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experimenter 36 

Abstract 37 

The ability to judge the visual attention of others is a key aspect of human social cognition and 38 

communication. While evidence has shown that chimpanzees can discriminate human attention 39 

based on eye cues alone, findings for gorillas and orangutans have been less consistent. 40 

Additionally, it is currently unclear whether these gorillas and orangutans attempt to attract the 41 

visual attention of inattentive recipients using “attention-getting” behaviors. We replicated and 42 

extended previous work by testing whether six orangutans (Pongo pygmaeus & hybrid) and six 43 

gorillas (Gorilla gorilla gorilla) modified the use of their visual and auditory signals based on the 44 

attentional state of a human experimenter. We recorded all communicative behaviors produced by 45 

the apes for 30 secs while a human experimenter stood in front of them with a food reward in a 46 

variety of postures; both visually attentive (facing the apes) and inattentive (body and/or head 47 

facing away or eyes covered). Both species produced visual behaviors more often when the 48 

experimenter was looking at them than when she had her face turned away, but only the orangutans 49 

discriminated attention based on eye cues alone. When we removed human-reared apes from the 50 

analyses (n=3), mother-reared apes showed sensitivity to eye cues from the experimenter. 51 

However, further analyses found that the orangutans and gorillas relied more heavily on the body 52 

and head orientation of the experimenter than her eye cues. Neither species produced more 53 

vocalizations or non-vocal auditory behaviors, such as mesh and object banging, mesh rubbing or 54 

clapping, in the inattentive, than attentive, conditions. Our results reveal that while orangutans and 55 

gorillas preferentially use visual gestures when a human is attending to them, they do not appear 56 

to produce auditory behaviors, including vocalizations, with the intention of manipulating the 57 

recipient’s attention state.  58 

 59 
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Introduction 83 

Understanding visual attention in others is crucial to human social cognition and 84 

communication. The ability to attribute visual perception allows us to assess what others are 85 

attending to, what they can see and what they might know, based on what they have perceived 86 

(Gomez, 2009).  Additionally, an understanding of visual attention is crucial for intentional 87 

communication using visual signals; a signaller should only display visual gestures when the 88 

intended recipient is visually attentive (Liebal, Waller, Slocombe & Burrows, 2014). Researchers 89 

have therefore spent several decades investigating this ability in non-human primates (Povinelli & 90 

Eddy, 1996; Hare, Call, Agnetta & Tomasello, 2000; Tempelmann, Kaminski & Liebal, 2011). 91 

Observations of conspecific interactions have shown that chimpanzees (Pan troglodytes), gorillas 92 

(Gorilla gorilla gorilla) and orangutans (Pongo pygmaeus) use visual gestures more often when a 93 

recipient is visually attending, as opposed to not attending, thus revealing discrimination of visual 94 

attention in the signaller (Liebal, Call & Tomasello, 2004a; Genty, Breuer, Hobaiter & Byrne, 95 

2009; Liebal, Pika & Tomasello, 2006). Several experimental studies have used human-ape 96 

interactions to assess this capacity in the non-human great apes (hereafter, “great apes”), thereby 97 

allowing systematic manipulation of the cues used to determine attentional state. Initial studies 98 

used a two-experimenter paradigm in which chimpanzees could choose to beg from either an 99 

attending or non-attending experimenter and found that body orientation, rather than head direction 100 

or eye gaze influenced which human the chimpanzee begged from (Povinelli & Eddy, 1996). 101 

However, this task was later considered to be fairly complex and thus some following studies have 102 

used a simpler version, whereby a single experimenter varies his/her attentional state and records 103 

the great apes’ behavior under the various conditions. Using this latter paradigm, chimpanzees, 104 

bonobos (Pan paniscus) and gorillas were sensitive to the body orientation of human 105 

experimenters by producing more behaviors when the human experimenter was facing them than 106 

when the experimenter was facing away (Kaminski, Call & Tomasello, 2004). The authors found 107 

no difference between conditions in which the experimenter’s eyes were shut vs. open, although 108 

the behaviors measured in this study were not separated by modality (grouping together behaviors 109 

such as knocking on the Plexiglas and lip pouts). Using this same paradigm, studies found that 110 

chimpanzees produced more visual behaviors when a human was facing them and when the 111 

human’s eyes were visible as opposed to covered (Hostetter, Cantero & Hopkins, 2001; Hostetter, 112 

Russell, Freeman & Hopkins, 2007).  113 
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As is common in comparative cognition, chimpanzees have received more research 114 

attention than the other great apes and thus, whereas we have evidence that chimpanzees are 115 

capable of using eye gaze alone to judge human attention, the evidence is less clear for orangutans 116 

and gorillas (Kaminski, 2015). Orangutans and gorillas produce more visual behaviors when a 117 

human is attending to them, based on body and face orientation (Poss, Kuhar, Stoinski & Hopkins, 118 

2006; Tempelmann et al., 2011). Additionally, all great ape species generally used visual behaviors 119 

more often when a human experimenter was facing them (Liebal, Call, Tomasello & Pika, 2004b). 120 

However, if the experimenter turned away, yet left the food, orangutans and gorillas, unlike 121 

bonobos and chimpanzees, did not consistently move in front of the experimenter or use more 122 

visual gestures when the experimenter was facing them than when not. The authors suggest these 123 

results show a greater sensitivity in chimpanzees and bonobos, compared to orangutans and 124 

gorillas, to human visual attention when gesturing (Liebal et al. 2004b). This greater sensitivity in 125 

chimpanzees and bonobos was also found in another study wherein orangutans were less skilled, 126 

relative to the other great apes, at understanding the relevance of a window compared to a solid 127 

barrier when following human gaze (Okamoto-barth, Call, & Tomasello, 2007). A subset of 128 

orangutans, however, appeared to modify some behaviors based on human eye cues and gorillas 129 

are somewhat sensitive to human eye cues using a two-experimenter paradigm (Kaminski et al. 130 

2004; Bania & Stromberg, 2013).  131 

In addition to examining the conditions under which apes use visual gestures, these studies 132 

raise a further interesting question; to what extent do apes attempt to actively manipulate the 133 

attention of others? Some of the above-mentioned studies measured attention-getting behaviors in 134 

primates. Attention-getters are “proposed to be signals that function to attract the attention of the 135 

recipient” and are composed of both auditory and tactile behaviors (Liebal et al., 2014, pg. 180). 136 

Their function is not to convey a certain message, but to attract the attention of the recipient who 137 

can then be communicated with further once attentive. Attention-getters are proposed to provide 138 

partial evidence for intentional communication as their use would suggest an understanding of the 139 

need to obtain visual attention from a recipient before the use of visually communicative behaviors 140 

(Liebal et al., 2014). However, again the evidence for these behaviors in primates is mixed. Studies 141 

have found that chimpanzees used vocalizations more when the human experimenter was 142 

inattentive, although they did not always use more when only provided with eye cues (Hostetter et 143 

al., 2001; Leavens, Hostetter, Wesley & Hopkins, 2004; Hostetter et al., 2007). Conversely, in a 144 
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later study when researchers separated behavior by modality, they found that apes did not modify 145 

their use of auditory, bimodal, or ‘attention-getting’ behaviors depending on the attentional state 146 

of the human (unlike their visual behaviors, Tempelmann et al., 2011). A similar result was found 147 

in a study of orangutans and gorillas in which the apes did not modify their use of vocalizations, 148 

nor non-vocal auditory signals, such as mesh bangs and claps, depending on whether a human was 149 

visually attentive (Poss et al., 2006). This is consistent with results from conspecific interactions 150 

during which chimpanzees and orangutans did not appear to use auditory and tactile behaviors to 151 

attract the attention of a conspecific before performing a visual behavior (Liebal et al., 2004a; 152 

Tempelmann & Liebal, 2012).  153 

Discrimination of visual attention in non-human primates has been studied far more than 154 

discrimination of auditory attention, although some studies have attempted to assess the latter with 155 

varied results among species (Costes-Thiré, Levé, Uhlrich, De Marco, & Thierry, 2014; Santos, 156 

Nissen, & Ferrugia, 2006; Melis et al. 2006). We introduced two additional conditions in which 157 

the human experimenter made herself less available to auditory communication, by covering her 158 

ears, to assess whether this had any impact on the auditory behaviors produced.   159 

Our study had three primary aims: (1) to examine whether orangutans and gorillas can 160 

determine human attention state based on body, head, and, specifically, eyes cues, as measured by 161 

their use of visual behaviors, (2) to examine whether they attempt to manipulate a human’s 162 

attention state with the use of “attention-getters”, as measured by their use of vocalizations and 163 

non-vocal auditory signals and (3) to examine whether the apes understand the role of the ears in 164 

human auditory communications, as measured by their use of vocalizations and non-vocal auditory 165 

signals.  We replicated and extended previous work with orangutans and gorillas (Poss et al., 2006) 166 

by testing them under a wider range of experimental conditions to more fully understand how these 167 

apes discriminate human attention and therefore gain insight into the evolution of more complex 168 

social cognitive processes.  169 

 170 

We predicted that if the apes discern and use recipient visual attention to moderate their 171 

use of visual signals, they would produce more visual behaviors when the experimenter was 172 

visually attending to them than when she was looking away and that, if they understand the role 173 

of the eyes in visual communication, these results would also extend to when only eye cues are 174 
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given. We also predicted that if vocal and non-vocal auditory behaviors serve as “attention-175 

getters”, then they would be used more frequently when the human was visually inattentive, 176 

compared to attentive and that if the apes understood the role of the ears in human auditory 177 

communication, they would use fewer auditory behaviors when the experimenter’s ears were 178 

covered.  179 

Methods 180 

Subjects 181 

Subjects were six western lowland gorillas and two Bornean and four hybrid (Pongo 182 

pygmaeus x Pongo abelii) orangutans housed at the Smithsonian’s National Zoological Park, 183 

Washington, DC. All subjects were housed socially either in fixed or dynamic social groups. One 184 

orangutan, Batang, had an infant who was three months old at the start of testing and the infant 185 

was with his mother during all tests. Two orangutans and one gorilla were human-reared and the 186 

others were mother-reared (or foster mother-reared, details in Supplementary Table 1). Gorilla and 187 

orangutan diets consist of fruits, vegetables and primate chow which was either scatter-fed or hand-188 

fed to the apes and water was available ad libitum. Subjects were never deprived of food or water 189 

during the test period. We conducted testing at least one hour after the morning or afternoon feed 190 

and tested subjects individually in their living quarters after they separated voluntarily for testing. 191 

We conducted tests between 8th November and 20th December 2016.  192 

Conditions 193 

We conducted trials across seven conditions in which the experimenter varied her posture 194 

and attentional state towards the ape. We chose these conditions to both replicate and extend 195 

previous work with these species. The experimenter was either absent (‘Absent’), had her head 196 

and body facing 180 degrees away from the ape (‘Backward’), her head and body facing the ape 197 

(‘Forward’), her body facing, but head turned 90 degrees away from the ape (‘Head away’) or her 198 

head and body facing the ape with her left hand covering her eyes (‘Eyes covered’). Additionally, 199 

to assess any changes in the use of auditory behaviors stemming from the apparent auditory 200 

availability of the experimenter’s ears, we also included conditions which replicated Backward 201 

and Forward except that both of the experimenter’s hands covered her ears; (‘Backward ears’) and 202 

(‘Forward ears’) respectively. In conditions Forward, Backward, Head away and Eyes covered, 203 
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the food reward was held in the experimenter’s right hand. In conditions Absent, Forward ears and 204 

Backward ears, the food reward was placed on the floor at the experimenter’s feet. A session 205 

consisted of one trial in each of the 7 conditions in a randomized order, such that it was a different 206 

order for each ape, each day. Each ape participated in four sessions and thus four trials per 207 

condition, totaling 28 trials each. 208 

Protocol 209 

A trial began once an ape was separated from his/her group mates and either sat or clung 210 

to the mesh in front of the demonstrator. The experimenter (JB) stood 36 inches from the enclosure 211 

with her feet on a marked line to ensure consistency. Depending on condition, the food reward (a 212 

half-inch slice of banana) was either in the experimenter’s hand or on the floor at her feet. Most of 213 

the subjects were tested in enclosures where the floor was raised such that, while standing, the 214 

experimenter was roughly at eye-level with the apes. For those tested in floor-level enclosures, the 215 

experimenter sat on a small stool for all trials so that she was eye-level with the apes. Due to the 216 

recent birth of an infant orangutan, the experimenter wore a face mask (covering only the mouth 217 

and nose) while testing all the orangutans; all humans that they encountered during this period 218 

(beginning three months prior) wore the same face masks.  219 

A trial began when the experimenter had assumed the position as dictated by condition and 220 

continued for 30 seconds, after which the experimenter passed the ape the food reward (turning to 221 

face the ape to do so). In between each test trial were two filler trials, comprising of the 222 

experimenter giving two grapes without waiting and assuming a normal feeding position. This was 223 

to sustain the apes’ motivation throughout the test session. We conducted one session with each 224 

ape per day. We recorded all test sessions using a Panasonic HD video camera (HC-X920M) on a 225 

tripod, angled at the subject.  226 

Behavioral Ethogram  227 

We coded data from the video footage using the coding software BORIS v 3.12 (Friard & 228 

Gamba, 2016). We did not count behaviors that began before the start of the 30 second test period. 229 

We used an ethogram of potentially communicative behaviors based on Poss et al. (2006), with 230 

additions relevant to the subjects tested (Table 1). Since the aim of the study was to test the apes’ 231 

understanding of visual attention, for the visual behaviors category we analysed behaviors that 232 
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could only be perceived if the human was visually attentive, including body present and trade as 233 

well as gesture and facial expressions. Because of the variable size of the mesh and the ape 234 

hands/fingers, we did not require the apes’ hands to extend beyond the mesh when gesturing. We 235 

coded yawns as distinct from ‘open mouth’ facial expression in that the apes did not bare their 236 

teeth in the open mouth expression, but did so during a yawn. We coded all noises produced by 237 

the ape’s mouth or throat as vocalizations. We coded auditory behaviors mesh and object bangs, 238 

body rubs and claps as non-vocal (Table 1). While all behaviors have some visual component (such 239 

as the motion of clapping hands together or facial changes when vocalizing), we coded those which 240 

created an obvious noise in addition to this visual aspect as auditory. One of the orangutans, Lucy, 241 

had unfortunately been taught at a previous institution to perform certain ‘poses’ when given a 242 

certain visual command. This command was very similar to the posture adopted by the 243 

demonstrator in the Eyes covered condition. While these poses could be considered as a type of 244 

visual behavior (body present), they were not included in the analyses of visual behaviors as they 245 

were triggered very specifically by this condition.   246 

Table 1: Ethogram of behaviors coded for a study of use of communicative behaviors toward a 247 

recipient with varying attention state in Gorilla gorilla gorilla and Pongo pygmaeus & hybrid 248 

[Pongo pygmaeus x Pongo abeleii] at the Smithsonian’s National Zoo between 8th November and 249 

20th December 2016. Based on Poss et al. (2006), Harcourt et al. (1993) and Hardus et al. (2009), 250 

with additions for the behaviors seen in the study population. 251 

Behavior Category Description Used by 

Orangutans 

Used by 

gorillas 

Visual behaviors   

Point Gesture Palm down, finger(s) or whole hand Y Y 

Beg Gesture Hand facing experimenter, palm up Y Y 

Lip pout Facial 

expression 

Protrude bottom lip Y Y 

Open mouth Facial 

expression 

Mouth open facing E with no teeth 

bared 

Y Y 

Trade Trade Push items through mesh (hay, 

browse, faeces) towards experimenter 

Y Y 

Body present Body present Press part of body to mesh, as per 

training 

Y Y 

Vocalizations  

Raspberry Vocalization Blows air through pursed lips to make 

noise 

Y Y 
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Grumble Vocalization Rumble in throat, usually precedes 

long calls 

Y N 

Close call Vocalization Rumble in throat N Y 

Lip smack Vocalization Smacks lips together  Y Y 

Tongue click Vocalization Clicking noise made with tongue Y N 

Squeak Vocalization Sharp intake of air through pursed lips Y N 

Whine Vocalization High-pitched whining sound N Y 

Non-vocal auditory behaviors   

Mesh bang Bang Bangs mesh with body part Y Y 

Object bang Bang Bangs object into mesh or floor Y Y 

Clap Clap Claps hands together to make a noise Y Y 

Body rub Rub Rub body part loudly and repeatedly 

on mesh or floor of enclosure 

Y N 

 252 

Statistical analyses 253 

To test our research questions, we analyzed visual behaviors, vocalizations and non-vocal 254 

auditory behaviors separately. The number of visual behaviors (gestures, facial expressions, trades 255 

and presents), vocalizations and non-vocal auditory behaviors (mesh and object bangs, body rubs 256 

and claps) produced by the apes across all four trials were entered as the dependent variables into 257 

separate models. Our data were count  data with non-normal distributions (Shapiro test; Visual 258 

behaviors, W = 0.51, P < 0.001; Vocalizations W = 0.61, P < 0.001; Auditory signals, W = 0.47, 259 

P < 0.001) and thus we used Generalized Linear Mixed Models (GLMMs) with Poisson error 260 

structures, using the package “blme” (Chung, Rabe-Hesketh, Dorie, Gelman & Liuref, 2013) in R 261 

Studio (R Core Team, 2013). In all models, condition and test session were entered as fixed effects 262 

and subject was entered as a random intercept. We also tested the frequency of facial expressions 263 

and gestures separately, as these had not been explicitly trained like trades and presents. Given the 264 
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differences found between ape species in social cognitive tests we analysed each species separately 265 

where there were sufficient data to do so (Liebal et al. 2004b). We compared all conditions against 266 

the Forward condition, but added comparisons between Backward and Backward ears and Absent 267 

and Backward for the analysis of the vocalizations and non-vocal auditory signals. Alpha levels 268 

were adjusted for multiple comparisons using the Holm-Bonferroni method (Holm, 1979). 269 

To further disentangle which bodily cues the apes primarily use to determine human visual 270 

attention, we also compared a series of GLMMs which combined data from the different conditions 271 

based on the primary bodily cue and arranged it into two levels, ‘Away’ and ‘Facing’. Table 2 272 

shows how the data from each condition were combined to allow us to test models based on 273 

specific bodily cues. For example, for the “Body” model, the conditions in which the 274 

experimenter’s body was facing the ape (Forward, Forward eyes, Head away and Eyes covered) 275 

were combined in the ‘Facing’ level, whereas the conditions in which the experimenter’s body 276 

faced away from the ape (Backward, Backward ears) were combined as the ‘Away’ level.  The fit 277 

of these models to the data was then compared using Akaike’s Information Criterion (AIC, Akaike, 278 

1974), with the frequency of visual behaviors produced as the outcome variable and subject as a 279 

random intercept. The ‘Ears’ model was only included when analyzing the number of vocalizations 280 

and non-vocal auditory signals used to test our hypothesis about auditory availability.  281 

Table 2: Models used for analyses for a study of use of communicative behaviors toward a recipient 282 

with varying attention state in Gorilla gorilla gorilla and Pongo pygmaeus & hybrid [Pongo 283 

pygmaeus x Pongo abelii] at the Smithsonian’s National Zoo between 8th November and 20th 284 

December 2016. The data from varying conditions (based on an experimenter’s body orientation) 285 

are combined into ‘Attentive’ and ‘Inattentive’ levels to create models which can be compared to 286 

test which bodily cues were primarily used by the apes to modify their use of communicative 287 

behaviors. *The ‘Ears’ model was only included when testing the use of auditory behaviors. 288 

Model Forward Forward 

ears 

Head 

away 

Eyes 

covered 

Backward Backward 

ears 

Body Attentive Attentive Attentive Attentive Inattentive Inattentive 

Head  Attentive Attentive Inattentive Attentive Inattentive Inattentive 
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Eyes Attentive Attentive Inattentive Inattentive Inattentive Inattentive 

Ears* Attentive Inattentive Attentive Attentive Attentive Inattentive 

 289 

Finally, we analysed the effect of condition on the modality of the first behavior produced. 290 

The first communicative behavior in each trial was coded as of either visual or auditory modality 291 

(including both vocalizations and non-vocal auditory signals). Only trials in which one of these 292 

categories of behavior was produced was included in the analyses (n=196), and entered as the 293 

outcome variable in a GLMM with a binomial error structure.  294 

Due to the small number of data points, an interaction between history and condition could 295 

not always be entered into the same GLMM and therefore the potential influence of rearing history 296 

was assessed by additionally analyzing data from the mother-reared individuals separately based 297 

on the premise that human-reared apes often outperform mother-reared apes in social cognitive 298 

tests (Leavens et al. 2017). In order to assess inter-observer reliability, a second coder, blind to the 299 

experimental conditions, coded behaviors in 6% of the trials. For all communicative behaviors 300 

combined, Cohen’s kappa was 0.79 agreement between the two coders.  301 

Results 302 

Visual behaviors 303 

The orangutans used significantly more visual behaviors in the Forward condition than in 304 

all the other conditions (Table 3 & Fig 1), including Eyes covered. The gorillas did not use more 305 

visual behaviors in the Forward condition than in the Eyes covered or Forward ears covered 306 

conditions (Table 3 & Fig 1), but did use more in the Forward condition than in all other conditions. 307 

When mother-reared apes only were analysed (n = 9), they used significantly more visual 308 

behaviors in the Forward condition than in any other condition (Supplementary Fig 1 & 309 

Supplementary Table 2). There was considerable variation between individuals, although 8 out of 310 

12 individuals gestured more in the Forward condition than in the Head away, Eyes covered or 311 

Backward conditions (Supplementary Fig 2).  The apes used facial expressions and gestures 312 

significantly more often in the Forward condition than in the inattentive conditions (Table 4). 313 
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Table 3: Effect of condition on the frequency of visual behaviors produced by all apes for a study 314 

of use of communicative behaviors toward a recipient with varying attention state in Gorilla 315 

gorilla gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] at the 316 

Smithsonian’s National Zoo between 8th November and 20th December 2016. Significant 317 

predictors are displayed in bold with alpha values set using the Holm-Bonferroni correction. 318 

Both models differed significantly from the null models containing only random effect of 319 

individual (likelihood ratio tests, gorilla, 2 = 76.2, df = 166, p < 0.001; orangutans, 2 = 61.6, df 320 

= 166, p < 0.001).  321 

 322 

Fixed effects Estimate SE Z P-value Adjusted  

 

    95% CI Odds ratio 

Orangutans         

Intercept 0.026 0.47 - -  -0.67 1.18 - 

Condition – 

compared to 

Forward 

        

   Absent -3.16 0.84 -3.75 <0.001 0.013 -4.81 -1.51 0.04 

   Backward -2.28 0.57 -4.00 <0.001 0.008 -3.40 -1.16 0.10 

   Backward ears -2.02 0.51 -3.97 <0.001 0.01 -3.02 -1.02 0.13 

   Eyes covered -0.89 0.33 -2.73 0.006 0.025 -1.53 -0.25 0.41 

   Forward ears -1.15 0.36 -3.21 0.001 0.017 -1.85 -0.45 0.32 

   Head away -0.62 0.30 -2.10 0.036 0.05 -1.21 -0.04 0.54 

Session -0.09 0.10 -0.94 0.35  -0.29 0.10 0.91 

Random effects 

(intercept) 

Varianc

e 

Standard 

deviation 
      

Individual 0.79 0.89       

Gorillas         

Intercept -0.66 0.81 - -  -2.24 0.92  

Condition – 

compared to F 
        

   Absent -4.10 1.34 -3.06 0.002 0.013 -6.71 -1.47 0.02 

   Backward -1.33 0.42 -3.21 0.001 0.01 -2.15 -0.52 0.26 

   Backward ears -1.86 0.52 -3.62 <0.001 0.008 -2.87 -0.85 0.15 

   Eyes covered -0.21 0.28 -0.74 0.46 0.05 -0.77 0.35 0.81 

   Forward ears 0.21 0.26 0.81 0.45 0.025 -0.30 0.71 1.23 

   Head away -0.99 0.36 -2.71 0.007 0.017 -1.70 -0.27 0.37 

Session -0.07 0.09 -0.82 0.41  -0.25 0.10 0.93 

Random effects 

(intercept) 

Varianc

e 

Standard 

deviation 
      

Individual 3.41 1.85       
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 323 

 324 

 325 

 326 

Figure 1: Mean frequency of visual behaviors displayed across all trials as shown by condition 327 

by gorillas (dark grey) and orangutans (light grey) for a study of use of communicative behaviors 328 

toward a recipient with varying attention state in Gorilla gorilla gorilla and Pongo pygmaeus & 329 

hybrid [Pongo pygmaeus x Pongo abelii] at the Smithsonian’s National Zoo between 8th 330 

November and 20th December 2016. Error bars represent SE. A = Absent, B = Backward, BE = 331 

Backward ears, EYC = Eyes covered, F = Forward, FE = Forward ears, HA = Head away.  332 

 333 

Table 4: Effect of condition on use of gestures and facial expressions of all apes in a study of use 334 

of communicative behaviors toward a recipient with varying attention state in Gorilla gorilla 335 

gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] at the Smithsonian’s 336 

National Zoo between 8th November and 20th December 2016.  Significant predictors are 337 

displayed in bold with alpha values set using the Holm-Bonferroni correction. The model 338 

differed significantly from the null model containing only random effect of individual (likelihood 339 

ratio test, 2 = 101.8, df = 334, p < 0.001).  340 

Fixed effects Estimate SE z P Adjusted      95% CI Odds ratio 

Intercept -0.65 0.61 - -  -1.84 0.55  
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 341 

Vocalizations and non-vocal auditory behaviors 342 

Both species used vocalizations more in the Forward condition than in the Absent 343 

condition, but this was only statistically significant in the orangutans (Table 5). Neither species 344 

produced significantly more vocalizations in the inattentive conditions (Backward, Backward ears, 345 

Head away or Eyes covered) than in the Forward condition (Table 5 & Fig 2a).  Similarly, neither 346 

species produced significantly more non-vocal auditory behaviors in the inattentive conditions 347 

than in the Forward condition (Table 5 & Fig 2b). Neither species showed significant differences 348 

in vocalizations nor non-vocal auditory behaviors when the ears were covered versus uncovered 349 

(between the Forward and Forward ears and the Backward and Backward ears conditions Table 350 

5). 351 

Condition – 

compared to 

Forward 

        

   Absent -4.48 1.29 -3.49 <0.001 0.013 -7.00 -1.96 0.01 

   Backward -1.81 0.40 -4.54 <0.001 0.01 -2.59 -1.03 0.16 

   Backward 

ears 

-2.33 0.50 -4.67 <0.001 0.008 -3.31 -1.35 0.10 

   Eyes covered -0.64 0.26 -2.52 0.012 0.025 -1.14 -0.14 0.53 

   Forward ears -0.22 0.23 -0.97 0.33 0.05 -0.68 0.20 0.80 

   Head away -0.83 0.27 -3.06 0.002 0.017 -1.37 -0.30 0.43 

Session -0.17 0.08 -2.19 0.029  -0.32 -0.02 0.84 

Random effects 

(intercept) 

Variance Standard 

deviation 
      

Individual 3.25 1.80       
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When analysed separately, the mother-reared apes used significantly fewer vocalizations 352 

in the Absent condition than in the Forward (estimate = -1.61[0.40], z = -4.01, p < 0.001, adjusted 353 

 = 0.006) and Backward conditions (estimate = -1.22[0.42], z = -2.93, p = 0.003, adjusted  = 354 

0.007) and test session had no significant effect. The number of non-vocal auditory signals 355 

produced did not differ significantly between any of the conditions. 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

Table 5: Effect of condition on frequency of vocalizations and non-vocal auditory signals 367 

produced in a study of use of communicative behaviors toward a recipient with varying attention 368 

state in Gorilla gorilla gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] 369 

 Figure 2:  Mean frequency across all sessions of (a) vocalizations and (b) non-vocal auditory 

behaviors produced by gorillas (dark grey) and orangutans (light grey) across all trials, as shown 

by condition in a study of use of communicative behaviors toward a recipient with varying 

attention state in Gorilla gorilla gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x 

Pongo abelii] at the Smithsonian’s National Zoo between 8th November and 20th December 

2016.  Error bars represent SE.  A = Absent, B = Backward, BE = Backward ears, EYC = Eyes 

covered, F = Forward, FE = Forward ears, HA = Head away.   
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at the Smithsonian’s National Zoo between 8th November and 20th December 2016. Significant 370 

predictors are displayed in bold. Full models for vocalizations differed significantly from the null 371 

models (likelihood ratio tests; gorillas, 2 = 31.8, df = 166, p < 0.001; orangutans, 2 = 46.5, df = 372 

166, p < 0.001). Full models for non-vocal auditory signals did not differ significantly from the 373 

null models (likelihood ratio tests; gorillas. 2 = 12.5, df = 166, p = 0.08; orangutans, 2 = 8.48, 374 

df =166, p = 0.29).  375 
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Fixed effects Vocalizations   Non-vocal auditory signals  

Gorillas Estimate SE z P Adjust

ed  

    95% CI 

 

Odds 

ratio 

Estimate SE z P Adjusted 

 

   95% CI Odds 

ratio 

Intercept -1.33      0.90   - -  -3.09 -0.44  -2.13 0.79 - -  -3.68 -0.57  

Condition – 

compared to 

Forward 

                

   Absent -3.20 1.49 -2.15 0.03 0.006 -6.11 -0.29 0.70 -2.77 1.58 -1.76 0.08 0.007 -5.86 0.32 0.06 

   Backward -0.36      0.51   -0.71   0.47  0.017 -1.37 0.65 0.05 0.35 0.56 0.62 0.53 0.013 -0.75 1.44 1.42 

   Backward Ears -1.40 0.73 -1.90 0.06 0.007 -2.84 0.04 0.25 -0.85 0.78 -1.09 0.28 0.01 -2.39 0.68 0.43 

   Eyes Covered 0.14 0.45 0.31 0.77 0.025 -0.74 1.02 1.15 0.20 0.58 0.34 0.73 0.025 -0.94 1.33 1.22 

   Forward Ears 0.49 0.42 1.16 0.25 0.013 -0.33 1.31 1.63 0.01 0.60 0.03 0.98 0.05 -1.18 1.19 1.01 

   Head Away 0.14 0.45 0.31 0.76 0.025 -0.75 1.02 1.15 0.20 0.58 0.34 0.73 0.025 -0.94 1.33 1.22 

Compared to 

Backward 

                

   Absent -2.92 1.54 -1.90 0.06 0.008 -5.94 0.11 0.05 -3.00 1.53 -1.96 0.05 0.006 -5.99 -0.00 0.05 

   Backward Ears -1.04 0.76 -1.36 0.17 0.01 -2.55 0.45 0.35 -1.14 0.75 -1.51 0.13 0.008 -2.62 0.34 0.32 

Session -0.30 0.13 -2.30 0.02  -0.55 -0.04 0.74 0.05 0.16 0.34 0.73  -0.26 0.37 1.06 

Random effects 

(intercept) 

Varianc

e 

Standard 

deviation 
      Variance Standard 

deviation 
      

Individual 3.62 1.90       1.67 1.29       

Orangutans Estimate SE z P Adjust

ed  

   95% CI  Estimate SE z P Adjusted 

 

   95% CI  

Intercept -0.32  0.88   - - - -2.14 1.27  -1.32 0.63 - - -  -2.55 -0.08  

Condition – 

compared to 

Forward 

                

   Absent -1.71 0.40 -4.29 <0.001 0.007 -2.05 1.42 0.18 -1.77 0.92 -1.92 0.05 0.006 -3.56 0.03 0.17 

   Backward 0.05 0.22 0.25 0.80 0.017 -0.37 0.48 1.06 -0.14 0.53 -0.27 0.79 0.017 -1.17 0.89 0.87 

   Backward Ears 0.01 0.22 0.02 0.98 0.05 -0.43 0.44 1.01 -0.14 0.53 -0.27 0.79 0.017 -1.17 0.89 0.87 

   Eyes Covered -0.28 0.24 -1.18 0.24 0.01 -0.75 0.19 0.76 0.26 0.48 0.54 0.59 0.008 -0.68 1.19 1.29 

   Forward Ears -0.64 0.27 -2.39 0.02 0.008 -1.16 -0.11 0.53 -0.14 0.53 -0.27 0.79 0.017 -1.17 0.89 0.87 

   Head Away 0.17 0.21 0.78 0.43 0.013 -0.25 0.58 1.18 0.01 0.51 0.02 0.99 0.05 -0.98 1.00 1.01 

Compared to 

Backward 

                

   Absent -1.76 0.40 -4.43 <0.001 0.006 -2.54 -0.98 0.17 -1.64 0.93 -1.77 0.08 0.007 -3.46 0.18 0.19 

   Backward Ears -0.04 0.22 -0.20 0.85 0.025 -0.47 0.39 0.96 -0.01 0.54 -0.02 0.99 0.025 -1.07 1.05 0.99 
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376 

Session -0.05 0.06 -0.87 0.38  -0.17 0.06 0.95 -0.10 0.13 -0.76 0.45  -0.36 0.16 0.90 

Random effects 

(intercept) 

Varianc

e 

Standard 

deviation 
              

Individual 4.64 2.16       1.00 1.00       
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Modality of first behavior 377 

There was no significant effect of condition on the modality of first communicative behavior for 378 

either species. Both species used more auditory and less visual behaviors first in the Backward 379 

condition, than in the Forward condition, but this was not statistically significant (gorillas, estimate 380 

= -1.79[0.88], z = -2.05, p = 0.041, adjusted ;orangutans, estimate = -2.16[1.03], z = -381 

2.10, p = 0.036, adjusted ). 382 

 383 

Use of bodily cues 384 

When we compared models to examine which bodily cues the apes primarily used to 385 

regulate production of visual behaviors, the best-fitting models were the ‘Head’ model for the 386 

gorillas and the ‘Body’ model for the orangutans (all other models had a delta AIC of >4 and 387 

therefore little support, Burnham & Anderson, 2004, Table 6), suggesting that the gorillas 388 

primarily used E’s head orientation to regulate their use of visual gestures, whereas the orangutans 389 

more often used E’s body orientation to judge human attention (Table 6). When production of 390 

vocalizations was considered, the gorillas relied more on head and body cues rather than eye or 391 

ear cues. The orangutans tended to rely on the orientation of the head, but this did not have clear 392 

support as the best model. When only auditory signals were considered, there was no strong 393 

support for any one model, showing that the apes did not regulate these behaviors based on bodily 394 

orientation.  395 

Table 6: Comparison of models examining effect of manipulating bodily cues on frequency of 396 

visual gestures, vocalizations and non-vocal auditory signals produced in a study of use of 397 

communicative behaviors toward a recipient with varying attention state in Gorilla gorilla 398 

gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] at the Smithsonian’s 399 

National Zoo between 8th November and 20th December 2016..  400 

 401 

 402 

 403 

 AIC BIC AIC 

Visual behaviors    

Gorillas    

   Head 259.7 268.6 0 
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 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

Discussion 414 

We found that the apes used more visual behaviors, including gestures, facial expressions, trades 415 

and body presents, when the human experimenter was visually attentive compared to when she 416 

was facing away. This pattern remained when only facial expressions and gestures were included 417 

in the analyses. These results are consistent with previous research (Tempelmann et al., 2011; Poss 418 

et al., 2006) and provide further evidence that orangutans and gorillas can discriminate the 419 

attentional state of a human based on the body and head orientation. The results also provide 420 

evidence that these apes use facial expressions and gestures primarily when a recipient can see 421 

them, fulfilling one of the criteria for intentional communication (Liebal et al., 2014).   422 

Our study also extended previous research by testing whether the apes consider the 423 

availability of the human’s eyes when discriminating attention in others. While a sensitivity to eye 424 

cues has been shown in chimpanzees in a previous study with a similar paradigm, there is a lack 425 

   Body 269.9 278.8 10.2 

   Eyes 271.4 280.3 11.7 

Orangutans    

   Body 271.9 280.8 0 

   Eyes 285 293.9 13.1 

   Head 285.9 294.8 14 

Vocalizations    
Gorillas    
   Body 179.6 188.5 0 
   Head 183.3 192.2 3.9 
   Eyes 184.7 193.6 5.1 
   Ears 187.7 196.6 8.1 
Orangutans    
   Head 411.7 420.6 0 
   Eyes 415.1 424 3.4 
   Ears 415.1 424 3.4 
   Body 416.8 425.7 5.1 
Auditory only    
Gorillas    
   Ears 164.2 173.2 0 
   Body 165.7 174.6 1.5 
   Head 165.9 174.8 1.7 
   Eyes 166 174.9 1.8 
Orangutans    
   Body 191 199.9 0 
   Ears 191 199.9 0 
   Head 191.1 200 0.1 
   Eyes 191.2 200.2 0.2 
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of evidence to show that orangutans and gorillas modify their use of communicative behaviors 426 

based on eye cues alone (Hostetter et al., 2007; Kaminski, 2015). We found that the orangutans 427 

produced more visual behaviors when the experimenter’s eyes were visible, although the gorillas 428 

did not. These findings therefore indicate that orangutans do show some sensitivity to eye cues 429 

when discerning attention, which suggests that they may have some understanding of the role of 430 

the eyes in visual attention.  431 

Our analyses also revealed, however, that the visual availability of the eyes was not the 432 

best predictor of visual behavior production for either species. Instead, the orientation of the 433 

experimenter’s body best predicted the orangutans’ use of visual behaviors, while the orientation 434 

of the experimenter’s head best predicted the gorillas’ use of visual behaviors.  This suggests that 435 

while orangutans can use eye cues to some extent to determine human attention, both species rely 436 

more heavily on body and head cues – a finding that is consistent with previous findings with the 437 

great apes (Gomez, 1996; Tomasello, Hare, Lehmann & Call, 2006). This apparent reliance on 438 

body and head cues is perhaps unsurprising given the morphological difference between the eyes 439 

of the other great apes and the human eye, the latter having adaptations which appear to allow for 440 

enhanced gaze following based on eye cues (Kobayashi & Kohshima, 2001). Reliance on larger 441 

body cues may be a more adaptive system for animals often living in areas of dense vegetation, 442 

such as gorillas and orangutans, to allow for faster detection of visual attention and avoidance of 443 

eye gaze (due to the threatening nature of direct eye contact) may help explain why gorillas did 444 

not attend to the experimenter’s eye cues.  445 

We suggest that the apes’ use of visual behaviors more often when the recipient was 446 

watching them warrants further investigation into their potential ability to attribute visual 447 

perception. While findings from a recent study indicated that orangutans are capable of attributing 448 

false belief to others (Krupenye, Kano, Hirata, Call & Tomasello, 2016), a previous study also 449 

revealed that orangutans apparently failed to attribute visual perception to humans using a 450 

competitive paradigm in which they had to avoid taking a route visible to a competitor to obtain a 451 

contested item (Gretscher et al., 2012).  However the orangutans in the latter study were all fairly 452 

young (range of 7.5-12 years), which may have impacted their performance at this relatively 453 

complex cognitive task. Therefore, the ability of orangutans and gorillas to attribute perception to 454 



23 
 

others remains somewhat unclear and further studies examining this, particularly in gorillas, would 455 

be beneficial. 456 

 457 

Vocalizations and non-vocal auditory signals 458 

We aimed to test whether the apes would attempt to attract the attention of a non-attentive 459 

experimenter by using signals with an auditory component - another behavior often cited as 460 

indicating intentional communication in nonhumans (Liebal et al., 2014). We found that the apes 461 

produced fewer of both vocalizations and non-vocal auditory behaviors in the Absent condition 462 

than the Forward condition, although this was only statistically significant for the orangutan 463 

vocalizations. This may have been due to the absence of an effect in the gorillas, but could be due 464 

to low overall frequencies of non-vocal auditory signals (Table 5). This indicates that the apes used 465 

these signals with the intention of communicating with the human experimenter and is consistent 466 

with findings from orangutans, gorillas and chimpanzees in similar paradigms (Poss et al., 2006; 467 

Hopkins, Taglialatela & Leavens, 2007). However, it could also be argued that these behaviors 468 

may be expressions of frustration and the presence of an apparently unhelpful human with food, 469 

compared to food alone (as in the Absent condition) may have elicited more frustration in the apes. 470 

Neither the orangutans nor gorillas produced more auditory (vocal or non-vocal) signals 471 

when the experimenter was visually inattentive than when she was attentive, based on body, head 472 

or eye cues. These results thus indicate that the apes did not try to attract the visual attention of the 473 

experimenter by using either vocalizations or non-vocal auditory signals. The findings are 474 

consistent with studies that show that orangutans and gorillas do not appear to use auditory signals 475 

strategically to attract the attention of a recipient, either in conspecific interactions or in 476 

experimental interactions with humans (Genty et al., 2009; Tempelmann & Liebal, 2012; Poss et 477 

al., 2006; Tempelmann et al., 2011). These studies found that auditory and/or tactile behaviors are 478 

used when the recipient is both inattentive and attentive, a pattern also found in the current study. 479 

From our results we can reasonably surmise that, while vocalizations are seemingly directed 480 

towards a human, they, along with behaviors such as mesh and object banging, rubbing and 481 

clapping, are not being used in an attempt to manipulate the attentional state of that human. 482 

Together with past research, these findings suggest that behaviors often regarded as attention 483 

getters, such as mesh banging and clapping, may instead serve another purpose (Poss et al., 2006). 484 
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They could either be simply expressions of frustration as discussed above, or they may serve a 485 

more general communicative purpose other than the manipulation of the recipient’s visual 486 

attention. Further research into the contexts in which these behaviors are produced would help 487 

clarify this point.  488 

Our results are in apparent contrast to the results of some studies with chimpanzees who 489 

have been shown to use vocalizations more in conditions where the experimenter is visually 490 

inattentive even when using eye cues only (Hostetter et al., 2001; Leavens et al., 2004; Hostetter 491 

et al., 2007). However, Hostetter and colleagues did not find a difference in frequency of non-492 

vocal auditory signals based on human attention (Hostetter et al, 2001; 2007). Additionally, other 493 

studies with chimpanzees have failed to find evidence for a strategic use of these behaviors in both 494 

human and conspecific interactions (Theall & Povinelli, 1999; Liebal et al., 2004b; Tempelmann 495 

et al., 2011). Liebal and colleagues found instead that chimpanzees interacting with conspecifics 496 

tended to use other strategies to ensure visual gestures were displayed to an attentive audience, 497 

such as gesturing more when the recipients were also attending and also moving to place 498 

themselves in view of the conspecific, a tactic that chimpanzees also use when interacting with 499 

humans in captive paradigms (Liebal et al., 2004a; 2004b). It seems the participants in our study 500 

may have used a similar strategy; while the experimental set-up meant they were unable to move 501 

into the line of sight of the experimenter, they used visual gestures more when the experimenter 502 

was attentive, but did not attempt to attract her attention when she was not.  503 

Finally, we included exploratory conditions with the experimenter’s ears covered to assess 504 

whether this would affect the apes’ production of auditory behaviors. There were no differences 505 

in production of either vocalizations or non-vocal auditory signals between the “ears covered” 506 

(Forward ears and Backward ears) and corresponding “ears uncovered” conditions (Forward and 507 

Backward). Orangutans did use fewer vocalizations in the Forward ears compared to Forward 508 

condition, although this was not statistically significant (Table 5). This may have been a response 509 

to the lessened auditory availability of the experimenter, learned through an individual’s own 510 

experience that covering ears leads to lessened auditory availability. However, given that this trend 511 

was shown in the forward facing, but not backward facing conditions, we suggest that it was more 512 

likely a response to the location of the food. While the experimenter’s visual attention was 513 

consistent across both conditions, the food reward was on the floor in the Forward ears condition 514 
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as opposed to in the experimenter’s hand in the Forward condition. The apparent availability of a 515 

human to give food has been shown to affect great apes’ and monkeys’ behavior in similar 516 

paradigms and may have increased the apes’ motivation to communicate by indicating that the 517 

human was ready to hand over the food (Hattori et al., 2009; Tempelmann et al., 2011). However, 518 

the placement of the food would need to be varied across all conditions to either confirm or refute 519 

this.  520 

 521 

Species differences 522 

 In terms of non-vocal auditory signals, the gorillas and orangutans produced similar results, 523 

with neither species directing more auditory behaviors at an inattentive human. Similarly, neither 524 

species used vocalizations more in the presence of inattentive vs attentive humans, although 525 

orangutans produced notably more vocalizations overall than did gorillas . However, when we 526 

examined the use of visual behaviors, some differences between the species emerged in terms of 527 

which bodily cues were used to discriminate visual attention. The orangutans used significantly 528 

fewer visual behaviors when the human’s eyes were covered compared to uncovered, but the 529 

gorillas did not. Indeed, the direction of the head appears to be an important cue for gorillas when 530 

producing visual signals, but not necessarily for the orangutans. This may reflect species 531 

differences in social interactions; gorillas often avoid eye contact, which can be considered a threat, 532 

with experimenters and during some interactions, with conspecifics, often doing so by displaying 533 

a prominent turn of the head. Therefore gorillas might be expected to attend more to the head 534 

direction than the eyes of another when assessing visual attention.  535 

There was a slight difference in protocol between the two species; the experimenter had to 536 

wear a face mask covering the nose and mouth when testing the orangutans due to the presence of 537 

a newborn orangutan. It is possible that this may have affected how the experimenter’s attention 538 

was discerned; it may even be the case that the covered mouth focused the attention of the 539 

orangutans on the human eyes and caused them to use fewer visual signals when the eyes were 540 

covered than they might have if the experimenter’s whole face was visible. A further test without 541 

the face mask would be necessary to determine if such an effect may have occurred.  542 
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Finally, we aimed to assess whether orangutans and gorillas would modify their 543 

communicative behaviors depending on the attentional state of the experimenter and, as such, we 544 

used behaviors that were considered to be previously used in interactions with humans. However, 545 

testing great apes with humans through a mesh presents a very different environment than would 546 

occur naturally (Leavens et al., 2017). The tactile gestures which orangutans may use with 547 

conspecifics could not be used with the experimenter and thus constrained the behaviors from their 548 

repertoire that they were able to use (Liebal, Pika & Tomasello, 2006). Additionally, while we 549 

found that mother-reared apes were as efficient at determining attentional state as human-reared 550 

apes, the communicative interaction that exists between humans and zoo-housed great apes 551 

remains highly specific and should be borne in mind when considering the cues that an ape may 552 

use with a conspecific when assessing visual attention.  553 

Conclusions 554 

In summary, we found evidence that orangutans and gorillas use visual signals more 555 

frequently when a human is looking at them, compared to when a human is looking away, or has 556 

her eyes covered, in the case of orangutans. The orangutans were able to make this judgement 557 

using eye cues alone, although they appeared to rely more heavily on body cues and the position 558 

of the head seemed to be the most salient cue for the gorillas. Finally, neither species used 559 

vocalizations or non-vocal auditory signals more often when the experimenter was inattentive, 560 

suggesting that they were not attempting to manipulate the attentional state of the experimenter.   561 
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 664 

Supplementary Figure Legends 665 

Supplementary Figure 1: Mean frequency of visual behaviors displayed across conditions by mother-reared 666 
apes only in a study into use of communicative behaviors toward a recipient with varying attention state in 667 
Gorilla gorilla gorilla and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] at the 668 
Smithsonian’s National Zoo between 8th November and 20th December 2016.    669 

Supplementary Figure 2: Mean frequency of visual behaviors produced by each individual for conditions 670 
Forward (F), Eyes covered (EYC), Head away (HA) and Backward (B), separated by species in a study into 671 
use of communicative behaviors toward a recipient with varying attention state in Gorilla gorilla gorilla 672 
and Pongo pygmaeus & hybrid [Pongo pygmaeus x Pongo abelii] at the Smithsonian’s National Zoo 673 
between 8th November and 20th December 2016. 674 
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