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Abstract: Understanding cognition, the mechanisms by which animals acquire, process, store, and act on 

information from the environment is important because it can provide insight into animal’s affective and welfare 

state. In farm animals it may have links to production parameters of value but for this possibility to be explored 

cognitive ability have to be first established in the animals. Four breeds of sheep (n=15/breed) were subjected to 

two operant learning tasks using visual stimuli in an operant system to test their cognitive abilities in two 

experiments. Data on the response time, response time during right (I-R) and left (I-L) screen image presentations, 

number first time correct choice and number of corrections required to complete the task were collected and 

subjected to ANOVA. In experiment I, significant differences (p<0.01) in response time was found between breeds 

and also during right or left screen image presentations. However in experiment II, there was no significant 

difference between breeds in response time to complete task. Suffolk ewes made significantly (p<0.05) higher 

number of accurate responses and required fewer corrections in completing the task than the other breeds. There 

was also significant differences between sessions in response times, accurate responses, and corrections required to 

complete the task. The results demonstrate that ewes of the four breeds can master the cognitive task over time 

albeit at different rates. Tests of cognition in livestock may have application in animal welfare, but more 

systematic studies are needed to explore possible links with production traits. 
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1.   INTRODUCTION 

It is becoming increasingly important to study animal cognition for a variety of reasons. The most obvious ones are 

psychology, medicine and lately animal welfare. Human psychiatry and neurology research is reliant animal models to 

study a plethora of psychiatric and neurological disorders. Common animals used in medical research are rodents [1], [5], 

[24], [13] and non-human primates [22]. However rats and mice do not make ideal experimental subjects to study brain 

disorders in humans firstly because they are short-lived but also because they have dissimilar brain architecture with 

humans [14]. While monkeys do similar brains to humans, their management is not as routine as that of farm animals and 

their size will make them too cumbersome to manage under laboratory conditions if it were to come down with the 

clinical symptoms of neurological disease such as Huntington’s or Alzheimer’s. There are also ethical issues that might be 

raised in dealing with non-human primates. People’s attitude to animals are affected by their evaluations of the animal’s 

abilities [3]. If people perceive animals stupid and unaware, they are more likely to treat such animals as objects rather 

than as individuals with possible consequences for physical and mental aspects of needs, or feelings such as pain, fear, 

pleasure and environmental stress. As non-verbal beings, it is pertinent to device other means of gaining insight in to how 

animals feel in the different farm conditions for us to be able to improve their welfare [12].  Recently, animal cognition is 

found to be useful as an indirect method of assessing their welfare [12]. Studies [2] suggest that animal emotion and 

cognition have a bi-directional relationship implying that emotive states of animals can be deciphered by measuring their 

cognitive states. Sheep have credentials that make them suitable for studying cognitive functions. They are long-lived, 

unlike rodent and have large brains with similar morphology to that of humans, a human like basal ganglia and a well-

developed and convoluted cerebral cortices [7], an impressive ability to remember the faces of others for up to two years 

[8], suggesting potentials for learning and memory. Despite this remarkable similarity to the human brain, studies to 

characterize cognitive functions in the sheep are lacking and would be essential if their emotions and welfare state are to 

be understood. Studying cognition in sheep may possibly allow for indirect selection of production traits to improve 

livestock if cognitive ability have correlation with a particular trait. Links between productions and behavioral traits have 

been demonstrated in previous studies. Findings by Kilgour & Szantar-Coddington [9] suggest that fear, a behavioral trait, 
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is correlated to maternal ability in sheep, [11]. The authors compared merino sheep from a line selected for lamb rearing 

ability and a random flock at 6, 12 and 20 months of age and found the total distance travelled differed significantly 

between the fertility flock and the random flock. Subsequent studies on this phenomenon by Kigour and Szantar-

Coddington, [9], and [10] also reported similar findings suggesting that arena behavior, specifically fear can be a 

candidate for indirect genetic selection for lamb rearing ability at least in the merino sheep. It is possibly that similar links 

between production and behavioral can be discovered. For any trait to be a valuable selection tool it should be easily 

measurable at a young age and measurable in both rams and ewes and heritable. Discrimination learning in operant 

conditioning which test cognitive functions can be designed to meet these requirements. Cognitive functions, like other 

biological parameters is variable and their determinants heritable [21]. Cognitive ability has also been reported to differ in 

closely related wild and domestic species [4], [16] and may therefore be genetically related or inherited. However, 

cognitive function is seldom investigated in farm animals. Thus there is the need to study, characterize and quantify this 

ability as they may serve as useful tool for indirect selection in both sexes [3] 

Before we develop husbandry protocols that can improve animal welfare and also to explore possible links between 

cognitive ability and production trait(s), there is need to first demonstrate cognitive ability in various breeds of the 

species. This study therefore is aimed at testing the cognitive ability in ewes of four breeds of sheep using a set of operant 

learning tasks for that purpose. If the test is appropriate for the species we expect all the ewes of the four breeds to learn 

the task and vice versa.   

2.   MATERIALS AND METHODS 

Experimental animals 

The experiments was conducted with 60 ewes from the same farm, 15 each from the Beulah Speckle-faced (Beulah), 

Bluefaced Leicester (Bluefaced), Suffolk and Texel breeds. The ewes had no prior cognitive testing experience and had 

no prior training or handling apart from routine farm husbandry practices. The sheep were housed in four large straw-

bedded pens according to breed in the same indoor facility and offered ad libitum access to water and hay plus once a day 

supplementary concentrate feed. On experiment days, concentrate feed was offered only after the experiments to ensure 

sufficient appetite [20] during testing. Studies were carried out in accordance with the UK Animals (Scientific 

Procedures) Act, 1986. No licensed procedures were carried out in the course of these experiments. 

Testing facility 

A purpose built semi- automated mobile operant system designed by University of Cambridge (see figures 1, 2, and 3 

below) was used for the experiment. The system is designed to be ethologically relevant for medium sided quadrupeds 

that have strong locomotor characteristics. Stimulus presentation, reward (5 grams commercial pellet) and data entry are 

controlled by a MATLAB computer program coded for this study. 

 

Fig. 1: Schematic diagram of the facility used for the experiments showing the path to be followed by test subject 

and position of feed dispensers 
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Operant task 

The operant task involves a series of test similar to the simple reaction time (SRT) test which measure simple reaction 

time through the delivery of a known stimulus in one of two possible locations to elicit a known response and choice 

reaction time (CRT) which is a two-choice reaction time test where there is a stimulus and two possible responses. It is 

useful for testing associative learning, visual memory, general alertness, memory and motor speed, response accuracy. 

Details of the experiments are described as follows 

Pre-experiment habituation to the testing facility 

The sheep were first subjected to a pre-testing phase where animals are held and fed in the operant system (figure 1) as a 

whole group for 15 minutes once and then in groups of 6 and then 3 both twice for 15 minutes before the commencement 

of the experiment with the objective of familiarizing them with the facility layout, location of feed dispensers, and visual 

and audio stimulus [6]. 

With the sheep held in area A for 6 minutes, one randomly selected image from a library of ten is selected on each screen 

with the simultaneous presentation of an audible medium-pitched tone and the delivery of food from two dispensers 

located directly below the screens every ten seconds. No operant response is required from the subject to elicit food 

delivery and no data is collected. The subjects go through this habituation phase in pairs and then individually for two 

sessions each lasting 6 minutes. 

Experimental design 

Experiment 1: The aim of the first experiment is to determine the rate of operant learning in the ewes of the four breeds 

by measuring their speed of decision making. A random image from a library of 10 wingding images is presented on 

either of two screens as stimulus with simultaneous presentation of an audible medium-pitched tone. Each of the 

experimental subjects is required to respond to the stimulus by moving to the screen with the image to activate a feed 

dispensing mechanism and receive a food reward. The aforesaid sequence (called a trial) is iterated 10 times at an inter-

trial interval time of 10 seconds counting from the delivery of reward while the sheep held in area A (see figure 1). In 

every trial, the response time in seconds (T) i.e. time interval between presentation of image and appropriate response 

from the subject, the side of image presentation, - image on left (I-L) or image on right (I-R) screen - as well as subjects 

tag no are automatically recorded by a MATLAB computer program. 

 

Fig. 2: Photograph illustrating layout of the mobile operant system used for the operant task 
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Fig. 3: Photograph of a sheep using the operant system. 

Experiment II: This experiment is aimed at measuring attentiveness and short term memory. The stimulus presentation 

and activation of reward is same as in experiment 1 however, the subject is required to move out of area A into B and 

return back to area A (see red arrows in figure 1) after responding to the stimulus regardless of whether subject’s response 

is correct or wrong. In the event subject makes a wrong response by going to the screen without image during a trial, the 

image on the other screen is removed, a high-pitched tone is presented and the subject is required to takes a correction 

trial which is a repetition of the sequence of procedure described above. There is no time limit within which the test 

subject is required to make a response but subject is required to make correct responses in ten consecutive trials to end the 

experiment. Experiment II was conducted four times on nonconsecutive days. The response time in seconds (T) i.e. time 

interval between presentation of image and appropriate response from the subject, the number of correct responses 

(accuracy) the number of correction trials (errors) as well as the side of image presentation (Left I-P or Right I-P) for 

successful trials in each session are automatically recorded by a MATLAB computer program.  

Data transformations & Statistical analysis 

Datasets for the number of accuracies and errors failed the Shapiro-Wilk and Kolmogorov-Smirnov tests of normality and 

was subjected to inverse transformation prior to analysis. All the data was analyzed by one-way analysis of variance using 

SPSS software version 22 from IBM Corporation. Where the ANOVA reveal significant differences between breeds, 

Fisher’s LSD was used to pinpoint which means differ significantly from the other. 

3.   RESULTS 

Experiment 1 

One-way ANOVA results for experiment 1 that measures response times presented in table 1 show a significant 

difference between breeds in total response time to make a choice following stimulus presentation F (3, 52) = 6.14, 

p=0.001 with the Beulah speckle-faced taking significantly longer time to make a choice than the three other breeds 

whose response times did not significantly differ from one another. This trend is repeated when image was presented on 

the left screen F (3, 52) = 4.66, p = 0.006. The Beulah and Bluefaced Leicester breeds are significantly slower (p < 0.05) 

than the Suffolk & Texel breeds. 

TABLE 1: Mean (±sem) latencies to make a choice in cognitive test during acquisition of trial and error behavior 

 Beulah Bluefaced Suffolk Texel  

 n=13 n=14 n=14 n=15 P value 

Response time 1.29±0.15
a
 0.93±0.08

b
 0.83±0.08

b
 0.73±0.06

b
 0.001 

Right I-P 1.27±0.13
a
 1.03±0.10

a
 0.86±0.11

b
 0.75±0.07

b
 0.004 

Left I-P 1.18±0.19
a
 0.73±0.08

b
 0.73±0.06

b
 0.67±0.06

b
 0.006 

Data was log-transformed to ensure normality 

Values with different superscripts within a row are significantly different (p<0.05) 
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Experiment II 

Response time 

The mixed ANOVA comparing breeds (fig. 4) and sessions (fig. 5) in speed of response during the operant task show a 

significant effect of session of when the test was conducted F(2.639, 137.25) = 2.82, p = .048, partial eta squared = .051 

but not breed F(3, 52) = .67, p = .57, ηp2 = .38. However, ewes of Blue-faced Leicester breed are much faster in 

responding during the operant task than ewes of the other three breeds while ewes of the Beulah breed are slower than 

those of the Texel & Suffolk breeds. The interaction between breed and session was also not significant, F(7.92, 137.25) = 

1.374, p = .214, ηp2 = .073.  

 

Figure 4: Average time taken to complete operant task between breeds 

 

Figure 5: Average response time for all breeds in completing operant task over four sessions in experiment II. 

Means with different letters are significantly different (p<0.05) 

Accuracy 

There was a significant effect of both session when test was conducted and breed of ewe in accuracy when the number of 

correct operant response is compared between the four breeds (table 2). But there was no interaction between session of 

test and breeds. The Ewes of Suffolks made significantly accurate choices F(3, 52) = 9.87, P < 0.05, ηp2 = .363 compared 

to the other three breeds. Expectedly, the number of first time accurate responses between the sessions is significantly 

higher in the fourth session F(3, 156) = 5.217, P < .05, ηp2 = .091 than in the three previous sessions. The accuracies in 

the three previous sessions are not significantly different from one another. 
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TABLE 2:  Mixed ANOVA comparison of accuracy in executing operant task between breeds over four sessions 

 
Session   

First Second Third Fourth Mean  

Beulah  5.9±0.55
a
 5.7±0.54

a
  6.6±0.70

abc
  6.7±0.66  6.27±0.33

a
  

Bluefaced  5.1±0.32
a
 5.4±0.34

a
  5.4±0.54 

bc
       6.6±0.58  5.60±0.33

a
  

Suffolk  7.0±0.65
b
 8.3±0.54

b
  8.6±0.51 

ac
  8.1±0.59  8.00±0.33

b
  

Texel  5.4±0.37
ab

  5.9±0.49
a
  6.8±0.56  

c
  7.1±0.53  6.32±0.33

a
  

Mean  5.8±0.25
A
 6.4±0.24

A
  6.8±0.29

A
  7.1±0.30

B
   

SEM  ±0.16  

   
a, b

 and 
A
, 

B
 used when comparing means between breeds ad between sessions respectively. 

Number of corrections 

Figure 6. below show a significant difference between breeds F(3, 53) = 5.118, p=0.003 in the number of corrections trials 

required to complete a session of ten tests with Bluefaced Leicester ewes requiring more correction test while Suffolk 

ewes required fewer corrections to complete a session. Although the mean error rates of the Beulah and Texel breeds are 

not significantly different, they make significantly fewer errors than the Bluefaced Leicester. But the mean error rate of 

the latter two breeds did not differ significantly between 10 successful trials. There was a significant difference in the 

number of corrections between sessions (fig. 7.), there was no statistically significant difference between any two 

consecutive sessions. However, there is a statistically significant interaction between breed and session, F(9, 156) = 2.098, 

p <.05), partial η2 = .108. The main effects of session and breed were also statistically significant F(3, 156) = 7.516, p 

<0.05, partial η2 = .126 and F(3, 52) = 312.5, p < .05, partial η2 = .339 respectively. 

 

Fig. 6: Mean number of corrections made by ewes of the four breeds 

 

Figure 7: Mean number of corrections sponses (errors) made by all ewes over four session of experiment II 
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4.   DISCUSSION 

We investigated the potential of using sheep for systematic cognitive studies. We show that not only can normal healthy 

sheep perform cognitively demanding discrimination learning tasks but that the rate at which they learn vary between the 

Beulah, Bluefaced Leicester, Suffolk and Texel breeds of sheep. While ewes of all four breeds used in this study were 

raised and reared under similar conditions of husbandry prior to the experiment, ewes of the Beulah breeds tending to 

display a more reactive and flighty disposition typical of wild animal than the rest. Unsurprisingly, performance of the 

Beulah’s differ from the other ewes in experiment I. But contrary to expectations however they took longer time to 

respond to the operant task. This finding is somewhat surprising is at variance with Price [26] suggesting that wild 

individuals may show greater attention towards the environment unlike their domestic congeners.The Beulah originated 

from and is predominantly a hill or upland breeds adapted to extensive system of management. Its natural home range 

certainly places selection pressure for cognitive skills like learning where to find food and memorizing locations. It is 

therefore reasonable to expect this uplands home environment to confer the Beulah a superior level of performance than 

ewes of the other three breed that are of more benign lowland origin. Furthermore, it has been suggested previously that 

dietary complexity is a major driver of cognitive evolution and ability in non-primate species [29]. Hill breeds of sheep 

have access to heterogeneous grassland communities with more than 22 species of forage that they actively graze [28]. 

Despite all this, the Beulah, performed the task at a much slower rate. But studies by Brust & Guenther [4] also found 

superior performance by guinea pigs over wild cavies in an association learning task, however both lineages performed 

equally well in reversing the learnt association. The visual discrimination reversal task is a cognitively challenging 

behavioural tests in which the animals first learnt to associate a symbol and a reward and, once this association is reliably 

formed, animal were rewarded for adjusting their learnt choice flexibly to one of the previously non-rewarded symbols 

that then served as the new rewarded cue. It is un-like the relatively strait forward visual discrimination task or SRT/CRT 

test employed in this study. Perhaps it is this complexity of the reversal task that increases its sensitivity to accentuate 

differences in cognitive abilities allowing only individuals that exert greater mental effort to succeed. McBride & Morton 

[25] show that sheep ranked just below humans and gorillas in a two choice discrimination reversal index comparing 

eleven species which also includes dogs (fifth), pigs (ninth) and mice (eleventh). Meaning that they are very much 

capable of learning visual discriminations and their reversals than many species. 

In experiment II, the significant difference between breeds in mean response time to complete the operant task earlier 

observed in experiment I disappeared when it was tested again showing no significant difference between breeds at this 

stage. Although there was no significant difference in the response time the Beulah and Texel took longer to complete the 

task. The experiment also reveal the effect of session when task was conducted with the response time decreasing as the 

sessions increase Figure 5. This trend was also seen in the increasing number accurate responses, Table 2, and decreasing 

number of correction trials Figure 7. The data for number of correction trials (Fig. 6) show the Beulahs and Suffolks made 

significantly fewer errors than the Bluefaced Leicesters & Texels. But this observation is conformity with findings from a 

similar study [25] which reported no significant differences between breeds in the number of trials to learn a visual 

discrimination task but breed differences manifested during the reversal phase with the Bluefaced Leicester ewes 

requiring significantly more trials than the other three breeds to reach a learning criterion. In other studies domestic 

guinea pigs are reported outperform wild cavies in an associative learning task [4] and also on a spatial learning task [23]. 

These workers attributed the superior performance of the guinea pigs to their long periods of domestication a process 

which confer the ability to cope with man-made environments and handling procedures. Using that logic one, should 

therefore expect the Beulah ewes to being an upland breed to be outperformed by the other three breeds. However, only 

the Suffolk required fewer (about 5) corrections. But the Bluefaced Leicester required over 12 corrections to complete the 

task. While the number of corrections for Texel was at par with that of Beulah breeds. Possibly, the upland, extensive 

system often hostile where the breed originates from may have enabled them to evolve a greater sense of attentiveness 

than the lowland breed. 

Because the recap of the experiment over four sessions are separated by at least 48 hours intervals, it is likely that 

maturation effect is at play hence performance of the test subjects gradually improves over time irrespective of treatment. 

The data for the repeated measure analysis of variance was collected four times only. Some studies of visual learning 

tasks [8] suggest that sheep could also discriminate 25 face pairs for up to 600 days. It would have been interesting to see 

for how long the associations learnt are retained by the ewes. Lastly, ewes of the Suffolk breed performed better than the 

other 3 breeds in both number of accurate responses & number of corrections with the Bluefaced Leicester lagging behind 
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in both parameters. Recent studies of cognitive capabilities in mammals [27] suggests that absolute numbers of neurons 

and glial cells in the cerebral cortex are good correlates of cognitive function: the more the neurons, regardless of brain or 

body size, the better the performance at a task. But without accompanying data, the best proxies are morphometric. The 

size of the head do give some indication of absolute brain size. In a post-mortem study of rams of the Texel and Bluefaced 

Leicester breeds, Waine and colleagues [28] found head length to be 240cm and 238cm for the two breeds respectively. 

This difference although small may have played a role in the less than impressive performance of the Bluefaced Leicester 

ewe 

5.   CONCLUSION 

The current study attempts to measure cognitive ability in four breeds of domestic sheep. Although all the breeds were 

able to eventually learn to work with the operant system, the rate with which they did so vary depending on breed. The 

study also demonstrate that learning and memory in operant tasks increase with number of trials. Now that sheep 

cognitive ability can be tested, one side of the equation has been taken care of; what the livestock sector may needs next 

are more systematic studies that can be validated so as to predict more accurately sheep cognitive capabilities and also to 

explore possible links between cognitive ability and production traits of in the domestic sheep. Such a link is not 

impossible. Indeed, investigations successfully demonstrating links between behavior in an arena test & lamb rearing 

ability [9], [10], [11] have been documented previously.  

REFERENCES 

[1] Akman, C., Zhao, Q., Liu, Z. and Holmes G. L. (2004) Effect of food depravation during early development on 

cognition and neurogenesis in the rat. Epilepsy and behavior 5, 446-454 

[2] Boissy, A., & Lee, C. (2014). How assessing relationships between emotions and cognition can improve farm animal 

welfare. Revue scientifique et technique (International Office of Epizootics), 33(1), 103-110 

[3] Broom, D., M. (2005). Cognitive ability & awareness in domestic animals and decisions about obligations to 

animals. Applied Animal Behavior Science 126, 1-11 

[4] Brust, V. & Guenther, A. (2015). Domestication effects on behavioral traits and learning performance: comparing 

wild cavies to guinea pigs. Animal cognition, 18(1), 99-109. https://doi.org/10.1007/s10071-014-0781-9  

[5] Bussey, T. J., Padain, T. L., Skillings, E. A., Winters, B. D., Morton, A. J., & Saksida, L. M. (2008). The 

touchscreen cognitive testing method for rodents: how to get the best out of your rat. Learning & memory (Cold 

Spring Harbor, N.Y.), 15(7), 516–523. https://doi.org/10.1101/lm.987808 

[6] Catanese, F., Distel, R. A., & Villalba, J. J. (2015). Expression of conditioned preference for low-quality food in 

sheep is modulated by foraging costs. Animal, 9:6, 1045–1052 doi:10.1017/S1751731115000087 

[7] Jacobsen, J. C., Bawden, C. S., Rudiger, S. R., McLaughlan, C. J., Reid, S. J., Waldvogel, H. J., MacDonald, M. E., 

Gusella, J. F., Walker, S. K., Kelly, J. M., Webb, G. C., Faull, R. L., Rees, M. I., & Snell, R. G. (2010). An ovine 

transgenic Huntington's disease model. Human molecular genetics, 19(10), 1873–1882. https://doi.org/10.1093/ 

hmg/ddq063 

[8] Kendrick, K. M., da Costa, A. P., Leigh, A. E., Hinton, M. R. & Peirce J. W. (2001). Sheep don't forget a 

face. Nature 414, 165–166. Doi.org/10.1038/35102669 

[9] Kilgour, R. J. (1998). Arena behaviour is a possible selection criterion for lamb-rearing ability; it can be measured in 

young rams and ewes. Applied Animal Behavior Science 57, 81–89 

[10] Kilgour, R. J., & Szantar-Coddington, M. R. (1995). Arena behavior of ewes selected for superior mothering ability 

differs from that of unselected ewes. Animal Reproduction Science, 37, 133-141. 

[11] Kilgour, R. J., & Szantar-Coddington, M. R. (1997). The arena test and cortisol response of sheep as indirect 

selection criteria for the improvement of lamb survival. Animal Reproduction Science, 46, 97-108. 

[12] Lee, C., Doyle, R., & Fisher, A., & McMaster, F. D. (2009). Measuring cognition and emotion of animals to 

understand their welfare.  

https://doi.org/10.1101/lm.987808


                                                                                                                                                  ISSN 2348-313X (Print) 
International Journal of Life Sciences Research      ISSN 2348-3148 (online) 

Vol. 8, Issue 4, pp: (61-69), Month: October - December 2020, Available at: www.researchpublish.com 
 

   Page | 69  
Research Publish Journals 

[13] Mehta, M., & Schmauss, C. (2011). Strain-specific cognitive deficits in adult mice exposed to early life 

stress. Behavioral Neuroscience, 125(1), 29–36. https://doi.org/10.1037/a0021952 

[14] Morton, A. J., Avanzo, L. (2011). Executive Decision-Making in the Domestic Sheep. PLoS ONE 6(1): e15752. 

https://doi.org/10.1371/journal.pone.0015752 

[15] Reale, D. & Dingemanse, N., J. (2002). Animal personality. In: eLS. John Wiley & Sons, Ltd: Chichester. DOI: 

10.1002/9780470015902.a0023570 

[16] Rood, J. P. (1972). Ecological and behavioral comparisons of three genera of Argentine cavies. Animal behavior 

monographs, 5(1), 3–83. 

[17] Trueman, R. C., Brooks, S. P., Jones L., Dunnett, S. B. (2007). The operant serial implicit learning task reveals early 

onset motor learning deficits in the HdhQ92 knock-in mouse model of Huntington's disease. European journal of 

neuroscience, 25(2), 551–558, https://doi.org/10.1111/j.1460-9568.2007.05307.x 

[18] Trueman, R. C., Dunnett, S. B., Jones, L., Brooks, S. P. (2012). Five choice serial reaction time performance in the 

Hdh Q92 mouse model of Huntington's disease. Brain research bulletin, 88:163–170. 

[19] Trueman, R. C., Dunnett, S. B., Brooks, S. P. (2012). Operant-based instrumental learning for analysis of genetically 

modified models of Huntington’s disease. Brain research bulletin 88 261– 275 

[20] Verbeek, E., Waasa, J.R., McLeaya, L., Matthews, L.R. (2011). Measurement of feeding motivation in sheep and the 

effects of food restriction. Applied animal behaviour science 132 (2011) 121–130. doi:10.1016/j.applanim. 

2011.03.014 

[21] Wallace G. L, Schmitt, J E., Lenroot, R., et al (2006). A pediatric twin study of brain morphometry. Journal of child 

psychology and psychiatry 47: 10, 987-993/ DOI: 10.1111/j.1469-7610.2006.01676.x 

[22] Yang, S. H., Cheng, P., Banta, H., Piotrowska-Nitsche, K., Yang, J., Cheng, E. C. H., Snyder, B., Larkin, K., Liu, 

J., Orkin, J., Fang, Z., Smith, Y., Bachevalier, J., Zola, S. M., Li, S., Li, X., & Chan A. W. S. (2008). Towards a 

transgenic model of Huntington’s disease in a non-human primate. Nature 453, 921–924. https://doi.org/10.1038/ 

nature06975f 

[23] Lewejohann, L., Pickel, T., Sachser, N., Kaiser, S. (2010). Wild genius - domestic fool? Spatial learning abilities of 

wild and domestic guinea pigs. Frontiers in Zoology, 7:9, doi:10.1186/1742-9994-7-9 

[24] Howland D., Ellederova, Z., Aronin, N., Fernau, D., Gallagher, J., Taylor, A., Hennebold, J., Weiss, A. R., Gray-

Edwards, H. and McBride, J. (2020). Large animal models of Huntington’s disease: what we have learned and where 

we need to go next. Journal of Huntington’s disease 9 201–216, DOI 10.3233/JHD-200425 

[25] McBride S. D. Morton, A., J. (2018). Indices of comparative cognition: assessing animal models of human brain 

function. Experimental Brain Research, 236:3379–3390.  https://doi.org/10.1007/s00221-018-5370-8 

[26] Price, E. O. (1999). Behavioral development in animals undergoing domestication. Appl Anim Behav Sci 

65(3):245–271. doi:10.1016/s0168-1591(99)00087-8 

[27] Herculano-Houzel S (2017) Numbers of neurons as biological correlates of cognitive capability. Curr. Opin Behav 

Sci 16:1–7. https://doi.org/10.1016/j.cobeh a.2017.02.004 

[28] Fraser, M. D. (1998). Diet composition of guanacos (Lama guanicoe) and sheep (Ovis aries) grazing in grassland 

communities typical of UK uplands. Small ruminant research 29: 201–212. 

[29] Balda, R. P., Kamil A. C. (1989) A comparative study of cache recovery by 3 corvid species. Anim Behav 38:486–

495. https ://doi.org/10.1016/s0003 -3472(89)80041 -7  

https://doi.org/10.1371/journal.pone.0015752
https://doi.org/10.1111/j.1460-9568.2007.05307.x
https://pubmed.ncbi.nlm.nih.gov/?term=Wallace+GL&cauthor_id=17073977
https://pubmed.ncbi.nlm.nih.gov/?term=Eric+Schmitt+J&cauthor_id=17073977
https://pubmed.ncbi.nlm.nih.gov/?term=Lenroot+R&cauthor_id=17073977
https://doi.org/10.1111/j.1469-7610.2006.01676.x
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

