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Abstract

The mirror mark test has encouraged a binary view of self-awareness according to which a

few species possess this capacity whereas others do not. Given how evolution works, how-

ever, we need a more gradualist model of the various ways in which animals construe a self

and respond to mirrors. The recent study on cleaner wrasses (Labroides dimidiatus) by

Kohda and colleagues highlights this need by presenting results that, due to ambiguous

behavior and the use of physically irritating marks, fall short of mirror self-recognition. The

study suggests an intermediate level of mirror understanding, closer to that of monkeys than

hominids.

Complex cognitive capacities evolve bottom-up in small incremental steps from more basic

traits shared across a wide range of species [1]. Therefore, we do not expect all-or-nothing cog-

nitive differences between related species. Yet, for the capacity of self-awareness, we still live

with a "Big Bang" theory, according to which this trait appeared out of the blue in just a hand-

ful of species, whereas the vast majority lacks it. This view has been with us for half a century,

ever since Gallup [2] tested the responses of chimpanzees to mirrors. Without any specific

training, anthropoid apes manually investigate a mark on their body that is visible only via a

mirror, whereas rhesus macaques (and other monkeys) never do. This contrast within the pri-

mate order has prompted the assumption of a qualitative difference in self-concept that sets

the hominids (humans and the great apes) apart. This contrast was later extended to other cog-

nitive domains [3].

Challenges to this mental gap have been manifold and never-ending and cannot possibly all

be reviewed here. An obvious method is to try to demonstrate mirror self-recognition (MSR)

in nonhominids. Such attempts have been remarkably unsuccessful, however, except for a

handful of species, notably bottlenose dolphins [4], Asian elephants [5], and Eurasian magpies

[6]. Conversely, the mark test has failed to produce the required response in a great multitude

of nonhominids, such as in a recent well-controlled study of large-brained Psittaciformes [7].

Alternatively, failure to find MSR in a given species has been attributed to lack of motivation

(e.g., some animals may not care about paint on their bodies), trouble with attention (e.g.,

some animals avoid looking at "another” in the mirror), or a lack of perception (e.g., a visual

paradigm may not suit an olfactory species), rather than the absence of a self-concept. There
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have also been attempts to explain away the mirror responses of apes, such as by attributing

them to anesthesia ([8], countered by [9]). Others have trained animals to go through the

motions indicative of a successful mark test, starting with conditioned pigeons [10]—a study

that has proven impossible to replicate [11]—followed by extensively trained macaques [12].

Shaped by thousands of rewarded trials, mirror responses are about as meaningful as would

be the literary talent of a monkey taught to type “to be or not to be.” (See [13] for a critique of

these travesties of the original mirror test.) The only measure that counts is the untrained

response to the first visual body mark detected with the assistance of a mirror. Speaking from

first-hand experience, I have no doubt that chimpanzees treat a mirror differently than most

animals. On a sunny day, it is common for them to use my sunglasses as mirrors. While staring

into them, they inspect the inside of their mouth, opening it wide to feel their teeth with a fin-

ger while coordinating closely with their reflection. They may also turn around to inspect an

injury on their back, or females will try to take a look at their genital swelling. This is why we

hardly need a mark test to realize that apes connect their reflection with their own body (Fig

1). I have also extensively worked with monkeys yet never observed any spontaneous self-

inspection in front of a mirror. Nevertheless, many non-MSR species, including monkeys,

demonstrate a basic understanding of mirrors. They know how to use them as tools to see

things that are otherwise invisible and distinguish their own reflection from a stranger (see

below).

MSR requires that the mirror test (a) be applied only when social reactions to the mirror

have been replaced by self-directed behavior, such as testing the contingency between one’s

own movements and those of one’s reflection, (b) involve a purely visual mark, and (c) be

done without previous training, least of all training of responses indicative of self-recognition.

The most convincing MSR occurs in species capable of probing their own bodies, such as pri-

mates and elephants, or preening themselves at places they cannot see without a mirror, such

as birds. Accordingly, one might think that only species with hands, trunks, or flexible necks

can possess a self-concept. This rather absurd conclusion would follow from the mirror mark

test and its reliance on self-touching and the visual sense, which explains why so many scien-

tists have lamented its limitations.

This brings us to the current intriguing study by Kohda and colleagues [14] of cleaner

wrasses, Labroides dimidiatus. This particular fish, which services larger host fish by cleaning

them of dead skin and ectoparasites (Fig 2), is well known for its sophisticated social behavior

and economic decision-making and is therefore not nearly as cognitively simple as

Osteichthyes are typically assumed to be (e.g., [15]). The cleaner wrasse’s spontaneous reactions

to the mirror are hard to interpret, though. They include swimming upside down and repeats

of 400 times per day of certain atypical behaviors in front of the mirror. However odd and

unusual these movements may be, whether they amount to explorations of the contingency

between the self and its reflection is as speculative as in another fish study in which giant

manta rays stayed close to a mirror while performing repeated actions [16].

Generous interpretations are also required to classify the non–self-touching behavior of

cleaner fish as self-inspection guided by a mirror. Without any training, marked fish spent

much time next to the mirror. Whether they looked at themselves was hard to ascertain, but

they did orient to the mirror such that they could potentially see the visually marked side of

their body and did so more frequently than they did for the unmarked or sham-marked side.

Most importantly, the authors argue, the fish showed high rates of self-scraping on a substrate,

especially throat-scraping after having been marked on the throat. They did not show this

behavior after having received an invisible mark or in the absence of a mirror.

The authors go on to claim that cleaner wrasses exhibit “responses that fulfill the criteria of

the mark test.” However, this extraordinary claim hinges on their view that self-scraping, and
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Fig 1. Chimpanzees spontaneously explore their mirror reflection by pulling strange faces or inspecting parts of their bodies that they cannot see

otherwise. Here, a young male at a zoo stares at his own reflection in a water moat, occasionally disturbing the surface with his hand. Photograph by Frans de

Waal.

https://doi.org/10.1371/journal.pbio.3000112.g001
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the way it varies with marks and mirrors, is equivalent to the mark-directed self-exploration

with hands or trunks by humans, apes, and elephants, or the mirror-guided self-viewing

reported for dolphins. But in the dolphins’ case the marked areas were far more variable, as

was their behavior in front of a mirror; some behavior was never seen away from it [4,17]. The

fish in the study under discussion, in contrast, performed a single stereotypical act after having

seen what may have seemed to be another fish carrying an ectoparasite. This makes it hard to

be sure that this response constitutes self-exploration, especially because this species is adapted

to detect and remove ectoparasites from other fish. True, self-scraping is not a behavior one

would expect if these fish interpret their reflection as another individual, but is this enough

reason to conclude that they perceive the fish in the mirror as themselves? After all, the most

compelling evidence for the latter would be unique behavior never seen without a mirror,

whereas self-scraping, or glancing, is a fixed action pattern of many fish. We may need an in-

depth study of this particular pattern before we can ascertain what it means when performed

in front of a mirror.

One crucial aspect of the mark test by Kohda and colleagues is that the subcutaneously

injected elastomer that puts a color mark on the fish is likely to be painful, or at least an irri-

tant. The study controls for this possibility by having sham marks without the color, which

indicate that the tactile sensation alone cannot explain the fish’s behavior in front of the mir-

ror. But the study does not control for a possible effect of pairing an intense physical sensation

with a visual mark. Two recent studies on rhesus macaques illustrate the importance of this

Fig 2. A cleaner wrasse, Labroides dimidiatus, attends to a giant moray eel, Gymnothorax javanicus. Image credit: Silke Baron (Flickr).

https://doi.org/10.1371/journal.pbio.3000112.g002
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multimodality. These monkeys lack MSR if tested with a purely visual mark, but after having

received a head implant they use the mirror to groom around the implant. The implant repre-

sents a huge abnormal visual stimulus associated with a tactile sensation that is probably quite

painful [18]. In another study, rhesus monkeys received food rewards to induce a visual-

somatosensory association by projecting painful laser beams onto the monkeys’ faces while

forcing them to stare at themselves in a mirror. After having thus enhanced the stimulus’

salience in thousands of trials, monkeys touched marks wherever they saw them, such as on

walls and on other monkeys, including on themselves, during a mirror test involving a dye

mark [13].

These studies demonstrate that the combination between a visual mark and a physical irri-

tation helps monkeys make the connection between their own body and the specular image.

Because the physical sensation alone or the visual mark alone does not allow them to do so, it

is as if these animals need multimodal stimulation to get there. Apes, in contrast, show

untrained MSR based on the visual sense alone. Instead of a traditional mirror mark test, mon-

keys thus appear to pass what could be called a Felt Mark Test [19]. This is also the test applied

by Kohda and colleagues, because the marks put on their fish were both visual and somatosen-

sory. For the moment, therefore, my conclusion is that these fish seem to operate at the level of

monkeys, not apes.

Fig 3. Two different perspectives on the evolution of self-awareness. In the traditional binary model (A), species

showing MSR possess a self-concept, whereas all other species do not. The gradualist view (B), in contrast, assigns the

highest level of self-awareness to hominids, who spontaneously explore and play with their reflection and care about

their appearance, and assigns intermediate or lower levels to other species, but no zero level because all animals need a

self-concept. Reactions to mirrors range from permanent confusion about one’s reflection to a certain level of

understanding of how mirrors operate (e.g., using them as tools) and only brief or no confusion between one’s

reflection and a stranger. Some species, such as macaques and perhaps cleaner fish, seem to possess this intermediate

level and can therefore, with the aid of training and/or multimodal stimulation, be "lifted" (arrow) to a level of mirror

understanding closer to MSR. MSR, mirror self-recognition.

https://doi.org/10.1371/journal.pbio.3000112.g003
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This is remarkable enough, though, because as opposed to the Big Bang theory of self-

awareness, it is more realistic to adopt a gradualist perspective (Fig 3). It seems a gross simplifi-

cation to lump all animals without MSR into a single cognitive category, from relatively small-

brained birds (e.g., a robin’s unabating territorial attacks on its reflection in a window pane) to

animals such as cats and dogs, which habituate quickly to their mirror image and learn to

ignore it, or monkeys and African Grey parrots, which successfully use a mirror to locate out-

of-sight objects [20,21]. Whether pigs can do the same remains unresolved [22,23].

It is incorrect to assume, for example, that non-MSR animals merely see an unexpected

conspecific in the mirror. This may be true for robins and Siamese fighting fish, but when

brown capuchin monkeys were tested facing either a mirror, a familiar monkey, or an unfamil-

iar monkey, they were remarkably friendly to and interested in their own reflection. Females

made about 38 times more eye contact with their mirror image than with a stranger, and males

about 11 times. Strangers, in contrast, only induced fear and avoidance. The differences did

not seem to reflect learning, at least not during the experiment itself, because they emerged at

first exposure [24]. Similarly, the heart rate of macaques confronted with a stranger rises at

first, then drops, whereas their heart rate drops right away upon mirror exposure [25]. Some

non-MSR species seem closer to mirror understanding than others, therefore. They may not

recognize themselves, but they also realize that their reflection is no stranger.

What if self-awareness develops like an onion, building layer upon layer, rather than

appearing all at once? Such a model has been proposed for its development in human children,

who express curiosity about their reflection well before passing the mirror mark test [26].

Moreover, all animals need a self-concept. A monkey needs to know if a branch can carry his

Fig 4. Mirror-guided self-decoration by an ape. Suma, an orangutan at a German zoo, often embellished herself in front of a

mirror, such as by putting a leaf of lettuce onto her head like a hat while staring at her reflection. Drawing by Frans de Waal [19]

based on [33].

https://doi.org/10.1371/journal.pbio.3000112.g004
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weight before landing on it, or whether he has the strength and skill to win a fight before chal-

lenging another individual. Animals need to be aware of the place and affordances of the self

in its physical environment as well as the role of the self in their social group [27,28]. There-

fore, to explore self-awareness further, we should stop looking at responses to the mirror as the

litmus test. There are many other evaluations possible, such as when macaques are able to dis-

tinguish a self-controlled cursor on a computer screen from one that moves on its own [29],

when chimpanzees find hidden food by watching their own hand move via closed-circuit tele-

vision [30], when elephants know when their own bodies interfere with performance on a task

[31], or when dogs pay more attention to a novel odor added to a sample of their urine than to

either uncontaminated urine or the novel odor alone [32]. We need a much larger test battery,

including nonvisual tasks, to develop a full understanding of how other species position the

self in the world.

The next frontier will be to see whether animals care about how they look in the eyes of oth-

ers to the point of embellishing themselves, the way we do with makeup, earrings, toupees, and

the like. This possibility was first hinted at by observations of a female orangutan at a zoo, who

would decorate herself by gathering lettuce leaves from her cage to pile them onto her head

while inspecting herself closely in the mirror [33] (Fig 4). Similarly, chimpanzees sometimes

adorn themselves by walking around with the skin of monkey prey around their necks or

develop a group-wide "fashion" to insert grass into their ears [34,35]. Only with a richer theory

of the self and a larger test battery will we be able to determine all of the various levels of self-

awareness, including where exactly fish fit in.

Acknowledgments

Thanks to Josh Plotnik for feedback. The opinions expressed here are entirely the author’s,

however.

References
1. de Waal FBM, & Ferrari PF. Towards a bottom-up perspective on animal and human cognition. Trends

Cogn Sci. 2010; 14: 201–207. https://doi.org/10.1016/j.tics.2010.03.003 PMID: 20363178

2. Gallup GG. Chimpanzees: Self-recognition. Science. 1970; 167: 86–87. PMID: 4982211

3. Gallup GG. Self-awareness and the emergence of mind in primates. Am J Primatol. 1982; 2: 237–248.

4. Reiss D, Marino L. Mirror self-recognition in the bottlenose dolphin: A case of cognitive convergence.

Proc Natl Acad Sci U S A. 2001; 98: 5937–5942. https://doi.org/10.1073/pnas.101086398 PMID:

11331768

5. Plotnik J, de Waal FBM, Reiss D. Self-recognition in an Asian elephant. Proc Natl Acad Sci U S A.

2006; 103: 17053–17057. https://doi.org/10.1073/pnas.0608062103 PMID: 17075063

6. Prior H, Schwarz A, Gunturkun O. Mirror-induced behavior in the magpie (Pica pica): Evidence of self-

recognition. PLoS Biol. 2008; 6: e202. https://doi.org/10.1371/journal.pbio.0060202 PMID: 18715117

7. van Buuren M, Auersperg A, Gajdon G, Tebbich S, von Bayern A. No evidence of mirror self-recognition

in keas and Goffin’s cockatoos. Behaviour. 2018; https://doi.org/10.1163/1568539X-00003514

8. Heyes CM. Reflections on self-recognition in primates. Anim Behav. 1994; 47: 909–919.

9. Povinelli DJ, Gallup GG, Eddy TJ, Bierschwale DT, Engstrom MC, Perilloux HK et al. Chimpanzees rec-

ognize themselves in mirrors. Anim Behav. 1997; 53: 1083–1088.

10. Epstein R, Lanza RP, Skinner BF. "Self-awareness” in the pigeon. Science. 1981; 212: 695–696.

https://doi.org/10.1126/science.212.4495.695 PMID: 17739404

11. Thompson RKR, Contie CL. Further reflections on mirror usage by pigeons: Lessons from Winnie-the-

Pooh and Pinocchio too. In Parker ST, Mitchell RW, Boccia ML, editors. Self-Awareness in animals and

humans: Developmental perspectives. Cambridge University Press; 1994. pp. 392–409.

PLOS Biology | https://doi.org/10.1371/journal.pbio.3000112 February 7, 2019 7 / 8

https://doi.org/10.1016/j.tics.2010.03.003
http://www.ncbi.nlm.nih.gov/pubmed/20363178
http://www.ncbi.nlm.nih.gov/pubmed/4982211
https://doi.org/10.1073/pnas.101086398
http://www.ncbi.nlm.nih.gov/pubmed/11331768
https://doi.org/10.1073/pnas.0608062103
http://www.ncbi.nlm.nih.gov/pubmed/17075063
https://doi.org/10.1371/journal.pbio.0060202
http://www.ncbi.nlm.nih.gov/pubmed/18715117
https://doi.org/10.1163/1568539X-00003514
https://doi.org/10.1126/science.212.4495.695
http://www.ncbi.nlm.nih.gov/pubmed/17739404
https://doi.org/10.1371/journal.pbio.3000112


12. Chang L, Fang Q, Zhang S, Poo M, Gong N. Mirror-induced self-directed behaviors in rhesus monkeys

after visual-somatosensory training. Curr Biol. 2015; 25: 212–217. https://doi.org/10.1016/j.cub.2014.

11.016 PMID: 25578908

13. Anderson JR, Gallup GG. Mirror self-recognition: A review and critique of attempts to promote and engi-

neer self-recognition in primates. Primates. 2015; 56: 317–326. https://doi.org/10.1007/s10329-015-

0488-9 PMID: 26341947

14. Kohda M, Hotta T, Takeyama T, Awata S, Tanaka H, Asai J-y, et al. If a fish can pass the mark test,

what are the implications for consciousness and self-awareness testing in animals? PLoS Biol. 2019;

17(2):e3000021. https://doi.org/10.1371/journal.pbio.3000021

15. Bshary R, Gingins S, Vail AL. Social cognition in fishes. Trends Cogn Sci. 2014; 18: 465–471. https://

doi.org/10.1016/j.tics.2014.04.005 PMID: 24815200

16. Ari C, d’Agostino DP. Contingency checking and self-directed behaviors in giant manta rays: Do elas-

mobranchs have self-awareness? J Ethol. 2016; 34: 167–174.

17. Morrison R, Reiss D. Precocious development of self-awareness in dolphins. PLoS ONE. 2018; 13:

e0189813. https://doi.org/10.1371/journal.pone.0189813 PMID: 29320499

18. Rajala AZ, Reininger KR, Lancaster KM, Populin LC. Rhesus monkeys (Macaca mulatta) do recognize

themselves in the mirror: Implications for the evolution of self-recognition. PLoS ONE. 2010; 5: e12865.

https://doi.org/10.1371/journal.pone.0012865 PMID: 20927365

19. de Waal FBM. Are we smart enough to know how smart animals are? Norton; 2016.

20. Anderson JR. Mirror-mediated finding of hidden food by monkeys (Macaca tonkeana and M. fascicu-

laris). J Comp Psychol. 1986; 100: 237–242.

21. Pepperberg IM, Garcia SE, Jackson EC, Marconi S. Mirror use by African Grey parrots (Psittacus

erithacus). J Comp Psychol. 1995; 109: 182–195.

22. Broom DM, Sena H, Moynihan KL. Pigs learn what a mirror image represents and use it to obtain infor-

mation. Anim Behav. 2009; 78: 1037–1041.

23. Gieling ET, Mijdama E, van der Staay FJ, Nordquist RE. Lack of mirror use by pigs to locate food. Appl

Anim Behav Sci. 2014; 154: 22–29.

24. de Waal FBM, Dindo M, Freeman CA, Hall M. The monkey in the mirror: Hardly a stranger. Proc Natl

Acad Sci U S A. 2005; 102: 11140–11147. https://doi.org/10.1073/pnas.0503935102 PMID: 16055557

25. Itakura S. The level of self-knowledge in nonhuman primates: From the perspective of comparative cog-

nitive science. In Matsuzawa T, editor. Primate origins of human cognition and behavior. Springer;

2001. pp. 313–329.

26. Rochat P. Five levels of self-awareness as they unfold early in life. Conscious Cogn. 2003; 12: 717–

731. PMID: 14656513

27. Cenami Spada E, Aureli F, Verbeek P, de Waal FBM. The self as reference point: Can animals do with-

out it? In Rochat P, editor. The self in infancy: Theory and research. Elsevier; 1995. pp. 193–215.

28. Bekoff M, Sherman PW. Reflections on animal selves. Trends Ecol Evol. 2003; 19: 176–180.

29. Jorgensen MJ, Hopkins WD, Suomi SJ. Using a computerized testing system to investigate the precon-

ceptual self in nonhuman primates and humans. In Rochat P, editor. The self in infancy: Theory and

research. Elsevier; 1995. pp. 243–256.

30. Menzel EW, Savage-Rumbaugh ES, Lawson J. Chimpanzee (Pan troglodytes) spatial problem solving

with the use of mirrors and televised equivalents of mirrors. J Comp Psychol. 1985; 99: 211–217.

PMID: 4006435

31. Dale R, Plotnik JM. Elephants know when their bodies are obstacles to success in a novel transfer task.

Sci Rep. 2017; 7: 46309. https://doi.org/10.1038/srep46309 PMID: 28402335

32. Horowitz A. Smelling themselves: Dogs investigate their own odours longer when modified in an “olfac-

tory mirror” test. Behav Processes. 2017; 143: 17–24. https://doi.org/10.1016/j.beproc.2017.08.001

PMID: 28797909
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