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Abstract 

The curiosity whether or not animals have the characteristics of long term planning skills is fairly new. 
Some researchers agree that certain species have a form of episodic-like memory, in the terms of 
where, when and what. But the most difficult thing is to find out if these species have an aim for the 
future which involves what some call mental time travel. This study is a part of the discussion if the 
tests in long term planning and foresight can be explained by associative learning and the ability of self 
control in highly trained animals. Many self control and delay tasks have been conducted with 
laboratory animals such as rats, pigeons, monkeys and apes. Here we made a self control test with a 
reinforcement delay in pygmy hippos (Hexaprotodon liberiensis), an endangered species (listed as 
vulnerable at Cites, 2000), to extend the test among species. Also for trying to find out more about 
their cognitive skills, so we can better fulfil their needs in captivity. In this study, the female succeeded 
in 71,1 % (27 out of 38 trials) of the opportunities and the male in 84,2 % (32 out of 38 trials). To our 
knowledge this is the first study of learning and cognition in Pygmy hippos. 
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Definitions of terms in this paper: 
Anoetic consciousness: Autonomic awareness or unknowing consciousness (in procedural memory) 
(Tulving, 1985, 2005). 
Autonoetic consciousness: Self awareness in subjective time (in mental time travel, episodic memory) 
(Tulving, 1985, 2005).  
Behavioural criteria for future planning in animals (Clayton et al, 2003): 
Content: anticipating what will happen, where and when on the basis of previous experience. 
Structure: forming an integrated ‘what–where–when’ representation.  
Flexibility: in much the same way as episodic memory, future planning interacts with semantic 
knowledge and must therefore rely on flexible deployment of information. 
Bischof-Köhler hypothesis: “Nonhuman animals cannot anticipate a future event and take 

appropriate action when that event involves satisfaction of a need not currently experienced.” År? 
Episodic foresight (mental time travel): The act or the power of foreseeing; prescience; 
foreknowledge (Suddendorf, 2010, page 105, Episodic memory versus episodic foresight: similarities 
and differences)  
Episodic memory: “…makes reference to events occurring in a specific place and time…” (Corrillo-
Mora, 2010). “allows a person to be consciously aware of an earlier experience in a certain situation 

at a certain time” (Tulving, 1983, page 67) 
Evaluative conditioning is a phenomenon by which the mere presentation of an affectively neutral 
stimuli alongside a liked or disliked stimulus can significantly change ones perceptions of the neutral 
stimuli in either a positive or negative direction (Hammerl & Grabitz, 1993). 
Foresight: to predict what will happen or what is needed, (also in causal inferences). 
Learning: “…when experience results in a relatively permanent change in the reaction to a 

situation.” (Animal learning and cognition, page 13, Pearce, 2008)  
Mental time travel: “…to mentally project themselves backwards in time to relive, or forwards to 

prelive, events” (Suddendorf & Corballis 1997).  
Noetic consioussness: “Allows an organism to be aware of, and to cognitively operate on, objects and 

events, and relations between objects and events” (Tulving, 1985, page 3). (In semantic memory.) 
Occasion setting: “…setting the occasion for the conditioned response” or “…a cue that provides 
information about whether another conditioned stimuli will be paired with an unconditioned stimuli.” 
Something that tells the animal what to expect in a near future. (Mark E. Bouton, page 160, 2007) 
Positive contingency: The frequency of the reinforcer is increased by making the response (Pearce, 
2008, page 99). 
Procedural memory: “Know how”, motor skills, cognitive, perceptual skills. 
Prospective code: A representation that acts as an instruction for how to respond in the future (Pearce, 
2008, page 198). 
Semantic memory: “concept based” knowledge without related experience. Symbolically 
representable knowledge that organisms posses about the world (Tulving, 1985). 
 
Schedule over memories according to Tulving (1985) and Corillo-Mora (2010)                                                  

Long term retention 
Non declarative memory Declarative memory 

Rote learning  Verbalized transmitted 
Priming (earlier exposure to a 
stimuli helps association later of 
the same stimuli) 

Episodic memory -> Autonoetic consciousness 
(subjective temporal consciousness, self 
consciousness)  

Non-associative learning  
(habituation & sensitization) 

Semantic memory -> Noetic consciousness 

Associative learning (classical & 
operant conditioning) 

Procedural memory -> Anoetic consciousness 
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Introduction   
 
Difficulties in definitions                         

There is a raising interest about the cognitive abilities in animals when it comes to foresight and the 
phenomena known as mental time travel. To have the ability of mental time travel, includes among 
other things episodic memory, which also includes autonoetic consciousness, that according to Tulving 
(1985, 2005 page 5), is a sense of self awareness in subjective time; the experience in the present but 
not in the past or future (Clayton et al., 2003). (To make a clearer picture of the different memories, 
see the table above.) Mental time travel is to take such a memory (episodic) that you had in the past 
(like when you visited in someone else’s house), and – in your mind – to relive that, in to the future. 
This is presumed to be uniquely human (Suddendorf et al., 1997; Roberts, 2002; Tulving 2005; 
Clayton et al., 1998; Suddendorf et al., 2008). But maybe in the future sequence, you imagine you are 
walking in your - not yet - owned house. You have taken a memory and a feeling of the past and 
forwarded into the future, like a short episode of your life, only this memory has not yet taken place in 
reality. These features are also regarded according to the Bischof-Köhlers hypothesis to be uniquely 
human; “nonhuman animals cannot anticipate a future event and take appropriate action when that 

event involves satisfaction of a need not currently experienced”. Suddendorf & Busby (2005) suggests 
a similar approach when it comes to determine if children have developed the skill of mental time 
travel: “We propose an experimental paradigm that provides subjects with an opportunity to act now to 
satisfy a need not currently experienced.” This direction of research (mental time travel and episodic 
memory in animals) is fairly new. The design of such a test is still a challenge for the scientists. The 
problem is that we don’t really know what is going on in someone else’s mind and there is no 
satisfying definition of consciousness (Groome et al, page 44, 2010), that is one of the definitions of 
episodic memory and mental time travel in humans.  
 
Because the consciousness is a part of episodic memory and mental time travel, there is no overall 
accepted definition of them either, even though Suddendorf & Corballis tries in “The evolution of 
foresight: What is mental time travel, and is it unique to humans? (2007). All that is left of the 
explanation of consciousness is that we humans know that we have it, and that we can imagine that it 
is a subjective experience (Groome et al., page 44, 2008). These difficulties make the problems of the 
conclusions of these studies, and how to design future ones even more incomprehensible. And 
therefore there is a great need of an overall recognition of such criteria, and in 1998, Clayton et al 
started to use the expression “episodic-like memory” (without the conscious part). The definition 
originates from Tulving´s (1972); what, where and when? It is far away from the definitions of the 
episodic memory we humans experiencing every day because an individual can experience what, 
where and when without remembering the event itself (Suddendorf & Corballis, 2007, page 4). 
 
Categorization of memories and the evolutionary role of mental time travel 
The abilities of long term retention are in the declarative (conscious) categorization (see the table of 
memories above, page 3), and contain episodic memory, semantic memory and procedural memory 
(recovery of information of motor skills). The non declarative (automatic or unaware) contains of rote 
learning, priming, non associative learning and associative learning. We know that all of these 
categories are in the long term retention abilities, but it is a discussion among researchers if these are 
separated, or are working together (Groome et al, 2010, Lind et al, 2009, Corillo-Mora, 2010). The 
most common recent view is that they are separated, but that is changing. Corillo-Mora writes: “Even 
though subjects perform exactly the same tasks, different memory’s are working together and storing 
the information, and very rarely does one memory work alone”. According to Klein et al “Decisions 
and the Evolution of Memory: Multiple Systems, Multiple Functions” (2002) people retrieve semantic 
generalizations, and that it goes hand in hand with episodic memory rather than working separately in 
a behaviour as priming. According to Tulving there was very little discussion about consciousness in 
human research, when he wrote his article in 1985. And this seems partly to be the case when it comes 
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to recent animal research today, because the lack of definition of consciousness. But also of the risk of 
it becoming more philosophic that scientific.  
 
According to Clayton et als’. studies, “Episodic-like memory during cache recovery by scrub jays” 
(1998), “Planning for the future by western scrub-jays” (2007) and their discussion in “Can animals 
recall the past and plan for the future (2003) and Pearce (Learning and cognition, 2008), shows an 
episodic like memory, but Suddendorf et al. (2007) does not agree, they argue that it is a more 
fundamental mechanism for caching food. They mean that the evolutionary role of mental time travel 
(involving episodic memory) provides increased behavioural flexibility to act in the present to enlarge 
future survival chances (Suddendorf & Busby 2003). Suddendorf et al (2007) believes that the primary 
role of mental time travel into the past is to provide raw material from which to construct and imagine 
for possible futures. In establishing whether a given behaviour is indicative of mental time travel, then, 
we should consider application of that behaviour to the future rather than to the past as the study of 
caching behaviour (Suddendorf & Busby 2005). Their statement indicates that the studies of caching 
birds, are problematic for showing some kind of future planning like in Correia et al. (2007) study 
“Western Scrub-Jays Anticipate Future Needs Independently of Their Current Motivational State” and 
Raby et al. (2007) “Planning for the future by western scrub jays”.  
 
Difficulties within these kinds of studies 
It is rather unclear what specific states in mental time travel that is setting humans apart from animals 
and what connects those (Suddendorf et al., 2008, page 1). The wide area of this topic and the little 
knowledge we have about both human and animal cognitive abilities, makes it difficult to design the 
tests. It is complex and it’s hard to be able to exclude unwanted variables, and be sure that the 
behaviour the animal is showing is what it seems to be. Suddendorf et al, (2009), makes suggestions 
for the design of these tests, but maybe the biggest challenge of them all is to do the presentation of the 
tests, in the sense of trying to present and show the animals what to expect, as clearly as possible. 
Some of the previous tests of animal foresight and the delays of reward are rather diffuse, due to the 
presentation of the task to the animals in order to get informative data (for example Paxton et al, 2009). 
It is also unclear in the sense that the number of repetitions can elicit some kind of learning not only in 
the specific study, as much as due to previous experiences. The only way we can try to introduce a test 
for an animal, with the best intention of making it clear for them to understand, is to keep contextual 
values in mind and make it simple. Also when it comes to the aim of the test; trying to make 
conclusions, it is beneficial to keep it simple (Martin & Bateson, 2008, pages 103 and 135).  
 
The chimpanzees in Osvaths’ study were given a tool to reach a highly regarded reward; fruit juice, 
and they were expected to hold on to the straw as the reward was removed from the room and after an 
hour they were able to get it, if they had the tool. During the wait they could see the room where they 
had access to the container with the juice. The container was removed during the waiting. The 
chimpanzees were able in most cases to hold on to the tool – used to drink the juice – for most of the 
times, but critiques against this study are that it can be some kind of associative learning. Other tests in 
the study were made to check if the chimpanzees preferred a specific tool or could use any that fitted 
the purpose. The positive with this test is that it is clear in what is expected of the animals, but maybe 
too obvious, as they were constantly reminded of the reward in terms of seeing the room when they 
were waiting. Maybe it is likely that this is some kind of occasion setting, the straw and the room to 
cue and remind about the box with the juice? Or could it be that the sight of the room is merely 
associated with reinforcement; it could be a prospective code (Pearce, 2008, page 198).  
 
To try and find out if learning is a strong connection and/or have similar properties for an individual to 
be able to make plans for the future maybe hard to answer; for starters there are no totally clear 
definition of what learning really is, which makes it even harder when it comes to try to show an 
ability as insight or foresight. In this study, the definition “…when experience results in a relatively 

permanent change in the reaction to a situation” is used (Pearce, 2008, page 13). Associative learning 
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is not all together accepted to be a part of long term planning or foresight (Lind et al, 2009). Although 
it is a discussion how semantic memory plays the role in the ability of long term planning (Clayton et 
al, 2003, Page 689). According to Tulving (2005), a semantic memory is dependent of a phenomenon 
that has been experienced many times; to associate it. On the contrary to episodic memory, that is only 
experienced at a specific time (Groome, page 199, 2010).  
 
Not so many tests are made in this subject of episodic memory in animals, and only with a few species, 
such as scrub jays, rats (Babb et al., 2006) and bees (Pahl et al., 2007), which makes it more confusing, 
because if the conclusion is that, for example bees has the properties of episodic like memory, are they 
also able to plan for the future as argued with the scrub jays? The actual development to the result in 
the studies, maybe even more interesting than the result alone, but also to try to answer the question; 
how? And as Pearce asks in his book Learning and Cognition (Page 121): “If animals have the ability 
to learn causal inferences, how is such knowledge about the environment acquired; are animals 
capable of abstract thought?”  
 
We can see a number of animal behaviours that are amazing achievements, like caching birds such as 
the scrub jay’s, but it doesn’t necessarily mean that it has something to do with insight or longterm 
planning as some studies show that if they lack the experience, they can not solve the task as easily 
(Pearce, 2008, page 114-118). For example one group of ravens was put in the situation of a string 
with a piece of meat hanging from a branch. They solved the problem by standing on the string step by 
step until they reached the meat. The other group did not have this experience. In the next experiment 
the string was arranged in a way that they couldn’t pull the string upwards, the only way was to pull it 
downwards. The birds who had the prior experience mastered the task, and the birds that didn’t have 
the experience, failed. In the case of the caching birds; there are examples of behaviours in animals 
that are so strong that they perform them whether or not they need to, like caching, hunting etc. And 
they also need self control in those behaviours. 
 

The aim of this study 
A number of reinforcement/delay tests have a delay for reinforcement from a few seconds up to 
minutes before the behaviour changed (for example D’Amato et al, 1971, D’Amato et al, 1972, 
Richards 1981; Logue et al, 1984; Schlinger, H. D. et al, 1994; Herman et al, 1974; Cole, 1990). One 
ingredient that is common for these despite of the technique of how the delay is presented is that the 
animals need to go through many trials until they can wait for seconds, and even more if they are 
expected to wait for minutes. In one study of matching to sample, a single dolphin could wait for up to 
two minutes. In the test made by the Osvaths’, the chimpanzees were able to wait for the reward for 
more than an hour. There was relatively scarcely repeated training within the actual test, as one of the 
conditions for long term planning (and episodic memory) is that a task is not repeated by many trials. 
The circumstances were the same for the dolphin, but in these two cases, both have had previous 
training in other tasks, previous to the test. Can there be a similarity between long term planning and 
learning, in the sense that the behaviour can be interpreted in the same way and there for might involve 
the same memory systems in the brain? Is it possible to tell them apart with more defined behavioural 
criteria of foresight? If they are closely connected in terms of behaviour –   like Lind et al suggests – 
how long can an animal wait for a reward, presuming they know that they can expect the future 
reward? Can animals achieve the same results with elementary conditioning training, like in Osvaths’ 
test so that we think that they are planning for the future? If it means – in a Lloyd Morgan spirit – that 
we can explain the studies of foresight/future planning and/or episodic memory, with more 
fundamental behaviours as associative learning and self control, how can we make the modifications 
and designs of these studies to separate foresight/episodic/memory with some kind of associative or 
evaluative conditioning (Lind et al, 2009). Or how can we find out what strings them together and 
what is not? If they can wait for hours, in these tests, can you divide learning and foresight? Or are 
they impossible to separate?  
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This article by Osvaths’ was the inspiration of the study with the hippos to try to broaden operant 
conditioned tests with a self control paradigm to other species. This in terms of the phylogenetic 
spread of cognitive skills, and to try to contribute to what differs and what is the same between 
learning and long term planning behaviour, as well as gather more information about pygmy hippo’s 
cognitive skills.  
 
In this study we have made a self-control test and reinforcement with a delay, (without removing the 
direct reward during the waiting of the big reinforcer) with two pygmy hippos, to see if they could 
resist the immediate reward, and how long they were able to wait for the big reward. Osvaths’ made 
the study to try and answer the question if chimpanzees have the ability of long term planning. This 
study with the hippos was made to try to answer if you could get the same result with extensive 
training and self control. 
 
Subjects  
The 2 pygmy hippos (of a total of 3), are living at Parken zoo, and at the time of the tests the female 
was 16 years and the male 3 years. They are previously clicker trained by their keeper at Parken zoo, 
who started the training because they were easily stressed and the male was aggressive. They have 
learned to sit, lay down and – recently before the study – started to learn to mark an object with the 
nose (known by practitioners as target training). The subjects are also trained to lie down and stay 
down while the keeper moves around, and to come and go down in their indoor “pond”. A long term 
intention of habituation to handle the trimming of their feet is also in an early stage of their training. In 
the previous training some “negative” behaviour has occurred, such as pushing the trainer, walking 
away, shaking their head with an open mouth, when the hippo is waiting for the reward. 
 
The male came to Parken zoo, from Rotterdam zoo in the spring of 2008, he was then one year old. 
The female’s previous stationing was Edinburgh zoo and she came to Parken zoo, in 2006, at the age 
of 12. She was born in Whipsnade Wild Animal Park, England and has lived in 3 zoos up to this study, 
and has had four offspring’s. One of her daughters – Ellen – is (when this is written) still living at 
Edinburgh zoo and has an offspring of her own. As far as it is known about these two hippos that 
participated in the test, neither of them had any previous training before they came to Parken zoo.  
 
Method 
Osvaths’ method in their study “Chimpanzee and orangutan forethought: self-control and pre-
experience in the face of future tool use” was the inspiration of this test with modifications to the 
modified into a conditioning variant; a self control test with a choice between a direct small reward 
and a large delayed reward. The study was approved by the Swedish agricultural department of ethical 
review permit. 
 
The zoo is open from May until October and because the hippos are sensitive to cold weather, this is 
also usually the period when they are outside the most. During the rest of the year they are mostly 
inside in their winter enclosure with access to a pond and the tests were made in this period (February 
to April, 2010). The male was kept in an enclosure that is in another building than the older female. 
His enclosure has a bigger pond, have rubber carpets in all of the enclosure. The older female have a 
smaller, more shallow pond with mostly concrete floor, with a rubber carpet in a corner were she has 
hay and straw.  
 
The type of food and the daily amount of food was not changed during the tests, and grapes were 
settled by the keeper (who were training the hippos before and during the tests) to be one of the 
favourite and most desirable treat. It is hard to evaluate what kind of food that is more preferred than 
another, due to satiation, moment of preference etc (Clayton et al, page 2, 2008, Response to 
Suddendorf & Corballis (2008): in defence of animal foresight).  There are different methods of 
finding out the motivational grade of a reward, but the one that is considered to be the most reliable is 
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to test if the frequency of behaviour increases, like Skinner did (Pearce, 2008, page 102). Even though, 
other variables may of course interfere. During the test, the hippos also had unlimited amount of water 
just as they do, under daily housing conditions. Because hippos graze and investigate things with their 
nose and mouth, they were expected to “mark” their choice in the study with their nose. This was to 
considerate contextual values (Pearce, 2008, page 15). The initial training and all of the main tests, 
which contained the delays, were filmed.  
 
Because the hippos are considered to be easily stressed (like they were, when they came to the zoo), 
we didn’t change the conditions during the study, neither in interior or training procedure. The trainer 
was inside the enclosure, visible to the hippos, with the same clothes as she usually has and with the 
usual bucket that contained the reward. No talking during the actual sessions, only before, with the aim 
to make the hippos alert and motivated to start the test. This was also the procedure to initiate the start 
of the trial because it was made in the hippos’ usual housing enclosure, though in different places. 
 
The study was divided in three parts; the first section was to ensure that the hippos could choose 
between the direct reward and the object, which represented the grapes. Three objects were used (a 
plastic box, a file and a glove) to ensure that the hippo was not preferring a special object or a special 
material. A hammer was also used but stressed the first hippo that we tested, so it was excluded. They 
were introduced to a novel object and the hippos were expected to put their nose on the object to get 
the reinforcement. We used different objects in the initial test also to make sure that they could 
generalize between objects. When the hippo put its nose on the object there was a click and an 
immediate reward. This is known to practitioners as target training and to researchers as shaping. In he 
beginning, they got a small reward as this was meant to be the initial test (mixing the objects plastic 
box, file and glove), because only one special object was meant to be associated with the big reward of 
grapes, the “jackpot”. And also for not risking the hippos to feel satiated with grapes, and in that term 
loose the motivation for more in the actual test. The second was made to form an association with a 
special object connected with the “jackpot”.   
 
 

                                               
These first three objects were used in the initial training test part 1. 

 

                          
The plastic can was used in part 2, to form the association between the plastic can and the “jackpot” (big reward of 

grapes). And finally it was used in the self control task with a delay in part 3 (the actual test) of the study. 
 

 

 

Part 1; “Target training” 
Female hippo: 
5 days sessions – 1 day off – 4 days sessions – 2 days off – 1 day session – 6 days off – 1 day session – 
1 day off – 2 days sessions  
This initial first test for the female had 2 to 3 sessions per day with 2 to 5 trials in each session.  
 



 10(20) 

Male hippo: 
2 days sessions – 3 days off – 7 days sessions – 9 days off – 1 day session 
The initial first test for the male had 1 to 3 sessions per day with 1 to 5 trials each session. The first 
two sessions had 7 and 8 trials. 
 
If the hippos lost their focus the trainer moved, or moved the object and that seemed to make them 
regain the focus and motivation. 
 
Part 2; Training of the association between stimuli and big reward 
The second initial test was made with the female hippo to ensure that the hippo would have a chance to 
create an association with a special object with a big bonus reward; in this case a lot of grapes. This 
session was made over two days, with a total of 10 trials. With the male hippo we started directly with 
the actual test, because he seemed to understand in the first part with target training. He was fast with 
marking the object and the trainer had a feeling that he was motivated despite of the big amount of the 
grapes. (See discussion.) 
 
Part 3; Self control test with a delay 
The object in the self control test was an ordinary plastic can that had not been used before in training, 
not associated with food and was novel to the hippos according to the known background of the 
hippos. It was also different in shape and size related to the plastic box, file and glove, though it was 
plastic and the same colour as the plastic box. The choice of the reward (grapes) is sometimes given to 
the hippos daily, and sometimes once or twice a week, but not on a regularly base during the period of 
the tests. A big reward of grapes was only given in connection with the plastic can during this time.  
 
The object and the direct reward were varied, to the left of the hippo and to the right, so it would not 
risk a preference or a habit of the location. In the first trials of this self control test, the trainer blocked 
the direct reward with her foot when the hippo had marked the can and got the grapes, but in the rest of 
the sessions and also with the delay, it remained in place. This meant that the hippos could change 
their minds.  
 
The self control test was made over ten days with two sessions each day and with 2 trials per session. 
The second trial began right after the hippos had eaten the reward. The first day had one session in the 
morning and three in the afternoon. The number of trials each day and the breaks were made to prevent 
a loss of motivation and a satiation of the reward for having too many tries and sessions. Direct 
rewards and delayed rewards were randomized within those 10 days, with a maximum of 3 delays each 
day (out of a total of 4) and 2 delays per session (out of a total of 2). The method of randomizing those 
occasions over those 10 days was to use a dice. If the dice showed 1, 2 or 3, the occasion with a delay 
was set in the morning of that day and if it showed 4, 5 or 6 it was set in the afternoon. The same 
schedule was used for both hippos with the exception of when the free days were set (see below). The 
sessions were made at approximately the same time in the morning and in the afternoon, both in the 
initial tests and in the main test. The choice of no more than four trials per day and with randomization 
of the delay was also settled in order to try to keep up the expectation. Previous studies shows that 
irregularity is good for the attention and intensity of the motivation (Reid in Jensen, 2007, page 130), 
or the positive contingency of the reward (Pearce, 2008, page 99).  
 
Due to practical reasons the two hippos had a slightly different schedule of contingency days of 
sessions and the days off, but the total of 10 days was the same. 
 
Female  

5 days session - 3 days off - 1 day session - 3 days off - 4 days session    

 

Male  
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5 days session - 1 day off - 3 days session - 3 days off - 2 days session    
 
The definition of delay in this study is 4 seconds or more, because 4 seconds is around the time it takes 
for the hippos to mark the plastic can and turn to the trainer for treats. It is therefore much more likely 
that the delay is due to chance if it is less than 4 seconds, than in the cases of more than 4 seconds of 
delay (Herman et al, 1974). If the time was 4 seconds or longer it counted as a delay, and is was 
counted from the click (when the hippo marked the can) until the receipt of the treat. 
 

 

Results 
Acquisition curves, see attachment 1 and 2, page 19-20.   

 

One afternoon session in day 2 for the female was lost for technical reasons, so the corresponding film 
of the male was also excluded. The total of trials became 38 instead of 40. And the total of delay trials 
became 23 instead of 24. 
 
To make an appreciation if the number of times the hippos choose the can and the big reward of grapes 
were due to chance (0,5), a sign and binomial test was used. The female hippo had 27 successful 
choices out of 38, 71,1%, with the value P of  0,0139 for 27 or more successful trials, or 11 or less due 
to chance. The male hippo had 32 successful trials out of 38, 84,2%, with a value P of  0,0001 for 
observing 32 or more successful trials, or 6 or less, due to chance. 
 
In the initial test when the hippos were supposed to mark three different objects, they did not fail at all, 
they marked the objects in 100% of the cases, sometimes with a slight help to regain focus mentioned 
in Part 1; “Target training”, page 9. This was except for the first trial with the first object; that took less 
than a minute for them to mark the object. They could be distracted for a few seconds, but always 
marked the object, to get the reward. 
  
Because of our choice that the keeper estimated how long they could wait in order to avoid negative 
behaviour and a drop in motivation, the acquisition curve is irregular. In the first sets of diagrams also 
because the trials where they chose the direct reward are included and are counted as no delay, 0 
seconds (see attachment 1 and 2, page 19-20).  
 

The female chose the direct reward 11 times out of 38, and in all cases she chose the direct reward 
when it was a banana. The pieces were in different sizes, but that did not seem to have any affect on 
the times she chose the banana as the pieces were either small or large when she chose the direct 
reward. A couple of times she smelled the piece of banana and one time an apple, but chose the can for 
grapes. And in another, she smelled the can and chose the piece of the banana. And in a few sessions 
the female hippo stood still and didn’t seem responding to the environment. She had a rate of 71,1 % 
successful trials and waited up to 15 s, with a mean of 9,8 seconds. The male chose the direct reward 6 
times out of 38; three times an apple and two a piece of a banana. On a few occasions he stood 
between the can and the direct reward and after a few seconds he made his choice, and so the female 
hippo. He had a rate of 84,2 % successful trials, and he could also wait up to 15 s, with a mean of 9,6 
seconds.  
 

Discussion  
Because the female marked the can in 27 of the 38 trials, and the male 32 out of 38, one can assume 
that an association between grapes and the can has taken place, because due to the binomial test the 
probability of chance is low (Pearce, page 37, 2008; Mercado et al, page 83, 2000). The random delay 
of the reward, decreased the chance of the hippos knowing when to expect a delay. On the other hand 
maybe because the sessions were in pair; two in the morning and two in the afternoon, there were 
enough trials each day to risk of satiation, even though there was a break between 1-3 days in two 
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occasions during the 10 days of trials, and that there were 2 trials in the morning and 2 in the afternoon 
each day. The random delay of the reward if they chose the can made it only a risk of the delay, and 
not more than 15 seconds. In most cases the keeper did not remove the direct reward in a successful 
delay trial, and still the hippo waited, which can mean that they had actually not noticed the direct 
reward, or they were strongly motivated in that moment by the big grape reward.  
 
The hypothesis that animals can wait if the history of the outcome is fairly well, with a relation to the 
history of the outcome, that makes an expectation of the “future” reward, is a fundamental mechanism 
of learning found in starlings. This is Suddendorf et al (2009, page 2), argument in their critique 
against the studies with caching corvids. The most likely explanation is that it is the mechanism of how 
long ago and how much rather than when, as in terms of episodic-like memory. In the Pompilio (2005) 
study “State-dependent learning and suboptimal choice: when starlings prefer long over short delays to 
food”, it was rather the gain according to the state (hungry or prefed). This is argued to be because of 
an association of the state of mind the bird had when it was receiving the reward in the initial tests, 
rather than satiation, and also due to the properties of the alternatives. These are examples of tests with 
a delay that can be explained by more fundamental mechanisms than long term planning.  
 
It is when the studies do not imply that the animals have experience in previous studies which makes it 
harder to establish what actually happens. The risk is that they can use experience from previous 
studies like for example in a delayed matching to sample (Roitblat, 1980). It shows that at least some 
animals can perform correctly on the first trial in a novel test, with relational information. (For more 
articles see Pearce, 2008, page 181.) So more is needed in the criteria for long term planning than self 
control and mental time travel, and it is vital to make accounts of the full history of the subject’s in the 
studies of foresight or long term planning. 
 
Because of the irregularity in the acquisition curve, due to our decision that the keeper estimated the 
time that they might be able to wait; we can not say if the hippos had a gradual increase in the delays 
in the successive trials. We can also not be certain that the hippos noticed the direct reward in all the 
trials, due to the size difference between the can and the direct reward. But also that pygmy hippos are 
considered to have poor eyesight. We know that on a few occasions the female hippo investigated the 
banana first and then marked the can, and waited for the reward. There were behavioural indications 
that they made a choice like standing between the options, looking at either side and then made a 
decision. To be sure that they could smell or see the direct reward, needs to be further investigated, 
because nothing in the behaviour indicated that, in the cases where they chose the can directly. Other 
than the time they investigated the direct reward but did not eat it. So in these trials they are able of 
self control, and to wait at least around 10 seconds, that was the mean delay for the reward, in both 
hippos.  
 
A negative variable in studies of delay is that the waiting can change the behaviour into extinction. 
There is a theory that extinction is not only due to the number of extinction trials, but of the amount of 
time the conditioned stimuli is exposed (Pearce J. M., 2008, page 143). Because the keeper in this 
study was in sight of the hippos it can not be excluded that unintentional signals from the trainer could 
be cues for the animals, even though a neutral body language was the goal. That is also despite the fact 
that Pygmy hippos are known to prefer the senses of smell and hearing, more than their sight 
(Hexaprotodon liberiensis, Husbandry guidelines, 2009?). The reason that extinction did not take place 
(other than the time of exposure of the stimuli and the number of times) can be a case of evaluative 
conditioning. It is an unconscious processing; something other than the actual reward is motivating the 
animals (Levey and Martin, 1983 & 1987; Baeyens et al 1988). For example the keeper of the animals 
that are associated with food, and that something happens, or the fact that during the winter the hippos 
are sometimes let outside for a while, which is much appreciated. This type of conditioning is fairly 
resistant to extinction (Baeyens et al, 1988), which may explain the results in this study. Also some 
kind of occasion setting (other than the ones we had in mind; the click and the fact that the can 
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remained until the reward was given). For example the presence of the keeper, and that she had the 
bucket with her, or the whole situation with the keeper, bucket, the body language, that she stood still, 
the attention she gave them etc. 
 
Extinction is also resistant in the molar theory of reinforcement, which says that it is not necessary for 
the reward to follow closely, but for the overall probability of reward being delivered to increase the 
response. And according to Baeyens et al (1988), it was remembered two months after the occasion 
when the conditioning took place. This, in contrast to signal learning which is the most mentioned 
recently in sensitivity to extinction. That could explain the hippos resistant to the delay in those tests, 
for the trainer has a feeling that the actual feeding from her and the attention is highly appreciated, 
which could represent evaluative conditioning; the act in itself is an unconscious reward like in 
Baeyens et als, study (1988). The challenge here is trying to determine - with certainty - what that can 
be in a test, with the actual data. When an answer to a question can have more than one certain 
outcome, it is very hard to be sure if the interpretation is the truth or not (Pearce, 2008, page 198). In 
this study, too many circumstances make it hard to discriminate variables that did not influence the 
results. Because we actually do not know how animals think, we have great difficulties to design an 
experiment that encourage motivation in a sterile environment as for example a laboratory. It is 
necessary that the practitioners experienced eyes and the moments of spontaneous acts, may direct us, 
and be starting points to see what behaviour we can build on to make the designs motivationally 
appealing.  
 
In the “Discounting of delayed rewards, a lifespan comparison” (1994) the subject’s responded to an 
immediate reward and a delayed, and it decreased when the delay was long. This was more frequent in 
young children than adults, but there is a pattern in this study. The difference with this study is that the 
immediate reward was not fixed, but was different in amount in each trial. The study seems to show a 
difference in age of how frequent you had the patience to wait for a bigger reward. This result makes it 
interesting to have facts about previous skills, as the argument for the tests done with foresight. It also 
illustrates that even in humans a delay have a negative effect of the behaviour, and that 15 seconds is a 
long time in this sense and that the hippos didn’t loose their focus even when the direct reward was 
available even during the delay.  
 
One example with animals and rather long delayed rewards (Delayed Matching To Sample) is in a 
dolphin mentioned earlier, “Auditory delayed matching in the bottlenose dolphin” (1974). In this study 
the dolphin was exposed to a delay that lasted for two minutes. The dolphin was able to choose 
between two signals, one was “false” and gave no reinforcement, and the other was delayed gradually 
in time if the dolphin chose that one. When the dolphin chose the signal with the reinforced delay, a 
second signal toned, much like the use of a clicker. This makes an indication of what can be expected, 
and therefore maybe the reason that the dolphin could wait up to almost two minutes (although this 
dolphin had a maximum of two minutes, before she responded negatively). In a test with pigeons, they 
tended to prefer signalled delays over non signalled, but there was a limit of 90 seconds before the 
responses declined (Marcattilio et al, 1981). In a self control test, they were able to change their choice 
between the direct small reward and the larger reward with a delay, and that decreased the choices for 
the delayed reinforcement (Logue AW, 1984). They mean that other studies in the same tests shows 
result in an increase in the delay choice only because they lacked the opportunity to change their mind.  
 
If a study fails to make an indication that the reward is coming, it will risk ending in what is now 
canonically called an extinction of the behaviour. Therefore we used the clicker in our study to make 
that indication and give the animals a cue. The factors that can have made some difference are many, 
when like in this study, the trainer was visible. There might already be an indication for the hippos that 
something is going to happen, because the trainer has not left the room. At this stage this question is 
very hard to answer. It can be very interesting in further studies to remove each and every possible 
indication, such as the trainer, the bucket that was used for the treats and so forth, to try to find the 
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settlement of the factors that made the hippos succeed in this study. Maybe it can be explained with the 
phenomenon “interval timing”, and if this ability can be conditionally trained to be extended, the more 
you train, or if there is a limit and what effects that limit. If you expand in this way, it might be 
possible for the hippos to associate other objects with other treats, so they can choose what kind of 
extra treat they want. The ability to control the environment by having a choice may be a way of 
reducing stress. Studies have showed that stress can be reduced by the ability to predict events, and 
that welfare is benefitted with positive reinforcement in the sense of increasing control (Bassett et al, 
page 224 & 240, 2007). Maybe that is what happened in Osvaths’ study; the years of training the 
chimps have led them to be able to wait for a long time, especially for a highly appreciated reward as 
fruit juice.  
 
The difficulties to interpret the results in these kind of studies, can be illustrated with an example of 
the critique from Suddendorf (New evidence of animal foresight? 2008), against Correia et al’s. 
“Western scrub-jays anticipate future needs independently of their current motivational state (2007)”. 
The study was trying to find out if the birds were caching food differently if they recently had been 
fed, and the satiation for this particular kind of food was well fulfilled. Would they yet cach more of 
this food and see to the future motivational state, rather than the present? In the critique of the study 
Suddendorf et al say that it is not evidence of foresight, because they stopped caching the other type of 
food (that they had not eaten before they were allowed to cash), rather than increased the caching of 
the food that they had been satiated by. But in another argument (that why should the birds cache food 
when the people are giving them food every morning), they actually in a way say that they have some 
foresight in the ability to predict that they will receive food in the morning whatever they do. If that is 
true, it would mean that they would refrain to caching food, due to that they would receive it anyway 
in the morning. How could they do that prediction, when they can not anticipate future needs? And 
that also with a lack of cues of the fact that they didn’t see the humans take away any food or putting it 
there. The contradicting interpretations in the tests, made Pearce (2008, page 198) to give this topic a 
limited space in his book.  
 
Osvaths’ study and the tests done with the caching behaviour in corvids are also criticized by 
Suddendorf et al, (2009a). They argue that these tests have weaknesses; for example that decaying 
strength of a memory trace, a more “simple” mechanism, can explain the results and not episodic 
memory and foresight. The question “When?” can be confused with how long ago it took place 
(Suddendorf et al, 2009, page 2), and that can be due to an internal clock, rather than in the sense of 
when it took place and the feeling in the situation. On the other hand we can not point on any facts that 
rule out certain variables, only that it can be other things. And a part of the critique against Osvaths’ 
article is that the chimpanzees have passed the test with some kind of learning (Lind et al, 2009; 
Suddendorf et al, 2008). It has been suggested that studies on animal mental time travel should be set 
in moratorium until the psychological and behavioural definitions have been better specified 
(Shettleworth, 2007b, page 333). This statement can be viewed from at least two different angles; 
either these studies can in the future be important because if we don’t make any studies now, how will 
we be able to learn more in terms of setting those definitions? (Raby & Clayton has taken on the 
challenge in “Prospective cognition in animals”, 2009). Or maybe we need to be more pragmatic in the 
studies and go back to basic, so we can make clear statement on the behaviour of the animals. 
Otherwise it will be like in other different areas of cognition studies in animals; very much studies, 
with much data that are scattered all over and does not show any sign of patterns for making 
conclusions (Lind, 2010).  
 
Maybe it is possible to combine studies in the wild with studies in a controlled environment. For 
example, such like in the case with capuchin monkeys and the cracking of nuts, when they are drying 
them in the sun for days or weeks. They are gathering nuts from a palm tree, and peal off the outer 
layer of the nut, which is softer. Then they leave some nuts to dry for days or weeks. They come back 
and checks if the nuts are ready to be cracked. They then use stones as tools for opening the nuts 
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(Ottini et al, 2008). If we can use these individuals in the wild, set up an experiment for them and 
animals in a controlled environment, maybe it is possible to combine these data, and get more 
unambiguous results, because if you fail to make a comprehensible test to the animals, the simplest 
alternative for the animals is to try and learn in some way by trial and error or previous experience 
what is going to happen. 
 
Conclusion 
This exercise is certainly enrichment for the hippos, and it can be developed further to motivate them 
to solve problems, which might help them to keep their cognitive abilities and maybe even improve 
them, as mentioned earlier in other species. If these specific exercises don’t exactly represent the ones 
needed in their habitat, they might help anyway to improve the hippo’s cognitive abilities, facing 
problems, new things and situations, and for example be more prepared for unexpected situations, in 
the future.  
 
Very often it is considered to be a weakness to have a limited amount of trials, which means a limited 
amount of data. In this case it shows that the hippos could wait up to 15 seconds, with no extreme 
difficulties, despite the limited amount of trials. As in other studies it takes the subjects up to several 
thousand trials to even reach a delay for more than a minute like in the examples mentioned in the 
discussion. Clearly the conclusion of just one study with this species, in order to try to come closer to 
answer the question if we can explain the behaviour in the long term planning article, with other 
behavioural mechanisms like associative learning, is of course not enough. We still do not have 
enough data of the pre training sessions (in the individuals’ early ontogeny) and we need to extend the 
training to see how long they can wait. And there is also necessary to extend the number of 
individuals, to be sure that the results are a not an expression for personality alone. What we can say is 
that they had no trouble of self control, compared to how many trials they were exposed to. And that 
they stayed in focus despite that they could change their mind because the direct reward was not 
removed and that this is hard to achieve in animals as discussed earlier. This gives indications of that 
they may be able to learn to wait for longer periods than 15 seconds.   
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Female hippo 16 years old (Delaytrials)
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Attarchment 2 
 

Male hippo 3 years old (successful trials)
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Female hippo 16 years old (successful trials)
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