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Abstract

As reptiles, snakes may
have signified deadly threats
in the environment of early
mammals. We review findings
suggesting that snakes remain
special stimuli for humans. In-
tense snake fear is prevalent in
both humans and other pri-
mates. Humans and monkeys
learn snake fear more easily
than fear of most other stimuli
through direct or vicarious
conditioning. Neither the elici-
tation nor the conditioning of
snake fear in humans requires
that snakes be consciously per-
ceived; rather, both processes
can occur with masked stimuli.
Humans tend to perceive illu-
sory correlations between
snakes and aversive stimuli,
and their attention is automati-
cally captured by snakes in
complex visual displays. To-
gether, these and other findings
delineate an evolved fear mod-
ule in the brain. This module is
selectively and automatically
activated by once-threatening
stimuli, is relatively encapsu-
lated from cognition, and de-
rives from specialized neural
circuitry.

Keywords
evolution; snake fear; fear
module

Snakes are commonly regarded
as slimy, slithering creatures worthy
of fear and disgust. If one were to be-
lieve the Book of Genesis, humans’
dislike for snakes resulted from a
divine intervention: To avenge the
snake’s luring of Eve to taste the fruit
of knowledge, God instituted eternal
enmity between their descendants.
Alternatively, the human dislike of
snakes and the common appear-
ances of reptiles as the embodiment
of evil in myths and art might reflect
an evolutionary heritage. Indeed,
Sagan (1977) speculated that human
fear of snakes and other reptiles
may be a distant effect of the condi-
tions under which early mammals
evolved. In the world they inhabited,
the animal kingdom was dominated
by awesome reptiles, the dinosaurs,
and so a prerequisite for early mam-
mals to deliver genes to future gen-
erations was to avoid getting caught
in the fangs of Tyrannosaurus rex
and its relatives. Thus, fear and re-
spect for reptiles is a likely core
mammalian heritage. From this
perspective, snakes and other rep-
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tiles may continue to have a special
psychological significance even for
humans, and considerable evi-
dence suggests this is indeed true.
Furthermore, the pattern of find-
ings appears consistent with the
evolutionary premise.

THE PREVALENCE OF SNAKE
FEARS IN PRIMATES

Snakes are obviously fearsome
creatures to many humans. Agras,
Sylvester, and Oliveau (1969) inter-
viewed a sample of New England-
ers about fears, and found snakes
to be clearly the most prevalent ob-
ject of intense fear, reported by
38% of females and 12% of males.

Fear of snakes is also common
among other primates. According
to an exhaustive review of field
data (King, 1997), 11 genera of pri-
mates showed fear-related responses
(alarm calls, avoidance, mobbing) in
virtually all instances in which they
were observed confronting large
snakes. For studies of captive pri-
mates, King did not find consistent
evidence of snake fear. However,
in direct comparisons, rhesus (and
squirrel) monkeys reared in the
wild were far more likely than lab-
reared monkeys to show strong
phobiclike fear responses to snakes
(e.g., Mineka, Keir, & Price, 1980).
That this fear is adaptive in the
wild is further supported by inde-
pendent field reports of large
snakes attacking primates (M.
Cook & Mineka, 1991).

This high prevalence of snake
fear in humans as well as in our
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primate relatives suggests that it is
a result of an ancient evolutionary
history. Genetic variability might
explain why not all individuals
show fear of snakes. Alternatively,
the variability could stem from dif-
ferences in how easily individuals
learn to fear reptilian stimuli when
they are encountered in aversive
contexts. This latter possibility
would be consistent with the dif-
ferences in snake fear between
wild- and lab-reared monkeys.

LEARNING TO FEAR SNAKES

Experiments with lab-reared
monkeys have shown that they can
acquire a fear of snakes vicariously,
that is, by observing other mon-
keys expressing fear of snakes.
When nonfearful lab-reared mon-
keys were given the opportunity to
observe a wild-reared “model”
monkey displaying fear of live and
toy snakes, they were rapidly con-
ditioned to fear snakes, and this
conditioning was strong and per-
sistent. The fear response was
learned even when the fearful
model monkey was shown on vid-
eotape (M. Cook & Mineka, 1990).

When videos were spliced so that
identical displays of fear were mod-
eled in response to toy snakes and
flowers, or to toy crocodiles and rab-
bits (M. Cook & Mineka, 1991), the
lab-reared monkeys showed sub-
stantial conditioning to toy snakes
and crocodiles, but not to flowers
and toy rabbits. Toy snakes and
flowers served equally well as sig-
nals for food rewards (M. Cook &
Mineka, 1990), so the selective effect
of snakes appears to be restricted to
aversive contexts. Because these
monkeys had never seen any of the
stimuli used prior to these experi-
ments, the results provide strong
support for an evolutionary basis to
the selective learning.

A series of studies published in
the 1970s (see Ohman & Mineka,

2001) tested the hypothesis that hu-
mans are predisposed to easily learn
to fear snakes. These studies used a
discriminative Pavlovian condition-
ing procedure in which various pic-
tures served as conditioned stimuli
(CSs) that predicted the presence and
absence of mildly aversive shock, the
unconditioned stimulus (US). Partici-
pants for whom snakes (or spiders)
consistently signaled shocks showed
stronger and more lasting condi-
tioned skin conductance responses
(SCRs; palmar sweat responses that
index emotional activation) than con-
trol participants for whom flowers or
mushrooms signaled shocks. When a
nonaversive US was used, however,
this difference disappeared. E.-W.
Cook, Hodes, and Lang (1986) dem-
onstrated that qualitatively different
responses were conditioned to
snakes (heart rate acceleration, index-
ing fear) than to flowers and mush-
rooms (heart rate deceleration, index-
ing attention to the eliciting stimulus).
They also reported superior condi-
tioning to snakes than to gun stim-
uli paired with loud noises. Such
results suggest that the selective asso-
ciation between snakes and aversive
USs reflects evolutionary history
rather than cultural conditioning.

NONCONSCIOUS CONTROL
OF RESPONSES TO SNAKES

If the prevalence and ease of
learning snake fear represents a core
mammalian heritage, its neural ma-
chinery must be found in brain
structures that evolved in early
mammals. Accordingly, the fear cir-
cuit of the mammalian brain relies
heavily on limbic structures such as
the amygdala, a collection of neural
nuclei in the anterior temporal lobe.
Limbic structures emerged in the
evolutionary transition from rep-
tiles to mammals and use preexist-
ing structures in the “reptilian
brain” to control emotional output
such as flight/fight behavior and
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cardiovascular changes (see Oh-
man & Mineka, 2001).

From this neuroevolutionary per-
spective, one would expect the lim-
bically controlled fear of snakes to be
relatively independent of the most
recently evolved control level in the
brain, the neocortex, which is the site
of advanced cognition. This hypoth-
esis is consistent with the often strik-
ingly irrational quality of snake pho-
bia. For example, phobias may be
activated by seeing mere pictures of
snakes. Backward masking is a
promising methodology for examin-
ing whether phobic responses can be
activated without involvement of the
cortex. In this method, a brief visual
stimulus is blanked from conscious
perception by an immediately fol-
lowing masking stimulus. Because
backward masking disrupts visual
processing in the primary visual cor-
tex, responses to backward-masked
stimuli reflect activation of pathways
in the brain that may access the fear
circuit without involving cortical ar-
eas mediating visual awareness of
the stimulus.

In one study (Ohman & Soares,
1994), pictures of snakes, spiders,
flowers, and mushrooms were pre-
sented very briefly (30 ms), each time
immediately followed by a masking
stimulus (a randomly cut and reas-
sembled picture). Although the par-
ticipants could not recognize the in-
tact pictures, participants who were
afraid of snakes showed enhanced
SCRs only to masked snakes,
whereas participants who were
afraid of spiders responded only to
spiders. Similar results were ob-
tained (Ohman & Soares, 1993)
when nonfearful participants, who
had been conditioned to unmasked
snake pictures by shock USs, were
exposed to masked pictures without
the US. Thus, responses to condi-
tioned snake pictures survived back-
ward masking; in contrast, masking
eliminated conditioning effects in
another group of participants condi-
tioned to neutral stimuli such as
flowers or mushrooms.
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Furthermore, subsequent experi-
ments (Ohman & Soares, 1998) also
demonstrated conditioning to
masked stimuli when masked snakes
or spiders (but not masked flowers or
mushrooms) were used as CSs fol-
lowed by shock USs. Thus, these
masking studies show that fear re-
sponses (as indexed by SCRs) can be
learned and elicited when backward
masking prevents visually presented
snake stimuli from accessing cortical
processing. This is consistent with the
notion that responses to snakes are
organized by a specifically evolved
primitive neural circuit that emerged
with the first mammals long before
the evolution of neocortex.

ILLUSORY CORRELATIONS
BETWEEN SNAKES AND
AVERSIVE STIMULI

If expression and learning of
snake fear do not require cortical
processing, are people’s cognitions
about snakes and their relationships
to other events biased and irrational?
One example of such biased process-
ing occurred in experiments on illu-
sory correlations: Participants (espe-
cially those who were afraid of
snakes) were more likely to perceive
that slides of fear-relevant stimuli
(such as snakes) were paired with
shock than to perceive that slides of
control stimuli (flowers and mush-
rooms) were paired with shock. This
occurred even though there were no
such relationships in the extensive
random sequence of slide stimuli
and aversive and nonaversive out-
comes (tones or nothing) partici-
pants had experienced (Tomarken,
Sutton, & Mineka, 1995).

Similar illusory correlations
were not observed for pictures of
damaged electrical equipment and
shock even though they were rated
as belonging together better than
snakes and shock (Tomarken et al.,
1995). In another experiment, par-
ticipants showed exaggerated ex-

pectancies for shock to follow both
snakes and damaged electrical
equipment before the experiment
began (Kennedy, Rapee, & Mazurski,
1997), but reported only the illu-
sory correlation between snakes
and shock after experiencing the
random stimulus series. Thus, it
appears that snakes have a cogni-
tive affinity with aversiveness and
danger that is resistant to modifica-
tion by experience.

AUTOMATIC CAPTURE OF
ATTENTION BY
SNAKE STIMULI

People who encounter snakes in
the wild may report that they first
froze in fear, only a split second
later realizing that they were about
to step on a snake. Thus, snakes
may automatically capture atten-
tion. A study supporting this hy-
pothesis (Ohman, Flykt, & Esteves,
2001) demonstrated shorter detec-
tion latencies for a discrepant
snake picture among an array of
many neutral distractor stimuli
(e.g., flower pictures) than vice
versa. Furthermore, “finding the
snake in the grass” was not af-
fected by the number of distractor
stimuli, whereas it took longer to
detect discrepant flowers and
mushrooms among many than
among few snakes when the latter
served as distractor stimuli. This
suggests that snakes, but not flow-
ers and mushrooms, were located
by an automatic perceptual routine
that effortlessly found target stim-
uli that appeared to “pop out”
from the matrix independently of
the number of distractor stimuli.
Participants who were highly fear-
ful of snakes showed even superior
performance in detecting snakes.
Thus, when snakes elicited fear in
participants, this fear state sensi-
tized the perceptual apparatus to
detect snakes even more efficiently.
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THE CONCEPT OF A
FEAR MODULE

The evidence we have reviewed
shows that snake stimuli are
strongly and widely associated
with fear in humans and other pri-
mates and that fear of snakes is rel-
atively independent of conscious
cognition. We have proposed the
concept of an evolved fear module
to explain these and many related
findings (Ohman & Mineka, 2001).
The fear module is a relatively in-
dependent behavioral, mental, and
neural system that has evolved to
assist mammals in defending
against threats such as snakes. The
module is selectively sensitive to,
and automatically activated by,
stimuli related to recurrent sur-
vival threats, it is relatively encap-
sulated from more advanced hu-
man cognition, and it relies on
specialized neural circuitry.

This specialized behavioral
module did not evolve primarily
from survival threats provided by
snakes during human evolution,
but rather from the threat that rep-
tiles have provided through mam-
malian evolution. Because reptiles
have been associated with danger
throughout evolution, it is likely
that snakes represent a prototypi-
cal stimulus for activating the fear
module. However, we are not ar-
guing that the human brain has a
specialized module for automati-
cally generating fear of snakes.
Rather, we propose that the blue-
print for the fear module was built
around the deadly threat that an-
cestors of snakes provided to our
distant ancestors, the early mam-
mals. During further mammalian
evolution, this blueprint was modi-
fied, elaborated, and specialized
for the ecological niches occupied
by different species. Some mam-
mals may even prey on snakes, and
new stimuli and stimulus features
have been added to reptiles as pref-
erential activators of the module.
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For example, facial threat is similar
to snakes when it comes to activat-
ing the fear module in social pri-
mates (Ohman & Mineka, 2001).
Through Pavlovian conditioning,
the fear module may come under
the control of a very wide range of
stimuli signaling pain and danger.
Nevertheless, evolutionarily de-
rived constraints have afforded
stimuli once related to recurrent
survival threats easier access for
gaining control of the module
through fear conditioning (Ohman
& Mineka, 2001).

ISSUES FOR FURTHER
RESEARCH

The claim that the fear module
can be conditioned without aware-
ness is a bold one given that there is
a relative consensus in the field of
human conditioning that awareness
of the CS-US contingency is required
for acquiring conditioned responses.
However, as we have extensively ar-
gued elsewhere (Ohman & Mineka,
2001; Wiens & Ohman, 2002), there is
good evidence that conditioning to
nonconsciously presented CSs is
possible if they are evolutionarily
fear relevant. Other factors that
might promote such nonconscious
learning include intense USs, short
CS-US intervals, and perhaps tem-
poral overlap between the CS and
the US. However, little research on
these factors has been reported, and
there is a pressing need to elaborate
their relative effectiveness in pro-
moting conditioning of the fear mod-
ule outside of awareness.

One of the appeals of the fear
module concept is that it is consis-
tent with the current understand-
ing of the neurobiology of fear con-
ditioning, which gives a central
role to the amygdala (e.g., Ohman
& Mineka, 2001). However, this
understanding is primarily based
on animal data. Even though the

emerging brain-imaging literature
on human fear conditioning is con-
sistent with this database, system-
atic efforts are needed in order to
tie the fear module more convinc-
ingly to human brain mechanisms.
For example, a conspicuous gap in
knowledge concerns whether the
amygdala is indeed specially tuned
to conditioning contingencies involv-
ing evolutionarily fear-relevant CSs
such as snakes.

An interesting question that can
be addressed both at a psychologi-
cal and at a neurobiological level
concerns the perceptual mecha-
nisms that give snake stimuli privi-
leged access to the fear module. For
example, are snakes detected at a
lower perceptual threshold relative
to non-fear-relevant objects? Are
they identified faster than other ob-
jects once detected? Are they
quicker to activate the fear module
and attract attention once identi-
fied? Regardless of the locus of per-
ceptual privilege, what visual fea-
tures of snakes make them such
powerful fear elicitors and atten-
tion captors? Because the visual
processing in pathways preceding
the cortical level is crude, the hy-
pothesis that masked presentations
of snakes directly access the
amygdala implies that the effect is
mediated by simple features of
snakes rather than by the complex
configuration of features defining a
snake. Delineating these features
would allow the construction of a
“super fear stimulus.” It could be
argued that such a stimulus would
depict “the archetypical evil” as
represented in the human brain.
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Abstract

Hypertension is an estab-
lished risk factor for stroke.
However, prior to such a major
clinical event, hypertension ex-
erts a more subtle impact on the
brain that is revealed by dimin-
ished cognitive function. Studies
comparing the performance of
people with high and normal
blood pressure levels have
shown that high blood pressure
or hypertension is related to
poorer performance on tests of
attention, learning and memory,
executive functions, visuospatial
skills, psychomotor abilities, and
perceptual skills. Hypertension
is also predictive of cognitive de-
cline. Variables that may alter
(i.e., moderate) the relation of hy-
pertension to cognitive function
include age, education, several
biological characteristics of hy-
pertension, and the presence of
concurrent diseases. Although
hypertensives are not clinically
impaired, their diminished lev-
els of cognitive performance
could affect their perceived
quality of life. Various brain
mechanisms may explain the
relation of hypertension to
lower levels of cognitive func-
tion. Further understanding of
the relation between hyperten-

sion and cognition is critical to
the preservation of cognitive
function across the life span.

Keywords
hypertension; blood pressure;
cognitive function; neuropsy-
chology; brain

Hypertension, or a persistently
high blood pressure, is a common
form of cardiovascular disease that
affects one in every five people in
the United States. The current defi-
nition of hypertension is a sus-
tained systolic blood pressure of
140 millimeters of mercury (mm Hg)
or more, sustained diastolic blood
pressure of 90 mm Hg or more, or
both. Nearly all adults with hyper-
tension (90-95%) have what is
called essential (or primary) hyper-
tension, which means that the spe-
cific cause of the elevation in blood
pressure is unknown. However,
essential hypertension is actually
thought to be determined by many
genetic and environmental factors.
Hypertension due to known medi-
cal disease (e.g., chronic renal disease)
is called secondary hypertension.

It is well known that hyperten-
sion causes damage to many of the
body’s organs, including the heart,
kidneys, eyes, and brain, and it is a
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major risk factor for coronary heart
disease and stroke. However, the
impact of hypertension on the
brain prior to stroke is presently
underrecognized. Even in other-
wise healthy people, hypertension
can lead to mild to moderate alter-
ations in the brain’s structure and
function, including its ability to ef-
ficiently process information (known
as cognitive function). These early
hypertension-related changes in the
brain can be detected by sophisti-
cated brain scans and by neuropsy-
chological assessment of cognitive
abilities. In this article, I examine
our knowledge of the relation of
essential hypertension (which I re-
fer to hereafter as simply hyperten-
sion) to cognitive function.

WHAT IS THE RELATION OF
HYPERTENSION TO
COGNITIVE FUNCTION?

The relation of hypertension to
cognitive function is frequently
studied by comparing the cogni-
tive performance of people with
normal blood pressure (or normo-
tensives) with that of hyperten-
sives at one point in time. Com-
monly assessed cognitive functions
include attention, learning and
memory, executive functions (i.e.,
self-regulatory behaviors such as
planning and organization, mental
flexibility, and response inhibi-
tion), visuospatial skills, psycho-
motor abilities, perceptual skills,
and language abilities. Typically,
the hypertensives in these studies
have been diagnosed by physicians
and either are unmedicated or stop
taking their antihypertensive med-
ication prior to cognitive testing



