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To study Pavlovian conditioning, one has to select an
unconditioned stimulus (US) and a potential conditioned
stimulus (CS) and then arrange for the CS and the US to
become associated with each other. Common definitions
of Pavlovian conditioning tell us how to do this. Mack-
intosh (1974), for example, wrote, “Experiments on clas-
sical conditioning may be defined as those in which a
contingency is arranged between a stimulus and an out-
come” (p. 4). According to Bower and Hilgard (1981),
“some arbitrary stimulus, such as a light, is combined
with the presentation of food. Eventually, after repetition
and the correct time relationships, the light will evoke sali-
vation independently of the food” (p. 49). In a similar de-
finition, Anderson (1995) specified that “the US is paired
with a neutral conditioned stimulus (CS), such as a bell.
After a number of such pairings, the CS acquires the abil-
ity to evoke a response by itself ” (p. 10).

The emphasis in these definitions is that before being
used in a conditioning procedure, the CS should be unre-
lated to the US. Terms such as arbitrary (Bower & Hil-
gard, 1981) and neutral (Anderson, 1995; Papini, 2002,
p. 491; Shettleworth, 1998, p. 109; Staddon, 1983, p. 102)
have been used to describe the initial independenceof the
CS from the US. This emphasis on arbitrary or neutral
CSs has been encouraged by the fact that investigators
have been interested primarily in the establishment of new
associations. Selecting a CS that is initially unrelated to
the US helps to ensure that the responses that develop re-
flect the newly acquired CS–US association, rather than
a preexisting relation between the events.

Another point that has become increasingly popular to
emphasize is that Pavlovian conditioning can be charac-
terized as an adaptive process that promotes efficient in-
teractions of the organism with significant biological
events in its natural environment (Domjan, Cusato, & Vil-
larreal, 2000; Hollis, 1982, 1997). This ecological view is
especially appealing to those interested in functionalcon-
siderations, but it may not be easily reconciled with defi-
nitions of Pavlovian conditioning that emphasize the use
of arbitrary CSs. The terms arbitrary and neutral imply
that the CS is unrelated to the US and, therefore, rarely
occurs in conjunctionwith that US under natural circum-
stances. An arbitrary CS may coincide with a US occa-
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ings for an ecological approach to the study of learning are discussed.
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sionally,but without the interventionsof an experimenter,
such accidental pairings will be rare. In addition, the ac-
cidental pairings will be preceded and followed by un-
paired CS and US encounters, which would undermine
the development of conditioned responding (e.g., Bene-
dict & Ayres, 1971; Rescorla, 2000).

A CS will occur reliably with a US outside the labo-
ratory only if there is a preexisting or inherent relation
between the two events. Consider, for example, a hawk
that preys on mice for food. A mouse scurrying along
the ground may elicit an unconditioned attack response
on the part of the hawk. If the hawk were able to antici-
pate when and where it might find a mouse, it could be-
come more efficient in its predatory behavior. What cues
might the hawk use to anticipate encountering a mouse?
Cues related to mice in some way are the best bet. These
may be paths where mice might be found, droppings left
by mice, the presence of food sources that mice find at-
tractive, the time of day at which mice are likely to be out-
side their burrows, or visual or auditory cues produced
by mice that allow them to be identified at a distance.

As the above example illustrates, for a CS to occur in
a contingentor temporal relation with a US under natural
circumstances, the CS has to have an inherent or preex-
isting relation to the US. Others have also recognized
that associative learning under natural circumstances is
likely to reflect preexisting relations between the events
that come to be associated. Dickinson (1980; see also
Staddon, 1988), for example, has pointed out that “ani-
mals should be capable of predicting the occurrence of
events of importance to them, and the best predictors are
the causes of these events, or at least detectable indices
of these causes” (p. 9).

The distinction between arbitrary CSs and CSs that
have an inherent relation to the US would be of little sig-
nificance if similar learning effects occurred with the two
types of cues. The possibility that special learning effects
may occur with ecologically relevant CSs has been con-
sidered for some time. Investigators of biological con-
straints and adaptive specializations in learning have
highlighted differences in how learning occurs under
conditions that appear to be more ecologically valid than
standard laboratory procedures (e.g., Hinde & Stevenson-
Hinde, 1973; Seligman, 1970; Seligman & Hager, 1972;
Shettleworth, 1972). These issues have been discussed by
Bolles (1970) and, later, by Fanselow and Lester (1988)
in relation to avoidance learning. Other investigators
have addressed similar problems in positive reinforce-
ment (e.g., Shettleworth, 1975; Timberlake, 1983; Tim-
berlake, Wahl, & King, 1982) and punishment (Shettle-
worth, 1978), followingup on the early work on constraints
on instrumental conditioning by Breland and Breland
(1961). Garcia and Rozin and their associates have exam-
ined biological constraints and adaptive specializations
in relation to food aversion learning (Garcia, Hankins,
& Rusiniak, 1974; Rozin & Kalat, 1971), and Mellgren
(1982) has discussed ecological versus traditional ap-
proaches to foraging for food.

One early theorist in this area proposed that arbitrary
versus ecologically relevant learning may be character-
ized as different points along a continuum of prepared-
ness (Seligman, 1970) and suggested that ecologically
relevant stimuli would show not only more rapid acqui-
sition, but also related changes in a variety of other learn-
ing effects, such as extinction, blocking, and the effects
of the CS–US interval (Seligman & Hager, 1972). With
few exceptions (e.g., LoLordo, Jacobs, & Foree, 1982),
however, this broader claim has not been empirically
evaluated.

In the following sections, we will revisit the issue of
biological constraints and adaptive specializations in
learning within the framework of sexual conditioning. In
particular, we will examine whether a sexually relevant
CS has properties different from an arbitrary CS in sex-
ual conditioning,using a variety of common learning ma-
nipulations, including blocking, extinction, increases in
the CS–US interval, and second-order conditioning.

SEXUAL CONDITIONING WITH
ARBITRARY CSs

The sexual behavior system does not present any con-
ceptual impediments to the study of Pavlovian condi-
tioning. Just as in more familiar aversive or appetitivecon-
ditioning paradigms, a CS has to be presented shortly
before a US. In principle, the only feature that distin-
guishes sexual conditioning from other forms of Pavlov-
ian conditioning is that the US has to be something that
will elicit an unconditioned sexual response. Although
this prescription is fairly straightforward, finding an ef-
fective sexual US can be difficult. Unconditioned sexual
responses depend on the species, age, and social history
of the subjects and often require special hormonal, sea-
sonal, and other conditions. These conditions are conve-
niently achieved with the avian species, Coturnix japon-
ica. The Coturnix quail was domesticated in the 12th
century in Japan, and males copulate readily in captivity
when presented with a sexually receptive female (see
Mills, Crawford, Domjan, & Faure, 1997, for a review).

In keeping with traditional definitions of Pavlovian
conditioning,early studies of sexual conditioningin quail
employed an arbitrary CS, and the CS was presented
shortly before a sexual US. In the first such study, Farris
(1967) presented a buzzer to male quail just before giv-
ing them access to a sexually receptive female and found
that the buzzer CS came to elicit courtship responses.
Domjan, Lyons, North, and Bruell (1986) failed to repli-
cate the conditioningof courtship behavior but found that
males would approach and remain near an arbitrary vi-
sual CS (a light) that had been paired with sexual rein-
forcement. Subsequent research showed that this condi-
tioned approach behavior is not disrupted by an omission
contingency and is, therefore, not instrumentally medi-
ated (Crawford & Domjan, 1993). Additional evidence
against an instrumental conditioning interpretation was
obtained by Burns and Domjan (2000), who showed that
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male quail would approach an arbitrary CS paired with
access to a sexual partner even if the CS was presented as
far as 233 cm away from the location of the female.

By using an arbitrary CS and approach to the CS as the
conditioned response, studies with male domesticated
quail have documented a wide range of common Pavlov-
ian conditioning phenomena. These include acquisition,
extinction, renewal, blocking, CS–US interval effects,
trace conditioning,simple and conditionaldiscrimination
learning, conditioned inhibition, context conditioning,
US devaluation effects, observational conditioning, and
second-orderconditioning(Akins & Domjan, 1996;Burns
& Domjan, 2000; Crawford & Domjan, 1995, 1996;Dom-
jan,Akins, & Vandergriff, 1992;Domjan,Greene, & North,
1989; Domjan et al., 1986; Domjan, O’Vary, & Greene,
1988; Gean, Matthews, Krause, & Domjan, 2004; Hol-
loway & Domjan, 1993; Köksal & Domjan, 1998; Köksal,
Domjan, & Weisman, 1994).

The findings presented above indicate that if an arbi-
trary CS is used in the traditional fashion, sexual condi-
tioning follows the same rules of learning that are the
same as those established in more conventional studies
of Pavlovian conditioning. Also in keeping with com-
mon findings, the subjects showed limited responses to
the CS. They only approached the CS (which was mea-
sured by time spent near the CS). In particular, they did
not attempt to copulate with an arbitrary CS, such as a
light. One might argue that the absence of conditioned
copulatory responses was to be expected, since a light
does not provide the kind of tactile feedback and physi-
cal support that is required for copulatory behavior. Per-
haps a three-dimensional object that is soft and support-
ive of mounts and copulatory responses would be more
likely to elicit conditioned copulation. Encouraged by
such speculation, we tried a stuffed toy as a CS and again
obtained only conditioned approach behavior (Domjan
et al., 1988). We first observed copulatory behavior
elicited by an inanimate object when we tested male
quail with a taxidermic model of a female quail. That ob-
servation eventually led to our study of Pavlovian learn-
ing with CSs that were more clearly precursors of the US
under natural conditions.

SEXUAL CONDITIONING WITH A
NATURAL PRECURSOR TO THE US

Under natural circumstances, appetitiveUSs do not ap-
pear unannounced.To obtain food, for example, an animal
has to engage in a series of responses, including general
search and focal search, that eventually brings the animal
in contactwith the food item (Timberlake, 2001b).Eating
is the endpoint of these sequentially organized behaviors
and the stimuli that accompany them. In an analogous
fashion, copulatory interaction between a male and a fe-
male is the endpoint of a sequence of stimuli and activi-
ties that includes general search and focal search re-
sponses and visual and auditory cues that may indicate
that a potential sexual partner is nearby. These natural pre-

cursors of a sexual US may serve as CSs for sexual con-
ditioning under natural circumstances.

Perhaps the most obvious natural precursor of a sex-
ual US is some feature of a potential sexual partner that
is evident at a distance. Consistent with this analysis,
species-typical telereceptive cues provided by a poten-
tial sexual partner have been shown to be effective CSs
in sexual learning.For example, male rats develop a pref-
erence for the odor of estrous females as a result of cop-
ulatory experiences with such females (Carr, Loeb, &
Dissinger, 1965). The preference presumably develops
because the odor of the female acts as a CS that reliably
precedes sexual reinforcement (the US). Similar olfac-
tory preference effects have been reported in house mice,
lemmings, prairie voles, hamsters, and dogs (see the re-
view by Taylor & Dewsbury, 1990). In birds, species-
typical visual cues have served in an analogous fashion.
For instance, in laboratory investigations with domesti-
cated quail, males have been shown to become more re-
sponsive to the visual cues of a female as a result of cop-
ulatory experiencewith females. In one study, for example,
male quail were allowed to briefly view a female on the
other side of a small window before being allowed to
copulate with her. As this procedure was repeated, the
males came to spend increasing amounts of time near the
window (Nash, Domjan, & Askins, 1989). This increased
responsiveness was due, at least in part, to a learned as-
sociation between cues for the female and copulatory op-
portunity (e.g., Domjan, Akins, & Vandergriff, 1992).

The idea that visual cues of a female at a distance may
serve as a CS for males is also consistent with observa-
tions of Coturnix quail in the wild. Coturnix quail are
ground birds that live in areas covered with grass and
shrubs (C. W. Schwartz & E. R. Schwartz, 1949). When
a male first encounters a female in the short grass, he is
likely to see only her head and neck. As the male and the
female come together, more of their bodies will become
visible to each other, and their social interactions will be-
come more intense, possibly ending in copulation. Cop-
ulation consists of the male’s grabbing the female’s neck
feathers in its beak, mounting the female’s back with
both feet, and then making a series of cloacal thrusts
(Wilson & Bermant, 1972). In this behavior sequence,
the sight of a female’s head and neck may come to serve
as a cue or CS, and copulationmay serve as the US. With
repeated sexual interactions, the male may learn to an-
ticipate copulatory opportunity on the basis of its seeing
the female at a distance.

To reproduce in the laboratory the sequence of events
that presumably leads to copulation under natural cir-
cumstances, we created a stimulus object that included
the taxidermicallyprepared head of a female quail, along
with 2.5 cm of neck feathers (see Figure 1, left panel).
The object was made of terrycloth stuffed with soft poly-
ester fiber and had both a vertical and a horizontal sec-
tion. The shape of the object was designed to provide
supportive stimulation for the grab, mount, and cloacal
contact components of the male’s copulatory behavior.
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Presentation of the object allowed the male to see a small
portion of a female, as he might when he first sees a fe-
male through the grass in his natural habitat. To evaluate
the effects of such a naturalistic CS, an arbitrary com-
parison CS was also tested that did not include a female’s
head and neck feathers (see Figure 1, right panel).

Associative Versus Nonassociative Effects of a
Naturalistic CS

One of the first questions that one might ask about a CS
that is a natural precursor to the US is whether responding
to such an object requires associative learning. This ques-
tion has been addressed in several studies (Cusato &
Domjan, 1998; Hilliard, Domjan, Nguyen, & Cusato,
1998; Köksal et al., 1994), each of which showed that al-
though some responding may occur to a CS object that in-
cludes the cues of a female’s head, pairing such a CS ob-
ject with copulation substantially increases responding.
Figure 2 provides an example of this finding from Köksal
et al. Each day, the subjects in the paired group received
access to the naturalistic CS for 30 sec, followed by a 5-
min opportunityto copulatewith a female. The subjects in
the unpaired group received their copulatory opportunity
in the experimental chamber 25–35 min before the CS ex-
posure each day. Every 3rd day was a test day and involved
only exposure to the CS. As Figure 2 illustrates, the paired
subjects spent significantly more time near the naturalis-
tic CS than did the unpaired subjects, although some re-
sponding also developed in the unpaired subjects.

Range of Conditioned Responses to a
Naturalistic Sexual CS

As we noted earlier, the conditioned response to an ar-
bitrary CS, such as a light, is approaching the CS. In con-
trast, a naturalistic CS that includes limited female cues
also comes to elicit components of the male’s copulatory
behavior if such a CS is paired with sexual reinforce-
ment. Cusato and Domjan (1998), for example, com-
pared sexual conditioning with the naturalistic and arbi-
trary CS objects depicted in Figure 1. The procedure was

similar to that used by Köksal et al. (1994). Paired sub-
jects received exposure to the CS followed by access to
a sexually receptive female. Unpaired subjects were given
access to a female 25–30 min before the CS on each con-
ditioningday. The experiment was continued for 15 days,
with every 3rd day being a test day on which only the CS
was presented.

The results of the test trials are summarized in Fig-
ure 3. The paired subjects spent significantly more time
near the CS object than did the unpaired subjects,whether
or not the CS included the cues of a female’s head. CS–
US pairings were also necessary for the subjects to grab,
mount, and make cloacal contact responses to the CS.
However, substantial levels of grab, mount, and cloacal
contact responses occurred only with the sexually rele-
vant CS. Thus, conditioned copulatory responses devel-
oped only if the CS object included limited female cues.

Figure 1. Conditioned stimulus objects differing in sexual relevance for male
quail. Both objects were made of terrycloth and were shaped to support grab,
mount, and cloacal contact responses. The object on the left was more sexually
relevant because it included a taxidermically prepared female head and 3 cm
of neck feathers (from Cusato & Domjan, 1998).

Figure 2. Mean time spent near a sexually relevant conditioned
stimulus (CS) in male quail that had the CS either paired or un-
paired with copulatory opportunity (from Köksal, Domjan, &
Weisman, 1994).
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The results presented above indicate that a naturalis-
tic CS comes to elicit a broader range of conditioned re-
sponses than does a sexually arbitrary CS. This differ-
ence may be simply a performance effect. Perhaps the
female head and neck cues in the naturalistic CS facili-
tated performance of the grab, mount, and cloacal con-
tact responses. Alternatively, the naturalistic CS may
have activated associative learning processes more ef-
fectively than did the arbitrary CS. As our studies pro-
gressed, it became evident that performance accounts
are not adequate to explain all of the results (see below).

Resistance of a Naturalistic CS to Blocking
Blocking is said to occur if the presence of a stimulus

that has previously been conditioned interferes with the
conditioning of a new cue that is presented in compound
with the original CS. The blocking effect (Kamin, 1969)
is one of the cornerstones of modern theories of learning
(Mackintosh, 1975; Pearce & Hall, 1980; Rescorla &
Wagner, 1972) and has been used to establish the validity
of learning in different species (Sahley, Rudy, & Gelperin,
1981) and models (Buonomano,Baxter, & Byrne, 1990).
Köksal et al. (1994) examined the blocking effect in sex-
ual conditioning.

In each of the experiments by Köksal et al. (1994),
male quail first received conditioning trials in which an

audiovisual cue (CS1) was paired with sexual reinforce-
ment. In Phase 2, the audiovisual cue was presented in
compound with a CS object (CS2) that either included or
did not include the cues of a taxidermically prepared fe-
male head. The subjects in Group Control-1 received
sexual reinforcement unpaired with CS1 in Phase 1, and
the subjects in Group Control-2 were not exposed to ei-
ther CS1 or the US in Phase 1.

The results of the Phase 2 test trials with CS2 are pre-
sented in Figure 4. Time spent near the CS object was used
as the measure of learning. The left panel summarizes the
data for the subjects for whom CS2 was the terrycloth ob-
ject without female cues. Control-1 subjects responded a
bit less than did Control-2 subjects, but that difference was
not significant. The primary finding was that the subjects
in the blockinggroup responded significantly less than did
the subjects in the two controlgroups.This outcome serves
to replicate the blocking effect in sexual conditioning.

The right panel of Figure 4 shows results that were ob-
tained when CS2 was the terrycloth object with a taxi-
dermically prepared female head. The blockingeffect was
not obtained under these conditions.The blockinggroup
did not respond less to the sexually relevant CS2 than did
the subjects in the Control-1 or Control-2 groups. Thus,
inclusion of limited female cues in the CS object created
resistance to the blocking effect.

Figure 3. Responses of subjects that received exposures to a conditioned stimulus
(CS) object paired (P) or unpaired (U) with sexual reinforcement. For some subjects,
the CS included cues of a female’s head; for others, the female cues were omitted.
Time spent near the CS and frequencies of grabs, mounts, and cloacal contact re-
sponses are shown (based on Cusato & Domjan, 1998).
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The results in Köksal et al. (1994) indicate that prior
sexual conditioning of CS1 does not block the condi-
tioning of an added stimulus (CS2) if that added stimu-
lus is a natural precursor of the sexual US. Although re-
sistance to blocking is not a common finding, results of
this type are not unique to the sexual behavior system.
Feldman (1975) found that increasing the intensity of the
to-be-blocked stimulus makes that stimulus less suscep-
tible to blocking. Similarly, Miller and Matute (1996)
demonstrated that blocking is less likely if the to-be-
blocked stimulus is of greater “biological significance,”
as measured by the vigor of baseline responding to that
stimulus (see also Oberling, Bristol, Matute, & Miller,
2000). In other research, LoLordo et al. (1982) found
that a CS that is more relevant to the US is resistant to the
blocking effect in appetitive and aversive conditioning
with pigeons.

Resistance of a Naturalistic CS to Extinction
In extinction, a stimulus that has previously been con-

ditioned is repeatedly presented without the US. The
typical outcome is that conditioned responding declines
during the course of the extinction trials. In keeping with
these f indings, early work with an arbitrary light CS
showed that sexually conditioned approach behavior de-
clined during a series of CS-alone extinction trials (Dom-
jan et al., 1986). In a recent study, Krause, Cusato, and
Domjan (2003) compared extinction with an arbitrary
and a naturalistic CS. Independent groups of male quail
first received conditioning trials in which the CS object
either included a taxidermically prepared female head or
was made entirely of terrycloth. Within each of these
conditions, half of the subjects had the CS paired with
sexual reinforcement, and the remaining subjects re-
ceived the CS and the US in an unpaired fashion. Six
conditioning trials were conducted, followed by a non-
reinforced test trial and then a 42-day extinction phase.

On each extinction day, the subjects received three non-
reinforced presentations of the CS, separated by 15 min,
for a total of 126 extinction trials.

Responding at the end of acquisition and on Days 1,
14, 28, and 42 of extinction is summarized in Figure 5.
Terminal acquisition performance (TA) was similar to
what Cusato and Domjan (1998) had observed. Both the
sexually relevant and the arbitrary CSs came to elicit
conditioned approach behavior if these CSs were paired
with copulatory opportunity. The presence of limited fe-
male cues facilitated the approach response but was not
necessary for conditioned approach behavior to emerge.
In contrast, substantial levels of grab, mount, and cloa-
cal contact behavior were evident only if the subjects re-
ceived the sexually relevant CS and only if this CS was
paired with copulatory opportunity. (Although the fre-
quencies of grabs and mounts for the no-head paired
group were also higher than those for the no-head un-
paired subjects, these differences were not statistically
significant.)

The differences between the naturalistic CS and the
arbitrary CS were further accentuated by the extinction
procedure. Repeated presentations of the no-head CS re-
sulted in a rapid decline in responding. The subjects
responded minimally to the no-head CS by Day 14 of ex-
tinction, even if this CS had been previously paired with
sexual reinforcement. In contrast, responding in the paired
group that received the naturalistic CS remained virtually
unchanged during the course of the 126-trial extinction
phase. The only response to the naturalisticCS that showed
a decline was the frequency of grabs, but even grab re-
sponses persisted during the extinction phase.

Another major difference observed between the arbi-
trary and the naturalistic CS objects was that responding
to the arbitrary CS in the unpaired groups remained at
minimal levels but responding to the head CS increased
significantly across extinction trials. Repeated presenta-

Figure 4. Tests of blocking the sexual conditioning of a terrycloth conditioned stim-
ulus object (CSX) that lacks female features (left panel) or includes limited female
cues (right panel) by a simultaneously presented audiovisual cue (CSA). The subjects
in the blocking groups previously received CSA paired with sexual reinforcement. The
subjects in the control-1 group received unpaired CSA/unconditioned stimulus (US)
trials in Phase 1, and those in the control-2 group received neither CSA nor US pre-
sentations in Phase 1 (based on Köksal, Domjan, & Weisman, 1994).
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tions sensitized approach, grab, mount, and cloacal con-
tact responses to the head CS. This was a dramatic result
and probably contributed to the lack of extinction ob-
served in the paired subjects that received the head CS.
Additional research will be required to elucidate the
mechanisms of the sensitization effect. However, re-
gardless of what those mechanisms turn out to be, the
present results demonstrate that in sexual conditioning,
the common outcome of extinctionprocedures (a decline
in responding) occurs with an arbitrary CS object but
does not occur with a naturalistic CS.

Resistance to Increasing the CS–US Interval
Another prominent variable that influences the expres-

sion of Pavlovian conditionedresponses is the CS–US in-
terval. Increasing the CS–US interval typically reduces
the vigor of conditioned behavior. Schneiderman and
Gormezano (1964), for example, conditioned eyeblink
responses in rabbits, using either a 250-msec or a 4,000-
msec CS–US interval and found significantly more con-
ditioned responding at 250 msec than at 4,000 msec.
More recent research has revealed that learning also oc-
curs at longer CS–US intervals. However, the topography
and stimulus control of the conditionedresponse changes
as the CS–US interval is increased. Longer CS–US in-

tervals are likely to result in the conditioning of contex-
tual cues, and this is manifest in conditioned responses
that are less closely related to the CS.

In one study, for example, Silva and Timberlake (1997)
conditioned rats with a tone that lasted either 2 or 18 sec
before the presentation of food. The 2-sec tone came to
elicit focal search behavior that was manifest in contacts
with the food cup, and this behavior occurred primarily
during the CS. In contrast, a general search response de-
veloped to the 18-sec tone, and this behaviorwas evident
during both the CS and the pre-CS periods.

A similar shift in response topography and stimulus
control has been observed in sexual conditioning. Akins,
Domjan, and Gutiérrez (1994) compared the develop-
ment of responding to an arbitrary CS that was presented
for either 1 or 20 min before access to a female. Condi-
tioning with a 1-min CS generated focal search behavior
(approach to the CS) that occurred primarily when the
CS was present. In contrast, the 20-min CS generated
general search behavior (nondirected locomotion) that
was evident during both CS and pre-CS periods.

In subsequent research, Akins (2000) found that the
shift from conditioned focal search to conditioned gen-
eral search behavior is attenuated if a naturalistic CS is
used. Male quail in the experiment by Akins received

Figure 5. Responding at the end of acquisition (TA) and during Days 1, 14, 28, and 42 of extinction for subjects
that received paired (or unpaired) exposures to a terrycloth conditioned stimulus object that included (or did not
include) a taxidermically prepared female head. The data were averaged across the three extinction trials that
were presented each day (from Krause, Cusato, & Domjan, 2003).
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conditioning trials in which the CS was presented for ei-
ther 1 or 20 min and ended with copulatory access to a
female. For some subjects, the CS object included a taxi-
dermically prepared female head, whereas for others, the
limited female cues were omitted.Unpaired control groups
were also included that received exposure to the US 2 h be-
fore each CS exposure.

Figure 6 shows how long subjects spent near the CS
during the 1st minute of the CS for groups that were con-
ditioned with the 1-min or the 20-min CS–US interval.
The top panel shows data for the arbitrary (no-head) CS
object, and the bottom panel shows data for the natural-
istic CS. With the arbitrary CS object, strong condi-
tioned approach behavior developed when the CS–US
interval was 1 min, but not when the CS–US interval was
20 min. This outcome matches the common finding that
CS-directed behavior declines with an increase in the
CS–US interval. In fact, conditioned approach to the ar-
bitrary CS was entirely eliminated when the CS–US in-
terval was 20 min.

With the groups that were conditioned with the arbi-
trary CS, Akins (2000) also replicated the previously ob-
served shift in the topography of the conditioned behav-
ior when the CS–US interval was increased from 1 to
20 min. Although the subjects conditioned with the 20-
min CS–US interval did not approach the arbitrary CS
(Figure 6, top panel), they engaged in increased nondi-
rected locomotor behavior, akin to general search re-
sponding (data not shown). Thus, measures of both CS
approach behavior and nondirected locomotor behavior
showed large effects of an increase in the CS–US inter-
val when the CS was an arbitrary object.

In contrast to the findings with the arbitrary CS ob-
ject, increasing the CS–US interval from 1 to 20 min had
little effect on responding to the naturalistic CS (Fig-
ure 6, bottom panel). Conditionedapproach behavior de-
veloped with both the 1-min and the 20-min CS dura-
tions. In fact, the 20-min CS group responded nearly as
vigorously by the end of the experiment as did the 1-min
CS group. The male quail also made grab, mount, and
cloacal contact responses to the naturalistic CS. Fur-
thermore, these conditioned copulatory responses were
evident whether the CS–US interval was 1 or 20 min.
Thus, the subjects conditioned with the naturalistic CS
showed remarkably little sensitivity to the 20-fold in-
crease in the CS–US interval.

One aspect of the results obtained by Akins (2000) was
a bit puzzling, however. Note that the subjects that were
exposed to the naturalistic CS object unpaired with sex-
ual reinforcement responded to the object initially but
that responding declined with successive trials (see Fig-
ure 6, bottom panel). This finding contrasts with the ob-
servations of Krause et al. (2003) and Cusato and Dom-
jan (1998), who found that responding to a CS object that
included a taxidermic female head increased in subjects
that received unpaired CS/US exposures or repeated ex-
posures to the CS by itself. It is not clear what is respon-
sible for the discrepancy. One possibility concerns where

the unpaired subjects received copulatory access to the
female. In the experiments by Krause et al. (2003) and
Cusato and Domjan (1998), the unpaired US exposures
were provided in the experimental chamber. In contrast,
a side box was used for these US exposures by Akins
(2000), thereby reducing the chances for conditioning of
the experimental context.

Second-Order Conditioning
One might argue that some of the special effects of a

naturalistic CS that we have described represent perfor-
mance, rather than learning, effects. A CS object that in-

Figure 6. Conditioned approach to a conditioned stimulus (CS)
object that is made entirely of terrycloth (top panel) or includes
the cues of a taxidermically prepared female head (bottom panel)
in groups of subjects that received the CS for either 1 or 20 min
paired or unpaired with copulation (based on Akins, 2000).
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cludes the cues of a female’s head may simply be more
effective in eliciting and supporting responses of the sex-
ual behavior system. Performance factors are probably
responsible for the fact that significantly more condi-
tioned grab, mount, and cloacal contact responses occur
with the CS object that includes limited female cues.
Consistent with this interpretation, Krause et al. (2003)
found that the removal of limited female cues from a sex-
ually relevant CS causes a decrement in grab, mount, and
cloacal contact responses.

An alternative to the performance hypothesis is that a
sexually relevant CS is more strongly associated with
sexual reinforcement and that is why it comes to elicit
more vigorous responding than does an arbitrary CS ob-
ject. One way to distinguish between learning and per-
formance accounts is to employ a second-order condi-
tioning procedure (Rescorla, 1980). In second-order
conditioning, a CS (CS1) is first paired with the US and
comes to elicit the conditioned response. A new stimu-
lus (CS2) is then paired with CS1, and as a consequence,
it also comes to elicit the conditioned response. The
second-order conditioning method permits comparing
the relative effectiveness of two first-order stimuli in
motivating learning of a common second-order CS. This
has the advantage of creating a standard set of conditions
under which the relative effectiveness of two different
first-order CSs can be compared.

Cusato and Domjan (2001) took advantage of the
second-order conditioning procedure to compare the rel-
ative effectiveness of arbitrary and sexually relevant CS
objects. During the first phase of the experiment, sepa-
rate groups of male quail received head or no-head CS
objects (CS1), either paired or unpaired with access to a
live female as the US. All of the subjects received one
trial a day for 21 days. As usual, conditioned approach
and copulatory responding developed with CS–US pair-
ings if the CS object included limited female cues. With-
out those cues, the CS object came to elicit only condi-
tioned approach behavior. Second-order conditioning
trials were then undertaken. All of the subjects received
a light (CS2) paired with access to their respective CS1
for 16 trials. During the second-order phase, condition-
ing was assessed by measuring the development of ap-
proach responding to the light.

The results of the second-order phase are summarized
in Figure 7. As compared with the other training groups,
the subjects conditioned with the head CS1 paired with
a live female developed significantly more approach to
the CS2 light during the course of second-order condi-
tioning. This suggests that the naturalistic CS acquired
greater reinforcing properties than did the arbitrary CS
object as a result of the first-order sexual conditioning
trials. Most important, the greater efficacy of the sexu-
ally relevant CS was evident under the common test con-
ditions provided by the second-order light stimulus. The
experiment would have been even more convincing had
we included a control for the second-order pairings.
Such a control, which had been included in an earlier

second-order conditioning study (Crawford & Domjan,
1995), provided no reason to expect that responding to
the light CS2 reflected a nonassociative effect (see also
Domjan et al., 1986).

DISCUSSION

It is commonly acknowledged that for Pavlovian con-
ditioning to take place, the CS has to occur reliably in
conjunction with a US. An important implication of this
principle is that outside the laboratory, Pavlovian condi-
tioning will be most likely to occur with CSs and USs
that are inherently related to each other in some way. We
examined the effects of such an inherent CS–US relation
in the sexual behavior system. Pairing a naturalistic CS
with a sexual US resulted in a broader range of condi-
tioned responses, in resistance to blocking,extinction,and
increases in the CS–US interval, and in stronger second-
order conditioning.

The present findings contribute to a growing body of
literature showing that conditioning effects depend on
the nature of the CS (see Holland, 1984, for a review).
Perhaps the most obvious CS parameter that influences
conditioning is CS intensity (e.g., Kamin, 1969). Other
important features are CS modality and localizability. A
discrete visual cue, for example, elicits approach and
pecking in pigeons when it is paired with food (Hearst &
Jenkins, 1974), whereas contextual cues paired with
food are more apt to yield increased locomotor behavior
(Balsam, 1985). Differences in conditioned response
topography have been very useful in isolating the con-
tributions of particular stimuli in complex experimental
designs, such as occasion setting (Holland, 1992). They

Figure 7. Conditioned approach behavior to a second-order
light conditioned stimulus (CS) that was paired with either a
head or a no-head CS object that was either paired or unpaired
with access to a live female in the first phase of the experiment
(from Cusato & Domjan, 2001).
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have also encouraged thinking about Pavlovian condi-
tioning from a functional perspective (Holland, 1984;
Timberlake, 2001b). Functional considerations suggest
that, through evolution,organisms have acquired distinct
systems of behavior to deal with critical tasks, such as
finding food and avoiding predators. The nature of the
responses that develop in a Pavlovian procedure are as-
sumed to reflect how the CS becomes incorporated into
a preexisting behavior system and how it activates re-
sponses relevant to that system (Timberlake, 2001b).

The sexual conditioning studies described above ex-
tend the research on CS determinants of Pavlovian con-
ditioning in two important respects. First, the CS objects
were specifically selected to identify potential differ-
ences between arbitrary and ecologically relevant CSs.
Therefore, the experiments speak to the role of ecologi-
cal factors in laboratory studies of learning. Second, the
two types of CSs determined not only the topography
and range of conditioned responses that developed, but
also how subjects responded to blocking, extinction, and
other major learning manipulations. Most previous stud-
ies of CS effects have not identified such a large con-
stellation of phenomena related to the nature of the CS.
The strongest precedent for our f indings comes from
studies of nonsexual appetitive and aversive condition-
ing, showing that the use of a biologicallysignificant CS
can attenuate blocking and other stimulus competition
effects (Feldman, 1975; LoLordo et al., 1982; Miller &
Matute, 1996; Oberling et al., 2000).

Possible Mechanisms of Learning With
Ecological CSs

The results we have presented suggest that the use of
arbitrary cues in studies of learning generates phenom-
ena that may not be representative of what occurs in an
animal’s natural environment. However, we do not wish
to claim that the learning rules that have been elucidated
in studies with arbitrary cues are irrelevant to learning
outside the laboratory. It could well turn out that ecolog-
ical factors shape the manifestation of conventionallearn-
ing rules in ways that lead to unconventional learning ef-
fects.

Much additional research is required to determine
whether the present findings reflected novel learning
mechanisms or general processes that were manifest in
special ways when a naturalisticCS was employed. Some
of the considerations that should guide such future re-
search are described below.

CS–US similarity. The naturalistic CS used in the ex-
periments above included the cues of a female’s head and
neck. This made the naturalistic CS more similar to the
live female that the subjects encountered as the US. In-
creasing the similarity between the CS and the US has
been shown to facilitate the establishmentof associations
in several different conditioning paradigms (Rescorla &
Furrow, 1977; Testa, 1975). CS–US similarity has also
been proposed as contributingto learningover long CS–US

delays (Testa, 1975) and, therefore, may have been respon-
sible for the resistance to increases in the CS–US interval
that Akins (2000) observed in sexual conditioning. The
stronger conditioningthat occurs when the CS is similar to
the US may also have been responsible for the results that
were obtained in the extinction,blocking,and second-order
conditioningexperiments.

Although CS–US similarity is an attractive hypothe-
sis, a recent study by Cusato and Domjan (2000, Exper-
iment 2) suggested that this may not be entirely respon-
sible for the facilitated learning that occurs in male quail
when the CS includes limited female cues. Independent
groups of males in this experiment were conditioned
with CS objects that did or did not include the cues of a
female head. Within each CS category, some subjects re-
ceived food as the US, and others received copulatory
access to a live female as the US. Unexpectedly, responses
common to feeding and sexual situations (approach and
grab responses) were facilitated by the inclusion of lim-
ited female cues in the CS object, whether the US was
food or copulation. This outcome is diff icult to inter-
pret in terms of the CS–US similarity hypothesis, since
a CS object with limited female cues is no more simi-
lar to a food US than is a CS object that is made en-
tirely of terrycloth.

US–US versus CS–US learning. The present find-
ings also have precedents in the literature on US–US
learning. As the above discussion suggests, including
more of the US in the CS object makes that CS more like
a US. Thus, pairing a CS object containing the cues of a
female head with access to a live female may be charac-
terized as US–US learning, rather than as CS–US learn-
ing. Unfortunately, prior empirical work on US–US
learning does not help us better understand the observed
difference between conditioning with arbitrary and eco-
logicallyrelevant CSs. In much of the literatureon US–US
learning, the antecedent and consequent events were dif-
ferent USs, rather than different magnitudes of the same
US (e.g., Asratyan, 1965;Gormezano & Tait, 1976;Pavlov,
1927). A brief shock, for example, was used as a cue for the
presentationof food.The experimentswere concernedpri-
marily with whether stimulus pairings result only in for-
ward associations or in both forward and backward asso-
ciations, rather than with possible special properties of
US–US learning.

An important exception to the above US–US experi-
ments was a more recent study by Schreurs and Alkon
(1990), who used shock as both the antecedent and the
consequent US in a nictitating membrane conditioning
experiment with rabbits. For paired subjects, the first
paraorbital shock lasted 50 msec, and the second shock,
presented 600 msec later, lasted 100 msec. Conditioning
was monitored by long-latency nictitating membrane re-
sponses to the f irst shock. Clear emergence of condi-
tioned behavior was evident in paired subjects, as con-
trasted with subjects that had received the two USs in an
unpaired fashion. Conditioning to the antecedent shock
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was an increasing function of trials and of shock inten-
sity. However, before this example of US–US learning
can be used as a basis for interpreting the present results,
additional experiments are required to determine whether
such US–US learning shows more robust second-order
conditioning or is resistant to blocking, extinction, or in-
creases in the CS–US interval.

US–US learning has also been examined in recent
years in the context of drug conditioning procedures.
The method in these experiments consisted of giving a
low dose of a drug, paired with a subsequent larger dose
of the same drug. These studies have demonstrated ac-
quisition and extinction effects when the low dose of the
drug served as the CS (Cepeda-Benito & Short, 1997;
Greeley, Lê, Poulos, & Cappell, 1984; Kim, Siegel, &
Patenall, 1999; Sokolowska, Siegel, & Kim, 2002). How-
ever, these experiments have not compared the relative
effectiveness of arbitrary versus drug cues as signals for
subsequent drug administration and have not examined
such manipulations as blocking,CS–US interval effects,
or second-order conditioning.

Sexual imprinting. The considerations above focused
on how limited female cues included in a CS may function
to produce unique learning effects. An important related
question is how limited female cues acquire their special
properties. A likely possibility is some form of sexual im-
printing. Early social experience plays an important role
in determining mate choice in domesticated quail. Gal-
lagher (1976, 1977), for example, found that male do-
mesticated quail raised with quail chicks that were either
brown or albino subsequently preferred sexual partners
whose plumage was similar to the chicks with which they
had been raised. Blohowiakand Siegel (1983) reported sim-
ilar results, using redhead, albino, and wild type plumage
colors. These imprinting effects no doubt contribute to var-
ious forms of adult social behavior.

The cues of a female’s head and neck may facilitate
male conditionedresponding because these cues are sim-
ilar to the plumage colors that the males were exposed to
during their early development. The subjects in the pres-
ent experiments were raised in mixed-sex groups until
they were 30 days of age, at which point they were moved
to individual cages. The initial group housing provided
extensiveopportunityfor the males to observe the plumage
of female quail, because both males and females have
female-likeplumage during much of the first 30 days post-
hatch. The plumage of the males then darkens as they
reach sexual maturity after 40 days of age. Additional re-
search will be required to evaluate the possible contri-
bution of sexual imprinting to the special learning effects
that we obtained. An obvious experiment would be to
vary the color of the plumage that is added to a CS ob-
ject, relative to the plumage color of the brood-mates with
whom the subjects had been raised.

Prior sexual experience. Adult male quail served in
the present experiments. Although they were housed
with females during the first 30 days posthatch, they

were too immature to engage in sexual behavior during
that period. The only sexual experience the males re-
ceived before serving in the experiments was a single 5-
min pretest with a female that was used to make sure that
the subjects were sexually active. This single copulatory
episode provided opportunity for associating the cues of
a female’s head with copulatory reinforcement. How-
ever, it is doubtful that this was sufficient or responsible
for the distinctive learning effects that were observed.
The pretest was conducted in the subjects’ home cages.
Although a single copulatory episode can increase re-
sponsiveness to the cues of a female’s head, this occurs
only if the copulatory episode takes place in the context
in which the subjects are tested, rather than in the sub-
jects’ home cages (Hilliard, Nguyen, & Domjan, 1997).

Potential Generality of Divergent Outcomes
With Naturalistic Versus Arbitrary CSs

We defined a naturalistic or ecological CS as one that
has a preexisting relation to the US in the animal’s nat-
ural environment. Given this definition, a reasonable
question is whether all naturalistic CSs will yield the
types of learning effects that we described. We suspect
not. Rather, we predict that learning effects will be dis-
tributed along a continuum,with conventional effects in-
volving arbitrary cues at one end and more robust forms
of learning characteristic of naturalistic stimuli at the
other end.

The conditionedstimuli in the sexual-conditioning ex-
periments represent two points along the aforementioned
continuum. One of these is the terrycloth CS object,
which did not include any quail feathers, and the other is
the CS that included the head and some of the neck feath-
ers of a taxidermicallyprepared female. Additionalpoints
on this continuum can be instantiated by CS objects that
contain more (or fewer) features of a female quail. A rea-
sonable prediction is that CS objects that include pro-
gressively fewer female features will yield learning ef-
fects that resemble the findings that we described with
the terryclothCS. In contrast, CS objects that includemore
female features should produce learning effects that
more closely resemble the results that we described with
the female head and neck CS. Thus, variations in the
extent to which the CS object includes female features
should result in corresponding variations in second-
order conditioning and resistance to blocking, extinc-
tion, and increases in the CS–US interval.

The preexisting CS–US relation that we tested was a
part–whole relation in which the CS included some of
the components of the US. A CS may also have a preex-
isting relation to the US if the CS is an early component
in the causal chain of events that culminates in the US
(Dickinson, 1980; Staddon, 1988). Such causal ante-
cedents may have little physical similarity to the US and
may be removed from the US in time and space. Never-
theless, they still may elicit stronger conditioned re-
sponding than do arbitrary cues.



NATURAL PAVLOVIAN PARADIGMS 243

Organisms do not have causality detectors. However,
they have mechanisms that could favor responding to
causal antecedents. In some cases, a species may become
particularly responsive to a cue in the causal chain that
leads to a US through natural selection. USs have sig-
nificance for survival. Therefore, individuals that are
particularly responsive to antecedent cues and take ap-
propriate action would have a selective advantage. Such
selection was probably responsible, for example, for the
evolution of taste reactivity in the face of food poisoning
that forms the basis for the well-known phenomenon of
long-delay taste aversion learning (Garcia et al., 1974;
Rozin & Kalat, 1971). Such selection was probably also
responsible for the heightenedsensitivity to visual, rather
than auditory, cues that is evident in appetitive condi-
tioning in pigeons (LoLordo, 1979), since the seeds that
pigeons eat in their natural environment are readily iden-
tified by visual, rather than auditory, cues.

Organisms can also come to respond to the causal an-
tecedents of a US because such cues reliably precede the
US and rarely occur in its absence. These temporal and
contingencyfactors should favor the formation of an asso-
ciation. However, it is unlikely that all causal antecedents
activate learning mechanisms in the same fashion or to the
same extent.Organisms learn differently about antecedents
that occur early in a causal sequence, as compared with
cues that are closer in time and space to the US (Akins
et al., 1994; Silva & Timberlake, 1997). Ethologists have
distinguishedbetween events that occur early versus late in
a behavior sequence that culminates in a US or a signifi-
cant biological event. They viewed behavior sequences as
starting with appetitive responses that can occur in the
presence of a wide range of cues and ending with con-
summatory responses that are highly specific to special
releasing stimuli (e.g., Tinbergen, 1951). Contemporary
behavior systems theory provides a more detailed char-
acterization of behavior sequences but also assumes in-
creased stimulus specificity for response modes that are
closer to the encounter with a US (Timberlake, 2001b).
Given these views, it is reasonable to hypothesizethat an-
tecedents that occur very early in a causal sequence will
activate learning mechanisms in a fashion similar to arbi-
trary cues, whereas antecedentsthat occur late in the causal
sequence will yield learning phenomena more like those
we have described for naturalistic stimuli.However, we are
unaware of empirical data that speak to this prediction.

A learning continuum arranged in terms of the extent
to which the CS includes features of the US or in terms
of the position of the CS in the causal sequence that leads
to the US is reminiscent of the continuum of prepared-
ness that has been proposed to characterize biological
constraints on learning (Seligman, 1970; Seligman &
Hager, 1972). According to this concept, an organism’s
evolutionary history shapes not only its sensory and
motor mechanisms, but also its ability to learn certain
types of tasks. If the learning task offered by an experi-
menter is consistent with the subject’s evolutionary his-

tory, the subject will learn quickly, illustrating a high
level of preparedness. In contrast, if the subject’s evolu-
tionary history has not prepared it to learn a particular
task, acquisition will proceed slowly.

The concept of preparedness was a simple and capti-
vating way to describe constraints and adaptive special-
izations in learning and quickly became widely dissemi-
nated.However, the concept never took serious hold among
empirical scientists, because it was fundamentally circu-
lar (B. Schwartz, 1974). Differences in the rate of acqui-
sition across various tasks were characterizedas reflecting
differences in preparedness, but the only evidence for dif-
ferences in preparedness was provided by the rates of ac-
quisition that needed to be explained. The approach we
are advocating overcomes this circularity problem. Our
suggestion is that cues that are natural precursors of the
US in the subject’s ecological niche will become more
rapidly associated with the US and will show the other ac-
companyingdifferences from learning with arbitrary cues
that we identified. Furthermore, the closer these cues are
in the natural causal chain to the US or the more US fea-
tures such cues include, the faster will be the learning, and
the more resistant the learning will be to blocking, extinc-
tion, and increases in the CS–US interval.

CONCLUDING REMARKS

Investigators of learning are typically interested in the
mechanisms, rather than the functions, of learning and,
therefore, select stimuli with regard to their interpretive
clarity, rather than for their ecological validity. As produc-
tive as that tactic has been, it has begged the question of
how learningphenomenamay be manifest in an organism’s
natural environment. For nearly 40 years, experimental
psychologists focusing on learning mechanisms have had
an uneasy coexistence with more ecologically minded in-
vestigators interested in how learning occurs in nature
(Breland & Breland, 1961; Hinde & Stevenson-Hinde,
1973; Johnston, 1981). The strident tone of early discus-
sions of these issues is not evident in more recent writings.
However, with few exceptions (e.g., Shettleworth, 1983,
1994; Timberlake, 2001a, 2001b), there have not been se-
rious attempts to integrate the ecological/functional ap-
proach with traditional laboratory analysis of learning.

The research we have reviewed constitutes a new do-
main (sexual conditioning) in which the use of arbitrary
versus naturalistic stimuli leads to contrasting learning
phenomena. However, we hope that the present findings
will make a more general contribution. In particular, we
suggest that the tactics that guided the present experi-
ments can be exported in such a way as to promote more
broadly the integration of ecological considerations into
conventional learning paradigms. The present approach
suggests that this integration requires identifying the an-
tecedents to a US in an organism’s natural habitat. Thus,
to examine how particular learning phenomena occur
under natural circumstances, the selection of conditioned
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stimuli has to be informed by knowledge of the organism’s
ecology.

We are not advocating a more ecologically informed
approach to the study of learning because we are con-
vinced that such studies will reveal novel learning mech-
anisms. Rather, our approach is motivated by evidence
that the use of more ecologically valid CSs yields differ-
ent learningphenomena.These divergentphenomenamay
represent special manifestations of conventional learning
mechanisms. However, even if that turns out to be the
case, it would not diminish the importance of describing
the phenomena. Evolution selects for outcomes or behav-
ioral effects, not processes. Understandinghow learning is
manifest under natural circumstances will contribute to
our understanding of the evolution of learning and, thus,
to the ultimate causes of learning mechanisms.
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