish
between developmental pathways underlying species-typicality ver-
sus adaptive individual differences (Figure 2). Species-typicality

Downloaded from https://www.cambridge.org/core. 14 Mar 2022 at 15:10:01, subject to the Cambridge Core terms of use.


https://www.cambridge.org/core

10

| Experience-driven plasticity |

/

N

Bruce J. Ellis et al.

Experience-expectant plasticity: Produces enduring changes in
neural circuits and behavior that require specific types of input from
the environment during sensitive or critical periods to develop.

Experience-dependent plasticity: Produces changes in neural circuits
that occur in response to specific learning experiences that vary across
individuals and are not constrained to specific developmental windows.

Regulates species-typical
patterns of development.
Example: Light input to retina
during a critical period in the
first months of life is required

when this input is absent or
atypical (e.g., occurs only in
one eye), it produces lasting
changes in vision and the
structure and function of brain

for normal visual development;

Regulates adaptive variation (i.e.,
individual differences). Example:
maternal LG in rats systematically
varies as a function of ecological
context (Beery & Francis, 2011;
Champagne, 2008). During a
sensitive period in the first week of
life, rat pups use low levels of
maternal LG as a cue to upregulate
defensive responses (e.g., heightened
physiological stress reactivity,

Non-directed: intensity and
duration of experiences
determine degree of
neuroplasticity and learning.
Example: In musical training,
skill acquisition and changes in
cortical structure in motor and
auditory cortex are related to the
degree of practice and training
(Hyde et al., 2009; Kraus &
Chandrasekaran, 2010).

Directedness of learning: some
aspects of the environment are
readily detected, encoded, and
biologically embedded in neural
circuits. Example: Throughout life,
exposure to threat cues linked to
dangers over evolutionary history
cause changes in specific neural
circuits and behavior (e.g.,
conditioned fear responses) that
are conserved across species;

circuits that support vision
(Hensch, 2005; Hubel &
Wiesel, 1970).

increased burying behavior in
response to threats), which are stably
calibrated into adulthood (Cameron et
al., 2005; Meaney, 2010).

Figure 2. Experience-driven plasticity. Note. LG, licking and grooming.

refers to developmental mechanisms that have been shaped by
natural selection to produce a particular phenotype (e.g., vision)
under expectable environmental conditions. In these cases,
deviation from that phenotype (e.g., poor vision, or even blindness)
resulting from deviation in expectable environmental conditions
(e.g., reduced or absent light input) is maladaptive. Notably, even
development of a species-typical phenotype is generally not a yes or
no proposition; rather, the timing and quality of the expected expe-
rience shapes the degree of learning and plasticity that occur
(Gabard-Durnam & McLaughlin, 2020; McLaughlin & Gabard-
Durnam, 2021; Werker & Hensch, 2015). Experience-expectant
processes regulate the types and timing of environmental experi-
ences that are needed for specific cognitive, emotional, and social
capacities to develop in a typical manner; environmental contexts
that deprive individuals of such experiences during sensitive peri-
ods compromise those capacities, which may contribute to the
emergence of psychopathology and other maladaptive outcomes
(McLaughlin & Gabard-Durnam, 2021; Nelson & Gabard-
Durnam, 2020).

In contrast to species-typicality, adaptive individual differences
refer to evolved developmental mechanisms that have been shaped
by natural selection to produce different — conditional — pheno-
types (e.g., body camouflage in caterpillars matched to spring vs.
summer foliage; high vs. low number of functional sweat glands
in humans) in response to different expectable environmental cues
or conditions (e.g., different seasonal diets in caterpillars during the
first 3 days of life; human infant development in warmer vs. cooler
climates; Gluckman, 2004; Greene, 1989). These conditional
responses are structured and predictable. A key feature of adaptive
individual differences is that no single species-typical phenotype
exists, independent of context. That is, different contextually-
induced phenotypes have been maintained by natural selection
as adaptations to environmental variation. The effects of maternal
licking and grooming in rats on the development of stress physi-
ology and defensive behavior (Figure 2) provides an example of an
experience-expectant process that regulates adaptive individual
differences in behavior and neurobiology. Variation in physiology
and behavior is structured by early caregiving experiences that
show marked variation within the species-typical range (i.e., licking

these changes happen implicitly
without the need for extensive
experience (Ohman & Mineka,
2001).

and grooming is an expected environmental experience that widely
varies in intensity and frequency across rodents). The effects of lick-
ing and grooming are limited to a sensitive period in the first week of
life, during which time licking and grooming alters glucocorticoid
receptor mRNA expression in the pups’ hippocampal neurons,
and then stably calibrates individual differences in gene expression,
neural function, and behavior in adulthood in ways that appear to be
adaptive in different contexts (Cameron et al., 2005; Meaney, 2010).
This structured phenotypic plasticity presumably reflects condi-
tional adaptation to recurring environmental variation encountered
over evolutionary history.

In addition to experience-expectant process, experience-depen-
dent processes shape both adaptive and maladaptive forms of
adversity-mediated phenotypic variation. Consider experience-
dependent responses to threat, which show directedness of learn-
ing (Figure 2). The threat-deprivation model stipulates that height-
ened neural plasticity early in life alters development in threatening
environments in ways that are adaptive in context — facilitating
rapid identification of potential dangers and mobilizing defensive
responses that promote safety — but that these threat-mediated
changes may be detrimental in other environments in which the
individual finds themselves (e.g., school, workplace), thus increas-
ing vulnerability for psychopathology and other negative outcomes
over time. This increased vulnerability is mediated by traits such
as altered fear learning, exaggerated emotional reactivity, and dif-
ficulties with emotion regulation (e.g., Sheridan et al., 2020;
McLaughlin & Lambert, 2017).

The harshness-unpredictability model converges with the
hypothesis that children mount adaptive responses to danger,
but extends it in two ways. First, the model conceptualizes devel-
opmental adaptations to adversity in terms of tradeoffs: one system
is diminished so that another can be enhanced or preserved (as evi-
denced, for example, by the growing empirical literature on the
physical health costs of positive psychosocial adjustment in the con-
text of childhood adversity; Hostinar & Miller, 2019). Second,
despite such tradeoffs, the model proposes that childhood adapta-
tions to adversity may eventuate in long-term adaptive changes in
biobehavioral systems — adaptive individual differences - that regu-
late development over the life course (reviewed in Ellis & Del
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Giudice, 2014, 2019). We elaborate further on this idea in the
following integrative discussion of harshness and threat.

Integrative discussion of harshness and threat

As discussed earlier, extrinsic morbidity-mortality, or harshness,
refers to external sources of disability and death that cannot gen-
erally be attenuated or prevented. Over human evolutionary his-
tory, experiences involving harm imposed by other agents were
an important source of extrinsic morbidity-mortality for children
(Frankenhuis & Amir, 2021). In this section, we focus on the adap-
tive problem of physical harm from other agents - a distinct selec-
tion pressure posed by the environment — and how developmental
systems evolved to detect and respond to cues indicating the pres-
ence of this adaptive problem.

As shown in Figure 1, harshness is an overarching concept that
encompasses aspects of threat and deprivation. Cues to harshness
resulting from harm imposed by other agents (i.e., threat-based
forms of harshness) vary from more proximal to more distal to
the child. Proximal cues correspond to the concept of threat in
the threat-deprivation model: actual harm or threat of harm to
the child’s survival as a result of experiencing (e.g., physical abuse)
or witnessing (e.g., violence between caregivers) interpersonal vio-
lence or threat of violence. By contrast, more distal cues signal
increased risk of morbidity-mortality from harm imposed by other
agents, but do not directly involve experiencing or witnessing vio-
lence. Examples of such distal cues are living in close proximity to a
recent violent crime that was not personally experienced, prema-
ture morbidity—-mortality among family or community members,
and short life expectancies at the local level. Distal cues may signal
morbidity-mortality risk either directly (the child detects and enc-
odes the distal cue) or indirectly through their effects on more
proximal experiences of threat (Figure 1). The harshness-unpre-
dictability model assumes that directedness of learning enables
individuals to adaptively calibrate development on the basis of
proximal and distal cues to threat, without extensive learning trials
or modeling all of the necessary features of the environment (see
below, Directedness and Specificity of Responses to Threat).

A central difference between the threat and harshness litera-
tures is their relative focus on more proximal versus distal cues
to morbidity-mortality from harm imposed by other agents
(Figure 1), and the role of such cues in guiding developmental
adaptation to more proximal versus distal environments
(Table 1). In this section, we make clear that these differences
are complementary and hierarchically ordered. We then attempt
to show how these differences can be integrated in theory and
research on threat-mediated acceleration of biological aging.

The adaptive problem of physical harm from other agents:
multi-level cues and multi-level responses

Both detection of threat-based forms of harshness (what is detected
and encoded in the environment) and phenotypic responses to
threat-based forms of harshness (developmental adaptations)
occur at multiple levels. In the threat-deprivation framework, indi-
viduals use experiences of threat in their proximal environment
(proximal cues in Figure 1), such as experiencing harsh physical
discipline, as a basis for concurrently adapting to that environment
(Level 1, Table 1). Although surviving childhood is critically
important, immediate rearing environments - the here and now
- are not the only environments that individuals have had to
adapt to over evolutionary history in order to successfully repro-
duce. In the harshness-unpredictability framework, therefore, early
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experiences of threat do double duty, as they also operate as a con-
duit through which young children receive information about
larger environmental risks (Belsky et al., 1991; Ellis et al., 2009).
That is, individuals use harsh experiences as a basis for adapting
not only to the environment in which they are developing, but also
to more spatially or temporally distal environments (Level 2 and
Level 3, Table 1). As children mature, they should increasingly
detect and respond to distal cues directly. In total, if developmental
systems function to adapt children to the broader ecological con-
texts into which they are likely to mature (Level 2 and Level 3), then
these systems should have evolved to incorporate information
from distal (as well as proximal) cues, as shown in Figure 1.

Cues to harshness are defined broadly in terms of probabilistic
relations with extrinsic morbidity-mortality. For example, chil-
dren may use corporal punishment as a cue to the prevalence of
violence at a societal level (Level 2, Table 1), such as the prevalence
of warfare or other forms of interpersonal violence among adults,
which increase morbidity-mortality risk. Such relations between
corporal punishment and societal-level violence are well docu-
mented cross-culturally (Lansford & Dodge, 2008; see also
Eltanamly et al, 2021). If these two forms of violence reliably
covaried over evolutionary history, then natural selection may have
shaped the brain to use physically harsh parenting as a cue to
extrinsic morbidity-mortality from physical harm from other
agents — and thus as a basis for calibrating development (such
as by regulating development toward a faster life history strategy).
Although the cue in this example (corporal punishment) involves
actually experiencing violence, a broader range of environmental
factors may operate as cues to morbidity—mortality from physical
harm from other agents (distal cues in Figure 1), such as attending
the funerals of multiple peers during adolescence.

Directedness and specificity of responses to threat

Responses to threat, we argue, reflect the directedness of learning; it
is one example of a privileged developmental experience that has
greater potential to trigger learning and plasticity than many other
types of early experiences. Threatening experiences during child-
hood alter the development of neural networks that underlie
salience detection and aversive learning in ways that facilitate rapid
identification of potential danger and mobilization of defensive
responses (see above, The Threat-Deprivation Framework). As
articulated by Ohman and Mineka (2001), the neural systems that
underlie fear and aversive learning and govern defensive responses
to threats evolved as adaptations to environments characterized by
high risk of mortality from physical harm from other agents (see
also Rakison, 2022). They argue that this evolved “fear module” is
selective, automatic, and specific: selective in that it responds pref-
erentially to stimuli that have been associated with threat over the
course of human evolution; automatic in that threats capture atten-
tion rapidly and produce efficient mobilization of defensive
responses without the need for complex neural computations,
extensive learning, or elaborated cognitive appraisals; and specific
in that it relies on specialized neural circuitry that evolved to pro-
mote learning and generate appropriate behavioral responses to
specific environmental threats (Ohman & Mineka, 2001).> This
specificity — and directedness of learning - in neurodevelopmental

2The arguments made here apply specifically to forms of threat where failure to respond
is too costly to make trial-and-error learning a viable option. Individuals may be biologi-
cally prepared to pay special attention to such forms of threat and learn to respond to them
quickly or efficiently. The related idea - that prepared responses to these forms of threat are
more resistant to extinction than are responses to neutral stimuli - is a topic of current
debate in the literature (Ahs et al., 2018; Del Giudice, 2021).
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Table 2. Research directions for an integrated model of dimensions of environmental experience

Integrating harshness and threat

1. Identify distal cues to threat-based forms of harshness (e.g., rates of neighborhood violence, premature death of community members) that can be
measured in ways that are distinct from proximal cues (e.g., physical abuse, harsh discipline)

2. Determine whether distal and proximal cues to threat-based forms of harshness lead to similar (or different) shifts in social information processing,

emotional responses, and neurodevelopmental adaptations

3. Evaluate whether patterns of social and emotional processing and neurodevelopmental adaptations linked to proximal experiences of threat (e.g.,
elevated emotional reactivity) mediate relations between distal cues and life history-related traits (e.g., accelerated sexual maturation, future

discounting) and long-term health outcomes

4. Investigate how developmental adaptations to both distal and proximal cues to threat-based forms of harshness relate to both adaptive and
maladaptive processes and outcomes over both shorter and longer time periods

Integrating harshness and deprivation

1. Develop novel approaches for investigating the neurodevelopmental mechanisms that contribute to smaller brain size and reduced structural

connectivity following deprivation in humans

2. Investigate the shared vs unique effects of energetic, material, and social/cognitive deprivation on neurocognitive outcomes and life history traits

3. Identify measures (e.g., brain metabolism) that can be used to evaluate the “maintenance-oriented” phenotype hypothesis in modern societies, where
deprivation is most closely associated with constraints on neural development rather than physical growth

4. Evaluate how different experiences of deprivation (e.g., food insecurity, limited parental investment) influence specific hidden talents

5. Determine how experiences of deprivation interact with other forms of harshness (e.g., threat), and with unpredictability, to shape life history-related
traits, whether these different dimensions of adversity have opposing influences on these traits (e.g., later puberty but earlier parenthood), and the

developmental mechanisms that are involved

Unpredictability

1. Determine whether the emotional, cognitive, and neurodevelopmental impacts of threat and deprivation, as well as their influences on life history traits,

vary based on the predictability of these experiences

2. Investigate whether the developmental consequences of unpredictability are similar when unpredictability is defined based on ancestral cues (e.g.,

parental transitions) vs. statistical learning

3. Identify distal cues to unpredictability that directly lead to statistical changes in threat or deprivation and/or signal probabilistic changes in the

statistical structure of threat or deprivation

4. Employ methods to compile enough observations across time and space (e.g., daily diary, experience sampling) to model patterns of variation that
define unpredictability from a statistical learning perspective (e.g., variance, autocorrelation)

Broad directions for future research

1. Investigate how dimensions of adversity (i.e., threat, deprivation, and unpredictability) interact to influence emotional, cognitive, and neural

development, as well as life history traits

2. Leverage work on hidden talents and adaptive outcomes in children who experience threat, deprivation, and unpredictability to identify novel targets for

interventions

responses to threat is depicted by the pathway in Figure 1 from
threat to morbidity-mortality from harm imposed by other agents
(versus the absence of a pathway from threat to morbidity-mortal-
ity from insufficient environmental inputs).

An integrated approach calls for examining the role of both
proximal and distal cues to physical harm from other agents in cal-
ibrating underlying mechanisms involved in regulating develop-
mental adaptations to harsh environments. Developmental
mechanisms mediating responses to proximal experiences of
threat (e.g., aversive learning) are well-articulated in the threat-
deprivation framework, including the work of Ohman and
Mineka (2001) described above. In contrast, developmental mech-
anisms mediating responses to more distal cues to physical harm
from other agents have received less empirical attention. One
mechanism studied within the harshness-unpredictability frame-
work is perceptions of future life expectancy - whether youth
believe they will live a shorter versus longer life (e.g., Chisholm
et al., 2005; Dickerson & Quas, 2021) - which may be calibrated
(in part) by more distal cues to physical harm from other agents.
Integrating across these levels, developmental mechanisms should
incorporate information from both proximal and distal cues,

particularly in regulating Level 2 and Level 3 adaptations
(Table 1). More immediate phenotypic adaptations to childhood
experiences of threat (e.g., rapid threat detection) may eventuate
in longer-term changes in biobehavioral systems that are adaptive
under dangerous or violent conditions (e.g., faster life history strat-
egies), despite the potential costs of such developmental adapta-
tions (e.g., psychopathology and other negative outcomes).

Levels of developmental adaptation to threat: the case of
accelerated biological aging

In this section, we present an integrative example of experience-
driven plasticity — threat-mediated acceleration of biological
aging - that occurs across multiple levels of developmental adapta-
tion to the environment. Our goal is to demonstrate how integrating
across the different levels that are the main focus of the threat-
deprivation and harshness-unpredictability models can advance
understanding of this important developmental phenomenon.
Experiences of threat may accelerate the pace of brain develop-
ment (reviewed in Tooley et al., 2021). For example, accelerated
cortical thinning in ventromedial prefrontal cortex (vmPFC) - a
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region involved in multiple forms of social and emotional process-
ing — has been observed consistently in children exposed to threat,
although patterns of prefrontal-amygdala connectivity have been
mixed (see Colich et al., 2020, and McLaughlin, Weissman, &
Bitran, 2019, for systematic reviews). This accelerated development
of neural circuits that support emotion regulation and social infor-
mation processing may allow for earlier independence from care-
givers in environments lacking support or characterized by chronic
threat (Callaghan & Tottenham, 2016; Snell-Rood & Snell-Rood,
2020). Consistent with the threat-deprivation framework, this
accelerated development may facilitate adaptation to the immedi-
ate environment (Table 1, Level 1) by sharpening threat detection
and response mechanisms (e.g., earlier detection of danger and
more rapid mobilization of defensive responses).

A hypothesis advanced within the harshness-unpredictability
framework is that harsh experiences in childhood carry predictive
information about the larger and/or future state of the environ-
ment (ie., danger and consequent high mortality; Table 1,
Level 2 and Level 3), and that development of a faster life history
strategy in this context — including earlier puberty - is a conditional
adaptation that functions to increase the probability of reproduc-
tion prior to disability or death (Belsky, 2019; Belsky et al., 1991;
Ellis, 2004). Consistent with this hypothesis, a recent meta-analysis
found that childhood experiences of threat, but not deprivation,
were associated with accelerated biological aging in childhood
and adolescence, including earlier pubertal development (Colich
et al., 2020). In this case, the phenotypic response — accelerated
transition from the pre-reproductive to the reproductive phase
of the human lifecycle — was distal to early experiences of threat.
Early experiences of threat appear to calibrate development of the
hypothalamic-pituitary-gonadal axis in ways that - years later —
accelerate pubertal maturation. In turn, accelerated puberty may
affect other life history-related traits such as risky sexual behavior
and timing of reproduction (reviewed in Baams et al., 2015; Ellis,
2004). Taken together, early experiences of threat regulate both
immediate and predictive adaptive responses, which operate
through different mechanisms and have different functions in
relation to survival and reproduction. Integrating the threat-
deprivation and harshness-unpredictability models brings into
focus these multiple levels of developmental adaptation to the
environment, thus affording a more complete understanding of
development in the context of adversity.

Directions for future research

We highlight concrete directions for future research that could test
these propositions about harshness and threat. These include
evaluating whether distal cues to harshness and threat are associ-
ated with similar brain processes as direct experiences of violence
as well as other possible biological-embedding mechanisms

3A related alternative (though not incompatible; see Belsky, 2014) hypothesis is that
harsh conditions in childhood carry predictive information, not about the larger and/or
future state of the environment, but about one’s own expected future somatic condition
(Nettle et al., 2013; Rickard et al., 2014). In this view, developmental mechanisms respond
to the individual’s compromised internal state (i.e., wear and tear on the body related to
allostatic load, and thus increased morbidity-mortality risk) — and not to probabilistic cues
about future environments - as a basis for accelerating puberty. That threat, but not dep-
rivation, is related to greater allostatic load (Scheuer et al., 2018; Slopen et al., 2019; Widom
etal, 2015) and cellular aging (Colich et al., 2020) is broadly consistent with this hypoth-
esis. However, it is currently unknown whether increased allostatic load in childhood con-
tributes to accelerated pubertal development (though see Allsworth et al., 2005), although
some evidence suggests that accelerated epigenetic aging predicts faster (Binder et al.,
2018), and chronically elevated cortisol predicts earlier (Sun et al, 2017), pubertal
maturation.
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(e.g., epigenome, microbiome, immune system, etc.), and whether
these processes, in turn, are associated with life history phenotypes.
For example, these ideas could be investigated in a study that
simultaneously examines proximal (e.g., harsh punishment) and
distal (e.g., levels of neighborhood violence) indicators of threat
with aversive learning, social information processing, and/or emo-
tional reactivity or that determines whether these processes are
mechanisms linking distal and proximal threat indicators with ear-
lier age of sexual maturation and/or sexual behavior. Specific direc-
tions for future research in this area are outlined in Table 2.

Integrative discussion of harshness and deprivation

In addition to harm imposed by other agents, insufficient environ-
mental inputs (material, energetic, or social) was another impor-
tant source of harshness over human evolutionary history
(Frankenhuis & Amir, 2021). In this section, we focus on the adap-
tive problem of insufficient environmental inputs — a distinct set of
selection pressures posed by the environment - and how develop-
mental systems evolved to detect and respond to cues indicating
the presence of this adaptive problem (Figure 1).

In early childhood, experiences of deprivation are often
mediated through caregiver behavior, which is responsive to larger
ecological conditions such as social/alloparental support, socioeco-
nomic adversity, pathogen stress, and community-level violence
(Belsky, 1984; Belsky et al., 1991; Eltanamly et al., 2021; Quinlan,
2007). The quantity and quality of interactions with caregivers
contributes to early childhood experiences of deprivation. In tradi-
tional human societies, and by inference over human evolutionary
history, some caregiver-mediated forms of deprivation (e.g., early
weaning, low provisioning of food, low sleeping proximity to
infants, reduced carrying of children, and caregiver neglect)
increase childhood morbidity-mortality risk from causes such as
malnutrition, disease, physical exposure, predation, and conspe-
cific violence (Frankenhuis & Amir, 2021; Quinlan, 2007; Volk
& Atkinson, 2008, 2013). For example, in traditional human soci-
eties, maternal mortality has catastrophic and universally negative
effects on the survival of young children prior to weaning age (Sear
& Mace, 2008). From this perspective, significant experiences of
deprivation (especially deprivation experiences that were reliably
associated with morbidity-mortality over evolutionary history)
are nested within harshness (Figure 1). Our developmental systems
should have evolved to detect and respond to these forms of
deprivation.*

Like cues to threat-based forms of harshness, cues to depriva-
tion-based forms of harshness vary from more proximal to the
child (e.g., caregiver neglect, limited social or cognitive input, food
scarcity, homelessness and other forms of material deprivation) to
more distal to the child (e.g., famine, drought, resource shortages,
unemployment, and poverty). Proximal cues correspond to the
concept of deprivation in the threat-deprivation model: infrequent
or low-quality environmental inputs experienced by the child.
Distal cues reflect ecological factors linked to deprivation. As
shown in Figure 1, distal cues may signal morbidity-mortality risk
from insufficient environmental inputs either directly or indirectly
(through proximal cues).

At the same time, deprivation reflects a continuous dimension (e.g., Amso et al., 2019;
King et al., 2019; Rosen et al., 2020), which on the positive end is characterized by high
levels of nurturance, sustenance, and cognitive stimulation. Although variation around
the positive end of deprivation (above a threshold) is probably unrelated to morbidity-
mortality risk, rearing experiences consistently on the positive end should signal low
harshness.
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In this paper, we have stipulated that threat-based forms of
harshness (as well as unpredictability) both constrain development
and regulate it toward strategies that are adaptive under stressful
conditions. These adaptive arguments postulate that developmen-
tal adaptations to adversity evolved in response to environmental
variation and function to match the developing phenotype to
relevant conditions. Such arguments may be less applicable to dep-
rivation, however, especially in its more severe forms. In many
cases, developmental responses to deprivation can be more parsi-
moniously explained as attempts to spare or preserve function.
Such responses may enable individuals to make the best of bad
circumstances in the context of substantial developmental con-
straints (i.e., low survival, poor growth, reduced reproduction;
see Bogin et al., 2007) imposed by deprivation-mediated tradeoffs.
Making the best of bad circumstances means that individuals
adjust their phenotypes to the deprived conditions under which
they are developing - allowing them to achieve better survival
and reproductive outcomes than if they did not adjust their phe-
notypes — but still fare worse than peers who did not experience
deprivation. In this section, we consider such tradeoffs from the
perspective of life history theory. We propose that (a) depriva-
tion-mediated tradeoffs fundamentally involve sacrificing growth
to reduce maintenance costs, and that such tradeoffs occur in
response to both energetic deprivation (central to the harshness-
unpredictability framework) and social/cognitive deprivation
(central to the threat-deprivation framework); and (b) individuals
mount responses to deprivation that enable them to make the best
of bad circumstances.

Energetic deprivation

A major form of deprivation is nutritional, or energetic deprivation.
Within a life history framework, a central assumption is that natu-
ral selection has favored physiological mechanisms that track
variation in energetic conditions (i.e., resource availability, energy
balance, and related physical condition) and adjust growth to
match that variation (Ellis, 2004; Ellison, 2003). Consequently, a
central resource-allocation tradeoff, beginning in the prenatal
period, is between maintenance and growth (for an extensive
review, see Bogin et al., 2007). A baseline level of energy expendi-
ture is needed to maintain basic functioning and repair or preserve
the soma (e.g., brain metabolism, digestion, immune function, cel-
lular/DNA repair, pathogen and predator defenses). Above these
baseline investments in maintenance, resources can be allocated
to growth and eventually reproduction. Growth builds capacities
that enhance overall reproductive potential; it encompasses devel-
opmental processes and activities that increase physical size as
well as social and cognitive competencies (e.g., development of
abstract information-processing capacities, acquisition of skills
and knowledge).

Consistently enriched or supportive conditions in early and
middle childhood may signal to the individual that investments
in growth are sustainable. Conversely, conditions of chronic
resource scarcity may shift individuals toward development of
an energy-sparing phenotype that economizes somatic mainte-
nance costs by limiting growth. Energetic deprivation was a
common feature of ancestral human environments. In subsist-
ence-level populations, low energy availability co-occurs with both
periods of negative energy balance (when caloric expenditures
exceed caloric intake) and high pathogen burden/immunological
challenges (e.g., McDade, 2003; Urlacher et al., 2018). Energetic
deprivation, as instantiated in this co-occurring set of conditions,
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is associated with slower growth, later sexual maturation, and
smaller body size (e.g., Bogin et al,, 2007; Ellis, 2004; Ellison,
2003); relatively low progesterone concentrations and reduced
fecundity in women (Ellison, 2003; Jasienska et al., 2017); and rel-
atively low testosterone concentrations and reduced skeletal
muscle tissue in men (Bribiescas, 2001, 2010). These adjustments
of life history-related traits to chronic ecological conditions are
generally considered an example of adaptive phenotypic plasticity
(Ellison, 2003; Ellis, 2004). In this case, energetic deprivation reg-
ulates development toward a slower life history strategy that is
maintenance-cost-effective: growth is constrained, and reproduc-
tive capacity is achieved later in development.

Although energetic deprivation constrains growth and repro-
ductive maturation, individuals should still mount responses
to energetic deprivation that enable them to make the best of
bad circumstances. Energetic deprivation, and the closely related
conditions of pathogen stress (e.g., McDade, 2003; Urlacher
et al,, 2018) and warfare related to food shortages/food instability
(Ember & Ember, 1992), were major co-occurring causes of extrin-
sic morbidity-mortality over evolutionary history. These co-
occurring environmental factors may have opposing effects on
the development of life history strategies. Like developmental
exposures to threat, cues to high pathogen stress (e.g., high local
fatality rates from infectious disease) predict faster life history-
related traits (Lu et al., 2021; Quinlan, 2007).> This means that
shifts toward slower life history strategies induced by energetic
deprivation often occur in the context of countervailing shifts
toward faster life history strategies in response to cues to extrinsic
morbidity-mortality from other sources. For example, in a com-
parison of 22 small-scale human societies (hunter—gatherers and
subsistence-based horticulturalists), poor energetic conditions
were associated with later ages of menarche and first birth, whereas
higher childhood mortality rates were associated with earlier ages
of menarche and first birth (Walker et al., 2006). Likewise, in
cohort studies in Estonia, the Philippines, and Brazil, complex
adversity exposures involving energetic deprivation together with
other forms of harshness or unpredictability (e.g., poverty, parental
instability, sibling death) predicted both later pubertal develop-
ment and earlier ages at first reproduction (Gettler et al., 2015;
Horak et al., 2019; Valge et al., 2021; Wells et al,, 2019). In the
Brazilian cohort, other shifts toward faster life history-related traits
were also observed, including greater risky behavior indicative of
future discounting (i.e., smoking, criminal behavior) (Wells et al.,
2019). In total, the literature on energetic deprivation in the context
of harshness/unpredictability provides a textbook case of the com-
plex - and sometimes countervailing nature - of developmental
responses to adversity. Despite the negative effects of energetic
deprivation on growth, broader phenotypic responses may still
make the best of bad circumstances. Within ecological constraints,
that potentially involves diverting resources toward earlier repro-
duction, as well as other shifts toward faster life history-related
traits, particularly in relation to other cues to extrinsic morbid-
ity-mortality or unpredictability.

SThis relation may be curvilinear. In both Quinlan (2007) and Lu et al., (2021), greater
pathogen stress in the low to moderate range was associated with slower life history-related
traits (e.g., higher levels of parental care, greater family social contact and support, fewer
health-risking behaviors), whereas greater pathogen stress in the high range displayed the
opposite pattern of associations.
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Social/cognitive deprivation

The complex effects of energetic deprivation on reproductive
development and behavior provide a model for considering the
effects of social/cognitive deprivation on neurodevelopment and
learning. Our developmental systems may have evolved to treat
experiences of deprivation as privileged sources of information,
using them as a basis for implementing developmental tradeoffs
favoring maintenance over growth. Such tradeoffs fundamentally
concern neurodevelopment, given the unusually high energetic
costs of the human brain. Indeed, glucose consumed by the brain
accounts for roughly 66% of the body’s resting metabolic rate and
43% of total energy expenditure in middle childhood (Kuzawa
etal, 2014). This high energetic cost reflects the size and complex-
ity of the human brain, with its trillions of functional connections.
Achieving high levels of neural complexity is costly — in terms of
time, energy, and risk — and, critically, depends on adequate paren-
tal investment and social support (Snell-Rood & Snell-Rood, 2020).

When such investment and support is lacking from the envi-
ronment, one result may be reduced investment in neural develop-
ment. Indeed, social and cognitive deprivation related to
institutionalization, neglect, and other environments characterized
by low levels of cognitive stimulation, such as lower socioeconomic
status, have been consistently linked to reductions in brain volume,
cortical surface area, and cortical thickness in children and adoles-
cents. Reduced cortical volume, surface area, and thickness in chil-
dren who have experienced deprivation are global, widespread, and
occur not only in regions of association cortex but also in sensory
cortex (Hanson, Hair et al., 2013; Herzberg et al., 2018; Hodel et al.,
2015; Mackey et al., 2015; McLaughlin, Sheridan, Winter et al.,
2014; Noble et al., 2015; Sheridan et al., 2012). The precise cellular
mechanisms contributing to thinner cortex, and whether these pat-
terns reflect an acceleration or delay in neurodevelopment,
remains unknown. Social/cognitive forms of deprivation in early
life are also associated with reductions in the integrity of structural
connections between brain areas across a wide range of white mat-
ter tracts (Eluvathingal et al., 2006; Govindan et al., 2010; Hanson,
Adluru et al., 2013; Rosen et al., 2018). In total, substantial evidence
suggests that deprivation in childhood is associated with a pattern
of neurodevelopment that results in a smaller brain, as reflected by
global reductions in cortical gray matter volume, surface, and
thickness, as well as brain that is less connected, as revealed by a
global decrease in the structural integrity of white matter tracts.

Deprivation-mediated reductions in neural growth and struc-
tural connectivity have been hypothesized to result in lower brain
metabolic rates (Snell-Rood & Snell-Rood, 2020). Thus, social/cog-
nitive deprivation, like energetic deprivation, may shift individuals
toward development of a maintenance-cost effective phenotype by
constraining neural development. Stated differently, the effects of
energetic and social/cognitive deprivation can be understood in
terms of the same underlying tradeoff favoring maintenance over
growth.

Research conducted within the threat-deprivation framework,
and in developmental cognitive neuroscience more generally,
has taken a deficit-based approach to deprivation. This is under-
standable, given the well-documented associations between social/
cognitive deprivation and constraints on neurodevelopment and
learning (see above, The Threat-Deprivation Framework).
Nonetheless, an evolutionary-developmental perspective implies
that children mount responses to deprivation that make the best
of bad circumstances (see Ellis et al., 2020). Such responses may
involve the development of stress-adapted skills, or “hidden
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talents,” that enable adaptation within high-adversity contexts
(Ellis et al., 2017; Frankenhuis & de Weerth, 2013), including
rearing environments characterized by deprivation. Homeless
youth, for example, generally experience considerable social,
cognitive, and material deprivation. Although homeless youth tend
to perform worse than comparison youth on executive function
tasks, they have been found to perform as well or better on tests
of creativity (Dahlman et al., 2013; Fry, 2018). Heightened creativ-
ity in the context of homelessness is presumably a stress-adapted
skill for solving problems relevant to surviving in a deprived and
unpredictable environment. Likewise, in explore-exploit decision-
making tasks, previously institutionalized children use more
exploitative strategies than peers raised in families (Humphreys
et al., 2015; Kopetz et al., 2019; Loman et al., 2014). This exploitive
strategy was detrimental under forgiving experimental conditions,
but beneficial when conditions become harsh (i.e., when parame-
ters of the task changed to hasten punishment) (Humphreys et al.,
2015). More generally, children exposed to deprived (as well as
threatening) early environmental conditions — poverty, maternal
disengagement, high neighborhood crime - may develop enhanced
problem-solving skills for extracting fleeting or unpredictable
rewards from the environment (Li et al., 2021; Sturge-Apple
et al., 2017; Suor et al., 2017). Research documenting such hidden
talents, however, does not condone exposing children to expe
riences that are obviously impairing in modern life. Instead,
observations of how neural and cognitive function adapt to harsh
early circumstances may support a strengths-based approach
to intervention that leverages stress-adapted skills (Ellis et al.,
2017, 2020).

Directions for future research

Little attempt has been made to study the potentially opposing
effects of energetic deprivation and other forms of harshness on
life history-related traits, or to link the patterns of cognitive and
neurodevelopment associated with social/cognitive deprivation
with life history traits. These represent obvious avenues for future
research to investigate the ideas advanced here. Research is also
needed to test the “maintenance-cost effective phenotype” hypoth-
esis, especially in relation to neural development. See Table 2 for
more specific directions for future research.

Integrative discussion of environmental unpredictability

In the harshness-unpredictability framework, unpredictability is a
property of harshness. That is, unpredictability is defined as sto-
chastic variation in harshness. In the preceding integrative sec-
tions, we discussed threat-based and deprivation-based forms of
harshness. Here we advance an integrative approach to unpredict-
ability that focuses on stochastic variation in cues to both of these
forms of harshness (depicted by dotted lines in Figure 1), with rel-
evant cues ranging from more proximal to the child (immediate
experiences of threat and deprivation) to more distal to the child
(ecological factors linked to threat and deprivation). This integra-
tion points to important future directions for research, as the
threat-deprivation model has not previously addressed how the
influences of threat and deprivation vary based upon their unpre-
dictability, and the harshness-unpredictability model has mainly
focused on unpredictability at the distal ecological level. For exam-
ple, we do not know whether children develop similar or different
adaptations to stochastic variation in threat (unpredictable threat)
compared to stochastic variation in deprivation (unpredictable
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deprivation). And we do not know how more distal cues to unpre-
dictability relate to more proximal cues. As a first step toward
achieving this integration, we focus on integrating the harsh-
ness-unpredictability model with recent work on neurodevelop-
mental processes influenced by environmental unpredictability.

The study of unpredictability fundamentally concerns change
or fluctuation in environmental conditions. Existing work on
the harshness-unpredictability model and in developmental cogni-
tive neuroscience has focused on how developmental systems
detect and respond to unpredictable change or fluctuation in the
environment. This issue is equally relevant to understanding sto-
chastic variation in cues to morbidity-mortality from both sources
of harshness shown in Figure 1. Following Young et al. (2020), we
address how developmental systems may respond to properties of
the environment in terms of both the ancestral cue approach
(which is common within the harshness-unpredictability frame-
work and focuses on Level 2 and Level 3 of developmental adapta-
tion to the environment) and the statistical learning approach
(which aligns with developmental cognitive neuroscience research
and focuses on Level 1). Our goal is to compare these approaches
and demonstrate how they can inform each other to advance
theory and research on environmental unpredictability.

Ancestral cues versus statistical learning

The statistical structure of dimensions of adversity can be defined
in terms of means, variances (average deviations from the mean),
autocorrelations (the correlation of an environmental condition
with itself over time or space), and cue reliabilities (the extent to
which an experience or event provides information about a current
or future state of the world) (see Frankenhuis et al., 2019; Young
et al,, 2020). Developmental systems evolve to detect and respond
to this statistical structure. There are at least two ways in which this
may occur.

First, organisms may evolve to use accumulated experiences as
raw data (without privileging particular sources of information) to
build models of the statistical structure of their environment, such
as stability versus change in dimensions of adversity. Through an
ongoing computational process (e.g., contingency analysis of care-
giver behavior, correcting prediction errors in estimates of danger),
organisms develop and revise statistical estimates of patterns of
environmental experience and use these estimates to guide learn-
ing and development. This method of estimating environmental
parameters is referred to as statistical learning (Young et al., 2020).

Second, in addition to statistical learning, organisms may evolve
to use ancestral cues to estimate properties of the environment.
This approach conceptualizes ancestral cues, as we have in this
paper, as privileged sources of information about fitness-relevant
dimensions of the environment. For example, individuals may use
an ancestral cue, such as a parental transition or the appearance of
anew neighborhood gang, to draw inferences about environmental
unpredictability (e.g., that autocorrelations in harshness are likely
to change), without requiring the same level of repeated experien-
ces that are needed to make such an inference through statistical
learning. Ancestral cues are thus more efficient, potentially ena-
bling individuals to adaptively regulate development based on lim-
ited information (as per the hidden structure of the environment).
For example, threat is an ancestral cue to morbidity-mortality
from harm imposed by other agents (Ohman & Mineka, 2001),
which children respond to efficiently and selectively, as discussed
above.
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Measurement of unpredictability

Figure 1 depicts environmental unpredictability in terms of sto-
chastic variation in both proximal cues to harshness (immediate
experiences of threat and deprivation) and distal cues to harshness
(ecological factors linked to threat and deprivation). For both
proximal and distal cues, unpredictability can be measured in
terms of ancestral cues (i.e., cues hypothesized to have indicated
environmental unpredictability in our evolutionary past) and/or
statistical learning (direct measures of statistical patterns of change
in the environment).

The harshness-unpredictability framework has largely focused
on ancestral cues to environmental unpredictability at the ecologi-
cal level (distal cues in Figure 1). For example, an influential mea-
surement model within the harshness-unpredictability framework
uses parental transitions, residential changes, and parental job
changes as observed indicators of latent unpredictability (Belsky
et al., 2012; Simpson et al., 2012). Some distal cues to unpredict-
ability, such as changes in neighborhood safety as a result of
changes in gang activity or changes in income as a result of job loss,
may lead directly to statistical changes in threat or deprivation
(proximal cues in Figure 1), such as increased variation in experi-
ences of danger or food availability. Other distal cues to unpredict-
ability, such as parental transitions or geographic relocations, may
signal probabilistic changes in the statistical structure of threat or
deprivation. For example, over evolutionary history, parental tran-
sitions involving the exit of a biological father from the home fol-
lowed by the entry of a stepfather may have been reliably associated
with change points in threat (e.g., Daly & Wilson, 1998). Research
on distal cues to unpredictability is especially relevant to larger
developmental programming questions (e.g., regulation of adap-
tive individual differences in life history strategies), corresponding
to Level 2 and Level 3 developmental adaptations to the environ-
ment (Table 1). This body of research was reviewed earlier (The
Harshness-Unpredictability Framework).

The statistical learning approach to environmental unpredict-
ability involves directly measuring, or manipulating, environmen-
tal parameters that define patterns of statistical variation. The goal
is to objectively track, or control, fluctuations in lived experiences
over time or space. Statistical learning assumes that neural mech-
anisms use these experiences (e.g., stability versus change in food
availability) to develop models of the environment that guide
development and behavior (though not necessarily consciously
or explicitly). Some research on the role of distal cues to unpredict-
ability in regulating life history-related traits has employed mea-
sures consistent with a statistical learning approach (e.g., Li
etal,, 2018, which calculated residual variances in income-to-needs
ratio across multiple timepoints to capture random variation in
socioeconomic conditions). Research on the role of proximal cues
to unpredictability in regulating children’s neurodevelopment has
also used measures aligned with a statistical learning approach.
Consistent with the threat-deprivation framework, this research
has focused on Level 1 (Table 1) of developmental adaptation to
the environment, with unpredictability measured at the micro-
family level based on variation, for instance, in recorded noise lev-
els in the home (e.g., Vrijhof et al, 2018) or inconsistency in
observed maternal sensory signals (e.g., Davis et al., 2017). This lat-
ter approach has involved calculating a specific unpredictability
statistic — entropy (Davis et al., 2017) - based on the degree to
which a mother’s next sensory signal (auditory, tactile, or visual)
can be predicted based her last sensory signal. Measures of entropy
have proven useful in predicting neurodevelopmental outcomes in
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animal and human models, such as performance on hippocampus-
dependent memory tasks and motivation to approach rewards
(Davis et al., 2017; Molet et al., 2016).

Integrating unpredictability into the threat-deprivation
framework

Integrating the construct of unpredictability into the threat-depriva-
tion framework will require extending this work to evaluate whether
the neurodevelopmental consequences of threat and deprivation
vary as a function of the predictability of these experiences. Little
existing work has examined this possibility directly. However, the
role of experimentally manipulated unpredictability in shaping aver-
sive learning has been examined extensively in animal models.
This work suggests that unpredictability may enhance fear and
alter the types of aversive learning processes that are associated
with experiences of threat-related adversity (Foa et al.,, 1992). In
human research, experiencing unpredictable (but not aversive) audi-
tory stimuli is associated with increased contextual fear
(Vansteenwegen et al., 2008), sustained amygdala activation, and
enhanced attention bias towards subsequent threatening stimuli
(Herry et al.,, 2007). Taken together, this research suggests that as
the unpredictability of experiences of early-life threat increases, or
even unpredictability of sensory stimuli, the influences on emotional
reactivity and emotional learning are likely to be accentuated; this
possibility is an important direction for future research (see Table 2).
Whether the neurocognitive outcomes associated with depriva-
tion vary based on the predictability of these experiences is also
unknown. One of the domains most consistently influenced by
early-life deprivation is higher-order cognition, including execu-
tive functions. Adults and children who report growing up in more
unpredictable family environments, or who experienced more
family instability while growing up, tend to display reduced inhibi-
tory control and working memory capacity, but enhanced abilities
for flexibly switching between tasks or mental sets and for tracking
novel environmental information, particularly when in an exper-
imentally induced mindset of stress/uncertainty (Fields et al., 2021;
Mittal et al., 2015; Young et al., 2018). Importantly, the two pro-
spective studies of family instability (Fields et al., 2021; Mittal et al.,
2015) included participants with substantial histories of depriva-
tion (e.g., institutionalization, poverty). This suggests the
intriguing possibility that when experiences of deprivation are
unpredictable, the impact on at least some aspects of executive
functioning (i.e., cognitive flexibility) may be mitigated. Future
work is needed to evaluate this possibility directly (see Table 2).

Directions for future research

Developmental cognitive neuroscience research on environmental
unpredictability could be expanded on within the current inte-
grated model of dimensions of environmental experience by con-
sidering unpredictability cues at multiple levels (e.g., caregiver
transitions in addition to maternal sensory signals and family rou-
tines). Existing work on unpredictability from a statistical learning
perspective has focused largely on deficits in cognitive perfor-
mance, but unpredictability has also been linked to enhanced per-
formance in some domains of executive functions (in ways that
might enhance functioning in unstable environments; Mittal
etal, 2015; Young et al., 2018) as well as to regulation of life history
strategies. Determining whether neurodevelopmental adaptations
to unpredictable environments (e.g., within the family) are associ-
ated with developmental adaptations to broader ecological con-
texts (i.e., life history strategies) is another important goal for
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future research. See Table 2 for details on future research directions
related to unpredictability.

Summary of integrated model of dimensions of
environmental experience

Here we summarize and discuss implications of the current inte-
grated model of dimensions of environmental experience. This
integration, we argue, advances knowledge in two basic ways.
First, a mechanistic and neurobiological analysis of development
informs our understanding of dimensions of adversity in ways that
refine and extend the harshness-unpredictability model. Second,
an evolutionary analysis of why development operates the way it
does across different environmental contexts informs our under-
standing of the developmental consequences of early adversity
in ways that refine and extend the threat-deprivation model. We
discuss these different implications in turn.

Refining and extending the harshness-unpredictability model

In the original harshness-unpredictability model (Ellis et al., 2009),
harshness was presented as a catch-all dimension reflecting age-
specific rates of morbidity-mortality. The focus was on cues to
harshness from disparate sources. Without a focus on neurodeve-
lopmental mechanisms, Ellis et al. (2009) stated that “. .. relevant
cues to external morbidity and mortality risks may be conveyed to
children by parents through harsh (abusive) or unsupportive
(neglectful) childrearing practices” (p. 245), with both kinds of
rearing experiences contributing to a common pathway toward
faster life history strategies. In Figure 1, we present a revision of
this original idea, now decomposing harshness into two distinct
adaptive problems: morbidity-mortality from harm imposed by
other agents (signaled by proximal and distal cues to threat) and
morbidity-mortality from insufficient environmental inputs (sig-
naled by proximal and distal cues to deprivation).® These distinct
adaptive problems provide the evolutionary basis for why threat-
based and deprivation-based forms of harshness have distinct
influences on development. This distinction is supported by
research showing that experiences of threat and deprivation have
distinct influences on cognitive, emotional, and neural develop-
ment (McLaughlin et al., 2021).

Most importantly, threat-based and deprivation-based forms of
harshness calibrate the development of life history strategies in
both convergent and divergent ways. Whereas experiences that
historically signaled increased morbidity-mortality risk from
threat regulate development toward faster life history strategies,
experiences that historically indicated increased morbidity—
mortality risk from deprivation have more complex -effects.
As reviewed above (Integrative Discussion of Harshness and
Deprivation), energetic deprivation - and closely related factors
such as pathogen stress and high local childhood mortality
rates — are associated with shifts toward both slower and faster life
history traits, from later puberty to earlier timing of reproduction.
Although deprivation in high-income countries does not usually
involve high levels of energetic and pathogen stress,” deprivation

°It is important to note that harshness may be further decomposed into other adaptive
problems, such as morbidity-mortality from pathogen stress.

“In low- and middle-income countries, lower socioeconomic status is associated with
later puberty (Ellis, 2004; Parent et al., 2003), as individuals growing up in poverty face
significant energetic deprivation. By contrast, in high-income countries, socioeconomic
status is not associated with timing of puberty (Colich et al., 2020), suggesting that indi-
viduals growing up in poverty (as a group) in high-income countries do not experience
enough energetic deprivation to systematically constrain physical growth.
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and threat still appear to have divergent effects on life-history-
related traits, as demonstrated in a recent meta-analysis (Colich
et al,, 2020). Indeed, in an analysis of nearly 10,000 adolescents
from the National Comorbidity Survey (Thomas et al., 2021), both
experiences of threat and deprivation were associated greater like-
lihood of having engaged in sexual activity; however, greater expo-
sure to threat — but not deprivation — was associated with more
risky sexual behavior (e.g., earlier age at first sex, more sexual part-
ners in the past year, inconsistent condom use).

In summary, extending the original harshness-unpredictability
model, threat and deprivation appear to have at least partially
divergent effects on life history strategies, which emerge even in
populations without significant energetic constraints on develop-
ment. Much research conducted within the harshness-unpredict-
ability framework has employed general measures of harshness,
such as socioeconomic adversity (which encompasses both threat
and deprivation; e.g., Green et al., 2010; McLaughlin et al., 2012).
Although such measures are useful for capturing overall morbid-
ity-mortality risk from external causes (i.e., harshness), a more
nuanced approach - differentiating between threat and depriva-
tion - could enhance understanding of developmental pathways
linking dimensions of adversity to variation in life history
strategies.

We have argued that significant experiences of deprivation
favor developmental tradeoffs that sacrifice growth to reduce
maintenance costs. Conversely, environments characterized by
high levels of sustenance, nurturance, and cognitive stimulation
promote growth. In the parlance of life history theory, these kinds
of experiences function to build “embodied capital” (Kaplan et al.,
2000), as manifest in a larger and more structurally connected
brain that supports development of complex cognitive capacities
and acquisition of skills and knowledge. Such costly investments
in embodied capital are central to the development of a slower life
history strategy because they are hypothesized to yield high returns
in the future, which is adaptive in more safe, stable environments in
which children can be expected to live long enough to experience
these future payoffs (e.g, Sng et al, 2017). The converse
assumption is that deprivation constrains longer-term allocation
of resources toward development of a slow life history strategy.
This is conceptually distinct from specifically regulating develop-
ment toward a faster life history strategy, as generally occurs in
response to childhood experiences of threat (and unpredictability).

In total, significant experiences of deprivation - particularly
forms of deprivation that historically increased morbidity-mortal-
ity from insufficient environmental inputs - may (a) constrain
physical development in ways that induce slower life history traits
in some domains (e.g., slower growth, later sexual maturation)
while (b) constraining cognitive and neural development in ways
that diminish investment in slower life history traits in other
domains (e.g., reduced development of abstract information-
processing capacities, lower acquisition of skills and knowledge).
This occurs against an evolutionary backdrop in which natural
selection shapes developmental systems to respond to extrinsic
morbidity-mortality cues by accelerating life history strategies
(within ecological constraints). Thus, experiences of deprivation,
which constrain investments in embodied capital, may still shift
individuals toward accelerated onset of sexual activity or reproduc-
tion (e.g., Gettler et al., 2015; Thomas et al., 2021; Wells et al,,
2019). Such complex developmental adaptations - reflecting a
combination of slower and faster traits — may be the outcome of
deprivation-mediated resource-allocation tradeoffs that make
the best of bad circumstances.
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Understanding the developmental effects of morbidity-mortal-
ity cues from threat, deprivation, and related ecological factors is
complicated by a developmental landscape characterized by fre-
quent co-occurrence of different forms of adversity. Across
small-scale (non-state) human societies, for example, the fre-
quency of warfare (a cue to morbidity-mortality risk from physical
harm from other agents) is moderately to strongly associated with
various indicators of resource scarcity (a cue to morbidity-mortal-
ity risk from insufficient environmental inputs), such as chronic
food shortages, famine, and destruction of food supplies by pesti-
lence or weather (Ember & Ember, 1992). Likewise, in population-
based studies in Western societies, measures of threat and
deprivation are moderately correlated (Dong et al., 2004; Green
et al,, 2010; McLaughlin, 2020). Such co-occurrence means that
both sources of harshness depicted in Figure 1 are commonly
experienced at the same time. This can push experience-driven
plasticity in diverging directions that sometimes oppose each other
(discussed above, Integrative Discussion of Harshness and
Deprivation). These countervailing effects of different, but
co-occurring, sources of harshness pose challenges for predictive
models, as multiple patterns of data can potentially be accommo-
dated. Such complexity highlights the need for formal mathemati-
cal models that explore how different forms of harshness
interact — when they operate together, when they operate opposed
- to regulate specific facets of life history strategy. The harshness-
unpredictability model has focused on interactions between
harshness and unpredictability; the current integrated model
underscores the importance of studying interactions between
threat and deprivation as well.

Refining and extending the threat-deprivation model

The current integrated model of dimensions of environmental
experience also suggests meaningful extensions to the threat-
deprivation model. In the threat-deprivation model, children use
information in the proximal environment in which they are devel-
oping (depicted as proximal cues in Figure 1) as a basis for concur-
rently adapting to that environment (Level 1, Table 1). Based on an
evolutionary-developmental analysis, the integrated model
extends the scope of the threat-deprivation model in two ways.
Both extensions assume that immediate rearing environments —
the here and now - are not the only environments to which indi-
viduals have had to adapt in order to survive and reproduce.
The first extension concerns the scope of environmental cues
(what is detected and encoded in the environment). As shown
in Figure 1, the integrated model focuses on cues - proximal
and distal - to morbidity-mortality risk from both threat-based
and deprivation-based forms of harshness. Proximal cues in
Figure 1 reflect opportunities and constraints in one’s immediate
rearing environment. However, the proximal environments in
which children are developing may be quite variable or idiosyn-
cratic in relation to the broader ecological contexts (current and
future) into which children will mature. Thus, developmental sys-
tems should have evolved to detect and respond - directly or indi-
rectly — to more distal cues (e.g., premature disability or death of
close community members), and ultimately to use both proximal
and distal information as a basis for regulating development. As
documented in cross-cultural research on determinants of parent-
ing (Eltanamly et al., 2021; Mesman et al., 2016; Quinlan, 2007),
ecological factors related to threat and deprivation (e.g., warfare,
resource scarcity, food shortages, pathogen stress) are transmitted
to young children through the behavior and physiology of
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caregivers. As children mature, however, their developmental
systems should increasingly track distal information (beyond the
family) directly; indeed, children may even become resistant to
parental cues and information in adolescence (e.g., Ellis
et al., 2012).

Building on this idea, the second extension concerns pheno-
typic responses to adversity. In the integrated model, cues do dou-
ble duty in regulating developmental adaptations: children use
them to adapt their phenotypes to both immediate contexts and
broader ecological contexts that are more spatially or temporally
distal (Level 2 and Level 3, Table 1). In other words, the integrated
model stipulates that developmental adaptations to adversity are
outward-looking and forward-looking in relation to immediate
rearing environments.

One step toward examining these proposed extensions of the
threat-deprivation model would be to test for developmental
mechanisms that mediate responses to distal cues. Determining
whether distal cues such as high rates of neighborhood violence
influence neural and affective responses to potential threats in sim-
ilar (or different) ways as direct experiences of violence is one
example of how the current focus of the threat-deprivation model
could be meaningfully extended (Table 2). This would enable more
systematic evaluation of adaptation-based hypotheses - particu-
larly regarding developmental adaptations to more spatially or
temporally distal environments — which the threat-deprivation
model has not previously addressed. A working assumption of
the model is that heightened neural plasticity early in life alters
development in threatening environments in ways that promote
safety in the short term but increase vulnerability for psychopa-
thology and other negative outcomes in the long term. Although
that is one part of the story, another part is that childhood adap-
tations to adversity may eventuate in long-term adaptive changes
in biobehavioral systems — adaptive individual differences such as
variation in life history strategies — that regulate development over
the life course (even if these changes translate into making the best
of bad circumstances, as likely occurs in relation to deprivation).
The current integrated model underscores the need to examine
adaptive and maladaptive processes together — and to model them
in relation to each other - to more fully understand adversity-
mediated variations in development.

Finally, the threat-deprivation framework could be extended to
evaluate whether the neurodevelopmental consequences of threat
and deprivation vary as a function of the predictability of these
experiences. An underlying question is whether developmental
systems evolved to respond to these two forms of variation in sim-
ilar or different ways. Methods in developmental cognitive neuro-
science for assessing environmental unpredictability largely align
with a statistical learning perspective, either experimentally
manipulating environmental unpredictability or using repeated
measures designs to calculate variation or probabilities of change
over time in observed environmental parameters (e.g., maternal
sensory signals). Although these approaches allow for precise cal-
culation of unpredictability in terms of environmental statistics,
future research should also consider the neurodevelopmental con-
sequences of ancestral cues to environmental unpredictability (e.g.,
cues that recurrently indicated unpredictability in threat or depri-
vation, or change points in the statistical properties of these adver-
sity dimensions, in ancestral environments). Research conducted
within the harshness-unpredictability framework provides exam-
ples of this approach (see Young et al., 2020).
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Conclusion

The harshness-unpredictability and threat-deprivation frame-
works were originally developed - and tested - in relative isolation
from each other. How the assumptions and implications of each
model converged or diverged from the other was unclear. Here
we have attempted to break down these silos, compare the two
frameworks, and build bridges between them by articulating an
integrated model of dimensions of environmental experience.
The proposed model - integrating threat-based forms of harsh-
ness, deprivation-based forms of harshness, and environmental
unpredictability - seeks to advance an understanding of why
and how these core dimensions of adversity distinctly regulate
development. Toward this end, we have highlighted actionable
directions for future research (Table 2). The major limitation of
the model is underscored by the word future. We have attempted
to set a foundation, but the work needed to systematically test the
integrated model remains to be done. There are still more ques-
tions than answers.

Although our approach attempts to move beyond cumulative-
risk thinking to address the why, how, and which of development in
contexts of adversity, we trust that the day will come when scholars
regard our presumptive advances as something that needs to be
moved beyond as well. After all, this is how science works.
We stand on the shoulders of other scholars and look forward
to the day when our shoulders stimulate and support the insights
of others.
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