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Abstract
The surprising or unexpected omission of an appetitive
reinforcer has at least two effects: An allocentric effect
according to which the organism updates knowledge
about the environment, and an egocentric effect that
allows the organism to learn about its own emotional
reaction to the change. This egocentric effect (traditional-
ly called frustration) is correlated to activation of the
hypothalamic-pituitary-adrenal axis, can be modulated
by treatment with anxiolytics, and is expressed in terms
of behavioral changes that have an emotional compo-
nent (e.g., agonistic behavior). It is hypothesized that all
vertebrates share the mechanisms underlying the allo-
centric effect, but only mammals possess the mecha-
nisms underlying the egocentric effect. It is further ar-
gued that frustrative mechanisms evolved in early mam-
mals from those underlying fear conditioning.

Copyright © 2003 S. Karger AG, Basel

Introduction

In the essay On Tranquility of Mind, Seneca recom-
mends to a friend not to trust the promises of Fortune:
‘Say ‘‘I will set sail unless something happens,’’ and ‘‘I
shall become praetor unless something hinders me,’’ and
‘‘My enterprise will be successful unless something inter-
feres.’’ This is why we say that nothing happens to a wise
man contrary to his expectations’ [Book IX, 13, 2–3].
Accepting the possibility that the people, activities, and
objects one loves and enjoys can be lost, become inacces-
sible, or lose their value attenuates the aversive impact of
the loss. Stoics recommended starting the day by adjust-
ing our expectations so as to cope with the uncertainties of
life, an exercise called praemeditatio. Modern research
shows that Seneca was right on target. Unless we are pre-
pared for it, reward loss can have devastating effects.

Research on stressful life events indicates that many
such events involve reward loss. In a widely used check-
list, the Social Readjustment Rating Scale [Scully et al.,
2000], death of a spouse, divorce, separation, jail term,
death of a close family member, losing a job, and retire-
ment, all among the top ten most stressful life events,
involve some variety of reward loss. In addition, clinical
research shows that separation from or loss of a loved one
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Table 1. Core postulates of Amsel’s [1992]
frustration theory Phenomenon Mechanism Requisite Example

Aftereffect Primary frustration Negative discrepancy
between expectancy and
current reward value

ROE

Anticipatory effect Secondary frustration Approach-avoidance
conflict

SNC

Persistence Counterconditioning Moderate-to-extensive
exposure to uncertain
reward conditions

PREE

ROE = Reinforcement-omission effect (see text and Stout et al. [2002] for details). SNC:
Successive negative contrast (see text and Mustaca et al. [2000] for details). PREE: Partial
reinforcement extinction effect (see text and Thomas and Papini [2003] for details).

to death are often followed by affective disorders, disrup-
tion of autonomic function, changes in appetite, disrup-
tion of sleep patterns, general health deterioration, sup-
pression of immune activity, and increased mortality
[Bartrop et al., 1977; Schleifer et al., 1983; Stein and
Trestman, 1990; Rando, 1993; Hall and Irwin, 2001].
From an evolutionary perspective, these data suggest that
reward loss can have a negative impact on individual fit-
ness [Archer, 2001]. However, clinical research cannot
identify causes, but only point to correlations between
various factors. For example, bereavement-related stress
and depression are positively correlated with impairment
of immune function, but these may be ‘proxy measures
for some other causal factor such as diet or other health
behavior,’ or, ‘conversely, it might also be argued that
immune system changes cause symptoms of depression
and stress’ [Hall and Irwin, 2001, p. 482]. Animal models
that permit careful manipulation of reward loss parame-
ters can contribute significantly to our understanding of
the interconnection of these factors, but only if the
underlying mechanisms are homologous. Consider, as an
example, the similarity between human grief and mother-
infant separation in other mammalian species. The moth-
er of a newborn mammal provides rewards in the form of
milk, warmth, contact comfort, and familiar olfactory
cues. Separation of the infant mammal from its rewarding
mother is followed by distress vocalizations, reduced
social interactions, increased glucocorticoid levels, and
reduced immune activity [e.g., Jordan et al., 1984; Coe et
al., 1985; Reite and Capitanio, 1985; Suomi, 1991; Kling
et al., 1992; Bailey and Coe, 1999]. These findings are
clearly related to the results of clinical research mentioned
previously, suggesting homology of mechanisms.

Stressful situations involving reward loss, from a per-
son who loses a job to an infant monkey separated from its
mother, share one feature: Expectancies are violated. As
an animal learns to expect the occurrence of an appetitive
event in a given situation, the violation of such expectan-
cy by reward omission induces, first, new learning about a
change in the environment (typically studied in the labo-
ratory under the label of extinction), and, second, new
learning about the organism’s own emotional reaction to
the environmental change (traditionally termed frustra-
tion) [Papini and Dudley, 1997]. Both of these effects
require that reward loss is surprising or unexpected. In
this paper I argue that the mechanisms underlying frustra-
tion are unique to mammals.

Adjustment to Surprising Nonreward in
Mammals

The terminology used in the rest of the paper is derived
from Amsel’s [1992] frustration theory, developed explic-
itly to account for the behavioral effects of surprising non-
reward (SN) in experimental situations. The term nonre-
ward refers to the omission, reduction in magnitude, or
quality degradation of an appetitive reinforcer (e.g., food,
water). Nonreward is surprising if it occurs in the pres-
ence of signals previously paired with a reward of greater
incentive value than the current one. The core of frustra-
tion theory involves three theoretical postulates (see ta-
ble 1) [Amsel, 1992]. First, SN induces an internal state,
called primary frustration, which has immediate conse-
quences for the behavior of the organism, acting as an
aversive reinforcer. The observable consequences of pri-
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Table 2. Aftereffects of surprising
nonreward reviewed in Papini and Dudley
[1997]

Effect Reward manipulation Species

Corticosteroid release Ext, iSNC, cSNC, MIS Rats, monkeys
Decreased heart rate Ext Rats
Increased blood pressure Barrier task Humans
Frustration odors Ext, iSNC, PR Rats, wood rats, gerbils
Ultrasonic vocalizations Ext Rats
Crying, avoidance behavior Ext, iSNC, barrier task Humans
Increased locomotor activity Ext, cSNC, Pavlovian Rats
Increase in aggressive behavior Ext, PR Rats, pigs, humans
Scheduled-induced polydipsia FT, iSNC Rats
Increased eating Sexual frustration Rats
Suppression of drinking cSNC Opossums, rats, humans
Reinforcement-omission effect Ext, PR, Pavlovian Rats, opossums, humans
Escape from frustration A+/B–, Ext, iSNC Rats

See Papini and Dudley [1997] for relevant references and further details. A+/B–: Discri-
mination training. Barrier task: A previously rewarded response is prevented from occurring.
Ext: Extinction. FT: Fixed-time schedule. cSNC: Consummatory successive negative contrast
effect. iSNC: Instrumental successive negative contrast effect. MIS: Mother-infant separa-
tion. PR: Partial reinforcement. Pavlovian: Classical conditioning training.

mary frustration are called aftereffects. Second, the pair-
ing of stimuli with primary frustration endows the stimuli
with the ability to trigger an expectation of such aversive
reinforcer, called secondary frustration. These condi-
tioned or anticipatory effects result in interference with
approach to the goal object. Third, the pairing of second-
ary frustration with reward results in the development of
tolerance to the disrupting effects of SN through a process
called counterconditioning. Counterconditioning implies
a hedonic shift in the value of secondary frustration from
aversive to appetitive that increases behavioral persis-
tence in the face of reward loss. Each of these three postu-
lates has received extensive empirical support from exper-
iments involving mammalian species, although there are
several unresolved issues. The next three sections provide
a selective review of the evidence; more extensive reviews
that include discussions of unresolved issues may be
found in Macphail [1982], Amsel [1992], Flaherty [1996],
Papini and Dudley [1997], and Bitterman [2000].

Aftereffects

‘What is unexpected we count undeserved. And so we
are mightily stirred by all that happens contrary to hope
and expectation,’ wrote Seneca [On Anger, Book II, 31, 1].
In modern terminology, the aftereffects of SN often
involve emotional activation that has both behavioral and

physiological correlates. Papini and Dudley [1997] re-
viewed the literature on aftereffects (summarized in ta-
ble 2) and concluded that it supports the first theoretical
postulate mentioned previously, namely, that the conse-
quences of SN are hedonically aversive. Three lines of evi-
dence suggest such a conclusion. First, SN promotes the
acquisition of responses that allow the animal to escape
from the site [Daly, 1974]. Second, SN triggers changes in
agonistic behavior in social interactions [Tondat and
Daly, 1972; Mustaca et al., 2000]. Third, SN leads to the
invigoration of dominant responses [Amsel and Roussel,
1952; Dudley and Papini, 1995, 1997; Stout et al., in
press], an effect that is vulnerable to amygdalectomy
[Henke, 1977].

Anticipatory Effects

Seneca argued for a fundamental connection between
expectations and the ‘tranquility of mind.’ When an ani-
mal expects an incentive of greater value than that of the
incentive actually received, an aversive state of primary
frustration is induced. The same stimuli that previously
predicted a highly valued reward are now paired with pri-
mary frustration. As a result, such cues become ambi-
guous, activating opposing expectations of reward and
frustration, and inducing an approach-avoidance conflict.
During extinction of runway performance, rats exhibit a
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pattern of behavioral hesitation as approach to, and
avoidance of, the goal compete for expression [Jones,
1970]. The effects of secondary frustration require some
minimum amount of experience with the new, impover-
ished incentive conditions. Extensive reviews of this topic
are available [Amsel, 1992; Flaherty, 1996]. What follows
is a selective description of the critical evidence support-
ing the second theoretical postulate, namely, that SN
results in the conditioning of an aversive state of second-
ary frustration that interferes with previously acquired
goal-approach tendencies.

Instrumental extinction is followed by glucocorticoid
release in several species [Davis et al., 1976; Dantzer et
al., 1980; Carbonaro et al., 1992; Lyons et al., 2000]. Rela-
tive to presession levels, corticosterone is elevated within
5 min of extinction onset and further increased 20 min
into the first extinction session [Coe et al., 1983]. During
the initial trials, extinction often facilitates behavior, an
effect that is eliminated by adrenalectomy [Thomas and
Papini, 2001]. Corticosterone is also elevated in a con-
summatory training situation in which consumption of a
low-value sucrose solution is depressed in animals that
had prior access to a high-value solution, relative to
unshifted, low-value controls. This suppression of con-
sumption, called consummatory successive negative con-
trast (cSNC), has been described in marsupials, rodents,
and human infants [Vogel et al., 1968; Kobre and Lipsitt,
1972; Papini et al., 1988; Mustaca et al., 2000]. With 5-
min-long sessions, plasma corticosterone levels are ele-
vated on the second postshift session, but not on the first
one [Flaherty et al., 1985; Mitchell and Flaherty, 1998].

Similarly, benzodiazepine anxiolytics (e.g., chlordiaz-
epoxide, diazepam) typically reduce cSNC when adminis-
tered on the second postshift session, but not on the first
one [Flaherty et al., 1986]. Interestingly, repeated down-
shifts in sucrose concentration increase the size of cSNC
on the first postshift session [e.g., Papini et al., 1988], sug-
gesting that secondary frustration can be aroused in this
first postshift session provided the animal has had pre-
vious downshift experience. Concomitantly, anxiolytics
reduce contrast on the first postshift session after the ani-
mal has experienced several such downshifts [Flaherty et
al., 1996], or when the first postshift session lasts more
than 5 min [Flaherty et al., 1986; Mustaca et al., 2000].

One problem with the cSNC effect is that aftereffects
and anticipatory effects cannot be clearly dissociated.
However, the instrumental version of this effect (iSNC)
allows for a clean assessment of anticipatory effects, espe-
cially if training involves one trial per day. Under such
spaced-trial conditions, stimulus and memory traces from

previous trials are minimized or eliminated, and the
instrumental response is influenced predominantly or ex-
clusively by current stimuli. iSNC occurs in rats exposed
to a surprising shift in reward quality or magnitude [El-
liott, 1928; Crespi, 1942]. In either case, the behavior of
downshifted animals deteriorates after the first postshift
trial, relative to the behavior of unshifted controls. A sim-
ilar effect can be obtained if groups trained with either
large or small reward magnitudes are shifted to extinction.
Extinction is faster after acquisition training with large
rewards than after small-reward training [Hulse, 1958],
an effect known as the magnitude of reinforcement ex-
tinction effect (MREE). Notice that both the iSNC and
MREE occur before the animal arrives at the goal and
therefore reflect conflicting anticipatory tendencies to ap-
proach and avoid the goal site. iSNC is also disrupted by
the chronic administration of the anxiolytic chlordiaz-
epoxide [Rosen and Tessell, 1970], possibly because an-
xiolytics reduce approach-avoidance conflicts.

Behavioral Persistence

‘Unimpaired prosperity cannot withstand a single
blow; but he who has struggled constantly with his ills
becomes hardened through suffering, and yields to no
misfortune,’ says Seneca [On Providence, Book I, 2, 6], in
a statement that seems to foresee the partial reinforce-
ment extinction effect (PREE), one of the most interesting
and well-studied effects in the animal learning literature.
The PREE is defined as greater resistance to extinction
after acquisition under partial reinforcement than under
continuous reinforcement. In fact, it is not just partial
reinforcement, but any sort of reward inconsistency (e.g.,
large vs. small rewards, immediate vs. delayed rewards)
that increases persistence in extinction [Amsel, 1992].
Several theories have been proposed to account for the
PREE and, as will be shown later, it is possible that simi-
lar behavioral effects obtained under similar conditions
are based upon different mechanisms. However, in mam-
mals trained under widely-spaced practice conditions, the
nature of the PREE is consistent with the third theoretical
postulate of frustration theory mentioned previously,
namely, that the counterconditioning of secondary frus-
tration promotes goal approach [Amsel, 1992]. The fol-
lowing is a selected review of evidence.

There are several ways in which the frustrative conse-
quences of SN can be reduced during acquisition so as to
disrupt the PREE, including treatment with anxiolytics. A
drug such as chlordiazepoxide should reduce the intensity
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of the conflict induced by partial reinforcement training
and thus disrupt counterconditioning. This should, in
turn, reduce persistence in extinction after partial rein-
forcement training, thus eliminating the PREE. Such an
outcome was reported in both runway and Skinner box
situations [Iwahara et al., 1967; Feldon and Gray, 1981;
McNaughton, 1984]. Chlordiazepoxide administered
during both acquisition and extinction also increases
extinction persistence in the continuously rewarded ani-
mals. Thus, chronic injections eliminate the PREE by
both decreasing persistence in partial animals and in-
creasing persistence in continuous animals [Feldon and
Gray, 1981]. If partial reinforcement training leads to
counterconditioning, then it should also attenuate the
SNC effect, an effect that occurs in both the instrumental
and consummatory situations [Mikulka et al., 1967; Pelle-
grini and Papini, 2002]. Furthermore, the effect of partial
reinforcement on cSNC can be eliminated by the admin-
istration of chlordiazepoxide before the nonreinforced
sessions during acquisition training [Pellegrini and Pa-
pini, 2002]. In this experiment, rats had access either to a
32% sucrose solution (reinforced) or to water (nonrein-
forced), in a random sequence, during 5-min long daily
sessions, before being shifted to a 4% solution. This result
is important because it eliminates the alternative account
that the attenuation of contrast by partial reinforcement is
caused by incentive averaging (i.e., partial reinforcement
involves less reinforcement on average than continuous
reinforcement) [see Flaherty, 1996].

The theoretical distinction between primary and sec-
ondary frustration is supported by evidence suggesting
that different factors modulate these effects. In the dou-
ble-runway situation, it is possible to administer partial or
continuous reinforcement training in the first runway to
different groups, followed by extinction in the first run-
way (all animals receive continuous reinforcement train-
ing in the second runway throughout the experiment).
Using such a design, treatment with sodium amobarbital,
a barbiturate with anxiolytic effects, eliminates the PREE
observed in the first runway during extinction, but does
not affect response facilitation (i.e., the reinforcement-
omission effect, ROE, see table 1) observed in the second
runway during partial reinforcement training [Gray and
Dudderidge, 1971]. In addition, amygdalar lesions elimi-
nate the ROE, but not the PREE [Henke, 1973; Henke
and Maxwell, 1973], whereas septo-hippocampal lesions
eliminate the PREE, but not the ROE [Swanson and
Isaacson, 1967; Henke, 1973; Feldon et al., 1985; Lo-
baugh et al., 1985].

Surprising Nonreward in Fish, Amphibians, and
Reptiles

As mentioned in the introduction, SN may induce new
learning either about a change in the environment, or
about the organism’s own emotional reaction to that
change. The first may be called an allocentric effect in the
sense that the organism simply updates knowledge about
the environment, whereas the second may be called an
egocentric effect because the organism learns something
about itself. The simplest allocentric rule for updating
associative knowledge after SN is part of both classical
and contemporary learning models [Thorndike, 1911;
Hull, 1943; Rescorla and Wagner, 1972; Couvillon and
Bitterman, 1985; Schmajuk, 1997], and it simply main-
tains that signal value is strengthened by reinforcement
and weakened by nonreinforcement. To understand the
significance of this strengthening-weakening rule, consid-
er again the PREE. During extinction, approach behavior
decreases faster in the continuous animals than in the par-
tial animals until it is finally eliminated in both groups.
According to the account of the PREE described pre-
viously, the first effect (differential extinction rates) is
egocentrical and reflects increased persistence due to the
counterconditioning of secondary frustration. However,
the fact that approach responses are finally eliminated in
both groups suggests that signal value has been updated
according to the new environmental conditions (i.e., an
allocentric effect).

Available evidence from spaced-trial experiments with
osteichthyes fish, amphibians, and reptiles indicates that
only the allocentric effects of SN are present in these ani-
mals [see Papini et al., 1995; Bitterman, 2000]. Thus, for
example, a shift from a large to a small reward magnitude
is followed by an adjustment of performance without
deterioration, that is, without SNC. Similarly, extinction
is slower after training with continuous reinforcement,
than with partial reinforcement (i.e., a reversed PREE),
and slower after training with large, rather than small,
rewards (i.e., a reversed MREE). These results reflect the
action of a simple strengthening-weakening rule. For ex-
ample, relative to 100% reinforcement, 50% partial rein-
forcement should weaken signal value and thus result in
faster extinction; similarly, a shift from a larger to a small-
er reward magnitude should weaken signal value leading
to an adjustment of performance without contrast.

In rats, the PREE is known to be disrupted by hippo-
campal lesions [Rawlins et al., 1980]. Such a disruption
follows a pattern analogous to that observed with chlordi-
azepoxide treatment, that is, hippocampectomized rats
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Fig. 1. a Terminal acquisition (Pre) and
extinction performanc of rats with either
hippocampal (Hipp) or sham (SO) lesions,
and after training with either partial (PR) or
continuous reinforcement (CR). Cortical
controls are omitted for clarity. [From Raw-
lins et al., 1980, Exp Brain Res, copyright
Springer-Verlag, reproduced by permission.]
b Terminal acquisition and extinction per-
formance of toads with either lesions in the
medial pallium (MP) or sham operations,
and after training with either partial or con-
tinuous reinforcement. [From Muzio et al.,
1994, Behav Neural Biol, copyright Aca-
demic Press, reproduced by permission.] In
both experiments, animals were trained in a
runway, received one trial per day, and were
reinforced with food (rats) or water (toads).

show less persistence in extinction after partial reinforce-
ment, but more persistence after continuous reinforce-
ment training (fig. 1a). Consistent with frustration theo-
ry’s account of the PREE, such opposite effects of the
same lesion suggest that the associative structure underly-
ing learning under these two schedules is different (i.e.,
counterconditioning occurs only in the partially rein-
forced animals). In contrast with this pattern, and as
shown in figure 1b, lesions of the amphibian medial pal-
lium, a structure thought to be homologous to the mam-
malian hippocampal formation [Northcutt and Ronan,
1992], increase extinction persistence after both partial
and continuous reinforcement [Muzio et al., 1993, 1994].
This result is consistent with a strengthening-weakening
model according to which partial and continuous rein-

forcement schedules produce changes along a single di-
mension of signal value.

An Evolutionary Framework

The data reviewed so far suggest a working hypothesis
that could be phrased as follows. First, all vertebrates
share a basic strengthening-weakening, allocentric rule for
associative learning that updates signal value as a func-
tion of environmental changes. Second, in addition,
mammals evolved an egocentric mechanism that allows
for learning about the organism’s own frustrative reaction
to environmental changes. This egocentric mechanism is
vulnerable to anxiolytic treatment and to lesions in some
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limbic structures. One way to think about the evolution of
the egocentric mechanism in some putative mammalian
ancestor is in terms of the addition of a new develop-
mental stage in brain differentiation. In developmental
evolutionary biology, changes in the sequence of develop-
mental stages in descendant species, relative to their
ancestors, are studied under the term heterochrony [see
Papini, 2002a]. In one specific class of heterochronic phe-
nomena, known as peramorphosis, new traits evolve in
descendants, relative to their ancestors, as a result of either
a shift in the onset of development of the trait to an earlier
stage, an acceleration of the trait’s developmental rate, or a
general delay in sexual maturity. For example, selection
for large body size may generate some developmental
room for the evolution of novel structures. The horns and
antlers of large hervibore mammals have presumably
evolved by peramorphosis. Going back to the case of antic-
ipatory frustration, evidence consistent with the view that
its underlying mechanisms evolved by developmental ad-
dition comes from research with infant rats [Amsel, 1992].
Before postnatal day 12, infants are capable of learning but
show only allocentric effects when exposed to SN situa-
tions. However, the PREE, MREE, and SNC emerge grad-
ually between postnatal days 12 and 24, in correlation with
the maturation of the hippocampal formation.

An interesting implication of the hypothesis that the
egocentric mechanism evolved in early mammals relates
to the status of SN phenomena in birds. Birds and mam-
mals evolved from diapsid and synapsid early reptiles,
respectively. These groups appear already differentiated
in fossils from the upper Carboniferous, about 360 mil-
lion years ago [Benton, 1990]. Interestingly, birds and
mammals achieved a striking degree of convergence. Rel-
ative to reptiles, birds and mammals exhibit larger rela-
tive brain size, high metabolic rates, high activity levels,
and relatively complex parental care behavior, among
other features [Papini, 2002a]. One may, therefore, expect
to find similar learning phenomena, but based upon dif-
ferent underlying mechanisms. For comparative pur-
poses, learning mechanisms may be defined as processes
hypothesized to explain learning phenomena (e.g., PREE,
SNC). Comparative psychologists have traditionally
framed such hypothetical processes in such terms as pri-
mary and secondary frustration, as I have used them pre-
viously. But these psychological terms must ultimately
correlate with underlying physiological processes at, at
least, three levels of analysis. From the highest to the low-
est, these levels are the neurobiological (e.g., neural net-
works in specific brain areas), neurochemical (e.g., synap-
tic plasticity), and cell-molecular (e.g., second-messenger

systems). If a given learning phenomenon, say the PREE,
is present in two species and it is shown to respond in the
same manner to a set of manipulations at all three levels
of analysis, then this would constitute evidence of homol-
ogy of mechanisms. However, if a similar learning phe-
nomenon occurs in two species but responds differently to
the same treatment at any one of these three levels, then
the phenomenon could be considered homoplasic [Pa-
pini, 2002b]. The effect of SN on the behavior of birds
provides a preliminary illustration of this framework.

Until recently, only one experiment had been pub-
lished on the effects of SN under spaced training in an
avian species, the pigeon (Columba livia), and it provided
clear evidence of the PREE [Roberts et al., 1963]. Since
the spaced-trial PREE, SNC, and MREE were character-
ized by their covariation in any species in which they had
been studied, it seemed appropriate to predict that pi-
geons would also exhibit the latter two effects. However,
spaced-trial experiments revealed a dissociation of these
effects in pigeons, with clear evidence for the PREE, but
no hint of SNC and a reversed MREE [Papini, 1997;
Papini and Thomas, 1997; Papini et al., 2002; Thomas
and Papini, 2003]. One interpretation of this dissociation
is that the pigeon PREE is based on mechanisms that are
different from those causing the seemingly analogous
mammalian effect [see Thomas and Papini, 2003, for
additional interpretations].

There are conflicting results in experiments studying
the aftereffects of nonreward in birds. For example, unex-
pected food omissions trigger aggressive behavior in pi-
geons and hens [Azrin et al., 1966; Terrace, 1971; Haskell
et al., 2000; Rodenburg et al., 2002], as they do in mam-
mals [see Papini and Dudley, 1997]. Moreover, pigeons
trained in an A+/B– discrimination rapidly learn to peck
at a key that has as its only consequence to turn off the B
stimulus [Terrace, 1972], a result analogous to escape
from frustration in rats [Daly, 1974]. In contrast, primary
frustration appears to play no role in the ROE, or higher
response level immediately after nonreward than after
reward in a partial reinforcement situation. The ROE has
been described in both rats and pigeons [e.g., Dudley and
Papini, 1995; Papini and Hollinsworth, 1998], but a
major problem of interpretation has been to determine
whether response is facilitated after nonreward (as pre-
dicted by frustration theory), or depressed after reward (a
postconsummatory effect). Analysis of the time course of
the aftereffects of reward and nonreward shows that,
unlike in rats, the pigeon ROE is entirely attributable to a
postconsummatory effect [Stout et al., 2002]. Thus,
whether the aftereffects described in avian species, in-
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Fig. 2. a Extinction performance of rats
treated with haloperidol (Hal; 0.1 mg/kg), or
placebo (Pla), and after training with either
partial (PR) or continuous reinforcement
(CR). [From Feldon et al., 1988, Psycho-
pharmacology, copyright Springer-Verlag,
reproduced by permission.] b Extinction
performance of pigeons treated with halo-
peridol (0.1 mg/kg) or placebo, after training
under partial or continuous reinforcement.
The difference scores plotted as a dependent
variable are computed by subtracting the
latency for each pigeon in each extinction
trial from the latency obtained for that pi-
geon in the last acquisition trial. [From Tho-
mas and Papini, 2003, Learn Motiv, copy-
right Academic Press, reproduced by per-
mission.] In both experiments, animals were
trained in a runway, received one trial per
day, and were reinforced with solid food.

cluding extinction-induced aggression and escape from
the B– stimulus of a discrimination, result from the
engagement of the same mechanisms giving rise to analo-
gous aftereffects described in mammals awaits a detailed
comparative analysis. The case of the ROE suggests that
similar behavioral phenomena may be based on different
underlying mechanisms.

A more direct assessment of the mechanisms underly-
ing adjustment to SN involves drug manipulations. Re-
cent research on the PREE illustrates this approach [Tho-
mas and Papini, 2003]. In rats, the PREE is known to be
modulated by some drugs, but not by others. For example,
chlordiazepoxide (a benzodiazepine anxiolytic) elimi-
nates the PREE [e.g., McNaughton, 1984], whereas halo-
peridol (predominantly a dopamine antagonist) does not
interfere with its development [Feldon et al., 1988; Fel-

don and Weiner, 1991]. Pigeons trained in a runway situ-
ation and receiving daily treatment with these drugs dur-
ing both acquisition and extinction (similar to rats in the
cited experiments), demonstrated a different pattern of
results. Unlike the case with rats, chlordiazepoxide did
not eliminate the PREE in pigeons, but haloperidol did.
The rat and pigeon results for haloperidol are presented in
figure 2.

Frustration, Pain, and Fear

‘A strong emotion does not arise except a desire fails to
attain its object [frustration], or an aversion falls into
what it would avoid [pain-fear],’ said Epictetus [Book III,
2, 3]. Contemporary psychologists recognize the parallel
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Fig. 3. Avoidance performance of two groups
of goldfish receiving a single trial per day (in-
tertrial interval: 24 h), in a master-yoked
design. Master animals were trained to swim
over a barrier during the presentation of a
green light to avoid shock. In the absence of a
response, the light and shock overlapped dur-
ing 20 s. Latencies below 20 s (marked by a
solid line) indicate successful avoidance be-
havior. Yoked goldfish were matched in terms
of the amount and temporal distribution of
shocks with master goldfish, but their re-
sponses had no scheduled consequences [from
Portavella et al., in press].

functions played by the removal of an appetitive reinforc-
er and the administration of an aversive reinforcer on
associative learning [Papini, 2002a]. Removing an appeti-
tive reinforcer or administering an aversive reinforcer
contingent on an instrumental response tends to suppress
that behavior and results in the acquisition of an expec-
tancy (secondary frustration and fear, respectively) that
can be described as egocentric. Fear may be defined as an
expectation of impending pain activated by a signal pre-
viously paired with an aversive event such as pain. In a
sense, fear is to pain what secondary frustration is to pri-
mary frustration, an analogy captured by the so-called
fear = frustration hypothesis [Gray and McNaughton,
2000]. This simple idea gives rise to at least two predic-
tions related to the material covered in this paper, for
which there is some supporting evidence.

The first prediction suggests behavioral phenomena
based on pain and primary frustration should be modu-
lated by a similar set of factors. Consistent with this idea
is the evidence that opioid-receptor agonists, which play a
key role in the reduction of pain, also reduce cSNC during
the first session after a downshift in reward magnitude
[Rowan and Flaherty, 1987; Castro, 2000]. First-session
performance arguably reflects the effects of primary frus-
tration on consummatory behavior. It would be interest-
ing to take an individual-difference approach to this prob-
lem and determine whether, for example, there is a posi-

tive correlation between the size of first-session cSNC and
some index of pain sensitivity (e.g., pain threshold). A
study of individual differences has yielded evidence on
the connection between fear conditioning and cSNC. Fla-
herty et al. [1998] exposed rats to four different behavior-
al tests, including fear conditioning and cSNC, and deter-
mined the extent to which performance in these situations
was correlated. A factor analysis indicated that whereas
the amount of freezing behavior during fear conditioning
did not load on first-session consummatory performance,
it related significantly with second-session performance.
This result is consistent with the assumption that second-
session consummatory performance reflects predomi-
nantly the effects of secondary frustration.

The second prediction of the fear = frustration hypoth-
esis is that comparative research on fear and secondary
frustration should show a similar species distribution.
There is, however, some evidence suggesting that this may
not be correct. For example, goldfish are capable of truly
instrumental avoidance learning [e.g., Overmier and Pa-
pini, 1986], which, according to current learning theory, is
based on the reduction of an internal response of fear
induced by the warning signal [Gray and McNaughton,
2000]. In fact, goldfish given avoidance training at a rate
of a single trial per day show the development of avoid-
ance behavior when compared to yoked controls, as
shown in figure 3 [Portavella et al., in press]. This result is
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striking in view of the repeated failure to find evidence of
spaced-trial PREE, MREE, and SNC in fish [Bitterman,
2000; Papini, 2002b], and it suggests that the mechanisms
underlying fear conditioning may be phylogenetically old-
er than those supporting secondary frustration.

Consider the implications of this hypothesis. It is com-
monly assumed that fear is related to self-preservation
either in connection to predatory encounters or in intras-
pecific contests [Stamps, 1998]. The evolution of struc-
tures that correlate with an active mode of life in early
chordates (e.g., tail and paired lateral muscles of Cam-
brian chordates such as Pikaia), and of structures that
might have played an antipredatory role (e.g., the armors
of Paleozoic agnathan and placoderm fish) suggest that
predatory pressures were of considerable importance [Pa-
pini, 2002a]. As a result, the egocentric brain mechanisms
responsible for fear may have been established in early
chordates, a hypothesis consistent with the relative degree
of conservation of fear-related learning phenomena in
vertebrates. Unlike the case with fear, the selective pres-
sures encouraging the evolution of the egocentric brain
mechanisms underlying secondary frustration may not
have been particularly strong in early chordates. One pos-
sible such pressure could relate to the energy require-
ments of animals with a relatively high metabolic rate, as
might have been the case with Mesozoic mammals, rela-
tive to more conservative vertebrates. Following this
argument, Stout et al. [2002, p. 255] suggested that the
adaptive function of frustrative mechanisms is to facili-
tate a switch ‘from previously successful responses that no
longer work, to new responses than may bring the animal
in contact with needed resources.’ This may be akin to
Klinger’s [1975] notion of incentive disengagement. Me-
sozoic mammals may have possessed a set of characters
that preadapted them to evolve disengagement mecha-
nisms based on an emotional response. First, the relative-
ly large olfactory bulbs of Mesozoic mammals suggest
they were dependent on olfaction for foraging [Jerison,
1973; Kielan-Jaworowska, 1986]. Second, in extant mam-
mals there are direct connections between the olfactory
system and limbic structures involved in fear condition-
ing, including the amygdala. The size of the olfactory
bulbs in extant insectivores (i.e., the most conservative
placentals) correlates positively with the size of the cen-
tro-medial amygdala, but not with the size of nonlimbic
structures such as the vestibular and cochlear nuclei [Bar-
ton and Harvey, 2000]. Furthermore, the amygdala is part
of a network that participates both in fear conditioning
[Blair et al., 2001] and in the adjustment to SN [Henke,
1977; Becker et al., 1984]. High metabolic rates are also

likely to have been present in Mesozoic birds, but it is
assumed that their predominantly visual foraging style
preadapted them for a nonemotional resolution of the
incentive disengagement problem [see Stout et al., 2002].
If it is indeed the case that fear, but not frustration, is
present in bony fish, and if indeed the brain circuits and
neurochemical mechanisms underlying fear and second-
ary frustration overlap considerably [Gray and McNaugh-
ton, 2000], then the egocentric mechanisms underlying
secondary frustration could be seen as evolving from
those underlying fear by a combination of gene duplica-
tion and co-option. Gene duplication and co-option have
been postulated to explain such cases as the quadruplica-
tion of Hox genes in vertebrates, the evolution of feathers
in birds, and the evolution of the enzymes involved in the
development of the eye’s lenses [Holland and Garcia-Fer-
nandez, 1996; Raff, 1996]. The challenge now lies in
designing appropriate experimental tests of this hypothe-
sis.

Concluding Comments

A traditional view holds that the evolution of verte-
brates is characterized by relatively stable motivational-
emotional processes (largely viewed as plesiomorphic,
that is, as primitive characters) and increased intellectual
complexity (largely viewed as apomorphic, or derived
characters). For example, Nissen [1958, p. 204] argued
that species may be compared along the lines of ‘receptor,
effector, integrative, and motivational mechanisms,’ con-
cluding that ‘the most significant phylogenetic differences
(...) are found in the dimension of central integration or
cognitive capacities.’ Jerison [1973] argued that encephal-
ization in birds and mammals was driven by selective
pressures related to the internal representation of envi-
ronmental stimuli, which he called biological intelligence.
MacLean [1990] suggested a distinction between three
major neural sections, namely, the reptilian complex
(diencephalic and rhombencephalic areas), involved in
maintenance activities and basic displays; the paleomam-
malian formation (limbic system), involved in basic emo-
tional reactions, including fear; and the neomammalian
formation (isocortex and thalamus), playing a major role
in the connection of the organism to its environment (in-
cluding human language), and in goal-directed behavior.
Even Macphail [1982], who suggested that all vertebrates
share the same basic set of learning mechanisms, noted as
an exception that human language provides for qualita-
tively different cognitive abilities.
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The research reviewed in this article suggests a more
complex picture. On the one hand, some emotions (e.g.,
fear) may be more primitive than others (e.g., frustration).
On the other hand, if the egocentric mechanisms underly-
ing frustration turn out to be unique to mammals, as
hypothesized here, then the relatively larger mammalian
brains may have also made it possible for these animals to
experience a wider emotional spectrum. Part of this spec-
trum relates to the issue of grief mentioned in the intro-
duction. Grief is a relatively long-lasting emotional state
that arises from the loss of a loved one (i.e., a conspecific
with whom the organism has formed an attachment). To
be more specific, a parallel could be drawn between grief
and the extinction of appetitive behavior. According to
this idea, grief is the emotion induced by cues previously
associated with the presence of a conspecific that is no
longer around. It seems likely that primitive mammals
were mostly solitary, as this is true for extant conservative
species [Eisenberg, 1981], so that the evolution of the
mechanisms underlying secondary frustration must have
occurred in the context of foraging for food, water, and
other similar resources. In the case of grief, the lost object
has a social dimension because the attachment is with a

conspecific, rather than with a site where food was pre-
viously found. The sharing of similar effects in situations
involving food omission and social separation (see intro-
duction for references) suggests that the mechanisms un-
derlying grief may have evolved from those underlying
secondary frustration in mammals displaying complex
social behavior (e.g., primates). In such a case, it is tempt-
ing to speculate that the function of frustration and grief
may be one and the same, namely, to promote incentive
disengagement from a source of reward (a site or a conspe-
cific) that is no longer available. These speculative ideas
are offered as an impetus for careful experimental and
comparative analyses.
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