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The adaptive significance of Pavlovian conditioning has been an 

established idea within the learning literature. Pavlov himself indicated the 

potential for associative learning’s role as an adaptive mechanism. As 

investigations into Pavlovian conditioning moved into the laboratory, the idea of 

adaptive significance was lost. The current body of work seeks to re-establish the 

adaptive importance of Pavlovian conditioning by investigating changes in the 

reproductive behavior of Japanese quail. 

Experiment 1 was a preliminary exploration of the relationship between 

the reproductive behaviors of the male and female Japanese quail, and fertility 

rates. Fertility rates were highly correlated with female immobility and male 
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copulatory efficiency—a measure of copulatory behavior quality for males. Also, 

female immobility was highly correlated with male copulatory efficiency. 

In Experiment 2, changes in reproductive behavior and fertility due to 

Pavlovian conditioning were examined. The results indicated that Pavlovian 

conditioning altered the fertility rates for subjects if both partners of the 

copulatory pair were signaled. The Pavlovian conditioning procedure was refined 

for Experiment 3, which also showed changes in fertility rates as well as male 

copulatory efficiency. These experiments served to establish that Pavlovian 

conditioning can increase copulatory behavior and fertility when both partners of 

the copulatory pair are signaled. 

Experiments 4 - 6 investigated how factors related to the Conditioned 

Stimulus impact reproductive behavior and fertility rates. Experiment 4 showed 

that altering the CS-US interval for females did not produce significant 

differences in behavior or fertility. Experiment 5 demonstrated that context could 

be a viable CS in the Pavlovian conditioning of behavior and fertility. Experiment 

6 showed that a naturalistic cue did not significantly alter either behavior or 

fertility over an arbitrary cue. 

In Experiment 7, visual access as an Unconditioned Stimulus in the 

Pavlovian conditioning of reproductive behavior was examined. Visual access to 

a female increased behavior and fertility over a control procedure, but not as 

much as full copulatory access. 
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The present experiments provide definitive evidence of the adaptive 

significance of Pavlovian conditioning through changes in reproductive behavior 

and fertility. The relevance of the findings to Pavlovian conditioning in other 

behavior systems is discussed. 
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Chapter 1 

Introduction 

WHAT IS PAVLOVIAN CONDITIONING 

History of Pavlovian conditioning 

The history and initial discovery of Pavlovian conditioning is wonderfully 

rich. What started out as research into the digestive secretions of dogs, laid the 

foundations for over one hundred years of research, not only in the original field 

of physiology, but also in the field of psychology. 

The work being accomplished at the Imperial Institute of Experimental 

Medicine in St. Petersburg at the end of the nineteenth century involved the 

investigation of the physiological digestive responses of dogs, using the 

presentation of moist and dry foods. The primary discovery made, though 

unexpected, concerned the salivary response of the subject dogs. Investigators 

observed that when the dogs were shown the food, yet not given the food, a 

salivary response occurred. Hence, without food being placed in a dog’s mouth, 

merely “teasing” the dog with the sight of the food could produce a salivary 

response (Windholz, 1997). It is important to note that this “teased” salivary 

response was, although of similar modality, diminished when compared to natural 

salivary secretions caused by the material presence of food in the mouth. 

Thus began a line of work spanning several decades, prompted by 

Pavlov’s realization these “psychic secretions” may provide a window to the 
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functions of the brain. Pavlov came to support the idea that salivation need not be 

dependant on the material presence of food itself. From this initial discovery of 

elicited salivary responses, two forms of “psychic secretions” were derived. The 

first, natural conditioned reflexes, involved the use of natural characteristics of 

the Unconditioned Stimulus (US) as the Conditioned Stimulus (CS) (Windholz, 

1997). Thus, the CS of a natural conditioned reflex for food—the US—would be 

sight, or smell, of the food itself. The second type of “psychic secretion”, termed 

artificial conditioned reflexes, used an arbitrary stimulus as the CS (Windholz, 

1997). Any object or stimulus that was temporally close to the presentation of the 

US, could become a Conditioned Stimulus. This arbitrary CS would then provoke 

the salivary response. 

Therefore, the history of Pavlovian conditioning rests on the discovery of 

“psychic secretions”—responses elicited from a potentially arbitrary stimulus. It 

was this discovery of physiological conditioning that bridged the theoretical gap 

to associations in the psychological literature. 

Introduction to Pavlovian conditioning 

Pavlovian conditioning, also known as classical conditioning, has been an 

accepted paradigm in the field of psychology for a number of decades.  In 

Pavlovian conditioning, there is no contingency between the response and 

reinforcer.  The organism need only take notice of the temporal and special 

relationship between two stimuli.  Simply stated, the subject does not have to 
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perform (Domjan, 2005) in a specific manner in order to receive the reinforcer or 

Unconditioned Stimulus (US).  Conditioning occurs by the association of two 

stimuli.  This type of associative learning is exemplified by the early works of 

Pavlov (Domjan, 2005).  According to (Dickinson & Mackintosh, 1978), 

Pavlovian conditioning is “as simple a form of associative learning as we are 

likely to find” (p. 587).   

Pavlovian conditioning involves two relatively simple stimuli, namely the 

Unconditioned Stimulus (US) which “elicits a vigorous responding without any 

special prior training” (p. 179) (Domjan, 2005), and a Conditioned Stimulus (CS) 

which elicits “little more than an orienting response initially” (p. 179) (Domjan, 

2005).  The paradigm of Pavlovian conditioning has led to a plethora of learning 

theories—each stemming from the use of these two simple stimuli. 

In a typical Pavlovian conditioning procedure, the CS, of either natural or 

artificial modality, is paired repeatedly with a biologically significant stimulus—

the US.  On its own, the Unconditioned Stimulus will provoke an Unconditioned 

Response (UR)—that is the natural response due to the material presentation of 

the US. In the historical background of Pavlovian conditioning, the procedure 

could be seen as such: The food presented to the dog is the US. When the US is 

placed in the mouth of the dog, the UR—salivation—occurs naturally or 

unconditionally. 
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Over time, the repeated presentation of the CS in close temporal 

relationship to the US comes to elicit a Conditioned Response (CR).  In the 

historical perspective of Pavlov’s dogs, the sight of the food—the CS—came to 

produce a salivary response that preceded the presentation of material food—the 

CR. Hence, an initially neutral stimulus comes to produce behavior that has been 

in some way altered, because of the association with a biologically significant 

event or US. This response is usually oriented and directed towards the CS.  

Evidence of learning by the organism is shown by the development of the CR. 

Figure 1 illustrates the principle of Pavlovian conditioning succinctly. In 

the natural world, the Unconditioned Stimulus (US) will elicit an Unconditioned 

Response (UR). Another, either natural or artificial, stimulus—the Conditioned 

Stimulus (CS)—can precede the US. If the CS is repeatedly presented in 

conjunction with the US, it will come to elicit a Conditioned Response (CR). In 

the historical perspective of Pavlovian conditioning, the CR was a diminished 

form of the UR. However, conditioned responses may also be entirely new 

behaviors that are more characteristic of the anticipation of the US rather than a 

miniature form of the UR. 

What classical conditioning Missed 

As mentioned above, Classical or Pavlovian conditioning has been used 

extensively in the learning paradigm.  This has been due primarily to the fact that 
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Figure 1:  Graphical representation of Pavlovian Conditioning. An Unconditioned 
Stimulus (US) naturally elicits an Unconditioned Response (UR). If a 
Conditioned Stimulus (CS) consistently precedes the US, a Conditioned Response 
(UR) will develop. 
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the premise of Pavlovian conditioning is so simple (Dickinson & Mackintosh, 

1978).  It may also be due to the fact that Pavlovian conditioning lends itself, 

because of its inherent simplicity, to the investigation of learning mechanisms.  

These mechanisms include but are not limited to the acceptable duration of the 

CS-US interval for learning, the order of the CS-US presentation, and the 

transition of stimuli between contexts. 

There is nothing wrong with using Pavlovian conditioning as a means of 

increasing knowledge about the mechanisms of learning.  From the perspective of 

an organism, however, Pavlovian conditioning is how the organism prepares for 

an imminent biologically significant event.  Indeed, Pavlovian conditioning is 

responsible for the continued existence and survival of the organism (Hollis, 

1997). 

An interesting paradox has arisen with the use of Pavlovian conditioning 

in an effort to understand the principles of learning.  As stated earlier, evidence of 

learning can be shown by the development of the CR.  However, in the 

laboratory, this CR has been mainly directed towards the CS.  But this behavior 

towards an arbitrary, and often biologically trivial, stimulus is of no adaptive or 

biological significance to the organism. 

 

PAVLOVIAN CONDITIONING AS AN ADAPTIVE PROCESS 
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Pavlov alluded to the importance of conditioning as an adaptive process. 

He recognized the importance of a malleable system that could cope with 

changing circumstances. He recognized that the Conditioned Response (CR) 

allowed an organism to predict and cope with changes in its immediate 

environment. Hollis (1997) states it as such: 

What advantage does an animal gain by responding to cues that 
precede biologically important events? Biological function was a 
recurrent theme in Pavlov's (1927) writing: An animal's 
conditional response (CR) was "directed towards the preservation 
of its existence" (p. 8). 
 
The adaptive value of Pavlovian conditioning mentioned above stems 

from the perspective that the organism can prepare for an impending event. If the 

Unconditioned Stimulus (US) can be reliably predicted, the organism can prepare 

to cope with that stimulus. If the organism can predict a predator, then it can 

guard against it. If the organism can predict food, then it can physiologically 

prepare for it. Pavlov’s dogs were arguably better able to digest the predicted food 

because they could prepare for the digestive process by secreting saliva before the 

arrival of the food. 

The type of behavior that is elicited by the CS, the CR, often takes on a 

different appearance from the original naturally occurring behavior—the UR.  

Indeed, since the CS is telling the organism that a US will occur at some time, the 

CR reflects that future event.  According to Mackintosh (1986), “the form of the 

[CR] is to be understood as the response to a stimulus treated as a sign of an 
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impending significate” (p 519).  A CR will not mimic the UR, but instead bring 

about the behavior that signifies the anticipation of the US (Mackintosh, 1986). 

Domjan (2005) made a very convincing argument for the adaptive 

significance of Pavlovian conditioning by looking at what the organism may 

learn, and how it may learn it, in the natural environment.  For instance, it stands 

to reason that in the natural world, the CS is not arbitrary at all.  If the CS was 

arbitrary, then it would not reliably occur with the biologically significant US 

(Domjan, 2005).  What is more likely in the natural world is that the CS is related 

in some way to the US.  In fact, it is highly possible that “the CS is a feature of 

the US that initially does not elicit the unconditioned response” (Domjan, 2005, p. 

181).  When the CS has an inherent relation to the US, the possibility for 

Pavlovian conditioning is greatly increased.  

The Conditioned Response and the Type of Conditioned Stimulus 

The above line of thinking puts the idea of the CR into a new light.  

According to this new perspective, the Conditioned Response can become a 

behavior that prepares the organism for the presentation of the US. 

Recent evidence in several areas has come to support the original 

implication of Pavlovian conditioning—that learning is an adaptive process and 

one that comes to ultimately change the behavior exhibited towards the US. In 

many of these cases, learning is most effective if a non-arbitrary or naturalistic CS 

is employed. Several examples of this are discussed below. 
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Fear Conditioning 

Fear conditioning is of high adaptive significance.  Such behavioral 

responses as freezing or fleeing serve to extend the life of the organism.  Because 

of the importance of fear conditioning to the organism at an adaptive level, we 

can find evidence of it across most species.  Not only is fear conditioning 

ubiquitous across species, it is also a conditioning system that requires very little 

training. 

Normally, fear conditioning in the laboratory is implemented with 

auditory or visual cues (Domjan, 2005).  However, these arbitrary cues may not 

be of the greatest significance to the animal.  Indeed it has been hypothesized that 

on the evolutionary level, organisms may have a pre-disposition toward using 

biologically relevant, non-arbitrary, stimuli (See Öhman & Mineka, 2001).  

Evidence showed that conditioning occurred more rapidly when the CS was the 

sight of the fearful stimulus itself. Öhman and investigators paired either a picture 

of aversive stimuli, such as snakes or spiders, or non-aversive stimuli, such as 

mushrooms or flowers, with an aversive shock. Those subjects that were shown a 

naturally aversive stimulus—the snake—showed higher levels of skin 

conductance responses than those subjects that were shown the arbitrary pictures. 

Hence, using natural cues in a Pavlovian conditioning procedure yield more 

readily conditioned and longer lasting effects (See Öhman & Mineka, 2001 for 
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review). Such rapidity of conditioning does not happen if the CS is of an arbitrary 

type (Öhman & Mineka, 2003). 

Studies of fear conditioning have shown that a non-arbitrary CS is more 

effective than an arbitrary CS in conditioning to an aversive stimulus. However, 

when these same stimuli are used in conditioning to an appetitive stimulus, there 

is no difference in their effectiveness (Cook & Mineka, 1990). In pigeons, the 

type of cue used also determines the effectiveness of fear conditioning. When 

compared to visual cues, auditory CSs are more effective for conditioning 

procedures involving shock (LoLordo, 1979). In this case of fear conditioning, the 

visual cue type represents the arbitrary stimulus, while the auditory cue represents 

the non-arbitrary stimulus. Such evidence supports the notion that Pavlovian 

conditioning is adaptive in nature by providing naturalistic non-arbitrary CSs with 

an advantage over arbitrary CSs. 

Poison Avoidance 

Poison Avoidance learning is another area that helps to support the idea 

that Pavlovian conditioning ultimately serves an adaptive purpose.  Poison 

Avoidance (or Taste Avoidance) learning is unique in the fact that a significant 

amount of time can pass between the initial CS exposure and the aversive US.  

Such long-delay learning probably evolved because of the nature of physiological 

responses to toxins. After eating a poisonous food, the effects on the gastro-

intestinal system may take a significant amount of time to naturally manifest 
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themselves.  Taste Avoidance learning is of such biological significance to the 

organism that learning can often occur in a single training trial (See Domjan, 2005 

for review).  Taste Avoidance learning also follows the same pattern as Fear 

Conditioning with respect to the role of naturalistic CSs.  If the CS is a taste, then 

the avoidance learning occurs more rapidly than if the CS is a visual or auditory 

cue (Domjan & Wilson, 1972).  Taste falls in the category of a feature of the 

ingested food, and is readily used by the organism to create a rapid association.  

Other types of arbitrary CSs do not reliably occur paired with poisoning and are 

thus less useful to the organism for associations.  Again, the benefit of a Non-

Arbitrary CS points to the effectiveness of Pavlovian conditioning as an adaptive 

process. 

Sexual Conditioning 

Of all the relevant adaptive behaviors, Copulatory Conditioning may in 

fact be the most important.  Reproduction is the behavior most directly 

responsible for the propagation of the species. Therefore, it is likely that the 

organism would strive towards any advantage that can be gleaned from more 

efficient or effective sexual interaction.   

Several studies have shown the ability of the organism to learn copulatory 

responses. Early research showed the ability of auditory cues to provoke a 

courtship response in male Japanese quail. Male Japanese quail were presented 

with the sound of a buzzer, followed by access to a sexually receptive female. 
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Over time, the auditory CS came to elicit courtship behavior in male subjects 

(Farris, 1967). Similarly, the approach response to a visual cue, a light CS, is also 

readily conditioned in male Japanese quail (Domjan et al., 1986). Although the 

approach behavior of male Japanese quail is not necessarily true copulatory 

behavior, it does fall into the category of appetitive responses, which often 

precede consumatory behaviors (Timberlake, 2001). 

Just as in fear conditioning and poison avoidance learning, copulatory 

conditioning shows unique features of Pavlovian conditioning in regards to the 

type of CS being used.  Arbitrary, non-biologically significant, stimuli can be 

used in Copulatory Conditioning, just as in Fear Conditioning and Poison 

Avoidance.  But again, the use of naturalistic non-arbitrary CSs promotes stronger 

and more robust learning (Öhman & Mineka, 2003). 

Recently, arguments have been made for the CS to be a feature of the US 

in the natural world. The sight of a copulatory partner is a natural precursor of 

copulatory interaction. Hence, features of the copulatory partner may be regarded 

as the naturalistic CS (Domjan et al., 2004). The effectiveness of natural visual 

cues has been studied extensively in the laboratory setting. Male quail show an 

increase in the amount of time spent near a window, when sight of a female 

through the window precedes copulatory interaction (Nash et al., 1989). In 

addition, copulatory responding occurs towards CSs that contain naturalistic cues 

when paired with copulatory opportunity (Cusato & Domjan, 1998).  
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The use of a non-arbitrary cue, a taxidermically prepared model of a 

female quail head, elicits little approach when first presented to a male 

Domesticated quail. But once the association has been made between the 

taxidermic head model and a live female, with which the male can copulate, the 

non-arbitrary CS elicits high amounts of approach behavior (Köksal et al., 1994).  

This behavior towards the non-arbitrary CS is unique in the fact that it does not 

readily extinguish (Krause et al., 2003).  The non-arbitrary CS is also unique in 

many other facets of learning mechanisms (See Domjan, 2005; Domjan et al., 

2004). 

 Evidence from Fear Conditioning, Poison Avoidance, and Copulatory 

Conditioning is consistent with the hypothesis that the mechanisms of Pavlovian 

conditioning are of adaptive significance.  This evidence generally takes the form 

of non-arbitrary CSs that increase the rapidity of associations. 

The Unconditioned Response 

The very premise of Pavlovian conditioning contains an interesting 

dilemma embedded within the vocabulary that is typically used.  By definition of 

the Pavlovian conditioning paradigm, the Conditioned Stimulus comes to take on 

new meaning for the organism.  It in some way predicts the impending arrival of 

the Unconditioned Stimulus.  This in turn elicits the Conditioned Response—

which can be seen as adaptively beneficial to the organism. 
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But what of the Unconditioned Response?  The wording implies that the 

unconditioned response is just that—unlearned and unchanged.  However, for 

there to be some evolutionary advantage to the process of making the associations 

of Pavlovian conditioning, there must be a change in the quality, or at the very 

least the quantity, of the UR.  It stands to reason that if the organism can predict a 

US and exhibit a preparatory response, then it should also be able to interact with 

the US more effectively.  

An organisms’ penchant towards a non-arbitrary, biologically significant 

CS is only half of the equation.  In order for Pavlovian conditioning to be truly 

adaptive, the way in which an organism responds to the US must also change.  

The Unconditioned Response must show some improvement.  This improvement 

in US interactions has been shown in the sexual interactions and competitive 

responses of the blue gourami fish (Hollis, 1984; Hollis et al., 1989). 

Hollis (1984) examined the importance of Pavlovian conditioning in 

aggressive male-male encounters.  Male blue gouramis that were able to predict 

an encounter with another male by responding to a CS were also better able to 

defend their territories.  The males that received the CS prior to the encounter 

with an intruder, showed more aggression than the males that did not receive the 

CS.  Hollis and colleagues (1989) also examined the importance of Pavlovian 

conditioning in sexual encounters of blue gourami fish.  Male blue gouramis that 

could predict a sexual encounter signaled by a CS showed higher levels of 
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courtship appeasement posturing to the subsequently presented sexual partner 

than males that could not predict the sexual encounter. 

To further investigate the significance of Pavlovian conditioning in 

biological processes, Hollis and colleges (1997) studied the mating of male blue 

gouramis, as well as behaviors such as nest building and number of copulatory 

clasps (Hollis et al., 1997). Male blue gouramis that were in the Pavlovian 

conditioning group showed higher levels of nest building and copulatory clasp 

behavior, than males who were in the unpaired control group (Hollis et al., 1997). 

Most notable of this study, was the effect of Pavlovian conditioning on the 

number of produced offspring, or fry. Males that were in the paired condition 

showed significantly higher numbers of fry six days after spawning, than males 

that were in the unpaired condition (Hollis et al., 1997). 

The above mentioned studies opened up a new and exciting area of 

research in Pavlovian conditioning.  Most of the prior research looking into the 

adaptive significance of Pavlovian conditioning pointed to the ability of the 

organism to make preparatory changes when predicting the onset of a US.  The 

experiments by Hollis et al. showed that the interaction with the US, the UR, also 

changes.  Through Pavlovian conditioning the organism can improve its 

interaction with the US.  This improvement in interaction with the US will be the 

focus of the experiments within the current body of research. 
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Domesticated quail have been used to successfully show improvements in 

the copulatory behavior after Sexual Conditioning. The current investigation will 

seek confirmation that Pavlovian conditioning can serve an adaptive function by 

improving the organism’s so-called Unconditioned Response and will examine in 

greater detail how reproductive behavior changes as a result of Pavlovian 

conditioning.  The experiments employed  domesticated quail in studies of sexual 

conditioning.  

 

THE PURPOSE OF PAVLOVIAN CONDITIONING IN REPRODUCTION 

Reproduction in any species is perhaps the most important behavior that 

the organism can exhibit.  It is the behavior responsible for the propagation of the 

species.  In terms of evolution, as long as the cost does not exceed the benefit, any 

aspect of the behavior that can be improved will increase the overall adaptive 

fitness of the organism. 

Pavlovian conditioning has been shown to increase the approach response 

of male quail towards a potential female copulation partner.  In the category of 

reproduction, this approach response serves to increase the chances that an 

organism will mate when faced with a competitor.  Because male quail approach 

the area where a copulation partner is likely to appear, the males that can predict 

the appearance of a mate show a shorter latency to copulate than males that 

cannot predict the appearance of a mate (Gutiérrez & Domjan, 1997).  Pavlovian 
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conditioning allows the signaled male to increase his chances at a successful 

reproductive interaction. 

Recent evidence has also shown that the behavior of the male and female 

domesticated quail is controlled by reciprocal influences.  Male copulatory 

behavior is influence by the behavior of the female and the female’s behavior is 

influenced by the male (Domjan et al., 2003). This interaction was captured by a 

measure of the male’s copulatory efficiency, which depends on the extent of 

cooperation by the female.  Domjan and colleges (2003) used an index of male 

copulatory behavior to quantify the effectiveness or overall quality of the 

behavior.  This index is based on the principle of a male behavioral cascade that 

precedes sperm transport.  Male Japanese quail will grab the head of a female, 

mount the female, and then perform a cloacal contact—the behavior that is 

responsible for sperm transport.  Hence, an “efficient” male will perform only one 

of each of these behaviors to successfully copulate, and an “inefficient” male will 

perform more behaviors, expending more energy, to complete the copulation (See 

Domjan et al., 2003 for a more complete explanation).  

Not only is there recent evidence that reproductive behavior changes due 

to Pavlovian conditioning, but there has also been evidence to support changes in 

biological consequences.  Male blue gourami that have been trained with a 

Pavlovian conditioning procedure show higher levels of courtship appeasement 

displays (Hollis et al., 1989), and higher levels of offspring production (Hollis et 
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al., 1997).  Similarly, signaled pairs of domesticated quail have a higher rate of 

fertile eggs than non-signaled pairs (Mahometa & Domjan, 2005). 

The use of the reproductive system as a tool to examine Pavlovian 

conditioning as an adaptive process is clear.  Any change in behavior within the 

Reproduction Behavior repertoire would have a direct effect upon reproductive 

success.  Any effect upon reproductive success would benefit the adaptive 

survivability of the species of the organism.  

 

THE USE OF DOMESTICATED QUAIL (COTURNIX JAPONICA) IN THE STUDY OF 

REPRODUCTIVE BEHAVIOR 

Domesticated quail are a common species used in the examination of 

Reproductive Behavior within the laboratory.  They are a “low cost alternative to 

other commonly used laboratory species” (Mills et al., 1997, pg 261).  Much is 

known about the domesticated quail in terms of the neurohormonal mechanisms 

involved in sexual behavior in addition to being a species of convenience—size, 

individual care, handling, etc. (Mills et al., 1997). 

In addition, fit female domesticated quail reliably ovulate once a day and 

male domesticated quail will readily perform copulatory behavior if the animals 

are maintained at a long-day (16:8) photostimulation schedule (Domjan, 1990).  

Male domesticated quail will readily copulate under the same photostimulation 

period, and they will often copulate with more than one female if given the 
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opportunity, making them ideal for subjects involved in experiments where 

copulation is a US (Domjan, 1992). 

Domesticated quail have been used in experiments involving a wide 

variety of CS types (See Mills et al., 1997 for review).  These types include both 

arbitrary and non-arbitrary CS cues (Domjan et al., 2004).  Thus, domesticated 

quail are ideal in the study of adaptive significant of Pavlovian conditioning 

because conditioning can occur to both types of CSs. 

Both male and female domesticated quail have distinct species-specific 

behaviors that are readily observable during a copulatory interaction.  Male 

domesticated quail show three distinct, reliably observed behaviors during 

copulation.  A male will grab the feathers on the back of a female’s head, mount 

the female’s hindquarters, and finally exhibit a cloacal response.  This cloacal 

response is characterized by the male arching his back while mounted, and 

lowering his cloaca into contact with the female’s (Mills et al., 1997).  The male 

then “shudders” as he attempts to pass foam-bound sperm to the female.  After 

dismounting, the male may “show ruffling and shaking of the feathers” (Mills et 

al., 1997, pg 270). 

Female Domesticated quail can show a variety of responses when 

introduced to a male.  These range from complete non-receptivity, where she 

actively prevents the male from mounting successfully, to complete receptivity, 
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where she quickly crouches in an immobile posture in response to a male grab 

(Mills et al., 1997). 

 

THE OBJECTIVE OF THE CURRENT BODY OF WORK 

Current works examining the aspects of Pavlovian conditioning have 

investigated the underlying mechanisms of the learning procedure. Overall, these 

investigations have focused on the discernable changes in the Conditioned 

Response, as a measure of learning. Although important to the overall scope of 

learning theory, focus on the CR does not address the implications of Pavlovian 

conditioning as an adaptive process. In order for Pavlovian conditioning to be 

truly adaptive to the organism, it must help the organism to better interact with the 

important stimulus, oftentimes the Unconditioned Stimulus. This interaction 

should be readily observable in changes in the Unconditioned Response. 

The objective of the current body of work was to examine the effects of 

Pavlovian conditioning on reproductive behavior. Reproductive behavior was 

studied in Japanese quail, a prime model for the observation of sexual 

interactions. All the work in the present program observed changes in the 

subjects’ interaction with the US, primarily the reproductive behavior responsible 

for sperm transport and fertility rates. 

The experiment of chapter 2 was designed to identify what behaviors were 

important for the successful completion of sperm transport in the male. This 
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experiment was also designed to relate the copulatory behaviors of both the male 

and the female to each other, and ultimately to fertility rates. The following 

questions were examined: (1) Are copulatory behaviors of the male and female 

Japanese quail related to one another? (2) If so, which of those behaviors are 

related? (3) Are any of the reproductive behaviors related to fertility rates? 

The experiments of Chapter 3 were designed to utilize the answers of the 

above questions to develop a consistent Pavlovian conditioning procedure of 

reproductive behavior. These experiments were designed to investigate the effects 

of a Pavlovian conditioning procedure on the Unconditioned Response to an 

Unconditioned Stimulus. In the current body of work, the UR was both copulatory 

behavior and fertility rates. The following questions were examined: (1) Does 

Pavlovian conditioning alter the Unconditioned Response? (2) Which partner of 

the copulatory pair must be able to predict copulation for changes in the UR to 

occur? (3) Do copulatory behavior and fertility rates have the same pattern of 

results? 

Chapter 4 expanded on the mechanisms with the Pavlovian conditioning 

of copulatory behavior. This was accomplished by altering different factors of the 

Conditioned Stimulus used in the Pavlovian conditioning procedure established in 

Chapter 3. In Experiment 4, the Conditioned Stimulus factor that was altered was 

the CS-US interval time for one member of the copulatory pair. Experiments 5 

and 6 altered the type of Conditioned Stimulus used. Experiment 5 utilized a 
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contextual CS, while Experiment 6 utilized naturalistic cues. In chapter 4 the 

following questions were examined: (1) What effect does altering the CS in a 

Pavlovian conditioning procedure have on the Unconditioned Response? (2) Is 

context an effective cue in the Pavlovian conditioning of copulatory behavior and 

fertility rates? (3) Is there a difference in using arbitrary versus naturalistic cues 

on the Unconditioned Response? 

The experiment in chapter 5 concluded the current body of work by 

examining the use of different Unconditioned Stimuli in the Pavlovian 

conditioning of copulatory behavior. Experiment 7 was designed to investigate 

the differences in copulatory behavior due to separate Pavlovian conditioning 

procedures that used either full copulatory access as the US, or visual access as 

the US. The following questions were asked: (1) Is there a difference in the 

Unconditioned Response between the two separate training procedures? (2) Will 

visual access as the US during training be sufficient to change the Unconditioned 

Response during testing? 
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Chapter 2 

Initial Investigation of Reproductive Behavior 

EXPERIMENT 11 

Introduction 

There are several aspects of sexual behavior that can be investigated using 

Pavlovian conditioning. These behaviors range from courtship behavior to mate 

choice, from the initiation of copulatory behavior to the nature of the copulatory 

behavior itself (Domjan et al., 2003). Experiment 1 starts the current group of 

investigations into the nature and quality of copulatory behavior in Japanese quail. 

While prior experiments have looked at the latency of male Japanese quail to 

copulate as an indication of copulatory robustness (Domjan et al., 1986; Gutiérrez 

& Domjan, 1996), Experiment 1, and all subsequent experiments, looked at the 

copulatory behavior directly related to the transfer of sperm. 

A male Japanese quail transfers sperm by making cloacal contact with the 

female. The cloacal contact is the final behavioral response in a repertoire that 

begins with the male grabbing the female by the back of the head or neck. The 

male can then mount the female’s back with both feet. After a successful mount 

response, the male can arch his back under the cloaca of the female and make a 

cloacal contact response. This summarizes the basic male copulatory response. 

                                                 
1 A portion of Experiment 1 has appeared as a component of the publication 
Domjan, Mahometa, and Mills (2003). 
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Attempted copulation with a non-receptive female interrupts this sequence of 

male behavior. In all experiments, the frequency of grabs, mounts, and cloacal 

contacts were measured. To examine the robustness of the male copulatory 

response, an index of the efficiency of the male’s copulatory behavior was 

calculated, using all the behaviors of the male copulatory repertoire. Higher 

copulatory efficiency scores reflected fewer interruptions of the grab-mount-

cloacal contact behavior sequence. 

In addition to looking at the several features of male copulatory behavior, 

Experiment 1, and all subsequent experiments, looked at the rate of fertility—a 

direct outcome of successful sperm transport. 

Experiment 1 asked the question “does Pavlovian conditioning alter the 

performance of copulatory behavior or fertility.”  It was hypothesized that 

Pavlovian conditioning will yield greater results of copulatory behavior and 

fertility rates, giving trained subjects a higher adaptive advantage. Experiment 1 

also developed a working procedure that could be used to investigate Pavlovian 

conditioning in the copulatory behavior system. 

Method 

Subjects 

Twenty-six adult male and 26 adult female quail served as subjects. The 

quail were selected from the randomly bred colony maintained at the University 

of Texas at Austin. They were four to six months old at the time of testing. At 30 
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days of age, males were removed from a mixed-sex group and housed 

individually in wire mesh cages. Females were housed in groups of no more than 

24 prior to training. Males were selected based on participation in a pre-test 

procedure. A female was placed in each male’s home cage for 5 minutes to 

determine if the male would exhibit the natural copulatory sequence of behavior 

(Wilson & Bermant, 1972). All subjects were kept on a long-day light cycle 

(16:8) to ensure reproductive viability. 

The birds spent every third day in the test arenas for a total of 34 days. 

During this period, they also got a chance to copulate with a bird of the opposite 

sex on 15 occasions for 5 min each time as a part of a study of sexual 

conditioning. For one third of the males and females, the copulatory experiences 

were provided in the test arenas. For the remaining birds, the copulatory 

experiences were provided in the home cage of the male subjects. 

Apparatus 

Metal “home” cages (22.5 cm wide x 14.0 cm high x 33.0 cm deep) were 

located in the main colony room. Twelve experimental chambers (71 cm high x 

122 cm wide x 122 cm deep) were located in a separate room and had plywood 

walls and ceilings, and a wire mesh floor. The front of each chamber was also 

made of wire mesh to permit visual access for the experimenter. Each chamber 

was separated in half (front to back) by a plywood wall that created two equal-

size compartments, one for the male and one for the female of each pair of 
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subjects. The middle of this wall had a 23 cm high x 22 cm wide opening that was 

normally blocked by a vertically sliding plywood door. Food and water were 

available ad libitum in both the home cages and the experimental chambers. A 

small wooden block was suspended from the ceiling of each side of the training 

chamber. This block was located at the side of each chamber, opposite the 

vertically sliding plywood door. The small wooden block could be lowered an 

raised independent of the vertically raising door, and served as the CS for the 

subjects. See Figure 2. 

Procedure  

For training, one third of the subject pairs were presented a wood block 

CS for 30 sec followed by 5 min of copulatory opportunity in the training 

chambers. For the remaining subject pairs, the 30 sec wood block CS was not 

followed by copulatory opportunity. Instead, those “unpaired” subject pairs 

received copulatory opportunity in the male’s home cage one hour prior to being 

moved to the training chamber, to receive the presentation of the CS. Hence, one 

third of the subjects pairs received explicit pairing of the CS and the US 

(copulatory opportunity) in the training chamber, while the remaining subject 

pairs were explicitly unpaired in regards to the CS / US presentation. 

To insure that the females would be free of sperm before the test trial, the 

subjects were kept in their individual cages for 15 days before testing (Birkhead 

& Fletcher, 1994). On the day before the test trial, they were moved to the test 
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arenas. The test trial was conducted late morning the next day, satisfying 

conditions for likely female receptivity (Delville et al., 1986). For testing, group 

division was as follows: Paired males were tested with unpaired females, unpaired 

males were tested with paired females, and unpaired males were tested with 

unpaired females. This group design was constructed to compare the effects of 

Pavlovian conditioning on fertility and copulatory behavior. The effect of 

prediction (subjects trained in the paired condition) was compared against non-

prediction (unpaired subjects). Hence, males that could predict copulation were 

compared to males that could not predict copulation. The same analysis applied 

for female subjects.  

At the start of the test trial, the CS was presented for 30 sec to all subject 

pairs. The door separating the male and female compartments of the test arena 

was then opened, and the copulatory pairs were permitted to interact for 5 min. At 

the end of this period, copulatory pairs were separated, and then placed back in 

their individual colony cages.  

Eggs produced by the females were collected for 10 days after the test trial 

and kept at room temperature. After the last collection day, the eggs were moved 

to an automatic-turning incubator (GQF Model 1202) and incubated at 37.5 oC for 

10 days, at which point they were candled to check for embryonic development. 

(The eggs that could not be clearly determined by candling were broken to
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Figure 2:  Schematic of training chamber used in Experiment 1. Left side housed 
the male, while the right side housed the female. In the center, a vertical partition 
to separate the copulatory pair. In the center of the partition, represented by the 
dashed line, is the plywood door. 
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determine embryonic development.) The presence of a developing embryo was 

considered evidence that the egg had been fertilized.  

Response Measures 

The behavior of the subjects during the test trial was recorded on video 

tape for later analysis. The male response measures included latency to cross to 

the female compartment, as well as the frequency and latency of the grab, mount, 

and cloacal contact responses. Copulation in quail is efficient if each time the 

male makes a grab response it is followed by a mount and a cloacal contact 

response. If the female resists, the male may have to make several grabs and 

mounts before achieving cloacal contact. To quantify these repeated attempts, we 

calculated a copulatory efficiency index (Domjan et al., 2003). This index was 

calculated by dividing the number of cloacal contacts by the sum of the numbers 

of grabs, mounts, and cloacal contacts, and multiplying this ratio by 100:  

 

 

 

 This ratio has a value of 33 if each grab and mount is followed by a 

cloacal contact. The ratio has lower values if the male has to grab or mount 

repeatedly to achieve cloacal contact. 

Also recorded was the amount of time that the female spent immobile 

while in the presence of the male and the total amount of time she was in the 

Cloacal Contacts 
Grabs + Mounts + Cloacal Contacts 

x 100 ( 
 

) 
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presence of the male. These two measures were used to calculate the percent time 

the female was immobile in the presence of the male. Immobility was defined as 

lack of locomotor movement. Immobility was used as a measure of female 

receptivity rather than squatting behavior (Adkins-Regan, 1995; Delville et al., 

1986) because immobility was easier to objectively identify. 

Results 

A one-way Analysis of Variance (ANOVA) was used to examine 

differences between test groups. Group comparisons yielded no significant 

difference (F(2, 24) = 0.456, p > 0.05) for fertility rates. The mean fertility rate 

for all test copulatory pairs was 28.59 (± 5.67 S.E.). Group comparisons for male 

copulatory efficiency also yielded no significant differences (F(2, 24) = 0.758, p > 

0.05). The mean index of male copulatory efficiency for all test copulatory pairs 

was 13.45 (± 4.83 S.E.). Paired males showed no difference to unpaired males, 

and paired females showed no difference to unpaired females.  

To determine the relationship between female and male behavior, Pearson 

product-moment correlations were calculated between the time the females spent 

immobile in the presence of a male and various measures of male copulatory 

behavior. Similar correlations were computed between the percentage of fertile 

eggs and both male and female copulatory behavior. These correlations are 

presented in Table 1. Each significant correlation was run through a “jack-knife” 

procedure to eliminate the possibility that the inclusion of an outlier data point 
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drove the correlation to significance (Nair & Gonzalez-Lima, 1999). This 

procedure showed that none of the significant correlations depended on the 

behavior of a single individual. 

Female immobility was significantly correlated with the latency of the 

grab, mount, and cloacal contact responses, r’s(26) = –0.535, –0.528, and –0.539, 

ps < 0.01. Thus, the female’s behavior was predictive of how soon the male 

initiated a grab, mount, or cloacal contact. The longer the female remained 

immobile, the shorter were the latencies of the male’s copulatory responses. The 

female’s immobility was also predictive of the efficiency of the male’s copulatory 

behavior, r(26) = 0.475, p < 0.01. Males copulating with females who spent more 

time being immobile were less likely to be interrupted in the sequence of their 

copulatory responses and achieved cloacal contact with fewer grabs or mounts. 

Interestingly, however, the frequencies of grabs, mounts, and cloacal contacts 

were not related to female immobility. 

Females produced an average ( ± S.E.) of 8 ± 0.34 eggs (N=26) during the 

10 days after their copulatory test. About a third of these (29%) were fertilized. 

Females who spent more time being immobile in the presence of a male tended to 

have more fertilized eggs. The rate of fertilization was significantly related to 

female immobility, r(26) = 0.554, p < 0.01. Egg fertilization was also significantly 

correlated with copulatory efficiency, r(26) = 0.791, p < 0.01. Copulatory
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Table 1:  Correlations between male copulatory responses and female fertility and 
female immobility from Experiment 1. 
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 Percent Time  

Immobile 

Percentage of 

Fertilized 

Eggs 

Latency to Grab      –0.535**      –0.353 

Latency to Mount      –0.528**      –0.367‡ 

Latency to Cloacal Contact      –0.539**      –0.414* 

Efficiency Ratio        0.475**        0.791** 

Freq. of Grabs      –0.157      –0.129 

Freq. of Mounts      –0.014      –0.045 

Freq. of Cloacal Contact      –0.112        0.372 

Female Time Immobile         0.554** 

‡P<0.1 

*P<0.05 

**P<0.01 
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episodes that proceeded without much interruption yielded a greater proportion of 

fertilized eggs. This relationship is shown in Figure 3. The only other significant 

effect obtained was an inverse relation between fertilization rate and the latency 

of the cloacal contact response, r(26) = –0.414, p < 0.05. Copulatory interactions 

in which the male achieved cloacal contact sooner yielded greater numbers of 

fertilized eggs.  

Discussion 

The results of Experiment 1 did not confirm the hypothesis of altered 

copulatory behavior due to Pavlovian conditioning. Subjects that were explicitly 

paired using Pavlovian conditioning during training showed no significant 

difference from unpaired subjects on any of the response measures, including the 

index of male efficiency and fertility rates. For this reason, Pearson correlations 

were used to determine if there existed any relationships between the response 

measures of the male and female subjects. The use of a rotation schedule during 

training was most likely the reason behind the lack of group differences. It is 

plausible that the rotation schedule inadvertently created a cue from the 

movement into the training chamber. Hence, all subjects were inadvertently 

“paired” during training, through faulty experimental design.  

However, Experiment 1 did show that the initiation of copulatory behavior 

by the male Japanese quail is highly correlated with female receptivity.
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Figure 3:  Scatterplot showing the relationship between male copulatory 
efficiency and fertility rates. The solid line is the statistical line of best fit for the 
data. 
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Experiment 1 showed that the latencies of the grab, mount, and cloacal contact 

response are significantly related to female immobility. Thus, the female appears 

to determine the initiation of the male’s copulatory behavior. The female also 

appears to have control over the quality of the male copulatory behavior. The 

index of male copulatory efficiency was significantly related to female 

immobility. 

In contrast, the latency and efficiency measures, the frequencies of grabs, 

mounts, and cloacal contacts were unrelated to female immobility. These results 

suggest that females do not have much impact on the frequency of the male’s 

copulatory behaviors.  

Experiment 1 showed that female behavior is predictive of the initiation 

and efficiency of the male’s behavior but not its frequency. These results are 

consistent with prior research using difference genetic lines of females (Domjan, 

Mahometa, & Mills, 2003a). In Experiment 1, a homogeneous population of 

females was used, and male behavior was related to individual differences in 

female immobility. The fact that two methodologically different experiments 

arrived at the same conclusion lends reliability to the results of Experiment 1. 

Experiment 1 also examined the functional significance of male and 

female copulatory behavior by measuring how various responses are related to the 

rate of egg fertilization. Interestingly, the only features of male behavior that were 

predictive of fertilization rate were features that depended on the female. 
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Fertilization rate was highly correlated with copulatory efficiency and the latency 

of the cloacal contact responses. Correlations between the latency of grabs and 

mounts and fertility were also substantial (–0.353 and –0.367) but did not reach 

conventional levels of significance. In contrast, the frequencies of grabs, mount, 

and cloacal contacts were not predictive of fertilization rate. This pattern of 

results suggests that female Japanese quail exert some control over the rate of 

fertilization of their eggs. 

The use of the index of male copulatory efficiency as a measure of the 

quality of male copulatory behavior is encouraged by the current results. Male 

copulatory efficiency is related to female immobility and fertility rates, even 

though there was no similar relationship using the frequency of the male 

behaviors that made up the index. This points to the idea that one behavior of the 

repertoire is not more indicative of reproductive success than another. What is 

important for reproductive success is the combination, and interaction, of those 

behaviors into an efficient delivery of sperm to the female. 

The results of Experiment 1 provided useful data in the form of 

correlations between male and female copulatory behavior. Male efficiency was 

significantly correlated with female immobility. In turn, both of these behaviors 

were significantly correlated with fertility rates. Hence, Experiment 1 showed that 

both males and females have influence over fertility rates. The results of 
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Experiment 1 also indicated the need for a design change in methodology, to 

prevent the inadvertent signaling of all subjects. 
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Chapter 3 

The Pavlovian Conditioning of Reproductive Behavior and Fertility 

EXPERIMENT 22 

Introduction 

Experiment 2 was designed to address certain failings in the design of 

Experiment 1. Experiment 1 used an explicitly unpaired group during the training 

procedure. The design of Experiment 2 used comparable training across all 

subjects, with no rotation out of the experimental chambers. All subjects received 

the same training, assigning the same value to the CS. The value of the CS was 

evaluated according to the group conditions in the final test trial. Hence, any 

arbitrary signal due to experimenter manipulation was reduced. 

Experiment 2 was also designed to answer the question of male and 

female influence over fertility rates, found in Experiment 1. While Experiment 2 

had all the subjects receive the same training of Pavlovian conditioning, the 

testing trial for subjects was divided into four categories: Both signaled, male 

signaled, female signaled, or neither signaled. This test group design was used to 

explicitly answer the question of sexual partner influence on fertility rates. 

It was hypothesized that male copulatory efficiency and fertility rates of 

the copulatory pair will be highest in the testing group when both partners 

                                                 
2 Experiment 2 appeared as a portion of the publication Mahometa and Domjan 
(2005). 
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received predictive signaling. This hypothesis is supported by the findings of 

Experiment 1, in that a successful copulatory outcome is dependant on the 

cooperation of both copulatory partners. 

Method 

Subjects 

Thirty-six male and 36 female Japanese quail (Coturnix japonica) were 

obtained from the breeding colony at the University of Texas at Austin. All 

subjects were selected using the same procedures that of Experiment 1. 

Once selected, all subjects remained in the training apparatus chambers for 

the duration of the training portion of the experiment. Males were randomly 

assigned to females to compose an experimental pair. Once a male/female pair 

was established, the subjects remained in that pair until the end of the experiment. 

Apparatus 

The “home cage” and “training” apparatus used in Experiment 2 was 

identical as Experiment 1. A small green candelabra light (7 watts) placed 11cm 

to the right and 2.5 cm above the door separating the male and female 

compartments served as the CS. The CS lights on the male and the female side of 

the door were controlled independently. 

Procedure 

The experiment was conducted with two replications, with 12 male/female 

pairs in each. Conditioning consisted of 15 consecutive trials, one trial per day. 
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Subjects were housed in the experimental chamber for the duration of the 

conditioning trials. Each trial consisted of a 30 sec CS presentation for both the 

male and female of a pair of subjects, after which the door separating them was 

raised. The birds were then allowed 5 min to interact. If after 2 min neither the 

male nor the female crossed over to the other's compartment, the male was pushed 

through to the female's side. (All males crossed over on their own within 4 

conditioning trials.)  The CS stayed on for the duration of the 5 min US period. At 

the completion of the US period, the center door was lowered, the CS was turned 

off, and the subjects were returned to their respective compartments until the next 

conditioning trial. 

After the 15th conditioning trial, males and females were removed from 

the experimental chambers and individually housed in the main colony for 15 

days to ensure that the females would be void of sperm for the test trial (Birkhead 

& Fletcher, 1994). The subjects were then moved back into the experimental 

chambers with their original pair-mates. 

During the test-trial, all pairs of subjects received a 2 min copulatory 

opportunity. The duration of copulatory opportunity was decreased for the test 

trial to provide a more stringent test of the benefits of signaling. A brief 

copulatory period also mimics more closely naturalistic competitive copulatory 

interactions.  
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For independent groups, this copulatory opportunity was preceded by 

presentation of the 30 sec CS to both the male and the female of the pair, to the 

male only, to the female only, or to neither the male nor the female of the pair. 

Following the test trial, the subjects were once more individually housed in the 

main colony room. Eggs were collected, incubated, and candled to test for 

embryonic viability as in Experiment 1. 

Response Measures 

Response measures for Experiment 2 were the same as Experiment 1. 

These included latency of male copulatory behavior, frequency of male 

copulatory behavior, an index of male copulatory efficiency, and fertility rates of 

the copulatory pair. Five subjects that did not produce at least 3 eggs during the 

10 day collection period were not included in the data analysis (2 from the both 

signaled condition, 2 from the neither signaled condition, and 1 from the male-

only signaled condition). 

Results 

A one–way analysis of variance (ANOVA) showed that egg production 

over the 10 day collection period did not differ significantly among the four test 

groups, F(3, 27) < 1.0, p > 0.05.  

A one–way analysis of variance (ANOVA) of the fertility rates yielded a 

significant difference among the groups, F(3, 27) = 5.77, p < 0.05. The highest 

percentage of fertile eggs (mean = 25.00% ± SE = 4.93%) was obtained from 
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pairs of quail in which both the male and the female received exposure to the CS 

prior to the test copulation. When only the male received the CS, the mean 

percentage of fertile eggs produced was 4.63% (±SE = 4.61%), and when only the 

female received the CS, the mean fertility rate was 1.00% (±SE = 4.35%). In the 

absence of a classically conditioned stimulus presented to either the male or the 

female, the mean percentage of fertilized eggs produced was 1.71% (±SE = 

4.93%). See Figure 4. 

Paired comparisons indicated that when both the male and the female 

received the CS, fertility rates were significantly higher than in each of the other 

conditions, which did not differ from each other. These results are shown in Table 

2. 

Differences in the percentage of fertilized eggs produced were not related 

to male copulatory behaviors that were observed during the copulation test. The 

mean frequencies of grabs were 5.00 (±SE = 1.38) for the both signaled group, 

6.33 (±SE = 1.21) for the female only signaled group, 5.13 (±SE = 1.29) for the 

male only signaled group, and 3.71 (±SE = 1.38) for the neither signaled group, 

F(3, 27) = 0.683, p > 0.05. The mean frequencies of mounts were 2.29 (±SE = 

0.87) for the both signaled group, 2.44 (±SE = 0.77) for the female only signaled 

group, 2.50 (±SE = 0.82) for the male only signaled group, and 3.43 (±SE = 0.87) 

for the neither signaled group, F(3, 27) = 0.683, p > 0.05. The mean frequencies 
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Figure 4:  Bar graph showing percentage of fertile eggs among the four test 
groups. There was a significant difference between the four test groups F(3, 27) = 
5.77, p < 0.05. 
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Table 2:  Table represents paired comparison between the four test groups of 
Experiment 2. Comparisons performed between groups A and B. Table shows 
mean difference between groups, standard error, and significance. 
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Signaled 
Group A 

Signaled 
Group B 

Mean 
Difference Std. Error Sig. 

Both Female 25.000 6.5774 .001 
 Male 20.375 6.7549 .006 
 Neither 23.286 6.9764 .002 

Female Male -4.625 6.3419 .472 
 Neither -1.714 6.5774 .796 

Male Neither 2.911 6.7549 .670 
* Bold indicates significance between groups A and B. 
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of cloacal contact were 0.86 (±SE = 0.54) for the both signaled group, 1.44 (±SE 

= 0.48) for the female only signaled group, 1.13 (±SE = 0.50) for the male only 

signaled group, and 2.14 (±SE = 0.54) for the neither signaled group, F(3, 27) = 

1.07, p > 0.05.  

The index of male copulatory efficiency was also not significant among 

the four test groups. The mean index of male copulatory efficiency was 14.10 

(±SE = 5.73) for the both signaled group, 13.06 (±SE = 5.05) for the female only 

signaled group, 13.95 (±SE = 5.36) for the male only signaled group, and 21.38 

(±SE = 5.73) for the neither signaled group, F(3, 27) = 0.48, p > 0.05. 

Discussion 

The results of Experiment 2 confirm at least part of the proposed 

hypothesis. Pavlovian conditioning can increase reproductive fitness, in the form 

of increased fertility rates. In addition, the results indicate that for such an 

outcome to occur both the male and the female have to be able to anticipate the 

copulatory interaction. 

Our findings further add to the growing body of evidence that indicates 

biological changes due to Pavlovian conditioning. Hollis and colleges (1997) 

showed an increase in fry production due to Pavlovian conditioning. Male blue 

gourami were assigned to either a paired Pavlovian group, or an unpaired control 

group. The Pavlovian group showed significantly higher numbers of fry six days 

after spawning, when compared to the unpaired control group (Hollis et al., 1997).
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This increase in offspring has also been shown in Japanese quail. Adkins-Regan 

and MacKillop (2003) showed an increase in the number of fertile eggs after 

copulation that was preceded by a conditioned signal. 

However, the present results are in some ways inconsistent with these 

prior findings. The present results indicate that both the male and the female of 

the copulatory pair must be signaled in order to show an increase in fertility rates. 

Both above mentioned studies showed an increase in offspring after signaling just 

one of the copulatory pair (Adkins-Regan & MacKillop, 2003; Hollis et al., 1997) 

This result is contrary to the findings of (Hollis et al., 1997) who showed 

an increase in the numbers of blue gourami offspring that were produced after 

signaling just the male. This results is also inconsistent with the report by 

(Adkins-Regan & MacKillop, 2003) who found that in quail, signaling either the 

male or the female produces increased fertility. However, the present results are 

consistent with our original hypothesis that signaling both the male and the female 

produces a greater increase in fertility than signaling just one or the other sexual 

partner. 

One possible reason for the disparity between the results of Experiment 2 

and the above mentioned works comes from the type of subjects used during 

testing. The testing procedures used by both Hollis and colleges (1997) and 

Adkins-Regan and MacKillop (2003) involved embedded naïve subjects in the 

copulatory testing pair. These naïve subjects had no prior training history.  In 
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contrast, Experiment 2 did not utilize any naïve subjects during testing. Non-naïve 

behavior could be sufficiently different from naïve behavior to produce the 

fertility rate results shown in Experiment 2. 

The frequencies of male copulatory behaviors (grabs, mounts, and cloacal 

contacts) were not significant across the test groups. This finding is consistent 

with the results of Experiment 1. The results of Experiment 1 showed no 

relationship between the frequency of male copulatory behaviors and fertility 

rates. It is not surprising therefore, that there was no significant difference 

between groups on the measures of copulatory behavior frequencies, yet there was 

a significant difference between groups on the measure of fertility rates. 

The index of male copulatory efficiency was also not significant across the 

test groups. This finding is contrary to the results of Experiment 1. In Experiment 

1, male copulatory efficiency was highly correlated to fertility rates. However, the 

pattern of results across groups on the measures of fertility rates and male 

efficiency do not match in Experiment 2. The use of a 2 min copulatory test trail 

could be the cause of this disparity. All subjects were trained using a 5 min 

copulatory opportunity as the US. The reduction of this copulatory opportunity for 

the test trial may have been too stringent to observe any differences in the 

behavioral index. 
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EXPERIMENT 33 

Introduction 

Experiment 3 was designed to document changes in male copulatory 

behavior during training trails. Experiment 3 also used a more stringent training 

procedure in an attempt to facilitate differences the signaling of only one partner.  

In Experiment 2, copulatory opportunity was preceded by the CS light as 

well as by opening the door that separated the male and female compartments. 

Thus, the CS light was not the sole predictor of copulatory opportunity. Hence, 

results of Experiment 2 could have been due to some cue other than the discrete 

light stimulus.  To compensate for this possibility, in Experiment 3 the signal 

value of the door cues was degraded with the use of a discrimination procedure 

which made the CS light the only reliable signal for a sexual partner. The subjects 

received two trials a day, a CS+ trial and a CS– trial. During CS+ trials, the signal 

light was followed by copulatory opportunity, as in Experiment 2. During CS– 

trials the copulation partner was removed from the apparatus. The signal light was 

not presented but the door separating the male and female compartments was 

opened and the subjects were allowed to explore the opposite chamber where the 

sexual partner was previously located. 

                                                 
3 Experiment 3 appeared as a portion of the publication Mahometa and Domjan 
(2005). 
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Also, Experiment 2 reduced the amount of time for the copulatory 

opportunity during the test trial. During training, all subject pairs received 5 min 

of copulatory opportunity. For the testing trial, this 5 min opportunity was 

reduced to 2 min with the idea that a shorter time period would elicit more 

observable behavioral differences in the four test groups. This idea was not valid, 

as behavioral measures did not differ across groups for Experiment 2. Hence, 

Experiment 3 was designed to correct the mistake of reducing the time allowed 

for the test trial copulatory opportunity—by providing the full 5 min interaction. 

It is hypothesized that results will be similar to Experiment 2, in that both 

the male and the female of the copulatory pair need to be signaled to show an 

increase in fertility rates. In addition, the use of a more stringent Pavlovian 

conditioning procedure may result in the same requirement for a higher index of 

male copulatory efficiency. 

Method 

Subjects 

Twelve male and 12 female sexually naïve Japanese quail served as 

subjects.  

Apparatus 

The apparatus was the same as in Experiment 2.  

Procedure 
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All subject pairs received 16 days of conditioning. On CS+ trials, the 

stimulus light was presented for 30 sec, followed by opening the center door for a 

5 min period of copulatory opportunity. The door was then closed and the CS+ 

light turned off. Subjects were then placed back in their respective compartments. 

On CS– trials, one subject of the pair was removed from the apparatus. The CS 

light was not presented, but the door was raised for 5 min, allowing the remaining 

subject to cross to the other side, but not encounter its pair mate. This process was 

then repeated for the other subject of the pair. Each subject pair received a CS+ 

and a CS– trial each day, separated by at least an hour and presented in a random 

order. 

At the completion of the 16 days of conditioning, all subjects were 

individually housed in the main colony room for 15 days (to void the females of 

sperm). The subjects were then placed back in the testing chambers for a 5 min 

copulatory test. The duration of the copulatory opportunity during this test trial 

was increased from the 2 min of Experiment 2 to match the 5 min test duration 

used by (Adkins-Regan & MacKillop, 2003). In addition, (Schein et al., 1972) 

reported that a 5 min test is sufficient to elicit copulatory behavior in all subjects 

that are likely to copulate in this species. 

For independent groups, this test was preceded by the signal light 

presented to both the male and the female, only to the male, only to the female, or 

to neither subject. After the CS test trial, all subjects were individually housed in 
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the main colony room, and eggs were collected from the females for 10 days. The 

subjects then received six days of only CS– trials (one trial per day), followed by 

a 5 min copulation test that was not preceded by the signal light for any of the 

subjects. This allowed for assessment of the baseline fertility rate for each subject 

pair.  

Response Measures 

The behavior of the subjects was recorded on videotape on conditioning 

trials 1, 2, 4, 8, and 15 and on the subsequent CS test trial. Male copulatory 

responses were the same as in Experiment 1. 

The amount of time that the female spent immobile while in the presence 

of the male and the total amount of time she was in the presence of the male was 

also observed. These two measures were used to calculate the percent time the 

female was immobile in the presence of the male. Female immobility was scored 

if the female was in a squatting posture and showed no locomotion. 

Results 

As in Experiment 2, there were no significant differences using a one-way 

analysis of variance (ANOVA) among the test groups in the total number of eggs 

the females produced, F(3, 27) = 0.73, p > 0.05. 

The percentages of fertile eggs that were collected after the CS test and the 

baseline test trial were analyzed with a 4 (groups) x 2 (trials) ANOVA. There was 
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a significant group x trial interaction, F(3, 8) = 5.12, p < 0.05 (see Figure 5). Very 

few fertilized eggs were produced following the baseline copulation test in which 

non of the subjects were exposed to the CS. Low rates of fertility also occurred 

after the copulation test in which just the male was signaled, just the female was 

signaled, or neither partner was signaled. In contrast, high fertility rates were 

observed when both the male and the female were signaled. Only in the group in 

which both partners were signaled were fertility rates after the CS test higher than 

after the baseline copulation, F(1, 2) = 336.91, p < 0.05. The other three groups 

showed no significant difference in the number of fertile eggs produced from the 

CS test trial to the baseline trial. The group in which only the female was signaled 

showed no difference, F(1, 2) = 0.07, p > 0.05. The group in which the male only 

was signaled showed no difference, F(1, 2) = 0.28, p > 0.05. The group in which 

neither partner was signaled showed no significant difference, F(1, 2) = 1.00, p > 

0.05. 

There were no significant group differences in the numbers of cloacal 

contacts that were observed during the CS test trial, F(3,8) = 1.91, p > 0.05. This 

result indicates that, as in Experiment 2, group differences in fertility were not 

related to group differences in the frequency of male copulatory behaviors. The 

only behavioral measure that was related to fertility was the index of male 

copulatory efficiency. Copulatory efficiency increased across training trials, 



59 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:  Bar graph representing the interaction between trials and fertility rates 
for Experiment 3. There was a significant group x trial interaction, F(3, 8) = 5.12, 
p < 0.05. 
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F(4,32) = 15.05, p < 0.05 (see Figure 6). When the test trial was introduced, 

copulatory efficiency decreased for all subject pairs except for pairs in which both 

the male and the female received the CS (see Figure 7).  

A 4 (groups) x 2 (trials) mixed ANOVA was used to analyze the change in 

copulatory efficiency from the last training trial to the CS test trial. There was a 

significant group x trial interaction, F(3, 8) = 5.73, p < 0.05. Copulatory 

efficiency did not change between training trial 15 and the CS test when both the 

male and the female were signaled, F(1, 2) = 3.84, p > 0.05. However, copulatory 

efficiency decreased for each of the other three groups. This decrease was 

marginally significant for group in which only the female was signaled, F(1, 2) = 

17.02, p = 0.054. This difference was also significant for the group in which only 

the male was signaled, F(1, 2) = 74.24, p < 0.05, as well as for the group in which 

neither partner was signaled, F(1, 2) = 48.17, p < 0.05.  

To further assess the relationship between copulatory efficiency and 

fertility rates, a Pearson correlation across all subjects was calculated. This 

correlation was highly significant, r(12) = 0.78, p < 0.05. 

Discussion 

Experiment 3 was designed to employ a new Pavlovian conditioning 

procedure of reproductive behavior. It was also designed to further examine the 

effects of Pavlovian conditioning on both reproductive behavior and fertility. It 
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Figure 6:  Bar graph representing the increase in Male Copulatory Efficiency 
across training trials for Experiment 3. This increase was significant, F(4,32) = 
15.05, p < 0.05. 
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Figure 7:  Bar graph representing the interaction of trails and Male Copulatory 
Efficiency for Experiment 3. There was a significant group x trial interaction, F(3, 
8) = 5.73, p < 0.05. 
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was hypothesized that this new Pavlovian conditioning procedure would elicit 

high levels of efficiency and fertility for copulatory pairs in which both partners 

were signaled.  

The results shown in Experiment 3 support the hypothesis. Both the male 

and the female of the copulatory pair need to be signaled to show an increase in 

fertility rates. Although a more stringent Pavlovian conditioning procedure was 

used during training, the presentation of the CS+ to just the male or just the 

female was not sufficient to alter reproductive success. 

Experiment 3 also showed that male copulatory efficiency significantly 

increases during training. The male Japanese quail improve the quality of their 

copulatory behavior across training trials. The current results indicate that this 

increase in quality of copulatory behavior is a learned effect, due to the Pavlovian 

conditioning procedure. When the copulatory opportunity is not predicted, as in 

the test trial, the index of copulatory efficiency drops off. Interestingly, the index 

of male copulatory efficiency follows the same pattern of results as fertility rate. 

Both the male and the female of the copulatory pair need to be able to predict the 

copulatory interaction in order to have a high index of male copulatory efficiency. 

The high correlation between efficiency and fertility rates supports this idea. This 

finding is consistent with the results of Experiment 1. 

The findings of Experiment 3 add to the growing body of evidence 

indicating that that Pavlovian conditioning can increase reproductive fitness 
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(Adkins-Regan & MacKillop, 2003; Hollis et al., 1997). However, unlike prior 

experiments investigating the effects of Pavlovian conditioning on reproductive 

fitness, Experiment 3 emphasizes the effectiveness of signaling both partners. 

When both partners are trained, non-naïve subjects, signaling both partners allows 

for an effective copulatory interaction.  

The increased rate of fertility shown in Experiment 3 was associated with 

more efficient copulatory interactions between the male and female Japanese 

quail. Copulatory pairs in which both partners could predict the copulatory 

interaction not only showed high rates of fertility, but also high male efficiency. 

Experiment 1 showed that the index of male efficiency is highly related to female 

immobility. When both partners of the copulatory pair can predict the copulatory 

interaction, the female may be receptive and remain still, allowing for the male to 

exhibit high copulatory efficiency. If only the male of the copulatory pair can 

predict the copulatory interaction, the female may not be receptive, forcing the 

male to perform in a less efficient manner. Conversely, if only the female of the 

copulatory pair is able to predict the copulatory interaction, the female may 

remain still, but to an unprepared male who shows low levels of copulatory 

efficiency. 
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Chapter 4 

Manipulation of Conditioned Stimulus Factors 

The previous experiments presented with the current body of work have 

shown that copulatory behavior in the Japanese quail can be altered through 

Pavlovian conditioning procedures. Pavlovian conditioning can alter both male 

and female copulatory behavior. Using a Pavlovian conditioning procedure, male 

Japanese quail showed a better quality of copulatory behavior, as manifested in 

the index of male copulatory efficiency. Experiment 1 showed the this index of 

male copulatory efficiency is highly correlated with female immobility and 

fertility. Although not examined directly, female receptivity was also altered in 

Experiment 3, as the index of male copulatory efficiency is related to female 

copulatory behavior. 

 The previous experiments also showed that Pavlovian conditioning can 

alter fertility rates. In both Experiments 2 and 3, fertility rates were higher for 

those pairs of subjects who could predict the onset of copulatory opportunity. If 

either of the subjects in the copulatory pair could not predict copulatory 

opportunity then fertility rates were significantly deficient. 

 Experiments 2 and 3 both used discrete stimuli as the Conditioned 

Stimulus (CS). In addition, the presentation of the CS used a simple delayed 

conditioning procedure. The Unconditioned Stimulus (US) was presented 30 sec 

after the onset of the CS in both experiments.  



69 

The experiments discussed in the current chapter were designed to look at 

how prior findings of increased fertility rates and copulatory efficiency held up 

using different CS types. The current experiments were developed in an attempt 

to discover the robustness of the Pavlovian conditioning effect of the copulatory 

behavior and fertility rates of Japanese quail. 

 The current experiments used several different modalities of the CS in the 

Pavlovian conditioning procedure. The first experiment presented looked at how 

different CS-US intervals would alter copulatory behavior and fertility rates. The 

second experiment looked at using context as the CS in the Pavlovian 

conditioning procedure. Finally, the third experiment looked at the “quality” of 

the CS used, by incorporating arbitrary and non-arbitrary cues. 

 

EXPERIMENT 4 

Introduction 

Experiment 4 was developed to examine the effect of the CS duration on 

fertility rates and male copulatory behavior. One common, and influential, 

variable of Pavlovian conditioning, is the duration of time between the CS and the 

US. Commonly called the CS-US interval, this duration encompasses the time 

between the onset of the CS and the onset of the US. Depending upon the system 

being investigated, the CS-US interval can have varied effect on conditioning. 
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Investigating the nictitating membrane response, the common finding is 

that long CS-US intervals result in longer acquisition times than short CS-US 

intervals (Schneiderman & Gormezano, 1964). The form of the response when 

conditioning the nictitating membrane is also dependant on the CS-US interval 

(Millenson et al., 1977). Conversely, CS-US intervals of long durations seem to 

be better suited for investigations into taste aversion (See Revusky & Garcia, 

1970 for review). 

Akins, Domjan, & Gutiérrez (1994) reported changes in the topography of 

male Japanese quail behavior due to changes in the CS-US interval. 

Experimenters investigated sexual conditioning with multiple CS-US intervals, 

ranging from 30 to 1200 seconds. Male Japanese quail that received short CS-US 

intervals for training spent more time closer to the CS. However, those subjects 

that received long CS-US intervals for training showed less time in proximity to 

the CS. In addition, long CS-US interval subjects showed increased locomotor 

activity (Akins et al., 1994). Hence, altering the CS-US interval can have a wide 

variety of effects on conditioned behavior. 

Experiment 4 was designed to investigate changes in copulatory behavior 

and fertility rates in Japanese quail due to altering the CS-US interval. While prior 

experiments have altered the CS-US interval for male subjects, the current 

experiment altered the CS-US interval for female subjects. It was hypothesized 

that increasing the duration of the CS would allow the female subjects to better 



71 

prepare physiologically for the signaled copulatory opportunity.  The duration of 

the CS was systematically altered for females only, as it was thought that the 

females would benefit most from an increase in the CS duration, since they are 

not as responsive to sexual situations as are males but they ultimately control both 

male behavior and fertility.  

Method 

Subjects 

Thirty six male and 36 female Domesticated quail (Coturnix japonica) 

were obtained from the breeding colony at the University of Texas at Austin. All 

subjects were housed in the colony and selected as in Experiment 1.  Paired 

subjects were composed as in Experiment 2 and 3. 

Apparatus 

Both the home cages and the training chambers for the subjects were 

identical to those used in Experiment 2 and 3. 

Procedure 

All subject pairs received 15 days of training, with one conditioning trial 

conducted each day. During CS+ trials all males received a 30 sec CS followed by 

copulatory opportunity.  Based on group assignment, females received either a 30 

sec, 10 min, or 20 min CS followed by opening the center door for a 5 min period 

of copulatory opportunity. The door was then closed and the CS+ light turned off. 

Subjects were then placed back in their respective compartments. On CS– trials, 
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one subject of each pair was removed from the apparatus. The CS+ light was not 

presented, but the door was raised for 5 min, allowing the remaining subject to 

cross to the other side, but not encounter its pair mate. This process was then 

repeated for the other subject of the pair. Each subject pair received a CS+ and a 

CS– trial each day, separated by at least an hour and presented in a random order. 

At the completion of the 15 days of conditioning, all subjects were 

individually housed in the main colony room for 15 days (to void the females of 

sperm). The subjects were then placed back in the testing chambers for a 5 min 

copulatory test.  

Depending on group assignment, this test was preceded by the assigned 

period of signal light presented to both the male and the female.  Random pairs 

were placed in an unsignaled group, which did not receive any CS prior to the 

5min copulatory test.  After the CS test trial, all subjects were individually housed 

in the main colony room, and eggs were collected from the females for 10 days. 

Eggs were then incubated and tested for fertility as in prior experiments. 

Response Measures 

Response measures for both the male and the female of the pair were the 

same as in Experiment 2 and 3.  These measures included the index of male 

efficiency as well as female immobility and fertility.  
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Results 

A one-way analysis of variance (ANOVA) was used to analyze the effect 

of different CS-US intervals on the rate of fertility. There was a significant 

difference between groups (F(3, 31) = 3.167, p < 0.05). The control group had 

significantly lower rates of fertility than the other three groups. The control group 

showed a mean fertility rate of 1.909% (±5.227 S.E.), while the 30 sec group, the 

10 min group, and the 20 min group showed mean fertility rates of 23.526% 

(±6.247), 16.786% (±5.844), and 22.063% (±6.247) respectively. Post Hoc 

contrasts show that fertility rates for the control group were significantly different 

from the other three signaled groups (t(31) = -2.994, p < 0.01). None of the 

signaled groups differed from each other. See Figure 8. 

A 3 (training groups) x 2 (trails) mixed ANOVA was used to analyze the 

change in the index of male copulatory efficiency from training trial one to 

training trial 15 training trails. There was no significant interaction (F(3, 31) = 

2.496, p > 0.05), see Figure 9. Male subjects did not show a difference in 

copulatory behavior based on the type of CS-US interval their respective female 

received. However, there was a significant increase in the index of male 

copulatory behavior from the first training trial to last training trial (F(1, 31) = 

34.044, p < 0.01). 
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Figure 8:  Bar graph representing difference in Fertility Rates for 
copulatory pairs in the four test groups for Experiment 4. There was a significant 
difference between groups, (F(3, 31) = 3.167, p < 0.05).  
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Figure 9:  Bar graph representing the groups by training trial interaction. There 
was no significant groups by training trail interaction (F(3, 31) = 2.496, p > 0.05). 
The “groups” label is consistent with the testing trail assignments for subject 
pairs. 
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A one-way ANOVA was used to analyze the effect of different CS-US 

intervals on the index of male copulatory efficiency. There was a significant 

difference between groups (F(3, 31) = 4.724, p < 0.05). The control group had 

significantly lower efficiency scores the other three groups. Post Hoc contrasts 

show that efficiency scores for the control group were significantly different from 

the other three signaled groups (t(31) = -3.536, p < 0.01). None of the signaled 

groups differed from each other on the measure of male copulatory efficiency. 

A 4 (groups) x 2 (trails) mixed ANOVA was used to analyze any change 

in the index of male copulatory efficiency from the last training trial to the testing 

trail. There was a significant interaction (F(3, 31) = 4.711, p < 0.05). The only 

group to show a significant change in copulatory efficiency between the last 

training trial and the test trial was the control group (F(1, 9) = 20.520, p < 0.05). 

All other groups did not show a similar change. There was no significant change 

in copulatory efficiency for the 30 sec group (F(1, 7) = 0.005, p > 0.05), the 10 

min group (F(1, 8) = 2.863, p >0.05), or the 20 min group (F(1, 7) = 0.125, p > 

0.05). See Figure 10. 

Discussion 

Experiment 4 was designed to examine the possible difference in 

copulatory behavior and fertility rates due to altering the modality of the 

Conditioned Stimulus. Experiment 4 altered the modality of the CS by 

systematically changing the CS-US interval for females Japanese quail during 
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Figure 10:  Bar graph representing the significant groups by trial interaction (F(3, 
31) = 4.711, p < 0.05) for the measure of male copulatory efficiency. The 
“groups” label is consistent with the testing trail assignments for subject pairs. 
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training. As a longer CS-US interval would allow for more preparatory time for 

the female, it was hypothesized that those females trained and tested with longer 

CS-US intervals would exhibit higher rates of fertility. As females who received 

longer CS-US intervals would also likely be more receptive, it was further 

hypothesized that the index of male copulatory behavior would be higher for 

those copulatory pairs. Neither assumption was supported. 

There was no significant difference in fertility rates between the different 

CS-US interval groups.  However, Post Hoc contrasts showed that fertility rates 

for the control group were substantially lower when compared to the other three 

CS-US interval groups. In addition, there was no significant difference among the 

three CS-US interval groups. Experiment 4 indicates that different CS-US 

intervals for females do not produce different fertility rates. These results are 

inconsistent with the hypothesis of Experiment 4. 

Experiment 4 also failed to provide evidence of altered copulatory 

behavior due to changes in the CS-US interval. None of the signaled groups 

showed a significant difference on the measure of male copulatory efficiency. 

Altering the CS-US interval for females did not change the index of male 

copulatory efficiency. However, Post Hoc contrasts showed there was a 

significant difference between the control group and all of the other signaled 

groups. 
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Experiment 4 showed that altering the duration of the CS-US interval for 

females of a copulatory pair did not alter the copulatory behavior or the fertility 

rates of Japanese quail. However, Experiment 4 did support the prior findings of 

the effects of Pavlovian conditioning on copulatory behavior and fertility rates. 

When the control group was examined in relation to the other “signaled” groups, 

both fertility rates and copulatory behavior were deficient. The lack of prediction 

by the copulatory pair led to decreases on these measures. Hence, the ability of 

Pavlovian conditioning to alter both fertility rates and copulatory behavior is still 

supported by the results of Experiment 4. However, it seems that altering the CS-

US interval does not alter either fertility rates or copulatory behavior to any 

substantial degree. 

 

EXPERIMENT 5 

Introduction 

Experiment 5 was designed to see if a context could be used instead of a 

discrete stimulus in a Pavlovian conditioning procedure to produce changes in 

fertility rates and copulatory behavior. Prior findings have shown the ability of 

Japanese quail to recognize context as a Conditioned Stimulus. Male Japanese 

quail are susceptible to the effects of context on approach behavior. Domajn, 

Akins, and Vandergriff (1992) used a copulatory conditioning procedure that used 

two separate contexts. Sexual reward, a live female from a “holding box”, was 
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given to half the subjects in one context, and to the other half in the other context. 

During testing, males spend more time close to the “holding box” in the context 

they received copulatory opportunity than in the context in which the did not 

(Domjan et al., 1992). The use of a novel context can have a disruptive effect on 

copulatory behavior in Japanese quail. Under certain conditions, the use of a 

novel testing context can disrupt normal levels of copulatory behavior (Crawford 

et al., 1994). Hence, male Japanese quail can not only distinguish between two 

contexts, but also exhibit different approach responses, and copulatory responses, 

based on the context. 

Experiment 5 was designed to examine the effects of the use of context as 

a cue in a Pavlovian conditioning procedure of copulatory behavior. Experiment 5 

used a similar Pavlovian conditioning procedure as Experiment 3, except the CS 

was a specific context rather than a discrete stimulus. For half the subjects, the 

CS+ was one context, while the CS- was the other context. Subjects were 

counterbalanced to respective CS+ contexts. 

If context can be used in the Pavlovian conditioning of fertility rates and 

copulatory behavior, then results of Experiment 5 should parallel the prior results 

of Experiment 3.  
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Method 

Subjects 

Twenty male and 20 female Domesticated quail (Coturnix japonica) were 

obtained from the breeding colony at the University of Texas at Austin. Subjects 

were selected according to procedures used in prior experiments. 

Apparatus 

Metal “home” cages (22.5 cm wide x 14.0 cm high x 33.0 cm deep) were 

located in the main colony room. Two experimental chambers (71 cm high x 122 

cm wide x 122 cm deep) were located in a separate rooms and had plywood walls 

and ceilings, and a wire mesh floor. The front of each chamber was also made of 

wire mesh to permit visual access for the experimenter. Each chamber was 

divided in half (front to back) by a plywood wall that created two equal-size 

compartments, one for the male and one for the female of each pair of subjects. 

The middle of this wall had a 23 cm high x 22 cm wide opening that was 

normally blocked by a vertically sliding plywood door.  

The two chambers differed only in the paint color of the walls, ceiling and 

floor.  One chamber was painted entirely in white, while the other was painted 

entirely in brown.  Other than paint color, the two chambers were identical.  The 

chambers were also housed in separate rooms, not only from each other, but from 

the main colony as well.  The white chamber was housed in a room completely 

separate from the colony, were noise was substantially less.  In contrast, the color 
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chamber was housed directly adjacent to the colony room, were noise from the 

colony was readily perceived. 

Procedure  

All subject pairs received 10 days of conditioning. Half of the subject 

pairs were assigned to either the white or color conditioning context.  During CS+ 

trials all pairs received 5 min in their assigned CS+ context followed by 5 min of 

copulatory opportunity, when the separator door was raised. The door was then 

closed and subjects were placed back in their home colony chambers. On CS– 

trials, one subject of the pair was place in their non-assigned conditioning 

chamber from the apparatus. Again, they received 5 min in the non-conditioned 

context, after which the separator door was raised, allowing the remaining subject 

to cross to the other side, but not encounter its pair mate. This process was then 

repeated for the other subject of the pair. Each subject pair received a CS+ and a 

CS– trial each day, separated by at least an hour and presented in a random order. 

The copulatory partner was changed each training day. Unlike prior 

experiments, subjects did not remain in a distinct copulatory pair for training and 

testing. Hence, although receiving the same Pavlovian conditioning procedure, no 

subject (either male or female) was presented the same copulatory partner at any 

time. 

At the completion of the 10 days of conditioning, all subjects were 

individually housed in the main colony room for 15 days (to void the females of 
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sperm). The subjects were then placed back in the testing chambers for a 5 min 

copulatory test.  

Use of the CS+ during the test trial followed the same subject break down 

as Experiment 3. The 20 subjects were divided into four groups. Both subjects of 

the copulatory pair in the “both signaled” group were placed in their CS+ context 

for the test trial. The male of the “male signaled” group was placed in his CS+ 

context, while the female of the pair was placed in her CS- context. The female of 

the “female signaled” group was placed in her CS+ context, while the male of the 

pair was place in his CS- context. Both subjects of the copulatory pair in the 

“neither signaled” group were placed in their CS- trial for the test trial. 

After the CS test trial, all subjects were individually housed in the main 

colony room, and eggs were collected from the females for 10 days. Eggs were 

incubated and tested for fertility as in prior experiments. 

Response Measures 

Response measures for both the male and the female of the pair were the 

same as in prior experiments.  These measures included the fertility rate and the 

index of male copulatory efficiency. 

Results 

A one-way analysis of variance (ANOVA) was used to examine the effect 

of using context as a signal in the Pavlovian conditioning procedure. There was 

no significant difference between groups on the measure of fertility rates (F(3, 17) 
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= 2.078, p > 0.05). An examination of the Post Hoc contrasts yielded a significant 

difference between the “both signaled” group and the other three groups (t(14) = 

2.202, p < 0.05). The “both signaled” group showed significantly higher rates of 

fertility than the other three groups. See Figure 11. 

A one-way analysis of variance (ANOVA) was used to examine the effect 

of using context on the measure of male copulatory efficiency. Again, there was 

no significant difference between the four test trial groups (F(3, 17) = 2.474, p > 

0.05). An examination of the Post Hoc contrasts again yielded a significant 

difference between the “both signaled” group and the other groups. A one-tailed 

test showed significantly higher levels of male copulatory efficiency for the “both 

signaled” test group than the other three test groups (t(14) = 1.925, p < 0.05). 

Latency to cross to the female side of the training chamber was observed 

on trials 1, 5, and 10. A 3 (trials) x 2 (group) repeated measures ANOVA was 

used to examine the change in latency to cross for male subjects across trailing 

trials. There was a significant main effect for trials (F(2, 44) = 12.059, p < 0.05). 

Males showed lower latency to cross to the female side of the training chamber as 

training trials progressed. 

A 2 (signal type) x 2 (context type) mixed ANOVA was used to examine 

the effect of context on training. Male latency to cross to the female side of the 
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Figure 11:  Bar graph representing the group difference for Fertility Rate in 
Experiment 5 (F(3, 17) = 2.078, p > 0.05). Post Hoc contrasts yielded a significant 
difference between the “both signaled” group and the other three groups (t(14) = 
2.202, p < 0.05). 
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training chamber was observed on trial 10 for each subject in both their CS+ 

context and CS- context. Males showed lower latencies to cross in their CS+ 

context than in their CS- context (F(1, 22) = 7.099, p < 0.05). There was no 

interaction of context type, color or white (F(1, 22) = 0.658, p > 0.05). See Figure 

12. 

Discussion 

Experiment 5 showed that context can be used as an effective cue in a 

Pavlovian conditioning procedure of copulatory behavior and fertility. These 

results were supported using the same stringent 4 group procedure for testing as 

prior experiments. When both subjects were placed in their CS+ context for 

testing, and able to predict copulatory opportunity, fertility rates were higher than 

in the other three testing groups. When either subject was placed in their CS- 

context for testing, fertility rates were declined. 

Similarly, the index of male copulatory efficiency followed the same pattern of 

results. When both subjects of the copulatory pair could predict copulatory 

opportunity, by being placed in their CS+ context for testing, the index of male 

copulatory efficiency was high. If one subject of the copulatory pair was placed in 

their CS- context for testing, the index of male copulatory efficiency was reduced. 

The lack of a significant one-way ANOVA for either fertility rates or the
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Figure 12:  Bar graph representing the latency for males to cross to the female 
side of the training chamber on Day 10. Males showed lower latencies to cross in 
their CS+ context than in their CS- context (F(1, 22) = 7.099, p < 0.05). There 
was no interaction of context type, color or white (F(1, 22) = 0.658, p > 0.05).  
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index of male copulatory efficiency is regrettable. However, there are several 

possible explanations. First, unlike prior experiments, there were only 10 days of 

training. Previous experiments using this stringent design utilized 15 days of 

training. Perhaps the extra 5 days of training would have made the context an 

even more distinguishable and salient cue, illuminating a significant one-way 

ANOVA. Second, and more interesting, is the fact that the current experiment 

rotated subject exposure in the copulatory pair. Each trial, subjects were exposed 

to a novel copulatory partner. Using context as a cue forced the design of the 

experiment to use novel copulatory partners for at least half the subjects during 

the test trial. To keep experiences equal across subjects, it was decided to rotate 

all subjects, even during training. The presentation of a novel conspecific could 

have caused increase variability in the behavior and interaction of the copulatory 

pairs. This increased variability due to novelty could be responsible for yielding 

non-significant one-way ANOVAs for both the fertility rate and the index of male 

copulatory efficiency. 

The results of Experiment 5 also showed that subjects can readily 

distinguish between two distinct contexts. These results support and extend prior 

findings (See Domjan et al., 1992). On the last training trial, males were able to 

distinguish between the two contexts used. Males showed lower latencies to cross 

to the female side of the training chamber in the context in which they received 

copulatory opportunity. However, when placed in the context in which there was 
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no presentation of copulatory opportunity, latencies to cross were significantly 

slower. In addition, the type of context used, did not alter this pattern of latency 

measure. Males were quicker to cross to the female in the CS+ context, regardless 

of whether or not that context was “white” or “color.” 

Hence, results from Experiment 5 show that context can be used as an 

effective cue in a Pavlovian conditioning procedure for copulatory behavior and 

fertility. 

 

EXPERIMENT 6 

Introduction 

One of the tenants within the current body of work for the adaptive 

purpose of Pavlovian conditioning is the significance of biologically relevant 

stimuli to the organism. Experiment 6 was designed to investigate the benefit of 

using a biologically relevant stimulus to signal copulatory behavior.  Thus far, 

prior experiments in this body of work have used arbitrary Conditioned Stimuli 

(CSs). A conditioned stimulus is said to be “arbitrary” if it has no inherent or a 

priori relation to the unconditioned stimulus. Arbitrary CSs are important to the 

investigation of copulatory behavior and sexual learning because they help test 

the limits of the plasticity of the sexual behavior system. However, arbitrary 

conditioned stimuli do not lend themselves to extrapolations to the natural 

environment (Cusato & Domjan, 1998). In the natural environment, pairings of a 



95 

CS with a US are not arranged by the heavy hand of an experimenter but occur 

because the CS is a small component of the US or occurs early in a causal chain 

that leads to the US.  

Prior experiments of social proximity in Japanese quail (Domjan & Nash, 

1989) have shown that static taxidermic models can elicit approach and proximity 

responding that is similar to what occurs with live conspecifics. Domjan and Nash 

(1989) used different types of social stimuli to elicit approach behavior in male 

Japanese quail. These stimuli included live males and females, as well as 

taxidermic models of males and females. All stimuli were presented behind a 

window. Their findings indicated that sexually experienced male Japanese quail 

will approach and spend significant amounts of time in front of the window if the 

stimulus on the other side is either a live female or a taxidermic model of a female 

(Domjan & Nash, 1989). Covering the head of the taxidermic model, thus 

presenting only the torso feathers, decreased the time spent near the taxidermic 

model stimulus. 

Male Japanese quail also show higher rates of copulatory behavior to a 

model that contains biological cues. Domjan, Greene, and North (1989) showed 

that male Japanese quail are likely to copulate with a model that contains the head 

and neck cues of a female, provided the model is presented in a sexually 

conditioned context. The taxidermic model elicited normal amounts of copulatory 

behavior, similar to that elicited by a live female(Domjan et al., 1989). Thus, 



96 

biologically relevant cues—taxidermic models—are capable of eliciting high 

levels of approach behavior and normal copulatory behavior in sexually 

experienced male Japanese quail. 

Cusato and Domjan (1998) directly compared the use of a taxidermic 

model and an arbitrary model as a CS in sexual conditioning. The experimenters 

presented male Japanese quail with either a CS containing a taxidermically 

prepared head and neck, or a CS of similar shape without biologically relevant 

cues. Both types of CSs came to elicit strong conditioned approach behavior. 

However, the arbitrary model elicited lower levels of conditioned copulatory 

responding when compared to the taxidermic model (Cusato & Domjan, 1998).   

However, these prior experiments have used the taxidermic models 

themselves to measure the copulatory behavior. These models were in some cases 

presented as an Unconditioned Stimulus. In other cases, these models were used 

as the Conditioned Stimulus, and served as a platform with which to measure US-

like behavior. Prior experiments in this body of work have shown that Pavlovian 

conditioning can alter copulatory behavior using arbitrary stimuli as the 

Conditioned Stimulus. As reviewed above, biologically relevant cues can be used 

to elicit both approach behavior and copulatory behavior.  

However, the direct comparison of biologically relevant cues to arbitrary 

cues when used as stimuli in the Pavlovian conditioning of copulatory behavior 

has not yet been explored. Although prior research has shown that biologically 
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relevant cues can elicit strong conditioned copulatory behavior, a direct 

examination of copulatory behavior changes to a live US is needed. 

Prior research has shown that ecologically relevant cues are much more 

effective in eliciting sexually conditioned responses than arbitrary CSs. 

Furthermore, learning with such stimuli is not as easily disrupted by blocking, 

extinction, or increases in the CS-US interval. However, prior research has not 

examined whether ecologically relevant conditioned stimuli are more effective in 

facilitating copulatory behavior and rates of fertilization than conditioning with 

arbitrary cues. The purpose of Experiment 6 was to answer that question.  

Method 

Subjects 

Twenty-four male and 24 female domesticated quail (Coturnix japonica) 

were obtained from the breeding colony at the University of Texas at Austin. All 

subjects were housed in the colony and selected as in Experiment 1.  Pairs of 

subjects were composed as in prior experiments. Once a male/female pair was 

established, the subjects remained in that pair until the end of the experiment. 

Apparatus 

Home cages and experimental chambers were identical to those used in 

prior experiments.  Six cm from the right side of door separating the male and 

female compartments was a presentation platform (4 cm x 4 cm). Either a 

taxidermically prepared head, or a terrycloth covered dowel rod was placed on the 
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presentation platform. The height of all dowels, both with the taxidermic head and 

with the terrycloth cover, measured 10 cm high. Unlike prior research with 

taxidermic models, these stimuli did not have a mounting platform. Both stimuli 

were covered by a clear transparent plastic cup, which in turn was covered by an 

opaque red cup. The red cup was controlled by the experimenter, and raised for 

the presentation of the stimulus underneath. See Figure 13 for representation of 

the stimuli used. 

Procedure 

Subjects were given the same copulatory conditioning procedure as in 

prior experiments. All subjects received both a CS+ trial and a CS- trial on each 

conditioning day. 

All subject pairs received 10 days of conditioning. On CS+ trials, the CS+ 

was presented for 30 sec, followed by the opening of the center door for a 5 min 

period during which the male and female pairmates could copulate. CSs were 

presented simultaneously to both the male and female both subjects in a pair. Half 

of the subjects (“head” group) received the taxidermically prepared head as the 

CS+, while the other half of the subjects (“no-head” group) received the terrycloth 

covered wooden dowel rod as the arbitrary CS+. Male subjects in the “head” 

group were presented a female taxidermic head, while females in the “head” 

group were presented a male taxidermic head.  
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Figure 13:  Drawing of the two different types of stimuli used in Experiment 6. 
The figure on the left (a.) is of the “headed model” stimulus, while the figure on 
the right (b.) is of the “terrycloth stick” stimulus. (model and drawing similar to 
that of (Cusato & Domjan, 1998)) 
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Once the partition door was raised, and the 5 min US period began, the red 

plastic cup was lowered, covering the CS+ stimuli. This was done to prevent any 

confounds of competitive behavior due to sight of a same-sex taxidermic head 

model. After the 5 min period of copulatory opportunity, the door was lowered, 

and subjects were returned to their original side of the training cages.   

At the completion of 10 days of conditioning, all subjects were 

individually housed in the main colony room for 10 days (to void the females of 

sperm). Subjects were then placed back in the testing chambers for a 5 min 

copulatory test. 

Equal numbers of subject pairs were randomly selected from each group to form a 

control group. The control group was not signaled prior to the copulatory 

opportunity test.  The remaining subjects from both CS type groups were signaled 

prior to the 5-min copulatory test. After the test trial, all subjects were 

individually housed in the main colony room, and eggs were collected from the 

females for 10 days. Eggs were then tested for fertility as in prior experiments. 

Response Measures 

Response measures were the same as in prior experiments. These 

measures included the index of  male copulatory efficiency as well as fertility. 

Results 

A one-way analysis of variance (ANOVA) was used to analyze the effect 

of the different CS stimuli on the rate of fertility. There was a significant 
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difference between groups, F(2, 22) = 11.437, p < 0.05. Post-Hoc contrasts 

showed that the signaled groups had a significantly higher rate of fertility than the 

control group, t(20) = 4.565, p < 0.05. However, there was no significant 

difference between the stimulus type groups, t(20) = 1.247, p > 0.05. The “head” 

group had a mean fertility rate of 40.85 (S.E. ±6.87), the “no head” group had a 

mean fertility rate of 30.28 (±7.75), and the control group had a mean fertility rate 

of 2.81 (±1.86). See Figure 14. 

A one-way analysis of variance (ANOVA) was used to analyze the effect of the 

different CS stimuli on the index of male copulatory efficiency. There was a 

significant difference between groups, F(2, 22) = 19.358, p < 0.05. Post-Hoc 

contrasts showed that the signaled groups had a significantly higher rate of 

fertility than the control group, t(20) = 5.946, p < 0.05. However, there was no 

significant difference between the stimulus type groups, t(20) = 1.599, p > 0.05. 

The “head” group had a mean index of male copulatory efficiency of 26.62 (S.E. 

±2.06), the “no head” group had a mean index of 20.13 (±4.57), and the control 

group had a mean index of 2.93 (±1.46). See Figure 15.  

Discussion 

The use of biologically relevant stimuli has been implemented in several 

investigations of learning in the sexual behavior system. Although studies have 

shown that biologically relevant stimuli are much more robust as conditioned
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Figure 14:  Bar graph of the significant group difference on the measure of 
Fertility Rates for Experiment 6 (F(2, 22) = 11.437, p < 0.05).  
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Figure 15:  Bar graph of the significant group difference on the measure of Male 
Copulatory Efficiency for Experiment 6 (F(2, 22) = 19.358, p < 0.05).  
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stimuli in various learning paradigms (e.g., blocking, extinction, second-order 

conditioning) prior research did not evaluate the effects of a biologically relevant 

stimulus on copulatory behavior and fertilization success. Experiment 6 was 

conducted to provide this information.  

The findings of Experiment 6 indicated that biologically relevant cues did 

not significantly alter either copulatory behavior or fertility rates, when compared 

to arbitrary cues. A Conditioned Stimulus that had biologically relevant features 

did not significantly alter the Unconditioned Response, as assessed by a measure 

of copulatory efficiency. However, the current findings served to confirm that 

sexual conditioning increases both copulatory efficiency and fertilization success 

when both members of a copulating pair receive the Pavlovian signal. When 

compared to the control group, the signaled subjects pairs showed significantly 

higher levels of both copulatory behavior and fertility rates. The fertility rates for 

the signaled subject pairs were significantly higher than the control group. The 

index of male copulatory efficiency was also significantly higher for signaled 

subject pairs than the control group. These results indicate that the underlying 

mechanism of learning is intact. Pavlovian conditioning can significantly alter 

copulatory behavior and fertility.  

However, the type of stimulus used as the Conditioned Stimulus, either 

biologically relevant or arbitrary, does not seem matter. The use of a biologically 

relevant CS in a Pavlovian conditioning procedure does not seem to be of any 
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additional benefit over an arbitrary CS, when measuring the Unconditioned 

Response. There was no significant difference between the “head” cue group and 

the “no-head” cue group on either measure of fertility or the index of male 

copulatory efficiency. Fertility rates for the two cue type groups were similar. The 

index of male efficiency was also similar for the two cue type groups. 

The findings of Experiment 6 permit several conclusions. The first 

concerns the nature of the conditioned stimulus in a Pavlovian conditioning 

procedure. The second concerns the mechanism of Pavlovian conditioning itself. 

The findings of Experiment 6 showed that biologically relevant conditioned 

stimuli do not increase learned copulatory behavior from a Pavlovian conditioning 

procedure. Although biologically relevant stimuli naturally elicit certain 

behaviors, and show stronger conditioning when paired with certain stimuli, it 

appears as though the type of stimulus used does not effect the Unconditioned 

Response 

In the natural world, this innate response serves to bring an organism in 

closer proximity to a Unconditioned Stimulus. Domjan (2005) supports the idea 

that a natural US contains features that are in fact CS in theory. These natural CSs 

serve to promote the initiation of learned responses. This idea can be applied to 

the sexual response system of the Japanese quail. In the wild, a male Japanese 

quail sees a female (a US) for the first time. The female contains natural cue 

features (CSs), that elicit an approach response. Once in close proximity to the 
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female, interaction and copulatory behavior with the female can take place (the 

UR). Prior research has shown that a biologically relevant cue can elicit approach 

and copulatory behavior (Domjan & Nash, 1989; Domjan, Greene, & North, 

1989; Cusato & Domjan, 1998). These prior results support the idea of initiation 

of learned responses.  

Results of Experiment 6 showed that when directly compared to an 

arbitrary CS, a biologically relevant CS did not improve responding to the US. 

Why? In the current laboratory condition, the arbitrary CS predicted the 

presentation of copulatory interaction (US) just as the biologically relevant CS 

did. In the laboratory, the experimenters chose which stimuli would be paired 

with the US in the Pavlovian conditioning procedure. In the natural world, only a 

biologically relevant CS would have opportunity to become part of an association. 

However, in the current laboratory design, the subjects were able to predict the 

onset of copulatory opportunity with either type of stimulus. Hence, an 

improvement in fertility and copulatory behavior was produced because the 

organism could predict an event, not because of the features contained within the 

predictive cue. 

Results of Experiment 6 showed that the type of CS used in the creation of 

an association is not important in the laboratory. The experimenters have ultimate 

control over what values certain cues come to represent. But the formation of the 

association is still important—regardless of the cues used. An organism can better 
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interact with the current environment if predictions can be made about that 

environment. What cues, arbitrary or non-arbitrary, the organism uses to make 

those predictions is irrelevant. 
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Chapter 5 

Investigation of Practice on Pavlovian Copulatory Performance 

EXPERIMENT 7 

Introduction 

All prior experiments in this series have used the same basic copulatory 

conditioning procedure. Subject pairs were trained using access to a live female as 

the Unconditioned Stimulus. It is possible the effects of signaling have been due 

to a combination of the ability to anticipate copulatory opportunity and changes in 

behavior due to copulatory practice during the conditioning trials. Although an 

argument can be made that signaling is responsible for the changes in copulatory 

behavior and efficiency by pointing to the un-signaled groups, it is still plausible 

that copulatory practice interacts with signaling to produce the changes that were 

have observed thus far. The current experiment was designed to explore the effect 

of practice, and no practice, on copulatory conditioning changes.  

Prior research has demonstrated the ability to condition sexual approach 

responses to an area where a female quail can be seen but not mounted. Sexually 

experienced male Japanese quail spend approximately 75% of daylight hours in 

front of a window that provides visual access to a female (Domjan & Hall, 1986). 

Domjan and Hall (1986) measured the time spent in front of an experimental 

window under three conditions: 1) closed, female present, 2) open, no female 

present, and 3) open, female present. Male Japanese quail spent significantly more 
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time in front of the open window only if the female was present (Domjan & Hall, 

1986).  

Holloway and Domjan (1993) investigated the use of visual access to a 

female as an Unconditioned Stimulus in a learning procedure. This experiment 

evaluated the effectiveness of exposure to a female without copulation as a US. 

Evidence of learning was shown by the time spent in close proximity to the CS. 

Three training groups were compared involving three different USs treatments: 

access to a live female, sight of a live female, or the sight of an empty side 

chamber (no-US). When a live female was used as the US, male Japanese quail 

came to spend a significantly greater amount of time near the CS relative to no-

US controls. Male subjects that received only visual access as the US also spent a 

greater amount of time near the CS, relative to the control group. Interestingly, 

there was also a significant difference between the live female access group and 

the visual access only group (Holloway & Domjan, 1993). 

Sight of a live conspecific elicits approach behavior in male Japanese 

quail. By using the sight of a female as the Unconditioned Stimulus, paired with a 

discrete CS in a Pavlovian conditioning procedure, the organism should come to 

predict the sight of the female.  Experiment 7 was conducted to determine 

whether the sight of a conspecific is sufficient to activate changes that lead to an 

improvement in signaled copulatory behavior and whether copulatory practice is 

needed to increase fertility and copulatory efficiency. 
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Method 

Subjects 

Twenty-four male and 24 female Domesticated quail (Coturnix japonica) 

were obtained from the breeding colony at the University of Texas at Austin. 

Subjects followed the same colony and selection procedures as is prior 

experiments.  One male and one female composed an experimental pair. Once a 

male/female pair was established, the subjects remained in that pair until the end 

of the experiment.  

Apparatus 

Home cages and experimental chambers were identical to those used in 

prior experiments of copulatory conditioning (see Figure 16).  A plexiglass 

window was placed over the door opening for half of the experimental chambers. 

This allowed for visual but not tactile access to the sexual partner. The plywood 

door could be raised in all cages by the experimenter. The raising of the plywood 

door did not compromise the positioning of the plexiglass window. Running from 

the back of the chamber to the door on each side were wire-mesh screens. These 

screen barriers effectively helped to channel the subjects towards the window, 

ensuring that subjects could see each other. See Figure 16 for a schematic 

representation.  
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Figure 16:  Schematic of training chamber used in Experiment 7. The left side 
houses the male, while the right side houses the female. In the center, a vertical 
partition to separate the copulatory pair. In the center of the partition, represented 
by the dashed line, was an experimenter controlled door. For half the groups, 
there was a Plexiglas window behind the door. Small dotted lines within the 
chamber represent wire-mesh, which helped to direct the subjects to the window. 
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Procedure 

Subjects were given the same copulatory conditioning procedure as prior 

experiments. All subjects received both a CS+ trial and a CS- trial on each 

conditioning day.  

All subject pairs received 15 days of conditioning. On CS+ trials, the 

stimulus light was presented to both the male and the female of the subjects pair 

for 30 sec, followed by opening the center door for a 5 min period. Half of the 

subjects had full copulatory access to the conspecific.  The other half of the 

subjects had only visual access—raising the plywood center door revealed the 

plexiglass window. The plexiglass window permitted viewing of the copulatory 

partner without physical access. The plywood center door was then closed and the 

CS light turned off. Subjects in the full access group were then placed back in 

their respective compartments. CS- trials followed the same procedure as 

presented in previous experiments with the current body of work. 

At the completion of 15 days of conditioning, all subjects were 

individually housed in the main colony room for 15 days (to void the females of 

sperm). The subjects were then placed back in the testing chambers for a 5 min 

copulatory test. 

Equal numbers of subject pairs were randomly selected from each of the 

training groups to form a control group. The control group was not signaled prior 

to the fertility/copulation test. The remaining subjects from both the full access 
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and the visual access groups were signaled prior to the fertility/copulation test. All 

subjects within the copulatory pairs were signaled identically. If a copulatory pair 

was in a signaled group, then both the male and the female of the pair were 

signaled. Conversely, if a copulatory pair was unsignaled, then neither the male 

nor the female of the pair was signaled. 

After the test trial, all female subjects were individually housed in the 

main colony room, and eggs were collected from the females for 10 days. Eggs 

were then incubated and tested for fertility as in prior experiments. 

Response Measures 

Time in zone was observed for males within the visual access only group 

during training. The effective zone was measured out from the window 24 cm. 

Given the design of the chamber, which included wire-mesh barriers that 

truncated the chamber floor area towards the window, the zone area measured 

approximately one fifth of the floor area for male side of the chamber. Other 

response measures for both the male and the female of the pair were the same as 

in prior experiments.  These measures included the index of male copulatory 

efficiency as well as fertility. 

Results 

A paired t-test was used to measure the effect of visual access as an 

Unconditioned Stimulus. Male Japanese quail in the “visual access only” group 

spent a significantly higher amount of time in front of the window, in the zone 



118 

area, during the CS time period on training trial 15 than on training trial 1, t(11) = 

-3.046, p < 0.05. On the first training trial males spent and average of 6.09 sec 

(S.E. ±1.34) in front of the window during the CS presentation time period, while 

on the fifteenth training trial they spent an average of 16.71 sec (±2.65). 

A one-way analysis of variance (ANOVA) was used to analyze the effect 

of the different training procedures on the rate of fertility. There was a significant 

difference between the three test groups, F(2, 22) = 10.958, p < 0.05. Post-Hoc 

contrasts for the test trial showed that the signaled group had a significantly 

higher rate of fertility than the control group, t(20) = 4.047, p < 0.05. There was 

also a significant difference between the groups that received different USs for the 

training trials, t(20) = 2.510, p < 0.05. Those subject pairs that had “full access” 

for training showed significantly higher levels of fertility than those subject pairs 

that received “visual access only.” The “full access” group had a mean fertility 

rate of 39.01 (S.E. ±5.88), the “visual access only” group had a mean fertility rate 

of 18.93 (±7.54), and the control group had a mean fertility rate of 1.56 (±1.56). 

See Figure 17.  

A one-way analysis of variance (ANOVA) was also used to analyze the 

effect of the different training procedures on the index of male copulatory 

efficiency. There was a significant difference between groups, F(2, 22) = 14.258, 

p < 0.05. Post-Hoc contrasts for the test trial showed that the signaled groups had 
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Figure 17:  Bar graph of the significant group difference on the measure of 
Fertility Rates for Experiment 7 (F(2, 22) = 10.958, p < 0.05).  
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a significantly higher rate of fertility than the control group, t(20) = 4.438, p < 

0.05. There was also a significant difference between the groups that received 

different USs for the training trials, t(20) = 3.143, p < 0.05. Pairs that had full 

access for training showed significantly higher scores for the index of male 

copulatory efficiency than those subject pairs that received visual access only. 

The full access group had a mean index of male copulatory efficiency score of 

26.60 (S.E. ±1.94), the “visual access only” group had a mean score of 12.45 

(±4.91), and the control group had a mean score of 2.61 (±1.48). See Figure 18. 

Discussion 

Experiment 7 was designed to investigate the use of visual access only as 

an Unconditioned Stimulus in the Pavlovian conditioning of copulatory behavior. 

It was hypothesized that visual access would be sufficient to elicit changes in 

copulatory behavior and fertility. The findings of Experiment 7 support and 

expand prior findings investigating the use of visual-only access as the US in a 

sexual learning procedure. The current findings replicate those of Holloway and 

Domjan (1993), and expand these prior results to changes in copulatory behavior 

and fertility. Not only can visual access only be used to increase responding to the 

Conditioned Stimulus (Holloway & Domjan, 1993), but visual access only can 

also be used to increase responding to the Unconditioned Stimulus. 
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Figure 18:  Bar graph of the significant group difference on the measure of Male 
Copulatory Efficiency for Experiment 7 (F(2, 22) = 14.258, p < 0.05.).  
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When visual access only was used as the US, male Japanese quail came to 

spend a significantly greater amount of time in close proximity to the CS as 

training progressed. This finding indicates that males came to learn that the CS 

predicted visual access to the female. 

When compared to the control group, the signaled subjects pairs showed 

significantly higher levels of both copulatory behavior and fertility rates. The 

fertility rates for the signaled subject pairs were significantly higher than the 

control group. The index of male copulatory efficiency was also significantly 

higher for signaled subject pairs than the control group.  

In addition, those subject pairs that received full access during training 

showed significantly higher levels of both fertility and male copulatory efficiency, 

when compared to subject pairs that received visual access only during training. 

The rate of fertility for the full access group was significantly higher than the 

visual access only group. The index of male copulatory efficiency score for the 

“full access” group was also higher than the “visual access only” group. 

The results of Experiment 7 show that the use of visual access is a 

sufficient US in the sexual behavior system. The current results also support the 

hypothesis that practice of copulatory behavior is not needed to elicit a change in 

copulatory responding.  
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Chapter 6 

General Discussion 

In the natural world, survival of an organism depends on its ability to 

integrate information and predict possible outcomes. Pavlovian conditioning, 

discovered over one hundred years ago, is a mechanism of learning that may be 

responsible for the survival of the organism. With the discovery of Pavlovian 

conditioning, there was a flurry of investigative activity that sought to understand 

its underlying principles. However, during that time, little work was accomplished 

that looked at the adaptive significance of Pavlovian conditioning. Pavlov himself 

talked about the importance of a malleable system that could enable organisms to 

cope with differing stimuli. 

The present body of work sought to further develop evidence of Pavlovian 

conditioning as an adaptive tool. This was accomplished by investigating the 

sexual behavior system of Japanese quail. The sexual system was chosen because 

reproduction in any species is one of the most important behaviors that the 

organism can exhibit. Reproduction is closely related to reproductive fitness. It is 

reproduction that is responsible for the propagation of the species. Hence, any 

characteristic of reproductive behavior that can be improved will ultimately 

increase overall reproductive fitness. 

Sexual behavior in Japanese quail has been extensively investigated. The 

behaviors of the reproductive system range from courtship behavior to mate 
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choice, the initiation of copulatory behavior, and  the nature of the copulatory 

behavior itself (Domjan et al., 2003). Previously, experiments examining the 

sexual behavior of Japanese quail have looked primarily at latency to copulate as 

a measure of reproductive strength (Domjan et al., 1986; Gutiérrez & Domjan, 

1996). Prior investigations also looked primarily at male behavior, rather than the 

behavioral interactions between male and female Japanese quail subjects. 

Experiment 1 was designed to illuminate the relationship between male 

and female behavior during copulation. Behaviors directly related to sperm 

transfer were measured, in addition to latency to initiate copulatory behavior.  

Male Japanese quail transfer sperm by making cloacal contact with the female. 

The cloacal contact response is the final behavioral response in a repertoire that 

begins with the male grabbing the female by the back of the head or neck. The 

male can then mounts the female’s back with both feet. After a successful mount 

response, the male arches his back so as to press his cloacal opening against that 

of the female. To examine the robustness of the male copulatory response, an 

index of the efficiency of the male’s copulatory behavior was calculated, using all 

the behaviors of the male copulatory repertoire. Higher copulatory efficiency 

scores reflected fewer interruptions of the grab-mount-cloacal contact behavior 

sequence. Without interruption of the behavioral sequence, males showed a high 

level of the index of male copulatory efficiency. 
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The results of Experiment 1 found a high degree of inter-relation between 

male and female copulatory behavior. The index of male copulatory efficiency 

was significantly correlated with the measure of female receptivity—immobility. 

Both behavioral measures of copulatory behavior, male efficiency and female 

immobility, were significantly correlated with fertility rates. The more time that 

females spent immobile, the more likely males could complete all the copulatory 

behaviors leading up to sperm transfer without interruption, generating a high 

level of efficiency. This inter-play of male and female behavior was directly 

related to fertility rates. A copulatory pair with high female immobility would 

allow for a male with a high index of male copulatory efficiency, which would 

allow for high rates of fertility. These findings indicate that reproductive success 

is dependant upon the successful interaction between the male and the female. 

Although the Japanese quail female reproductive system is physiologically 

complex, it appears as though female Japanese quail are using copulatory 

behavior to control fertility. According to Hillriegel and Ward (1998), the 

complexity of the female reproductive system indicates a possible a post-

copulatory control of paternity (Hellriegel & Ward, 1998). The findings of 

Experiment 1 indicate that it is possible that the female Japanese quail controls 

fertility by behavior during copulation, not after the copulation has taken place. 

Experiment 1 showed a high correlation between fertility rates and copulatory 

behavior, indicating that fertility could possibly be controlled by behavioral 
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measures. However, female Japanese quail may still be using cryptic female 

choice (See Eberhard, 1996), when there are multiple inseminations by multiple 

males. During a single mating trial however, it appears as though female Japanese 

quail ensure successful fertility though their copulatory behavior. 

The results Experiment 1 also showed that a methodological change was 

in order before proceeding on with the investigation into the Pavlovian 

conditioning of copulatory behavior and fertility. The design of Experiment 1 was 

flawed in that it allowed the unpaired subjects to predict the opportunity of 

copulation. This prediction of copulation most likely came from the movement of 

subjects into the chambers in which they received copulation, not the explicit CS 

of the training chambers. Hence, in all likelihood, all subjects regardless of 

training group, were given the pairing of a CS followed by the US. This 

methodological flaw was addressed and fixed in subsequent experiments. 

Experiments 2 and 3 were designed to further examine the interplay of 

copulatory behavior between male and female Japanese quail. In addition, 

Experiments 2 and 3 developed a basic Pavlovian conditioning design that 

addressed the adaptive significance of the learning mechanism. Experiment 2 was 

the first of many experiments in the current body of work to use a Pavlovian 

conditioning procedure that would result in the prediction of copulatory 

opportunity. In Experiment 2 all subjects received a 30 sec Conditioned Stimulus 

(CS), a green key light, followed by 5 min of copulatory opportunity—the 
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Unconditioned Stimulus (US). According to Pavlovian conditioning theory, after 

training, the perception of the CS should allow the organism to predict the 

availability of the US. Thus, Japanese quail should come to predict copulatory 

opportunity after the above Pavlovian conditioning training procedure. Following 

fifteen training trails, subject pairs were split into four different test groups. These 

four test groups were devised to test the inter-relationship between male and 

female behavior during copulation. 

The four test groups involved signaling one or both of the subjects in a 

copulation pair. The four test groups were: both the male and the female signaled, 

only the male signaled, only the female signaled, or neither the male nor the 

female signaled. Both Experiments 2 and 3 showed that signaling both the male 

and the female of the pair yielded higher rates of fertility than the other three test 

groups. Experiment 3 also showed that signaling both the male and the female of 

the copulatory pair yielded higher rates of copulatory efficiency, as measured by 

the index of male copulatory efficiency, than the other three test groups. Signaling 

only one member of the copulatory, either the male or the female, pair was not 

sufficient to alter fertility or male copulatory efficiency from controls. These 

results were consistent with the findings of Experiment 1. Experiments 2 and 3 

show that there must be a collaborative inter-play between male and female 

Japanese quail for successful insemination to take place and for Pavlovian 

signaling to make a difference. 
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Experiments 2 and 3 showed directly the adaptive significance of 

Pavlovian conditioning. Male-female pairs in which both partners were signaled 

showed significantly higher rates of fertility. Hence, Pavlovian conditioning can 

increase reproductive fitness, in the form of increased fertility rates. The quality 

of the interaction at the behavioral level also improved. The male copulatory 

efficiency showed the same pattern of results as the fertility rates for both 

Experiments 2 and 3. These results are consistent with the behavioral findings of 

Experiment 1. Signaled females were likely more receptive, allowing for a 

signaled male to be very efficient during the copulatory interaction. The 

combination of behaviors from both the male and the female yielded copulatory 

pairs that showed high levels of fertility.  

Experiments 2 and 3 showed that in order for Pavlovian conditioning to 

have an adaptive effect on the reproductive interaction of Japanese quail, both 

partners of the interaction must be able to predict the coming copulatory 

opportunity. The findings of Experiments 2 and 3 add to the growing body of 

evidence indicating that Pavlovian conditioning can increase reproductive fitness 

(Adkins-Regan & MacKillop, 2003; Hollis et al., 1997). Hollis et al., (1997) 

signaled only the male of the copulatory pair. Adkins-Regan and MacKillop 

(2003) signaled both partners during training, but tested with naïve counterparts—

trained males were signaled and then given a naïve female with which to copulate 

during testing. The above mentioned experiments primarily utilize the signaling 
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of one partner of the copulatory pair. However, unlike these prior experiments 

investigating the effects of Pavlovian conditioning on reproductive fitness, 

Experiments 2 and 3 yield a slightly different conclusion. Experiments 2 and 3 of 

the current body of work indicated that when a subject has been trained with a 

Pavlovian signal, that signal must occur during testing to produce biological 

changes. When both partners of the copulatory pair are trained, non-naïve 

subjects, signaling both partners allows for an effective copulatory interaction. 

Experiments 4, 5, and 6 were designed to examine various manipulations 

of Conditioned Stimulus factors, and their outcome on conditioned fertility and 

copulatory behavior. These experiments were developed to examine how the 

conditioned effects on fertility and copulatory behavior depend on the duration or 

type of Conditioned Stimulus that is used. Altering the factors related to the CS 

will often change the efficacy of the CS (Cusato & Domjan, 1998; Öhman & 

Mineka, 2001) The more salient a Conditioned Stimulus, the stronger and longer 

lasting the Conditioned Response (Öhman & Mineka, 2003).  

Experiments 2 and 3 provided a way to increase fertility rates and the 

efficiency of copulatory behavior through Pavlovian conditioning. Experiments 4, 

5, and 6 were designed to examine how these measures could be further 

manipulated by changing various aspects of the CS.  

Experiment 4 was designed to examine the effect of different CS-US 

interval times on conditioned fertility and copulatory behavior. Prior experiments 



132 

have shown that altering the time between the onset of the CS and the onset of the 

US (CS-US interval) changes the topography of the Conditioned Response 

behavior in male Japanese quail (Akins et al., 1994). Male subjects that were 

given a short CS-US interval time showed greater amounts of time spent in close 

proximity to the CS, whereas subjects conditioned with a long CS-US interval 

showed significantly greater amounts of locomotor activity. While Akins, 

Domjan, and Gutierez (1994) showed differences in the type of behavior 

exhibited for the Conditioned Response, Experiment 4 was designed to examine 

possible differences in the Unconditioned Response. Those behaviors looked at 

during the UR were consistent with prior experiments in this body of work, 

namely fertility rates and the index of male copulatory efficiency. In addition, the 

CS-US interval was manipulated in Experiment 4 for only female Japanese quail 

subjects. All male subjects received the same CS-US interval. It was hypothesized 

that a longer CS-US interval would allow for a greater preparatory time period, 

and hence be a more effective manipulation for female subjects. 

Experiment 4 showed no significant differences in fertility rates or the 

index of male copulatory efficiency among female groups conditioned with 

different CS-US intervals. The CS-US intervals tested included 30 sec, 10 min, 

and 20 min. In addition, during testing there was a randomized “control” group in 

which subject pairs did not receive a CS signal prior to the US. All subject pairs 

in any of the CS-US interval groups showed high rates of both fertility and the 
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index of male copulatory efficiency. However, when subject pairs in the different 

CS-US interval groups were pooled into a “signaled” group, results changed. 

These signaled copulatory pairs showed significantly higher levels of fertility and 

higher male copulatory efficiency, than the “unsignaled” control subject pairs. 

These results indicate that altering the CS-US interval for female subjects does 

not change the measures of the Unconditioned Response in Japanese quail. 

However, Experiment 4 did show that allowing for preparation prior to the US 

increases fertility rates and copulatory behavior, consistent with the results of 

Experiments 2 and 3. 

Experiment 5 of the current body of work was designed to examine the 

effect of a different type of Conditioned Stimulus on the Pavlovian conditioning 

of copulatory behavior and fertility. Instead of using a discrete stimulus, such as a 

green key light, Experiment 5 utilized different contexts as the CS to predict 

copulatory opportunity. Male Japanese quail are quite susceptible to the use of 

context conditioning on conditioned behavior (Akins et al., 1994; Domjan et al., 

1992). In Experiment 5, subjects were placed alternately in a white and a brown 

color context. A discrimination Pavlovian conditioning procedure was used. For 

half the subjects, the white context was the CS+, while the brown context was the 

CS+ for the remaining subjects. Unlike the other experiments in the current body 

of work, in Experiment 5 there were no established copulatory pairs. All subjects 

were trained and tested with a different partner each day. Using this design, group 
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assignments similar to Experiments 2 through 5 could be used. For testing, 

subjects were assigned to a both signaled, male only signaled, female only 

signaled, or a neither signaled condition. 

The results of Experiment 5 showed no significant difference on the 

measures of fertility or male copulatory efficiency between the four test groups. 

Hence, Experiment 5 failed to replicate the results of Experiment 3. However, 

Experiment 5 yielded a significant difference on the measures of fertility rates and 

the index of male copulatory efficiency between the both signaled and the neither 

signaled groups. Therefore, the results of Experiment 5 showed that context can 

be used as an effective CS in a Pavlovian conditioning procedure of copulatory 

behavior. Moreover, the results of Experiment 5 also showed that male Japanese 

quail can readily distinguish between two contexts. Male subjects showed lower 

latencies to cross to the female side of the experimental chamber during CS+ 

presentations, whereas latencies to cross significantly increased during CS- 

presentations. These results both confirm and extend prior findings of context 

conditioning in Japanese quail (Domjan et al., 1992). 

Experiment 6, the last experiment in this body of work to directly examine 

the effectiveness of manipulating cue factors in the Pavlovian conditioning of 

copulatory behavior, was designed to examine the use of biologically relevant 

stimuli. Prior experiments in the current body of work have utilized only arbitrary 

Conditioned Stimuli. Arbitrary CSs are important to the investigation of 
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copulatory behavior and sexual learning because they tell of the plasticity of the 

behavior system. Although useful, these arbitrary stimuli do not lend themselves 

to extrapolations to the natural environment (Cusato & Domjan, 1998).  

Experiment 6 was designed to directly examine the possible effectiveness 

of a biologically relevant cue as compared to an arbitrary cue. The Conditioned 

Stimuli of Experiment 6 were a terrycloth stick and a taxidermically prepared 

head. Experiment 6 also went back to the design of consistent copulatory pairs. 

Half of the subject pairs were trained with Conditioned Stimulus of a terry cloth 

stimulus, while the other half were trained with the taxidermic head. For those 

subjects receiving training with the taxidermic head, male subjects were presented 

a female head while female subjects were presented a male head. All Conditioned 

Stimuli were covered with a clear plexiglass cup, so that subjects could not 

physically interact with the stimuli. 

The results of Experiment 6 indicated that biologically relevant stimuli, 

when used as a CS in a Pavlovian conditioning procedure of copulatory behavior, 

do not significantly change either rates of fertility or male copulatory efficiency. 

When compared to the arbitrary CS of terrycloth, the biologically relevant 

stimulus did not significantly alter the Unconditioned Response. However, when 

compared to the unsignaled control group, signaled subjects pairs did show 

significantly greater levels of both fertility rates and male copulatory efficiency. 

Hence, the results of Experiment 6 support the prior findings in the current body 
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of work—namely that signaling subjects prior to copulatory opportunity increase 

both the fertility rates and the index of male copulatory efficiency.  

The findings of Experiment 6 have distinct implications for Pavlovian 

conditioning as a tool for organism’s adaptability. In the natural world, animals 

often encounter biologically relevant stimuli. Domjan (2005) argued that in the 

natural world, the Conditioned Stimulus is frequently a remote or partial feature 

of the Unconditioned Stimulus. Hence, the Pavlovian conditioning that takes 

place in the natural world serves to possibly initiate certain behaviors. The natural 

CSs found by the organism are often precursors of the Unconditioned Stimuli.  In 

the natural world, only a biologically relevant CS would have opportunity to 

become part of a Pavlovian conditioned association. But in the laboratory, the 

experimenter has the ultimate control over how, when, and what type of 

Conditioned Stimulus is paired with the Unconditioned Stimulus.  

The fact that biologically relevant Conditioned Stimuli, in a fertility 

conditioning procedure, have no measured advantage over arbitrary stimuli is 

important. It indicates two things. The first is that the Pavlovian conditioning 

mechanism is not “predisposed” specially tuned to certain stimuli—the 

mechanism is truly plastic. The second is that the important outcome of a 

Pavlovian conditioning procedure is the association formed. If the organism can 

predict a possible outcome, regardless of the type of cue, then the organism can 

better and more efficiently interact with its environment. If Japanese quail 



137 

copulatory pairs can predict the occurrence of copulatory opportunity, then the 

copulatory behavior will be more efficient. Looking at it in regards to adaptive 

behavior, this efficient interaction results in better male copulatory behavior and 

higher rates of fertility. 

Experiment 7 was designed to examine the effects of prediction over 

practice. In Experiment 7 half the male/female pairs were given full access to 

each other after the presentation of an arbitrary Conditioned Stimulus—much like 

the training procedure used in Experiments 2 and 3. The other half of the 

male/female pairs were only allowed visual access to each other after the 

presentation of the CS. As in all prior experiments in the current body of work the 

measure of interest was the Unconditioned Response. Holloway and Domjan 

(1993) examined the effectiveness of visual access to a female in the conditioning 

of approach behavior in male Japanese quail. The use of visual access only was an 

effective Unconditioned Stimulus for approach behavior in male Japanese quail 

(Holloway & Domjan, 1993). Experiment 7 was designed to extend these prior 

findings to possible changes in the Unconditioned Response. As measures of the 

Unconditioned Response were required, Experiment 7 included a test with full 

copulatory access as the Unconditioned Stimulus, regardless of the Unconditioned 

Stimulus used during the training procedure. 

The results of Experiment 7 showed that copulatory pairs with full access 

during training have significantly higher levels of both fertility rates and male 
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copulatory efficiency than unsignaled control pairs. Those copulatory pairs that 

received visual access during training also showed significantly higher levels of 

both fertility and male copulatory efficiency over non-signaled male/female pairs. 

Interestingly, full access copulatory pairs showed significantly higher levels of 

these measures than visual access subjects pairs. 

The results of Experiment 7 also indicate a learning effect for the visual 

access pairs similar to that found in Holloway and Domjan (1993). As training 

progressed, male subjects in the visual access training group came to spend a 

significantly greater amount of time in close proximity to the CS, during the CS 

period. These findings indicate that male subjects learned to predict the 

presentation of visual access to the female. These results also indicate that for 

males, visual access is rewarding enough to establish a Pavlovian conditioned 

association. 

The findings of Experiment 7 support and expand prior findings 

investigating the use of visual access only as the US in a sexual learning 

procedure. The current findings partially replicate those of Holloway and Domjan 

(1993), and expand these prior results to changes in copulatory behavior and 

fertility. Not only can visual access only be used to increase responding to the 

Conditioned Stimulus (Holloway & Domjan, 1993), but visual access only can 

also be used to increase responding to the Unconditioned Stimulus 
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The findings of the test trial of Experiment 7 support two primary 

conclusions. The first conclusion is that visual access to an Unconditioned 

Stimulus is sufficient to promote learning effects in the Pavlovian conditioning of 

copulatory behavior. These learning effects can be manifested as increased 

approach to the CS (Holloway & Domjan, 1993) or as increased efficiency of the 

Unconditioned Response. In Experiment 7, subject pairs trained with visual 

access still showed higher levels of fertility rates and the index of male copulatory 

efficiency over unsignaled control pairs. As in the prior findings within the 

current body of work, the ability to predict an interaction, either visual or 

physical, increases the efficiency of behavior during that interaction with the 

Unconditioned Stimulus. 

The second primary conclusion indicated by the results of Experiment 7 is 

that practice with the Unconditioned Stimulus is not required to manifest an 

increase in an efficient Unconditioned Response. Practice is not needed to 

produce a change in the quality of the Unconditioned Response. The results of 

Experiment 7 indicate that prediction of one aspect of the US—visual cues—is 

sufficient to alter the behavior shown during an eventual interaction with the 

Unconditioned Stimulus.  
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INTERPRETATION OF THE PRESENT FINDINGS 

Several implications have come about from the current body of 

experimental investigations of the Pavlovian conditioning of copulatory behavior 

and fertility. The first implication is of theoretical and methodological 

importance. One of the conclusions of the current body of work is that both the 

male and the female of the copulatory pair must be able to anticipate copulatory 

interaction, in order to show the gains of Pavlovian conditioning on copulatory 

behavior. This general finding is inconsistent with previous work examining the 

Pavlovian conditioning of copulatory behavior and fertility (Adkins-Regan & 

MacKillop, 2003; Hollis et al., 1997). 

There are several possibilities for this discrepancy between these research 

examinations. The first possibility stems from the divergent methodological 

procedures employed for the current body of work and these prior experiments. 

Hollis and colleagues (1997) found that copulatory behavior and fertility can be 

altered through the Pavlovian conditioning of only one of the copulatory pair, in 

this case the male. In this investigation, half the male subjects were trained with a 

Pavlovian procedure, while the other half of the male subjects were not—an 

unpaired design. All males were then tested with the Conditioned Stimulus 

followed by interaction with the female for several days (Hollis et al., 1997). 

Males were tested with sexually experienced females. The design of this 

experiment—paired vs. unpaired training groups—could in fact be the primary 
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reason for the discrepancy between results. All experiments except Experiment 1 

within the current body of work utilized a design that signaled all subjects during 

training, but then removed that signal in an orderly manner for testing. In 

addition, because of constraints on the system being used to investigate Pavlovian 

conditioning (blue gourami fish), test pairs were allowed to interact for six days. 

In contrast, the test trails for the majority of the experiments within the current 

body of work were a single 5 min interaction. 

Adkins-Regan and MacKillop (2003) utilized a contextual conditioning 

procedure. Results indicated that one partner of the pair need only be able to 

predict copulation in order to produce differences in fertility rates. However, 

subjects were trained with sexually experienced partners, but tested with sexually 

naïve ones. In addition, male subjects were allowed full copulatory access during 

training, while female subjects were only allowed visual access (Adkins-Regan & 

MacKillop, 2003). In contrast, the experiments within the current body of work 

utilize sexually experienced subjects throughout the investigation, and provide 

female subjects full copulatory access during training. This difference in 

methodology may have been substantial enough to elicit different results and 

conclusions about the effect of Pavlovian conditioning on copulatory behavior 

and fertility. 

Perhaps the largest difference between the current body of and these prior 

investigations into the Pavlovian conditioning of copulatory behavior and fertility 
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come from the overall methodological design. In the current body of work, except 

for Experiment 1, all subjects received the same training of a Conditioned 

Stimulus followed by the Unconditioned Stimulus. During testing, that CS was 

removed for certain subjects, producing the four group test design found in 

Experiments 2 through 5. Experiments 6 and 7 of the current body of work also 

utilized the design of training all subjects, but then removing the CS to establish 

the control group for testing. 

The training of all subjects with a Conditioned Stimulus, but then 

removing that CS during testing, may be the primary factor for the overall results 

of the current body of work. For example, Experiment 2 used a design in which 

all subjects were equally trained to predict copulatory interaction through the 

presentation of the Conditioned Stimulus (green candelabra light). The light—the 

discrete CS—was the primary means the organism could predict copulation. 

During testing, the ability to predict the copulatory interaction was removed for 

some subjects. Hence, the results of Experiment 2 are the outcome of comparing 

being able to predict copulation vs. not being able to predict copulation through 

the removal of the predictive cue. This is “removal” design is different from the 

use of a paired vs. unpaired design. In the paired vs. unpaired design, the results 

are the outcome of comparing the ability to predict the copulatory interaction vs. 

not being able to predict copulation through naïveté. Some subjects in this design 

will never be able to predict copulation by the Conditioned Stimulus. 



143 

Thus, a question that arises is: why use the former design—the design of 

prediction removal? The design of prediction removal was used because the 

experimenter can control the CS being used by the organism. In the natural world, 

the organism can use features from part the Unconditioned Stimulus itself as a 

means of predicting the full US. Hence, in the natural world, the CS being used 

may in fact be a portion, or feature, of the US (Domjan, 2005). Regardless of 

where the US is presented, in the laboratory or in the wild, the organism may be 

able to use a feature of the US to predict an outcome. This is true of an 

experimentally “unpaired” group. Although not able to predict an outcome based 

on the CS given by the experimenter, it may still be possible that the organism can 

use other cues to make predictions. For this reason the prediction removal design 

was primarily used, so that all subjects used the same stimulus to predict the 

copulatory interaction. The current experiments could then examine not only the 

effect of being able to predict an event, but also the effect of not being able to 

predict an event. 

However, just as the prediction removal design allows for the 

experimenter to explicitly dictate what CS is to be used by the organism, it is also 

subject to the effects of conditioned inhibition. The majority of the experiments 

within the current body of work utilize a procedure in which all subjects receive 

both a CS+ trial and a CS- trial (Experiments 3 through 7), see Figure 19. On CS+ 
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Figure 19: Graphical representation of the procedure used for the majority of the 
experiments within the current body of work. The lower graph represents the 
relative values attributed to different cues, and possible behavior changes due to 
the use of the cues by the organism. 
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trials subjects were given a potentially compound stimulus, while on CS- trials 

subjects were given only part of that compound stimulus. It is possible that using 

such a design effectively “drives down” behavior on the test trial when certain 

features of the CS+ are missing. For example, in Figure 19 the CS+ compound 

stimulus likely involves the light CS, the raising of the door as a CS, and the 

possible natural features of the Unconditioned Stimulus as a CS also. In contrast, 

the only cue mentioned above available to the organism on CS- trials is the raising 

of the partition door. As training progresses, the value of the door as a predictive 

cue decreases. Hence, on the test trial, when the light is not presented, the overall 

behavior depends on the cues of the door being raised and the natural CS features 

of the US. Because of the conditioned inhibition of the door cue, the behavior 

during an unsignaled test trial is dramatically lower than on a signaled test trial. 

Hence, the majority of experiments with the current body of work compared the 

effects of being able to predict an outcome vs. not being able to predict an 

outcome because of prediction removal. This allowed for the direct examination 

of the effects of prediction of an outcome based on a specific, experimenter 

controlled Conditioned Stimulus. 

 

SIGNIFICANCE OF THE PRESENT FINDINGS 

The experiments presented in the current body of work examined the 

effects of Pavlovian conditioning on copulatory behavior in Japanese quail. 



147 

Historically, the Pavlovian conditioning procedure has been acknowledged as a 

mechanism of organism adaptability. However, the biologically relevant purpose 

of Pavlovian conditioning has only been recently discussed and investigated 

(Domjan, 2005; Domjan et al., 2000; Hollis, 1997; Hollis et al., 1989). 

Additionally, several attempts have been made to re-integrate the functional 

purpose of Pavlovian conditioning with more mechanistic learning approaches 

(Domjan et al., 2004). 

The sexual behavior system lends itself easily to the investigation into the 

adaptive significance of Pavlovian conditioning. Specifically, the sexual behavior 

system of Japanese quail is well suited to the study of Pavlovian conditioning. 

Without much modification, mature male and female Japanese quail will readily 

respond to a sexual Unconditioned Stimulus, producing the Unconditioned 

Response of sexual behavior (Domjan et al., 2004).  

Traditionally, studies of Pavlovian conditioning in the sexual behavior 

system have utilized Japanese quail with great success (Domjan et al., 1986; 

Farris, 1967). However, like other investigation of Pavlovian conditioning, these 

early studies concentrated on investigating the mechanisms of Pavlovian 

conditioning and utilized arbitrary stimuli as the Conditioned Stimulus. 

Additionally, this early work measured the Conditioned Response, or in some 

cases behavior that mimics the Unconditioned Response, directed towards a 

Conditioned Stimulus (See Domjan et al., 2004 for review). 
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The current body of work was developed to examine whether Pavlovian 

conditioning could alter the behavioral response directed toward the 

Unconditioned Stimulus and the biologically relevant process of fertility. If 

Pavlovian conditioning is truly a mechanism of adaptive significance, then it 

should produce effects that alter the interaction of the subject with the 

Unconditioned Stimulus. In the context of fear conditioning, the Pavlovian 

mechanism allows the organism to avoid possible harm. But in the context of 

copulatory behavior, the Pavlovian mechanism allows the organism to better 

prepare for the impending interaction. Arguably, if the organism is better prepared 

then the ensuing interaction will be of greater quality.  

The experiments presented here support the notion of the adaptive 

significance of Pavlovian conditioning. By being able to predict an impending 

interaction with the Unconditioned Stimulus, Japanese quail can alter the 

efficiency with which copulatory behavior is expressed. After a Pavlovian 

conditioning procedure, male Japanese quail reliably perform the behavior of 

copulation in a more efficient manner. This efficiency is most likely due to a 

similar effect on the behavior of the female—making her more behaviorally 

receptive. By allowing the copulatory pair to interact in an efficient manner, the 

fertility rates concurrently increase. In addition, this effect of increased efficient 

interaction does not seem to require any practice of the interaction.  
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From its initial discovery, Pavlovian conditioning has been looked upon as 

a simple, yet effective mechanism of learning, which ultimately serves the 

purpose of survival and adaptation of the organism. By creating a mechanistic 

“rule” that the organism can follow, Pavlovian conditioning provides the means 

by which the organism can better interact with the present environment. By better 

interacting with the environment, the organism stands a better chance of survival. 

Additionally, the mechanism of Pavlovian conditioning is such that the learned 

“rule” can change and alter given the changing environmental cues. Hence, the 

mechanism of Pavlovian conditioning provides the organism with a means of 

survival and adaptation that can be readily conformed to the most critical 

environmental and contextual challenges. 
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