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ABSTRACT (223 words) 27 

 28 

Sixteen lemurs, including representatives from three species (Lemur catta, Eulemur rubriventer, 29 

Varecia variegata), were presented with a food seeking task where information about the 30 

rewards location, in one of two plastic tubes, was either known or not known. We evaluated 31 

whether lemurs would first look into the tube prior to making a choice. This information-seeking 32 

task aimed to assess whether subjects would display memory awareness, seeking additional 33 

information when they became aware they lacked knowledge of the rewards location. We 34 

predicted lemurs would be more likely to look into the tube when they had insufficient 35 

knowledge about the rewards position. Lemurs successfully gained the reward on most trials. 36 

However, they looked on the majority of trials regardless of whether they had all the necessary 37 

information to make a correct choice. The minimal cost to looking may have resulted in 38 

checking behaviour both to confirm what they already knew and to gain knowledge they did not 39 

have. When the cost of looking increased (elevating end of tube requiring additional energy 40 

expenditure to look inside - Experiment 2), lemurs still looked into tubes on both seen and 41 

unseen trials; however, the frequency of looking increased when opaque tubes were used (where 42 

they could not see the rewards location after baiting). This could suggest they checked more 43 

when they were less sure of their knowledge state. 44 

 45 

Keywords: Prosimians; lemurs; memory awareness; information seeking; metacognition  46 
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Introduction 47 

 48 

An awareness of the contents of memory allows humans to react appropriately when confronted 49 

with uncertain situations; they can differentiate between knowing and not knowing, and 50 

subsequently seek more information when necessary (Hampton, Zivin & Murray, 2004). 51 

Memory awareness represents one component of metacognition, which can be functionally 52 

defined as the ability to reflect on the contents of one’s own cognition (see Nelson, 1996).  53 

Research investigating this ability in humans frequently uses methods reliant on language, with 54 

participants making subjective, verbal statements of ‘knowing’ and ‘uncertainty’ (Coutinho et 55 

al., 2015). As these paradigms cannot be used with non-verbal organisms, Smith et al. (1995) 56 

developed a paradigm that both induced a state of uncertainty and presented an objective, 57 

behaviourally measurable way of dealing with this uncertainty for use with non-human animals. 58 

Utilising psychophysical tests, Smith et al. (1995, 1997) presented subjects with two primary 59 

discrimination responses and a third ‘uncertain’ response that allowed subjects to ‘escape’ any 60 

tests they chose, hypothetically when they were uncertain of the correct response. This escape 61 

option allowed subjects to decline trials, instead progressing to an easy, guaranteed win trial. 62 

Including this option introduces a meta-level response, allowing subjects to report on their 63 

thoughts about whether they know or not.  64 

 65 

Assessment of uncertainty responding has produced support for metacognitive capabilities in 66 

apes and old world monkeys. Apes reliably chose to select an escape response during a 67 

searching task when ignorant of a rewards location (Suda-King, 2008; Suda-King, Bania, 68 

Stromberg & Subiaul, 2013). Rhesus macaques (Macaca mulatta) frequently chose to escape 69 

difficult trials (Smith et al., 1997), displayed the ability to generalise this response over a range 70 

of tasks (Brown, Templer & Hampton, 2017; Couchman, Coutinho, Beran & Smith, 2010; 71 

Morgan, Kornell, Kornblum & Terrace, 2014; Smith, Redford, Beran & Washburn, 2010; 72 
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Templer & Hampton, 2012) and continued to do so when this response received no reward 73 

(Beran, Smith, Redford & Washburn, 2006). Findings from New World monkeys are less 74 

conclusive, with capuchin monkeys (Cebus apella) often failing to use the escape response as 75 

effectively as Old World monkeys, resulting in increased errors during difficult trials (Beran, 76 

Perdue, Church & Smith, 2016; Beran, Perdue & Smith, 2014; Fujita, 2009, see Smith, Smith & 77 

Beran, 2018, for a review).  78 

 79 

Many uncertainty-monitoring tasks require extensive training. Smith (2009) proposed more 80 

naturalistic paradigms would provide less trial-intensive methods, reducing the opportunity for 81 

associations to form between particular trial types and uncertain responses, more closely 82 

aligning with situations animals may encounter in their natural habitats. To address these 83 

concerns, Call and Carpenter (2001) developed an ‘information seeking’ paradigm incorporating 84 

a search task where subjects (Pan troglodytes, Pongo pygmaeus, Homo sapiens) either 85 

witnessed the baiting of one of several opaque tubes with a reward, or did not. Subjects 86 

displaying meta-memory, and consequently the capacity to reflect on memories of what they 87 

had seen, ought to seek more information by looking into the tubes when ignorant of the rewards 88 

location i.e. after ‘unseen baiting’ trials. In contrast, on ‘seen baiting’ trials, subjects were 89 

presented with all the information necessary to locate the reward, and should be able to make a 90 

selection without seeking further information (i.e. without looking). Subjects displayed 91 

differential looking behaviour across trial type, seeking more information during unseen baiting 92 

trials. Call and Carpenter (2001) propose these results support the hypothesis that subjects knew 93 

when they did not know where the reward was, and acted to rectify this uncertainty.  94 

 95 

All species of great ape that have been tested have since been found to seek more information 96 

when presented with an uncertain situation (Beran, Smith & Perdue, 2013; Call, 2010; Call & 97 

Carpenter, 2001; Marsh & MacDonald, 2012). Investigation of memory awareness in Old World 98 
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monkeys has produced support for information seeking in baboons (Papio papio), lion-tailed 99 

macaques (Macaca silenus) and rhesus macaques (Macaca mulatta), with investigation in New 100 

World monkeys being restricted to a single species (Cebus apella), and providing more 101 

equivocal results (Basile, Hampton, Suomi & Murray, 2009; Basile, Schroeder, Brown, Templer 102 

& Hampton, 2015; Beran & Smith, 2011; Hampton et al., 2004; Malassis, Gheusi & Fagot, 103 

2015; Marsh, 2014; Paukner, Anderson & Fujita, 2006; Rosati & Santos, 2016; Vining & 104 

Marsh, 2015).  105 

 106 

The decreased performance seen in New World monkeys across both uncertainty monitoring 107 

and information seeking tasks is of importance when considering the emergence of 108 

metacognition across the Primate order. The more limited success of capuchins (Cebus apella) 109 

may suggest metacognition evolved selectively, or more strongly, following the divergence of 110 

New World and Old World lineages. Alternatively, given that assessments to date are rather 111 

species-limited, this may reflect a deficit in methodological approach, rather than metacognitive 112 

abilities (see Smith et al., 2018 for further discussion). Assessment of metacognition in non-113 

primate species has likewise presented inconclusive findings; for example, in birds (Fujita, 114 

Nakamura, Iwasaki & Watanabe, 2012; Goto & Watanabe, 2012), dolphins (Smith et al., 1995) 115 

and rats (Foote & Crystal, 2007). Further comparative research is needed to map out the 116 

phylogenetic distribution of metacognition across animal specials, providing a clearer view of 117 

the evolutionary emergence of these capacities. Lemurs are ideal candidates for this evaluation, 118 

representing an early divergence within primates with a unique evolutionary history (see Martin, 119 

2000; Yoder & Yang, 2004; Herrera & Dávalos, 2016), and so providing an important 120 

comparative baseline for understanding cognitive evolution in the Primate lineage.  121 

 122 

In order to succeed during an information seeking task, individuals are required to mentally 123 

represent objects that are removed from view, keeping in mind the location of rewards after 124 
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witnessing baiting procedures. Previous assessments have found support for this ability in 125 

lemurs, with Deppe, Wright and Szelistowski (2009) finding lemurs (Eulemur fulvus, Eulemur 126 

mongoz, Lemur catta, Hapalemur griseus) displayed proficiency with visible object 127 

displacement tests of object permanence. Black (Eulemur macaco, N = 3) and brown (E. fulvus, 128 

N = 3) lemurs have also displayed some proficiency during inferential reasoning tasks. Maille 129 

and Roeder (2012) found three lemurs successfully selected a baited cup when offered either 130 

visual or auditory information regarding the contents of two opaque cups, one that contained a 131 

reward. When presented with auditory information regarding the contents of only the empty cup, 132 

one subject selected the correct cup above chance levels. Thus, it may be expected lemurs would 133 

be able to keep in mind a rewards location during an information seeking task when baiting of 134 

the apparatus was seen or unseen, displaying less looking behaviour when they witnessed the 135 

placing of the reward than when baiting was unseen and they needed to obtain further 136 

knowledge for success.  137 

 138 

The present study aimed to assess whether three species of lemur (Lemur catta, Eulemur 139 

rubriventer, Varecia variegata) could discriminate between knowing and not knowing, seeking 140 

more information when required and displaying memory awareness. The use of an information 141 

seeking paradigm similar to that developed by Call and Carpenter (2001) presented a more 142 

naturalistic and less trial intensive situation than previous uncertainty monitoring tasks (Smith et 143 

al., 1995; Smith, 2009). Subjects’ looking behaviour was recorded when presented with two 144 

tubes, one that was baited with a reward, and either allowed direct visual access to the contents 145 

or where contents could not be viewed without looking down the tubes’ length. By varying 146 

visual access to the baiting procedure, subjects were either given the information needed to 147 

select the correct tube or were not. In all trials, subjects were free to seek more information 148 

about the rewards location by either looking down the length of the tube to seek visual 149 

affirmation, or using olfactory cues to ascertain which tube contained food. Although we cannot 150 
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distinguish which cue type was used, in all cases, we would expect lemurs to lower their head 151 

towards the tube before making a choice in unseen trials. It is head lowering to align with the 152 

tube opening that we refer to as a ‘look’, with the caveat that information gained from looking 153 

could be either visual, olfactory, or both.   154 

 155 

Methods 156 

 157 

Subjects 158 

 159 

Subjects were six red-bellied lemurs (E. rubriventer), seven ring-tailed lemurs (L. catta) and 160 

three black and white ruffed lemurs (V. variegata). All subjects were born in captivity and 161 

housed in three enclosures at Camperdown Wildlife Centre (Dundee, Scotland), where they had 162 

access to both indoor and outdoor areas. Two enclosures contained mixed species groups during 163 

training, with red-bellied and ring-tailed lemurs housed in enclosure 1, and red-bellied and black 164 

and white lemurs in enclosure 3 (see Table 1). A second group of ring-tailed lemurs were 165 

housed in a single species group in enclosure 2. Due to relocation of subjects following training, 166 

this became one mixed species enclosure and two single species enclosures during Experiments 167 

1 and 2. During these experiments, a mixed group of red-bellied and black and white lemurs 168 

were housed in enclosure 3, with a second group of red-bellied lemurs in enclosure 1, and a 169 

group of ring-tailed lemurs in enclosure 2. Each indoor enclosure contained a partition splitting 170 

the space into two separate areas, both with an outdoor access hatch that could be closed. As 171 

each species in the mixed groups naturally favoured one half of the enclosure, subjects were 172 

tested throughout in their species-specific groups. Subjects were fed a daily assortment of fresh 173 

fruit, vegetables and barley rings, all of which were freely available during testing, along with 174 

fresh water ad libitum. 175 

 176 
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Apparatus 177 

 178 

Figure 1: (A) Clear tubes used during training and Experiment 2, showing wooden stoppers 179 

used throughout testing. (B) Opaque tubes used in Experiment 1 and 2. (C) Wooden ramp used 180 

during Experiment 2 to raise the end where subjects made a choice, shown with opaque tubes 181 

mounted on top. 182 

 183 

The apparatus consisted of a pair of either clear or opaque acrylic tubes (50cm x 5cm) mounted 184 

parallel to one another on top of a wooden board (50cm x 25.5cm) (Figure 1). Two stoppers 185 

consisting of a wooden dowel with a block attached to the end (50cm) were used to slide the 186 

reward within reach of the subject and prevent it from being knocked back along the tube during 187 

the test (Figure 1). A wooden ramp was used during Experiment 2 to raise the height of the 188 

tubes at the end where subjects made their selection. The wooden boards holding the tubes could 189 

be mounted on top of the ramp, allowing easy switching between either opaque or clear tubes 190 

dependent on the trial type. A stopwatch was used to record trial length and inter-trial interval 191 

during training, with a handheld video camera used to record all trials during Experiments 1 and 192 

2 for later behavioural coding. 193 

 194 

Training with clear tubes 195 

 196 

Subjects 197 

 198 

All 16 lemurs took part in initial training (E. rubriventer, N = 6, L. catta, N = 7, V. variegata, N 199 

= 3). Two ring-tailed lemurs in one enclosure (see Table 1) were restricted to their indoor 200 

enclosure during testing in order to deny access to the red-bellied lemurs sharing the enclosure 201 

who often attempted to enter and disrupt performance. All other groups were tested in their 202 
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respective indoor areas, with free range between indoor and outdoor enclosures available 203 

throughout testing. 204 

 205 

Procedure 206 

 207 

Clear tubes were used during training, allowing subjects to easily see the whole length of the 208 

tube giving direct visual access to the reward (Figure 1a). This familiarised subjects with the 209 

task demands, with the direct visual access aiming to present an easier task than being required 210 

to attend to either the baiting procedure or to seek more information when presented with 211 

opaque tubes during later experiments. Tubes were presented at floor level meaning the lemurs 212 

could easily see the reward from a seated position. If subjects chose to seek either visual or 213 

olfactory information of the tube’s contents, they needed to lower their head near to the floor 214 

until it was level with the entrance of the tubes. This would be unnecessary effort not required to 215 

make a correct selection during training with clear tubes. 216 

 217 

Individuals were not separated from their group for testing. We continued to present the 218 

apparatus to the group until all those motivated to participate had completed the necessary trials 219 

to reach criterion. This may have resulted in over-training of the ‘correct’ response in 220 

individuals who continued to interact with the apparatus after reaching criterion performance 221 

(for further explanation of potential impact, see results). This was however preferable to 222 

unnecessary stress induced by separation from the group. Testing in the group also represents a 223 

more ecologically valid environment for skill acquisition and learning. The total number of trials 224 

individuals completed are reported in the results. If more than one individual was present within 225 

the testing area, the test subject was considered as the individual situated in front of the 226 

apparatus, at the open end of the tubes, with the experimenter ensuring this individual visually 227 

attended to the apparatus at the onset of each trial.  228 
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 229 

The experimenter was located within the lemur enclosures throughout testing but as far away 230 

from the testing area as space would allow. Subjects were presented with two clear tubes, one of 231 

which was baited with a reward and one that was not. Red grapes were used as the reward for all 232 

lemurs except one, who after displaying a lack of interest in multiple trials using grapes showed 233 

a preference for barley rings. Seen trials consisted of the subject being shown the reward before 234 

the experimenter used a closed hand containing the food to place it in one of the clear tubes in 235 

full view of the subject. Using only one hand to bait the tube in the seen trials reduced task 236 

demands as subjects did not need to understand ‘transparency’, with subjects able to use hand 237 

movements to select the correct location independently of visual exploration of the tubes. In 238 

contrast, during unseen trials, the subject was not shown the reward before baiting. The 239 

experimenter placed both closed hands into the clear tubes simultaneously. One hand contained 240 

the reward that was surreptitiously deposited into either the left or right tube. From the lemurs’ 241 

point of view, when they had not seen which tube was baited, both tubes could potentially 242 

contain a reward. In unseen trials, visual or olfactory exploration was therefore necessary to 243 

distinguish which tube contained the reward. Although inclusion of seen and unseen baiting was 244 

not essential during the training phase as lemurs could ‘see’ the reward through the clear tube, 245 

both trial types were given to maintain consistency with later experimental conditions.  246 

 247 

Subjects were required to select a tube following the baiting procedure, which was either seen or 248 

unseen by the subject, with the location of the baited tube varying from left to right. Trial type 249 

(left/right, seen/unseen) was randomised, with the only contingency being that the same trial 250 

type was not presented more than twice in a row to prevent facilitation of side bias.  Subjects 251 

were given a maximum trial length of 60 seconds, and a minimum inter-trial interval of 20 252 

seconds, following which the apparatus were re-baited and a new trial began. Subjects were 253 

considered to have made a selection once they placed their hand inside a tube, reaching for the 254 
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reward. They were classified as correct if they reached into the baited tube, and incorrect if they 255 

reached into the tube that did not contain a reward. If the correct tube was selected, the food 256 

reward was slid to within reach allowing subjects to retrieve it, whereas if the incorrect tube was 257 

selected the subject was unrewarded. If a subject placed their hand in to one tube and then the 258 

other, the tube they selected first was taken as their choice. There were no instances of subjects 259 

placing both hands into both tubes simultaneously. If a selection was made within the trial 260 

period, regardless of correct or incorrect, the trial ended and the inter-trial interval began. If 261 

subjects made no selection within the maximum trial length of 60 seconds, the inter-trial interval 262 

occurred and then the next trial began with the tubes being re-baited according to the trial 263 

schedule. For each trial, subject ID, trial type and whether the subject selected the correct or 264 

incorrect tube were noted.  265 

 266 

Analyses 267 

 268 

In order to pass the training phase, subjects were required to achieve 9/10 correct responses over 269 

two consecutive blocks of 10 trials. All subjects received 10 trials per block, regardless of 270 

response type (correct or incorrect). For example, if a lemur gave two incorrect responses on the 271 

first two trials, they could not reach criterion performance on that block. However, they would 272 

still be given the remaining eight trials of that block, and then proceed to the next set of 10 trials 273 

where 9/10 correct responses were needed to be on track for criterion performance. Wilcoxon 274 

signed rank tests evaluated whether trial type (seen or unseen) affected number of correct 275 

responses and if subjects were more likely to make a correct selection when the reward was 276 

presented on the left or right side.  277 

 278 

Results and discussion 279 

 280 
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All subjects that completed this phase (N = 12) successfully passed 10/10 trials in the first two 281 

blocks (Table 1). Four subjects failed to complete the task, and therefore did not progress to the 282 

testing phase. BW3 and RB4 showed little interest in participating, rarely approaching the 283 

apparatus or attempting trials. The youngest subject tested, RB3, showed interest but failed to 284 

understand the task requirements, never placing her hand inside a tube. In order to give a fair 285 

assessment of these subjects’ abilities, they were each presented with 50 trials; however, none 286 

obtained a reward on any presentation. They were therefore excluded from further testing. The 287 

remaining unsuccessful subject, RT3, was unable to access the materials due to monopolisation 288 

by other subjects and so did not participate in testing. 289 

 290 

Table 1: Subjects’ age, sex, enclosure number, experiment participation and trials to criterion 291 

performance (9/10 correct responses in two blocks of 10 trials) in the training phase. 292 

 293 

The total number of trials presented to each subject in the training phase ranged from 20-46 294 

(Mdn = 26.5) (although criterion was reached by all those that passed (N = 12) in the first 20 295 

trials). This variation was because subjects were not separated for testing and were free to 296 

participate in all presented trials. Although separation would have been preferable, the enclosure 297 

design did not allow for easy manoeuvring of individuals and would have caused unnecessary 298 

stress that would be detrimental to task performance and welfare of the lemurs.  For illustrative 299 

purposes, this meant the individual that completed the most trials (46) completed 20 trials to 300 

reach criterion and then made a response on a further 26 presentations of the apparatus.  We 301 

hoped to only bait the apparatus when the target individual was in the vicinity to remove the 302 

possibility of other subjects receiving more trials. However, due to the initial novelty of the 303 

apparatus, lemurs tended to crowd making it impossible to restrict access to one individual on 304 

all trials. This was rectified in later experiments where it was possible to limit access by non-305 

tested individuals. In total, 352 trials were given across all twelve subjects, of which 351 were 306 
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correct. Lemurs who participated in testing made a response on all trials. Only one incorrect 307 

response was given by subject (RB2), who selected the non-baited tube after completing the first 308 

two blocks where she successfully reached criterion performance.  309 

 310 

Considering all trials subjects completed, whether the trial was ‘seen’  or ‘unseen’  did not 311 

significantly affect number of correct choices made by subjects (Wilcoxon signed rank: W = 312 

10.0, p = 0.916, N = 12). There were no significant differences in number of correct choices 313 

dependent on side of presentation (Wilcoxon signed rank: W = 14.5, p = 0.400, N = 12). That 314 

there were no effects on accuracy is not surprising given that subjects were almost at ceiling, 315 

with only one incorrect response overall. 316 

 317 

Despite the use of clear tubes permitting direct visual access to the reward, subjects bent down 318 

to look along the tube’s length, or potentially to seek olfactory information about the tubes 319 

contents, in almost all trials (although we did not quantify how often this occurred). It is 320 

possible that they struggled with the transparent nature of the tubes, failing to understand that 321 

the object seen through the tube was the same object seen when looking into the tube. The black 322 

and white lemur group particularly seemed to struggle in early trials with the relationship 323 

between reaching inside the tube and obtaining the reward, initially attempting to gain access to 324 

the reward through the tubes’ outside wall before making the correct response. This finding is in 325 

line with MacLean et al. (2013) who found performance improved over testing when assessing 326 

lemurs (Eulemur macaco, Eulemur mongoz, Lemur catta, Propithecus coquereli, Varecia 327 

variegata) ability to reach around to the opening of a transparent tube to retrieve a food reward, 328 

rather than attempting to access the reward through the side of the tube. 329 

 330 

Experiment 1: Looking behaviour to supplement knowledge 331 

 332 
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Subjects 333 

 334 

Before Experiment 1 began, two ring-tailed lemurs were relocated to an alternative enclosure at 335 

the zoo, with two individuals dying shortly after this move (see Table 1). Consequently, 10 336 

subjects who successfully completed training took part in this experiment. This included four 337 

ring-tailed lemurs, four red-bellied lemurs and two black and white ruffed lemurs. The issue of 338 

dual species occupation in one enclosure was eliminated by the relocation of the two ring-tailed 339 

subjects. Therefore, all subjects were tested in species groups in their indoor enclosures, with 340 

access to the outdoor enclosure freely available. 341 

 342 

Procedure 343 

 344 

Brown opaque tubes were used in order to obstruct subjects’ view of the reward (Figure 1b). In 345 

conjunction with the presentation of materials at floor level, this aimed to ensure subjects could 346 

not see the reward’s location and encountered a physical cost (effort needed to bend down until 347 

their head was level with the tubes entrance) in order to seek the reward. The experimenter was 348 

again situated within the enclosure, presenting subjects with two tubes in the same way as for 349 

the training phase, one of which contained a reward. Tubes were only baited when the target 350 

individual entered the vicinity of the apparatus. The positioning of the reward, reduced novelty 351 

of the task and smaller numbers in the enclosures allowed us to control access by individuals not 352 

being tested so all subjects received the same amount of trials in Experiment 1. Red grapes were 353 

used as rewards for all lemurs.  354 

 355 

The baiting procedure was either seen or unseen by subjects, with the reward’s location being 356 

either the left or right tube. The method of baiting was the same as for the training phase; thus, 357 

lemurs had the knowledge needed to make a correct response on the seen trials, but not on 358 
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unseen trials. Only by seeking more information, either looking down the tube’s length or 359 

smelling the contents of the tube, could they determine the location of the reward on the unseen 360 

trials. Trial type was once more randomly assigned, with the same trial type presented no more 361 

than twice in succession. Subjects completed 20 trials in total, consisting of equal numbers of 362 

seen/unseen and left/right trials. Trials were recorded using a video camera for later coding, with 363 

subjects given a maximum of 60 seconds to attempt a trial, and a minimum inter-trial interval of 364 

20 seconds. Trials ended following a correct or incorrect selection (insertion of hand into a tube 365 

in an attempt to retrieve the reward), or after 60 seconds if no selection was made. If subjects 366 

performed looking behaviour but failed to select a tube within the 60-second trial period, they 367 

were marked as making no selection. The apparatus were removed from reach as soon as 368 

selection was made to prevent subjects being able to reach into both tubes.  369 

 370 

Experiment 1 aimed to assess the subjects’ information seeking behaviour; therefore the number 371 

of looks into each tube, and correct or incorrect selection were all coded from video recordings. 372 

A ‘look’ was defined as the subject lowering their head until the tube opening was at eye level. 373 

On some trials, lemurs would look into the tube multiple times and so we recorded total number 374 

of looks per trial. To be scored as a repeated look, the subject needed to make an initial look and 375 

then lift its head away from the tube opening, before bending down to look for a further time. If 376 

subjects followed the baiting process and were capable of discriminating between knowing the 377 

reward’s location or not, they were predicted to display more frequent looking behaviour on 378 

unseen than seen trials. In addition, trial duration was measured, assessing whether subjects’ 379 

latency to selection increased during unseen trials where they were required to seek more 380 

information. Intra-rater reliability (IRR) was calculated using intra-class correlation coefficient 381 

(ICC) on number of looks per trial, with 20% of trials re-coded by HKT. ICC estimates and their 382 

95% confidence intervals were calculated using SPSS v25, based on a single rater, absolute 383 
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agreement, two-way mixed-effects model (Koo & Li, 2016). The ICC was found to be excellent 384 

at 0.98 (CI’s = 0.96, 0.99). 385 

 386 

Analyses 387 

 388 

Individual performances were evaluated using binomial tests to determine whether lemurs were 389 

selecting the correct tube significantly above chance across all 20 presentations (seen and 390 

unseen). An extension of GZLM, Generalized Estimating Equations (GEE), was used to build 391 

models to assess the effect of trial type (seen or unseen) on the number of correct responses and 392 

whether subjects looked inside the tube before making a selection. GEE is suited to analyses of 393 

small (10 or more subjects), non-normally distributed, dependant data and can support many 394 

different types of variable such as binary or counts (Garson, 2013). All analyses were conducted 395 

in SPSS V25. 396 

 397 

A series of models were run to evaluate the effect of trial type and looking behaviour on 398 

performance. The first model set were specified as binary logistic (for yes/no responses) with a 399 

logit link function and response (correct or incorrect) as the dependent variable and subject 400 

identity included as a within subject factor, and trial number as the between subject factor.  Trial 401 

type (seen or unseen) and presence or absence of looking behaviour used as factors. Full details 402 

of goodness of fit and parameter estimates of all models can be found in the Electronic 403 

Supplementary Materials (ESM); only results from the best fitting models are reported here. For 404 

the GEE analyses, trials where the subject did not make a choice were removed as no response 405 

does not necessarily represent a lack of knowledge. A model-based estimator was used due to 406 

small sample size (Garson, 2013) and the working correlation matrix was specified as 407 

‘independent’ meaning trial response outcomes were assumed to be independent of each other in 408 

all models. A second series of models were specified using a Poisson distribution (for counts), 409 
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with a log link function, with number of looks before selection as the dependent variable. Trial 410 

type (seen or unseen) was included as a factor, along with subject identity as a within subject 411 

factor and trial number as the between subject factor, with a model-based estimator and 412 

independent correlation matrix. Details of all models can be found in the ESM with results from 413 

the best fitting models (when more than one model was run) reported here based on QIC values.  414 

 415 

A final set of GEE models assessed response time differences by trial type (seen or unseen) with 416 

the assumption that not knowing the rewards location would increase trial duration as they 417 

sought further information. For this analysis, trials where no selection occurred were again 418 

omitted to avoid skewing the data when trial time reached its maximum. A linear model with 419 

identity link function was specified with a model-based estimator procedure due to small sample 420 

size. Trial type was added as a factor, and subject identity as the within subject factor and trial 421 

number as the between subject factor (see ESM for full details of all models). All tests were 422 

two-tailed and alpha was set at 0.05 throughout. 423 

 424 

Results and discussion 425 

 426 

Collectively, subjects made a response on all but 11 trials where no choice was made within the 427 

maximum trial duration. Looking at individual responses, 9/10 subjects performed significantly 428 

above chance (when considering only the trials where a response was made), consistently 429 

selecting the correct tube across all trials (seen and unseen) (Table 2). The poorer performance 430 

of RB1 may have been due to the young age of this subject who turned two years old during 431 

testing.  432 

 433 

Table 2: Number of correct and incorrect responses, no selections and binomial results by 434 

subject in Experiment 1 (* = significant at 0.05 level, ** = significant at 0.01 level). If subjects 435 
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did not make a response (no selection), we did not include this in the binomial test or GEE 436 

analyses.  437 

 438 

There was no significant effect of trial type on number of correct responses given (GEE: β = -439 

0.655, χ2 = 1.760, df = 1, p = 0.185), suggesting being unable to see the reward placed did not 440 

have a detrimental effect on performance. Collectively, lemurs performed looking behaviour on 441 

all but six trials where a selection was made, therefore, unsurprisingly presence or absence of 442 

looking behaviour was not a significant predictor of performance (GEE: β = 0.819, χ2 = 0.508, 443 

df = 1, p = 0.476). However, lemurs obtained 50% of rewards on trials where they did not look 444 

(representing chance performance) compared to 86% of rewards on trials where they did look, 445 

suggesting they were benefitting from confirming their knowledge state. 446 

 447 

Although lemurs obtained more rewards in unseen trials when they did look before making a 448 

choice, there was no evidence that they were looking into the tube more in the unseen than in the 449 

seen trials (GEE: β = -0.087, χ2 = 0.477, df = 1, p = 0.490). These results suggest that lemurs 450 

were not using looking behaviour to supplement their knowledge when they did not know for 451 

certain where the reward was. However, that there was no increase in looking behaviour when 452 

trials were unseen was due to the high number of looks performed in the seen trials; subjects 453 

looked on most trials regardless of whether they had seen the reward placed or not (in 189 trials 454 

where a response was made, lemurs performed looking behaviour in 183). 455 

 456 

There was no main effect of trial type on trial duration (GEE: β = -0.276, χ2 = 0.032, df = 1, p = 457 

0.995), indicating subjects did not take longer to reach a decision about which tube to select 458 

when they had not observed placement of the reward.  We are cautious in our interpretation of 459 

these data however, as latency to make a choice is conflated with number of looks in our 460 
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method. It takes longer to make more looks and so we could be measuring motor behaviour 461 

rather than cognitive processing. Even if longer latencies are indicative of longer cognitive 462 

processing times, the mechanism (memory search versus vacillation/hesitation) is unclear. That 463 

we did not find an effect could be due to the use of total trial duration as response latency and 464 

perhaps ‘time to first look’ would have been a more informative measure in this regard.  465 

 466 

Trials where subjects did not make a selection may be informative. If they do not have the 467 

necessary information to make a successful response, for example, in unseen trials, they may be 468 

more likely to avoid failure through a null response. If this is the case, we would expect an 469 

increased number of trials where no selection was made in the unseen condition.  However, 470 

subjects selected a tube at near identical levels across seen and unseen baiting, suggesting the 471 

lack of information given about the rewards location during unseen baiting did not hinder 472 

subjects’ motivation to participate.  473 

 474 

Experiment 2: Increased cost of looking 475 

 476 

Experiment 2 incorporated an increased cost of looking in order to further assess subjects’ 477 

information seeking behaviour. A ramp was used to tilt the tubes up from the ground at the end 478 

where subjects made a selection. This meant subjects had to stand up in order to either look 479 

down the length of the tube or gain clear olfactory information about the tubes contents, not 480 

simply lower their head down as in previous trials. By increasing the energy expenditure 481 

required to look, subjects were expected to seek more information only when they lacked 482 

knowledge about the rewards location (unseen/opaque trials). Subjects displayed a drop in the 483 

level of interest shown in the task between the training phase and Experiment 1, likely due to the 484 

removal of the direct visual aspect afforded by clear tubes during training. In an effort to regain 485 
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levels of interest, Experiment 2 therefore also incorporated a mix of clear and opaque tubes, 486 

presented in pairs, with one ‘clear tube’ trial presented for every two ‘opaque tube’ trials. 487 

 488 

Subjects 489 

 490 

The same ten subjects that took part in Experiment 1 participated in Experiment 2. Subjects 491 

were again tested in their respective indoor enclosures, in species-specific groups, with access to 492 

outdoor enclosures available throughout testing. 493 

 494 

Procedure 495 

 496 

The procedure for Experiment 2 was consistent with Experiment 1, with the following 497 

exceptions. Subjects were presented with either two clear or two opaque tubes, placed on top of 498 

the ramp (Figure 1c). Subjects completed 10 clear trials and 20 opaque trials, at a ratio of one 499 

clear to every two opaque to maintain motivation to participate. Equal numbers of seen/unseen 500 

and left/right trials were given for both clear and opaque tubes. A maximum trial duration of 60 501 

seconds was used to maintain consistency with Experiment 1 with an inter-trial interval a 502 

minimum of 20 seconds. All trials were video recorded for later coding with the same measures 503 

used as in the previous experiment. Intra-rater reliability (IRR) was again calculated using ICC 504 

on number of looks per trials, with 20% of trials re-coded by HKT. ICC estimates and their 95% 505 

confidence intervals were calculated as in Experiment 1, with ICC found to be excellent at 0.94 506 

(CI’s = 0.90-0.97). Subjects were again classified as making a correct selection, incorrect 507 

selection or no selection in line with Experiment 1. Trials ended after a selection was made with 508 

the apparatus being removed from reach after the first tube was chosen, or after 60 seconds if no 509 

selection was made.  510 

 511 
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Analyses 512 

 513 

Analyses for Experiment 2 were consistent with Experiment 1 with the following exceptions. 514 

Individual performance was evaluated using binomial tests for trials using the opaque tubes 515 

only, as all lemurs made a correct response on all presentations with clear tubes. The first series 516 

of GEE models evaluated number of correct responses with trial type (seen or unseen) as a 517 

factor (subject identity was a within subject factor and trial number a between subject factor 518 

throughout). As before, only trials where a response was made were included in the models (and 519 

binomial tests). For these analyses, trials with clear tubes were excluded to prevent singularity in 520 

the Hessian matrix due to constant data for one predictor (all lemurs responded correctly an all 521 

trials when clear tubes were presented) (Garson, 2013). Unlike the GEE on performance in 522 

Experiment 1, presence or absence of looking behaviour was not included as a factor as all 523 

subjects looked at least once on all trials. For GEE models with frequency of looking and 524 

response time as dependent variables, trial type (see or unseen) and tube type (clear or opaque) 525 

were included as factors. As in Experiment 1, all tests were two-tailed and alpha was set at 0.05 526 

throughout. 527 

 528 

Results and discussion 529 

 530 

Of 300 trials (30 to each subject) the reward was obtained on 276 trials, with 16 incorrect 531 

choices and 8 trials where no response was made (Table 3). On presentations of the clear tube, 532 

all lemurs responded correctly on all presentations, regardless of whether the baiting procedure 533 

was seen or unseen (Table 3). For the opaque tubes, 9/10 subjects performed above chance 534 

across seen and unseen trials, with the number of correct responses when the baiting procedure 535 

was unseen being lower compared to seen (99 correct in seen trials compared to 92 in unseen 536 
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trials). This difference did not reach statistical significance. (GEE: β = -1.171, χ2 = 3.770, df = 1, 537 

p = 0.052).  538 

 539 

Table 3: Number of correct and incorrect responses, no selections and binomial results by 540 

subject in Experiment 2. Binomial test results relate to performance on opaque tubes only as all 541 

subjects responded correctly on all clear tube presentations, with seen and unseen trials pooled 542 

for these analyses (* = significant at 0.05 level, ** = significant at 0.01 level). If subjects did not 543 

make a response (no selection), we did not include the trial in the binomial tests tor GEE 544 

analyses.  545 

 546 

Lemurs performed looking behaviour in the majority of trials, regardless of tube type (clear or 547 

opaque) and whether they observed the baiting procedure or not. The frequency of looking 548 

behaviour did significantly increase in unseen trials (GEE: β = -0.168, χ2 = 4.543, df = 1, p = 549 

0.033). To evaluate whether the type of tube influenced the number of looks, GEEs were run on 550 

all trials (clear and opaque), revealing type of tube (clear or opaque) did not predict number of 551 

looks. However, there was a significant interaction with seen trials with clear tubes producing 552 

less looking behaviour than unseen trials using opaque tubes (Table 4). In general, lemurs 553 

looked more when tubes were opaque (Figure 2).  554 

 555 

Table 4: GEE model parameters for Experiment 2 with number of looks as the dependent 556 

variable and trial type (seen or unseen) and tube type (clear or opaque) as factors.  Only trials 557 

where a response was made are considered. Significant results are highlighted in bold text (*p < 558 

0.05, ** p < 0.01). Trial type did significantly influence number of looks with more looks 559 

occurring in the unseen trials. Tube type did not impact looking behaviour, however there were 560 
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more looks displayed when the tube was opaque and baiting unseen compared to see, clear 561 

trials.    562 

 563 

Figure 2: Mean number of looks observed in seen and unseen trials using clear (solid bars, N = 564 

10) and opaque (patterned bars, N = 20) tubes. Error bars represent 95% confidence intervals. 565 

With both clear and opaque tubes, more looks occurred in the unseen condition. 566 

 567 

Response times were not affected by trial type (GEE: β = -1.179, χ2 = 0.040, df = 1, p = 0.841), 568 

suggesting lemurs did not take more time making a decision when they had not seen the baiting 569 

procedure. Response times were not significantly influenced by tube type (GEE: β = -0.979, χ2 = 570 

1.083, df = 1, p = 0.298). 571 

 572 

General discussion 573 

 574 

Despite clear tubes granting direct visual access to the reward location, lemurs frequently 575 

performed unnecessary looking behaviour during clear tube trials. Subjects ought to have made 576 

correct selections without seeking more information in all trials with clear tubes, regardless of 577 

whether they saw the baiting or not. Their unnecessary looking behaviour may therefore 578 

represent a deficit in the metacognitive abilities of Prosimians. Alternatively, given the current 579 

subjects’ lack of experience with transparent testing apparatus, it is possible their looking 580 

represents difficulties in comprehending transparency. Lemurs may have failed to understand 581 

that the reward seen through the tube would be present when looking into the tube. This was 582 

suggested to explain failure on a similar task in C. apella, with the visual presence of the bait 583 

perhaps acting as a marker designating a particular tube as correct, rather than being the physical 584 
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reward (Paukner et al., 2006). Subjects may therefore have looked into the tubes in order to seek 585 

visual confirmation of the rewards presence within a ‘marked’ tube. 586 

 587 

Although lemurs did tend to look into the clear tubes before making a selection, they did so less 588 

frequently than when opaque tubes obscured the rewards location. There were 17/100 clear tube 589 

trials where subjects made selections without first looking in to the tubes during Experiment 2, 590 

with 12 of these selections occurring in seen baiting trials. This suggests that following the 591 

baiting process is within the capacity of lemurs. It could be the cost of looking was not 592 

sufficiently high to avoid subjects double checking the location of the reward to avoid error, 593 

similar to the ‘passport effect’ seen in apes where individuals check something they already 594 

know when the cost of making a mistake is high (Call, 2010). 595 

 596 

When assessed with opaque tubes, lemurs continued to perform looking behaviour. Subjects 597 

gathered information when required on unseen trials, but continued to do so during seen trials, 598 

when the costs of looking were low (Experiment 1). This could suggest subjects lacked an 599 

awareness of knowledge gained during baiting in this experiment, where there was no visual 600 

marker of the correct tube once baited. Although the experimenter aimed to ensure subjects were 601 

attending to the task at the onset of each trial, it was unfortunately not possible to reliably 602 

discern whether subjects followed the baiting procedure from the current video footage of 603 

testing. Lemurs’ unnecessary looking may therefore have been the result of a general failure to 604 

attend to the baiting, or a more active avoidance of this difficult task (Basile et al., 2009). When 605 

costs of looking are low, it may be easier to pay this minimal cost and look, rather than expend 606 

cognitive resources keeping track of the baiting procedure. If subjects fail to attend to the 607 

baiting, they would lack any awareness of the reward’s location on seen trials with looking 608 

necessary to select correctly, much like unseen trials. If this was the case, subjects’ initial looks 609 

would have been directed into the correct tube first at chance levels. However, subjects looked 610 
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first into the correct tube on the majority of seen trials. It is therefore unlikely that they gained 611 

no information from the baiting procedures. 612 

 613 

Hampton et al. (2004) proposed excessive looking may represent an implicit memory of the 614 

reward’s location, which subjects are not aware of possessing, guiding behaviour. Alternatively, 615 

subjects may have looked during seen trials due to difficulty suppressing impulsive foraging 616 

behaviour, or simply to confirm the reward’s location observed during baiting. This may have 617 

served the purpose of visual confirmation, or potentially allowed subjects to supplement their 618 

visual knowledge with olfactory information. As Call and Carpenter (2001) proposed, if the cost 619 

of looking is too small, then the benefit to be gained from doing so, even if it is just to check the 620 

reward’s location, outweighs the cost incurred. The introduction of an increased cost of looking 621 

in Experiment 2 did result in a decreased number of unnecessary looks on seen trials, when 622 

subjects had the necessary knowledge to respond correctly. Lemurs displayed the highest 623 

number of looks during unseen trials with opaque tubes, suggesting some awareness of the 624 

security of their knowledge. However, the increased cost of looking did not eliminate looking 625 

behaviour on seen trials, providing little support for subjects possessing an awareness of their 626 

knowledge. 627 

 628 

The findings of the current study highlight potential differences in levels of memory awareness 629 

across primates. Lemurs performed more poorly than great apes, Old World or New World 630 

monkeys tested on similar paradigms, failing to display trial-appropriate looking behaviour 631 

(Hampton, 2009; Vining & Marsh, 2015). It is possible the unnecessary looking behaviour 632 

displayed here was due to the low cost of looking in the Training Phase and Experiment 1. The 633 

looking behaviour demonstrated during Experiment 2 suggests lemurs may seek information at a 634 

greater rate when ignorant to a reward’s location, as they decreased unnecessary looking 635 

behaviour when there was an increased energy cost to repeatedly checking. Further research 636 
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with a more significant cost is needed to fully evaluate memory awareness in Strepsirrhine 637 

primates; however, the current findings provide only limited support for metacognitive abilities. 638 

Given the lack of consistent support for metacognition in New World monkeys, taken together 639 

with the current findings, this may suggest some cognitive features prerequisite to metacognition 640 

are present within these species, with metacognition emerging more fully within Catarrhine 641 

primates. 642 
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Table 1 800 

Table 1: Subjects’ age, sex, enclosure number, experiment participation and trials to criterion 801 

performance (9/10 correct responses in two blocks of 10 trials) in the training phase. 802 

 803 

Subject 

ID 

Species Age 

(years) 

Sex Enclosure Experiments 

Completed 

(T = Training) 

Number of 

trials to 

criterion 

Training trials 

(number 

received***)  

RB1 Red Bellied 2 F 1 T,1,2 20 29 

RB2 Red Bellied 9 F 1 T,1,2 20 41 

RB3 Red Bellied 1 F 1 None - - 

RB4 Red Bellied 14 M 1 None - - 

RB5 Red Bellied 18 F 3 T,1,2 20 20 

RB6 Red Bellied 3 F 3 T,1,2 20 20 

RT1 Ring Tailed 11 M 1/2* T,1,2 20 20 

RT2 Ring Tailed 6 F 1/2* T** 20 20 

RT3 Ring Tailed 3 F 2 None - - 

RT4 Ring Tailed 3 F 2 T,1,2 20 24 

RT5 Ring Tailed 3 F 2 T,1,2 20 46 

RT6 Ring Tailed 3 F 2 T,1,2 20 36 

RT7 Ring Tailed 3 F 2 T** 20 44 

BW1 Black & 

White 

14 F 3 T,1,2 20 30 

BW2 Black & 

White 

14 F 3 T,1,2 20 22 

BW3 Black & 

White 

15 F 3 None - - 

*Subjects RT1 and RT2 were moved from enclosure 1 to enclosure 2 after completion of training. 804 
** Subjects RT2 and RT7 died before Experiment 1 commenced. 805 
*** As subjects were not separated during testing, access could not be restricted to the apparatus. 806 

Thus, all individuals who reached criterion level did so in the first two blocks (Trials = 20), but continued 807 

to make responses on other trials. We include how many responses each individual made in total for 808 

transparency (see text for further explanation).  809 

 810 

  811 
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Table 2 812 

 813 

Table 2: Number of correct and incorrect responses, no selections and binomial results by 814 

subject in Experiment 1 (* = significant at 0.05 level, ** = significant at 0.01 level). If subjects did 815 

not make a response (no selection), we did not include this in the binomial test or GEE analyses. 816 

 817 

Subject 

ID 

Species Sex Correct 

responses 

Incorrect 

responses 

No selection Binomial results  

RB1 Red Bellied F 11 5 4 0.067 

RB2 Red Bellied F 20 0 0 0.000** 

RB5 Red Bellied F 15 1 4 0.000** 

RB6 Red Bellied F 19 1 0 0.000** 

RT1 Ring Tailed M 19 1 0 0.000** 

RT4 Ring Tailed F 15 5 0 0.015* 

RT5 Ring Tailed F 20 0 0 0.000** 

RT6 Ring Tailed F 18 1 1 0.000** 

BW1 Black & White F 16 3 1 0.002** 

BW2 Black & White F 16 3 1 0.002** 

 818 

  819 
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Table 3 820 

 821 

Table 3: Number of correct and incorrect responses, no selections and binomial results by 822 

subject in Experiment 2. Binomial test results relate to performance on opaque tubes only as 823 

all subjects responded correctly on all clear tube presentations, with seen and unseen trials 824 

pooled for these analyses (* = significant at 0.05 level, ** = significant at 0.01 level). If subjects 825 

did not make a response (no selection), we did not include the trial in the binomial tests tor 826 

GEE analyses.  827 

 828 

 829 

Subject 

ID 

Correct 

responses 

(clear N = 10) 

Correct 

responses 

(opaque N = 20) 

Incorrect 

responses 

(opaque N = 20) 

No selection 

responses 

(opaque N = 20) 

Binomial 

results on 

opaque tubes 

RB1 10 16 1 3 0.002** 

RB2 10 16 1 3 0.002** 

RB5 10 19 1 0 0.000** 

RB6 10 18 1 1 0.000** 

RT1 10 16 3 1 0.001** 

RT4 10 19 0 1 0.000** 

RT5 10 20 0 0 0.000** 

RT6 10 18 1 1 0.000** 

BW1 10 14 6 0 0.369 

BW2 10 18 2 0 0.000** 

 830 

 831 

  832 
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Table 4 833 

Table 4: GEE model parameters for Experiment 2 with number of looks as the dependent variable and 834 

trial type (seen or unseen) and tube type (clear or opaque) as factors.  Only trials where a response was 835 

made are considered. Significant results are highlighted in bold text (*p < 0.05, ** p < 0.01). Trial type 836 

did significantly influence number of looks with more looks occurring in the unseen trials. Tube type did 837 

not impact looking behaviour, however there were more looks displayed when the tube was opaque 838 

and baiting unseen compared to seen, clear trials.    839 

Parameter Label ß df Χ2 P-value 

Trial type Seen -0.168 1 4.543 0.033* 

Unseen .  . . 

Tube type Clear -0.127 1 2.275 0.253 

Opaque .  . . 

Trial type*tube 

type 

Seen*Clear -0.319  6.732 0.009** 

Seen*Opaque -0.158  2.799 0.094 

Unseen*Clear -0.132  1.305 0.253 

Unseen*Opaque .  . . 

 840 

 841 

  842 
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Figure 1 843 

 844 

 845 

Figure 1: (a) Clear tubes used during training and Experiment 2, showing wooden stoppers used 846 

throughout testing. (b) Opaque tubes used in Experiment 1 and 2. (c) Wooden ramp used during 847 

Experiment 2 to raise the end where subjects made a choice, shown with opaque tubes mounted on 848 

top. 849 

 850 

  851 

A B C 
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Figure 2 852 

 853 

 854 
 855 

 856 
Figure 2: Mean number of looks observed in seen and unseen trials using clear (solid bars, N = 10) and 857 

opaque (patterned bars, N = 20) tubes. Error bars represent SE. With both clear and opaque tubes, 858 

more looks occurred in the unseen condition. 859 
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In all models, subject identity is the within subject factor and trial number, the between subject 872 

factor. Alpha is set at 0.05 for all significance values. Only trials where a response was made are 873 

included in the analyses as a null response does not necessarily imply a lack of knowledge.  874 

Table S1: GEE models for Experiment 1 with number of correct responses as the dependent variable 875 

and trial type and presence or absence of looking behaviour as factors, showing goodness of fit (QIC), 876 

parameter estimates and significance (*p < 0.05, ** p < 0.01). Bold text identifies best model (based on 877 

QIC) reported in manuscript and significant results.  878 

Model QIC Parameter Label ß Χ2 P-value 

1 130.032 Trial type Seen -0.655 1.760 0.185 

Unseen . . . 

2 131.504 Trial type Seen -0.704 0.1.961 0.161 

Unseen . . . 

Looking 

behaviour 

Present 0.819 0.508 0.476 

Absent . . . 

 879 

Table S2: GEE models for Experiment 1 with number of looks as the dependent variable trial type as a 880 

factor, showing goodness of fit (QIC), parameter estimates and significance (*p < 0.05, ** p < 0.01). 881 

Bold text identifies model reported in manuscript and significant results. 882 

Model QIC Parameter Label ß Χ2 P-value 

1 71.356 Trial type Seen -0.087 0.477 0.490 

Unseen . . . 

 883 

Table S3: GEE models for Experiment 1 with trial duration as the dependent variable with trial type as a 884 

factor, showing goodness of fit (QIC), parameter estimates and significance (*p < 0.05, ** p < 0.01). 885 

Bold text identifies model reported in manuscript and significant results. 886 
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Model QIC Parameter Label ß Χ2 P-value 

1 29883.641 Trial type Seen -0.276 0.022 0.881 

Unseen . . . 

 887 

Table S4: GEE models for Experiment 2 with number of correct responses as the dependent variable 888 

with trial type as a factor, showing goodness of fit (QIC), parameter estimates and significance (*p < 889 

0.05, ** p < 0.01). Bold text identifies model reported in manuscript and significant results. Only 890 

responses with opaque tubes are included in the analyses as all lemurs responded correctly on all 891 

presentations with the clear tubes where reward placement was always visible at the time of choice.  892 

Model QIC Parameter Label ß Χ2 P-value 

1 107.330 Trial type Seen -1.171 3.770 0.052 

Unseen . . . 

 893 

Table S5: GEE models for Experiment 2 with number of looks as the dependent variable with trial type 894 

as factor, showing goodness of fit (QIC), parameter estimates and significance (*p < 0.05, ** p < 0.01). 895 

Bold text identifies model reported in manuscript and significant results. Only responses with opaque 896 

tubes are included in the analyses as all lemurs responded correctly on all presentations with the clear 897 

tubes where reward placement was always visible at the time of choice. 898 

Model QIC Parameter Label ß Χ2 P-value 

1 33.991 Trial type Seen -0.158 2.799 0.094 

Unseen . . . 

 899 

Table S6: GEE models for Experiment 2 with number of looks as the dependent variable with trial type 900 

and tube type as factors, showing goodness of fit (QIC), parameter estimates and significance (*p < 901 

0.05, ** p < 0.01). Bold text identifies models reported in manuscript and significant results. Both 902 

opaque and clear tubes are included in these analyses.  903 

Model QIC Parameter Label ß Χ2 P-value 

1 56.802 Trial type Seen -0.168 4.543 0.033* 

Unseen . . . 

Tube type Clear -0.127 2.275 0.253 

Opaque . . . 

Seen*Clear -0.319 6.732 0.009** 
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Trial type*tube 

type 

Seen*Opaque -0.158 2.799 0.094 

  Unseen*Clear -0.132 1.305 0.253 

Unseen*Opaque . . . 

 904 

Table S7: GEE models for Experiment s with trial duration as the dependent variable with trial type and 905 

tube type as factors, showing goodness of fit (QIC), parameter estimates and significance (*p < 0.05, ** 906 

p < 0.01). Bold text identifies best model reported in manuscript and significant results. 907 

Model QIC Parameter Label ß Χ2 P-value 

1 16782.764 Trial type Seen -0.179 0.040 0.841 

Unseen . . . 

2 16721.271 Trial type Seen -0.195 0.048 0.827 

   Unseen . . . 

  Tube type Clear -0.979 1.083 0.298 

   Opaque . . . 

 908 
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