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Just-so stories are prominent in human evolution literature because of our tendency to

create simple progressionist narratives about our “special” place in nature, despite the

fact that these stories are almost exclusively based on hard tissue data. How can we be

so certain about the evolution of human facial communication, bipedalism, tool use, or

speech without detailed knowledge of the internal anatomy of for instance, one of the

two extant species more closely related to us, the bonobos? Here I show how many

of these stories now become obsolete, after such a comprehensive knowledge on the

anatomy of bonobos and other primates is finally put together. Each and every muscle

that has been long accepted to be “uniquely human” and to provide “crucial singular

functional adaptations” for our bipedalism, tool use and/or vocal/facial communication,

is actually present as an intra-specific variant or even as normal phenotype in bonobos

and/or other apes.

Keywords: chimpanzees, apes, bonobos, biological anthropology, functional morphology, muscles, human

evolution

Just-so stories (Smith, 2016) are frequent in the literature about human evolution because of our
tendency to build simple progressionist narratives about our “special” evolutionary history and
place in nature (Gould, 1993, 2002). This is particularly striking because these stories are in reality
almost exclusively based on hard tissue data. In fact, descriptions of the soft tissues of apes have been
relatively scarce and mainly referred to just a few muscles of the head or limbs of a single taxon,
in most cases (e.g., Tyson, 1699; Bischoff, 1880; Raven, 1950; Swindler and Wood, 1973; Diogo
and Wood, 2011, 2012; Persaud and Loukas, 2014). For instance, the only study that specifically
focused on the musculature of bonobos (Pan paniscus) was that of Miller (1952), which was based
on dissections of a single adult and did not provide information for numerous head and limb
muscles (Diogo and Wood, 2011, 2012). Strikingly, despite this scarcity of information, biologists
and anthropologists have displayed a remarkable confidence in their stories about the origin and
evolution of human soft tissues, including their phylogenetic distribution and “singular functional
adaptations.”

To illustrate this fact, in this short paper I will refer here briefly to seven muscles that have
long been generally seen as “unique human features” and linked with specific adaptations for
our bipedalism, tool use, and vocal or facial communication. Firstly, the facial expression muscle
risorius (Figure 1) has been generally accepted as a unique feature crucial for the evolution of our
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Diogo Just-So Stories of Human Evolution

FIGURE 1 | Differences between head muscles of common chimps, bonobos, and humans, based and modified from Diogo et al. (2017b). There are no major

consistent differences concerning the presence/absence of muscles in adult common chimps (left) and bonobos (center), the only minor difference (shown in gray in

the common chimp scheme) being that the omohyoideus has no intermediate tendon in bonobos, contrary to common chimps (and humans). In contrast, there are

many differences between bonobos and humans (right) concerning the presence/absence of muscles in the normal phenotype (shown in colors and/or with labels in

the human scheme). Modified from Diogo et al. (2017b); © Diogo has copyright of these figures.

“gracile” smile and “specially sophisticated” facial
communication abilities (Huber, 1931). In a very influential
paper, Susman et al. argued—although (fortunately) not as
confidently as the assertions done by some of the other authors
cited here—that the hand muscle adductor pollicis accessorius
(Figure 2; “Henle” or “interosseous volaris primus” muscle:
Bello-Hellegouarch et al., 2013) is a unique feature likely
related to our increased ability to manufacture and/or use tools
(Susman et al., 1999). Similarly, the foot muscle adductor hallucis
accessorius—which topologically corresponds to the adductor
pollicis accessorius of the hand—is also often considered to be
uniquely found in our bipedal species, being at least consistently
present at early stages of our ontogenetic development (Cihak,
1972). The foot muscle fibularis tertius (Figure 3) is, according
to Lewis’ (1989) highly influential monograph on the evolution
of our limbs, a unique feature most likely associated with
our bipedal evolution (Lewis, 1989). The flexor pollicis longus
and extensor pollicis brevis (Figure 2) are forearm muscles
that insert onto the thumb and that are generally considered
to be unique adaptations for human tool manufacture and
use (Lewis, 1989). For instance, it has been experimentally
shown that the recruitment to these two muscles allows human
subjects to maintain the metacarpophalangeal joint in extension
while flexing the distal phalanx of the thumb, i.e., two primary
movements usually done when we grab/manipulate objects
(Marzke et al., 1998; Williams et al., 2012). Lastly, the laryngeal
muscle arytenoideus obliquus has long been considered to be
a unique feature of humans—which also have an arytenoideus
transversus, in contrast to the single arytenoideus muscle said
to occur in all other primates—associated to our enhanced vocal
communication (reviewed in Diogo and Wood, 2012).

In the last years, my colleagues and I compiled the scarce
information available in the literature on primate muscles and
compared it to the results obtained from our dissections of
representatives of all major primate groups, in order to test
assertions and accepted ideas such as those mentioned in the

above paragraph (Diogo et al., 2010, 2012, 2013a,b, 2014; Diogo
and Wood, 2011, 2012). This goal can now be undertaken
because recently my colleagues and I were able to study in detail
the internal anatomy of a total of seven—six fresh (frozen) and
one embalmed (formalin)—bonobo specimens that died from
natural causes. This has been one of the most challenging and
enduring quests faced by biological anthropologists, due to the
very scarce number of bonobo specimens available in Western
museums and zoos (Diogo and Wood, 2012). We published our
detailed observations in an anatomical atlas of bonobos, which
provides notes about variations as well as comparisons with
humans, common chimpanzees, and other primates (Diogo et al.,

2017b). As that atlas did not discuss the broader evolutionary
implications of the obtained comparative data, the aim of the
present short paper is to provide a discussion of those broader
implications. The short summary provided below exposes major
flaws on each and every of the commonly accepted “stories”
about how the seven muscles listed above are “uniquely found”
in humans and were “specially important adaptations” within our
evolutionary history. This is because, contrarily to the ideas used
in such “stories,” each of these muscles is actually present as a
variant or even as the normal phenotype of at least one group of
our living closer relatives, the apes.

The fibularis tertius, commonly associated with human
bipedalism (e.g., Lewis, 1989, see above), was present in almost
half (3/7) of the dissected bonobos (in the fetus, infant Etje, and
adolescent Jasiri), going to metatarsal V—exactly as it normally
does in humans—in the fetus and infant, and to the proximal
phalanx of digit 5 in the adolescent (see, e.g., Figure 4A). As
bonobos are obviously not fully bipeds (in fact, even their peculiar
type of “bipedal walking” has been recorded as <1% of terrestrial
locomotion in the wild: e.g., Doran, 1993), stating that the
presence of this muscle is necessarily related to, and brought
adaptative advantages for, human bipedalism (e.g., Lewis, 1989)
does seem to be mainly an unsupported just-so-story. Similarly,
the adductor pollicis accessorius, or “Henle” muscle of the hand,
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FIGURE 2 | Differences between forelimb muscles of common chimps, bonobos and humans, based and modified from Diogo et al. (2017b). The only consistent

difference between bonobos (center) and common chimps (left) concerning the presence/absence of muscles (shown in colors in the common chimps and

bonobos schemes) is that in the former the intermetacarpales 1–4 are usually fused with the flexores breves profundi 3, 5, 6, and 8 to form the dorsal interossei

muscles 1–4 (* in bonobo) figure, as is the case in humans. In contrast, there are many differences between bonobos and humans (right) concerning the

presence/absence of muscles (shown in colors and/or with labels in the human scheme; muscles present in chimps and not in humans are shown in black, in

chimps). Modified from Diogo et al. (2017b); © Diogo has copyright of these figures.

said to be linked to our enhanced ability to manufacture and use
tools (e.g., Susman et al., 1999), was present in two (fetus and
infant Etje) of the seven dissected bonobos, running mainly from
metacarpal I to the thumb’s proximal phalanx, as it often does
in humans (see, e.g., Figure 4B). Moreover, our comparisons
indicate that this muscle corresponds to a muscle described in
the past by a few other authors and also found by us in common
chimpanzees (P. troglodytes) as well as in gorillas (Diogo et al.,

2010, 2013b). Furthermore, the adductor hallucis accessorius, i.e.,
the “Henle”muscle of the foot, which had never been described in
non-human primates in the past, was also present in three (fetus,
infant Etje, and adolescent Jasiri) bonobos dissected by us (see,
e.g., Figure 5A), and in an adult P. troglodytes specimen that we
dissected together with the bonobos for that bonobo atlas.

Another assumption that is taken for granted is that our
hand/forearm structures are highly derived, when compared to
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FIGURE 3 | Differences between hindlimb muscles of common chimps, bonobos and humans, based and modified from Diogo et al. (2017b). The only consistent

difference between bonobos (center) and common chimps (left) concerning the presence/absence of muscles (shown in colors in the common chimps scheme) is

that the latter usually lack the scansorius, as is the case in humans. In contrast, there are many differences between bonobos and humans (right) concerning the

presence/absence of muscles (shown in colors and/or with labels in the human scheme; muscles present in chimps and not in humans are shown in black, in

chimps). Modified from Diogo et al. (2017b); © Diogo has copyright of these figures.
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FIGURE 4 | (A) Pan paniscus (ZIMS 164052, Ano, fetus female): dorsolateral view of the superficial muscles of the left foot. Extensor digitorum longus is detached

showing the fibularis tertius tendon going to the fifth metatarsal. Modified from Diogo et al.’s photographic atlas of bonobos Diogo et al. (2017a); © Diogo has

copyright of this atlas. (B) Pan paniscus (ZIMS 164052, Ano, fetus female): ventral view of the deep muscles of the hand after removal of contrahentes; note the

presence of the adductor pollicis accessorius (“interosseus volaris primus or Henle’s muscle”). Modified from Diogo et al.’s photographic atlas of bonobos Diogo et al.

(2017a); © Diogo has copyright of this atlas.

those of great apes (e.g., Susman et al., 1999; Young, 2003).
Within this assumption, the occurrence of a vestigial/absent
tendon of the flexor digitorum profundus to digit 1 often seen
in orangutans, gorillas, and common chimpanzees is contrasted
to the supposedly derived condition found in humans in which
the tendon is not only stout but forms a distinct muscle flexor
pollicis longus. As noted above, this muscle and the extensor
pollicis brevis are generally seen as crucial adaptations to our
peculiar tool manufacture/use abilities. However, our study of
bonobos revealed that, contrary to common chimpanzees and
other great apes, the tendon of the flexor digitorum profundus
to digit 1 is actually always a stout, non-vestigial structure (in
all seven bonobos dissected by us; see, e.g., Figure 5B), as is the
case with the corresponding tendon of the flexor pollicis longus in
humans. Therefore, it is equally parsimonious to assume that the
tendon became vestigial independently in orangutans, gorillas
and common chimpanzees (three steps) or became vestigial in
the clade including great apes and humans, and then stout
again in humans and bonobos (three steps). In fact the former

hypothesis is in line with a recent study including fossils that put
in question the supposedly derived configuration of the humans
hand because it indicates that the proportions of our hand are
likely more ancestral than previously thought (Almécija et al.,
2015), as well as with the fact that hylobatids and most non-ape
primates have a stout tendon (Diogo and Wood, 2012).

In fact, our recent dissections and comparisons revealed
that in hylobatids—which are the living sister-group of the
great-ape + human clade—the tendon is not only stout but,
strikingly, is also part of a distinct flexor pollicis longus muscle,
exactly as seen in humans (Diogo et al., 2012). Furthermore,
hylobatids also have a distinct extensor pollicis brevis, which
according to ideas that were taken for granted was supposedly
only found in humans and also an adaptation for human tool
manufacture/use (see review by Diogo et al., 2012). There are
increasing reports on the occurrence of tool use and even
manufacture in apes, but so far there is no indication that
hylobatids are in any way particularly “sophisticated” in this
sense (Shea, 2017). Therefore, the accepted idea that there is a
necessary link between the presence of these two muscles and
an enhanced tool use/manufacture ability (e.g., Marzke et al.,
1998; Susman et al., 1999) becomes, now, another example of a
just-so-story. Similarly, our recent dissections and comparisons
revealed that the laryngeal muscle arytenoideus obliquus, for
long seen as a unique human feature likely related to the

evolution of our speech, is found in a few common chimpanzees
(not in bonobos, so far) and various gorillas (Diogo et al.,
2010, 2013b). Lastly, the risorius, the supposed landmark of
our “uniquely sophisticated facial expression,” was also found
in various common chimpanzees (not in bonobos, so far) and
various gorillas (Diogo et al., 2010, 2013b).
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FIGURE 5 | (A) Pan paniscus: top ZIMS 164047, Jasiri, adolescent female; bottom ZIMS 164052, Ano, fetus female. Plantar view of the deep muscles of the foot,

showing the presence of adductor hallucis accessorius (interosseous volaris primus of Henle). Modified from Diogo et al.’s photographic atlas of bonobos Diogo et al.

(2017a); © Diogo has copyright of this atlas. (B) Pan paniscus (ZIMS 164031, Kidogo, adult male): palmar view of the superficial muscles of the left hand, showing that

the tendon of the flexor digitorum profundus to digit 1 is a stout, non-vestigial structure in bonobos, contrary to common the configuration often seen in common

chimpanzees, gorillas, and orangutans. Modified from Diogo et al.’s photographic atlas of bonobos Diogo et al. (2017a); © Diogo has copyright of this atlas.

Therefore, the detailed study of the internal anatomy of
our closest relatives, the apes, exposes the fallacy of the
simplistic and progressivist narratives that have been accepted
for so long—and continue to be—, often as dogmas. Only
the strong bias toward a vision of humans as so special
and specialized, associated with a clearly outdated extreme
adaptationist framework (see Diogo, 2017), can explain how
those ideas became to be so easily accepted, without being tested
against actual empirical data about the internal anatomy of
other primates. The picture that now emerges is clearly more
complex and less progressionist, including the occurrence of a
high level of intraspecific variation within all major extant ape
groups. Accordingly, this new scenario requires a more thorough
examination of why these muscles are present in apes, and in
particular in just a subset of the normal population within a
certain species such as bonobos. Are these muscles somewhat
useful for the individuals having them, as adaptationists would
argue, or are they just evolutionary neutral and related to the
occurrence of developmental constraints and/or simply the by-
products of other features (e.g., Gould, 2002)? Within this latter
context, could it be that humans simply evolved from a subset
of a population that happen to have those features as variants,
i.e., that their presence in our ancestors was mainly due to
factors such as drift/randomness, at least during the earlier
stages of our evolutionary history? What we need is therefore

to re-examine the evolution of human soft tissues and their
functional morphology in a less prejudiced way, replacing ad hoc
just-so-stories with an empiricist mind-set.
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