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Abstract
Ever since the publication of “The Origin of Species by Means of Natural Selection” by Charles Darwin in 1859, many theories have been put forward regarding the reasons as to why animals and
humans are different. Whilst there was an initial tendency to focus on the differences apparent in
the main anatomic characteristics of the human body, in more recent time research has concentrated on differences that are evident both in the anatomy and in that of the workings of the human brain. While in the past, the essence of the human being was placed on the pelvic structure,
the creation of tools or even the intermaxillary bone, the introduction of new technology and cerebral imaging is enabling us to glean previously unthinkable information regarding the evolution
of specific structures and parts of the brain. All these discoveries can be associated with new theories based on a better understanding of the workings of the human mind. Hence, as a result of an
enormous joint effort, a comprehensible description of the cause of the origin of mankind is
emerging. This allows “love”, once considered as merely a simple emotion, to be at the very core of
explaining the evolutionary characteristics of the human being.
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1. Introduction: Love and Evolution
Love between people is usually considered in the psychological field as an emotion (Toivonen et al., 2012) or feeling
associated with sexuality and impacting other mental functions, such as perception, even taste (Chan et al., 2013),
or even stronger impact on health (Perlman et al., 1971; Hart et al., 2007; Carey et al., 2014) or reasoning (Weber &
Lehman, 2005). Among the components of love, perhaps attachment (Ohoka et al., 2014), empathy (Ciaramelli
et al., 2013), sexuality (Rosenberg et al., 2014) and altruism (Ebstein et al., 2010), are those best known.
The emotional intensity and diversity associated with different stages of love contributes to the difficulty of
pigeonholing love as a specific mental function. As a consequence of this, the precise location of love within
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mental functions is still unclear, although many recent scientific studies are clarifying its behavioral (Höglund et
al., 2014), hormonal (Neumann, 2008), genetic (Schneiderman et al., 2013), or neuronal (Acevedo et al., 2012)
components, and even its relationship with some other mental functions such as attention (Langeslaq et al., 2014)
or memory (Alea & Vick, 2010).
From an anthropological perspective, researches focused on love, sexuality and mating have shown their
enormous diversity in different cultures (Mascie-Taylor & Boyce, 2009). There are also recent proposals for
feasibility and consequences of coupling between hominid species, for example between H. sapiens and H.
neanderthalensis, based on matches between chimpanzee and bonobo (Overmann & Coolidge, 2013).
Although some authors assume that love developed gradually throughout the evolutionary process, with some
of its peculiarities apparent in extinct hominids (as compassion—Hublin, 2010), others limit the appearance of
love only to recent times and only in our species, also assuming in many cases, that love is only an emotional
component of sexual interest.
From an evolutionary viewpoint, some components of love seem to be present in several classes of vertebratesmaternal attachment shown in some reptiles, courtship and fidelity in many birds ..., suggesting its gradual formation through the process of natural selection, although perhaps homeotherms animals -birds and mammals-,
are those showing the best evidence of such components (Fisher et al., 1998, 2006; Fisher, 2004).
Several already known phenotypic characteristics of human beings are presented in this article. Although they
have been explained separately, mostly in anthropological terms, when interpreted together they suggest that
love is a specific feature of evolutionary phylogeny of hominids.
At the same time, such evidence is consistent with recent findings about the brain substrate of love, allowing a
joint interpretation of conclusions from neuroscience and anthropology which seems reasonable in the overall
picture of biological evolution. In this interpretation, love is the crucial factor responsible for human ontogeny
and phylogeny.

2. Love Caused Human Evolution. Some of the Reasons
The list of points to back this argument is not only extensive but indeed overwhelming. Any one of the motives
found and imagined to explain the peculiarities or discoveries related to human evolution could easily refer to
love. The following sections show some of these and it should be understood that they are quoted not as anecdotes regarding the workings of the human mind but as the result of the positive selection of such aspects
throughout the evolution process and therefore subject to the mechanisms of natural selection. All these motives,
caused by or associated with love, have a repercussion in the development of Mankind by increasing the biological efficiency—fitness of the human race (and probably that of other human species).

2.1. Childhood
The first is the appearance of childhood in the evolution of hominids (Rozzi & Bermúdez, 2004). This can only
be explained by the existence of maternal love. If not who else would feed, carry, look after and protect its
young? Of course it’s the mother and the motive is human maternal love. It is a love that is new to nature with a
different cerebral and genetic make up to, say, that of the mother crocodile (Crocodylus moreletii) or certain
cichlids (Cichlidae) at sea who carry their young by mouth from one place to another to protect them from predators. A very different type of love to that which leads certain ungulates or birds to ostensibly hobble about in
front of lions and other predators in order to lure them away from their young hidden in the long grass. Contrary
to the presumption that humans have low fecundity and an inefficient reproductive system, which has been
challenged by Vitzthum (2009), love is the main cause of evolutionary success of our species through increasing
the fitness of human populations.
A love that is not wholly determined genetically but by a huge behavioral flexibility thanks to the great anatomically modern Homo sapiens (AMHS) brain, which has populated the earth in the last one to two million
years (Pearce et al., 2013). Recent data from the Spanish site of Atapuerca show evidence of the existence of a
prolonged childhood in Homo antecessor, similar to the present, about 900,000 years ago, long before the
emergence of our species (Bermúdez de Castro et al., 2010).

2.2. Weaning
Human babies are weaned before any other existing large primate (Smith et al., 2013), continuing a tendency
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observed in other extinct hominids (Smith et al., 2010). The care of their still defenseless young, and their laborious feeding once weaned, could only be motivated by maternal love, rather than by the implementation of social brains and the structure of group organizations which our predecessors could have had. Moreover, it is more
likely that such family and social structures were, and are, derived from the creation of love, for the benefit of
the evolutionary process, in the line of human evolution.

2.3. Nakedness
The hairless, bare skin obliges the human mother to permanently carry her baby and it has been suggested that
this is an essential factor in humanization (Sutou, 2012). Such a bare skin, so new in nature to primates that baby
humans still retain the grip reflex which enables them to cling to their mother while she is doing other things.
This occurs not only among primates; for example, also the breeding of the giant anteater (Myrmecophaga
tridáctila) clings firmly to the back of his mother when she moves.
In order to understand the ability of carrying out such a demanding and absorbing job as that of rearing the
young, not only do we always come back to maternal love, but also, as will later be commented upon, it could be
one of the pillars in the formation of the human mind, developed when the brain was designed to control the attention span to an extreme and almost permanent level. To that end, the implementation of love must have been
essential, and perhaps this is how the thread of human thought began to unravel.

2.4. Caressing
The caressing, present in mother-child and sexual relationships, is possibly due to very sensitive sensorial receptors in the palm of the hands and in the fingers which permit us to express love. The de-parasiting of the
body hair is a social process apparent in most primates bringing about a new erotic function, associated with the
creation of love between adults, transmitted through specific nerve fibers (Olausson et al., 2002).
Faced with the insistent ability to manipulate which brought about the opposable thumb, it is reasonable to
assume that human hands have played a key role in the experience and communication of love, as a way of continuing their previous function of de-parasiting and handling. In this way, tickling could be associated with certain instigating practices in human communication and this is why tickling provokes distinctively human laughter characteristics, compared to that heard in other primates (Davila Ross et al., 2009).
During intimate maternal or sexual moments, verbal language almost disappears, substituted by a variety of
guttural, babbling sounds, cooing sounds and groans, yet always accompanied by caresses. If individual language acquisition is in some way connected to mother-child genetics, then caresses must accompany the primitive systems of communication in humans, both verbally and non-verbally. Love should be the main driver of
this communication system.

2.5. Longevity
Female longevity is superior to that of the male in every society (Wingard, 1982; WHO, 2013, Seifarth, 2012).
Its physiological reasons, mainly hormonal, are already known, and the longevity of Korean eunuchs, promoted
by male hormones depletion, has been confirmed in a recent publication (Min et al., 2012). However, the evolutionary reason for the different life-expectancy between a man and a woman is less known as it doesn’t seem to
occur in other similar species, such as chimpanzees where the female dies shortly after reaching menopause,
both in wild life (Emery-Thompson et al., 2007) and in captivity (Herndon et al., 2012).
If love is created and maintained by brain activity particular to human mothers, this maintenance assures the
survival of her children, through infancy, childhood and adolescence. The mothers who died prematurely weren’t
able to ensure the survival of their genes in their children and grandchildren, so the longer they were alive, the
more their longevity genes were passed on.
The discussion regarding the relative importance of the role of the mother as opposed to that of the grandmother is still continuing (Hawkes & Smith, 2009; Madrigal & Melendez-Obando, 2008) but loses importance
when contemplating the creation of maternal love as being the cause of female longevity. This is of enormous
technical interest also for the understanding of human family organization, sexual selection, and human fitness,
in its initial phases (Moorad, 2013), and even to understand human longevity in both sexes (Hawkes & Coxworth, 2013, for an extensive overview, see Crews, 2003).
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Thus, the implementation of love can be directly associated with the selection of genes responsible for female
longevity, for the survival of women long after the menopause and, by extension, it may be considered mainly
responsible for human longevity.

2.6. Sexual Dimorphism
While in the general population there are little differences in body size between men and women, some important parameters do not show any difference, for example, the width-height ratio of the head in some groups
(Kramer et al., 2012). A phylogenetic reconstruction of the evolution of dimorphism, including fossil hominines,
indicates that the modern human condition, and characteristics associated with dimorphism, may have arisen independently and not directly from a common ancestor with chimpanzees (Playcan, 2012).
In the human species sexes have evident sexual characteristics, the male has the largest penis in erection of all
existing primates and women have the largest mammary glands of all female primates (for a comprehensive review of human sexuality under an evolutionary light, see Gray, 2013).
With regard to the penis, it is evident that natural selection has brought this about for its repercussion on reproduction (i.e., during copulation). Indeed, its importance has been explained for the vaginal orgasm (Costa et
al., 2012), and also, it has been recently shown that female mate choice could have driven the evolution of larger
penises in humans (Mautz et al., 2013). Therefore, a large erect penis does not constitute evidence that sexuality
has directed the recent human evolution. On the contrary, it is a support for the idea that a larger erect penis is
only an instrument dedicated to enhance the pleasure of women (Costa & Brody, 2007), and thus to increase the
addictiveness of love in both sexes.
As for the mammary glands, despite the possible argument that a more prominent bust is more effective in attracting a male these days (Gueguen, 2007), which is now part of present day culture, it appears evident that
natural selection brought about this development for its repercussion on the survival of descendants, that is, for
breast-feeding. But, possibly large breasts were also useful to maintain male sexual interest during child rearing
(which in turn, produced better survival rates for women, their children and for the genes of both parents). In
any case, it doesn’t appear to be only sexuality, merely sex present in all species, but rather the creation of human love, which is responsible for such particular sexual characteristics of men and women.

2.7. Genitals
Male genitalia have been previously treated; although a large erect penis is a peculiarity of our species between
great apes, men testes do not have special features between modern great apes.
With respect to the female, the woman’s external genitals are hidden, almost imperceptible, both in the biped
and quadruped position (Tosevski & Tosevski, 2006). This is a very noteworthy characteristic, in fact unique
amongst the female primates, many of whom produce a swelling of the rump when on heat, acting as a visible
signal of their reproductive phase. Given that natural selection has clearly acted in the negative selection leading
to the practical elimination of the female external genitals, this appears to be sufficient reason to believe that sex
has not been the driving force for recent human evolution.
A negative selection regarding the sexual signals may be considered infrequent in biological evolution. In fact,
sexual selection, already stated by Darwin (1871) and nowadays by other authors (Miller, 2007) is a key mechanism in the evolution process even now (Courtiol et al., 2012), for example, in the diversification of the immune system (Winternitz et al., 2013).
It is at this point that the significance of the creation of love becomes apparent in the evolutionary line of human being, differentiating it from sexuality.

2.8. Sexuality
Women are always sexually receptive but don’t show any physical signs of their reproductive state, except during menstruation, although their sexual interest is certainly influenced by hypophisiary and gonadal hormones
(Guillermo et al., 2010). Such a situation is equally surprising in the Mammalian biology given that when the
female is “on heat” and of reproductive interest, this corresponds to the days of ovulation, thus ensuring pregnancy and the consequent success of the evolution of the species (of course, there are several exceptions, such as
in rabbits or bonobos—Pan paniscus).
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Once again, this fact can be interpreted as an example of the subordination of sexuality towards love during
human evolution. In this way, there emerges an integration of sexual activity within the new mental function of
love, created by natural selection to accompany the peculiarities described in previous paragraphs, all of them
being, including sexual behavior, subordinate to the survival of the young.
Sex is the strongest drive in animal behavior, and by allowing frequent sexual intercourse between the parents,
natural selection ensured the stability of the couple throughout the child-rearing years and by the same measure
the survival of the children. In this way, when analyzed, frequency of penile-vaginal intercourse correlated positively with Satisfaction, Intimacy, Trust, Passion, and Love in the Global Relationship Quality Inventory. However, non-coital sexual behaviors were uncorrelated with those dimensions, and even masturbation frequency
was inversely associated with Love (Costa & Brody, 2007). Thus, although sexual pleasure and love are different motivations, they combine synergistically to promote family stability and survival of their offspring.

2.9. Fidelity
The stability of sexual human partners is maintained by fidelity, one of the key components of love. Whilst the
majority of birds are monogamous, amongst mammals, promiscuity is the norm (Fisher et al., 1998, 2006), thus
biological evolution resolved the problem of defenseless human children, selecting the creation of maternal love
and extending that same function to that of the relationship between the parents.
The neuronal substrate of fidelity in some species of mammals is already known, such as in the field mouse
(Microtus ochrogaster), which are found in certain receptors in the nerve cell membrane of the nucleus accumbens (Aragona et al., 2003, 2006). However, for the establishment of fidelity in humans, natural selection chose
the procedure of creating a potent addictive process towards certain physical and mental signs in the couple, encapsulated in the creation of love whose cerebral substrate is also known in detail (Bartels & Zeki, 2000, 2004;
Fisher et al., 2002).
Fidelity is associated to the main circuit of cerebral reward and allows great flexibility, given that it doesn’t
arise from the commitment proposed by some psychological theories on love (Sternberg, 2004), but by the result
of an addictive process created by natural selection to ensure biological fitness in the human species accompanied by its success in reproduction.
The faithful parents, lovers of their partner and their offspring, transmitted their appropriate love genes, unlike
the selfish parents who disowned their children, then these dying. Humanfidelity arises in women, in the maternal relationship and, according to a recent simulation exercise, fidelity must have extended rapidly as a characteristic of most males with the exception of high ranking males (Gavrilet, 2012).

2.10. Birth
The pain caused by the deflowering and rupture of the hymen, and giving birth, constitutes some characteristics
which are seldom considered in human evolution. It has been suggested that it implies the need for a strong motivation on the part of the woman to have sexual intercourse for the first time (Maul, 2007), and so it could be
associated with the creation of human love, which among its addictive characteristics, implies the capacity to
overcome the physical and emotional barrier imposed by the hymen.
The relationship between pain and emotion is known (Stancak & Fallon, 2013), as well as its relation with
empathy (Singer et al., 2004). The pain usually associated with the rupture of the hymen, in the same way as that
which usually accompanies the hardship effort required to give birth, can only have been selected positively by
the natural selection process if these experiences were necessary to strengthen the establishment of an intense
emotional relationship between partners (Maul, 2007). The explanation appears obvious in the context of the
creation of human love, which causes and stimulates the most intense emotions which a person can experience.
Not that love arose after the occurrence of difficult deliveries, but rather the pre-existing love allowed the survival of mother and baby when new species developed an increasingly difficult birth.

2.11. Reproduction
The high reproductive level of the human species is without comparison among the large existing primates.
However, it must be noted that human gestation is absolutely longer (38 - 40 weeks) than that of chimpanzee
(Pan, 32 wk), Gorilla and Pongo (37 - 38 wk), and indeed, the data indicate that gestation has increased in the
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hominid lineage (Dunsworth et al., 2012). But all the previous factors combined allow a woman to have a child
every year or two, reproducing at an unachievable frequency in other great apes (chimpanzee and gorilla, 4 to 6
years, orangutan, 7 or 8). The rapid termination of the breast feeding period and subsequent pregnancies must
have required paternal collaboration, given that the genes of the selfish fathers, who didn’t help their partners,
must have disappeared quickly along with their offspring, according to what has been suggested (Gavrilet, 2012).
The importance of the help of other females, previously touched on in point 5, is a factor which also can explain
the gene selection responsible for female longevity, mainly having in mind feeding limitations.
It has been recently proposed that the power supply (and not the pelvic diameter) was the limiting factor of
the increase in brain development in both pregnancy (Dunsworth et al., 2012) and human phylogeny (Fonseca &
Herculano, 2012). These points and others combined harmoniously to make family and group organization
possible, and turned everything around food acquisition. Indeed, the creation of human love would become an
essential factor in the building of what is known as the “social brain” to which many authors attribute the origin
of mankind’s peculiarities (Dunbar, 2012; Pearce et al., 2013). In short, the fitness in the species could not be
greater considering the factors associated with the length of the gestation period.

2.12. Addiction
The addictive inclination present in humans is extraordinary. In the last few thousand years a host of substances
have been cultivated, created and have become widespread, to which people can become addicted. There is also
an enormous variety of manners and behaviors capable of creating addition. All these can be associated with the
effect they have on cerebral structures whose relation to love is already known. It has also been recently explained that the unpleasant symptoms of abstinence which provoke the continuation of consumer habits such as
substances like cocaine, can refer to a brain function similar to those produced by the breakdown of a love affair
(Fisher et al., 2010).
Although at this given time it is not possible to generalize this discovery to include all existing addictive
drugs and behaviors, it is a fact that the pleasure such drugs and behaviors can generate has a cerebral substrate
in common with that generated by love (Bartels & Zeki, 2004), mainly, the dopaminergic ventral tegmental area,
as well as related areas, in long-lasting relationships (Acevedo et al., 2012).
Furthermore, recent research establishes the utility of the use of oxytocin, associated with attachment and love
(Scheele et al., 2013), in the treatment of drug addiction (McGregor & Bowen, 2012; Pedersen, 2014). However,
it should be noted that not everyone believes in the addictive power of love (Reynaud et al., 2010) as it is beginning to be proven that the anatomy and brain chemistry of love and addiction are closely related.
Here, it is proposed that the human capacity to love can explain the apparent tendency to create and invent
substances and methods capable of generating addiction, from drugs to Internet use (Romano et al., 2013), or
mobile phone use (Kwon et al., 2013), which have already been proven to have an addictive quality. In humans
the creation of love originates from the mother-child love, and the woman is the specific subject of the positive
selection of fidelity, extending quickly at a later date to men. As in love, or when experiencing jealousy (Sagarin
et al., 2012), addiction processes are different in males and females, as has been shown, for example, in nicotine
dependence, where females show stronger functional coupling between brain structures involved (Wetherill et
al., 2014), some of them also implied in love experience, as insula or anterior cingulate cortex.
Unlike the sexual pleasure that can be obtained with any other person, love is an addictive process specifically
triggered by certain physical and mental characteristics of the beloved. In evolutionary terms, it makes no sense
that a person can become addicted forever to alcohol or other drugs, and that instead he or she can fall in love
several times in life, or that love only lasts a few years. Love is a mental function that can be put in the category
of physiological motivations, such as hunger or thirst. Like these, it is composed of different behavioral components and internal states. All the different addictions perhaps only put in evidence spurious activations of brain
circuits associated with love.

2.13. Language
The origin of language can easily be explained through the emergence of love in the mother-child relationship.
Language evolution shows at least three essential characteristics which are briefly described in the following,
together with its dependency on the creation of love.
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2.13.1. The Beginning of Language
Language acquisition requires exposure to the same at a point in a person’s development which finishes at
around puberty, this is especially important in learning a second language, and having different consequences in
cortical thickness of temporal lobes, depending on the age of acquisition (Klein et al., 2013).
The initial sounds produced by the mother and baby helped strengthen, and were strengthened by, the experience of mother-child love in the evolutionary line of the hominid. The genetic determination of a language
based on facial expressions, as suggested by Charles Darwin (1872) and which Paul Ekman has demonstrated,
extends to all other existing human beings (Ekman, 2009). It should probably be extended to all other existing
hominids of recent periods, given the probable emotional speech determination (Jablonka et al., 2012).
The cause of new vocal sounds added to facial expressions such as gurgles, whimpers and babblings have
been motivated by pleasure, as pleasure accompanies communication as recently demonstrated (Tamir & Mitchell, 2012), playing the part in a spiraling addiction in the mother-child communication, and being the main
speech instigator.
Thus facial, guttural, body and finally verbal language arose from the boundless capacity to love, which was
gradually established in the brain of the anatomically modern human species (AMHs).
2.13.2. Language Dimorphism
Language building in the human brain follows similar traits in everybody if the necessary conditions are available for its acquisition. The rhythm and sounds of the words that are acquired are especially notable in the first
years of life, acquiring a large vocabulary with enormous speed (Goldfield & Reznick, 1990), unachievable by
other primates who have been trained with symbols or sign language for the deaf (Yang, 2013). This proves the
peculiarity of the human brain for verbal language, although other cerebral adaptations related to communication
in other primates are also known, for example, in the chimpanzee (Gannon et al., 1998), and even in other types
of animals, such as birds (Moorman et al., 2012).
It is also known that the acquisition and mastering of language is superior in girls compared to boys (Erikson
et al., 2012), which demonstrates the special preparation for communication of the female brain, as with its relation to the creation of maternal love.
Love, originated in the mother-child relationship, has the woman as its initial subject, with recognized differences to the male sex with regards to cerebral emotional experience (Koch et al., 2007), and language (Harasty
et al., 1997).
Thus, language was instigated by natural selection and began emerging in women, motivated by love.
2.13.3. Language Genetics
Language acquisition requires at least two types of genetic conditions, firstly, mutations related to cerebral connections which are becoming known (Lai et al., 2001; Enard, 2011), as are their functional consequences (Bowers et al., 2013), and secondly, mutations implicated in the necessary adaptation of the voice box to permit the
phonetic sounds of our species and which are not found in other primates. This was achieved mainly by shortening of the face, as recently shown in the Zuttiyeh fossil, between 500.000 and 200.000 years ago (Freidline et
al., 2012). As it is unimaginable that both groups of mutations were produced simultaneously in the present human species, this should be interpreted as the human brain possessing the capacity to create language—as a result and motivated by love—in other now extinct species of hominids.
Thus, a brain capable of speaking must have existed before the mutations responsible for the shortening of the
face, necessary for the supralaringeal and the oral cavity implicated in the voice box. In the same way, the human’s ability to learn a language is proof of the role of natural selection and genes in this process. Although
most of the FOXP2 gene is shared with Neanderthal, recent findings show genetic differences that may have had
an impact on the language of modern human (Maricic et al., 2013).
Other authors have already expressed ideas in favor of the existence of brains capable of speech, although
with less phonemes and more guttural sounds (Johansson, 2013), and perhaps language evolution started like the
evolution of reading and writing, through cultural evolutionary processes, and with language enhancing the inhibitory control of emotions (Jablonka et al., 2012). This idea conjures up a picture of humans populating the
Earth in the form of diverse species, in an authentic evolutionary explosion which created more than 20 species
or forms of hominids (Tattersall & Matternes, 2003), referred to as AMHs, throughout the last two million years.
Before the existence of the voice box, love instigated facial, guttural, body and primitive verbal communication
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shared by other human species as can be seen in a nerve channel that controls the tongue muscles similar to the
present day human at a little under 500,000 years ago (Kay et al., 1998).
It has been recently demonstrated how FOXP2 gene is more expressed in the left hemisphere cortex of 4year-old girls than in boys (Bowers et al., 2013). So, in those diverse species with the line of descent still unknown, love was selected positively judging by its repercussion in the survival of descendants and the consequent increase of biological fitness in the current human species, in part by promoting a more rapid and effective
language acquisition in women.

2.14. Phylogeny
The creation of love throughout human phylogeny can be confirmed by studying the existing proofs related to
some of the previous factors. In this way, it is not credible to believe that all the points that have been dealt with
previously, and which characterize the present human species, will have emerged suddenly in one single couple
and at one single point in the past. On the contrary, it is more likely to be found present in several of the other
species that probably accompanied or preceded the current Homo sapiens, being perhaps their extinction promoted by the sole survivor (Bokma et al., 2012), and there are proofs that several of these factors were already
evident in other AMH species: basic “modern” morphology seems to have appeared significantly earlier in time
than the first stirrings of the modern symbolic cognitive system (Schwartz & Tattersall, 2010).
So, to add some other examples, from the study of fossilized teeth, the evolutionary period of childhood in
various species can be gradually reconstructed, showing a general trend to a shorter weaning and prolonged
childhood, possible above all, by maternal love. Also, data originating from the analysis of the length of fingers
–associated apparently with polyginy—there emerges a family organization in various previous hominid species,
but not in others (Nelson et al., 2011).
So, the phylogeny of love should be understood as the gradual appearance of a new ability which defines the
main peculiarity of the human evolutionary line, above all others that have been previously pointed out, such as
the upright position, the building of tools, the making of fire or language.
Also, it was previously noted that in the human evolutionary line there is a noticeable tendency to similarity in
body size between males and females, showing less sexual dimorphism than that existing between other large
extant primates (Robson & Wood, 2008). This fact cannot be explained through a predominant perspective
which attributes some of the peculiarities shown in previous points through the notion of a purely sexual selection, otherwise it would, with all reason, have increased dimorphism, or at least would have maintained different
body sizes, as in other species of great apes.
The cause of human sexual little size dimorphism is uncertain (Playcan, 2012), but the gradual building of
love through female selection could be a key factor, affecting both simultaneously, the mind and the human
body, rather than other factors commonly considered, such as mate competition, resource competition or intergroup violence.
It would appear that the creation of the phylogeny of love has altered the course of the mechanism of sexual
selection towards the invention of love, recovering and integrating some previous abilities, such as fidelity, empathy, pleasure etc., and adding others, perhaps in a similar way to which evolution created flight in insects and
later invented it in birds (feathers, hollow bones, muscles…). Today it seems obvious that love must be understood as a physiological motivation (Fisher, 2004; Aron et al., 2005; Xu et al., 2011), like hunger, thirst or sleep
and not as a simple emotion in which it is pigeon-holed.
Finally, love may be the only reason explaining the survival of some fossils, as the Homo erectus 1.5 million
years ago, recently discovered by a Zurich team. Following the authors of this paper, the fossil shows such
damage to his spine that only advanced social care could prevent death several months before production
(Haeusler et al., 2013). Presumably, maternal love should be the responsible for the amazing survival of this and
other fossils, as the Neanderthal partial skeleton of La Chapelle-aux-Saints I, (Trinkaus, 1985), or the child with
a skull deformity over 500,000 years ago discovered in Atapuerca (Gracia et al., 2009).
In these, and similar cases, instead of compassion (Hublin, 2009), or in addition to, love was probably essential for the organization and for the survival of individuals in human groups.

2.15. Ontogeny
Love is an essential factor in human ontogeny. The individual development of the human being requires the ex-
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perience of love, in the same way as the development of the visual system and visual cortex needs the experience of light (Espinosa & Stryker, 2012), or as in the case of the stimulation of the sense of smell that causes
the production of new neurons in all components of the brain circuit implied in the sense of smell (Shapiro et al.,
2009). In the same way, mental functions have been associated with brain development (Casey et al., 2003).
Data obtained from the clinic show the importance of the experience of love in the construction of the human
brain and mind. Thus, the lack of love, understood as abandon, violence or sexual abuse in infancy or childhood
are the origins of disruptions in the workings of the adult brain (Bremmer et al., 1999, 2003; Márquez et al.,
2013), and with different repercussions in both sexes (Edmiston et al., 2011), which is worth stressing due to the
special sensitivity towards love of the developing female brain due to reasons of previously stated phylogenetic
traits.
After childhood, the developing adolescent brain remains equally affected by the exposure of abusive drugs
and by sexual abuse (Kolb & Whishaw, 1998; Mathew et al., 2004). The risk factors associated with involvement in youth crime tend to be the same in different countries (Sampson & Winström, 2008). Whilst an earlier
study has noted that poverty and social problems in the childhood family have long-term consequences for the
risk of exclusion much later in life (Bäckman & Nilsson, 2011), a recent study on three different cohorts illustrates stability concerning the long-term consequences on inequalities in childhood conditions and involvement
in crime, and also concerning the inability of society to satisfactory deal with these problems over time
(Bäckman et al., 2014).
Given that love and reward circuits are closely related, perhaps this is the route by which violence and pain
can produce pleasure in certain individuals (Porges & Decety, 2013). Maltreatment in infancy doesn’t only affect the individual, but in the case of girl victims can also have repercussions on her offspring. By way of this,
changes in levels of cortisol production during pregnancy have been found in women who were victims of child
abuse (Bublitz & Storud, 2012), which is now known to alter the ulterior brain development (Singh et al., 2012).
Furthermore, data from criminology studies and psychologists also show that the infancy and childhood of
some serial murderers was marked by a lack of love (Mitchell & Aamodt, 2005; Vronsky, 2004).
It is left to conclude, in the light of these discoveries, that love in the first stages of life drastically influences
the configuration of the developing brain. Although we are starting to know some of these genes (Márquez et al.,
2013) and cerebral structures (Mathew et al., 2004; Edmiston et al. 2011; Márquez et al., 2013) implied in such
consequences, it is of no less importance to recognize the fact that the lack of love during the formation of the
human brain can affect subsequent generations, and also other people than those directly affected.
Finally, if love is a crucial factor in human ontogeny, this argument can be used as indirect evidence (as proposed by embryologist Ernst Haeckel) supporting that love has played an important role in human phylogeny.

2.16. Brain
The substrate of love involves several cortical and subcortical structures from various functional systems, e.g.,
the mesolimbic reward circuit already mentioned and which is involved in its addictive character, but also others,
such as the mirror neuron system, and the mentalizing system. All of them can easily be associated with love
The creation of love in human evolution must have been associated with cerebral circuits responsible for empathy, which is more extensive in humans and consists of larger brain areas than in other existing primates (Sale
& Franceschini, 2012). Mirror neurons, originally discovered in the premotor (Gallese et al., 1996, 2004) and
parietal (Gallese et al., 2002) cortex of monkeys, are a class of neurons that discharge not only when individuals
perform a particular action but also when they observe or hear others performing the same action.
Neuroimaging and neurophysiological investigations show evidence of the existence of a cortical network
with the properties of mirror neurons in humans: the mirror neuron system, that seems to include the premotor
cortex, the caudal part of the inferior frontal gyrus and the rostral part of the parietal lobe and which is involved
in understanding the actions of others and their intentions (Modroño, 2012). Other structures, such as the insula
and the anterior mesial cortex, are activated by emotional stimuli (Singer et al., 2004), then associating the mirror neuron system with love.
It is known that watching social interactions produces dorsomedial prefrontal and medial parietal function increases (Iacoboni et al., 2004), and so, human frontal brain development could be stimulated by scrutiny in the
mother-child interactions (in both, ontogeny and phylogeny, and motivated by love), rather than by the observation of complex interactions between adults. Furthermore, it is also of interest the finding that action perception
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can lead to both augmentations and decreases in the activity of these brain regions (Modroño et al., 2013). The
use of such circuits to understand the minds of others must have constituted an indispensable mental tool in the
mother-child and social relationships, and its defects are now associated with disruptions of the human mind as
those present in what is known as the autistic spectrum (Wong et al., 2012; Wan et al., 2010).
Mentalizing, also known as the theory of mind (ToM) refers to the ability that enables one person to build a
model of another’s mind to infer intentions, goals and desires. ToM research has led to the anatomical definition
of the mentalizing system, which consists of the precuneus, the temporoparietal junction and the medial prefrontal cortex (Modroño, 2012).
Recent neuroimaging studies in humans have indicated that individual differences in social network size correlate with amygdala volume and the volume of brain regions associated with theory of mind in both human and
monkeys, and these findings provide crucial support for the social brain hypothesis (Dunbar, 2012). Thus, socially excluded individuals show defects in prefrontal development (Powers et al., 2011). Recent work from our
laboratory has also found that the nature of the opponent also affects emotional and attentional processes. So, it
has been found a parallelism between mentalizing and sympathetic nervous systems activity patterns that is related to emotional arousal (Modroño et al., submitted). Given that love is recognized as the cause of the most
intense emotions a person can experience, love must have accompanied, at least, if not caused, the evolution of
both, the mentalizing system and the mirror neuron system.
Love builds upon a neural circuit for emotions and pleasure, and it is obviously associated with sex, as described in a recent meta-analysis of brain activity in both functions (Cacioppo et al., 2012), but love is also associated with breathing, pulse, vision, memories, and many other brain functions, and cannot be reduced to them.
In fact, in the female brain, the intensity of love experienced is mediated by the angular gyrus, whilst a different
structure, the insula is associated with orgasm (Ortique, 2007); furthermore, in this work, no relationship was
found between intensity of love and partnered orgasm frequency, presumably because sex is not the more important factor for the emergence of love.
The cerebral substrate of love implies a variety of structures which respond in different ways in different
stages within a love relationship. Among them being the frontal lobes, and specifically, the prefrontal cortex and
several subcortical structures, such as the Islands of Calleja, which have been suggested as allowing the integration of sexuality into the superior functions in the cerebral cortex (Stevens, 2002). Islands of Calleja complexes
are present in all species and attain maximum development and dispersion in humans (Meyer et al., 1989).
Malfunction of these and other love-related brain structures (among other fascinating works, see Fisher et al.,
2010; Acevedo et al., 2012; Bartels & Zeki, 2004; Aron et al., 2005; Ortigue et al., 2010; Cheng et al., 2010;
Kim et al., 2009; Xu et al., 2011) have been associated with serious consequences in the functioning of the brain,
with the beginnings of schizophrenia (Inta et al., 2010), obsessive/compulsive disorder (Harrison et al., 2009),
the attention deficit and hyperactive disorder (Bauer et al., 2013) and others, such as akinetic mutism, psychosis
and addictions. All of them can arise as a result of anomalies in love-related brain structures. From this viewpoint, love circuits are essential in the construction of the human mind, and so, love must be considered an epigenetic crucial factor for brain and human mind development.

3. Conclusion
This article proposes that love is a physiological motivation which emerged in the human evolutionary process
and it is also responsible for the main features of humanity. Such features would not have been possible without
the prior creation of love through the process of natural selection. So, it has been here shown, for example, that
it is not that love can be expressed through language, but language is a consequence of the prior creation of love
in the evolutionary line of hominids. Thus, the progressive development of the various types of intelligence
(mathematical, emotional, verbal...), mostly associated with language, and even consciousness, can also be considered the result of the previous construction of love.
Furthermore other factors came about in the hominid evolution as a consequence of the establishment of love
such as the manipulative ability of the hands, or the greater female longevity compared to that of the male, or the
prolonged survival of women after menopause, or the presence and prolonged childhood in successive human
species, or to the prominent human tendency to substance use and to creating procedures and skills triggering
pleasure and dependence.
Evolution not only creates bodies and forms but also new abilities. The evolution of genes and bodies not only
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aim to create new abilities, such as the utilization of glucose or flight. Love is the capacity created through evolution in the human evolutionary line and it is responsible or affords an easy explanation of all human peculiarities which have previously been put forward as the cause of humanity.
Love is a physiological motivation (as hunger or thirst), non-existent before the hominid evolutionary line and
some of its characteristics can be found in other evolutionary lines with a clear genetic determination. Such an
example exists in fidelity and monogamy, mainly present in birds and with a strict genetic program.
Despite the existing proofs, it won’t be an easy task to achieve a general acceptance of the idea that the creation of love is the essential factor in the evolution of hominids and the unique factor that explains the main peculiarities of the present human species. The acceptance of the relevance of love in human evolution implies an
essential change which may not be easy to assimilate in present day human societies, where love is considered
merely a simple emotion accompanying sexual interest. On the contrary, natural selection, building the capacity
to love in the human species, is responsible for all human phenotypic characteristics, as shown in the above, including language and human consciousness. Human species would not have arisen without the creation of love
by natural selection.
The western culture (really, most cultures) measures success and happiness through the obtaining of power
and material goods, which implies an evolutionary regression of maybe over a million years, before the beginning of the slow creation of love by natural selection in the human evolutionary line. Perhaps only dominant
chauvinism in present day societies and also science, has ensured that the essential role of women and love in
human evolution remain hidden, despite the abundant and significant evidence as resumed in this article, attributing more importance to other factors which demonstrate better male achievement, such as social group organization and the building of tools.
Even in religions which insist on the importance of love in their rites and scriptures, women are kept away
from important posts. Those in power are responsible for the confusion between love and sexuality, by managing to control sexuality (marriages, divorces, abortion…), which is one of the main sources of power in the majority of animal species with social structure. Throughout history, the control to the access of sex, via the most
diverse ways, has been the main means of controlling the population by political and religious groups, and
science too has had a hand in such manipulation.
Although the amount of neurobiological, genetic, physiological, psychological and anthropological arguments
are overwhelming, which prove the importance of love in human evolution, the brief summary described in this
article has only permitted an outline of a line of argument which is expanded in greater detail in a book by the
author, in Spanish (Burunat, 2014).
Many other authors and experts in various fields will be able to evaluate this proposal adequately and may
extend and perhaps, confirm the main idea in this article: that love is not only an emotion accompanying sexuality but the very main physiological driving force responsible for the origin and the evolution of humanity.
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