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Abstract

The years since the publication of Machiavellian Intelligence have witnessed a Golden
Age in discoveries concerning social cognition in human and non-human primates and
many other animal taxa too. Here I briefly dissect some of the variants of the social
intelligence hypotheses that have evolved in this time and offer a selective overview of
scientific discoveries in this field, particularly in primates, over the last 30 years.

Keywords: animal intelligence, social cognition, social intelligence, Machiavellian
intelligence; cultural intelligence hypothesis
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In our introduction to Machiavellian Intelligence, Richard Byrne and I distinguished
three different forms of ‘social intellect hypothesis’ embedded in the landmark article of
Humphrey (1976) and other foundational contributions to the embryonic field of
research that we reviewed (Whiten and Byrne 1988a). Such hypotheses have further
proliferated since, but our originally-proposed triad remains worth re-visiting to
structure this concise invited essay concerning developments in the field in the past

three decades. Editorial requests for brevity preclude an exhaustive review.

Hypothesis 1: Where social lives are as complex as those of many monkeys and
apes, extensive components of cognition will have evolved as adaptations for
dealing with this, yet in comparison to non-social cognition, social cognition
includes rich phenomena awaiting discovery (note — this was a hypothesis of the

1970s)

Humphrey (1976) remarked that much of the testing of ‘intelligence’ in both human and
non-human primates had, by then, been done through tests with physical objects,
neglecting socially-oriented cognition. Thus if we think of intelligence/cognition as an
iceberg, the suggestion was that the massive part beneath the surface represented
uncharted social cognition. Perhaps calling this a “hypothesis’ over-dignifies it.
However I suggest that although the two further hypotheses I describe below are more
obviously regular scientific hypotheses about cause and effect in the natural world, they
have proved inherently challenging to test; by contrast, this first broad ‘hypothesis’
stimulated a generation of researchers to achieve monumental strides in delineating the
complexities of animal social cognition.

The point can be illustrated by statistics extracted from a tabulation in Whiten
(2018a) of Web of Science citations, including that ‘social/Machiavellian
intellect/intelligence’ occurred in just 21 article titles (and in 60 as ‘topic’) in 1991-5,
whereas for 2011-2015 the figure had risen to 123 (495 as ‘topic’). The corresponding
figures for ‘social brain’ (see below) were 0 (title) and 3 (topic) in 1991-1995, but rose
respectively to 146 and 537 for 2011-2015. And between these two periods ‘social
cognition’ rose from 91 (title) and 302 (topic) to 932 and 6,281 citations respectively! A
Golden Age indeed.
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4

The behavioral and cognitive domains addressed have become comprehensive, as
foundational field observations have been supplemented by rigorous and revealing
experiments. For example in primates alone (the order focused on by Humphrey and in
Machiavellian Intelligence), investigations have spanned the following (noting for each,
one or more recent reviews plus a more specific illustrative example of the
sophistication revealed): (i) Social knowledge (Seyfarth and Cheney, 2015a, 2017); for
example, a baboon threatened by another individual is likely later to treat both threats
and reconciliatory grunts from associates of that individual differently, indicating
knowledge of third-party relationships (Wittig et al. 2007a,b; Wittig et al., 2014, for
similar findings in chimpanzees); (ii) Social computation and mindreading (aka theory
of mind) (Call and Santos, 2012; Whiten 2013); Crockford et al. (2017) provided
evidence of the recognition of the seeing-knowing link in wild chimpanzees, and
Krupenye et al. (2017) showed that the gaze of chimpanzees and other apes indicated
they may even compute the false beliefs of one individual with respect to the
whereabouts of another; (iii) Tactical deception (Hall and Brosnan, 2017); rhesus
monkeys stole whichever of two options a human was most likely not to hear or not to
see (Santos et al., 20006); (iv) Social learning and culture (Galef and Whiten, 2017);
naive chimpanzees would discriminate by observation, and typically acquire, whichever
of two alternative tool-use techniques they witnessed, generating traditions (Whiten et
al. 2005); (v) Co-operation (Gilby, 2012); chimpanzees pulled a peg to release a
conspecific helper when needed for a collaborative task, and moreover selected the best
collaborators (Melis et al. 2006); (vi) Vocal communication (Zuberbuhler 2012);
chimpanzees were more likely to alarm bark to an experimentally-introduced snake
when companions were ignorant of it (Crockford et al. 2012); and (vii) Gestural
communication (Liebal et al. 2013; orangutans moderated their gestures intentionally
according to the comprehension of target individuals (Cartmill and Byrne, 2007). It is
the whole suite of such capacities for managing life in complex societies we thought it
apt to tag specifically as ‘Machiavellian Intelligence’. For further recent overviews of
what we have learned about such social cognition in primates and other animals,
together complementing this present issue, see those edited by Seyfarth and Cheney
(2015b), Meunier et al. (2017) and Di Paolo et al. (2018).
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Hypothesis 2: Social complexity selects for greater general intelligence

Humphrey’s paper was entitled ‘The social function of intellect’, aligning it with the
discussion above and with the third hypothesis we shall meet below. However, it was
framed as a solution to why many non-social tests had indicated heightened
intelligence in primates. Accordingly, some researchers have sought to test whether
social complexity begets greater general (‘domain-general’) cognitive performance,
rather than cognition specifically serving social functions. This can be seen as a form of
‘social intelligence hypothesis’ (Ashton et al. 2018) yet is not concerned with the
aspects of Machiavellian Intelligence indicated above.

The approach can be illustrated by a recent intra-specific comparison between
Australian magpies living in different sized groups, presented with four different kinds
of learning tests, such as for spatial memory or reversal learning (Ashton et al. 2018).
The average performance in larger groups was found to be superior on all four tests, the
scores on which were inter-correlated, leading the authors to conclude that an effect of
social complexity on a ‘general intelligence factor’ was implicated. Cognitive
performance further predicted reproductive (fledging) success, providing evidence that
cognition may indeed by favoured by natural selection in more complex (larger)
societies, with potential longer-term evolutionary consequences.

Few such studies testing whether variation in sociability predicts differences in
general cognition have been completed (see reviews in Bond et al. 2003; Ashton et al.
2018). The necessary measures are difficult to engineer and implement, the more so in
long lived animals such as most primates. An alternative approach was pioneered by
Dunbar (1995), testing for relationships between the typical group size of a species as a
proxy for their social complexity, and brain size (‘encephalization’) instead of
cognition. In this approach brain size, or a variety of related measures such as relative
size of the neocortex, may be regarded either as proxies for cognitive power, or as
interesting variables in their own right (hence the underlying theory was dubbed a
‘social brain hypothesis’ (Dunbar 1998). Unless such encephalization can be partitioned
between social and other functions, it should provisionally be seen as an index of
general intelligence, and indeed there is empirical evidence for such a relationship

across primates (Deaner et al. 2006).
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A variety of studies have reported the predicted positive relationships between
group size and encephalization, not only in primates (Dunbar and Shultz, 2007) but in
other taxa such as ungulates and carnivores (Perez-Barberia et al. 2007). Some more
recent studies report convergent results both for primates (Street et al. 2017) and
cetaceans (Fox et al. 2017). However, other recent studies, exploring more extensive
databases and different methodologies, have suggested that the support for Humphrey’s
ideas offered by these approaches may be more dependent on particular methodologies
or databases utilized than it had previously seemed (de Casien et al. 2017; Powell et al.
2017). This line of work has accordingly become complex (some might say, tangled)
and controversial of late. In any case, gross size of the brain or particular components of
it are crude measures of both cognitive and neural functioning (Healy and Rowe, 2007),
just as social group size is a crude measure of the kind of social complexity outlined in
Machiavellian Intelligence, as illustrated by examples listed under ‘Hypothesis 1’ above
(Whiten, 2018b).

It is to be hoped that future work will assess social complexity more directly (for
diverse examples, see Burish et al., 2004; Bouchet et al., 2013). Whiten (2000) explored
the dissection of primate social complexity into a number of measurable elements
including polyadic complexity and the number of factors required for behavioural
predictions, a framework adopted in recent United Nations Environment Programme
attempts to take account of our discipline’s discoveries about animal culture and social
complexity in conservation strategies (Culture Expert Group report, 2017) — a perhaps

surprising but exciting and very welcome impact of our work.

Hypothesis 3: Social complexity selects for more sophisticated levels of social

cognition

On the basis of all we have learned about animal social cognition in the past decades,
this truly ‘Machiavellian intelligence’ hypothesis has come to be seen by a majority of
researchers as at least highly plausible, and even as a working assumption (Seyfarth and
Cheney, 2015a). But has this hypothesis really been tested? What is required to do so?
If the Australian magpie study outlined above were extended to find that social

complexity, as indexed by group size, predicted yet more heightened performance on
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tests of social cognition, in turn predicting reproductive success, then this domain-
specific hypothesis would be addressed. Perhaps the closest studies in primates are
those comparing closely related species. For example MacLean et al. (2013) compared
six related species of lemur, showing that typical group size predicted a social cognition
measure (taking account of attentional focus in simulated competition over food) but
not a non-social cognition measure (a test of inhibitory control). These results and those
of a similar comparison of four species of macaques (Joly et al. 2017) thus support the
social intellect hypothesis (although not the social brain hypothesis, insofar as no
relationship with absolute or relative brain size was found in the lemur study).

Does the scarcity of such studies imply a council of despair for Hypothesis 3? I
suggest not, because if we recast the hypothesis as ‘Does much cognition in socially-
complex animals serve social functions?’, this has arguably been amply confirmed by
the last three decades of research. Indeed, such behavioral and cognitive domains as
were listed under Hypothesis 1, like social knowledge, social computation,
mindreading, deception, social learning, cooperation and vocal and gestural
communication, are arguably defined by the social functions they have been
documented as serving. This conception of ‘function’, as in ‘the social function of
intellect’, refers to relatively short-term consequences that are inferred to be the raison-
d’étre of the entity of interest. So just as ‘the function of the heart is to pump blood’ we
have ‘the function of social knowledge is to support social manoeuvering’ and ‘the
function of social learning is to acquire cultural information’ and so on. The assumption
then is that this is a consequence of past selection, although it remains a further
empirical question whether variance in the performance of such functions can be shown
to affect fitness (reproductive success), along the lines of the Australian magpie study.
With these thoughts in mind, I briefly and selectively discuss two illustrations of

specifically social cognition: mindreading and cultural learning.

Mindreading. Contemporaneously with Machiavellian Intelligence, Whiten and Byrne
(1998b) reported the results of surveys of primatologists’ reports of ‘tactical deception’.
We tentatively proposed that many of these reports suggested that to succeed in the
kinds of deception they evidenced, individuals were taking into account certain

psychological states of their protagonists, such as their intentions or what they could or



198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

8

could not see, a theme developed further in the second edition of our book (Whiten and
Byrne, 1997). In later years, an ingenious series of experiments reported results
consistent with the earlier observations, summarised in a comprehensive review by Call
and Tomasello (2008) as suggesting, in chimpanzees at least, that they ‘understand
others in terms of a perception-goal psychology” (p. 187); these authors added “as
opposed to a full-fledged, human-like belief-desire psychology” but that is now
challenged by the findings of Krupenye et al. (2017) on false belief recognition noted
above.

Such findings in relation to primate recognition of what others can or cannot see, or
hear, have become available so far only for relatively complex social species (Call and
Santos 2012), so we lack variance in social complexity with which to directly tackle
Hypothesis 3. Evidence for related abilities in quite different, avian species (Clayton et
al., 2007; Bugnyar et al., 2016), whilst exciting, often relies on different methodologies
that so far thwart direct comparisons, although the corvid species involved are also large
brained amongst birds. Some studies do at least provide developmental perspectives on
relevant cause and effect. Sallet et al. (2011) found that macaques reared in relatively
larger groups displayed neural changes that included more extended grey matter
connectedness in regions strongly associated with social functions, including the
superior temporal sulcus and prefrontal cortex, regions associated with mindreading
functions in humans. Noonan et al. (2014) further showed covariation of these regions
in relation to both social network size and social status. They concluded that “this
cortical circuit may be linked to the social cognitive processes that are taxed by life in
more complex social networks and that must also be used if an animal is to achieve a

high social status” (p. e1001940).

A cultural intelligence hypothesis. Noting that the lack of social complexity in great
ape genera such as orangutans does not appear to fit the relationships between social
group size and encephalization reported in primates more generally, Whiten and van
Schaik (2007; van Schaik et al. 2011) suggested that more recent findings of cultural
complexity in the great apes (recently extended to all three genera: Whiten, 2017) may
offer an alternative explanation of their special intelligence and encephalization. This

‘cultural intelligence hypothesis’ has both ontogenetic and evolutionary elements.
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Ontogenetically the proposition is that cultural inheritance of accumulated skills such as
foraging techniques can make an individual smarter than otherwise; and in turn, this
selects for advances in cultural cognition and brain structures that will support such
processes, as well as, perhaps, technical intelligence such as understanding tool use, to
capitalise on all that can be acquired culturally. This hypothesis can be regarded as an
offshoot of earlier social intellect hypotheses, or as a competitor to them (Whiten and
van de Waal, 2017;). It is early days in the testing of this hypothesis (Pasquaretta et al.,
2014). A recent example is the finding that in ‘level playing field’ tests in zoos, the
slightly more encephalized Sumatran orangutans outperformed their Bornean cousins on
a battery of cognitive tests, as predicted by the greater cultural richness of the

Sumatrans in the wild (Forss et al. 2016).

In Conclusion

In many ways, all the discoveries that fit under the heading of Hypothesis 1 far outstrip
the progress made in relation to Hypotheses 2 and 3 and their evolving derivatives like
the Cultural Intelligence Hypothesis. These are inherently more challenging to put to the
test than was anticipated in the excitement of the 1970s and 80s. The encouraging result
is that we now know an enormous amount about the social cognition of primates and
other socially complex taxa, providing substantial foundations to tackle the further

questions the efforts of the last three decades have generated.

Acknowledgements

For comments on early drafts of this paper I am very grateful to Josep Call, Chris

Krupenye, Sally Street and Alex Thornton.



257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

10

References

Ashton, B. J., Ridley, A. R., Edwards, E. K. & Thornton, A. (2018). Cognitive
performance is linked to group size and affects fitness in Australian magpies.
Nature, 554, 364-367.

Bond, A. B., Kamil, A. C.& Balda, R. P. (2003). Social complexity and transitive
inference in corvids. Animal Behaviour, 65, 479-487.

Bouchet, H., Blois-Heulin, C., & Lemasson, A. (2013). Social complexity parallels
vocal complexity: a comparison of three non-human primate species. Frontiers in
Psychology, 4, 390.

Bugnyar, T., Reber, S. A. & Buckner, C. (2016). Ravens attribute visual access to
unseen competitors. Nature Communications, 7, 105006.

Burish, M. J., Kueh, H. W. & Wang, S. S. H. (2004). Brain architecture and social
complexity in modern and ancient birds. Brain, Behavior and Evolution, 63, 107-
124.

Byrne, R.W. & Whiten, A. (Eds.) (1988). Machiavellian Intelligence: Social
Complexity and the Evolution of Intellect in Monkeys, Apes and Humans. Oxford,
Oxford University Press.

Call, J. & Santos, L.R. (2012). Understanding other minds. In Mitani, J., Call, J.,
Kappeler, P., Palombit, R. & Silk, J. (Eds), The Evolution of Primate Societies.
Chicago University Press, Chicago, pp. 514-530.

Call, J. & Tomasello, M. (2008). Does the chimpanzee have a theory of mind? 30 years
later. Trends in Cognitive Sciences, 12, 187-192.

Cartmill, E. A. & Byrne, R. W. (2007). Orangutans modify their gestural signaling
according to their audience’s comprehension. Current Biology, 17, 1345-1348.

Clayton, N. S., Dally, J. M. & Emery, N. J. (2007). Social cognition by food-caching
corvids. The western scrub-jay as a natural psychologist. Philosophical
Transactions of the Royal Society B, 362, 507-522.

Crockford, C., Wittig, R. M., Mundry, R. & Zuberbuhler, K. (2012). Wild chimpanzees
inform ignorant group members of danger. Current Biology, 22, 142-146.

Culture Expert Group of the Scientific Council, UNEP (2016). Intersessional report of
the CMS expert group on culture and social complexity.
UNEP/CMS/COP12.Inf.14. Manila, Philippines.

Crockford, C., Wittig, R. M., & Zuberbuhler, K. (2017). Vocalizing in chimpanzees is
influenced by social-cognitive processes. Science Advances, 3, €1 701742.

Deaner, R.O., Isler, K., Burkart, J. & van Schaik, C. (2006). Overall brain size, and not
encephalization quotient, best predicts cognitive ability across non-human primates.
Brain, Behaviour and Evolution, 70, 115-124.

DeCasien, A. R., Williams, S. A. & Higham, J. P. (2017). Primate brain size is
predicted by diet but not sociality. Nature Ecology and Evolution, 1, 0112.

Di Paolo, L. D, d’Almeida, A. F. A. & Di Vincenzo, F. (Eds.) (2018) Social Cognition
in Non-human Primates and Early Homo. Berlin: Springer.

Dunbar, R.I.LM. (1995). Neocortex size and group size in primates: a test of the
hypothesis. Journal of Human Evolution, 28, 287-296.

Dunbar, R.I.LM. (1998). The social brain hypothesis. Evolutionary Anthropology, 6, 178-
190.

Dunbar, R.I.M. & Shultz, S. (2007). Evolution in the social brain. Science, 317, 1344-
1347.



305
306
307
308
309
310
311

312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

11

Emery, N.J., Clayton, N.S. & Frith, C.D. (2007). Social intelligence: from brain to
culture. Philosophical Transactions of the Royal Society B, 362, 485-488.

Forss, S. I. F., Willems, E., Call, J. & van Schaik, C.P. (2016). Cognitive differences
between orangutan species: a test of the cultural intelligence hypothesis. Scientific
Reports, 6,30516.

Fox, K. C. R., Muthukrishna, M. & Shultz, S. (2017).The social and cultural roots of
whale and dolphin brains. Nature Ecology and Evolution, 1, 1699-1705.

Galef, B.G. & Whiten, A. (2017). The comparative psychology of social learning. In J.
Call (Ed.), APA Handbook of Comparative Psychology: Volume 2, Perception,
Learning and Cognition. American Psychological Association, Washington. pp.
411-440.

Gilby, I. C. (2012) Cooperation among non-kin: Reciprocity, markets and mutualism. In
Mitani, J., Call, J., Kappeler, P., Palombit, R., Silk, J. (Eds), The Evolution of
Primate Societies. Chicago University Press, Chicago, pp. 514-530.

Hall, K. & Brosnan, S. F. (2017). Cooperation and deception in primates. Infant
Behavior and Development, 48, 38-44.

Healy, S. & Rowe, C. (2007). A critique of comparative studies of brain size.
Proceedings of the Royal Society, B, 274, 453-464.

Humphrey, N.K. (1976). The Social Function of Intellect. In Bateson, P. P. G., Hinde,
R. A. (Eds) Growing Points in Ethology. Cambridge University Press, Cambridge,
pp. 303-317.

Joly, M., Micheletta, J., de Marco, A., Langermans, J. A., Sterck, E. H. M. & Waller, B.
M. (2017). Comparing physical and social cognitive skills in macaque species with
different degrees of social tolerance. Proceedings of the Royal Society, B, 284,
20162738.

Krupenye, C., Kano, F., Hirata, S., Call, J. & Tomasello, M. (2016). Great apes
anticipate that other individuals will act according to false beliefs. Science, 354,
110-114.

Kudo, H. & Dunbar, R.I.M. (2001). Neocortex size and social network size in primates.
Animal Behaviour, 62, 711-722.

Liebal, K., Waller, B. M., Burrows, A. M. & Slocombe, K. E. (Eds.) (2013). Primate
Communication: A Multimodal Approach. Cambridge, Cambridge University
Press.

MacLean, E. L., Merritt, D. J., and Brannon, E. M. (2008). Social complexity predicts
transitive reasoning in prosimian primates. Animal Behaviour, 76, 479-486.

MacLean, E. L., Sandel, A. A., Bray, J., Oldenkamp, R. E., Reddy, R. B. & Hare, B. A.
(2013). Group size predicts social but not non-social cognition in lemurs. PLOS
ONE, 8, €66359.

Melis, A. P., Hare, B. & Tomasello, M. (2006). Chimpanzees recruit the best
collaborators. Science, 311, 1297-1300.

Meunier, H., Anderson, M. & Cassel, J. C. (Eds) (2017). An overview of nonhuman
primates’ communication and social abilities through behavioral and neuroscientific
approaches. Neuroscience and Biobehavioral Reviews, 82, whole issue pp. 1-123.

Noonan, M. P., Sallet, J., Mars, R. B., Nuebert, F. X., O’Reilly, J. X., Andersson, J. L.
... & Rushworth, M. F. S. (2014). A neural circuit covarying with social hierarchy
in macaques. PLOS Biology, 12, e1001940.


http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=U2wvsIj3NiCdv9TacZY&page=2&doc=11&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=U2wvsIj3NiCdv9TacZY&page=2&doc=11&cacheurlFromRightClick=no

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

12

Pasquaretta, C., Levé, M., Claidi¢re, N., van de Waal, E., Whiten, A. ... Sueur, C.
(2014). Social networks in primates: smart and tolerant species have more efficient
networks. Scientific Reports, 4, 7600.

Perez-Barberia, F. J., Shultz, S. & Dunbar R.I.M.. (2007). Evidence for coevolution of
sociality and relative brain size in three orders of mammals. Evolution, 61, 2811-
2821.

Powell, L. E., Isler, K. & Barton, R. A. (2017). Re-evaluating the link between brain
size and behavioural ecology in primates. Proceedings of the Royal Society B, 284,
20171765.

Sallet, J., Mars, R. B., Noonan, M. P., Andersson, J. L., O’Reilly, J. X., Jbabdi, S. J, ...
& Rushworth, M. F. S. (2011). Social network size affects neural circuits in
macaques. Science, 334, 697-700.

Santos, L. R., Nissen, A. G. & Ferrugia, J. (2006). Rhesus monkeys (Macaca mulatta)
know what others can and cannot hear. Animal Behaviour, 71, 1175-1181.

Seyfarth, R.M. & Cheney, D.L. (2015a). Social cognition. Animal Behaviour, 103, 191-
202.

Seyfarth, R.M. & Cheney, D.L. (2015b). How sociality shapes the brain, behaviour and
cognition. Animal Behaviour, 103, 187-190.

Seyfarth, R.M. & Cheney, D.L. (2017). Social cognition in animals. In J. Sommerville
& J. Decety (Eds.) Social cognition: Development across the lifespan (pp. 46-68 ).
New York: Routledge.

Street, S. E., Navarrete, A. F., Reader, S. M. & Laland, K. N. (2017). Coevolution of
cultural intelligence, extended life history, sociality and brain size in primates.
Proceedings of the National Academy of Sciences of the USA, 114, 7908-7914.

van Schaik, C.P. & Burkart, J.M. (2011). Social learning and evolution: the cultural
intelligence hypothesis. Philosophical Transactions of the Royal Society B, 366,
1008-1016.

Whiten, A. (2000). Social complexity and social intelligence. In: The Nature of
Intelligence (Novartis Symposium 233). Chichester: Wiley. pp. 185-201.

Whiten, A. (2013). Humans are not alone in computing how others see the world.
Animal Behaviour, 86, 213-221.

Whiten, A. (2017). How culture extends the scope of evolutionary biology in the great

apes. Proceedings of the National Academy of Sciences of the USA, 114, 7790-7797.

Whiten, A. (2018a). The evolution and ontogeny of ‘Deep Social Mind’ and the social
brain. In Minnesota Symposia in Child Development, Vol. 39: ‘Development of the
Social Brain’ (Eds. Ellison, J. & Serra, M.). Hoboken, New Jersey: John Wiley &
Sons Inc. in press.

Whiten, A. (2018b). Brainpower boost for birds in larger groups. Nature, 554, 303-304.

Whiten, A. & Byrne, R.W. (1988a). The Machiavellian intelligence hypotheses. In
Byrne R.W. & Whiten, A. (Eds). Machiavellian Intelligence: Social Complexity
and the Evolution of Intellect in Monkeys, Apes and Humans. Oxford University
Press, Oxford, pp. 1-9.

Whiten, A. & Byrne, R.-W. (1988b). Tactical deception in primates. Behavioral and
Brain Sciences, 11, 233-273.

Whiten, A. & Byrne, R.W. (1997). The Machiavellian mindreader. In Whiten, A. &
Byrne, R. W. (Eds) Machiavellian Intelligence II: Extensions and Evaluations.
Cambridge: Cambridge University Press. pp. 144-173.

Whiten, A., Horner, V. & de Waal, F.B.M. (2005). Conformity to cultural norms of tool
use in chimpanzees. Nature, 437, 737-740.



400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417

13

Whiten, A. & van de Waal, E. (2017). Social learning, culture and the ‘socio-cultural
brian’ of human and nonhuman primates. Neuroscience and Bio-behavioral
Reviews 82, 58-75.

Whiten, A. & van Schaik, C.P. (2007). The evolution of animal ‘cultures’ and social
intelligence. Philosophical Transactions of the Royal Society B, 362, 603-620.
Wittig, R. M., Crockford, C., Langergraber, K. & Zuberbiihler, K. (2014). Triadic social
interactions operate across time: a field experiment with wild chimpanzees.

Proceedings of the Royal Society B, 281, 20133155.

Wittig, R. M., Crockford, C., Seyfarth, R. M. & Cheney, D. L. (2007a). Vocal alliances
in chacma baboons, Papio hamadryas ursinus. Behavioral Ecology and
Sociobiology, 61, 899-909.

Wittig, R. M., Crockford, C., Seyfarth, R. M., Wikberg, E. & Cheney, D. L. (2007b).
Kin mediated reconciliation substitutes for direct reconciliation in baboons.
Proceedings of the Royal Society B, 274, 1109-1115.

Zuberbiihler, K. (2012.) Communication strategies. In Mitani, J., Call, J., Kappeler, P.,
Palombit, R. & Silk, J. (Eds), The Evolution of Primate Societies. Chicago
University Press, Chicago, pp. 643-663.



