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ABSTRACT 

This paper discusses methodological and theoretical issues associated with proboscis 

conditioning in neglected pollinators. The case is made that the search for learning curves 

similar to those found in Apis is hindered by several factors. Among the most important 

are the lack of consensus on what is classical conditioning and the allure of cognitive 

explanations of insect learning. However, the problem is fueled by few examples of 

individual data and no generally accepted learning taxonomies. On the other hand, the 

possibility exists that the proboscis learning found in Apis is overestimated as a research 

methodology. The few cases of proboscis conditioning in pollinators not generally used 

as model systems (not Apis or Bombus) are compared to results found with honey bees. 

Although generally conditioning is less complete, what is also noteworthy is the spotty 

occurrence of cases across the pollinator taxa. Finally, suggestions are provided on the 

type of training variables that should be manipulated in an effort to find learning curves 

similar to those found in Apis. 
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1. INTRODUCTION 

The honey bee (Apis mellifera) proboscis conditioning technique has provided a wealth 

of information not only about learning (Mallon, et al., 2003) but also as a bioassay for the 

effect of agrochemicals (Abramson et al., 1999), questions about repellants and attractants 

and about food preferences (Abramson et al., 2010). Indeed, what makes this methodology 

such an ideal system for agricultural questions is the rapid rate at which learning occurs and 

the high acquisition levels obtained (Abramson, 1994). 

Apis and Bombus have a long record as being used as model systems for making 

generalizations about the learning, behavior and physiology of bees and even of insect 

pollinators. Their importance as managed pollinator systems has been a key component to the 

green revolution in terms of crop productivity. Relying on a single or even a limited number 

of pollinator species presents risks, as we have experience recently with Apis mellifera and 

emergent diseases such as Varroa and CCD. However, only about 10 of approximately 20,000 

pollinator bee species are managed for agricultural purposes (Cane, 1997), and so great 

potential exists to develop new pollinator systems using bees alone (Bosch and Kemp, 2002). 

We have little knowledge of whether our Apis and Bombus system are really applicable as 

models of what to expect if using other pollinators. The proboscis conditioning method offers 

itself as a potential comparative measure for similarities and differences among pollinator 

species. 

This paper addresses the difficulty of researchers working with insect pollinators not 

typically used as model systems to find learning curves generated from the classical 

conditioning of proboscis extension to approximate those found with honey bees from the 

genus Apis. It is not uncommon, for example, for learning curves in Apis mellifera to reach 

almost 100% while for some stingless bees no evidence for proboscis conditioning can be 

found. The question is why. We would like to note at the outset that there are very few studies 

on proboscis conditioning in pollinators other than honey bees. We will therefore focus our 

paper on theoretical and methodological issues in the hope and expectation that it will serve 

as a guide for future research.  

The proboscis extension reflex is most easily studied by placing the test insect in some 

type of restraining device. With Apis mellifera, this can be accomplished by taping them into 

small metal tubes (Abramson, 1990). Once harnessed, the insect, in theory, readily extend its 

mouthparts (proboscises) to feed on a sucrose solution (the unconditioned stimulus or US) 

after the solution has been briefly applied to the antennae, on which sucrose sensitive contact 

sensillae are found (Minnich, 1932). One or more forward pairings of an odor (the 

conditioned stimulus or CS) with sucrose feeding increases the frequency of background 

emissions of proboscis extension to odor. The proboscis extension technique was first 

described by Frings (1944) and refined over the years by Kuwabara (1957), Takeda (1961), 

and Bitterman, Menzel, Fietz and Schäfer (1983). Automated versions of the technique are 

available from Vareschi (1971) and Abramson and Boyd (2001). 

The virtue of the proboscis extension reflex technique is that the experimenter can control 

training variables known to influence learning. For example, both conditioned stimulus and 

unconditioned stimulus durations, as well as interstimulus interval, and intertrial interval, can 

be precisely controlled with harnessed subjects. This type of variable control is not obtainable 

with free flying test subjects, even when using artificial flower patches to control the test 
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situation (Sanderson et al., 2006; Cakmak et al., 2009). The proboscis extension reflex 

technique is also better suited for quantitative physiological and biochemical analysis 

(Menzel, et al., 1991) and it should be noted that the development of the proboscis extension 

reflex technique permits a comparison between the learning ability of Apis under both 

―natural‖ (i.e., unharnessed) and ―unnatural‖ (i.e., harnessed) situations (Menzel and 

Bitterman, 1983). A further advantage is that subspecies differences in classical conditioning 

can be examined under very repeatable conditions in any location (Abramson et al., 1997; 

Abramson et al., 2008). 

The study of the proboscis extension reflex has led to many areas of fruitful research in 

Apis mellifera (Menzel and Bitterman, 1983; Kartzev, 1996). Of course, this includes 

mechanisms of learning such as studies of Pavlovian conditioning (Bitterman et al., 1983; 

Mercer, 1987; Batson et al., 1992; Buckbee and Abramson, 1997), and discriminative 

punishment (Smith et al., 1991). However, it has also been an important tool for 

environmental studies, which include the influence of pesticides on learning (Taylor et al., 

1987; Mamood and Waller, 1990; Stone et al., 1997) olfactory discrimination for application 

of insect attractants and repellants (Getz and Smith, 1987; Smith and Menzel, 1989), and as a 

rapid bioassay to measure detection of adulterated beeswax (Aquino et al., 1999). 

Additionally, the proboscis extension reflex has served as a model system for studying the 

biochemistry of learning and other forms of behavior modification in Apis (Mercer, 1987; 

Abramson, 1994; Menzel and Muller, 1996). 

II. THEORETICAL ISSUES 

Before embarking on a research program using the proboscis extension reflex in non-

standard pollinators we believe that it is important for the researcher to be aware of, and 

frankly to confront, several issues. We may not be voicing the popular opinion but 

nevertheless we believe we are correct in that these issues must be discussed and considered 

by researchers interested in extending the proboscis conditioning paradigm to pollinators not 

typically used as model insect systems. 

A. Inconsistencies in Definitions 

Within the area of learning theory, there is the lack of consensus among researchers as to 

the definitions of many learning phenomena. We will illustrate this with examples from 

classical conditioning, and operant conditioning. 

A.1. Classical conditioning 

The definition of classical conditioning is not always consistent among behavioral 

scientists. It is important to recognize this lack of consistency when evaluating studies of 

classical conditioning and in designing experiments using proboscis conditioning. Some 

psychologists, for example, stress that classical conditioning is the learning of relationships 

between cognitive events and that conditioning cannot be defined in terms of behavioral 
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change. Other psychologists stress that it may be incorrect to lump together various disparate 

procedures under the general category of classical conditioning. 

Within these extremes are definitions which stress that 1) prior to training the CS must 

not elicit the response that is to be conditioned, 2) the contingency between the CS and US, or 

3) classical conditioning is a procedure for creating a new reflex. On the other hand, a 

zoologist or entomologist might consider classical conditioning to be the pairing of a ―search 

image‖ with a sign stimulus or innate motor program. For the physiologist, the CS can be 

considered solely in terms of the electrical stimulation of afferent fibers.  

In considering the problem of what is classical conditioning, Gormezano and Kehoe 

(1975) and Gormezano, Kehoe and Marshall (1983) describe four variations of classical 

conditioning based on the nature of the conditioned response (CR): 1) Conditioned Stimulus-

Conditioned Response (CS-CR), 2) Conditioned Stimulus-Instrumental response (CS-IR), 3) 

Instrumental Approach Behavior, and 4) Autoshaping. 

 

1. The Conditioned Stimulus-Conditioned Response paradigm is considered to 

represent the ―pure‖ case of classical conditioning. Here the CS does not elicit the 

unconditioned response (UR) prior to training, and the CR emerges from the same 

effector system as the UR. For example, consider a hypothetical experiment in which 

a novel odor (e.g., peppermint) is presented to a stingless honey bee such as 

Melipona scutellaris and sucrose (US) is injected into the preoral cavity which elicits 

a feeding response (UR). Initially, the novel CS odor does not elicit a response. 

However, following several pairings of odor and sucrose, the bee will extend its 

feeding apparatus when the odor is introduced (CR) and before the US is presented. 

2. The Conditioned Stimulus-Instrumental Response paradigm contains those 

experimental designs commonly known as ―transfer of control: or classical-

instrumental transfer‖ in which classical conditioning is assessed not directly but by 

its influence on instrumental or operant responding. Perhaps the most well known 

example of this design is the conditioned suppression procedure in which a CS is 

paired, for example, with electric shock (US) and the ability of the CS to suppress 

on-going behavior is assessed. Consider a harnessed M. scutellaris that receives a 

novel odor (CS) paired with the presentation of shock 20 times in succession. An 

hour or so after the pairings the bee is permitted to feed from a large droplet of 

sucrose. While the bee is drinking, the experimenter presents the odor previously 

paired with shock. The question of interest is whether the proboscis retracts. If it 

does, conditioned suppression (assuming appropriate controls) is demonstrated  

3. The Instrumental Approach Design is a type of conditioning in which some 

―approach behavior‖ to a CS is necessary to receive the US. This procedure is 

illustrated by general activity to stimuli preceding food (i.e., conditioning of general 

activity) and either an instrumental runway or maze situation in which movement 

toward the food source is necessary. For example, a food deprived M. scutellaris 

might be confined to a small cage and illumination is paired with a feeding. Over 

several pairings the light begins to increase the general activity of the bee as the bee 

learns to associate food with light.  

4. Autoshaping is related to the CS-CR paradigm with the interesting property that the 

CR is not from an effector system related to the US. Autoshaping has never been 

attempted with invertebrates in part because the necessary apparatus has not been 



Issues in the Study of Proboscis Conditioning 29 

developed. In the original experiment pigeons learned to approach and peck a 

colored disk which was turned on before a food hopper was exposed (Brown and 

Jenkins, 1968). 

 

It is important to note that all four categories differ in many ways, including how the CR 

is measured, the accuracy with which the CS and US are presented in a response independent 

fashion, the nature of the target response, the amount of control the experimenter has over the 

training variables, and the degree to which the animal is restrained in the conditioning 

situation.  

In their discussions of classical conditioning, Gormezano and Kehoe (1975) consider the 

CS-CR paradigm the only unambiguous case of classical conditioning. It is no accident that 

much of what we know about the physiology and biochemistry of the classical conditioning 

of vertebrates comes from the rabbit nictitating membrane preparation, which uses the CS-CR 

paradigm (Gormezano, 1984; Byrne, 2003). The proboscis conditioning paradigm is not 

technically a CS-CR paradigm because the animal must stick out its proboscis to obtain the 

US. The proboscis is elicited by touching the antenna with sucrose. Thus the delivery of the 

US is not technically response independent – if the honey bee does not extend its proboscis 

the experimenter cannot delivery the sucrose. There is the further complication that the 

proboscis conditioning procedure can be considered a case where two unconditioned stimuli 

are paired. The first is antennae stimulation and the second is sucrose delivery to the now 

extended proboscis.  

It is worth noting that Gormezano and Kehoe (1975) do not consider alpha conditioning 

an example of classical conditioning. Alpha conditioning is a ―conditioned stimulus‖ that 

already, prior to training, elicits a small version of the conditioned response. For example, a 

weak sucrose solution might elicit a partial proboscis extension and a strong sucrose solution 

a full extension. By pairing the weak solution with the strong solution, a strong proboscis 

extension will come to be elicited by the weak solution. The issue of alpha conditioning 

versus classical conditioning was one of the factors that hindered the development of 

planarians as a model system in the 1960s (Nicolas et al., 2008). We would urge researchers 

interested in developing a proboscis conditioning procedure with non-standard social 

pollinators to look at some of the early planarian conditioning studies (Nicolas et al., 2008). 

It is important to realize that the reverse argument has also been made with respect to 

alpha conditioning. That is, alpha conditioning might actually represent instrumental 

conditioning (Razran, 1971). For example, consider a situation in which an experimenter 

presents a stingless honey bee with a chemosensory CS which elicits, prior to its pairing with 

a US, a partial proboscis extension. The US is a second chemosensory stimulus that elicits a 

large proboscis extension, and over the course of several CS-US pairings, the strength of the 

proboscis extension increases. Is this classical conditioning? Unfortunately, many behavior 

scientists would say yes. The results can just as easily be interpreted as a case of instrumental 

conditioning where a response to a stimulus is strengthened by a reward (the second 

chemosensory stimulus). 

A.2. Instrumental and operant conditioning 

Instrumental and operant behaviors are examples of associative learning in which the 

behavior of the subject is controlled by the consequences of behavior. Instrumental and 
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operant behavior can be explored using a variety of apparatus, which include devises such as 

running wheels, runways, mazes, shuttle boxes, and lever-press situations. 

Instrumental and operant behaviors are generally thought to be more complex than 

classical conditioning. One might roughly characterize the difference by saying that classical 

conditioning describes how associations between stimuli are made, and instrumental and 

operant conditioning describe how stimuli are associated with our own motor actions. 

Classically conditioned behavior emphasizes sensory integration, and instrumental and 

operant behavior emphasizes motivation: new behaviors are learned in order to obtain or 

avoid some stimulus. In addition, instrumental and operant behaviors are thought to be more 

complex than classical conditioning because learning depends on the subjects own behavior 

and usually requires an obviously new behavior. Despite these differences, instrumental and 

operant behavior share many properties with classically conditioned behavior. These include 

extinction, spontaneous recovery, generalization and discrimination. 

As originally conceived, operant behavior is characterized by the ―goal-directed‖ motor 

manipulation of the environment (Lee, 1988). In place of the goal-directed modification of 

behavior that was the hallmark of the Skinnerian system, operant conditioning now generally 

consists of any behavior sensitive to response-reinforcer contingencies. Thus, operant 

conditioning is now considered to include such procedures that modifying body position, 

running against a taxic or kinetic preference, and learning various mazes and runways 

(Brembs, 2003). 

We believe that instrumental behavior is not as complex as operant behavior and that 

there should be a distinction between the two. It is important to note that instrumental 

conditioning procedures may not constitute operant behavior. A major requirement of operant 

conditioning has been that species-typical behavior is minimized by interjecting a ―novel‖ 

behavior such as a lever press, or a non-arbitrary response brought under the control of a 

discriminative stimulus (or cue) placed between the animal and the animal‘s reception of 

some consequence. In this way, the experimenter demonstrates that the animal has learned not 

only how to operate some device but also ―how to use it.‖ 

One might be more confident that honey bees are engaging in operant behavior if it can 

be shown that: 1) the operant responses minimize species-typical behavior, 2) some property 

of the response class such as its rate, force, or interresponse time can be modified, 3) the 

response no longer occurs when such responses postpone the delivery of reward, and 4) the 

response can be brought under the control of a cue (i.e., discriminative stimulus). These 

experiments have not been performed. For example, it would be a simple matter to determine 

if a honey bee can adjust its running speed (move faster or slower) to obtain some reward. 

B. Taxonomies of Learning 

In addition to problems with the definitions of learning phenomena, it is important to be 

aware that there is no generally accepted taxonomy of learning. The importance of taxonomy 

and the relationships among entities is well known. An understanding of the relationships 

among the different types of learning is equally important. It is interesting to note how much 

effort was devoted to learning taxonomies in the early learning literature and how discussions 

of learning taxonomies have all but disappeared from the contemporary learning literature. As 
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Bitterman (1962) noted almost 50 years ago, ―Classification is not merely a matter of taste‖ 

(p. 81).  

Tulving (1985) describes six ways in which a classification scheme can advance the field 

of learning. These include providing theoretical structure to the design and analysis of 

experiments, replacing general categories such as classical and operant conditioning with 

detailed descriptions of the procedures, and novel procedures and results can be described 

easily in terms of the amount of deviation from specified categories. For example, it was 

suggested that those interested in conducting learning research with rattlesnakes (Abramson 

and Place, 2008) attempt to link their procedure with one of the classification schemes. 

Several taxonomies have been proposed. Important learning taxonomies to consider are 

those by Dyal and Corning (1973) and by Gormezano and Kehoe (1975) for classical 

conditioning, and the model by Woods (1974) for instrumental and operant conditioning. 

Woods‘ (1974) classification of instrumental conditioning identifies 16 categories of 

conditioning based on the presence or absence of a discriminative stimulus and the 

desirability of the reward. 

C. The Reporting of Individual Data 

Most studies of proboscis conditioning involve the reporting of group data. Many 

examples can be found in the honey bee literature. Data are often presented as the percentage 

or proportion of animals responding on each trial. In other cases, data are presented as group 

means or some learning score. Group data do not give the shape of individual learning curves 

nor information about the variation among animals (Stepanov and Abramson, 2008). 

Moreover, the number of bees discarded from a test population is rarely reported. Without 

such data, it is difficult to know how many animals from a given population do indeed learn. 

Thus, the reliance on group data could lead to statements about species characteristics that are 

not reliable or valid (Hirsch and Holliday, 1988).  

In the case of proboscis conditioning in honey bees, the lack of individual data is 

particularly striking. It has been shown that behavioral plasticity in honey bees is directly 

linked to sucrose responsiveness (Scheiner et al., 2004). Some honey bees may achieve high 

learning scores and others may not. This kind of behavioral variability may be reported only 

if the researcher looks at individual behavior. We believe that the analysis of individual 

learning curves is one of the most important methodological contributions of animal 

behaviorists and remains completely unknown for most contemporary behavioral biologists 

(Sidman, 1960, Smith et al., 1991). 

As learning is defined as a change in individual behavior, learning must be detected and 

verified at the individual level. Single case experimental designs are especially adapted for 

that purpose. Inter-individual variation and how learning traits are distributed in a population 

are questions worthy of investigation. Even here, however, the analysis of individual 

behavioral traits should not be overlooked. 
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D. Cognitive Explanations of Learning 

The trend toward interpreting proboscis conditioning in terms of ―representations,‖ 

―cognitions,‖ and other language borrowed from the vocabulary of human information 

processing may be unwarranted when applied to the learning of insects. It is often overlooked 

that there are still challenges to the use of cognitive concepts when applied to the learning of 

vertebrates (Amsel, 1989; Skinner, 1989). Even if it is concluded that some vertebrate species 

possess cognitive structures, the necessary experiments and replications by independent 

laboratories have not been performed to determine whether proboscis conditioning also 

posses such structures. The procedures of blocking, overshadowing, and successive negative 

contrast, for example, can all be explained without recourse to cognitive constructs 

(Couvillon and Bitterman, 1984). The same is also true with avoidance learning (Abramson et 

al., 1988). 

We view the rise in cognitive interpretations of insect behavior as alarming. Students are 

no longer being trained in traditional learning methodology and few professors have a grasp 

of the early learning literature. As surprising as this may sound, the word ―Behavior‖ has all 

but disappeared from glossaries of introductory textbooks in zoology, biology and 

psychology (Abramson and Place, 2005). We view the absence of the word behavior as 

problematic given the rise of cognitive approaches to the study of behavior (Amsel, 1989). 

Traditional behavioral issues are being tossed aside and all but forgotten by a new generation 

of students (Abramson, 1994; 1997). 

It is not a fantasy to imagine that in the future, discussions of such important areas as 

classical and operant behavior will be distorted and subsequently forgotten. Such a trend has 

already been documented in the case of texts used for advanced courses in the psychology of 

learning (Coleman, et al., 2000). Similarly, Sheldon (2002) has shown the inconsistency with 

which current introductory psychology texts portray operant conditioning and associated 

issues. 

 Before one can conclude that pollinators not typically used as model insect system have 

―cognitive‖ processes, a significant database must be developed based on traditional learning 

procedures. Clearly, the few invertebrate studies that are available do not warrant any 

cognitive interpretation. The necessary database is not there. We are not voicing the popular 

opinion but to argue cognition in an invertebrate because a phenomena appears in a vertebrate 

can equally suggest that the phenomena in the vertebrate is not based on cognition precisely 

because it is found in an invertebrate. 

In the previous section, we have summarized the general issues that a researcher must 

consider before conducting a proboscis conditioning experiment. These issues include lack of 

consistency in behavioral definitions, no generally accepted taxonomy of learning, the lack of 

data on individual organisms, and at least some amount of skepticism in the application of 

cognitive explanations when applied to insects. We also touched briefly upon the lack of 

training of students in traditional areas of learning. We will now discuss some of the 

methodological factors that should be considered in studying proboscis conditioning in 

neglected social pollinators. 
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III. METHODOLOGICAL ISSUES 

The first author, who has over 20 years experience conducting proboscis conditioning 

experiments, had the opportunity to conduct a proboscis conditioning experiment with the 

Uruçu (Melipona scutellaris) honey bee in Brazil, which is a stingless bee. Much to his 

surprise no effect of conditioning was found despite a robust unconditioned response to honey 

obtained from the same colony. Also, surprising was that a high molarity sucrose solution 

was ineffective in eliciting proboscis extension Abramson et al., 1999c). The odors of 

hexanal, geraniol, citral, Uruçu wax and Africanized honey bee wax were tried as conditioned 

stimuli, as was stimulation of the antenna with water. In each case, after 12 training trials few 

conditioned responses were noted. It was quite a surprise! 

Similar results occur when testing the stingless bee Scaptotrigona depilis (McCabe et al., 

2007). They did not show proboscis conditioning. Nevertheless, success in proboscis 

conditioning has been reported in some species of stingless bees, albeit the degree to which 

learning occurred was only about half of that of honey bees (McCabe et al., 2007). Although 

not a neglected insect model, it is worth noting that bumble bees (Bombus terrestris) also 

show proboscis conditioning; they however require more motivation and longer trial exposure 

to the CS than do honey bees (Laloi et al., 1999), which agrees with relative ease and success 

of recruiting bumble bees to feeders from colonies using odors (Wenner and Wells, 1991; 

Renner and Nieh, 2008). 

The differences among bee species in proboscis conditioning highlight the need for work 

with neglected pollinator species as well as the well established model system. Although, we 

would like to make generalizations about behavioral responses across pollinators using model 

systems such as honey bees and bumble bees, basic differences appear to exist even when 

dealing with colonial bee species that are pollinators. An important case in point was shown 

to be when honey bees base flower choice not on reward quality, but rather on flower color 

alone (Hill et al., 1997; Hill et al., 2001), which is not observed in bumble bees (Gegear and 

Laverty, 2004). 

The few proboscis conditioning studies that have utilized Lepidoptera present a picture 

that is similar to that observed with hymenopter pollinators. The moths Heliothis virescens 

(Hartlieb, 1996; Skiri et al., 2005) and Spodoptera littoralis (Fan et al., 1997), as well as the 

butterfly Agraulis vanillae (Kroutov et al., 1999), all demonstrate proboscis conditioning to 

various conditioned stimuli. However, the moth Manduca sexta does not show proboscis 

conditioning. Nevertheless, similar learning can be shown using activation of the cibarial 

pump using electromylographic activity in M. sexta (Daly and Smith, 2000; Daly et al., 

2001). This has in turn been used to look at olfactory learning with respect to neural 

representation (Ito et al., 2008). Whether results are directly comparable in terms of learning 

rate or frequency of acquired response is yet to be determined. 

At least one non-pollinator insect also demonstrate proboscis conditioning. Drosophila 

melanogaster under harnessed conditions will also show classical conditioning through 

proboscis extension to CS odors (Chabaud et al., 2006) The importance here is that the 

process is potentially applicable to a very wide range of insects (not just pollinators), but as 

noted above is not seen even in all pollinator species, even all social pollinator species. On the 

other hand, feeding in many insects is not related to proboscis extension and so proboscis 

conditioning is not a valid approach to learning. Clearly these insects can learn, as seen in 



Charles I. Abramson, Michel B. C. Sokolowski and Harrington Wells 34 

parasitoid wasps (Wackers et al., 2002; Bleeker et al., 2006), but direct comparison of 

learning to those insects using proboscis conditioning may never be possible. 

In reviewing the literature on proboscis conditioning of honey bees (Apis) in comparison 

with pollinators not typically used as model animal system it is readily apparent the proboscis 

conditioning technique is not as effective. The learning curves for moths and butterflies are 

all significantly lower than that for Apis (Hartlieb, 1996; Fan et al., 1997; Kroutov et al., 

1999; Skiri et al., 2005). The learning curves for ants are also lower (Sauer et al., 2002). The 

question is why. 

Some possible answers for this discrepancy in performance is that non-Apis social 

pollinators are less ―intelligent‖ than Apis and/or less sensitive to environmental 

contingencies. We readily discount this possibility because of the work done under field 

conditions suggest that these animals are able to successfully solve problems. The basic 

reward and cost variables associated with nectar foraging are rapidly learned by nectivores 

(Wells and Wells, 1986; Laverty and Plowright, 1988; Laverty, 1994; Chittka and Thomson, 

1997). Further, floral landscapes are complex not only because of the diversity of flowers 

with different handling problems and rewards but also due to the changes in rewards offered 

by alternative flowers over the course of a day (Percival, 1965; Heinrich, 1979). Both bumble 

bees and honey bees foragers have been shown to rapidly assess reward difference and 

respond accordingly (Hill et al., 2001; Wells et al., 1992; Chittka, 1998; Chittka et al., 2003). 

Rapid learning of floral cues associated with specific rewards allows bees to track the changes 

in rewards, thus improving foraging efficiency by allowing individuals to preferentially visit 

the current most profitable flower type (Raine et al., 2006a; Raine et al., 2006b). In fact, 

honey bees and bumble bees appear to handle increased complexity in much the same way 

(Raine and Chittka, 2007; Cakmak et al., 2009). 

We also discount this possibility because parametric manipulations of training variables 

known to influence conditioning have yet to be performed. A similar situation occurred when 

we searched for classical conditioning in the triatomine Rhodnius prolixus, which is the major 

vector of Chagas disease in Venezuela. Although classical conditioning was not found, 

headway was made in identifying several training variables that can be manipulated in future 

experiments (Abramson et al., 2005). 

A second possibility is that the data obtained with Apis is not altogether accurate and 

frankly overestimates conditioning in this species. We would like to say explicitly that the 

proboscis conditioning in Apis does have problems and that it is often not as easy to condition 

animals as the literature suggests. It is well known, yet unpublished, in the conditioning 

community that many laboratories have difficulty conditioning their honey bees (personal 

experience: the first author is often contacted by researchers who have difficulty conditioning 

bees). Even if conditioning is readily demonstrated on one day, the next day no bees may 

condition. In an earlier experiment using a discriminative punishment paradigm we showed 

that the learning curve of Apis is made up of several different response patterns (Smith et al., 

1991) Moreover, if one carefully reviews the literature on proboscis conditioning in Apis or 

Bombus it is apparent that the techniques differ widely. For example, some laboratories 

overlap the CS and US, and others use a trace conditioning procedure in which the CS is 

turned on then off before the US is presented. Similarly, differences exist in experiments with 

respect to intertrial times: some use a 10 minute intertrial interval, others use 5 minutes. 

Motivation of test individuals also widely varies, with some depriving their animals of food 
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for approximately 24 hours prior to the experiment while others use animals just several hours 

after harnessing. 

Materials and methods vary among laboratories as well. Some harness their animals in 

plastic tubes, metal tubes, or capsules (Toda et al., 2009). Some laboratories leave the head of 

the honey bee free to move while others restrain the head with metallic pins (Riveros and 

Gronenberg, 2009). Perhaps most importantly is that some laboratories directly stimulate the 

mouthparts to elicit proboscis extension and other first touch the antennae and then feed the 

now extended proboscis. In regards to the latter procedure it might be surprising for some 

researchers to learn that there is a build-up of sucrose on the antennae which is easily seen 

with a magnifying glass. One would expect that such a build-up would sensitize the animal 

and lead to artificially higher learning curves.  

Perhaps the most unfortunate procedural variation is that some experiments discard data 

from bees that respond to the CS on the first training trial and before the US is presented. It 

should be recognized that some of the remaining sample, although not responding on the first 

trial, might respond on the second, not because of learning but because of sensitization. There 

are few studies which employ CS only controls which would assess such a possibility. In our 

view it is not enough to rely on control data generated from a different laboratory. 

Moreover, bees that do not learn at all are sometimes discarded. In our work with 

Africanized honey bees the learning curves are typically lower than that found with European 

honey bees and in some cases approximate those found with moths and butterflies. We do not 

discard data from any subject. In interpreting these data we have a problem because we do not 

know whether it is a subspecies effect or actually represents the true learning curve of Apis. 

Therefore, the lower learning curves seen in moths and butterflies, for example, may actually 

represented the more accurate level of conditioning (Abramson et al., 1997; Abramson et al., 

1999c). 

Further complicating the issue of obtaining an accurate measure of learning in proboscis 

conditioning is the fact that tactile and olfactory learning has been showed to be linked to 

sucrose responsiveness. Pollen foraging bees learn faster than nectar foraging bees, but these 

differences disappear if we compare two groups of nectar and pollen foragers with similar 

response thresholds (Scheiner et al., 1999). Moreover, sucrose responsiveness varies among 

bees (Mujagic and Erber (2009) and influences proboscis conditioning (Scheiner et al., 2003). 

Variations in learning curves in proboscis conditioning may result from uncontrolled, 

unknown, or low sucrose responsiveness in observed bees. 

We believe that it is important for researchers to direct some attention to the development 

of a proboscis conditioning technique for pollinators not typically used as model insect 

systems. Such a technique has many potential uses, such as a bioassay for the effect of 

agrochemicals, the study of food preferences, and for general questions related to the 

comparative analysis of behavior. 

Table 1 shows some of the variation in proboscis conditioning techniques used with 

honey bees. The table is not exhaustive but designed to give the researcher an appreciation of 

the variation a researcher will encounter in the literature. Differences include type of 

conditioned stimulus, method delivering the conditioned stimulus, duration of the conditioned 

stimulus, whether the unconditioned stimulus is conceptualized as a reward or as an 

unconditioned stimulus, method of harnessing the honey bee, interval between training trials, 

whether a trace or overlap procedure is used when pairing the conditioned stimulus with the 
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unconditioned stimulus, and the period of time between harnessing and subsequent use an 

experiment. 

Table 1. Variations in Proboscis Conditioning Methodology 

Delivery of CS  

1. Plastic Syringe 

 

(Abramson et al., 2007b)  

(Guerrieri et al., 2005) 

2. Valve (Chandra et al., 2001) 

3. Automated (Abramson & Boyd, 2001) 

4. Constant airflow (Couvillon et al., 2010) 

(Hussaini et al., 2007) 

(Chandra et al., 2000)  

(Smith & Cobey, 1994)  

5. Glass Capillary (Takeda, 1961) 

6. Glass Rod (Chaline et al., 2005) 

7. Toothpick (Giurfa & Malun, 2004)  

 

Duration of CS  

1. 2 seconds (Abramson et al., 2006a) 

2. 4 seconds (Giurfa & Malun, 2004) 

(Chandra et al., 2001) 

(Chandra et al., 2000) 

3. 5 seconds (Couvillon et al., 2010) 

(Guerrieri et al., 2005) 

(Smith & Cobey, 1994) 

4. 6 seconds (Chaline et al., 2005) 

(Bonod et al., 2003) 

(Bitterman et al., 1983)  

5. Double CS 

4 sec and 3 sec, 1 sec overlap 

(Hussaini et al., 2007) 

 

 

Type of CS  

1. Cinnamon 

 

(Abramson et al., 2006b)  

(Abramson et al., 2004) 

2. Pesticide 

Endosulfan 

Decis 

Baytroid 

Sevin 

(Abramson et al., 1999b) 

3. Odor 

Citral 

Geraniol 

2-hexanal 

nonanone 

2-octanol 

limonene 

(Hussaini et al., 2007) 
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Type of CS  

Odor  

1-octanol 

1-nonanol 

eugenol 

limonene 

Odor 

Geraniol 

1-hexanol 

Odor 

Citral 

Hydroxycitronellal 

p-isopropel--ethylhydro-

cinnamic  aldehyde 

Odor 

Citral 

Geraniol 

Hexanal 

Octanal 

1-hexanol 

1-octanol 

(Guerrieri et al., 2005) 

 

 

 

 

(Chandra et al., 2001) 

 

 

(Takeda, 1961) 

 

 

 

 

(Smith & Cobey, 1994) 

4. Mechano-sensory (Giurfa & Malun, 2004) 

5. Absence of a stimulus (Abramson et al., in press) 

6. Hydrocarbons (Chaline et al., 2005) 

7. Organic Pesticide 

 4% each 

 Thyme 

 Clove 

 Sesame 

 Remaining 88% 

 Water 

 Soybean oil 

 Wintergreen oil 

 Lecithin 

(Abramson et al., 2006a) 

8. Citronella  (Abramson et al., 2006b) 

9. Sweet fennel essential oil (Abramson et al., 2007b) 

10. Wintergreen (Abramson et al., 2008) 

 

CS-US Interval  

1. 1 second (Hussaini et al., 2007) 

2. 2 seconds (Guerrieri et al., 2005) 

3. 3 seconds (Couvillon et al., 2010) 

(Chaline et al., 2005) 

(Giurfa & Malun, 2004) 

(Bonod et al., 2003) 

(Chandra et al., 2001) 

(Chandra et al., 2000) 

(Bitterman et al., 1983)  

4. 5 seconds (Takeda, 1961) 
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Table 1 (Continued) 

Intertrial Interval  

1. 6-8 minutes (Smith & Cobey, 1994) 

2. 10 minutes (Abramson et al., 2006a) 

(Guerrieri et al., 2005) 

(Bitterman et al., 1983)  

3. 12 minutes (Hussaini et al., 2007) 

4. 15 minutes (Chaline et al., 2005) 

(Bonod et al., 2003) 

(Takeda, 1961) 

5. 30 minutes (Couvillon et al., 2010) 

 

Type of US  

1. 30% Sucrose solution (Hussaini et al., 2007) 

(Chaline et al., 2005) 

(Bonod et al., 2003) 

2. 20-40% Sucrose solution (Bitterman et al., 1983)  

3 42.8% Sucrose solution (1.25 M) (Giurfa & Malun, 2004) 

4. 50% Sucrose solution (Couvillon et al., 2010) 

(Guerrieri et al., 2005) 

5. 51.3% Sucrose solution (1.5 M) (Chandra et al., 2001) 

(Chandra et al., 2000) 

(Smith & Cobey, 1994) 

(Takeda, 1961) 

6. 61.6% Sucrose solution (1.8 M) (Abramson et al., 2007b) 

7. 1% ethanol, 5% ethanol, 10% 

ethanol, 20% ethanol in 61.6 % 

sucrose solution (1.8 M) 

(Abramson et al., 2007a) 

8. 3 M Sodium Chloride (Chandra et al., 2001) 

9. Pesticide in 2.9 M Sucrose (99.3%) 

(or distilled water) 

 endosulfan 

 decis 

 baytroid 

 sevin 

Pesticide in 1.8 M Sucrose (61.6%) 

 Tebufenozide 

 Diflubenzuron 

(Abramson et al., 1999b) 

 

 

 

 

(Abramson et al. 2004) 

 

Delivery of US  

1. Filter Paper (Abramson et al., 2008) 

2. Microsyringe (Abramson et al., 2006a) 

(Bitterman et al., 1983)  

3. Toothpick (Couvillon et al., 2010) 

(Guerrieri et al., 2005) 

(Giurfa & Malun, 2004) 

4. Glass Syringe (Smith & Cobey, 1994) 
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How is US administered 

1. Touch antenna and feed to extended 

proboscis  

 

(Couvillon et al., 2010) 

(Abramson et al., 2006b) 

(Guerrieri et al., 2005) 

(Bonod et al., 2003) 

(Chandra et al. 2000) 

(Smith & Cobey, 1994) 

(Bitterman et al., 1983) 

2. Directly into Mouth parts 

 

(Giurfa & Malun, 2004) 

(Abramson & Boyd, 2001) 

3. Touch tarsi and feed to extended 

proboscis 

(Takeda, 1961) 

 

How is the US Conceptualized 

1. As US (Abramson et al., 2008) 

(Hussaini et al., 2007) 

(Chaline et al., 2005) 

(Guerrieri et al., 2005) 

(Giurfa & Malun, 2004) 

(Bonod et al., 2003) 

(Chandra et al., 2001) 

(Bitterman et al., 1983)  

2. As Reward/ Reinforcement (Bitterman et al., 1983)  

(Takeda, 1961) 

 

Type of Pairing 

1. Non-overlap (Trace) (Abramson et al., 2006b) 

 (Takeda, 1961) 

2. Overlap (Hussaini et al., 2007) 

(Chaline et al., 2005) 

(Guerrieri et al., 2005) 

(Giurfa & Malun, 2004) 

(Bonod et al., 2003) 

(Chandra et al., 2000) 

(Bitterman et al., 1983)  

 

Are Bees dropped from Data Set 

 (Couvillon et al., 2010) 

(Guerrieri et al., 2005) 

(Bitterman et al., 1983)  

 

Capture of Animals  

1. Day before (Couvillon et al., 2010) 

(Chandra et al., 2001) 

(Chandra et al., 2000) 

(Abramson et al., 1999b)  

(Smith & Cobey, 1994) 

(Bitterman et al., 1983)  

2. Same day (Hussaini et al., 2007) 

(Guerrieri et al., 2005)  
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Table 1 (Continued) 

Capture of Animals  

2. Same day   (Giurfa & Malun, 2004) 

(Bonod et al., 2003) 

(Chandra et al. 2000) 

(Bitterman et al., 1983)  

 

Number of Training Days 

1. 1 Day (Abramson et al., 2007) 

(Giurfa & Malun, 2004) 

(Smith & Cobey, 1994) 

2. 2 Days (Takeda, 1961) 

 

How Anesthetized  

1. Ice Water Bath (Abramson et al., 2007)  

(Hussaini et al., 2007)  

(Guerrieri et al., 2005)  

(Smith & Cobey, 1994) 

(Chandra et al., 2000) 

2. Placed in Freezer (Giurfa & Malun, 2004) 

3. Ether (Takeda, 1961) 

4. Cold-Anesthetized (Bitterman et al., 1983)  

 

How are they restrained  

1. Metal tubes (Abramson et al., 2007b) 

(Hussaini et al., 2007) 

(Guerrieri et al., 2005) 

(Bitterman et al., 1983)  

2. Plastic tubes (Couvillon et al., 2010) 

3. Straws (Chaline et al., 2005) 

4. Glass tubes (Bonod et al., 2003) 

 

Number of Training Trials  

1. 5 (Hussaini et al., 2007) 

2. 6 (Guerrieri et al., 2005) 

(Giurfa & Malun, 2004) 

3. 8 (Bitterman et al., 1983)  

4. 10 (Smith & Cobey, 1994) 

5. 12 (Abramson et al., 2006)  
 

Pre-screening of Responders, 

Length of Time before Experiment 

1. 10 minutes (Hussaini et al., 2007) 

(Abramson et al., 2006)  

2. 15 minutes (Giurfa & Malun, 2004) 

3. 30 minutes (Chandra et al., 2001) 

(Chandra et al., 2000) 
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How selected as subjects  

1. Workers selected at random from the 

apiary 

Abramson et al., 1999 

2. Only bees with vigorous proboscis 

extension 

Abramson et al. 2006 

3. Foraging bees captured from hives Abramson et al. 2007b 

4. Bees collected immediately after 

emergence from combs 

Bonod et al., 2003 

5. Bees collected at random from the top 

box of the hive 

Chaline et al., 2005 

6. Bees without pollen loads Couvillon et al., 2010 

7. Bees caught at the entrance of the 

hive 

Bitterman et al., 1983 

Giurfa & Malun, 2003 

Guerrieri et al., 2005 

Hussaini et al., 2007 

Smith & Cobey, 1994 

A. Suggestions 

In this section we provide suggestions on what to manipulate in the search for a reliable 

proboscis extension procedure. We would urge that journals publishing insect behavior papers 

be prepared to publish experiments describing negative results, since a true picture will not 

emerge without them. Further, techniques and conditioning methods must be standardized so 

that learning curves can be accurately compared. Finally, we would urge the reader to consult 

the comparative psychological literature – especially results from the 1940, 1950s and 1960s 

on invertebrate and vertebrate learning. We believe that this literature is all but forgotten yet 

still has much to recommend it regarding issues in cognition. 

Many of the suggestions on how to perform proboscis extension learning experiments 

with invertebrates can be found in Abramson (1994). In summary they are: 

 

1. Try a variety of conditioned stimuli and vary the intensity. 

2. Try a variety of unconditioned stimuli.  

3. Keep the CS-US interval as short as possible. Be prepared to use a test trial 

procedure if a very short ISI is used. 

4. Use a relatively long intertrial interval. In our experiments we use 10 minutes. In this 

way the bee is not over stimulated. Our experience suggests that if a bee is over 

stimulated it will fail to retract its proboscis or stop extending it. A long intertrial 

interval will also help the animal to discriminate the olfactory CS from background 

odors. 

5. Vary the type of pairing. If an overlap procedure is used the CS is presented, and a 

few moments later, the US is also presented. Both the CS and US terminate at the 

same time. The alternative is to use a non-overlap procedure where the CS is 

presented, turned off and then the US is presented. 

6. If one conditioning paradigm does not work try another. The conditioned suppression 

paradigm is certainly underutilized. We have used it as a bioassay in addition to 
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proboscis extension in Apis. We would also suggest investigating 

pseudoconditioning. One method is to present several USs followed by a CS 

presentation (Abramson et al., 2006). Pseudoconditioning should not be considered 

merely a control in classical conditioning experiments. The behavior modifications 

produced by pseudoconditioning are as important as those produced by classical 

conditioning and deserve additional attention by behavioral scientists (Wickens and 

Wickens, 1942; Razran, 1971; Abramson and Buckbee, 1995). This behavior change 

is perfectly lawful and again underutilized.  

 Alpha conditioning should also be tried in which a weaker stimulus is paired 

with a stronger stimulus. One way to conceptualize alpha conditioning is US-US 

conditioning. Although not generally considered a case of classical conditioning, it 

represents learning when appropriate controls are used such as a group receiving 

unpaired presentations of the two stimuli and a discrimination group in which the 

two weaker USs are used – only one of which is paired with the stronger US. We 

would also like to make the point that when using an unpaired or discrimination 

control the experimenter should use a pseudorandom sequence of ABBA BAAB 

where A may represent the CS and B the US in an unpaired control or A may 

represent the CS+ (paired with the US) and CS- (not paired with the US). The 

intertrial interval in this case should be half what is used in the paired animals. In our 

experiments we use a 10 minute intertrial interval for paired animals and a 5 minute 

intertrial interval for unpaired animals (or between the CS+ and CS- in a 

discrimination experiment). It is obvious that the 5 minute ITI will keep the time 

between CSs approximately 10 minutes. If a 10 minute ITI is used for unpaired 

animals the time between CS presentations is approximately 20 minutes and any 

difference between paired and unpaired animals may not be the result of learning but 

time in the apparatus. 

7. Try learning paradigms other than those associated with classical conditioning. If the 

harnessed insect reliably elicits a proboscis extension response to the US there is no 

reason to restrict learning studies to classical conditioning. The instrumental 

technique of punishment can be used in which, for example, proboscis extension to a 

sucrose US is followed by shock or bitter tasting solution. Habituation can also be 

used in which proboscis extension elicited by a US is not followed by a feeding. Be 

aware, however, that this procedure may be more properly classified as punishment 

because under natural conditions proboscis extension once elicited is followed by 

food. It should also be pointed out that such simple situations such as punishment 

and habituation can easily be made more complex by conducting the experiment in a 

context. For example, proboscis extension elicited by sucrose stimulation can be 

punished against a background of cinnamon odor, and not when the background is a 

second odor. Habituation can also be studied in context. 

8. Vary the method of harnessing. The results of a study measuring stress as revealed 

by heat shock protein HSP 70 indicate that Apis mellifera is not stressed when 

harnessed. It would certainly be important to know whether harnessing of neglected 

social pollinators induces stress. If so, the effect of stress might contribute to the 

lower levels of learning in proboscis conditioning studies (Hranitz et al., 2010)  

9. Conduct inhibitory learning experiments. Finding low levels of excitatory 

conditioning does not mean no learning has occurred. It is possible that some type of 
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inhibitory learning may have been acquired. In conditioning studies on Rhodnius 

prolixus, we were not able to find evidence of excitatory conditioning but inhibitory 

learning was found (Abramson et al., 2005).  

10. We also suggest that researchers interested in beginning the search for successful 

proboscis conditioning in neglected social pollinators first use unautomated 

procedures. A CS odor cartridge can easily be constructed out of a 20 cc syringe and 

readily directed to any part of the bee during preliminary or pilot experiments. The 

US can be presented on strips of filter paper or microsyringe (Abramson, 1990); if 

successful conditioning is found automated procedures can be developed.  

11. Our final suggestion is to measure sucrose thresholds prior to training and work with 

insects with the highest sucrose sensitivity. 

CONCLUSIONS 

Proboscis conditioning represents a potential methodology for making comparisons of 

insect pollinators across taxa. Its advantage is that theoretically it should be applicable to 

insect pollinators which are both social and non-social, and as evolutionarily diverse as 

Hymenoptera and Lepidoptera. Obviously basic questions regarding learning can be asked 

with this technique, but perhaps more importantly the response of pollinator species to 

agrochemical, repellants and attractants, and plant/food preferences can be studied at diverse 

locations under the same controlled conditions. 

While the potential for comparison is great there are important theoretical and 

methodological issues that cloud comparison across species of current and future 

experiments. These include how broadly to interpret results in terms of theoretical learning 

models, which also has roots in how narrowly to restrict definitions of learning models such 

as classical conditioning. In addition, questions remain on interpretation of results bases on 

different intertrial and interstimulus interval length, and which experimental controls are 

essential.  

Not withstanding the theoretical and methodological issues, proboscis conditioning 

studies on non-model pollinator systems are rare. This in itself presents problems with 

generalizations, but the findings thus far present a picture that is much more complex than 

one might expect either from Apis as a model system or from phylogenetics. 
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