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Abstract 6 

The anomalous position of gorillas (G. g. gorilla) in the capacity for self-recognition 7 

remains puzzling. The standard measure of self-recognition is Gallup’s (1970) mark test that 8 

assesses an individual’s ability to recognize its altered image in a mirror following the 9 

application of paint marks to visually inaccessible areas. Here, the results of a small-scale 10 

pilot study are presented, utilizing video playback through a television monitor, to examine 11 

behavioural differences indicative of developing self-recognition. The behaviors of four 12 

Western lowland gorillas at Bristol Zoo, UK were observed while watching a TV screen 13 

during five conditions: blank screen, white noise interference, footage of unfamiliar gorillas, 14 

self previously recorded, and self-live. Differences were predicted in the frequency of the 15 

gorillas’ observed behaviors when viewing each of the conditions: specifically, that there 16 

would be more visual inspection, contingent body and facial movements, and self-17 

exploration in the self-recorded and self-live conditions compared to the other conditions. 18 

These predictions were partially supported. No agonistic or fear responses were observed 19 

and self-exploration was only seen in the self-live condition. During live playback, 20 

contingency-checking movements and self-exploration of the mouth were observed, 21 

particularly in the youngest gorilla, providing important video evidence of a close parallel to 22 

the mouth exploratory behavior witnessed in self-recognizing chimpanzees. On the basis of 23 

these preliminary findings of differentiated spontaneous behaviors, a tentative framework is 24 
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proposed for categorizing gorillas according to levels of developing self-recognition along a 25 

continuum.  26 

 27 

Keywords: gorillas, mirror self-recognition, self-awareness, video, self-exploration, 28 

continuum, framework  29 
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Introduction 67 

Gorillas have so far provided little clear evidence that they can recognize themselves 68 

in mirrors. Here, a novel method is employed for a small-scale pilot study of the 69 

spontaneous behavioral responses of four gorillas to video presentations of self. Evidence 70 

exists that at least some individuals of the other great apes can self-recognize (chimpanzees 71 

(Pan troglodytes: Eddy, Gallup & Povinelli, 1996; Gallup, 1970; Gallup et al., 1995; Povinelli 72 

et al., 1997); bonobos (Pan paniscus: Hyatt & Hopkins, 1994; Walraven, van Elsacker & 73 

Verheyen, 1995); orangutans (Pongo abelii: Lethmate & Ducker, 1973; Miles, 1994; Robert, 74 

1986; Swartz, Sarauw & Evans, 1999; Suarez & Gallup, 1981)); however, with gorillas, the 75 

picture is more equivocal (Nicholson & Gould, 1995; Parker, 1994). The reports are often of 76 

just one individual gorilla (Swartz & Evans, 1994) and include Koko who is arguably atypical 77 

as a representative of her species due to her human enculturation (Patterson & Cohn, 78 

1994).   79 

Many species of nonhuman animals are able to use mirrored information to locate 80 

food (e.g. rhesus macaques: Anderson, 1986; parrots: Pepperberg, Garcia, Jackson & 81 

Marconi, 1995), but have not yet shown evidence of mirror self-recognition (MSR), even 82 

with methodological adjustments involving multiple mirrors (Paukner, Anderson & Fujita, 83 

2004) and paired access to mirrors (Gallup, Wallnau & Suarez, 1980) to facilitate 84 

understanding. Instead, animals typically react to the reflection as if it were an unfamiliar 85 

conspecific, sometimes trying to find it behind the mirror and often using social responses - 86 

in Gallup’s (1970) terminology, ‘other-directed’ behavior such as threatening charges, head-87 

bobbing or invitations to play. In chimpanzees, however, there follows with increased 88 

exposure a transition from ‘other-directed’ to ‘self-directed’ behavior, which includes 89 

making faces or examining body parts visually inaccessible without the mirror. Although this 90 
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transition in behavior satisfies some researchers that the animal has correctly identified its 91 

reflection, the standard objective measure of MSR is Gallup’s (1970) mark test. The mark 92 

test assesses the capacity for MSR in other species including dolphins (Tursiops truncatus) 93 

(Reiss & Marino, 2001), elephants (Elephas maximus) (Plotnik, de Waal & Reiss, 2006) and 94 

magpies (Prior, Schwarz & Gunturkun, 2008), although typically successful only in a limited 95 

number of individuals of those species. The case for chimpanzees – at least, some 96 

chimpanzees - is compelling, despite criticism, notably from Heyes (1994, 1998), that the 97 

touching of the mark is merely an artefact of the animals coming round after anaesthesia.  98 

Her argument is set in the context of wider criticism that most Theory of Mind-related 99 

‘achievements’ can be explained by simpler ‘non-mentalistic’ processes or by behavior-100 

reading rather than mind-reading (Meunier, 2017; Povinelli & Vonk, 2004). That some 101 

chimpanzees have failed the mark test (Swartz & Evans, 1991) is important to acknowledge. 102 

Such intraspecific variation is hard to explain, but may be due to differences in methodology 103 

or to age at mirror exposure. 104 

MSR typically emerges between 4.5 and 8 years of age in chimpanzees, is more 105 

commonly evidenced in adolescents and young adults (8-15 years), and tends to show a 106 

relative decline (whether cognitive or motivational) in adulthood (Povinelli et al., 1993), 107 

although other reports put its emergence as early as 2.5 years of age (Lin, Bard & Anderson, 108 

1992). Most human infants recognize themselves in mirrors around 15-24 months of age 109 

(Anderson & Gallup, 2015; Suddendorf & Butler, 2013), although this varies culturally 110 

(Broesch et al., 2011). MSR is seen as a learned developmental ability (Amsterdam, 1972; 111 

von Senden, 1960) emerging alongside other indicators of self-representation such as the 112 

use of “I” in speech (Courage, Edison, & Howe, 2004) and the ability to pass perspective-113 

taking tasks (Dunphy-Lelii & Wellman, 2012; Moll & Tomasello, 2006).   114 
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Compared to humans and chimpanzees, the responses of bonobos (Hyatt & Hopkins, 115 

1994; Walraven, et al., 1995), orangutans and especially gorillas is far less clear, with varying 116 

reports of success and failure. Approximately half of the orangutans tested to date have 117 

shown MSR, but the sample is very small (Lethmate & Ducker, 1973; Miles, 1994; Robert, 118 

1986; Swartz, Sarauw & Evans, 1999; Suarez & Gallup, 1981). In gorillas, some findings of 119 

success – albeit only in a few individuals (Law & Lock, 1994; Parker, 1994; Patterson & Cohn, 120 

1994; Swartz & Evans, 1994) - have changed the picture of earlier failure, where gorillas 121 

were not even reported as making the transition to ‘self-directed’ behavior (Ledbetter & 122 

Basen, 1982; Suarez & Gallup, 1981). Gorillas’ responses to the mark test have varied greatly 123 

(Lethmate & Ducker, 1973; Suarez & Gallup, 1981; Ledbetter & Basen, 1982; Shillito, Gallup 124 

& Beck, 1999), with only specific individuals reported as having touched marks (Patterson & 125 

Cohn, 1994; Posada & Colell, 2007; Swartz & Evans, 1994). Other reports of self-directed 126 

behavior in gorillas also exist (Nicholson & Gould, 1995), but lack specificity.   127 

The mark test is the gold standard for the assessment of self-recognition, but there 128 

may be other methods which could elicit an indication of developing self-awareness. For 129 

example, self-exploration is an excellent candidate to be brought to the forefront of 130 

experimental design and may indicate a stage in the development of MSR (e.g. de Veer & 131 

van den Bos, 1999; de Waal, 2019). Contingency-checking is another one. Neiworth, Anders 132 

and Parsons (2001) found differential contingency responses to mirrors, photographs and 133 

video across a group of cotton-top tamarins.  134 

Self-recognition via the televised equivalent of a mirror has been reported in two 135 

chimpanzees (Menzel, Savage-Rumbaugh & Lawson, 1985; Savage-Rumbaugh & Rubert, 136 

1986) and I chose to follow this method, using a video-playback setup to observe the 137 

behaviors of four gorillas in five different conditions: blank screen, interference, other 138 
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gorilla, self-recorded and self-live. In children, self-recognition with live videos appears more 139 

challenging than with mirrors (Suddendorf, Simcock & Nielsen, 2007; Suddendorf & Butler, 140 

2013) with only 35% of 24-month-old children passing the live video version of the self-141 

recognition test. Mirror images reflect front to back making it seem like there is a flip from 142 

left to right. Nevertheless, the resulting symmetry - when a subject raises their right arm 143 

and the mirrored subject appears to raise their left arm thus maintaining direct 144 

correspondence by virtue of being on the same side – may facilitate self-recognition 145 

whereas video footage may not because, although not actually flipped, the movement 146 

appears on the opposite side resulting in potential confusion. However, Suddendorf et al., 147 

(2007) still found a developmental asynchrony between mirror and live-video self-148 

recognition despite ruling out two potential confounding effects of reduced screen size and 149 

image reversal.  This ‘video deficit’ (Anderson & Pempek, 2005) leads to children developing 150 

video self-recognition a full year after MSR (Suddendorf et al., 2007). 151 

Use of film media with gorillas has received a mixed response, with some individuals 152 

falling asleep during exposure to film of conspecific sexual behavior (to promote breeding 153 

success in zoo settings) (Maple & Hoff, 1982), as do some chimpanzees (Savage-Rumbaugh 154 

& Rubert, 1986). Gorillas may not share the same levels of curiosity as chimpanzees or 155 

children and thus it could be more difficult to attract and maintain their attention, so the 156 

stimulus presentation time in this pilot study was kept relatively short.   157 

Following Platt’s (1964) classic recommendations of using and excluding alternative 158 

hypotheses, and with Povinelli’s problem in mind (e.g. Povinelli & Vonk, 2004), a preliminary 159 

experiment was devised with alternative potential outcomes, so as to exclude one or more 160 

of the following hypotheses: 161 
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H0. Gorillas will show no differences in behavior according to the stimulus shown, 162 

and therefore no evidence of self-recognition. 163 

H1. Gorillas will show differences in behavior depending on the stimulus shown, 164 

including contingency-checking movements when presented with self-images, such that 165 

they evidence a position along a continuum from no self-recognition to self-recognition. 166 

H2. In addition to H1, gorillas will show self-exploratory behavior when presented 167 

with self-images; therefore evidencing an additional necessary stage in the development of 168 

MSR and placing the individual further along the self-recognition continuum. 169 

 170 

Method 171 

Subjects and Study Site  172 

The subjects were four Western Lowland gorillas (G. g. gorilla) housed at Bristol Zoo, 173 

UK: male, Jason, and female, Delilah, were both 26 years old and housed together.  Another 174 

male, Jeremiah, aged 5 years, was housed with female, Diana, aged 17 years.  They were 175 

housed in glass-fronted enclosures with interpretive information panels opposite them, and 176 

thus had some previous experience with reflective surfaces.  The study was approved by 177 

Bristol Zoo and the Department of Psychology at Lancaster University, UK. 178 

 179 

Apparatus and Materials 180 

Canon and Panasonic video-recording equipment with VHS HQ video tapes (approx. 181 

0.16 MP) were used: two video cameras (VC20) and tripods and two video-recorders (VR30) 182 

using two power units (VP30) alongside a Sony 52cm television monitor.  This was 183 

positioned as close as possible to the glass fronts of each of the two indoor enclosures, and 184 

at the gorillas’ eye-level, enabling them to approach to within 50 cm of it.  One camera 185 



10 

 

recorded all the behavioral responses to the stimuli, while the remaining camera was used 186 

to record and playback through the monitor during the self-live condition.  The gorillas were 187 

presented with the following stimuli: 1) Blank Screen; 2) Screen with white noise 188 

interference; 3) Other Gorilla: 3 minutes 40 seconds of footage of a female gorilla (2m.45s.) 189 

and a male gorilla (55s.) from the Norwegian television programme ‘Gorilla gorilla’ (1983, 190 

Director: Anne Wivel) – this segment was carefully chosen to match the surroundings and 191 

typical behavioural repertoire of zoo gorillas in such surroundings, including chest-beating 192 

and playing with water, with only one gorilla on screen at any one time; 4) Self-recorded 193 

3m.30s. for each of Jason (sitting in profile, rising and walking); Delilah (sitting and walking); 194 

Jeremiah (lying in a barrel and sitting); Diana (sitting in profile, rising and nest-making); and 195 

5) Self-live playback in real time.  196 

 197 

Procedure 198 

Prior to any of the presentations, a stimulus tape was created by recording footage 199 

of the unfamiliar captive gorillas from a television programme and footage of each of the 200 

four subjects; each segment lasting approximately three and a half minutes.  Following 201 

habituation to my presence and baseline observations of the gorillas’ behavior, the 202 

experimental presentations were carried out over three consecutive days, wherever 203 

possible in the early morning and late afternoon.  Each subject had two trials of the five 204 

conditions. Due to fluctuations in public viewing, it was necessary to be flexible regarding 205 

the intervals between stimuli presentations, but these were kept as close to 5-10 minutes as 206 

possible.  The equipment was set out as described above and all stimuli were presented 207 

without sound.  The order of stimulus presentation was counterbalanced across trials and 208 

enclosures.  For example, the presentation procedure for Jason was as follows: Trial A: 209 
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Condition 1 – once the equipment was set up close to Jason’s enclosure, he was filmed for 210 

approximately 3.5 minutes whilst the screen was blank (TV  off).  Condition 2 – the TV was 211 

then switched to an untuned channel, the sound was muted, and Jason’s behavior whilst 212 

this interference (white noise) was being shown was recorded for a further 3.5 minutes.  213 

Condition 3 – the first segment on the stimuli tape (the 3.5 minutes of footage of the other 214 

gorilla) was then presented via one of the video-recorders, whilst Jason’s behavior was 215 

recorded by the camera via the other recorder.  Condition 4 - the 3.5 minutes’ footage of 216 

Jason, recorded earlier onto the stimuli tape, was presented and again Jason’s behavior was 217 

recorded.  Condition 5 – for the fifth and final condition in this first trial, one of the cameras 218 

filmed Jason, and this was simultaneously played-back on the screen, so that Jason was able 219 

to watch himself in real time.  The other camera recorded Jason’s behavior as usual.  (Note 220 

that this video presentation of self is not identical to a mirror reflection as the image is not 221 

reversed although movement appears on the opposite side).   222 

 223 

(Insert Table 1 here) 224 

 225 

Scoring 226 

The video recordings of behaviour were then coded, using the ethogram shown in 227 

Table 1 (following Povinelli et al., 1993). Frequencies were calculated for all behaviors 228 

except visual inspection of the screen, for which durations were transformed into 229 

proportions of time. A second coder also completed codings on 12.5% of the footage and a 230 

weighted Cohen’s kappa was computed to assess the agreement between the two raters. A 231 

very high level of agreement was established, k = 0.903 (95% CI, .824 to .983), p<.0001.  232 

 233 
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Design & Analysis  234 

A within-subjects design was used to present each gorilla with five experimental 235 

conditions over two trials during the three day presentation period.  The stimuli were 236 

presented in counter-balanced order and comprised five conditions: 1) Blank screen, 2) 237 

Screen with interference (acting as control/baseline indicators), 3) Other gorilla, 4) Self-238 

recorded and 5) Self-live.  Frequencies of behavioral responses were recorded for each 239 

condition.  I used repeated measures multivariate analysis of variance with post-hoc LSD 240 

tests to analyse the data, computing the false discovery rate (FDR= 0.25, Benjamini & 241 

Hochberg, 1995; Benjamini & Yekutieli, 2001) which estimates the proportion of false 242 

positivity for statistically significant findings in the set of 50 pairwise comparisons. 243 

 244 

Results 245 

The responses of all four gorillas to the screen in five different conditions were 246 

recorded, and the means and standard deviations of all observed behaviors are presented in 247 

Table 2 along with the results of the analyses of variance for main effects.  Significant 248 

differences between conditions were found for proximity, visual inspection, lip-smacking 249 

and contingent facial movements. Specifically, gorillas were more proximate to the screen in 250 

both self- conditions compared to the other gorilla condition. In all conditions with moving 251 

images (of self and other) they engaged in more visual inspection when compared to blank 252 

screens or screens with interference. More lip-smacking was evidenced in the self-live 253 

condition compared to blank screens or screen with interference. Although the post-hoc 254 

tests revealed no further significant differences between conditions, including between the 255 

self-live and self-recorded conditions, it is important to note that of the key behaviors of 256 

interest, contingent body movements were only observed in the self- conditions and were 257 



13 

 

notably higher in the self-live condition, and self-exploration was only observed in the self-258 

live condition. The more even spread of contingent facial movements across both self- and 259 

other gorilla conditions is more difficult to interpret, but it is possible that these responses 260 

can reflect individual excitation and social responses, and highlights a need for the 261 

identification of other behavioral correlates to enable tighter definitions. Significant 262 

pairwise comparisons (p <0.05) are displayed beneath the relevant graphs in Figures 1 to 3 263 

which highlight the individual differences of the gorillas in their responses to the video 264 

stimuli.  The y axes in these figures differ in order to better illustrate the data for each 265 

condition separately. 266 

 267 

(Insert Table 2 here) 268 

(Insert Figures 1 to 3 here) 269 

 270 

The Self-live Condition 271 

Examining the results for the self-live condition is important as this parallels looking 272 

in a mirror.  These results need to be interpreted with caution as numbers are small but, 273 

overall, the gorillas responded to watching themselves in real time with greater visual 274 

inspection, contingent body movements and contingent facial movements than in all other 275 

conditions, including self-recorded.  They also responded with more lip-smacking behavior 276 

which will be discussed later. The youngest gorilla, Jeremiah, manifested the most 277 

interesting behaviors in the self-live condition.  Figure 4 illustrates Jeremiah performing 278 

contingent body movements.  He made 18 of these, including purposefully moving his arm 279 

systematically up and down, changing position and bending over, all performed while 280 

looking directly at the screen. 281 
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 282 

(Insert Figure 4 here) 283 

 284 

Notably, as mentioned, self-exploration was only observed in the self-live condition 285 

and only by Jeremiah.  Figures 5 and 6 illustrate Jeremiah’s mouth exploration contrasted 286 

with a typical yawn. 287 

(Insert Figures 5 and 6 here) 288 

 289 

When the video tapes were examined, Jeremiah had actually given a yawn prior to 290 

his mouth exploration and it is possible that this new awareness of the inside of his mouth 291 

then led him to more closely explore this interesting facial feature. The holding, 292 

manipulation and examination of his mouth differed from his typical yawn. The yawn is a 293 

much faster movement and begins with the lips in an ‘oo’ shape until the mouth is fully 294 

widened exposing both teeth and gums, but notably not the tongue to any great extent. 295 

When engaged in the mouth exploration, Jeremiah used his hands, which remained inactive 296 

during the yawn, and his upper face was not screwed up as it was whilst yawning.  297 

 298 

Discussion 299 

The predictions of differences in frequencies of the gorillas’ observed behaviors 300 

when viewing the different conditions were partially supported. Gorillas engaged in longer 301 

visual inspection of the screen and made more contingent facial movements in the ‘self’ 302 

conditions, although also in the other gorilla condition, compared to the blank and 303 

interference screens. This provides partial support for previous findings of increased 304 

attention to mirrors, particularly in species not acknowledged as capable of MSR (e.g. 305 
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Fornasieri, Roeder & Anderson, 1991, with three species of lemur; Hyatt, 1998, with 306 

gibbons).  307 

Affiliative and agonistic behaviors were included as ‘other-directed’ or social 308 

responses (following Povinelli et al., 1993); however, no agonistic responses were observed 309 

in any condition. Overall, in response to the other gorilla on the screen, there were few 310 

overt responses that could categorically be classified as ‘social’, including no vocalizations or 311 

charging, ‘other-directed’ behaviors shown by gorillas in response to their own mirror image 312 

(Ledbetter & Basen, 1982; Suarez & Gallup, 1981), and which might have been expected to 313 

occur in this study because the stimulus was a strange gorilla. Affiliative behaviors in the 314 

ethogram included social behaviors toward the screen such as lip-smacking, play invitations, 315 

and sexual presentations; however, lip-smacking was the only one of these observed, and 316 

was performed in all conditions. Among other primates, including Old World monkeys, lip-317 

smacking serves an affiliative communication function (Liebal et al., 2014); in chimpanzees, 318 

it functions to facilitate, coordinate and prolong cooperative behavior such as grooming 319 

(Fedurek, Slocombe, Hartel & Zuberbuhler, 2015). It is not then clear-cut in terms of how to 320 

interpret the lip-smacking observed in the gorillas across conditions here. It could be that it 321 

was an affiliative gesture given to both other gorilla and self-presentations, the latter due to 322 

testing out the contingency; alternatively, it may reflect an outlet for excitement 323 

experienced by individuals during the video presentations due to the novelty of the 324 

situation. 325 

Contingent body movements were only performed in the self- conditions, and more 326 

of them in the self-live than self-recorded conditions. These movements included deliberate 327 

movements of limbs or whole body, and feeling along body areas such as brow-ridges with a 328 

fixed gaze on the screen. It could be argued that the gorillas were scratching and kept on 329 
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looking at the screen as they did not want to miss anything, but the movements observed 330 

were of a different nature with deliberate feeling with the hands, as if to ascertain 331 

correspondence to the image on screen. It would be unreasonable to expect contingency-332 

checking only during live playback as the gorillas would also need to test the 333 

correspondence between their own real body movement and that of the screen during the 334 

self-recorded condition. This supports Savage-Rumbaugh and Rubert’s (1986) suggestion 335 

that chimpanzees must have been able to tell when it was their own image, rather than that 336 

of another chimpanzee, because they only used this ‘image-testing’ when they saw 337 

themselves on the screen.   338 

Additionally, it was only in the self-live condition that self-exploration was observed. 339 

This mouth exploration and tongue-rolling engaged in by the youngest gorilla, Jeremiah, 340 

very closely approximates similar behavior observed in self-recognizing chimpanzees and 341 

reported for the gorilla, Koko (Inoue-Nakamura, 1997; Patterson & Cohn, 1994).  How 342 

important is self-exploration? It has been suggested that even though chimpanzees may 343 

spend time mirror gazing while simultaneously engaging in manipulations of their lips, this is 344 

not related to passing the mark test (Povinelli et al., 1993), although subsequent studies 345 

involving Povinelli et al.’s (1993) data do suggest that the amount of self-exploratory 346 

behavior exhibited by individual chimpanzees does to an extent enable prediction of success 347 

on mark tests (de Veer, Gallup, Theall, van den Bos & Povinelli, 2003). Jeremiah also 348 

attempted to obtain different views of his body by moving into new positions and bending 349 

down. Although it could be argued that he was trying to look underneath the glass or behind 350 

the TV (possibly for the ‘other gorilla’), these behaviors were coded as self-directed as there 351 

was deliberate movement and gaze indicating that he was trying to see body parts such as 352 

the top of his head, his back or his rump, areas which he could not normally peruse. As for 353 
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many of the movements evidenced during the self-live condition, it could be argued that 354 

they were elicited to test the image to see if there was indeed synchrony of movement. 355 

If self-exploration is to become increasingly accepted as an important and necessary 356 

stage in the development of MSR (de Veer & van den Bos, 1999), it is essential to accurately 357 

and consistently define what such exploration involves. It seems unreasonable to exclude, 358 

for example, instances of chimpanzees staring at the screen while shining torches down 359 

their throats and swilling orange juice around their mouths (Savage-Rumbaugh & Rubert, 360 

1986). Self-exploration has now been reported in several species, including apes (e.g. 361 

Walraven et al., 1995), monkeys (e.g. Posada & Colell, 2005) and dolphins (e.g. Reiss & 362 

Marino, 2001), and the criteria required to evidence self-exploration need to be related to 363 

the particular species involved. A distinction exists between contingency-checking 364 

movements and active manipulation of body parts with concurrent fixed mirror/screen 365 

attention, although arguably both are important indicators of the developing ability to 366 

eventually recognize one’s own image.  To this end, I have proposed the following 367 

framework (Table 3) that can satisfactorily categorize each of the gorillas in this study, in 368 

terms of their development towards self-recognition on a continuum.  369 

(Insert Table 3 here) 370 

 371 

It is important to interpret these preliminary findings through a cautionary lens. The 372 

study used a novel method with this species but was small-scale, of short duration, and 373 

suffered from flaws in design.  For example, it would have been preferable to have included 374 

varied footage clips in the ‘Other gorilla’ condition to avoid the pitfalls of pseudoreplication 375 

and permit the subjects the opportunity to potentially respond differently to unfamiliar 376 

gorillas of varying sex, age, dominance status, engaged in different behaviours (Kroodsma, 377 
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1989, in Freeberg & Lucas, 2009). Although there were four gorillas in the study overall, the 378 

most interesting behaviors were observed in just one; thus, I contribute to a literature often 379 

characterised by very small numbers or case studies. It may have been preferable for the 380 

gorillas to have been off public display, as zoo visitors naturally constitute a distraction. 381 

However, distraction is not an adequate explanation for previous gorilla failures at MSR as 382 

they have also been exposed to mirrors whilst off display (Ledbetter & Basen, 1982; Suarez 383 

& Gallup, 1981).  384 

Along with these cautions, this study offers suggestions for future research in this 385 

area.  Self-exploration may have been evidenced in this young gorilla due to any or all of the 386 

following: a) The conduit of reflection was different. Gorillas have demonstrated curiosity in 387 

reflective surfaces in the wild, having been observed peering into still pools of water as well 388 

as into camera lenses, apparently at their reflections (Stewart, 1989, pers. comm.), but it 389 

may be that responding to a larger and clearer mirror reflection in an artificial context is 390 

more confusing for gorillas because of the image’s reversal. This video presentation of self 391 

has not been used with gorillas previously and is not identical to a mirror reflection as the 392 

image is not reversed; for this reason, more studies using video playback in preference to 393 

mirrors are recommended. b) Gorillas were socially housed in pairs. Previous research has 394 

tested animals either individually or within a group context.  The subjects in the present 395 

study were in pairs, and so had the opportunity to watch the stimuli being presented to 396 

their cagemates, thus lengthening their exposure to the stimuli, and perhaps aiding their 397 

interpretation of the video images (having identified their cagemate both on screen and in 398 

the enclosure, although this paired presentation did not facilitate recognition in monkeys: 399 

Gallup, et al., 1980).  c) Gorillas were of different ages, including a youngster. It might be 400 

that the age of the individuals tested is a factor determining the outcome of success or 401 
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failure at this task. Jeremiah was notably the youngest individual in this study, at five years 402 

old.   403 

The data presented here, along with the existing body of evidence of ‘mirror self-404 

exploration’, support a graded or ‘gradualist’ approach (de Waal, 2019) to self-recognition, 405 

where self-exploration illustrates a necessary development in an individual’s ability to learn 406 

about itself. Future research should engage with multiple working hypotheses to uncover 407 

further evidence supporting a self-recognition continuum. It may be that technological 408 

advances could facilitate more experimental designs for testing self-recognition; for 409 

example, possibly utilizing X-box Kinect games to examine whether apes and monkeys can 410 

understand avatars and move their bodies in a virtual world; however, observational 411 

designs recording spontaneous responses to stimuli are arguably preferable to more 412 

invasive and artificial procedures which would likely require some initial training.  413 

 414 

Conclusions  415 

This study has provided preliminary evidence that one young gorilla in particular 416 

demonstrated specific behavioral responses suggesting a stage in the development of self-417 

recognition during self-live presentations.  Furthermore, I have proposed a framework of 418 

levels of self-recognition which adequately categorizes each of the gorilla subjects here and 419 

provides support and utility for the acceptance of contingency-checking and self-exploratory 420 

behavioral responses to both mirrors and video playback proxies as indicators of developing 421 

self-recognition. It is hoped that the method, hypotheses and framework presented here 422 

enable progress in the field; especially in terms of the diagnosis of developing self-423 

recognition based on spontaneous behaviors and their application to other comparative 424 

developmental studies.  425 



20 

 

 426 

References 427 

Amsterdam, B. (1972). Mirror self-image reactions before age two.  Developmental428 

 Psychobiology, 5, 297-305. 429 

Anderson, J. R. (1986). Mirror-mediated finding of hidden food by monkeys.  Journal of430 

 Comparative Psychology, 100, 237-242. 431 

Anderson, J. R. & Gallup, G. G. Jr. (2015). Mirror self-recognition: A review and critique of432 

 attempts to promote and engineer self-recognition in primates.  Primates, 56, 317433 

 326. 434 

Anderson, D. R., & Pempek, T. A. (2005). Television and very young children. American435 

 Behavioral Scientist, 48, 505–532. 436 

Benjamini, Y. & Hochberg, Y. (1995). Controlling the false discovery rate: A practical and437 

 powerful approach to multiple testing. Journal of the Royal Statistical Society, Series438 

 B, 57, 289–300.  439 

Benjamini, Y. & Yekutieli, D. (2001). The control of the false discovery rate in multiple testing440 

 under dependency. The Annals of Statistics, 29, 1165-1188. 441 

Broesch, T., Callaghan, T., Henrich, J., Murphy, C. & Rochat, P. (2011). Cultural variations in  442 

children’s mirror self-recognition. Journal of Cross-Cultural Psychology, 42, 1018– 443 

1029. 444 

de Veer, M. W. & van den Bos, R. (1999).  A critical review of methodology and445 

 interpretation of mirror self-recognition research in nonhuman primates.  Animal446 

 Behavior, 58, 459-468. 447 



21 

 

de Veer, M., Gallup, G. G. Jr., Theall, L. A., van den Bos, R. & Povinelli, D. J. (2003). An 8-year448 

 longitudinal study of mirror self-recognition in chimpanzees (Pan troglodytes).449 

 Neuropsychologia, 41, 229-234. 450 

de Waal, F.B.M. (2019). Fish, mirrors and a gradualist perspective on self-awareness. PLOS451 

 Biology, https://doi.org/10.1371/journal.pbio.3000112 452 

Dunphy-Lelii, S. & Wellman, H. (2012). Delayed self-recognition in autism: A unique453 

 difficulty? Research in Autism Spectrum Disorders, 6, 212-223. 454 

Eddy, T. J., Gallup, G. G. Jr., & Povinelli, D. J. (1996). Age differences in the ability of455 

 chimpanzees to distinguish mirror-images of self from video images of others.456 

 Journal of Comparative Psychology, 110, 38-44. 457 

Fedurek, P., Slocombe, K., Hartel, J. & Zuberbuhler, K. (2015).  Chimpanzee lip-smacking458 

 facilitates cooperative behavior.  Nature, 5: 13460. 459 

Fornasieri, I., Roeder, J.J. & Anderson, J.R. (1991). Responses to mirror-image stimulation in460 

 three species of lemurs (Lemur fulvus, L. macaco, L. catta).  Comptes Rendus de461 

 l'Académie des Sciences, t.312, 349-354. 462 

Freeberg, T. & Lucas, J. (2009).  Pseudoreplication is (still) a problem. Journal of Comparative463 

 Psychology, 123, 450-451. 464 

Gallup, G. G. Jr. (1970). Chimpanzees: Self-recognition.  Science, 167, 86-87. 465 

Gallup, G. G. Jr., Wallnau, L. B. & Suarez, S. D. (1980). Failure to find self-recognition in466 

 mother-infant rhesus monkey pairs.  Folia Primatologica, 33, 210-219. 467 

Gallup, G. G. Jr., Povinelli, D. J., Suarez, S. D., Anderson, J. R., Lethmate, J. & Menzel, E. W. Jr.468 

 (1995). Further reflections on self-recognition in primates.  Animal Behavior, 50,469 

 1525-1532. 470 

https://doi.org/10.1371/journal.pbio.3000112


22 

 

Heyes, C. M. (1994). Reflections on self-recognition in primates.  Animal Behavior, 47, 909471 

 919. 472 

Heyes, C. M. (1998). Theory of mind in nonhuman primates.  Behavioral and Brain Sciences,473 

 21, 101-134. 474 

Hyatt, C.W. (1998). Responses of gibbons (Hylobates lar) to their mirror images.  American475 

 Journal of Primatology, 45, 307-311. 476 

Hyatt, C .W. & Hopkins, W. D. (1994). Self-awareness in bonobos and chimpanzees: A477 

 comparative perspective.  In S.T. Parker, R.W. Mitchell & M.L. Boccia (Eds.), Self-478 

 awareness in animals and humans: Developmental perspectives (pp. 248-253).479 

 Cambridge: Cambridge University Press.  480 

Inoue-Nakamura, N. (1997). Mirror self-recognition in nonhuman primates: A phylogenetic481 

 approach.  Japanese Psychological Research, 39, 266-275. 482 

Law, L. E. & Lock, A. J. (1994). Do gorillas recognize themselves on television?  In S.T. Parker,483 

 R.W. Mitchell & M.L. Boccia (Eds.), Self-awareness in animals and humans:484 

 Developmental perspectives (pp. 308-312). Cambridge: Cambridge University Press.  485 

Ledbetter, D. & Basen, J. (1982). Failure to demonstrate self-recognition in gorillas.486 

 American Journal of Primatology, 2, 307-310. 487 

Lethmate, J. & Ducker, G. (1973). Untersuchungen zum Selbsterkennen im Spiegel bei488 

 Orangutans und einigen anderen Affenarten (Self-recognition in mirrors by489 

 orangutans and some other  primates).  Zeitschrift fur Tierpsychologie, 33, 248-269. 490 

Lin, A.C., Bard, K.A. & Anderson, J.R. (1992). Development of self-recognition in491 

 chimpanzees (Pan troglodytes).  Journal of Comparative Psychology, 106, 120-127. 492 

Maple, T. L. & Hoff, M. P. (1982). Gorilla behavior. New York: Van Nostrand Reinhold.  493 



23 

 

Menzel, E.W. Jr., Savage-Rumbaugh, E. S. & Lawson, J. (1985). Chimpanzee (Pan troglodytes)494 

 spatial problem-solving with the use of mirrors and televised equivalents of mirrors.495 

 Journal of Comparative Psychology, 99, 211-217.  496 

Meunier, H. (2017). Do monkeys have a theory of mind? How to answer the question?497 

 Neuroscience Biobehavioral Reviews, 82, 110-123. 498 

Miles, H.L. (1994). Me Chantek: The development of self-awareness in a signing orang-utan.499 

 In S.T. Parker, R.W. Mitchell & M.L. Boccia (Eds.), Self-awareness in animals and500 

 humans: Developmental perspectives (pp.254-272). Cambridge: Cambridge501 

 University Press. 502 

Neiworth, J.J., Anders, S.L., and Parsons, R.R. (2001). Tracking responses related to self503 

 recognition: A frequency comparison of responses to mirrors, photographs, and504 

 videotape of monkeys by cotton top tamarins (Saguinus oedipus). Journal of505 

 Comparative Psychology, 115, 432-438. 506 

Nicholson, I. S. & Gould, J. E. (1995). Mirror-mediated object discrimination and self-507 

 directed behavior in a female gorilla.  Primates, 36, 515-521. 508 

Parker, S.T. (1994). Incipient mirror self-recognition in zoo gorillas and chimpanzees. In S.T.509 

 Parker, R.W. Mitchell & M.L. Boccia (Eds.), Self-awareness in animals and humans:510 

 Developmental perspectives (pp.301-307). Cambridge: Cambridge University Press.  511 

Patterson, F. & Cohn, R. H. (1994). Self-recognition and self-awareness in lowland gorillas. 512 

 In S.T. Parker, R.W. Mitchell & M.L. Boccia (Eds.), Self-awareness in animals and513 

 humans: Developmental perspectives (pp.273-290). Cambridge: Cambridge514 

 University Press.  515 

Paukner, A., Anderson, J. R. & Fujita, K. (2004). Reactions of capuchin monkeys (Cebus516 

 apella) to multiple mirrors.  Behavioral Processes, 66, 1-6. 517 



24 

 

Pepperberg, I.M., Garcia, S.E., Jackson, E.C. & Marconi, S. (1995). Mirror use by African grey518 

 parrots (Psittacus erithacus).  Journal of Comparative Psychology, 109, 182-195. 519 

Platt, J. (1964). Strong inference. Science, 146, 347-353. 520 

Posada, S. & Colell, M. (2005). Mirror responses in a group of Miopithecus talapoin.521 

 Primates, 46, 165-172. 522 

Posada, S. & Colell, M. (2007). Another gorilla (Gorilla gorilla gorilla) recognizes himself in a523 

 mirror. American Journal of Primatology, 69, 576-583. 524 

Povinelli, D. J., Rulf, A. B., Landau, K. & Bierschwale, D. (1993). Self-recognition in525 

 chimpanzees (Pan troglodytes): Distribution, ontogeny, and patterns of emergence.526 

 Journal of Comparative Psychology, 107, 347-372. 527 

Povinelli, D. J., Gallup, G. G. Jr., Eddy, T. J., Bierschale, D. T., Engstrom, M. C., Perilloux, H. R.528 

 et al. (1997). Chimpanzees recognize themselves in mirrors.  Animal Behavior, 53,529 

 1083-1088. 530 

Povinelli, D. & Vonk, J. (2004). We don’t need a microscope to explore the chimpanzee’s531 

 mind. Mind & Language, 19, 1–28. 532 

Prior H., Schwarz A., & Gunturkun, O. (2008). Mirror-induced behaviour in the magpie (Pica533 

 pica): Evidence of self-recognition. PLoS Biology, 6, e202. 534 

Reiss, D. & Marino, L. (2001). Mirror self-recognition in the bottlenose dolphin:  A case of535 

 cognitive convergence.  Proceedings of the National Academy of Sciences, 98, 5937-536 

 5942. 537 

Robert, S. (1986). Ontogeny of mirror behavior in two species of great apes.  American538 

 Journal of Primatology, 10, 109-117. 539 



25 

 

Savage-Rumbaugh, E. S. & Rubert, E. (1986). Video representations of reality.  In: E. Savage540 

 Rumbaugh (Ed.) Ape language: From conditioned response to symbol.  New York:541 

 Columbia University Press. 542 

Shillito, D. J., Gallup, G. G. Jr. & Beck, B. B. (1999). Factors affecting mirror behavior in543 

 western lowland gorilla, Gorilla gorilla.  Animal Behavior, 57, 999-1004. 544 

Suarez, S. D. & Gallup, G. G. Jr. (1981). Self-recognition in Chimpanzees and Orangutans, but545 

 not Gorillas.  Journal of Human Evolution, 10, 175-183. 546 

Suddendorf, T. & Butler, D. (2013). The nature of visual self-recognition. Trends in Cognitive547 

 Sciences, 17, 121-127. 548 

Suddendorf, T., Simcock, G. & Nielsen, M. (2007). Visual self-recognition in mirrors and live549 

 videos: Evidence for a developmental asynchrony. Cognitive Development, 22, 185-550 

 196. 551 

Swartz, K.B. & Evans, S. (1991). Not all chimpanzees (Pan troglodytes) show self-recognition.552 

 Primates, 32, 483-496. 553 

Swartz, K. B. & Evans, S. (1994). Social and cognitive factors in chimpanzee and gorilla mirror554 

 behavior and self-recognition.  In S.T. Parker, R.W. Mitchell & M.L. Boccia (Eds.),555 

 Self-awareness in animals and humans: Developmental perspectives (pp. 189-206).556 

 Cambridge: Cambridge University Press.  557 

Swartz, K.B., Sarauw, D. & Evans, S. (1999). Comparative aspects of mirror self-recognition in558 

 great apes.  In S.T. Parker, R.W. Mitchell & M.L. Boccia (Eds.), Self-awareness in559 

 animals and humans: Developmental perspectives (pp.283-294). Cambridge:560 

 Cambridge University Press.  561 

Von Senden, M. (1960). Space and sight: The perception of space and shape in the562 

 congenitally blind before and after operation.  Glencoe, Illinois: Free Press.  563 



26 

 

Walraven, V., van Elsacker, L. & Verheyen, R. (1995). Reactions of a group of pygmy564 

 chimpanzees (Pan paniscus) to their mirror-images: Evidence of self-recognition.565 

 Primates, 36, 145-15. 566 

  567 



27 

 

Table 1. Ethogram of screen-directed behaviors 568 

Behavior Description 

Proximity Gorilla is within arm’s reach of the screen 

Visual Inspection Gorilla visually explores the screen with its eyes oriented in the 

direction of the screen 

Fear Gorilla responds with grimaces, escape behavior and/or squeals 

Affiliative 

 

Gorilla directs social behaviors toward the screen – e.g. lip-

smacking, play invitations, or sexual presentations 

Agonistic  Gorilla directs aggressive behaviors toward the screen – e.g. threat 

faces, charging toward the screen 

Contingent body 

movements 

(CBMs) 

Gorilla makes purposeful or repetitious bodily movements while 

engaged in visual exploration of the screen. May include visual 

attention moving from the gorilla’s body part to the screen and 

back to the body part 

Contingent facial 

movements 

(CFMs) 

Gorilla makes unusual facial movements or gestures while it is 

looking at its image on the screen 

Self-exploration Gorilla uses fingers or hands to manipulate parts of its body not 

normally visible to it, while looking at its image on the screen  

_______________________________________________________ 

Adapted from Povinelli et al. (1993) 569 

 570 
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 571 

 572 

Table 2. Mean (SD) frequencies of behaviors in each condition across all gorillas and both trials 573 

Condition   1  2  3  4  5    ANOVA   Eta 574 
    Blank   Screen with Other  Self-recorded Self-live 575 
    screen  interference gorilla 576 

Behavior     577 

Proximity   0.50 (1.00) 0.50 (1.00) 0.00 (0.00) 2.25 (1.71) 2.25 (2.06) F(4,12)=5.66, p=0.009  .654 578 

CI    -1.091-2.091 -1.091-2.091 -  -0.468-4.968 -1.030-5.530 579 
 580 

Visual Inspection*  0.16 (0.12) 0.11 (0.09) 0.59 (0.12)  0.58 (0.05) 0.63 (0.21) F(4,12)=17.16, p<0.001 .851 581 

CI    -0.079-0.799 -0.112-0.552 0.681-1.614 0.987-1.333 0.593-1.892 582 
 583 

Lip-smacking   0.50 (1.00) 1.00 (2.00) 1.75 (2.87) 2.75 (1.89) 5.75 (4.92) F(4,12)=5.11, p=0.012  .630 584 

CI    -1.091-2.091 -2.182-4.182 -2.820-6.320 -0.262-5.762 -2.086-13.586 585 

 586 

Contingent Body Movements 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.00 (1.15) 5.50 (8.43) F(4,12)=1.65, p=0.225  .355 587 

CI    -  -  -  -0.837-2.837 -7.908-18.908 588 
 589 

Contingent Facial Movements 1.25 (1.50) 0.50 (1.00) 10.25 (6.80) 9.25 (6.99) 10.25 (10.31) F(4,12)=4.34, p=0.021  .591 590 

CI    -1.137-3.637 -1.091-2.091 -0.571-21.071 -1.879-20.379 -6.152-26.652 591 

   592 

Self-exploration   0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.50 (1.00) F(4,12)=1.00, p=0.445  .250 593 

CI    -  -  -  -  -1.091-2.091 594 

 595 

*Reported as proportion of time rather than frequencies 596 
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Table 3. Framework for categorization on the Self-Recognition (SR) continuum 597 

Hypothesis Level in Framework Individuals 

H0. Individual will show no 
differences in behavior 
according to the stimulus 
shown, and therefore no 
evidence of self-
recognition 

Level 0 
No self-recognition  

Jason showed visual interest in all stimuli, approached 
the glass closely only in the self-conditions, produced 
lip-smacks in the self and other gorilla conditions, and 
made contingent facial movements in all conditions 
but mainly to self and other gorilla.   

H1.  
1a. Individual will show 
differences in behavior 
depending on the stimulus 
shown 
 
1b.  Above, including 
contingency-checking 
movements when 
presented with self-
images  
 

Level 1 
1a. Differentiated 
responses to video 
(or mirror) 
 
1b. Differentiated 
responses to video 
(or mirror) including 
contingency-

checking, evidencing 
a position along a 
continuum from no 
self-recognition to 
self-recognition 

Delilah did not approach the screen at all but showed 
visual interest only in the moving stimuli (self and 
other gorilla).  She made contingent body movements 
only in the self-live condition and contingent facial 
movements in the recorded self and other gorilla 
conditions.  Diana showed visual interest in all stimuli, 
approached the glass closely and made lip-smacks only 
in the self-conditions, made contingent body 
movements only in the self-conditions and contingent 
facial movements in the self and other gorilla 
conditions.   

H2. In addition to H1, 
individual will show self-
exploratory behavior 
when presented with self-
images  

Level 2 
Self-exploratory 
behavior and 
contingency- 
checking to live 
presentations 
evidencing a 
necessary stage in 
the development of 
self-recognition 

Jeremiah showed visual interest in all stimuli, 
approached the glass closely in all but the other gorilla 
condition, and was observed lip-smacking in all 
conditions.  He engaged in contingent facial 
movements in all conditions bar the interference one, 
but notably more so in the self and other gorilla 
conditions.  However, he was only observed making 
contingent body movements in the self-conditions and 
he only engaged in self-exploration in the self-live 
condition. 

 598 

 599 

  600 
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 601 
               602 
             a) Proximity: Self-Live>Other Gorilla (p=.045)                                                  b) Visual Inspection: Self-Live>Blank (p=.02) & Interference (p=.001) 603 

       Self-Recorded>Other Gorilla (p=.045)                                                                   Self-Recorded>Blank (p=.025) & Interference (p=.01) 604 
                                                           Other Gorilla> Blank (p=.03) & Interference (p=.015)                              605 
                    606 
 607 

                 608 

Figure 1. Individual gorillas differed in their Proximity and Visual Inspection in response to the conditions. 609 

Note: Frequency of proximity reflects the number of times the gorilla approached to within one arm’s reach of the screen.  610 
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     611 
 612 
                a) Lip-smacking: Self-Live>Blank (p=.035) & Interference (p=.033)              b) Contingent Body Movements: Only evidenced in Self conditions  613 
                                                                      614 
                                                  615 
 616 

Figure 2. Individual gorillas differed in their Lip-smacking and Contingent Body Movements in response to the conditions.617 
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            618 
        619 
                    Contingent Facial Movements       620 
                                                             621 
 622 

Figure 3. Individual gorillas differed in their Contingent Facial Movements in response to the conditions.623 

624 
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 627 

 628 

 629 

Figure 4.  Jeremiah performed most contingent body and facial movements in the Self-Live 630 

condition. 631 

  632 
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 636 

 637 

 638 

 639 

 640 

Figure 5.  Jeremiah’s mouth exploration during live playback. 641 
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 645 

 646 

 647 

Figure 6. A contrasting yawn from Jeremiah.  648 

 649 


