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Abstract 1 

Rhesus macaques (Macaca mulatta) used in behavioural neuroscience are often 2 

required to complete cognitively complex tasks, for which a high level of motivation is 3 

essential.  To induce motivation, researchers may implement fluid restriction 4 

protocols, whereby freely available water is limited, such that fluid can be used as a 5 

reward in the laboratory.  A variety of different rewards and schedules are used, but 6 

there exists a lack of data assessing their effectiveness.  In this study, we aimed to 7 

quantify fluid preference in rhesus macaques and to use these preferences to compare 8 

the motivational quality of different reward schedules: the monkey’s previous reward 9 

(i.e. the fluid used to reward them in past studies), their new preferred reward, a 10 

variable schedule of previous and preferred reward, and a choice between the 11 

previous and preferred rewards.  We found that it may be possible to reduce the level 12 

of restriction if an adequately motivating preferred reward is identified, but that this is 13 

dependent on the animal.  Each monkey responded differently to both the fluid 14 

preference assessments and to the different reward schedules.  As such, monkeys 15 

should not be subject to “blanket” protocols but should be assessed individually to 16 

maintain adequate scientific data collection at the least severe level of fluid restriction. 17 

Keywords 18 

 Choice, variable schedule, refinement, fluid restriction 19 
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Macaques are widely used across biomedical sciences [1], and are often 20 

selected as a model in behavioural neuroscience studies because of their similarities to 21 

humans in brain structure and function, as well as their ability to perform complex 22 

tasks [2,3]. In particularly cognitively challenging tasks, or where studies require large 23 

numbers of trials to be undertaken, a high level of motivation is required.  This may 24 

lead researchers to choose to restrict the amount of freely available fluid in order to 25 

motivate a monkey to perform a sufficient number of responses [4]. Using restriction 26 

protocols has led to concerns about the impacts on the welfare of the animals [5,6], 27 

though these may be largely unfounded [7].  28 

An NC3Rs working group [4] emphasised that researchers should carefully 29 

choose reward schedules and reward types to adequately motivate animals whilst 30 

minimising the degree of restriction required. Many aspects of reward processing have 31 

been investigated in macaques, such as reward uncertainty [8], differing reward sizes 32 

[9], temporally varying reinforcement schedules [10] and the neuronal coding of 33 

reward preference [11]. However, less work has been conducted into how to use this 34 

knowledge of reward processing to refine laboratory procedures. Although there are 35 

multiple ways in which motivation could potentially be increased, we chose to 36 

investigate three aspects of reward that we thought may be effective at increasing 37 

motivation to perform in tasks and allow restriction protocols to be relaxed. The first is 38 
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the use of preferred rewards, which can be more rewarding [12,13] and result in more 39 

successful training of behaviour [14]. The second possibility is using a variety of 40 

rewards, since animals may perform better when their rewards are varied throughout 41 

a task, rather than using a single type of reward [15,16]. Finally, giving monkeys a 42 

choice of reward may also enhance motivation [17–19]. Despite these possibilities, 43 

there are currently no conclusive data to guide researchers to which method might be 44 

the best way to motivate their animals in behavioural neuroscience tasks. 45 

This study had three main aims: 1) to explore methods to efficiently quantify 46 

fluid reward preference in rhesus macaques (Macaca mulatta); 2) to use schedules 47 

involving previous rewards and new, preferred fluids to evaluate the motivational 48 

abilities of different reward schedules; and 3) to establish if reward schedules involving 49 

preferred fluids can keep macaques sufficiently motivated to perform cognitive tasks 50 

when their fluid restriction was relaxed.  We expected monkeys would be more 51 

motivated when they were rewarded with schedules that included a preferred fluid, 52 

and that increased motivation levels would enable animals to perform cognitive tasks 53 

when fluid restriction was relaxed. 54 

 55 

Animals 56 
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Experimental procedures complied with the European Union Directive 2010 57 

(2010⁄63⁄EU), the National Institutes of Health (Guidelines for Care and Use of Animals 58 

for Experimental Procedures), the Society for Neurosciences Policies on the Use of 59 

Animals and Humans in Neuroscience Research, and the UK Animals Scientific 60 

Procedures Act.  The study was approved by the Animal Welfare Experimental Review 61 

Board (AWERB) of Newcastle University. 62 

Four male rhesus macaques weighing 8-13 Kg were used. Animal usage was 63 

opportunistic, when individuals were not partaking in neuroscience studies (the 64 

laboratory uses only male macaques).  Each subject was housed with another male, in 65 

cages (either 2.1x3.0x2.4m or 2.3x2.45x2.4m) and had visual, olfactory and auditory 66 

contact with approximately 40 other macaques.  Toys were given on a rotational basis 67 

and dry food mix (Mazuri Primate Expanded, Old World Monkey Banana Chunks, Trio 68 

Munch Rings and LP Forage Mix, Special Diet Services; Monkey Diet, LabDiet®, IPS Ltd) 69 

was added to floor shavings to encourage foraging.  Cages were equipped with 70 

perches, shelves, a ‘balcony’ and hoses.  The facility had a 12:12 light/dark cycle (7 am 71 

to 7 pm) and natural light from ceiling windows.  The temperature and humidity were 72 

approximately 20°C and 24%, respectively. 73 

During the experiment, the macaques had controlled access to fluids.  The fluid 74 

restriction protocol consisted of 5 days of fluid restriction (minimum daily intake given 75 
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from Sunday to Thursday) with free access to water after completing work on Friday 76 

and all day on Saturday.  The minimum daily fluid intake was a volume of water which 77 

sufficiently motivated the monkey to perform the laboratory task (based on being able 78 

to perform approximately 1000 trials in a session) and is expressed as a percentage of 79 

their consumption when given free access to water (Monkey 1 = 250ml, 24% or 80 

25ml/Kg/day; Monkey 2 = 200ml, 25% or 13ml/Kg/day; Monkey 3 = 200ml, 22% or 81 

16ml/Kg/day; Monkey 4 = 385ml, 30% or 23ml/Kg/day).  Through participation in 82 

experiments, individual monkeys were permitted to work for as much fluid as they 83 

liked. On days where monkeys did not reach their daily fluid intake during the 84 

experiment, they were supplemented with additional water. All monkeys had 85 

previously performed in similar tasks in the laboratory set-up, and were familiar with 86 

this type of experiment.  87 

During the study, monkeys underwent daily checks by a technician or 88 

veterinarian.  In case of a health or welfare concern, technicians and the veterinarian 89 

checked the animal several times per day.  Fur condition, faeces, eyes, food intake and 90 

activity levels were all visually assessed. Monkeys were sedated annually to assess 91 

their general health (as per Felasa guidelines) and no microorganisms or parasites of 92 

current concern for macaques were detected. Animals were kept for future studies at 93 

the end of the current study. 94 
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 95 

Methods  96 

Establishing fluid preferences 97 

A fluid preference for each monkey was established by one of two methods. 98 

The first used the experimental set-up, where animals had already been trained to 99 

saccade to stimuli to access fluid rewards. We devised a simple saccade task, where 100 

different fluid rewards were delivered by looking at visually distinct stimuli presented 101 

on a screen, allowing animals to choose their reward. Fluid preferences for Monkey 1 102 

and Monkey 2 was assessed in this way.  Each monkey was seated in a primate chair 103 

and stimuli were presented on a Sony GDM F500R computer monitor (85Hz, 104 

1280x1024 pixels).  Stimulus presentation, reward delivery and experimental timing 105 

were controlled using Cortex (DOS-Version 5.95; IMH, http://dally.nimh.nih.gov/) 106 

running on IBM-compatible PCs (situated outside of the monkey’s room). 107 

Animals performed a saccade choice task on each experimental day, consisting 108 

of repeated trials until the animals stopped working.  In each trial, they were required 109 

to fixate on a central spot for 3000ms, after which three reward targets appeared. The 110 

monkey had to saccade to any one of the three reward targets and fixate for 250ms to 111 

complete a trial correctly and receive an associated fluid reward (~0.1ml fluid). Failure 112 

http://dally.nimh.nih.gov/
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to fixate on a stimulus for long enough terminated the trial and the animal was not 113 

rewarded.  The three reward targets (2 degrees of visual angle, dva) were located at 114 

positions (x=-6.0, y=6.0), (x=0.0, y=-8.5) and (x=6.0, y=6.0), equidistant from the 115 

fixation spot (x=0, y=0).  To control for location bias, target location was pseudo-116 

randomised such that targets occupied the different locations for equal numbers of 117 

trials.  Each reward target was associated with a different fluid reward and was 118 

distinguishable by colour for Monkey 1 (pink, red or blue) and by shape for Monkey 2 119 

(circle, triangle and square).   120 

We gave the monkeys the choice between water (which they had previously 121 

received as a reward) and two fruit drinks, one nutritive and the other non-nutritive. 122 

The nutritive fruit drink was Ribena (Lucozade Ribena Suntory Ltd; 40ml of undiluted 123 

squash added to 210ml of water), which had been successfully used by other 124 

researchers to motivate their animals. Fruit tea (a cranberry and raspberry tea bag 125 

(Twining and Company Ltd; placed in 250ml of hot water for 5min, before being 126 

allowed to cool) had the taste of fruit without any nutritive content.  127 

The three fluids (water, Ribena and fruit tea) were delivered through a 128 

mouthpiece, connected to three separate bottles by plastic tubing. The bottles were 129 

calibrated to ensure that the same amount of reward was delivered from each. The 130 
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fluid preference task was run for six days for Monkey 1 and eight days for Monkey 2. 131 

The additional two days for Monkey 2 were a result of a lack of consistent preference 132 

in the first 6 days; two more days were added to see if any preference pattern 133 

emerged (see further detail in the results section). The fluid with the highest number 134 

of choices on more than 50% of the days was taken as the monkey’s preference. These 135 

preferences were then used to inform the design of the main part of the experiment, 136 

which investigated the reward value of different motivational schedules. 137 

Establishing fluid preferences using the laboratory set-up was time-consuming, 138 

required additional apparatus and only allowed for three fluids to be tested.  Given 139 

that ideally fluid restriction refinements should be easy to implement, we decided to 140 

test fluid preferences for Monkeys 3 and 4 using a second method in the home cage to 141 

screen more fluids in a simpler and quicker task. The fruit tea was not used in the 142 

home cage as it is not as viscous as the fruit juices and the bottles used in the cage 143 

could not be calibrated to dispense equally like the bottles in the experimental set up. 144 

By using juices of similar viscosity, we hoped to control for the amount that could be 145 

consumed from the bottle. 146 

In the home cage, the monkeys could not be fluid restricted (under the 147 

conditions of the Home Office licence), and so had free access to water during 148 
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preference tests.  Initial tests consisted of a range of four different juices (apple, 149 

pineapple, tropical and orange; all Tesco Stores Ltd) presented in a choice paradigm to 150 

narrow the options down to two preferred juices.  Each monkey was separated from 151 

his cagemate and offered pairs of juices via 10ml syringes.  An initial, randomly 152 

selected pair of juices was presented to the monkey to sample in turn (5ml of each) 153 

before both juices were offered simultaneously (5ml of each). Using only 5ml at a time 154 

meant that we did not risk the monkeys becoming satiated. The juices were offered in 155 

the same location simultaneously as they had been separately, so that the location of 156 

the syringe signalled to the monkey which juice was which.  The preferred juice (noted 157 

by which syringe he chose to drink from) was then refilled and presented alongside a 158 

new, randomly selected juice. This was continued until all combinations of juice had 159 

been presented (a total of 6 pairs).  The two juices chosen the most often were used in 160 

the experimental stage, along with the fluid with which the monkey had been 161 

previously rewarded in cognitive tasks.     162 

 The two preferred fluids and the monkey’s previous fluid reward were 163 

presented in 1L bottles attached to the cage in three positions: left, middle and right. 164 

The monkey had 5-minutes access to the bottles, and the volumes consumed were 165 

recorded. The 5-minute test was carried out at the same time each day (09:00-10:00) 166 

for six days.  Each day, the bottles were spatially arranged in a unique way that 167 
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allowed every combination of fluids and positions to be presented once. The fluid 168 

chosen consistently over the 6 days (defined as chosen on 50% or more of the days) 169 

was used as the preferred reward when assessing the reward schedules in the 170 

laboratory. We note that each monkey drank from all three bottles on all testing days 171 

(i.e. did not simply try one bottle without sampling the others).  172 

 173 

Assessing the motivational value of different fluid reward schedules 174 

 Once fluid preferences were established, each monkey performed a familiar 175 

task whilst fluid restricted at their normal level (established in previous studies). 176 

Although the tasks differed between monkeys, the nature of the task was not relevant; 177 

it was only important that a monkey was familiar with a task and could consistently 178 

perform it to measure the effectiveness of the different reward schedules. 179 

The monkeys performed their task on different days where they received one 180 

of four different reward schedules.  Upon completion of a correct trial, monkeys 181 

received either the reward given to them in previous studies (previous reward), their 182 

preferred reward established from the preference tests (preferred reward), a 50% 183 

chance of receiving either the previous or preferred reward (variable schedule), or a 184 

choice between previous and preferred rewards (choice schedule).  In the choice 185 
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schedule, the monkeys chose their reward by fixating for 250ms on one of two stimuli: 186 

a cross-shaped stimulus represented the previous reward and a circle represented 187 

their preferred reward (presented at (x=-6.0, y=0.0) or (x=6.0, y=0.0) dva).  The reward 188 

schedules were carried out in four blocks of four days, with schedules randomised 189 

within blocks, such that each block lasted for four days and only one schedule was 190 

used on any given day. The number of correct trials performed was recorded on each 191 

day as a measurement of the monkeys’ motivation to work. 192 

To assess whether the monkeys’ performances on their respective tasks could 193 

be maintained under less restrictive fluid restriction conditions, the daily fluid intake of 194 

the monkeys was increased by 100ml, and the blocks of reward schedules repeated. 195 

This increase was deemed suitable for all animals given that no monkey drank 100ml 196 

over his minimum volume on a daily basis during the experiment. 197 

Statistics 198 

All data were checked for normality and equal variances, and analysed using 199 

appropriate parametric or non-parametric tests in SPSS (v21, SPSS Inc, Chicago, USA). 200 

All pairwise tests were corrected for multiple comparisons using false discovery rate 201 

(FDR) post-hoc tests [20] and reported using a corrected alpha value (termed the q-202 
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value). Details of individual tests are reported alongside their corresponding statistics 203 

in the Results section below. 204 

Results   205 

Establishing fluid preferences 206 

To establish fluid preferences, a one-way ANOVA (Monkeys 1, 2 and 3) or Kruskal 207 

Wallis test (Monkey 4) was used to compare the number of choices for each fluid in 208 

the laboratory (Monkeys 1 and 2), or the amount of each fluid consumed in the home 209 

cage (Monkeys 3 and 4).  In the laboratory set-up, a clear fluid preference could only 210 

be established for Monkey 1.  Monkey 1 differentially chose the three fluids (ANOVA, 211 

F(2,15)=48.62, p<0.001;  Figure 1a), preferring Ribena to both fruit tea (t(10)=6.78, 212 

q<0.05) and water (t(10)=9.64, q<0.05) and preferring fruit tea over water (t(10)=3.0, 213 

q<0.05). This pattern was consistent on every day, with the highest number of choices 214 

always for Ribena, followed by fruit tea and the lowest number of choices always being 215 

for water.  Whilst Monkey 2 also varied in the number of choices for each fluid 216 

(F(2,21)=3.89, p=0.037;  Figure 1b), this was not consistent across days and was biased 217 

by a high intake of fruit tea in the first three days of testing (Figure 1c). We therefore 218 

added an additional two days of testing to examine whether any preference pattern 219 

emerged (a total of 8 days).  However, the inconsistency remained, and Monkey 2 was 220 
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not continued in the experiment as we could not establish a preference or be sure that 221 

the monkey understood the task. 222 

In the home cage, fluid preferences were established for both Monkey 3 223 

(F(2,15)=5.83, p=0.013; Figure 1d) and Monkey 4 (Kruskal-Wallis, H2=11.43, p=0.003; 224 

Figure 1e).  Monkey 3 preferred tropical juice to both his previous reward of Ribena 225 

(t(10)=2.89, q<0.033) and to orange juice (t(10)=3.42, q<0.033), with no difference 226 

between the orange juice and Ribena (t(10)=0.091, q>0.033). Monkey 4 preferred both 227 

new juices over his previous reward of water (apple: U=2.93 q<0.033; pineapple: 228 

U=2.93, q<0.033), with no difference between apple and pineapple juice (U=0, 229 

q>0.033).  Apple juice was chosen to be carried forward as his preference as there was 230 

a slightly more pronounced choice for this (median consumption: Apple 255ml, 231 

Pineapple 245ml). 232 

Assessing the motivational value of different fluid reward schedules 233 

Motivation was assessed individually for each monkey by comparing the number of 234 

trials completed at each fluid restriction level.  Monkey 1 received Ribena as his 235 

preferred reward alongside water (his previous reward).  At normal fluid intake, 236 

Monkey 1’s performance varied across the four reward schedules (Kruskal Wallis, 237 

H3=12.40, p=0.006; Figure 2a).  His highest performances (defined as the number of 238 
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trials completed correctly) were for his preferred reward or a variable reward 239 

schedule, which he performed equally well for (Mann Whitney, U=0.15, q>0.017).  His 240 

motivation was lower for the previous reward compared to both of these schedules 241 

(Ribena: U=2.82, q<0.017; Variable: U=2.97, q<0.017). Despite a trend towards 242 

decreased performance when given a choice of reward, the number of trials was not 243 

significantly different from the preferred reward (U=1.78, q>0.017), the variable 244 

schedule (U=1.93, q>0.017) or the previous reward (U=0.30, q>0.017).  Unlike Monkey 245 

1, Monkeys 3 and 4 did not differ in their task performance for different fluid reward 246 

schedules (Monkey 3: H3=7.22; Monkey 4: F(3,12)=1.61; p>0.05 for both; Figure 2b and 247 

c), demonstrating that, for these two monkeys, the schedules were equally motivating 248 

at a normal restriction level.     249 

1000 daily trials are considered a minimum level of task performance in the 250 

laboratory, given the recording requirements of our experimental approaches.  When 251 

rewarded with his previous reward, Monkey 1’s performance did not differ from 1000 252 

trials (one sample t test: t(3)=0.57, q>0.0375), and all other reward schedules elicited 253 

performance of over 1000 trials (t(3)<6.89, q<0.0375 for all), showing all reward 254 

schedules to be sufficiently motivating.  These results suggest that the inclusion of a 255 

preferred reward increased motivation to beyond that of water.  Monkey 3’s 256 

performance was no different from 1000 trials when rewarded with his previous 257 
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reward, preferred reward or a variable schedule (t(3)<2.41, q>0.0125 for all) but 258 

dropped to lower than 1000 trials when he was given a choice (t(3)=19.84 q<0.0125).  259 

Monkey 4’s performance did not differ from 1000 trials for any schedule (t(3)<2.49, 260 

q>0.0125 for all), suggesting that all schedules were sufficiently motivating at the 261 

normal fluid restriction level. 262 

The monkeys’ minimum daily fluid intakes were then increased by 100 ml to assess 263 

whether the same reward schedules remained motivating to the monkeys when the 264 

fluid restriction was relaxed.  At this increased fluid allowance, both Monkeys 1 and 3 265 

performed differently for the different schedules (Monkey 1: H3=8.70, p=0.034; 266 

Monkey 3: F(3,12)=3.72, p=0.042; Figure 2a and b).  However, Monkey 4 continued to 267 

perform a similar number of trials for each reward schedule (F(3,12)=0.17, p>0.05; Figure 268 

2c).  For Monkey 1, the use of his previous reward alone produced similar performance 269 

to the variable schedule (U=1.93, q>0.0083) and the choice schedule (U=2.08, 270 

q>0.0083) but the previous reward resulted in a lower level of work than that for his 271 

preferred reward (U=2.82, q<0.0083).  There was no difference in performance 272 

between the variable, choice and preferred reward schedules (Table 1).  Monkey 3’s 273 

performance when given a choice of reward was lower than when he was rewarded 274 

either with his preferred reward (t(6)=4.28, q<0.017) or variably rewarded (t(6)=7.53, 275 
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q<0.017), but there was no difference between any of the other reward schedules 276 

(Table 2).      277 

Again, we compared the monkeys’ performances to a 1000 trial threshold. Monkey 278 

1’s daily performance remained around 1000 trials when rewarded with the choice 279 

and the variable schedules (t3<2.47, q>0.025), and he performed over 1000 trials when 280 

rewarded with his preference (t3=6.67, q<0.025).  However, his performance was not 281 

sufficient (<1000 trials) when rewarded with his previous reward (t3=5.36, q<0.025); 282 

suggesting that his previous reward had now decreased in value whilst the preferred 283 

reward continued to be motivating.  In contrast, Monkey 3’s performance with his 284 

previous reward remained at around 1000 trials (t3=2.51, q>0.0375) whereas 285 

performance dropped below 1000 when he was given his preferred reward, the 286 

variable schedule or a choice of rewards (t3<26.67, q<0.0375 for all), indicating that the 287 

previous reward was the only motivating fluid at this restriction level.  For Monkey 4, 288 

trials completed for his previous reward, preferred reward and variable schedule did 289 

not differ from 1000 (t3<3.19, q>0.0125 for all) but did fall below 1000 for the choice 290 

schedule (t3=5.52, q<0.0125), demonstrating the lack of value this had at an increased 291 

fluid intake.       292 
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Finally, we assessed changes in performance for each of the different reward 293 

schedules from when fluid restriction was changed and carried out t tests for each 294 

schedule to establish any change in the number of trials performed.  Monkeys 1 and 4 295 

showed no differences between their performances at the different fluid intakes for 296 

any of the reward schedules.  Monkey 3, however, had a significant decrease in trials 297 

performed in the choice reward schedule when daily fluid intake was increased 298 

(t(6)=3.80, q<0.0125), but no change for any other schedule (Table 3).   299 

 300 

Discussion 301 

Our study shows that using a preferred fluid can help to increase motivation in 302 

cognitive tasks and allow restriction protocols to be relaxed to achieve adequate 303 

performance in the task. However, we only found the use of preferred fluids to be 304 

effective when the fluid preference was established under fluid control in the 305 

laboratory, and not when it was established in animals that were under free access to 306 

fluids in the home cage. In addition, schedules where an animal could choose his 307 

reward (Choice), or where the preferred reward arrived only 50% of the time 308 

(Variable), did not appear to increase motivation beyond simply being rewarded all the 309 

time with the preferred fluid. We discuss how our results can potentially contribute 310 
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towards establishing methodology to enhance motivation in laboratory macaques 311 

performing behavioural neuroscience tasks, and enabling researchers to relax fluid 312 

control protocols to address welfare concerns. 313 

Our study provides the first empirical support for the idea that using preferred 314 

fluids can enhance motivation and allow relaxation of fluid control for macaques used 315 

in behavioural neuroscience tasks. Reward preference is evident at both neuronal 316 

[11,21] and behavioural levels in macaques [22,23], however, using preferences to 317 

refine fluid control may be dependent upon the method by which fluid preferences are 318 

established, or it may be dependent on the individual. We established preferences 319 

using one of two methods and were only able to establish a fluid preference that 320 

enhanced motivation and task performance in one animal (Monkey 1), where 321 

preference was established under fluid control in the laboratory. Interestingly, this 322 

method was not always successful, as Monkey 2 did not show a consistent preference 323 

using this method. It is unknown whether this was because Monkey 2 could not learn 324 

to associate a symbol to a corresponding fluid to make a choice or due purely to a lack 325 

of preference. Although we could establish fluid preferences for the two animals 326 

tested unrestricted in their homecage (Monkeys 3 and 4), these preferences did not 327 

translate to improved performance in the laboratory. 328 
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One possible reason for this difference is because the preferences were evaluated 329 

under different fluid control protocols: Monkey 1’s preference testing was conducted 330 

under fluid control, whilst that of Monkeys 3 and 4 was done whilst the animals had 331 

free access to water. Perhaps the preferences that monkeys have when satiated simply 332 

do not transfer to preferences under fluid control, and consequently, preferred fluids 333 

established under free access were less effective as rewards when the monkeys were 334 

fluid restricted later in the study.  An alternative explanation, which we currently 335 

cannot rule out is that inter-individual differences were responsible for the results.  336 

A further possibility is that the previous reward of each monkey impacted on the 337 

efficacy of the new, preferred reward.  Monkeys 1 and 4 had previously been 338 

rewarded with water, and Monkey 3 with Ribena.  Monkey 3 continued to perform 339 

well for his previous reward at the increased fluid allowance, whereas Monkeys 1 and 340 

4 decreased their performance to below 1000 trials. The monkeys are supplemented 341 

with water if they have not reached their daily intake allowance via task performance 342 

and thus for Monkey 3, it may be that Ribena remained motivating when he had 343 

learned he would receive only water afterwards.  Conversely, for Monkeys 1 and 4, it 344 

was probably less motivating to be rewarded with water, as it could be received for 345 

“free” after work, especially when motivation was lower and they could afford to wait 346 

for their water.  This would be an interesting aspect of reward motivation to be 347 
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investigated in the future, as it may provide a potential method to reduce fluid 348 

restriction, by rewarding animals solely with fluids which they cannot receive away 349 

from the experimental set-up. 350 

We had predicted that other reward schedules containing a preferred fluid 351 

(Variable and Choice) would enhance motivation, but this was not necessarily the case. 352 

Although the variable schedule produced performance similar to that of the preferred 353 

reward at the normal fluid intake, performance dropped for two of the monkeys when 354 

the fluid restriction was relaxed. It is perhaps surprising that the variable schedule was 355 

not more motivating given previous evidence: variability in reward size, and the 356 

consequential unpredictability, results in dopamine release in macaques, particularly 357 

when the chance of receiving a reward is at 50% [24].  In addition, for rats, using two 358 

varied rewards throughout a task has been shown to reduce habituation and enhances 359 

performance above that of a single reward alone [15,16,25]. However, we found no 360 

evidence for enhanced performance using these schedules, and there would be no 361 

advantage to their use beyond providing a preferred fluid alone. Our findings are more 362 

in line with Bowman et al. [26], who showed that variable schedules are less 363 

motivating to primates than they are to other species. 364 
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When considering the choice schedule, we expected that free choice may enhance 365 

motivation [12,17,18], but we found a decrease in motivation. We speculate that low 366 

levels of performance were likely due to the additional effort that was required.  The 367 

monkeys first had to perform the initial task correctly, before being offered a choice. 368 

This meant that a trial took longer, and required additional cognitive steps. While 369 

choice is often seen as potentially rewarding [17–19], our findings suggest that the 370 

costs and benefits may balance out under these laboratory conditions.  371 

Although we tested three aspects of reward, there are further avenues yet to be 372 

fully explored. Firstly, occasional larger rewards (“jackpots”) have been advocated as 373 

potentially rewarding for animals [27]. However, there is currently no evidence they 374 

prove motivating to macaques performing in cognitive neuroscience studies. In 375 

addition, recent work by Fischer and Wegener (in press) used a non-binary positive 376 

reinforcement approach. They provided different volumes of fluid dependent on how 377 

optimally the monkey has performed a task (e.g. larger volumes for successfully 378 

performing a new step of the task and lower volumes for reverting to a previous 379 

version of the task). This training technique warrants further implementation to assess 380 

effectiveness in other laboratories.  381 

Conclusions 382 
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Our study demonstrates that if an animal has a preferred fluid reward, it can be 383 

possible to use it in cognitive tasks to relax their fluid restriction whilst keeping their 384 

performance at a level to enable sufficient high-quality scientific data collection. This 385 

has laboratory welfare implications, since relaxing fluid restriction protocols addresses 386 

one of the key concerns around the use of primates in behavioural neuroscience [4]. 387 

Whilst we advocate establishing and using preferred fluids for primates, more research 388 

may be required to find a more efficient method to identify preferred fluids that 389 

increase motivation under laboratory conditions. The only method we found to be 390 

effective was conducting preference tests in the laboratory, which can be time-391 

intensive. It thus increases the time animals have to engage in licenced protocols. 392 

Whether this is justified in light of the limited impact of fluid control [7], remains to be 393 

determined. Our data do not provide support for homecage preference testing, but we 394 

would encourage further exploration of this issue.  395 

Funding  396 

The work was supported by the NC3Rs (NC/K500410/1) and the Wellcome Trust 397 

Acknowledgements 398 

We would like to thank the staff of the Comparative Biology Centre (Newcastle University) for 399 

excellent technical support. With thanks also to Dr Michael Boyd for his computer 400 

programming skills. 401 



24 

 

Conflict of interest 402 

The authors declare that there is no conflict of interest 403 

References 404 

1.  Anderson DM. The nonhuman primate as a model for biomedical research. Sourceb 405 

Model Biomed Res [Internet]. 2008;251–8.  406 

2.  Roelfsema PR, Treue S. Basic neuroscience research with nonhuman primates: A small 407 

but indispensable component of biomedical research. Neuron. 2014;82(6):1200–4.  408 

3.  Camus S, Ko WKD, Pioli E, Bezard E. Why bother using non-human primate models of 409 

cognitive disorders in translational research? Neurobiol Learn Mem. 2015;124:123–9.  410 

4.  Prescott MJ, Brown VJ, Flecknell P a., Gaffan D, Garrod K, Lemon RN, et al. Refinement 411 

of the use of food and fluid control as motivational tools for macaques used in 412 

behavioural neuroscience research: Report of a Working Group of the NC3Rs. J 413 

Neurosci Methods. 2010;193(2):167–88.  414 

5.  Willems R a. Regulatory issues regarding the use of food and water restriction in 415 

laboratory animals. Lab Anim (NY). 2009;38(10):325–8.  416 

6.  Orlans FB. Prolonged water deprivation: a case study in decision making by an IACUC. 417 

Ilar News. 1991;33(3):48–52.  418 

7.  Gray H, Bertrand H, Mindus C, Flecknell P, Rowe C, Thiele A. Physiological, Behavioral, 419 

and Scientific Impact of Different Fluid Control Protocols in the Rhesus Macaque 420 

(Macaca mulatta). eneuro. 2016 Sep 22;3(4). 421 

8.  Monosov IE, Leopold DA, Hikosaka O. Neurons in the Primate Medial Basal Forebrain 422 



25 

 

Signal Combined Information about Reward Uncertainty, Value, and Punishment 423 

Anticipation. J Neurosci [Internet]. 2015;35(19):7443–59.  424 

9.  Minamimoto T, La Camera G, Richmond BJ. Measuring and modeling the interaction 425 

among reward size, delay to reward, and satiation level on motivation in monkeys. J 426 

Neurophysiol. 2009;101(1):437–47.  427 

10.  Liu Z, Richmond BJ. Response differences in monkey TE and perirhinal cortex: stimulus 428 

association related to reward schedules. J Neurophysiol. 2000;83(3):1677–92.  429 

11.  Tremblay L, Schultz W. Relative reward preference in primate orbitofrontal cortex. 430 

Nature. 1999;398(6729):704–8.  431 

12.  Fisher WW, Mazur JE. Basic and applied research on choice responding. J Appl Behav 432 

Anal [Internet]. 1997;30(3):387–410.  433 

13.  DeLeon IG, Fisher WW, Rodriguez-Catter V, Maglieri K, Herman K, Marhefka JM. 434 

Examination of relative reinforcement effects of stimuli identified through 435 

pretreatment and daily brief preference assessments. J Appl Behav Anal. 436 

2001;34(4):463–73.  437 

14.  Clay AW, Bloomsmith M a, Marr MJ, Maple TL. Systematic investigation of the stability 438 

of food preferences in captive orangutans: implications for positive reinforcement 439 

training. J Appl Anim Welf Sci. 2009;12(4):306–13. 440 

15.  Melville CL, Rue HC, Rybiski LR, Weatherly JN. Altering Reinforcer Variety or Intensity 441 

Changes the Within-Session Decrease in Responding. Learn Motiv. 1997;28(4):609–21.  442 

16.  Bouton ME, Todd TP, Miles OW, Leon SP, Epstein LH. Within- and between-session 443 



26 

 

variety effects in a food-seeking habituation paradigm. Appetite. 2013 Jul;66:10–9.  444 

17.  Catania C, Sagvolden T. Preference for free choice over forced choice in pigeons. J Exp 445 

Anal Behav. 1980;34(I):77–86.  446 

18.  Brigham TA, Sherman JA. Effects of choice and immediacy of reinforcement on single 447 

response and switching behavior of children. J Exp Anal Behav. 1973;19(3):425–35.  448 

19.  Fisher WW, Thompson RH, Piazza CC, Crosland K, Gotjen D. On the relative reinforcing 449 

effects of choice and differential consequences. J Appl Behav Anal. 1997;30(3):423–38.  450 

20.  Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful 451 

approach to multiple testing. Vol. 57, Journal of the Royal Statistical Society B. 1995. p. 452 

289–300.  453 

21.  Watanabe M. Reward expectancy in primate prefrontal neurons. Vol. 382, Nature. 454 

1996. p. 629–32.  455 

22.  Watanabe M, Cromwell HC, Tremblay L, Hollerman JR, Hikosaka K, Schultz W. 456 

Behavioral reactions reflecting differential reward expectations in monkeys. Exp Brain 457 

Res. 2001;140(4):511–8.  458 

23.  Hassani OK, Cromwell HC, Schultz W. Influence of expectation of different rewards on 459 

behavior-related neuronal activity in the striatum. J Neurophysiol. 2001;85:2477–89.  460 

24.  Fiorillo CD, Tobler PN, Schultz W. Discrete Coding of Reward Probability and 461 

Uncertainty by Dopamine Neurons. Science. 2003;299:1898–902. 462 

25.  Wunderlich RA. Strength of a generalized conditioned reinforcer as a function of 463 

variability of reward. J Exp Psychol. 1961;62(4):409–15.  464 



27 

 

26.  Bowman EM, Aigner TG, Richmond BJ. Neural signals in the monkey ventral striatum 465 

related to motivation for juice and cocaine rewards. J Neurophysiol. 1996;75(3):1061–466 

73.  467 

27.  Westlund K. Can conditioned reinforcers and Variable-Ratio Schedules make food- and 468 

fluid control redundant? A comment on the NC3Rs Working Group’s report. J Neurosci 469 

Methods. 2012;204(1):202–5. 470 

 471 

  472 



28 

 

 473 



29 

 

Figure 1. Fluid preference testing in the laboratory (Monkeys 1 and 2) and in the home cage 474 

(Monkeys 3 and 4).  The average number of choices for rewards in the preference test for (a) 475 

Monkey 1 and (b) Monkey 2.  Monkey 2 was not continued in the experiment as his preference 476 

was not stable across the 8 testing days (c).  The average consumption of each reward in 5 477 

minutes over 6 days for (d) Monkey 3 and (e) Monkey 4. Bar charts display mean (±SEM) 478 

and box plots display medians. The previous reward of each monkey is always shown 479 

as the left hand bar. 480 

 481 
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Figure 2. The average number of correct trials performed by (a) Monkey 1, (b) Monkey 482 



31 

 

3 and (c) Monkey 4 when rewarded with their previous reward, preferred reward, a 483 

variable schedule or a choice schedule at both their normal and increased fluid intakes. 484 

Bar charts display mean (±SEM) and box plots display medians. 485 
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Table 1. Monkey 1. Pairwise comparisons for the numbers of trials performed after the daily fluid allowance had been increased by 100 

ml.  Results are controlled for multiple comparisons using False Discovery Rate (FDR) tests.  “NS” indicates non-significance. 

 

 

 

 

Reward Schedule Reward Schedule  Median Difference U-value P-value FDR q-value 

Significance 

After FDR 

corrections 

Previous Preferred 1076 2.82 0.005 0.0083 Significant 

 Variable 660 1.93 0.054 0.0083 NS 

 Choice 864 2.079 0.038 0.0083 NS 

Preferred Variable 416 0.89 0.37 0.0083 NS 

 Choice 212 0.74 0.46 0.0083 NS 

Variable Choice 204 0.15 0.88 0.0083 NS 
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Table 2. Monkey 3 Pairwise comparisons between the numbers of trials performed after the daily fluid allowance had been increased by 

100 ml.  Results are controlled for multiple comparisons using False Discovery Rate (FDR) tests.   “NS” indicates non-significance. 

 

 

 

 

Reward Schedule Reward Schedule 
Mean 

Difference 

Std Error of 

Difference 
t-value df p-value FDR q-value 

Significance After 

FDR corrections 

Previous Preferred 83.25 236.79 0.35 6 0.74 0.017 NS 

 Variable 61.25 215.30 0.28 6 0.79 0.017 NS 

 Choice 419.75 211.61 1.98 6 0.095 0.017 NS 

Preferred Variable 22 123.98 0.18 6 0.87 0.017 NS 

 Choice 503 117.46 4.28 6 0.005 0.017 Significant 

Variable Choice 481 63.88 7.53 6 <0.001 0.017 Significant 
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Table 3. Difference in trial performance when the fluid allowance was increased.  Results are controlled for multiple comparisons using 

False Discovery Rate (FDR) tests.  “NS” indicates non-significance. 

 
Reward 

Schedule 
Mean Difference 

Std Error of 

Difference 
t-value df p-value FDR q-value 

Significance 

After FDR 

corrections 

Monkey 1 Previous 503.25 164.79 3.05 6 0.022 0.0125 NS 

 Preferred 416.75 163.48 2.55 4.48 0.057 0.0125 NS 

 Variable 799 322.67 2.48 4.51 0.062 0.0125 NS 

 Choice 44.25 143.41 0.31 6 0.77 0.0125 NS 

Monkey 3 Previous 708.5 359.18 1.97 6 0.096 0.0125 NS 

 Preferred 53.5 196.08 0.27 6 0.79 0.0125 NS 

 Variable 240.50 222.33 1.08 6 0.32 0.0125 NS 

 Choice 196.25 51.70 3.80 6 0.009 0.0125 Significant 

Monkey 4 Previous 451.25 179.28 2.52 6 0.045 0.0125 NS 

 Preferred 268 229.30 1.17 6 0.29 0.0125 NS 

 Variable 210.25 207.81 1.01 6 0.35 0.0125 NS 

 Choice 11.75 144.40 0.08 6 0.94 0.0125 NS 


