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1 Abstract

Environmental enrichment (EE) is used to improve the life of captive animals by giving them more opportunities to express species-specific behaviours. Zoo elephants are one of the species that is in great need of EE because their environment is often barren. Before making EE permanent, however, it is wise to test first if it works as intended, to save time and money. Maximum price paid is one measure that can be used to assess if an animal has any interest in a resource at all. Food is often used as a comparator against EEs in these kinds of studies. The aim was to investigate if the maximum price paid concept could be used to measure the value of EEs for the two female Asian elephants at Kolmården and to find an operant test suitable for them for the experimental trials. Three series of food trials were done with each elephant, where they had to lift weights by pulling a rope with their mouth to get access to 5kg hay. The elephants paid a maximum price of 372 and 227kg, respectively. However, the maximum price the elephants paid for access to the hay was not stable across the three series of trials. Hence it is recommended that the comparator trials are repeated close in time to the EEs to be tested. The readiness by which these elephants performed the task makes it worthwhile to further pursue this approach as one of the means to improve the well-being of zoo elephants. 
Keywords: Comparator, food, maximum price paid, motivation

2 Introduction
Zoo animals often live in a much less complex environment than their conspecifics in the wild. Environmental enrichment (EE) is a concept that can be used to improve the well-being of captive animals by providing stimuli that will increase the opportunity for them to express a wider variety of species-specific behaviours (Shepherdson 1998). However, providing zoo animals with the same environment as the free-living ones is often problematic, both practically and financially. 
This might apply more to Asian elephants than most other animals because they are the largest animal on land, live in quite complex rain forest or jungle and are also highly intelligent (Sukumar & Vidya 2005). Furthermore they are active animals with a rich social life in complex matriarchal groups (Moss 1988). The zoo environment for elephants is often barren, both physically and socially. One example of this is food, which is an important part of elephants’ life. In the wild, African elephants forage up to 16 hours per day (Stoinski et al. 2000), but zoo elephants rarely have this opportunity. Hence, there is a great need for EE. However, any EE for elephants probably would need to be sturdy, complex and quite large; no matter what is considered, it will probably cost a lot both in time and money. Taking all this into consideration, it is a good idea to find out first if the intended EE has any value to the elephants before introducing it permanently.

EE has been practised in zoos for over three decades, and in 53 % of the cases included in a literature meta-analysis done by Swaisgood & Shepherdson (2005) EEs helped reduce stereotypies significantly. What is a problem is that many EE studies have less than ideal experimental design and theoretical models. For example several have used an “everything-but-the-kitchen-sink” approach where many EE options are tried simultaneously. This makes it hard to distinguish between the values of the different EEs, i.e. which ones work best. Concerning this there is much to be learned from research on farm and laboratory animals. One of the methods used in this field increasingly often is to measure motivation to assess an animal’s priorities (Mason et al.1998, Cooper & Mason 2001, Warburton & Mason 2003, Schütz et al. 2006). Today this is seen as an important tool when trying to improve captive animals’ quality of life (Cooper & Mason 2000). Motivation cannot be measured directly; instead it must be deduced from a behavioural response (Kirkden et al. 2003). This is generally accomplished by operant tests where the animal has to perform a task to get access to the EE resource (Hovland et al. 2006). The task represents the costs that animals are required to pay for access to resources, and their performance says something about how they value those resources, i.e. their motivation for them (Cooper & Mason 2001, Warburton & Mason 2003). Operant tests can be set up in many different ways, from the animal having to push through a weighted door (Warburton & Mason 2003), or walk a distance (Schütz et al. 2006), to pressing a lever or pulling a chain (Hansen et al. 2002) to obtain the reward. The cost of access is varied by e.g. increasing the weight on the door or the number of times the lever has to be pressed.
There are various measures that can be used when trying to determine motivation in animals, e.g. elasticity of demand, maximum price paid and consumer surplus. Elasticity of demand is one of the most frequently used (Kirkden et al. 2003, Hovland et al. 2006); maximum price paid is becoming more and more common (Kirkden et al. 2003), while consumer surplus is little used to date but is recommended by Houston (1997) and Kirkden et al. (2003) as a better measure than elasticity of demand. 
Elasticity of demand and consumer surplus are both obtained from a demand curve where demand (number of rewards earned) is plotted against price (how much it costs to gain access to the reward) (Kirkden et al. 2003). The demand curve thus shows how much the animal works for a reward at different work loads. Maximum price paid does not require a demand curve and it is a straightforward and relatively simple measure. With this method a cost is imposed on access to a resource and it is increased until demand falls from one to zero. This is then seen as the highest price an animal is prepared to pay for a single visit to that resource (Kirkden et al. 2003). It is particularly useful when wanting to find out if a resource has any importance to the animal at all (Warburton & Mason 2003, Kirkden et al. 2003) and reward size can be better adapted to the resource being tested (Mason et al. 1998). Certain behaviours are said to be more meaningful if they can be performed in full, e.g. resting and social contact, (Sherwin & Nicol 1995, Olsson et al. 2002) and dividing them into discrete bouts, which is required to generate a demand curve, might devalue such behaviours (Mason et al.1998). It has been argued that maximum price paid is one of the better measures to use because it permits a larger range of questions to be asked and is more valid than e.g. elasticity of demand. It is more versatile because it does not assign a single value to a resource; instead it evaluates specific quantities of that resource at known levels of prior deprivation or consumption (Kirkden et al. 2003). 
No matter what method is chosen for measuring the strength of an animal’s motivation to get access to a resource, it has to be compared to some other resource of known value (Kirkden & Pajor 2006). Food is something that is of basic importance to all animals, since they will starve if they do not receive it (Dawkins 1983) and is therefore a good comparator against which other resources can be assessed. As Kirkden & Pajor (2006) put it: “If the willingness to pay for access to the resource of interest is equal to, or greater than the willingness to pay for access to food when hungry, the resource must be of substantial value to the animal.”
The aim of this study was to find a method to evaluate different environmental enrichments that might be given to the elephants at Kolmården. This was done by finding an operant task that can be applied to elephants and using the maximum price paid concept to test food as a resource. Food was chosen because if they were unwilling to perform the task for that they would probably not work for anything else either. 
3. Materials and methods

3.1 Subjects
Two female Asian elephants housed at Kolmården Animal Park were used in this experiment. Saonoi and Bua, 11 and 10 years old, respectively, came to Kolmården in April 2004 from a Thai work camp. During the winter the cows were mostly housed in a 250 m2 indoor exhibit and, depending on weather conditions, they were let out to the main 3000 m2 public display exhibit or a 600 m2 off-exhibit enclosure adjacent to the indoor quarters. The indoor exhibit had a large and two smaller rooms; the large and one of the smaller ones had concrete walls on three sides and a dry moat, supplemented with an electric wire, towards the visitor area. Separation could also be accomplished by an electric wire being stretched between the back wall and the electric wire in front. The roof height was 6 m.

The daily routine during the winter started at ca 07.30 am when the elephants were chained and given pellets with mineral and vitamin supplements. Saonoi received 2.5kg and Bua 2kg. After the feeding they were showered and unchained. Around 10.00 they were given 5kg of hay each and at ca 13.00 they got another 3-5kg of hay and ca. 2kg of bread loafs each before they were let outside. After 15.00 they were let inside again and were given ca 2.5kg bread and fruit each; how much depended on availability. The last and largest meal was given around 16.00, where Saonoi got 20-25kg and Bua 15-18kg seed straw. During that time they were also given small tree trunks and branches if there were any available. During the day the keepers also trained, gave pedicure and carried out other husbandry duties with the elephants. 

3.2 Experimental apparatus
The task for the elephants was to lift weights with the use of their mouth or trunk. Two human weight lifting machines were combined, giving a total weight of 372 kg, and they were fixed to the floor of the hay loft that was next to the elephant indoor exhibit (Figure 1). A steel wire was attached to the weights and then led via pulleys suspended from the roof above the weight lifting machine and into the indoor exhibit. A photo cell switch was attached to one side of the machine frame. When the weights were lifted ca 5cm, they broke the IR light beam, closed the switch and activated the release of a resource of choice. 

Three objects were tested for the elephants to pull: 1) a Ø10cm steel ring, 2) a Ø20cm steel ring and 3) a 1m long, Ø22mm fibre rope. They were attached to the end of the wire, one at a time to be tested. Between sessions the wire with the rings/rope was pulled out of reach and secured to the weight machine frame with a clamp. Two different heights of the rings were also tested: one where the elephants could only use their trunk and one where they could use either trunk or mouth when pulling. 
Before it could be tested what object worked best the elephants needed some training to pull. To do this, the trainers instructed them to grip the ring with their trunks, with the weights on the lowest level (27kg), and to walk backward until the weights were lifted. When they succeeded in doing this the animals received a handful of pellets from the trainers as a reward. These sessions were kept short, at 10-15 min, and repeated several times a day for 12 days. During this time no resource was activated. All sessions were filmed with an Ikegami ICD-47E camera connected to a Pioneer DVR-630H-S DVD-recorder. The camera lens was a Canon 7.5-75 mm HV7517D, set to 7.5mm. 
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3.2.1 Food resource
Three types of food releasers and two kinds of food were assessed before any trials were conducted. 1) A Pfeiff’s Feeder PE 360 timer (Figure 2a) that spread out some hundred grams of pelleted concentrates and sugar on the floor when started 2) A hay net 1.4×1.4m with 10×10cm mesh filled with 5kg hay  3) Two 1.4×1.4 m tarpaulins (one for each elephant) filled with 5 kg of hay each (Figure 2b).
The tarpaulins were made of polyester-fabric reinforced PVC, with weld-hemmed edges and eyelets in all four corners and at every 0.4m. They were attached with shackles to a steel ring on a wire, by which they could be lifted to the roof from an elevated corridor along the back wall of the exhibit. Each tarpaulin was closed as a sack by means of a thin cord through four shackles that were attached to the eyelets. These cords were kept taught and the tarps were kept horizontal using a flag line while hoisting them up to the roof after they had been filled with hay at floor level. One end of each cord, provided with a carbine clip, was secured to the roof in the corridor; while the small loop of the other end, attached to the tarp to be used first, was attached to a release mechanism based on an electromagnetic door holder (Elomek Type 712 650 N). When the photo cell switch was closed, the top half of the door holder magnet came off, allowing the tarp to swing down and release the hay (Figure 3). During the experimental sessions, the animals were separated using an electric wire, allowing each elephant to be tested separately. When the first elephant was done, the thin cord of the second tarp was attached to the release mechanism, and the elephants shifted sides. For the hay net the electromagnetic door holder was also used with the difference that the cord was run through the mesh at the bottom.
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3.3 Experimental trials
Three series of trials were done with the hay resource in the tarpaulin, the first two in January-February and the third one in May 2007. Different schedules of weight increase steps were calculated
, taking into account that the weight had to increase in multiples of 40 lb (ca. 18kg). For the first series of trials a weight series was chosen where it would be relatively easier at the beginning (see Table 1). This was based on the findings of Olsson et al. (2002) that a hen would not try as hard to open a push-door after it had failed to open it once; I did not want that situation to arise with the elephants. This first series was run for nine days in total.

Table 1. Weight series used in food trials with the
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increase in step size in percentage.
1Weight series for the first series of trials
2Weight series for the second and third series of trials
The second series of trials was also run for nine days, but the weight increase series was changed somewhat from the first one (see Table 1). This was done because the elephants had no trouble at all with the lowest weights and it seemed almost too easy for them. The third series of trials was run for six days and the three first weight steps for Bua were excluded because she never had any problems with these in the previous trials. The important thing was to find out if the max from before would remain the same. 

On the first day the order of testing the two elephants was randomized and on subsequent days the order was alternated, each subject being tested first on one day and second on the next.  In the first series of experimental trials Saonoi was randomly selected to go first, while in the other two Bua started. The first trial of the day began at 10.00 am ± 11 min, and replaced their normal morning feed. The elephant was allowed 15 min in which to pull the rope, and was given an additional 10 min in which to consume the reward before the trial ended. Then the elephants switched places, the hay dispensing set-up was reloaded and the rope was lowered again. When the elephants changed places the trainer carried over the uneaten hay with the first elephant, but there always remained a little on the floor. The new trial was not started until the second elephant had finished these remains. The reason for changing places of the animals soon after the hay had been dropped to the first animal was to minimize the frustration for the other one waiting. Bua in particular was visibly affected when having to wait for the food, demonstrated by headbobbing. Another reason was to have both of them finishing their meal in approximately the same time as each other, yet again to minimize possible frustration. Regardless of whether the elephants earned food or not in their session they had to wait until ca 13.00 to receive any free hay. 
To determine hunger level for the elephants they were filmed the night before a trial to see when approximately 90 per cent of the food had been consumed.

4 Results

4.1 Experimental apparatus
The small ring was tried first, into which they could just fit the tip of the trunk, but they could not get a good enough grip to be able to pull. Hence it was replaced with the larger ring where there was no such problem. With the larger ring, two different heights were tested and they seemed to prefer it when the ring was low enough to put it in the mouth and pull. However, during the week that followed only Bua pulled on the ring hard enough to activate any resource and she did so only once. Another problem was that they both put their tusks into the ring, presumably to get a better grip,
 
and this meant there was a risk of their tusks breaking when the weights increased. This prompted the ring to be replaced with the rope. Now for the first time Saonoi voluntarily pulled hard enough to release the hay and Bua also seemed to have no problem. For the experimental trials the rope with a knot at the end was used. The elephants used their trunks to place the rope into their mouths, biting down on the knot and then either pushing down with their heads or walking backward until the weights were lifted (Figure 4).
4.2 Food resource
The food dispenser filled with pellets and lumps of sugar, was tried first. When triggered it spread out a few hundred grams on to the floor. To let the elephants habituate to the dispenser before they were required to start it themselves, it was started manually. The first time this was done the elephants trumpeted very loudly and backed away from it, seemingly frightened. After a little while, however, they approached and ate the pellets. Gradually the elephants became a little more comfortable with the noise from the machine, but they still vocalized and backed away from it when it came on. Bua always approached the pellets first and she also ate most of them. After two weeks of habituation Bua was instructed by the trainers to pull the weights, this time with the release mechanism for the dispenser activated. When it started both elephants reacted by trumpeting and backing away, but Bua was quick to approach the food on the floor. The next day there were no trainers in the pen when the ring was lowered. Bua tried to manipulate the ring, but Saonoi hindered her by standing in the way. At the end of that session, the trainers came in and instructed them to pull once each. During the course of a week the ring was lowered every day but only Bua tried to pull it, and only once hard enough to trigger the dispenser. When the rope replaced the ring Saonoi pulled once voluntarily, but the next day she again prevented Bua from pulling. The problem did not appear to be the pulling in itself, but seemed to have more to do with the rattling sound from the pellets being thrown against the inside of the dispenser. Hence, it was decided to remove the pellet dispenser and try the hay devices instead.

When the dispenser was replaced and Saonoi learned that hay would come instead of pellets, she soon pulled by herself. First the hay net was tried. However, this did not work because friction prevented the cord that held the net closed from coming entirely loose. Also the hay got stuck in the net mesh, preventing it from being completely released. To mitigate this problem, the hay net was replaced with a tarpaulin. The tarpaulin released the hay well, but one problem remained: Saonoi was again hindering Bua from pulling. Therefore the elephants were separated during the trials.
4.3 Maximum price paid

When all the technical problems had been solved, three series of experimental trials where carried out with the rope to pull and the hay in the tarpaulin. The result of the first series of trials was that Bua pulled a maximum of 245kg to receive the 5kg of hay and Saonoi 173kg. In the second series Bua pulled 372kg whereas Saonoi pulled the same as before. In the last series of trials Bua and Saonoi both paid a maximum of 227kg (Figure 5).  
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The elephants had finished ca 90% of the main meal of hay by 21.00 which meant that they were without almost any food for at least 12 hours before a trial started.

5 Discussion

The aim of this study was to find a technique to measure motivation for different EEs in the Asian elephants at Kolmården. The tests were carried out with food, which is the most commonly used comparator in this kind of study. The measure of motivation that was chosen was the maximum price paid. By systematically refining the apparatus and methodology, it proved possible to apply this concept to the elephants.
5.1 Experimental apparatus
All of the research done previously on measuring motivation has been with farm and lab animals (e.g. mink and pigs: Mason et al. 2001, Pedersen et al. 2002). Hence some trial and error was required to find a technique suitable for elephants. For example, it was hard to foresee that they would react so strongly to the sound of the food dispenser. Bua, after a while, did not react that much, but Saonoi continued to show a strong aversive response and perhaps this was the reason why she prevented Bua from pulling. Besides that, Bua was relatively unwilling to pull the rope when pellets were the reward, as compared with hay. This might have been an effect of training: the food dispenser was the first resource tested and she might not have grasped the whole concept of working to receive food. However, there could have been several other reasons: that she was affected by Saonoi; that she also found the sound somewhat aversive; that she did not find the pellets palatable enough; or that the quantity of pellets was too small to motivate her to work for them. However, it seems unlikely that the pellets were unpalatable because they were mixed with sugar and Bua always ate every pellet she could find on the floor; also the trainers reported that pellets are an effective reward when training the elephants. So the most reasonable explanation seems to be that the quantity was too small to outweigh the negative effects of the sound.
The tarpaulins worked very well, both technically since there was minimal friction, and for the elephants because there was no noise to frighten them.
The rings did not work for the reasons stated in 4.1 and the difference that could be seen when the rope was installed was almost immediate, especially for Saonoi. The cause for the rope being so much better might possibly be because it is more species specific. Asian elephants like to lift heavy objects with their mouth and, unlike African elephants, prefer not to use the trunk above mouth level when pulling down branches from trees
. 

5.2 Maximum price paid
There were several reasons why I chose to test whether the concept of maximum price paid could be applied to the elephants at Kolmården. First, with this it is possible to find out if an animal has any interest at all in a resource (Kirkden et al. 2003) and since little is known about the importance of EEs to elephants, this approach seemed like a good place to start. Another reason was that with this measure it is possible to avoid many difficulties that may arise when using a demand curve (see Cooper & Mason 2001, Kirkden et al. 2003). If it should later be necessary to find out how much of the resource it takes for the animal to be satiated, the maximum price paid approach can be developed to permit measurement of the consumer surplus (Kirkden et al. 2003).   

The maximum the elephants were willing to pay for access to their morning meal was not consistent over the three series of trials; still, they were prepared to actually work for it. 
Hovland et al. (2006) have pointed out that proper training is important for the maximum price paid to be a valid method. This is because how much the animals pay may increase with successive series of trials due to the effect of training. This might have been the case with Bua because the first time she was required to pull 372 kg she did not manage to do it. The second time it seemed like she had established the best way to pull and therefore succeeded in doing it. Why she was prepared to pay a lower price in the last series of trials might be for several reasons: she is young, so her behaviour is not always consistent; excluding the first three steps from the weight series resulted in the weight increase being too fast and that affected her performance; something had upset her in that particular series and she did not want to pull harder; or she was not hungry enough to work for the hay. Saonoi was quite consistent during the first two series of trials but in the third series a few months later there was a change in her approach to the rope. She seemed more effective and determined when it came to pulling. She might have pulled an even higher weight if it had not been for the fact that the week before she had broken her right tusk and that made her mouth sore on that side, which was the one she mostly used when pulling on the rope.
The differing maximum price paid between the elephants in the first two series of trials (Figure 5) is consistent with what Hovland et al. (2006) found in silver foxes. They stated that this was because individual animals perceive operant costs differently. Another possible explanation is that they may value resources differently. It seemed like Bua and Saonoi differed in their motivation for access to the 5kg of hay. According to the trainers, Bua was generally more interested in food and therefore might be willing to work harder to receive it.
Concerning the hunger level of the elephants at the time of testing it is hard to say if it was high enough to be really motivating. The elephants did go without almost any food for at least 12 hours but the routines had not been changed so overall it was what the elephants were used to. On the other hand, if Bua and Saonoi are comparable to African elephants that can forage up to 16 hours per day (Stoinski et al. 2000), they should have been quite hungry when a trial was started. Then there is the fact that they had access to free food for the rest of the day and that might have led to them not to work as hard as they would if this was the only meal they would receive. Ladewig et al. (2002) stated that rats worked harder for water if it was only provided in the test situation. In contrast Timberlake et al. (1987) found that additional feeding after 30 min or more did not affect the rate at which rats worked to receive food during a session. The general finding in the literature seems to be that animals have a limited sense of the future (Roberts 2002) and therefore will not suppress intake of food now for the anticipation of food received later. It remains to be seen whether this applies to all species, since most research has been done on pigeons and rats. Species have different evolved foraging strategies that may affect their ability to wait for and foresee future resources (Stevens et al. 2005).
Sometimes the elephants approached the tarpaulin first instead of trying to pull the rope, most likely because they could smell the hay, and tried to reach it. This led me to wonder whether the maximum price paid for food was affected by the elephants’ ability to see and smell the food while working for it. Warburton & Mason (2003) found that for mink, motivation to interact with resources was affected by resource cues, although how much depended on the resource in question. They concluded that the best design depended on the question being asked. For an estimate of the potential benefit that can be gained from EEs, cues should be available, since cues would also be available in the context of EE, encouraging the animal to interact with the resource. If instead it is to be tested what the animal is ‘missing’ it should be done without cues, since cues would be absent in an environment lacking EE. Warburton & Mason (2003) also stated that the different measures are differently affected by resource cues, where maximum price paid is the least affected by external cues since it is more dependent on the internal state of the animal (e.g. deprivation). It seems most likely that it did not affect the trials in a negative way that there were resource cues available. Also the rope was very close to the tarpaulin, so the elephants did not have to walk away from the resource to make it available.
There was also ad lib access to straw in one of the small rooms, potentially a food resource, during the first and second trial. However, frequent inspection of this straw indicated that it was not used, and actually the elephants rarely entered this room at all. 
5.3 Future work
This procedure has to be tested against other resources before it can be said for certain that the maximum price paid concept can be used to find what EEs elephants consider important. It should be applicable to almost any EEs, including social ones. Hay seems to be a good comparator against which to estimate the strength of motivation for other resources. 

The food comparator trials need to be run again in connection with testing other resources since the maximum price the elephants were prepared to pay for food varied, and is expected to be a dynamic response. Bua and Saonoi are still very young for elephants, so the maximum price paid is expected to increase as they grow and become stronger and more mature. This is also good because the more trials that are run the more the stable the responses that are obtained (Kirkden & Pajor 2006). Some refinement in how the food is tested could be made: sometimes it was difficult to evaluate from the video film how much food was left. One way of solving this could be to weigh the remains at 22.00 or 23.00. If it is necessary to know how much the elephants eat individually, they can be separated while eating. The more that is known regarding the level of food deprivation the better it can be used as a measure against which to evaluate other resources (Kirkden & Pajor 2006).

Ultimately it needs to be tested with more animals to be able to reach conclusions concerning the general applicability of the maximum price paid concept to zoo elephants.
5.4 Conclusions
A method has been developed to apply the maximum price paid concept in elephants. It was tested with food as the resource, and is now ready to be tested against other EEs. The maximum price the elephants were willing to pay for access to hay was not stable across the three series of trials. Hence it is recommended that the comparator trials are repeated close in time to the EE resources to be tested. Their readiness to perform the task makes it worthwhile to further pursue this approach as one of the means to improve the well-being of zoo elephants. 
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Figure 5. The maximum weight Saonoi and Bua pulled for access to 5kg of hay.








Figure 4. Bua pulling on the rope to receive 5kg of hay.









































Figure 1. Two weight lifting machines were combined to get the necessary total weight. A photo cell switch was attached to one side of the frame. When the elephants lifted the weights ca 5cm this would break the IR light beam and release the resource of choice.
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Figure 2. a) A food dispenser filled with pellets and sugar; b) a tarpaulin filled with 5kg hay.





Figure 3. Operation of the tarpaulin food releaser. When the elephants lift the weights (not shown), a photo cell switch causes the top half (in grey) of the electromagnetic door holder to release from the bottom half. The steel rod securing the cord loop is pulled out, so that the cord comes loose and the hay in the tarp falls to the floor. 
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