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Abstract

When this thesis started, almost nothing was
my knowl edge, omifyoromea dwplodthieen s about r ome
and the outdated, yet predomi nainnacecowr aittda oanm
provided no details about the processes or n
There was, by all accounts, a massive gap in
focussed contribution t o nunidce rlsotvaen dainndg stthaer te
gap. This contribution not only sheds | ight
provides a new framework which future resear
progenitor of atmewefviog luldii @®fhai wqgaoaif riyomanti c
My thesis attempted to go some of the way to
evolve?0 There was a suppl emenbasy ddivedarnc hi
evolutionary approach wusef ul i n understandin
answered to some extent. The former by sugge
hi story of romantic | ove (,i .aerodp tciobam ur adndetle
in the afbyraasweeing eomer bmgnguestowvwas ab
My original contributions to knowpeidge inclu
motherf ant bonding in the evolutionary histor
relationship between the evolutitomnaef thamant
romantic |l ove may stil/ be evolving, suggest
in the evolution of romantic | ove, validatio
that salience of a | ovemdeomanipd may st lmatr o¢ ®us e
and the creation of the | argest dataset in t
My thesis is multidisciplinary and interdisc
ant hhropology and psychology to answer quest.:
uses an overarching framework taken from eth
theoretical formulation, phylogenetic analys
guantitative research methods were empl oyed.
covid pandemic, and therefore wastatmuandr ed
restricted research environment. As a resul'tt
approaches to data collection and analysis w
Among the main findings of my thesis were:
T Romantic | ove pr-opabhgi mbohewebobyi to;
T Evolution found novel ways of wusing exi st
T Romantic | ove (through natur al and sexual
di fferent adaptive challenges faced by fe
f Variation exists in the expression of rom
T Territoriality does not precede mame evolu

pri mates.
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The outcomes of my thesis are preliminary Kkn
and an example of multidisciplinary and inte
a better understanding of the phenomenon of
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| ntroducti on

Background

Romantic |l ove is one the most wunderilstudi ed,
stamyedhesi s, fewer than 100 studies,amad bee
the extant | iterature had no overarching the
essentially nothing was known aboumealhe evol
efforts had been made to apply evolutionary
thesis attempts to i mprove on t hidsi dsirtoumaatnitoin
| ove ;awndlis{ @ain) evol uti onar ymarptpiro alcchv & ou sse fuudly”
program afnswesesarhbgidsofonseby shedding | ight
mechani sms that i nfluenced romantic | oveds e
evolutionary theory is a powerful tool to un
research.

By Aromanti d hladadv acd,i nlg mehaart happens at the be

relationship where you go a |little bikttccangy
exi st in the absenc(eBroifnagl ea,omdinntniiocrkr,e | & tRyadnes
cases, after madAgyeyedbns &oTAred ptceardn® 6r9o)mant i ¢ | |
regul auded mim the scientific |Iiterature to r
(e.Ha.n, et ,aland 2t0Reliref ore there is a | arge anm
Aromantic | oved which is nohas edeevm nstc iteon thiifs

defined as:

€ amot i v sttiadynpa lcsad d on i abthe dfi dre+ @ mant whn g h

par tiicnWdli avkfiodcucaalc.stoldla f easnpdais s o cwiatthesdt i nct i ve
c ognietmioyt ehoenhaal v,$ ¢ gae h enteiucd,al , and endocrine
both sexes. Throughout much of the I|ife ¢
and -lppanding functions. | t -pirso dau ce i tten adf aa
sometime during the rheucreghBsoee® o& uKughair ¢k h
p. 21).

The key substantial origitmehesiontmalbed i oas b
summari sed as the foll owing:

T Romantic | ove pr-opabhgi mbvohe eBlobgdgicke 1)

T e¢eolution found novel ways of wusing exi st]
(Articl e 2)

f romantic |l ove (through natur al and sexual
di fferent adaptive challenges faced by fe
(Artiicl e 3)

T variation exists in thArtixplaeds) on of r om

T territdboeal motyhprecvedeti on of -Bwmaml mo nog

pri maAretsi.cl e 5)
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Th& at Ro nafnLb viee s e aMhe bt 4 rMydlde s i s

The current state of romantic I|Isegdebyheory an
i ncrement al progression and a stagnated theo
i mportant advances in the science of romant:i
(Wal ster & Mamshal,waOk8¢yeli neating passiona
empirical means of (Béaswmei Mgt fomandt i&c Spoee he
1986 )broad theory specul ati nlgo(abi.o uE. tFjes hheerc,h
the first (neuro)endocr(iMaorlaozgziictail, sAkui dsyk aolf, rl
Cassano, ah@d9%he first neur oi Beargtienlgs s& udeyk io,f
Whil e there have been significant contri buti
the past 25 years has only provided s.mall i n
That is not to say that there have not been
Acevedo, Aron, Fisher, & Brown, 2012; Aceved
et al ., 2013;D&€micc loplpio,, MBrnwam,chkPfaus, & Lewis
Dickenson, 2012; Bildaenng, e sNiggs,, & dVaime §5,t r K ceenv, e dd
Ar on, Huddy, & MasheBRemR2Oothéti OrPagatk, Br amgh

Shih et al., 2022; Song et al . Ho2veN5he, Takaha
maj ority of research over the past 25 years
smal | increases in knowledge with no theoret

Psychol ogy

The field of psychology was the first to att
relationships. (Wdalsstteerr a&n dMawWeasl hsatlre, twbds® € 8 hd n d

edi (Hanhfield &dWalshguj she@85yomantic (passio
companionate | ove (the |I-Deemfestablisshedteak
Thds st isnectt itohne scene for the empirical I nNves:
measurements usi nd¢lavwdliied alt &d Spe aesthrees 1986 ;
Franken, 2013;SuShtseergnubeemtagl|, walOkD 79r ecur sors t o

( Ar on, Dutton, Ar ocnog(nkiahigoenss ag, &1 $8 @enndber gen
cultural (8pféeehencebmport ad®9vwdr ks Thmel ude t
Psychol ogpvtefr nbeveg &T hBearheve ,PslyOBBH1 egyb erf g L&
Weis,, 2806 )i ts (sSetceornndb eerdgi t& .oSntDersmph ereg prada@t @)

field, and romantic | ove being a variabl e of
studies specifically investigating romantic
especially considericreg i momamtaind i lcovedsatimmaesrt

f ormati on.

Ant hropol ogy (Cultwural and Linguistic)

Cul tur al considerations obheomanli iosolpbvei agn
ancient( e@deactke’,7 03 B HD r e IriencoduatBfys,r zbi c k a, 19 ¢
and et hn(osgéraanpkhoewisa k & bNeeclasnmoen ,p r200n2i3n)ent | nvest
topi ¢Bnd' ®2Bntury. Most relevant to my thesis
suggest that romantic | exeperfeamcexiamet €al or
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ankowi ak (alnadh kFoiwsi cabkke r&c émsicthered 1869RBhogr aphi e
ul troemes he Standard Cbobpesal €EpnHd2004a4hdSevvdegnce
omantic | ove in 147 of them. | note the aut
ove in particular cultures is not evidence
i nding was f ol | oweud Ilthug @an sn Wmeb ert | ®fn ss @di @ 0 me
Jankowi akanidohas d2e@ed®) extended by psychol oc
variation in the (ekgrraemnda some w,o0onPaOnit7 ,c 2 0olvoe; S
2023)

~ =, — = 0 G

Bi ol ogy

Bi ol ogical studies constitute a major compon
Bi ol ogical studies can be generally divided
studies, genetic studies, and comparative an

Neur oi Maugdinegs

At the time | commenced my thesis, there had
me taan al (YyBedse & Kowdleur2202nd)gi ng studies includ
studies. fMRI studies tend to indicate that
|l ook at faces of the person they are in | ove
desire andoaricads alo,gnand on. -0A dreumiceorr da fe ad t hreer
involved in attention, mempresemManmt appassoci
Bi anrbcehmi chel i, Hatfi.elAd subsRagueon, r2¢l12w (Bo
2021; discussed below) summarised the breadt
Boer (ete aBlo.er, van BuptovigdéddrtHer mbst 2022 ent
neur obi ol ogy of er gmrtanmtsi @ elpowae,r adno mdt hesiexar ct
started

Endocr i r8ou dige < a |

Wheln started this pgrmegrearmaadf breesnedreawler t han

studies undertaken investigating romantic | o
noi sy and prone to inconsistent findings, bu
neurotransmittetresedinegPpehdoneamboes of al ., 2017

Canal e, 2004; So,r oskeonfwohtkonngiers | alg, , vaalder Veen
Marazziti, edop@dMa madzoz9iot)i, etx Y(aSc.d,nrez 0dle”x)ma n, Ka
May mo n, Ebstein, & Feldma®®ha20b4; L8ckhkmainde &n
2012; -Y@&lnmer et, aclofMazs@i&) ti & SOam&«loew,s k20®4) a
2019; Wei sman, Schmaen are,r m& nk,e [Zahngdo ronreyr2V0el 59 r o wt
(Emanuel e, Brondino, Pesent, Re, & Gerol di,

GeneSiuads es

Genetic studies inaesti @ae( Bigadwenae tfeaw Mdo.v,e .
that thRheldDBRPBAOtype was associated with a | ov
sometimes confl ated wi t(hMurrornaaynt iHca sled vt e0.n , A nFoat|
201f99und that falling i-meduwlvet iwars @fs spen ad eidr

15



i mmune system r eg(uB.aR.i cArc.e vie Gitchuertdd asihtautd yao 2 @ )
associated with vasopressin receptors, oxyto
dopamine receptors were associated with cont

ComparAat ntabdi es

One branch of the biological studies that 1in
|l ove involve ani mahast bédeaeasus€EEldeapgrai moedevVvVol
mechani sms of pair bonding. While t(lCiag tregsea

1998) the body of research was not presented
revi ews publ i(shweman n& tYhoeun2g0,102s01 6., T™Waese & Yc
reviews emphasised thendiamit| ®oindi @ag bBadwe@amnr
prairie voles, and hinbetaveansthlheee evolutio

Wh awWa €n o wAb o u tEv b h @ t Roarma nldbfiv \Wh eln
St arMydlde si s

Wh e n ptrloigy am ovasr sesemarnteh, al most nothing was
romantic | ove. Onl yhda omaenddiear | e o drl apiaibndtmi cca ftl ioov e
To my knowlhvetgejdmewsad héeemnrtesteedewadt het pea

related toThemmaiocitgvef the avail able evid
evolutionary psychology, and ethology. |t pr
romantic | ove and the timing of its emergenc

Jankowiak and Fischer (1992) wundertook an as

cultures and found evidence of romantic | ove
The number of cultures i nvesti(glaanekdo wiaask e& t e
Pal adino, Th20G8)hdi ngs prompted the authors t
Auni versal 6 or fAnear universal. o This has in
emergence of an antecedent to romantic | ove

uni v,eristalemerged prior to, or at the same ti
Fisherds (1998) theory arguedntdeptnareniiadtyt o
systems involved in mammalian repr oSdhuect i on (
contended that the attracti oowsydmreghmedonet it
outline the processes by which that system e
romantic |l ove was in the vicinity of 4. 4. mi
t he t(HFewsrheFi,sli®O®8 2000; H. E. Fisher, Aron,

Fi sher, Xu, Ardwo, n&tBpown) d20a6G)y insights in
evol ved. Fi shereldpdaagt o pludeb &xta eoicne DDdlok o v €
(Fi sher ,  TRaOtl1 6hbook cl aims to describe the fea
relationship characteristics. There are a fe
narrative account of the evolutiomiwmfg marey f
emergence of an antecedent to romantic | ove

however, I's hing hrleyl astp eocnu Itapteiavgen y mbemaat i cs § 0¢

system, pair bonding ewdqdG.ivveedn ttoh ef aicsislui etsatwei tb
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out |t wemdht omycahnbovbe considered a useful or
information about the evolution of romantic

Fl etcheeOpbblabeahadti cle describing romantic
a commitment device which facilitates pair b
a commitment device was first proposed by Fr
romantomcshiepsatgenerally (i.e., romantic and
|l ove specifically. Nonet heless, the prospect
hel ps to identify one of the evolutionary fu

Bug0luPpa)at ed & hceeh aNpetwe rP siyrc(hStl eorgnyb eorfg L& vt er n |
2019) on the evolution of | ove. He appears t
generally (i .e., romantic and companionate |
chapter winds throughyeaelmumbdert opfi cenl(ye .tganga
and former partners) but contributes to an u
emphasising the universality tofe | mhep taenrd (dB a
1988, 2006) suggesting a number of evolution
These idisputdgdng reproducpriowe |ldy nrge Isewairatl raes

s gnal l ing preoxvuiadi nfg dpeslyicthyo,l ogi cpmlo mond ngmot i o
relationship exclusidvsglyayihmg ulgdmanat sae mtuar di
commi t ment otheving,; actions that | ead to succe
providing signals of parental i nvest ment ( Bu:
Knowl edge about the evolution of romantic | o

evolutionanal beélhmamwcelsehavi ocaumelvlio | eucta loongairsyt s

psychoHawe snet tfloe utsspeidc.onThi s is evidenced
aut horitative texts on the topic of romantic
evolution of Owmandi dahobeok The Evol utionary
Rel at i (oMaeshhgiplsski & Schaoaeask erndtoridnc l2lDRe3)a chapt e
despite having an entire OrtordnHandbebhkht obn
Mat i( Bgss,dox®B2Z)over the topic of romantic | o
perspective. Prior to this thesis, there was
evolution of romantic | ove in the academic |

PaBands SanMahogaRPryo xaisRsmd mtr v e

The dearth of evidence aboudomrhen eiviod utthiosn
of r ersecquicrhed creativity and a broadening of
how romantic | ove waaxy hhsaovres iedod iveg .t Tddisvol u
bonds and soci al monogamy in the humaermnminea
partnering of sexual partners. They &re rare
5% of Glphekaes&8Brdlckt,.t ddnhkedy) are mor e-haom@mon ami
primates, wif2@B dpmoosxt matehyg Ophies Abhé&nosmemon
& Shul t.z,So02013) monogamy i s a mating andstem |
is the preference for cowabheaotberamdmbét en
same s(pKelcuige.s Z0r8 @l monogamy has been resear

17



human pri mat e s onWaook dlthaes ebvecelnut i on of pair b

monogamyhumamomri mates, and humans.

Love(jl¥81li)n his seminal paper on the origin c
bonding in the emergence of early hominids,
anatomy and the nuclear family. Hi s timefram

| argely (dRIsxvwean,t eldockwood, Ki mbieidt, | iLlagluy , t &:
t he emer gencceandg npuacihr I|baotnedrs etddiainndg ovexwdgl sug

di morphism as a proxy for reduced | evels of
Schai k, 1997), it seems |likely to hHemoemerg
ergaster andadbmo ¢haat tahhe 5 or 6 HHi hteon ye
Lovej oyadrst i1c918¢1l, ot hers have investigated the

stressed their role IinnethgeE2n€Eh @ makg@lecl) t hiae
the emergence of pair bonds fAgave birtho to
modern human soci al structures.

Because romantic | ove is associated with soc
a pair bond, it follows the emergence and ev
soci al monogamy in humans may be ki n(t2e0r2tlwi,n e d
publi shed subsequent to the commencement of
this is in fact the case, and suggest that b
function, the evolution of etrhneistet epdh enmeo nteon ai nir
not only romantic | ove in humans throughout
human primates to try to | earn more about ho

ResealiPziBo mats SoacnMa h o g amy

Di x¢®n xsom,r gau®k@WIO )X hat sexual selection playe:
of pair bonds and emphasised the associated
the human | ineds transition to paedebdntds. A
present with |l ess sexwual dimorphism than tho

mati ng sy sStchms h(ts &e .KrAasmea ,r e20ull9t), a reducti o
in early human ancestors has been used a pro
monogamy.

Schacht anSdk hkarcahme r& Krawiede @048 mprehensive ¢
evolution of social monogamy in humans. | n s
monogamyods evolution throughout human histor
di mor phi sm and sdrvaowi k@p r(ako ngp.r,é&rieem, & Ri chmor
Lockwood, ME€ertceh,) , M&g Kieyser, 2007; J. Michae
Mc Col | um, Mei ndl,wh &r éhoitvvgelglpiyg h t2 OhldOw di f fi cul t
trajectory of changes in seAxudlcl|dpmay pbtheds & i
more detailed account of the paleoanthropol o
di morphism in the human | ineage.
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Several studies have consi der ehlduman rp rbiomadti ensg
(referencesanrde ¢ thierseed ) have been useful i n unde
pressures that may have contributed to their
t hat modern humands most closel(WMorehat a89B) v
This means that siochahdimogogromlyalainyl @mer ged
split from chi mpanzees and bonobos. This has
nomuman pri mat elsey hamompa@aitrhéeoe diosmptalreatl avbeor a
Neurobiology of Monogamy athiadwviewel giat ysofpaCa

in seahorses, prair iMosvtoluesse f ualn df otri tuin dneornskteay
romantic | orgm tBi seapdrobhhgrthabmechanrsstmgan
bonding i nTheaagenmeprksesysdies investigating th
bonding in titi nomate yvse ruesiinmgf |IPUE€ETn tsicaaln sat t h
Bales(Bal as, , Mason, Cat anaf,ourdrtrhygt &p aviern dma
associated with activity in the coleus accun
medi al amygdal a, hypot hal amu(sMaminmdg d ratestr adl .s

found pair bonding was associated with actiywv
caudate, and put(a&dmoer .et H egftoxitn darlp.agitr 2abb./h)di ng
associated with Dopamine 1 receptor binding

consistent with neur al activity f(cCwurcd oiprpohun
Bi arbcehmi chel i, et al ., 2012; de BoeGi veetn alh.a,t
pair bonding in humans caonndv eaigEinimo mke y g ait h etr
shared evolutionary history, the findings of
humansinomnmdk etyist facilitate the pair bond, and
played a role in both species.

One further | ine of evidence about the evolu

the work dqfOpOmri etwhad ama p2p0eld3 )t he presence of
ot her charact-keumanigsi mat @8 0usiomg phyl ogenet
that soci di smecaygea@aimypted evolution with femal

care, and male infanticide, and that male in
emergence of sociallLmkrascg &@mdicliitidadkllL)ome t he
conclusions of that paper, the study by Opie

investigate the traits that may be associate
monogamyhumamopr i mat es.

Some behaviour al ecol ogists have contributed
monogamy or i pahufmamsex ampl e, QU Quli ah aamnd& Qui
Quinl an,es2®®@7) number of ecol ogi cal and evol
using data fro#wwutthearsatl atdarmpd eCr ddhie aut hor s s
indicate that male mate competition, pater na
plyaa role in the emergence or maintenance of
by Qu( @uiaml atnh at2 OBt mb et eaf ainmportant | deas
bonds. He suggests thaitnbggaimal end ® ff &cniall ietsa te
breastfeeding may be a critical period for n
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all oparenting is associ at edf emnalhe usnush saibsl tee mpca
compl ementarity is associated with stable pa
aggression and infanticide do not account fo
theorising are compl emgd0.&2aHebnya d entlel iwnogr kt co f C
demonstrate that pair bonds may emerge when
strategies of .prTohvel sfiionndiinngg sf tedwmia i tebsaetmad teu ccyh og
pl ayed an i mportant role.

Pl acing Romantic Love Wi thin the Evol

The evolutionary Psychol-agg -t @emmrmdtuirreg dstsr a
( BussSchmi 8t , Bug g, 1998) . Shionvclkeamal macitngi $
that occurs one or a smal/l number of ti mes a
ni ght st atnedrsm otrrLissatgenst mati ng i nvolves repeate
associ at etderwnm trho maonntgi ¢ r el ati onships and soc

Romantic | ove <ca+h er ens dletrimo mageiitnlger Tshhearet ar e
where romantic |l ove in one individual wil!/ r
from the othemr mpavatty ,nga sltamg ey méses howe veme
romantic | ove in bot ht epram tmaetrisn g fitre nt hhee sfud rtns
romantic relationship. This is what occurs w
adaptive manner. Ther efiamwaa, |ryo mpamntsdldoelr @vde as h
behavmeahahi sm t ot dramirattiange. | ong

| mporCoant i IBurt Gossnm&E midy Th e sNodn ¢(l udi ng
Co mp o n eNtyfTrse 0if s )

Th &8i ol oRpynamlib v e

Il n 2024anKBxohdeBoke & Kusphwhliciks hed 2al)compr ehen:
review of dTomawse& lamvet hol ogical framework
Ti nbdgrTgerber gteon ,d els9c6r3i)be t he mechani sms, onto
of romafnablipeleswveent s Tinbergends four questior

The strengrikhusohfniBokdes (2021) work is that it

bi ol ogical evidence into a single source. |t
evolutionary functions and evolutionary hist
anmgr ovd dessti @énti fic definition of romantic | c

this chapter).

A Iimitatantusdhinhi Bkdes, (RORSYaemat k it does not

adequate weight to the survival benefits of

of fspring. It also suggests that romantic | o
sometthhraggui res a more nuanced consideration

Nonet hel ess, they propose four hypotheses (s
or evolution of pair bonding:
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Hypot hesisesrlto the human | ine split from the
bonobos

Hypot h@si ®r 2t o t hAeu se mearl goepn ct eh eocfu s
Hypot h8st w8t ral opi tdaedushafamehgedce of ea

Hypot hAdsi $ hé: e mleorngoe nscaep i cefn s

TablTi nthergendéds Four Questions applied to romant

Causes Key question Summary of answer

Proximate

Mechanisms ~ What are the mechanisms that cause Romantic love is associated with social mechanisms, psychological mate choice mechanisms, and the
romantic love? expression of specific genes. The cognitive, emotional, and behavioral features of romantic love result

from neural activity associated with reward and motivation, emotions, sexual desire and arousal, and
social cognition as well as endocrine activity associated with sex hormones, serotonin, dopamine,
oxytocin, cortisol, and nerve growth factor. Research into psychopathology, cognitive biases, and
animal models can inform our understanding of the mechanisms regulating romantic love.

Ontogeny How does romantic love develop over the Romantic love first develops in childhood, manifests at all ages, usually lasts months or years, but can
lifetime of an individual? exist for many years or decades. It is influenced by a range of internal and external factors, is
cross-cultural, and may be influenced by the modern environment.
Ultimate
Functions What are the fitness-relevant functions of Romantic love has a number of fitness-relevant benefits and costs that relate to four interrelated
romantic love? functions: mate choice, courtship, sex, and pair-bonding. There is a small amount of evidence about
the health benefits and costs of romantic love. Theories exist about selective pressures that led to the
evolution of romantic love. Romantic love is a complex suite of adaptations and by-products and can be
either adaptive or maladaptive.
Phylogeny What is the evolutionary history of romantic The antecedents to romantic love existed in mammals before romantic love evolved. Its evolutionary

love? history was probably coupled with the emergence of pair-bonds sometime recently in human evolution.
There may be ethnic or geographic variation in romantic love and culture has influenced romantic love's
effect on human evolution in recent times.

Kewnsi oqnhtosShtahrddedc haniRemanodiMat a haad

In 2022,( 20h@abh ledméeagdal ysi s of f MRI studies us
|l i keli hood estimation method to identify simn
l ove. This was an i mportaanmnasdsympnobemédnt efr men
sample size and met hodol o@waldyfis etsh wsuesdl pyo, cltyh e
six fMRI studies of |l ove, three of which wer
l ove. S$RiOREGetsi a@lered nine romantic | ove studi

The atibpbodst hat dashso windtpe dh ewiytphbes of | ove was
tegment al area (VTA). The VTA plays a rol e i
memory, and addictive behaviors through medi
regi(o@aesio & Tpnpg, 2pP2rRdgthe whathotrlsi s indicates
evolutionarily stable brain mech@miils mst aalr.o,s
2022p. 11) and thaove osfhaanreed amdi mpoet aalt b a
i ar ti(cBoede, 2023) outlining the ewipdemge t ha
motherf ant Tthendiand.ure to identify more than
romantic |l ove is partially due to a | ack of
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Bode & Kushnick, 2021, . 18)
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Anot her i mportant paper, but onei hhahewas pu
devel opmye ntth eosfi s, wasan¥Yoaut( Bd fu nBelnurheant hWka IYoun g
Theiervi ew comparfeadtmatnlderpair bonding and emp
is the evolutionary antecedent to pair bondi
preceded the pai rMakcdn dh a(ns2lelem®Bdoedle ,a n2i0n2a3l;s c an

in helping us understand pair bonding in hun
these mammaFraheli nBageabau.ghNo ke tMaeg lkess s ,2 0i0t5)
summary of the comparative ani mal evidence f
which romantic | ove evolved.

FiguCemparative process of bonding (from Bl u

Q. Mother-offspring bond b. Attraction and mate choice
AT SOk
L _* -
- ool Ealznd + = '._nl':-r?r'l;-un
" 1
I!h-rrr.n-plll_.h
Promiscuocus attraction Saleciive atiraction to Based primarily on Based prmarily on
10 pup cuss affapring guditary and cifactory cues vigual cues
L. Mating d. Bond formation
Wy
e for fertilization Sy for pleasure and Pair band foemed Falling in lave
emotional conrection
e. I f.
Bond maintenance Bond loss
- x _
i« | . llp T
Mate guarding and Jealousy and potential Physiological signa of Physiological and
dacreased receptivenass 10 partnar attractivensss gtress and ansdety’ pevchalogical signs of
pair banding devakiation depressive-like behavior sireas and grief

AnEt hol dngtiecradi sApipp loiamcdr y

| take an interdisciplinary approach in this
ethology (the stwru)dyt oo fi rawnea aail g dteh aaMypsy c hol o
approach by @pmhmlaynwiceg a bi ol ogi cal framewor k
(ethol ogy i hbghlg mebres .gaednv,0 cladtéedd) a hol i sti c fr
which to describe a behavioural trait. 't 1 n
the devel opment of the trait across the |ife
evoluti onahe thriasittor yByofddscri bing a trait wus
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able to develop a holistic understanding of
framework can be appliedEt-Bl besnhebadfhimdd&9 B0

in this thesis in relation to romantic | ove.
functions, and evolut aomacymdérs sé¢ wirge mtf ir o mam
chapter. The development pfwhoimananci mpoet ac

focius,out side the scope of this thesis.

Whatintiesrdi sci plinarity?

|l nterdisciplinarity in science is the combin
perspectives to solveMbkioadda@ita@hompltdrespisobl
interdisciplinary approach | take is to use
psychol ogi cal phenomenon. Il n that respect, i
psychology to overcome twohetclal lodngesnanft i<t U
chall enges related specifically to the diffi
using traditional techniques from biological

some of these driesfpocruded etso atnhde nm.ow |

RomahaveChiags act eGoigsne cEmtwtnhisomMBe haandur s

Romantic |l ove is a motivational state (Bode
(thoughts), feelings (@esnotHaeaetnfsi)el dan& Jprtd comes
such, it is not appropriate to Iinwestiagatiesr
someti mes done with pair bonding or social n
romantic |l ove will consider cognitions, emot
di sciplines in the evolutionary behaviour al
To overcome these chall enges, |l committed to
romanti c d$roovnea nttoi caslsoevse i n a modern sample.

(Romantic LovBeo dSu r&v eKya vZatnzdg;tp,u s @22 Py ssi onat e
Love Scdladg f(iRLS & $Sprachkess 1h&6) ntensity o
PLS assesses cognitions, emotionsanand behayv
vali dated measure of comhbhbt Gemmi ¢ Meinandulbarc a
Kowal et. aCammi2t0m@e8nt i1 s widely recognised as
to Stefdtbergdbdmrg.anhud8@y Theody mdadwwve.ofl al
obsessive thinking, a cognitive aspect that
component of( Boodnea,nt20c2 3d)ove

Romahavlr loteavikeosaRador d

Romantic |l ove did not | eave a fossil record
psychol ogi cal phenomenon. To overcome this <c
empl oyed two approaches. The f iertswe eins rtoomarnetl|
|l ove and pair bonds or soci al monogamy and u
di morphism as an I mprecise proxy for the eme
outlined above, theom khiawleo dic@ad t sso mitech reddghsodrroig
evolution of pair bonds and soci al monogamy
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homi ni ds. |l incorporate much of this work in
data form modern humans to make inferences a
evi dde mc @ e atrhwidbdlactsa from t he RomgamBtoidee &Ove S
Kavanagh, 2022)

NoLi v iPmigm&teec Cl eossRell v t Modd eHoma Diss pl ay
Ro ma nlb v e

As far as WwWempmezawarandcbonobos do not disp

Kushnick, 2021). Neither do gorill asketltyoran
uni que among the great apes suggest that it
split from the common ancestor with chimpanz
Fi sherFi slh9e9r8 ;e.t Taol .o,v eZ0Oclobme t hitsh ed ecfoinccieeprtc yo,f
phyl ogengi deration of the emergence, evoluti
humane i nvolve other aspects of evolutionary
selective pressures, the role of natur al and

becomes ianp ptahree ntth e seitsh od sogph rceadphtyd s@re & Lal anc
2013; Bergman & Beehneo,s208¢indi nbemagéengc L1©

Th€@ nt entThefsitshi s
Thes Caempiyl at i on

This thesis is a thesis by compilation. A th
in place of traditional chapters with accomp
and concluding chapter. Accordci my tcomphd aANLUW
time of submission, at | east 50% of articles
publicati on.

OverarQueshgons
Ho Wi & manlb veEer ol ve?

The primary question this thesis attempts to

out |l i nead abhoev e@tnhciesp ttihbessiesk nown about the evol
romantic |l ove, despite this being an obvious
evolutionary social sciences. | address this

the topic from mul tlitpilpl e emetpleacdd veersd ruess engr

| s Baml ut lPeornsaprdyes £ef WedenstRemainlb ¢ e ?

A secondary overarching question this thesis
perspective useful i n understanding romanti c
empirical studies direfcewy oi mye kKtniogvd teidrgge , r d 1z
evolutionary perspective before my thesis st
psychology is that it providesoapl agerarchin
psychol ogi cal science. Evol uti on epsr ocvaind ebse a
tested and provides an organi @l ewi-SShraavdd wo r k
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ContBeyam, Asao, .&Whesxmommkbhic®Ez)dt hesi s | anti cirf
argument could be made of the myeippmager am afon
resewowlhd demonstrate these claims to be tru

Ar tilcdlesdedhesi & hi s

This thesis pyrefsewmt soffi wkei amthavesbeen publ i

i n prepabBacth opnpaper sheds | ight on the mechan
evolutionary histdap)lef Eaomaattccl evies(peese
chapter with a |inking document preceding it
the specific questions it tries to answer, a

These documemtexpr i ddtehiamodoti ke broader thes

TablArt2i.cl es presented in this thesis and th
addresses

Arti Ti tl e Mechan Evol ut Evol ut Stat |
functi hi sto

1 Romantic Lo\ Publ i
by -€mti ng- Mo
i nf ant Bondi

2 Romantic Lo\ Publ i
Behavior al ¢
System Sensi
Loved One

3 Sex Differer Publ i
Romantic Lo\
Evol utionar\y

4 Variati on EX Publ i
Expression ¢
Love: A Cl us
Study

5 Ter r i tdooreisa Ini I n
Precede the prepail
Soci al Mo n o ¢

human Pri mat

Romantic Love Survey 2022
Arti &l o3 ez ent studies drawing on data form t

Kavanagh, 2022) . Each article addresses a di
guestion, fAwhat can modern r omaartidced so viehitse |
by answeramtgs gédesi fomn questi on. The Romanti c

of 1,556 youmRrg adourlnt s3 3agceodu nit8& i es (mainly 1in
Sout h Afr iHicdae)n twhfoi esde lafs dma mtgi d npd eotveee rw.i t ha taa
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coll ected (uRsailnagn P& o9 bikftinceen, O20dBgr and Dece
Details of the Survey are provided on the Lo
https:// dataverse.unc.edu/dataset.xhtml ?pers

MeetDirsgi pX andabBids ogfi cal Ant hropo

This thesis uses research and methods from p
romantic |l ove, and biopsychol ogy -4ndf etvhilat i
t heBii®l.ogi cal anthropology is the study of h
(Nel son, Shook, B.r aSdme &b iAgluao d iea al, &r0tl®Or)op ol
t hat are cl ose(leg. grheu ma me dp et hochahtuensapnasr e t hei r b
and behavioural traits.

Understanding humans in an evolutionary cont
ant hhropology (Nelson, 2019). This discipline
and behaviour, where many of the soanmdes of
can be objectively measured. The evolution o
consideration when asking the big questions

T AwWhat is our place in nature? How are we
uni que?

T What are our origins? What influenced our
move/ migrate across the gl obe?

T How are humans around the world today dif
What influences these patterns of wvariati
evolution and how do we continue to evolywv

This is especially the case when you consi de
ecologists within the discipline of biologic
National University.

Bi ol ogical anthropologists also study human

means of studying human variation and a numb

T AThere is substantial wvariation among i nd
1T Some biological wvariation is apportioned
and among | arger population groupings.
1T Patter nsarmnd agidohgpn vari ation have been sul
culture, |l anguage, ecology, and geography
f Race is not an accurate or productive way
f Human variation research has i mportant so

i mpl i c(aBEd gpanrs 0& Hunp .ey2. 2009)
Subf Wet Bisomml oAnitcharlo e ¢imTh yThes i s

Recognised subfields of Biological Anthropol
Bi oarchaeology, Molecular Anthropology, Fore
(Nel son entlhails , dR@HAIEYsne@e chhpnld approaches fro
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pri matol ogy, palaeoanthhepel ogyeanold, hmemahod
approaches are combined with those from biop
provide a multidisciplinary and Howeddidsci pl
romantic lamWde awmokvePutionary approach to st

Pri matol ogy

APri matol ogists study the anatomy, behavior
nonhuman primates[é]0 (Nelson et al., 2019,
becaudamaon pri mates are modern huimamssd® nadloose
the origins, evolution, and variation of hun
this thesi s, |l undertake a primate behaviour
nomuman primates to i nvesftitgeartrei ttohrei acloirtrye | aantc

monogamy.

Patoant hropol ogy

APal eoant hropol ogists study human ancestors

where they evolved [é]0 (Nelson et al., 2019
are extinct, they rely on f ossouts tahned oortihgeirn
evolution, and variation. I n this thesis, I
the form of a reduction in sexual dimorphisn
the timing of the emer genlcebaasned seovnoel uotfi ommy oaf
pal eoant hropol ogi cal evidence in articles 1
in the human | ineage.

Human bi ol ogy

Human biology is the biological study of hun
classified as human biologists and many focu
physical environment, cultural i nhdmue nactelser a
areas are investigated. Il draw on evidence f
extensively in article 1 which outlines the

| ove. |l al so draw on human &omdiodegr apmpe oY@
mechanism (the behavioral activation system)

Ot hMert hodMppamadlslees iTme $ihs s

I n addition to the approaches and met hods dr
highlighted above, this thesis used methods

bi opsychology and evolutionary psychol ogy) .

sence that studies the relatiCoremiep HOOUYPars
to focus on the role of the brain and the ce
to consideration of glands and hor mones. I N

evidence to draw concl usi oncsh aanbi osunis whl aaty nae urri
romantic | ove.
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Evolutionary psychology is the application o
e.Bjuss, .201 %) much psychol ogi cal research, i
empirically testing these hy¥{polthteisersagr yanms y o
di ffeom ot her bramalsegsihefnappychbhatognp of a th
(Lewis et Bhis RiO@vabrchayd rawnc! dtri onalrgvelheor |
t heories, to specific hypotheses. Because so
| oveadopdax mlnor at ory approach in a number of m
incorporate a broad understandimat lodr etviod rnutti
deductive testing of hypotheses.

Summa Reys eddMecthh,o dM pamndUslees iTme $ hs s

Of the five substantive chapters in this the
Two investigate variation in romantic | ove,

evidence, one is a classic phumanobogyogyudsg
two use an evolutionary biological perspect.i
bi ol ogical anthropology and its subfields ar

Chall enges faced during my PhD

Covidg

Ist amyepost graduate studies isn atfhte hna® nCtohv iidm
pandemic. As a result, extreme and rigid res
interadctithhes Ppheéese€ti chobnsesnwgrerom the Austr a
University (rédmNU) he bAuwstad sloi dn and Territory

designing the content of my planned thesi s,

ACovid safe. 0 ThnesednetaptytWwiathi al woANUOd, Terr
| aws and regul ations agdiwetul thadegaest&seby mbD

ensuring | could complete the thesis despite
To satisfy the covid safe requirements, | wa
involving contact with people was not possib
chall enge was to use &eic®tlilregtceat andndenewtd
that | could potentially collect data from i
but organising this would be exceptionally b
supervisoandtméahelt womal d uslel exs sgsumgeyamat
collect data. This was the most el oquent mea
thesis as well as complying withi iandl wahse r eq

recognised that my thesis had become a mul ti
met hods and approaches form both biological

Changeperf vlhasely

About two years i ntpo i myurpyehrDv,i slo rc.h aAng eadt tneymp t
find a biological ant hropol ogi st at the ANU,
resul t, I engaged an evolutionary and clinic
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me t h o duss, e da nadn t aitptiperetsp cthleess i s

Bi ol ogical anthi

Domains of

anthropol c Subdiscipline:

Psychol ogy

Arti Topic Empiri Evol ut Vari at Pal-eo Pri mat Human Bi-o Evol uti«
chapt ant hrop bi olopsycho psychol
1 The theoptyin§ moth N
. o
bonding
2 Romantic |l ove and Yes
system sensitivity
3 Sex differences in Yes
4 Variation exists i Yes
romantic love: A c
5 Ter r i tdooreisa lniotty pr e«
evolution of soe€¢ia Yes
human pri mates
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Article 1: Romant-opgt Loy e
Mot hemf ant Bonding

Ar ti clReo mainttliec: LoveofEtvion g-iekld tblye CBo n d i
Aut hddam Bode

St atPwd:l i shed

JourhRmaobntiers Iin9Psychology (I F 2.
Publ i catli7o nOcdtaotbeecr 202 3

ReferBode(b2 ®d23) . Romanti copboveg-EMOBR{
BondFngntiers ,i nl4P.s ydcohio:l1lo0g.y33 89/ f psyd

Background and Summary

Threvaewicle proposed and justified on evolu
romantic | ove emerged -amtdi mrg-iomftveerder dredit g oir

evolutionary history of romanti € nff@ane has it
bondi megpmwmasgosed to form pair bonds. That ori
form research on prairie voles. This article
and evolution of pair bonds considers the me
hi story of romantic | ove. The article define
informed the theory, and provides the psycho
endocrinological evidence supporting the the

ibikely to be correct.

Contribution to Thesi s

This articlfeorsetthse tehnet isrceetnye of the thesis. I

process through which romantic | ove evolved
functions of romantic | ove identified in pre
under st andtiinggn tdhfe reovmmdmut i ¢ | ove. |l assert th

made by this thesis.

Contribution to Knowl edge

This artiaclseolpirdo vtihdeeosr et i ctalh atf ouomdan tiioen If v e |
by -ocpot i ng-i mbaheabpnady ingjes a model of the neur
a role in romantic | ove.
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Mechani sms
Tha&r thicdlrel i ghts the role of dopamine, oxyto
provides a model of the neural systems i nv
attachment, obsessive thinking, courtship
Functi ons
The paper highlights the function of pair |

Evolutionary History

The article suggests that at some early st.
t he genes t hatnfraengu lbaotredp tnegtl hveemrde tcoook on a |

romantic | ove. The article al so smogtgheesrt s t |
infant bonding (i.e., bonding attraction,
t wo-exriesting reproductive systems (i.e., co
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Romantic love evolved by
co-opting mother-infant bonding

Adam Bode®*

school of Archasology and Anthropology, ANU College of Arts and Soclal Sclences, The Australian
National University, Canberra, ACT, Australa

For 25years, the predominant evolutionary theory of romantic love has been
Fisher's theory of independent emotion systems. That theory suggests that sexdrive,
romantic attraction (romantic love), and attachment are associated with distinct
neurobiolegical and endocrinological systems which evolved independently of
each other. Psychological and neurobiological evidence, however, suggest that a
competing theory requires attention. A theory of co-opting mother-infant bonding
sometime in the recent evolutionary history of humans may partially account for
the evolution of romantic love. | present a case for this theory and a new approach
to the science of romantic love drawing on human psychological, neurobiological,
and (neuro)endocrinological studies as well as animal studies. The hope is that
this theoretical review, along with other publications, will generate debate in the
literature about the merits of the theory of co-opting mother-infant bonding and a
new evolutionary approach to the science of romantic love.

HEYWORDS

attachment, attraction, co-option, evolution, mother-infant bonding, pair bonding,
romantic love

1. Introduction

For almost 25 years, Fishers (1998, 2000) and Fisher et al’s (2002) theory of independent
emotion systems has provided the predominant evolutionary account of romantic love; however,
a theory of co-opting mother-infant bonding (see Fode and Kushnick, 2021) maybetter help to
explain aspects of romantic love’s evolutionary history and mechanisms. This review presents
the case for a theory of co-opting mother-infant bonding in the evolutionary history of romantic
love by merging proximate (i.e., mechanistic) and ultimate (i.e., evolutionary) perspectives (see
Hofmann et al, 2014; Zietsch et al., 2020) and proposes a new approach to the science of
romantic love based on this theory.

First, [ introduce two theories that have informed the theory of co-opting mother-infant
bonding in the evolutionary history of romantic love: Fishers (1994) theory of independent
emotions systems and the brain opioid theory of social attachment (BOTSA; see Machin and
Dunbar, 2011). Second, I define relevant terminology, present a brief history of the theory of
co-opting mother-infant bonding, outline the evidence for this theory with reference to
psychological, neurobiclogical, and (neuro)endocrinological studies, and introduce the
preliminary evidence supporting the theory. Third, I outline the basic premise of the theory with
specific consideration of the evidence supporting the idea that romantic love involves activity of
both the bonding attraction and attachment systems. Fourth, I introduce a new model of romantic
love that details the evolutionary history, mechanisms, and psychological outputs of romantic
love. Fifth, two unanswered questions about the evolutionary history of romantic love are posed.
I conclude with ideas for future research. The result is a preliminary justification for the theory
of co-opting mother-infant bonding in the evolutionary history of romantic love, justification of
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anew approach to the science of romantic love, and a de facto critique
of Fishers (199%) outdated model.

1.1. Purpose of this article

The scientific literature around romanticlove is limited. There have
only been sbout 45 empirical studies of the biology of romantic love
(Pode and Kowal, 2022). The number of studies specifically
investigating the psychology of romantic love is probably in the same
vicinity (although alarge number do include romantic love as a variable
of interest). The research is piece-meal or simple replications of
previous studies (i.e, specifically in relation to fMRI studies). No

10.3389/fpsyq.2023.1176067

(romantic love), and attachment (pair bonding). Fisher contends that
these three systems evolved separately to serve specific functions. Sex
drive is associated with estrogens and androgens and motivates
individuals to engage in sexual activity. Attraction is associated with
catecholamines (i.e, dop norepinephrine), phenylethylamines,
and serotonin and focuses efforts on preferred mating partners.
Attachment is associated with oxytocm and vasopressin and enables

idual gagein p I care. She concludes that *...during
the course of hominid evolution, these three emotion circuits-lust,
attraction, and attachment-became increasingly independent from
one another [...]" (Fisher, 2000, p. 97). The great strength of Fisher’s
theory is that it describes three distinct systems involved in

lian reproduction.

to

overarching theory guides research into romantic love and this leaves
the science of romantic love lacking. Romantic love is under-researched
given its importance in family and romantic relationship formation, its
influence on culture, and its proposed universality (see Jankowiok and
Fischer, 1992; Buss, 2019a, 2019b; Bode and Kushnick, 2021).

While I recognize that the topic of this article will be of interest to a
broad audience, my target audience is individuals involved in i
love research. This includes, primarily, biologists and psychologists. My
purpose is three-fold: (1) outline the preliminary evidence for the theory
of co-opting mother-infant bonding, (i) provide guidance for future
research based on a coherent theory that can be tested, and (iii) serve as
acritique of I'ishers (1998 theory of independent emotions systems. In
my opinion, Fishers (1998) theory not only mischaracterizes the
mechanisms of romantic love, but fails to accurately articulate the
processes through which romantic love emerged, evolved, and functions.

I outline the history of the theory of co-opting mother-infant
bonding in the evolutionary history of romantic love below. It has most
recently been articulated by Hode and Kushnick (2021, but that effort
was limited in scope and evidence, drawing on only a few relevant
human studies. This current artide extends on that attempt by drawing
ontheﬁlllbrmdthdhumnn mseamhofmmamncloveudmsng]mﬁom

ive 1 ch on pairb g. I provide ideas for future
research atthemdofdmamde.'[hmepmposnwm are informed by a
theory that helps to explain not only the evolutionary history of
love, but also its functions and mechanisms. I also provide a strident
critique of Fishers (1995) theory with the aim of correcting the peer
reviewed scientific record (I note Fisher has published popular science
books in addition to a relatively small number of peer reviewed articles
on the topic, but these cannot be considered academic texts). Fisher's
(1998 theory is well known, but has failed to generate hypotheses or
guide research. The useful concepts and ideas it provides should
be adopted while the general theory should be discounted as anaccurate
representation of the evolution or mechanisms of romantic love.

2. Two theories that inform the theory
of co-opting mother-infant bonding
iln the evolutionary history of romantic
ove

2.1. Fisher's theory of independent emotion
systems

Fisher’s (1998, 2000) and Fisher et alls (2002) theory of
independent emotions systems describe sex drive (lust), attraction
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Despite being rational, well informed for the time, clearly
articulated, and appealing because of its simplicity, Fishers (1098,
2000) and Fisher et al’s (2002) theory was created and developed
without the ample psychological, neurobiological, and
endocrinological evidence available to today’s researchers. In the
absence of that type of evidence, Fisher draws on theorizing in
evolutionary biology, psychological research, and a general
understanding of hormones and neurotransmitters to generate the
theory (Fisher, 1998). Later iterations incorporated findings from one
neuro-imaging study to support the hypothesis that “...romantic love
is associated with a discrete constellation of neural correlates and
distinct from the neural systems associated with the other primary
mating emotion-motivation systems: lust and attachment [...]
(Fisher et al, 2002, p.417)" In a follow-up article, Fisher (2006 draw
on a small number of neuroimaging studies to reinforce the point
that romantic love, like the behavioral attraction system in mammals,
is associated with the dop gic reward pathway. A subseq
publication by Fisher et al, (2016) further articulates aspects of the
theory. Fichers (1993, 2000) and Fisher et al’s (2002) theory does not
provide any detailed explanation as to how these three systems
evolved (in peer reviewed articles) except to say that they evolved
separately and exist in mammals (and attraction is common to all
mammals; Fisher, 1998),

While I disagree with the basic premise of Fichers (1908)
model, I think there is some utility in recognizing the role of
distinct but interrelated systems. I believe the systems involved in
romantic love differ from those posed by Fisher, and the initial
notion that these three systems became increasingly separated has
actually been contradicted by her later work (Fisher ot al. 2016).
I do, however, see great value in using the basic idea that romantic
love involved distinct pre-existing systems that interact (see Fode
and Kushnick, 2021).

+

2.2. Brain-opioid theory of social
attachment

The brain opioid theory of social attachment [see Machin and
Dunbar, 2011 for review of evidence; see also Manksepp, 1981 (cited
in Panksepp, 2005) for genesis] cc ds that endog opioids play
an important role in the full spectrum of social attachment. It has its
origins in studies demonstrating behavioral and emotional similarities
bety Is involved in i close relationships and those
using narcotics (e.g., Liehowitz, 1083, Panksepp, 1000 cited in Machin
and Dunbar, 2011).

PR T
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Earlier accounts of the similarities between intense, close social
relationships and narcotics addiction included euphoria, tolerance-
habituation, and withdrawal (see Lichowitz, 1993 cited in Machin and
Dunbar 2011). More recently developed understandings of addiction
suggest another manner of viewing the similarities might be through
the three stages of binge/ intoxication, withdrawal/ negative affect, and
preoccupation/ anticipation (Koob and Valkow 201¢; see also Bode
and Kushnick 2021). Both approaches help to explain the processes

lved in int close nship

One endogenous opioid postulated to play a particularly
important role in intense, close relationships is f-endorphin (Machin,
). It is believed to play an important role in the pain of social
isolation and reward of social contact (Panksepp et al., 1097; see also
Machin and Dunbar, 2011 for succinct summary). There is
preliminary evidence of f-endorphins invol nt in new p

Tati

10.3389/fpsyg.2023.1176067

Bowlby (1950/1082) is more precise in his assessment of when
mother-infant bonding is occurring. He suggests that infants start to
exhibit attachment behaviors by 6 months of age and are generally
exhibiting the full breadth of attachment behaviors by 9 months of age.
Following this development, interaction between the mother and
infant is bi-directional, and therefore it can be inferred that mother-
infant bonding is particularly important in the firt 9months of a
child’ life.

Mother-infant b g appears to involve three distinct sy a
reward and motivation (bonding attraction) system, an oxytocin and
vasopressin related (attachment) system, and an obsessive thinking
system. The bonding attraction systems is associated with oxytocin and
dopamine systems (Rligo et al, 2019 Shib et ol. 2022), and is
charmmdbyacuvnym the left ventral tegmental area (VTA), right

1:

and the early stages of a romantic relationship (Ulmer-Yanivetal,

left sub ia nigra, and put (Shih et al, 2022) among
other regions (see igo ot al., 2019). The attachment system isassociated

201¢) as well as other social relationships in non-primate 1
h pri andh (Machin and Dunbar, 2011).

p-endorphin- releasing neurons are found in high densities in a
number of regions associated with mother-infant bonding and
romantic love, such as the hypothal and
involved in reward (F.oclnar and Klein, 2006). Receptors are also found
in regions associated with both states, including the basal ganglia and
corticolimbic regions (St:fano et al, 2000). Endogenous opicids
interact with a number of other neurotransmitters and hormones
implicated in romantic love, such as dopamine, serotonin, and
testosterone (see Machin and Dunbar, 2011),

The BOTSA provides preliminary evidence for the i
of the endogenous opioid system and related systems in multiple
forms of love, including mother-infant bonding and romantic love. It
also highlights the mechanistic similarities between all forms of close
social relationships, including forms of love, all of which involve the
attachment system.

limbic str

N

3. A theory of co-opting
mother-infant bonding

3.1. Terminology

3.1.1. Mother-infant bonding/maternal—infant
bonding

The concept of mother-infant bonding is often superficially
developed and subject to confusion with related concepts (Hicking
Kinsey and Hupeey. 2013). It is synonymous with “maternal-infant
bonding” and is characteristic of mammals (see Proad et al, 2006
Numan and Young, 2016). One definition of maternal-infant bonding,
as it relates to humans, is:

[...] a maternal-driven process that occurs primarily throughout
the first year of a baby’s life, but may continue throughout a child’s
life. It is an affective state of the mother; maternal feelings and
emotions toward the infant are the primary indicator of maternal-
infant bonding. Behavioral and biological indicators may promote
maternal-infant bonding or be an outcome of maternal-infant
bonding, but are not sufficient to determine the quality of
maternal-infant bonding nor are these indicators unique to the
concept (Bicking Kinsey and Hupcey, 2013, pp. 9-10).
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with dop oxytocin, and opioids (see [Niman and Young, 2016 for
discussion of mammals), and is characterized by circulating oxytocin
(Ulmer-Yaniv et al,, 2016; Scatliffe et al, 2019) and opioids (Ulmer-
Vaniv et al. 201¢), among other factors, in humans. Nothing is known
about the mechanisms contributing to obsessive thinking, but it is
associated with preoccupation with the infant (I<im et al, 2017).

3.1.2. Romantic love
A comprehensive, ethologically
love is:

formed definition of

[...] a motivational state typically associated with a desire for
long-term mating with a particular individual. It occurs across the
lifespan and is associated with distinctive cognitive, emotional,
behavioral, social, genetic, neural, and endocrine activity in both
sexes. Throughout much of the life course, it serves mate choice,
courtship, sex. and pair-bonding functions. It is a suite of
adaptations and by-products that arose sometime during the
recent evolutionary history of humans (Bode and Kushnick,
2021, p 21).

Unless indicated otherwise, in this review; “romantic love” refers
to the state that usually occurs in the early stages of a romantic
relationship (i.e., early-stage romantic love) and not long-term
romantic love (see Acevedo and Aron, 2009; O'Leary et al, 2011,
Acevedo et al, 2012 for explanation of long-term romantic love).
Romantic love is referred to as “passionate love.’ in the field
of psychology (Feybesse and Hatfield, 2019). Tuse the term “romantic
love” because that tends to be the name conferred in the fields of
blology (see Bode and Kushnick, 2021; Bode and Kowal, 202

tic love preced panionate love (see Hatfield and W 1!51 or,
1095),whichuthelove&hlen ly ng individuals in an
established pair bond. It tends to last up to sbout 2-to-3 years and is
characteristic of the eady stages of a romantic relationship (see
Tennov, 1979; Marazziti et al., 1999; Marazziti and Canale, 2004;
Emanuele o ol, 2006). It is evolutionarily, mechanistically, and
psychologically distinct from attachment. Throughout this article, all
tudies related to “r ic love” have been undertaken in humans.

ot

3.1.3. Attraction system(s)
Fisher (1995) argues that the attraction system serves to focus
energies on a preferred mating partner. I, however, believe that what
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Fisher is referring to can better be described in terms of two separate
systems with distinct functions. I would suggest that one system could
be best termed courtship attraction, which is a system that may
be characterized by activity of dopamine, oxytocin, and opioids (see
Fisher, 1998; Baskerville and Douglas, 2010; Meier et al, 2(21), and
which focuses energies on preferred mating partners for the purpose
of facilitating copulation - essentially, mate choice. This most closely
aligns with i<her’s (1995) conceptualization of attraction and would
be characteristic of the phenomenon of love at first sight, something
which could better be termed an acute cour tship attraction episode (see
Zsole et al, 2017 for distinction with romantic love), or a crush.
Unfortunately, the fMRI studies that measure naumlscﬂvity in people
experiencing romantic love would be g primarily, bondi

attraction (introduced below), and only poeibly courtship mmtmn.
As a result, we know very little about the neural and endocrine
characteristics of courtship attraction. Courtship attraction is
[ to all lian species (see Fisher, 1098; Fisher et al,
2005) as well as other classes of Is that Iy ch

10.3389/fpsyq.2023.1176067

cited example is the feathers of a bird that may have originally served
a means of thermal regulation but later were produced in a
morphologically innovated form (Prum, 2005) toserve a role in flight
(see Hergstrom and Dugatlan, 2016). Similar processes can occur in
psychological traits. Co-option is sometimes narrowly associated with
“exaptation” “The former [a process] refers to the fact that parts used
in the formation of a new [trait] can be recruited from pre-existing
features. The latter [in evolutionary biology] is understood to mean
that functional change is possible with structural continuity”
(Bozargmehr, 2020, p. 2). To clarify, exaptation is when a trait retains
its original form but takes on a new function; co-option is the process
whereby any trait takes on a new function, regardless of whether the
original form is retained or not (! cl.ennan, 2005). An analogy would
be that exaptation is akin to using an umbrella as a parasol whereas
co-option occurs regardless of whether we are talking about an
umbrella used as a parasol or a bucket pierced with holes to make a
watering can. Phylogenetic analysis can sometimes be used to
h traditional adaptions from co-option (or exaptation) by

T
dist

4
deter

The second type of attraction, and something overlooked by
Fisher (1995), could best be termed bonding attraction. It differs from
courtship attraction in that it tends to occur during or following the
establishment of a bond and serves to focus energies on a bonded
object. Bonding attraction is characterized by a strong desire for
proximity with the bonded object and separation distress when that
proximity is interrupted (see Flower and Weary. 2001), which may
be attributable to a distinct panic/ separation distress system
(Panksepp et al., 1997; see also Panlksepp, 2005 for summary) which
may have been sub d into the lian bonding attraction
system. Bonding attraction, too, is probably characterized by
dopamme, oxytocin, and opioid activity (arguments made in the
sections below; see Baskerville and Douglas, 2010, Rigo et al. 9,
Shih et al., 2022; seealso Panksepp et al., 1997; Preter and Klein, 2008;
see also Pankeepp, 2005) and would be common to all mammals, at
least females, and to both sexes of species that pair bond, including
humans. It would also be common to species in other classes that
bond, such as most birds.

3.14. Attachment system

The attachment system is the system responsible for forming and
maintaining very close personal relationships (e.g., caregiver-child
and ps). It is o ly associated with oxytocin
and vasopressin (Carter. 2017a 1) although other neurotransmitter
systems (e.g., opioids) must play a role. Early theorists considered it
only in terms ofwer-mfam mlauonshxpx and suggested it served
the function of p g P giver and child,
ensuring safety (see Bowlby, 1969/1 4“»“) later theorists associated it
with romantic nlaﬁonshipl and pair bonds (see Hazan and Shaver,
1987, Shaver et al., 1988, Fraley and Shaver, 2000; seealso Fraley et al,,

tic relati

g if a particular function has preceded, accompanied, or
followed evolution of a particular function (see Flackburn, 2002). An
original psychological characteristic must have preceded the
secondary psychological characteristic for co-option to have occurred.

3.1.6. The theory of co-opting mother-infant
bonding in the evolutionary history of romantic
love

I bdieve that the theory of co-opting mother infant bonding in the
evolutionary history of romantic love can be articulated as a theory
that suggests that some of the cognitions, emotions, behaviors,
neurobiology, (neuro)endocrinology, and genetics of mother-infant
bonding were co-opted to form romantic love (see Bode and Kushnick,
2021). The function changed from mother-infant bonding to pair
bonding (ie., pair bond formation). Other mechanisms and
psychology (i.e., courtship attraction and sexual desire) may havealso
been combined and modified (see Pode and Kushnick, 2021), but
continued to serve their pre-existing functions, although
expressed differently.

3.2. A brief history of the theory of
co-opting mother-infant bonding

There are several important stages in the development of the
theory that romantic love evolved from co-opting mother mfam
bonding; animal research, eady h research, comp
reviews, and articulation of the theory. Originally, many animal
studies highlighted the similarities between mother-infant bonds and
other social relationships, including pair bonds. These studies are

ized

2005). The attachment system plays a role in other less int but
nonetheless close, social relationships, sometimes referred to as bonds
(see Carter, 20175) as well as the very strong bond an infant displays
towards its attachment figures (see Marbaro, 2020).

3.1.5. Co-option

Co-option is a process whereby a trait (e.g., mechanism,
morphology; behavior) in a species is replicated to serve a different
function to that which it originally served (IVIcLennan, 2005 see also
1999; True and Carroll, 2002). A commonly

Ganfornina and Sinchez,
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d in multiple reviews (e.g., Carter, 1998, Carter and
Ke

verne, 2002; Young and Wang; 2004; Broad et al., 2006; Numan and
Young, 2016; Walum and Young, 2014) and tend to focus on mammals,
notably rodents.

Leckman and Mayes (1999) conducted an analysis of the
similarities between romantic love and early parental love (love of
a parent for their offspring, and of which mother-infant bonding
is one component). They found substantial similarities between the
two types of love. Hartels and Zeki (2004, famously, conducted a
study comparing the neurobioclogical characteristics of romantic
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love and maternal love. By maternal love, I mean the love a mother
feels for her offspring. They showed that some brain regions
implicated in romantic love owrlsp precisely with those involved
in maternal love. They emphasi i gions rich with
oxytocin and vasopressin receptors. A subsequent meta-analysis of
the literature about love (Ortigue ot al, 2010) demonstrated

larities in

10.3389/fpsyq.2023.1176067

person could understand. These were followed in 2021 by a review
article (Fode and Kushnick, 2021) on thebiology of romantic love that
drew on a small number of studies of ic love, maternal love,
and parental love to suggest that romantic love evolved by co-opting
mother-infant bonding mechanisms. That review was the first to
suggest the theoryisas important in understanding the evolution of

substantial similarities between types of love (includi ic ic love as Fisher’s (1998, 2000) and Fisher et al’s (2002) theory
love and maternal love) in terms of activity in dopa rich  ofind dent emotion systems, and even suggested the two theories
structures. Recently, a meta-analysis of maternal and romanticlove  could onmp]emm! uchothet.

using an activation likelthood estimation (Shil et al, 2022) was
undertaken. That meta-analysis highlighted similarities between
maternal and romantic love in the dopamine-rich left VTA. It also
acknowledged similar networks of affective and motivational
processing were distributed differently in the two types of love. The
authors specifically suggested that their findings support the
notion of “common evolutionary roots” in both maternal and
romantic love.

A number of notable articles have reviewed the animal evidence
that the proximate mechanisms that cause mother-infant bonding play
a role in other social relationships, including pair bonds (see Males
et al, 2021 for a discussion of the definitions of pair bond; see also
Kushnic , June 4). Carter and Keverne (2002) identified
maternal-infant bonding as an appropriate animal model for studying
the biological basis of pair bonding, Young (2003) first noted, *[iJtis
conceivable that similar neural and molecular mechanisms that have
evolved for regulating the mother-infant bond have been co-opted to
produce the pairbond” (p. 94). He emphasized the role of oxytocin in
both of these bonds. Young and Wang (2004) also proposed the notion
that there is similar neural and endocrinological oxytocin activity in
mother-infant bonds and pair bonds. Proad et al (2006) described
shared neural and hormonal mechanisms across a range of social
relationships in animals.

Numan and Young (2016 explicitly described the similarities
between the mechanisms involved in mother-infant bonding and pair
bonding in rodents. They suggested that “the neural circuitry and
mechanisms that underpin the long-term mother-infant attraction
may have provided a primordial neural scaffold” (Muman and Young,
2016, p. 99) upon which pairbonds evolved. Walum and Young (2018)
outlined what is known from animal h about the mech
causing the formation and maintenance of pair bonds. They argue that
the pair bond and romantic love may be coexistent, *[...] pair bonding
is the evolutionary antecedent of romantic love and [...] the pair bond
is an essential element of romantic love” (Walum and Young, 2018,
P 12). Numan (2020) argued how the mother-infant bond potentially
provides the neural foundation for the enduring pair bond that forms
between mates in socially monogamous mammalian species.

Some notable publications have played an important role in
advancing knowledge of the theory that romantic love evolved by
co-opting mother-infant bonding. Diamond (2008; see also Diamond
et al., 2010) articulates a process through which this evolution occurs.
She states, with confidence, that adult pair bonding is an “exaptation”
(Diamond, 2008, p. 226). While I would suggest that romantic love is
a suite of adaptations and by-products (Puss. 2019, 20156, Bode and
Rushnick, 2021), rather than an exaptation, this does support the
claim that ther-infant bonding and love are
mechanistically and evolutionarily linked through a process of
co-option. Later, Young and Alexander (2012) published a popular
science book that described the process of co-option in terms a lay

2022
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3.3. Evidence supporting a theory of
co-opting mother-infant bonding in
humans

This sub-section introduces evidence for the co-option of mother-
infant bonding mechanisms in the evolutionary history of romantic
love. I do this by providing context to Fishers (1998 2000) and Fisher
et al’s(2002) theory of independent emotion sy and two lines of
evidence directly supporting the theory of co-opting mother-infant
bonding: psychalogical and neurobiological/ (neuro)endocrinological
similarities between romantic love and mother-infant bonding. I focus
on human studies rather than animal research because pair bonding
evolved in different mammals independently of each other (see Fraley
et al, 2005), rather than as part of a single evolutionary history (as
evidenced by no ancient common ancestor to all mammals that pair
bond). The phylogenetic distance between humans and the primary
species used as models to investigate pair bonds (ie., prairie voles)
means that most of the comparative animal studies found in the
literature are less informative than human studies. This is becanse
we know that certain common structures in primates and rodents can
contain different receptors (Zablocki-Thomas et al., 2022). While
inferences can be made about romantic love in humans from animal
models (see Fischer ot al, 2019), far greater certainty about the
mechanisms of romantic love is gamed from considering
human research.

Most of the human biological evidence (see Fods and Kowal, 2022
for a oumpuhennve lm of neurcimaging, endocrinological, and
genetics studi ic love) comes from cross-
sectional studies unng P desi of people
experiencing romantic love or comparing groups experiencing
romantic love with groups not experiencing romantic love (i.e., singles
or people in a relationship for along time). Seminal fMRI studies tend
to ask participants in love to view an image of their loved one and
compare this with viewing an image of a familiar other, although other
designs and stimuli do exist (see Pode and Kowal
Endocrinological studies tend to measure circulating peptides in
blood in a group of individuals experiencing romantic love and a
control group of individuals not experiencing romantic love, although
asmall number of endocrinological studies (i.e, Marazzitietal 1000,
Marazziti and Canale, 2004; Emanuele et al, 2006) have identified
these differences using longitudinal methods.

There is utility in drawing on animal research when considering
pair bonding and I therefore do use animal evidence to supplement
human evidence. Readers are referred to three reviews on pair
bonding described above (i.e., Brcad et al,, 2006; Numan and Young,
2016; Walum and Young, 2018) for comprehensive accounts of animal
research related to this topic and an interesting review by

=}
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Zablocki-Thomas et al. (2022) which provides some biological
comparisons between love in humans and animals. I believe there is
sufficient human evidence to make a case for the theory of co-opting

mother-infant bonding in the evolutionary history of romantic love.

It appears that ic love displays some of the same psychological
characteristics as mother-infant bonding, uses some of the same, or
similar, mechanisms, but serves different functions (see

McLennan, 2008).

3.3.1. Mother-infant bonding preceded the
evolution of romantic love

Before outlining the psychological and mechanistic evidence that
romantic love evolved by co-opting mother-infant bonding, it is
necessary to first determine whether mother-infant bonding preceded

the biology of romantic love, fode and Kushnick (2021) consider the
evolutionary history of romantic love with reference to pair bonding.
They suggest that romantic love evolved in concert with pair bonds
and describe the phylogenetic relationships among select mammal
species that pair bond. In a phylogenetic cladogram, they place the
established origin of mother-infant bonding physiology at the

of all Is. This is supported by the fact that
all mammals present varying degrees of maternal care, ncluding,
especially, the feeding of young with milk (see Pond, 1977), and
responsiveness towards infants (Rilling and Young, 2014). These
behaviors were p t in the earliest Is, dated to about 200
million years ago (Upham et al,, 2019; Alvarez-Carretero et al, 2023).
As such, mother-infant bonding preceded the evolution of romantic
love (as pair bonding in the human lineage did not evolve until much
later; see Fisher et al,, 2016 Bode and Kushnick, 2021). It is therefore
ppropriate to consider the ining evidence for the co-opting of
mother-infant bonding in the evolution of romantic love.

3.3.2. Romantic love is a suite of adaptations and
by-products

Pisher’s (1998, 2000) and Fisher et al’s (2002) theory of
independent emotion systems states that the attraction system is,
essentially, responsible for romantic love, and that it is associated with
the catecholamines (ie, norepinephrine and dopamine),
phenylethylamine, and serotonin. Indeed, research has demonstrated
changes in serotonergic and dopaminergic systems in people
experiencing romantic love (Marazziti et al, 1099, Langedag
S. J. E. et al., 2012; Marazziti et al, 2017). Fisher takes a narrow
definition of romantic love (the attraction system) that suggests
romantic love serves to focus energies on a preferred mate. Others,
however, frame romantic love in terms of being a suite of adaptations
and by-products (Pode and Kushnick, 2021; see also Buss, 20194,
20195). This suggests that romantic love serves additional broad (i.e.,
sex and pair bond formation) and specific (Le., providing sexual
access, signaling sexual fidelity, providing psychological and emotional
resources, displaying commitment, and providing signals of parental
investment) functions.

The mechanisms of romantic love are more complicated than that
proposed by Fisher (1955), Neurobiological activity associated with
sexual desire and arousal (Dismond and Dickenson, 2012, Cacioppo
et al, 20125) and oxytocin receptors (e.g, Hartels and Zeki, 2000,
Acevedo et al, 2020) is consistently associated with romantic love.
Fisher's theory recognizes the role of sexual desire in r ic love

10.3389/fpsyq.2023.1176067

(Fisher, 1998, 2000) but does not adequately recognize that activity of
the attachment system (i.e., oxytocin; Schneiderman etal, 2012, 2014,
Ulmer-Yaniv et al, 2014) may in fact constitute an aspect of romantic
love. I, and others, believe a type of sexual desire (Fode and Kushnick,
2021; see also Diamond and Dickenson, 2012 for suggestions of
different types of sexnal desire) and the attachment system (Langeslag
S etal, 2012; Bode and Fushnick, 2021) form part of romantic love.

Fisher (1992) suggests that sexual desire is a feature of romantic
love; she contends that one of the psychological properties associated
with the attraction systems is "a sexual desire for the target of
infatuation [...]" (p. 32). In a later paper (Fisher 2000), Fisher
describes this sexual desire in people experiencing romantic love in
the context of lust (sex drive). Sexual desire is associated with
particular mechanisms and functions that differ from those said to
be associated with the attraction system (Diamond, 2010: Diamond
and Dickenson, 2012; Cacioppo et al,, 201 2a; Toates, 2014; Holloway
and Wylie, 2015). Psychological evidence distinguishing sexual
attraction from romantic attraction (Scheller ot al, 2023) also supports
the notion that sexual desire and attraction systems are separate, yet
interdependent. Evidence that particular activation in the caudate tail,
medial orbitofrontal cortex, right subcallosal cingulate, and right
nucleus accumbens (NA) is predictive of relationship maintenance
40 months after being imaged while in love (1 et al. 2012) suggests
that these structures may play a particular role in pair bond formation.

Fisher's (1998, 2000) and Fisher et al’s (2002) narrow definition
(and associated responsible mechani onsi with the views
of several others (e.g., Diamond and Dickenson, 2012; Cacioppo et al.,
2012a; Langeslag S. et al, 2012; Bode and Kushnick, 2021). “[...
Romantic] love is characterized by a subcortical AND a cortical brain
network, in which each brain region might have a specific function”
(Cacioppo et al, 20124, p. 8). While Fisher’s theory explains some of
what is associated with romantic love, it does not explain all of it (i.e.,
nerve growth factor, pair bond formation, similarities with mother-
infant bonding, cortical structures associated with romantic love, or
the desire forlong term mating over short term mating). Sexunal desire,
as well as the attraction (which I divide into two types of attraction
[courtship attraction and bonding attraction]) and attachment
systems outlined by Fisher appear to work together so intricately and
effectively in the early stages of a romantic relationship, their activity
should be considered in terms of a single phenomenon - romanticlove.

There appears to be more going on with romantic love than simply
attraction and a focus of energies on a preferred mating partner.
Factors not identified in Fisher's (1908, 2000) and Ficher et als (2002)
model have been implicated in romantic love: cortisol (IMarazziti and
Canale, 2004; Weisman et al; 2015; Renner et al.,, 2021) and nerve
growth factor (Emanuele et ol 2007). Opioids are also likely to play a
role in romantic love (see Machin and Dunbar, 2011) but do not
appear in Fisher’s model.

3.3.3. The psychology of romantic love and
early-stage parental love are similar

There is substantial dap the psychological
characteristics of romantic love and those characterizing the early-
stages of parental love (which includes mother-infant bonding).
Leckman and Mayes (1999) provide a detailed description of the
similarities between the early phase of romantic love and early-stage
parental love. They find extreme similarities in the domains of altered

ntal state, longing for reciprocity, and establishment of intimate

hot
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mutually satisfying reciprocal patterns of interaction usually marked

10.3389/fpsyq.2023.1176067

receptors. Overlapping brain areas include regions in the striatum (i.e.,

™

by a culturally defined ritual. They also find substantial similarity ina
range of other domains (i.e, exclusivity of focus, idealization of the
other, heightened awareness of the other, heightened sense of
responsibility, proximity-seel limited duration, need for
things to be “just right” and tendency to minimize altered patterns of
thought and behaviors). The uncanny similarities between romantic
love and parental love even extend to the use of “baby talk” between
romantic lovers (Bombar and Littig, 1996). Leckman and Mayes
(19997 highlight the similar trajectories of preoccupation in romantic
love and parental love (discussed below).

There is some imprecision in the evidence of the psychological
similarities between mother-infant bonding and romantic love.
Leckman and Mayes (1999) chose to compare romantic love with
early-stage parental love rather than early-stage maternal love. This
makes it difficult to make specific inferences because the parental
love of the father may have also evolved from mother-infant
bonding mechanisms or pair bonding mechanisms and be a
consequence of the evolution of pair bonding (see Lukas and
Clutton-Brock, 2013 Opie et al., 2013). Regardless, parental love
includes mother-mfam bonding, as mother infant bonding is akin
to maternal love, and therefore the argument that there are
substantial similarities in the psychology of romantic love and
mother-infant bonding holds true.

ing, ti
d

3.3.3.1. Obsessive thinking is a discrete feature of
romantic love and mother-infant bonding

Fisher (1998, 2000) and Fisher et al. (2002) speaks of obsessive
thinking in people experiencing romantic love in terms of “intrusive
thinking” and notes it is a hallmark of romantic love. This feature of
preoccupation is reported regularly as a feature of romantic love (e.g,
Hatfield and Sprecher, 1985; Langeslag S | E. et al, 2012; Brand et al,
2015). Mothers also experience obsessive thinking about their infants.
Features of obsessive thinking in mothers of infants that have been
measured empirically include having oné’s daily routine interrupted
by thoughts about their infant, thoughts about their infant interfere
with concentration on other things, visually imagining their infant
when not in direct contact, and thinking about their infant when at
work or otherwise engaged (10im et al., 201 7). According to Leckman
and Mayes (1999), n romantic love, preoccupation increases through
the courtship phase and peaks at the point of reciprocity where
preoccupation begins to slowly wane. In parental love, preoccupation
increases throughout pregnancy and peaks at the point of birth where
pre-occupation begins to slowly wane. I think there is probably more
variability in the trajectory of preoccupation in these two states than
suggested by the authors.

3.3.4. The neurobiology and (neuro)
endocrinology of romantic love and
mother-infant bonding share similarities

3.3.4.1. The neurobiology of romantic love and
mother-infant bonding share similarities

The neurobiology of romantic love and maternal love have
numerous similarities, Bartels and Zela (2004) found that activity in
several brain regions implicated in romantic love overlaps precisely
with that involved in maternal love. This is particularly the case in
regions associated with a high density of oxytocin and vasopressin
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globus pallidus, candate nudeus), the middle insula, and the
dornl part of the anterior cingulate cortex. It should be noted that
some of the mothers assessed in that study had children much older
than infants. Nonetheless, this is consistent with endocrinological
findings that higher levels of oxytocin are associated with the early
stages of a romantic relationship (Schneiderman ot ol 2012, 2014,
Ulmer-Yaniv et al, 2015) and during maternal love, such as following
mother—child contact (Feldman et al, 2010) and during pregnancy
(Levine et al, 2007).

Neurobiclogical similarities between romantic and maternallove
have been confirmed by two meta-analyses (O rtigue ot al, 2010: Shih
et al. 2022) which also highlighted distinct neural activity associated
with each type of love (maternal love and romantic love). Crtigue
et al (2010), using a small number of studies, determined that
romantic love was associated with “brain areas mediating emotion,
motivation, reward, social cognition, attention, and self-
representation” whereas maternal love “is mediated by a
[periaqueductal (central) gray matter]-centered reward system, and
also by higher-order cognitive or emotional cortical brain areas”
(p. 3547-3548). Shih ot al (2022) who considered a much larger
number of studies, found a more lateralized activity associated with
maternal love than romantic love. Differences between maternal love
and romantic love are interesting, and help to explain their different
expression and functions, but are not evidence contradicting the
theory of co-opting mother-infant bonding. Differences could be the
result of the innovation that is a feature of co-option or as a result of
changes over time to either maternal love, romantic love, or both.
Importantly both meta-analyses found substantial overlap in
subcortical dopaminergic and oxytocinergic brain areas in different
types of love (e.g., the [left] VTA; note Groppe et ol 2017 identified
the VTA as the human brain site where oxytocin attaches salience to
socially rewarding cues, although there is no evidence that oxytocin
receptors are found in the primate VTA [see Zablocki-Thomas
et al, 2022])

Two reviews (e Boer et al, 2012; Cacioppo et al, 2012a) state that
areas associated with emotional responses, dopamine rich reward
pathways, and other areas active in tic love overlap substantiall
wnh those found to be involved in matemal love (see Kikuchi .m-_l
Noriuchi, 2015; Gholampour et al, 2020). Importantly, many of the
recent studies that investigate maternal love involve, exclusively,
mothers of children that were less than 9months old (see g0 et al.,
2019: Shih et al, 2022) - the period in which mother-infant bonding
is particularly important (see Fowlby: 1965/1957). This supports the
notion that mother-infant bonding mechanisms were co-opted and

restructured to serve their new function.

3.3.4.2. Romantic love and mother-infant bonding involve
activity of the dopamine system

As indicated above, dopamine-rich reward and motivation
circuitry is implicated in both romantic love (Acevedo and Aron,
2014; Xu et al, 2015; Bode and Kushnick, 2021) and mother-infant
bonding (Figo «t al. 2019). This largely explains psychological
characteristics such as a desire for proximity and responsiveness to the
loved ane or infant. A genetic polymorphism that regulates dopamine
4 receptor density (DRD4-7R) is associated with both the maintenance
of romantic love among newlyweds (Acevedo ot al, 2020) and
variation in maternal sensitivity to fussy infants (a1t ot ol , 2010).
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One study also found lower dopamine transporter density in
lymphocytes in people experiencing romantic love than controls
(Marazziti et ol 2017). This indicates an up-regulation of the
dopamine system.

While substantial differences exist between romantic love and
mother-infant bonding in some respects, such as the substantial
lateralization of neural activity in mother-infant bonding (Fig0 et sl
2019, Shih et &l 2022), the similarities are consistent with the theory
of co-opting mother-infant bonding in the evolutionary history of
romantic love. Activation of these areas is likely to have substantial
impacts upon behavior above and beyond simply those associated
with attraction and the focus of energies on a preferred romantic
partner (e.g. affecting sleep and mood; see Hode and Kunla, 2021).
Fisher (1998, 2000) and Fisher et al. (2002, 2006) contend that
romantic love is the result of activation of a dopaminergic system.
I contend that it is a necessary but not sufficient part of what causes
romantic love.

The role of dopamine in romantic love, particularly the attraction
systems, can best be described as playing an important role in
selective reinforcement of association between the reward of social
interaction and otherwise neutral stimuli (see A rias-Carrion et al,
2010 for a review of the dopaminergic reward system). It plays a
particularly important role in learning and memory processes
(5chultz, 2007) and motivates a type of "seeking” behavior (4lcaro
et sl 2007). It does not appear to play a primary role in the
pleasurable experiences associated with romantic love, something

10.3389/fpsyq.2023.1176067

specifically implicated in both romantic love and mother-infant
bonding include the VTA, NA, and amygdala, with particularly
notable similarities in the left VTA (see Shili ot al, 2022), These
structures, while certainly rich in dopamine receptors, and which
play a role in an identifiable reward and motivation system, are also
mediated by other types of receptors, including oxytocin receptors
(Baskerville and Douglas, 2010). Oxytocin activity interacts with the
dopamine system and plays a role in social learning, memory, and
motivation, especially towards sexual behavior and pair bond
formation (see Paskerville and Douglas, 2010). In fact, social reward
requires activation of pre-synaptic oxytocin receptors in the NA in
mice (see Dilen et al, 2012). Evidence from rodents suggest that
activation of oxytocin receptors in the VTA is probably critical for
the rewarding and reinforcing properties of social interaction (see

Hung et al, 2017; Borland et al, 2018; Xiao et al., 2018). This
suggests that oxytocin plays an important role in attraction, not
just attachment.

Other animal studies also indicate that oxytocin modulates a
mumber of brain circuits involved in cognition, many of which are
implicated in maternal care (see Mitre et al., 2017), and, which I also
suggest, are implicated in romantic love. These include processing of
sensory stimuli, social recognition, social memory, and fear. The
relationships between dopamine and oxytocin systems (detailed
below) lend support to the notion that oxytocin acts on motivation
pathways by increasing the salience of specific social stimuli
(Froemke and Young, 2021) which results in up-regulation of

that may be better explained by activity of the opioid system (see
Mejer et al, 2021). I may, however, as Fisher (1995) suggests, play a
role in the exhilaration, h d energy, sleepl and
reduced appetite associated with romantic love.

iarh

3.3.4.3. Romantic love and mother-infant bonding involve
activity of the oxytocin system

Oxytocin is sometimes referred to as” the hormone of love” or the
“love hormone” (see Carter, 2022; see also Carter, 20174 for review of
oxytocin, including in relation to love). Findings indicate that higher
levels of oxytocin are associated with the eardy stages of a romantic
relationship (Schneiderman et al,, 2012, 2014; Ulmer-Yaniv et al.,
201¢) and during maternal love, such as following mother-child
contact (Scatliffe et al, 2019) and during pregnancy (Levine ot al,
2007). A recent systematic review found substantial evidence for
oxytocins role in human parenting behaviors and parent-child
bonding (Shorey et al., 2023).

Oxytocin plays a role in maternal behavior as well as mate
preferences and pairbonding in rodents (I roemile and Young 2021).
Recently, however, it has been demonstrated that oxytocin receptor-
mediated signaling is not necessary for social attachment, parturition,
and parental behavior in prairie voles (P crendzen et al, 2027), raising
interesting questions about the causal mech of these beh
The oxytocin system is thought to be a driving system in maternal and
parental behavior (see Muman. 2020), However, it is interesting to note
that circulating oxytocin levels are greater in people in the early stages
of a romantic relationship than in people who have recently become
parents (Ulmer-Yaniv et al., 2016).

Much emphasis has been placed on activity of the mesolimbic
dopamine pathway in romantic love (e.g, Acevedo and Aron, 2014
Xu et al, 2015; Bode and Kushnick, 2021). This pathway is also
active in mother-infant bonding (Figo =t al, 2019). Structures

TS,
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d i ys (see Love, 2014). Oxytocin is also associated
wnh ueural plastiotym rodents (Froemke and Young, 2021), and
this may account for the increased nerve growth factor activity in
people experiencing romantic love (see Lmanuele ot al,
also Lappi et al,, 1993),

While oxytocin has been referred to as the “love hormone” (see
Carter, 2022 abstract for anthority), this seems to be misguided.
Increasingly; evidence of the primacy of the opioid system in strong
social attachments (see Panksepp, 2005; Machinand Dunbar, 2011)
and the evidence that oxytocin receptors are not necessary for bonding
in prairie voles (Ferendzen ot ol 2022) suggests that opicids may in
&ct be the more appropriate candidate for such a name (see Fanksepp,
fachin and Dunbar 2011 for critique of the oxytocin “love
hormone claim).

2006; see

3.34.4. Romantic love and mother-infant bonding involve
activity of the endogenous opioid system

Machin (2022) contends that the endog opioid sy (ie.,
p-endorphin) is the common mechanism amongthe different types
of love (e.g., matemal love, parental love, ic love, cc

love, familial Iove,platomclove,bundluw love of pets, love fora
celebrity, love of country, love of a god). This is based on the BOTSA
(introduced above) and supported by research demonstrating that
endogenous opioids play an important role in the full breadth ofdose
social relationships in non-primate Is, non-h

and humans (see Machin and Dunbar, 2011). There llabneadthof
evidence demonstrating opioid activity in mother-infant and sexual/
romantic interactions in a range of species (see \Machin and Dunbar,
2011 for summary) and in social monogamy behaviors (ie., pair
bonding and social attachment) in non-human primates (see I'rench
ot al., 2014 for summary). The opicid system (ie., the mu receptor)
has been implicated in pair bond formation in monogamous prairie
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voles (see Loth und Donaldson, 2021). There is also evidence that
circulating f-endorphin levels are higher in individuals in the early
stages of a romantic relationship and recent parents following
interactions with their partner or infant (Ulmer-Yaniv et oL, 2015),
Endorphins are involved in bonding and rep tion in
mammals in muluple ways. Endorphin receptors and transmission is
found th the limbic p y (e, VTA, NA, amygdala)
and have been associated with mpmducuve behaviors in rats
(McGregor and Herbert, 1992; van Furth and van Ree, 1996; Olive
etal, 2001). The opioid system has additional downstream impacts on
mesolimbic pathway activity (see Fierce and Kumaresan, 2006). For
example, withdrawal from opiates in rats can result in a down-
regulation of the mesolimbic system which can persist long after the
somatic symptoms of withdrawal end (Iiana et oL, 1999), This type of
effect may account for the substantial mesolimbic activity associated
with romantic relationship dissolution (see van der Wartetal, 20215
see also Hales and Rogers, for discussion of K opioids in partner
loss). This suggests that romantic love may be similar to opioid
addiction consistent with Fisher et al. (2016 suggestion about cocaine
and amphetamine addiction (Ficher ot ol 2015 see also Hode and
Rushnick, 2021 for description of similarities between romantic love
and addiction). The opicid sy has been implicated in mother-
infant social motivation and bonding in rodents (see Manksepp ot al.
1994) and opioid stimulation in the VTA is associated with the onset

of maternal behaviors in rats (Thompson and Kristal, 199¢),

o

2022

4. Romantic love requires activation of
the bonding attraction and
attachment systems

Much of the evidence provided above does not indicate that the
theory of co-opting mother infant bonding is correct. It details
substantial similarities between romantic love and mother-infant
bonding. It also shows that the attachment system in humans
(characterized by oxytocin, and probably, vasopressin activity [Carter,
20174, 2017b], as well as involving other systems such as opioids,
serotonin, and dopamine) is heavily associated with romantic love. It
does not, however, confirm that it is a feature of romantic love rather
than simply the activity of a closely intertwined system, as Ficher
(1998, 2000, 2016) and Fisher et al. (2002, 2016) contend. In this
section, with some degree of support, | move beyond mere speculation
to suggest that the state of romantic love necessarily involves the
attachment system.

I re-assert that romantic love serves a pair bonding function
(Fletcher et al., 2015; Bode and Kushnick, 2021 ). Distinct pair bond
formation and pair bond maintenance functions and mechanisms
exist in animals (see Loth and Donaldson, 2021; Duclot et al, 2022),
and there is every reason to believe that this is the case in humans (see
Sprecher et al., 2008; Ogolsky and Monk, 2019; Ogolsky and Stafford,
2022 for conceptually related work in humans). Romanm: love,
specifically, serves a pair bond formation function. The attachment
system plays a role in both pair bond formation and pair bond
maintenance. I also believe the attraction system plays a role in pair
bond formation. The evidence I draw on comes from animal models
(i.e., monogamous prairie voles) but I also draw on the available
human evidence. It supports, to some degree, the notion that both the
attraction and attachment systems are active in romantic love.
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4.1. The basic premise

The basic premise is that throughout a period in which an
individual is experiencing romantic love, the attraction, attachment,
and obsessive thinking systems are active. All three systems appear to
have been co-opted in ic love. Dopami ytocin interactions
serve to instigate and promote attraction, attachment, and pair
bonding (i.e., pair bond formation). In circumstances of reciprocated

ntic love and well-functioning ps (i.e., when regular
interaction, proximity, physical touch, and verbs.l exchange are
) hanisms of r ic love ramp up activity of the
machmem system. In circumstances where such stimuli are not
present (i.e, in some cases of quited love), this p is still
occurring (possibly facilitated by obsessive thoughts), but does not
progress to the formation of attachment, full activation of the
attachment system, and transition to pair bond maintenance. This
explains why, in circumstances of fast-arising romantic love (or in any
type of romantic love), the adaptive nature of mate choice may give
way to some of the maladaptive features of infatuation (ie., physical
instability, loss of appetite, targeted social anxiety, clammy hands,
physical tension, sleep difficulties, shyness; see Langeslag 5 ot ol
2012). Some of these sequelae are analogous to the symptoms of acute
cocaine intoxication demonstrating a potential role for dopamine in
these experiences (see (=, 1922). These features of infatuation may
be more common when the dopaminergic activity of mate choice
mechanisms (ie., attraction) are active without substantial calmative
effect of the oxytocinergic attachment system (see Marazziti
etal, 2021).

The infatuation component of romantic love may have resulted
from a co-opted bonding attraction system (Le., the left VTA; see Shih
et al, 2022) merged with a pre-existing courtship attraction system,
while the attachment component results from the co-opted attachment
system. Both systems play a role in pair bond formation. Whereas
Fisheretal (2016) and others (e.g, Marazziti et al, 2021) believe that
romantic love precedes a period of pair bonding, I assert that part of
romantic love is the process of pair bonding (i.e., pair bond formation).

The proposition that romantic love involves activity of both the
attraction and attachments systems differs with the views of others.
Marazziti et al. (2021) describe a process in which oxytocin is
produced in the hypothalamus (one of the regions where attraction is
generated) and that transforms anxiety/fear reactions into a sense of
“well-being, reward, and joy” (p. 252). They contend that this may
be because of activation of dopaminergic reward processing and they
imply that oxytocin may play a direct role in this downstream
activation. They couch this interaction in terms of two distinct steps
of “love” and suggest that this is the result of the activation of reward

lati

processing by dopamine. A recent sy ic review of functional
neuroimaging of the human hypothalamus in socioemotional
behavior recognizes the hypothalamus’ role in ntic love and pair

, M 3
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Unlike the model proposed by Fisher (1068 20000 Fisher et al.
(2002), and Marazziti et al (2021, the theory of co-opting mother-
infant bonding suggests that oxytocinergic activity is a necessary
component of romantic love, and the “second step” that Marazziti et al
(2021) refer tois, in fact, part of romantic love. It may very well be that
multiple forms of love assume activity of the oxytocin-heavy
attachment system. Just as s chin (2022) contends that one common
factor among all types of love is the endogenous opioid system, the
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broader attachment system may be another moreg lized cc
factor in some (or all) types of love (See O itigue «t o), 2010). Love, as
understood in the English language, may simply be the psychological
expression of attachment or bonds. This would mean that romantic
love, by definition, requires activity of both the bonding attraction
system (likely to be responsible for the romantic characteristics of
romantic love - mate choice, courtship, pair bond formation), and
attachment system (likely to be responsible for the love component of
romantic love - pair bond formation).

4.2. Evidence that romantic love involves
activity of the bonding attraction and
attachments systems

evid

This subsection outlines the land h e that
romantic love involves activation of both the bonding attraction
and attachments systems. The animal evidence I draw on below is
summarized in a review by Loth and Donaldson (2021) on oxytocin,
dopamine, and opioid interactions underlying pair bonding,
although others have addressed these issues (e.g., VWalum and
Young, 2015). The attachment system is primarily associated with
oxytocin and vasopressin (Fisher 1998, Carter, 20174, 2017h), but
involves dopamine and opioids (peptides consistently implicated in
pair bond formation; see Numan and Young, 2016: Walum and

Young, 2018, Loth and Donaldson, 2021). Key to supporting the
claim that romantic love necessarily involves activation of the
attachment system (and, in turn, supporting the theory co-opting
mother-infant bonding in the evolutionary history of romantic
love), is dopamine-oxytocin interactions in pair bond formation.
The human evidence supporting the notion that romantic love
necessarily involves activation of the bonding attachment system is
not substantial, and in fact partly relies on the assumption that
romantic love does play a pair bond formation function (see
Fletcher et al,, 2015; Bode and Kushnick, 2021). It also relies on
circumstantial evidence of particular structures associated with
romantic love playing a role in pair bond formation (see v <t al.
2012 discussed below). However, in conjunction with the animal
evidence of the dopamine-oxytocin interactions in pair bond
formation (see below), this limited human evidence does set the
scene for future research to test the hypothesis.

4.2.1. Key dopamine-oxytocin interactions during
pair bond formation in prairie voles

Individual neurotransmitter systems are intricately intertwined
with other neurotransmitter systems. This is certainly the case with
the oxytocin system. Recent reviews have outlined its interaction with
the opioid system in regulating social behavior (Putnam and Chang,
2022), dopamine and serotonin systems in regulating different
components of motherhood (Crich and Lonstein, 2022), and a range
of dul in a number of complex social beh suchas
social learning and maternal behavior (Paletta ot ol , 2022), These are
all relevant to the theory of co-opting mother infant bonding in the
evolutionary history of romantic love. However, in light of the theory
of independent emotion systems (Fisher, 1998, 20
2002) and its emphasis on dopaminergic structures (e.g., Fisher, 2006),
what is most relevant here are dopamine-oxytocin interactions that
play a role in pair bond formation.

; Fisher et al,
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During mating, in rodents, oxytocin is released in the amygdala,
hippocampus, and VTA which directly stimulates the mesolimbic
dopamine pathway projecting to the NA and the prefrontal cortex
(Baskerville and Douglas 2010). Interestingly, stimulation of either
central dopamine or central oxytocin in rodents causes similar social
and affiliative behaviors, including sexual behavior (see Hackorville
and Douglas, 2008) and pair bond formation (ie., in monogamous
prairie voles; see Wang and Aragona, 2004; see also Liu and Wang,
2003; Walum and Young, 2018; Loth and Donaldson, 2021 for
additional consideration of dop ytocin interaction in pair
bond formation). However, it has been demonstrated that concurrent
oxytocin (i.e., to OXTR) and dopamine (i.e., to D2R) signaling is
required for pair bond formation in female prairie voles (i and
Wang, 200%). Importantly, neither of these systems serves as an
upstream regulator of the other during bond formation. Oxytocin
receptors in monogamous prairie voles have a greater density in the
NA than in polygynous voles (o ot al., 2009) and blocking oxytocin
receptors in the NA prevents partner preferences (see Toung ot ul,
2001). These receptors appear to play a particular role in affiliative
behaviors (see [n:cl, 2010). Oxytocin may also interact with dopamine
by facilitating synaptic plasticity to link neural representations of
partner cues to the mesolimbic pathway (V/alum and Young, 2018),

:

4.2.2. Human evidence

4.2.21. Evidence of pair bond formation structures

As indicated above, 1 et ol (2012) found that greater activation
in the caudate tail and less activation in the medial orbitofrontal
cortex, right subcallosal cingulate, and right NA in people who were
experiencing romantic love predicted relationship maintenance
40 months later: This suggests a role for these structures in pair bond
formation. ['isher et al (2005) contend that the neural mechanism for
mate choice (ie.,, attraction) involves multiple reward regions, and
these regi itute the mech of the attraction system. The
medial orbitofrontal cortex (see Schuliz, 2001) and right NA (see
Salgado and Kaplit, 2015) most definitely play roles in reward
processing. The subcallosal cingulate, however, tends to be more
associated with emotion and mood (see for example Mayberg et ol
1999). The role of the candate tail in romantic love and pair bond
formation is even more unclear, as it tends to be associated with the
processing of visual information, movement control (Craff-Radford
et al., 2017) and learning acquisition (Seger and Cincotta, 2005),
although the head of the candate is associated with processing reward-
related information (Delgado et ol 2000). Itis possible that activity of
the caudate tail represents the shift in social cognitive functions (ie.,
social recognition of mate choice and pair bonding) from olfaction to
visualization in primates compared to rodents (see Proad et al, 2006
Kavaliers and Choleris, 2017, Walum and Young, 2018).

The medial orbitofrontal cortex has been implicated in romantic
love using multiple methods (e.g, "1 et al., 2011; Takahashi et al,
2015) and, importantly; has been specifically implicated in long-term
romantic love (Acevedo et al, 2012) and long-term committed
relationships, generally (Lt:da and Abe. 2021). This suggests a role of
the medial orbitofrontal cortexin attachment. The medial orbitofrontal
cortex includes a large number of dopamine receptors and intranasal
oxytocin administration is associated with greater orbitofrontal
activation in response to touch (Chen et al, 2020), suggesting some
degree of dopamine-oxytocin interaction that may mediate the

o
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influence of interpersonal inputs on pair bond formation. Intranasal
oxytocin administration has also been shown to promote self-
interested behaviors which was associated with greater medial
orbitofrontal cortex activation ({1 t al.. 2012). This may suggest the
medial orbitofrontal cortex plays a role in focusing efforts on a loved
one at the expense of others, promoting pair bond formation. The NA
has been implicated in established romantic relationships and can
distinguish between a long-term romantic partner and an attractive
face (Uac and Abe, 2021), This suggests that the NA probably plays
arole in attachment, as well as attraction. Animal studies highlight the
necessary role of oxytocin (and serotonin) receptors in the NA in
processing reward (e.g, [)3len ot ol 2012) and the role of oxytocin in
the NA in maternal attachment and pairbonding has been emphasized
(Délen and Malenka, 2014), In particular, differences in size have been
identified between the left and right NA (Ahsan ot al, 2007) although
findings have been inconsistent (see 5algado and Kapli, 2015 fora
comprehensive review of the NA). This may indicate functional
lateralization relevant to pair bond formation. The role that the
candate tail and subcallosal cingulate, may play in human pair bond
formation and activity of the attachment system is yet to be elucidated
and should be the target of future research.

4.2.2.2. Oxytocin activity is associated with the early
stages of romantic love

One other line of evidence that romantic love involves activation
of the attachment system comes from increased circulating oxytocin
levels in individuals in the early stages of a romantic relationship.
Unfortunately, none of the studies that I refer to here used validated
measures of romantic love. Nonetheless, inferences can be made about
romantic love because this is the period in which romantic love often
manifests. The sample in the first study to measure circulating
oxytocin (Le, in plasma; Schneiderman etal , 2012) found significantly
higher levels of oxytocin following dyadic interactions in a group of
individuals who were in a romantic relationship from between 2 weeks
and 4 months (mean=24 hs) ¢ d to singles. The second

study to measure circulating oxytocin (Le., in serum; Schieiderman

et al., 2014) found significantly higher levels of oxytocin following
conflict interaction in a group of individuals who were in a romantic

¥
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right mid-insular cortex; the right anterior and posterior cingulate
cortex; and the right posterior cingulate/retrosplenial cortex as well
as the left inferior frontal gyrus, left middle temporal gyrus, left
ventral putamen pallidum, and left posterior cingulate/ retrosplenial
cortex. Structures and systems that interact with these regions may
play a particular role in pair bond formation and the ramping up of
the attachment system. However, it also seems that activity in these
regions represents a transition from pair bond formation to pair
bond maintenance.

4.3. Pair bonding involves two distinct
phases with distinct functions and
mechanisms

Pairbonding involves two distinct phases with distinct functions
and mechanisms (i.e., pairbond formation and maintenance). In the
prairie vole, which serves as the predominate animal model for pair
bonding in humans, the research clearly distinguishes between pair
bond formation and pair bond maintenance. Pair bond formation is
the period in which a pair bond is created and is associated with
mating. In prairie voles, pair bond formation is hypothesized to
involve two distinct plasticity processes: “the formation of a distinct
neural representation of the partner, allowing for partner recognition,
and a persistent attraction to the partner that continues after mating,
leading to a partner prefe " (Walum and Young, 2018, p. 6). The
mechanisms most notably associated with pair bond formation in
prairie voles are driven by oxytocin, dopamine, and opioid systems
(see Numan and Young, 2016; Walum and Young, 2018; Loth and
Donaldson, 2021). The primary mechanisms involve oxytocin and
dopamine 2 receptors in the NA (at least in females) in relation to
dopamine-oxytocin interactions, oxytocin and mu opioid receptors
in the NA in relation to oxytocin-opioid interactions, and dopamine
2 and mu opioid receptors in the NA shell and striatum in relation to
dopamine-opioid interactions (see [.oth and Donaldson, 2021 for
informative summary).

Pair bond maintenance is the period following that in which a
pa.u- bond has been created. Behaviors associated with pair bond

relationship between 1.5 and 3 months (mean=2.4 d
to singles. The third study to investigate circulating oxytocin levels
(i.e., in plasma; [/lmer-Yaniv et al, 201¢) found significantly higher
levels of oxytocin following in dyadic interaction in a group of
individuals who were in a romantic relationship from between 3weeks
and 4 months compared to singles. The fact that oxytocin levels were
elevated in individuals during the very early stages of a romantic
relationship suggest that the early stages of romantic love may involve
activity of the oxytocin-heavy attachment system. This serves to
promote pair bond formation by, in part, reducing interest in others
(Freeman et al,, 2021

ths) ¢

4.2.2.3. Evidence of additional attachment system
structures

Acevedo and Aron (2014) provide a concise account of the
neural correlates of pair bonding over time. They emphasize that
differences in activation of the ventral putamen/ pallidum, anterior
cingulate, some areas of the NA, and periaqueductal gray relate to
length of time in a relationship. Aron et al (2005 specifically found
that relationship length was associated with specific activation in the
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e in the prairie vole include a preference for a partner
and aggression towards potential alternative mates of a partner (see
Lee et al., 2019). The mechanisms most notably associated with pair
bond maintenance in prairie voles are also driven by oxytocin,
dopamine, and opioid systems (see M uman and Young, 2016 Walum
and Young, 2018; Loth and Donaldson, 2021); however, these
mechanisms may differ from those found in pair bond formation.
The primary mechanisms likely involve oxytocin, dopamine 1, and
dopamine 2 receptors in the NA and/or the medial prefrontal cortex
in relation to dopamine-oxytocin interactions, oxytocin and kappa
opioid receptors in the NA in relation to oxytocin-opioid
interactions, and dopamine 1 and kappa opioid receptors in the NA
shell (at least in males) in relation to dopamine-opioid interactions
(see Loth und Donaldson. 2021 for informative summary). This
phase represents established pair bonds. What is clear is that the
mechanisms associated with pair bond formation and maintenance
in prairie voles differ, but both involve mechanisms associated with
the attachment system. That pair bonding involves two distinct
phases aligns with the fact that maternal love involves two distinct
phases: mother-infant bonding (i.e., at least 9months where the
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bonding is almost entirely maternal-driven; see Fowlby, 1069/1952)
and a later period of further love, where attachment behaviors are
exhibited by the child.

4.3.1. The traditional approach to love in adult
romantic relationships aligns with distinct phases
of pair bonding

Seminal conceptions of love proposed by Elaine Hatfield (e.g.,
Berscheid and Walster, 1969; Walster and Walster, 1978; Hatfield and
Rapson, 1993) differentiated passionate love from companionate
love. Passionate love (referred to in this article as “romantic love”)
was said to be “[a] state of intense longing for union with another.
Passionate love is a complex functional whole including appraisals
or appreciations, subjective feelings, expressions, patterned
physiological processes, action tend and instr 1
behaviors. Reciprocated love (union with the other) is associated
with fulfillment and ecstasy; unrequited love (separation) with
emptiness, anxiety, or despair” (Hatfield and Rapson, 1993 p. 5).
Companionate love, on the other hand, is felt less intensely, often
follows a period of romantic love (Hatfield and Walster, 1985), and
merges feelings of intimacy and commitment (Sternberg, 198¢), In
my assessment, passionate love aligns with the pair bond formation
phase of pair bonding and ¢ ate love aligns with the pair
bond maintenance phase.

ies.

b

5. A new evolutionary approach

The theory of co-opting mother-infant bonding outlines two
evolutionary processes whereby distinct biclogical and (neuro)
endocrinological systems were merged into a single phenomenon
(romantic love) to create a variety of psychological outcomes.
Figure 1 p the two evolutionary processes through which
romantic love was formed (i.e,, co-option and combination) and the
mechanisms involved.

5.1. Co-opted components

Mother-infant bonding involves three components: bonding
attraction, attachment, and obsessive thinking, Each component has
its own mechanisms and psychological outputs, and these appear to
have been co-opted in romantic love. Mother-infant attraction is
associated with dopamine and oxytocin activity (most notably
characterized by activity in the left ventral tegmental area (VTA), right
thalamus, left substantia nigra, and putamen (Shih ctal, 2022), among
other areas (see Migo ¢t al, 2019). It may be associated with
psychological features like proximity-seeking, physical touch,
exclusivity of focus, heightened awareness of the loved one, cognitive
biases, and possibly, the loved one taking on a special meaning.
Evidence of co-option is strongest in relation to activity of the left VTA
in romantic love (Shih et al, 2022

Mother-infant attachment is associated with dopamine,
oxytocin, and opioid activity (see Numan and Toung, 2016, Walum
and Young, 201%) and most notably characterized by increased
oxytocin following contact between the mother and infant (5catlitfe
et al, 2019). Animal evidence (see Carter, 2017a 2017h) also
suggests that vasopressin probably also plays a role, although the
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human evidence is limited (see Hartels and Zeki, 2000; Acevedo
et al., 2020). There is also evidence of higher levels of circulating
p-endorphin (an opicid) in early-stage mothers following contact
with their infant (Ulmer-Yanw ot al, 2016). Attachment may
be associated with psychological features like heightened sense of
responsibility, longing for reciprocity, a powerful sense of empathy
towards the infant, and, perhaps, a sense of love. The thalamus plays
an important role in attachment (see Marazziti et al. 2014).
Evidence of co-option is strongest in relation to the increased
circulating oxytocin measured in people in the eady stages of a
romantic relationship following contact (Schneiderman etal , 2012,
2014; Ulmer-Yaniv et al., 2016).

Obsessive thinking is most characterized in mother-infant
bonding and r ic love by ob thoughts about the infant/
loved one (e.g., thoughts about an infant/ loved one interfere with
concentration on other things; see (Leckman and Mayes 1000,
Bajoghli et al, 2013; Kim et al,, 2013). Little is known about the
mechanisms that are associated with obsessive thoughts during
mother-infant bonding, While some have speculated that obsessive
thought associated with preoccupation in romantic love is the result
of a down-regulated serotonin system (e.g, Fisher, 1908, 2000
Fisher et al. 2002, the evidence suggests otherwise (see Fode and
Kushnick, 2021). Others have suggested that it may involve the
anterior cingulate (Aron ot al, 2005), parts of which are densely
populated with ser: receptors (Palomero-Gallagher et al.,
2009), or that oxytocin may play a role in maternal cognition and
behavior indicative of preoccupation (see [ockman et al. 1094),
Most of this speculation relies on the belief that obsessive thinking
associated with romantic love share some mechanistic similarities
with intrusive thoughts found in ob pulsive disorder (see
Leclkeman and Mayes, 1099), This is possible but does not seem
certain to me as these two types of thoughts differ in both function
and content. Evidence for co-option of obsessive thinking comes
from the marked and unique similarities between mother-infant
bonding and romantic love.

o
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5.2. Combined components

The theory of co-opting mother-infant bonding in the
evolutionary history of romantic love also indicates that two other
systems were combined with co-opted components and modified
in romantic love: courtship attraction and sexual desire. Courtship
attraction is associated with dopamine and oxytocin activity
(possibly characterized by bilateral activation of the VTA; Shih
et al, 2022), among other factors. It is associated with mate
choice, focusing energies on a preferred mating partner, and
courtship efforts. It can take the form of crushes or acute
courtship attraction episodes. Evidence of modification from an
original form comes from the fact that a courtship attraction
system, in most of our evolutionary history, would have been
tailored towards short-term (promiscuous) mating (see Huss and
2019), but now can facilitate
long-term mate choice in most people.

Sexual desire, as it relates to romantic love, may be associated
with testosterone (and other factors), and is characterized by
activity in the caudate, insula, putamen, and anterior cingulate
cortex (Diamond .md Dickenson, 2012). Testosterone, along with
d ine, acetylcholine, histamine,
opxolds have all been lmphcated in sexual behavior (Calabro
2019).

Sexual desire would be associated with both proceptivity (a
drive to initiate sexual activity) and receptivity of sexual activity
in both sexes (see Baum et al., 1977; Meston and Buss,
Diamond, 2010). Evidence of modification from an original form
comes from the fact that sexual desire among people experiencing
romantic love is more persistent and intense than in individuals
not experiencing romantic love. Sexual activity in people
experiencing iclove is greater than g couples who are
not experiencing romantic love. There is also some suggestion
from a meta-analysis of sexual desire and three types of love that
the activity of the insula may differ between sexual desire and love
(Cacioppo etal., 2012a, 2012b).

It should be noted that, while bonding attraction, attachment, and
possibly, obsessive thinking are necessary components of romantic
love, courtship attraction and sexual desire are not. Individuals who
fall in love with a romantic partner some time after romantic
relationship formation may not experience the courtship attraction
that can precede a romantic relationship. Some, (e.g., Diamond, 2003)
have also noted that romantic love can occur in the absence of sexual
desire. As such, bonding attraction, attachment, and ob
thinking may be considered the core of ic love, and courtship
attraction and sexual desire may be considered causally
linked adjuncts.

Schmitt, 1993; Schacht and Krames,

etal,

2007, 2009;

6. Unanswered questions in the
evolutionary history of romantic love

A theory of co-opting mother-infant bonding accounts for parts

10.3389/fpsyq.2023.1176067

can be postulated. These include important questions around the
relationship between the emergence of romantic love and the
evolution of pair bonding as well as the precise timeframes in which

pair bonding evolved.

6.1. Did romantic love evolve in the context
of pair bonding?

Fisher (see Fisher, 2016, Fisher et al, 2016) and others (Bode and
Fushnick, 2021) suggest that romantic love evolved in the context of
pair bonding, This hypothesis, however, is not sufficiently developed
to paint a clear picture of the evolutionary history of romantic love.
There is some degree of imprecision in Fisher’s (2016) and Fisher
et al’s (2016) argument and Pods and Kushnick (2021) rely almost
entirely on the premise that romantic love serves a pair bond
formation function to make their argument.

Fisher (1908, 2000) and Fisher et al. (2002) contend that the
attraction system evolved independently of the sex drive and
attachment systems and claims that these sy became increasingly
separate from each other over time (I'icher 1995). However, this
seems, on the face of it, inconsistent with the claim that “the neural
structures associated with feelings of intense romantic love and
partner attachment evolved in conjunction with the evolution of the
human predisposition for pur—bondmg" (I isher et al,, 2016, p. 4).
Fisher is also unclear in terms of pi when rc love

o

emerged versus when it changed tluough a continuous process
of evolution.

Bode and Kushnick (2021) do not provide any evidence for
their claim that romantic love evolved in the context of pair
bonding but simply quote Walum and Toung (2018): *[...] pair
bonding is the evolutionary antecedent of romantic love and [...]
the pair bond is an essential element of romantic love” (p. 12).
While there seems to be some agreement that romantic love
evolved in the context of pair bonding, this link needs clearer
articulation in an internally consistent manner that draws on
evidence, Pode and Kushnick's (2021) definition of romantic love
states that one of the functions of romantic love is pair bonding.
To that extent, they can be afforded liberty to claim that it only
evolved in the context of the evolution of pair bonding. However,
they also fail to differentiate between when an antecedent to
romantic love emerged and the period in which it changed
through a continuous process of evolution. It is, therefore,
necessary to hypothesize what form this relationship tock in the
environment of evolutionary adaptedness (Howlby, 1969/1082; see
also Cosmides and Toohy, 1987) and future work should attempt
to do this.

The sum of evidence is not entirely convincing that an initial
antecedent to romantic love first emerged in the context of pairbonds
(although it is feasible). I think that it is wise to consider the possibility,
first proposed by Fisher et al (2016) in Anatomy of Love, that an
antecedent to romantic love emerged prior to the emergence of pair
bonds, in the form of a type of seasonal pair bond that lasted only one
reproductive cycle (such as is the case in some birds; see Fmery et al
7). This would draw into question the claim that “[...] pair

of the evolutionary history of iclove. This theory suggests that
some of the mech ded for ic love existed beforeits 200
emergence in the form of mother-infant bonding mechani bondi

However, there are several questions that remain to be answered
before an understanding of the evolutionary history of romantic love
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g is the evolutionary antecedent of romantic love [...]" (Walum
and Young, 2018 p. 12). This would also suggest that the emergent
antecedent to romantic love was in fact, the original antecedent to pair
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bonds. Such a state could have ensured a male could provide for a
female while pregnant or until the mother stopped breastfeeding and
could potentially fall pregnant again. Fisher ot al (2016) contends this
could have been about a 3-to-4 year bond. Given that altriciality (i.e,
infant helplessness) in humans is probably more recent than the
proposed emergence of the antecedent to romantic love (Rosenberg,
2021), I suspect it was imitially for a shorter period than this. Such a
bond would also explain why short-term serial monogamy (see Ficher.
2012 for explanation of serial monogamy) appears to be a common

ting strategy among many h especially young adults. There
is no doubt, however, that romantic love changed and evolved over
time in the context of the evolution of pair-bonds, because modern
romantic love serves a pairbond formation function.

6.2. When did pair bonding evolve?

The timing of the emergence and evolution of pair bonding is
uncertain. Fisher et ol (2015) contend that pair bonding could have
evolved at any point in hominin history (see Wood and Lonergan,
2008). Bode and Kushnick (2021) propose four hypotheses about the
emergence of pair bonding. One hypothesis places its emergence prior
to the hominin line split from the last common ancestor with
chimpanzees and bonobos (approximately 8-5 million years ago; see
Almécija, 2016). Three of their hypotheses, however, place its
emergence in lime with Fisher ot als (2016) postulation. Fisher (2000,
2016) and Fisher et sl (2016) suggest that a likely timeframe for the
evolution of monogamy (and therefore pair bonding and romantic
lmre)msmomthan4mﬂhonyvanagoincon;unctwnwnh

bipedali dap to'a woodland/ h eco-nict
nndtheneedbrﬁemalenocxrrymfmmtharm
Fisher et al. (2016) draw on work by Lovejoy (2009) which

suggests that Ardipithicus ramidus, which lived approximately 4.4
million years ago, possessed a number of morphological characteristics
indicative of monogamy and pair bonding (i.e., bipedality, loss of
honing canine, and ovulatory crypsis). Therefore, they suggest,
romantic love, which evolved "in conjunction” with pair bonding, may
have evolved around the time of that species. Fisher et 2l (2016 also
suggest that Australopithecus afarensis, dated to about 3.5 million years
ago, was sexually dimorphic in a way similar to modern humans. Low
sexual dimorphism is indicative of monogamy, and therefore, pair
bonding, in mammals (Klciman, 1977). It is also associated with a
reduction in intrasexual physical competition in primates (see
Lentenegger and Kelly, 1977) which is indicative of human pair
bonding and monogamy.

There is now some convincing suggestion that bipedalism may
have originally emerged long before 4.4. million years ago (see livel!
and Schmitt, 2009, Bohme et al, 2019) indicating that this selective
pressure could have Ited in the gence of pair bonding
behaviors prior to the hominin line split from the common ancestor
with chimpanzees and bonobos. This would be consistent with

10.3389/fpsyq.2023.1176067

seealso Hulcrow et al, 2020). Additionally, some comprehensive work
indicates hominin species more proximal to modern humm: (e.g.
Homo erectus, Homo floriensis, Paranthropus boisei, P

robust us) were much more sexually dimorphic than modernhumans
(e, see Cirmbowsla et al, 2015). While there have been suggestions,
cited by Fisher et al that archaic hominins (ie.,
Australopithecus afarensis) were sexually dimorphic in body mass to
a similar degree to modern humans (Heno ot ol 2003), others
(Plavcan et al, 2008) have discounted this
possibility (see Schacht and Kramer 2019 for succinct summary of
some of the evidence for sexual dimorphism in hominin history). In
fact, it is suggested that much of the Homo and archaic hominin
lineage possessed a male to female sexnal dimorphism ratio in body
mass in the range of 1.2-1.6, notably greater than the 1.1 characteristic
of Homo sapiens (Grabowski et al., 2015).

The presence of characteristics indicative of monogamy and pair
bonding in our distant ancestors but body mass sexual dimorphism
only reaching current levels by at ]east about 500,000 years ago (see
Carretero et al.,, 2012 see also Garcia-Campos et al., 2020 for dental
evidence) suggests that there may haveheen anumber of steps in the
evolution of pair bonding (ie. social monogamy and bonded
polygyny) from promiscuous or harem-based polygynous systems
(see Schacht and Kramer, 2019). It is also important to distinguish
the emergence of dent states, processes, functions, and
mechanisms, and the entire process of evolution (which Fisher does
in Anatomy of Love; Fisher, 2016). I concur with Fisher (2016) that
pair bonding, like that exp d by modern humans, is likely to have
evolved in a period extending to much later than that proposed by

Fisheret ol (2016 ), although its antecedents may have emerged by at
least in the vicinity of the timeframe they propose.

(2016),

et al, 2005; Gordon

hetu +

7. Areas for future research

The case for the co-opting of mother-infant bonding in the
evolution of romantic love highlights the need for further and more
precise research. One of the limitations of Fisher's (1992, 2000) and
Fisher et al's (2002) model is that it has not generated the widescale
hypotheses and research that would normally be expected of a model
such as hers. Part of the reason for this may be that her model, as it
relates to romantic love being constituted entirely by the attraction
system, is not easy to test or prove. Research is needed into the
psychology, neurobiology, endocrinology, and genetics of romantic
love that merges proximate and ultimate perspectives (see Holmann
et al, 2014, Zietsch et al, 2020). It is hoped that this article, by
outlining specific ways forward and means of testing the theory of
co-opting mother-infant bonding will help to generate such
hypotheses and research.

There are a number of things that need to occur for this new
evolutionary approach to the science of romantic love to bear fruit: (1)

hypothesis 1 from Hode and Kushnick(2021). If the timeframe for the
emergence of pair bonding advanced by F'isher etal (2016) is correct,
amore likely selective pressure is the ewlution of altriciality and large
brain size at birth (see Rosenberg, 2021), which occurred around the
base of the genus Homo about 2 million years ago in Homo ergaster
and Homo erectus. Some postulate altriciality to have emerged 3—4
million years ago (see Hosenberg, 2021 for review of the fossil record;
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P de researchers that an evolutionary approach is beneficial, (i1)
test the model, and (iii) extend the model. It is necessary to ensure a
new generation of researchers are empowered to interpret and
contribute to an evolutionary approach to romantic love. This will
require new researchers to be educated about the principles, methods,
and assumptions of evolutionary psychology, as well as encouragement
for them to apply this knowledge to their own empirical research and
theory. Many universities now have courses on evolution and human
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behavior, which will facilitate this. It will also be ytop d

10.3389/fpsyq.2023.1176067

established researchers in the romantic love research community that
there is merit to an evolutionary approach. There are a range of
resources that can assist in this respect (e.g.,, Confer et al. 2010; Lewis
etal, 2017 Buss, 2019b). I'think articles such as this one will also go
some way to achieving this.

Testing the model will be multifaceted. This can be done by (i)

Additionally, there have been efforts to identify oxytocin receptor
ligands that are useful in PET studies (e.g, Smith ct al, 201¢). This
approach may be particularly informative, especially when
investigating individuals experiencing romantic love who are notin a
romantic relationship with their loved one or in the very eardy stages
of romantic love. It would be important, in such studies, to ensure that
participants are experiencing romantic love and not simply an acute

identifying similarities and differences in psychological expression of
mother-infant bonding and romantic love, (ii) identifying similarities
and differences in mechanisms of mother-infant bonding and
romantic love, (ii1) isolating the individual components of romantic
love detailed in the model, and (iv) demonstrating involvement of
these components in romantic love.

Comparative psychological h b ic love and
mother-infant bonding is particularly needed. The approach taken by
Leckman and Mayes (1999) may provide guidance, but alternative
approaches employing variations of validated measures of attachment or
preoccupation (eg., Langeslag 5 etal 2012 Kim etal, 2013) could prove
more useful (see Fastwick, 2013 for some relevant insights).

A small number of studies have att d to identify the

courtship attraction episode. Combined PET and fMRI studies (e.g.,
Zircheretal, 2021) may also provide substantial information about
the relationship between neurotransmitter systems and specific neural
structures in individuals experiencing romantic love.

Four regions have been specifically implicated in successful pair
bonding (ie., caudate tail, medial orbitofrontal cortex, right
subcallosal cingulate, nndngln NA; Y et al., 2012). Further research
is needed in h imals to determine the way these
structures promote pair bond formation. Applying an evolutionary
fra rk to the ience of ntic love will help to take into
account the important human transition from promiscuous or harem-
based polygynous mating to pair bonding (i.e., social monogamy or
bonded polygyny) and shed light on specific mechanisms (see Cisel

mechanistic similarities between mother-infant bonding and romantic
love (e.g, Partels and Zek 4, Shih et al., 2022), but much more can
be done. Since Partels and Zekis (2004 ) seminal comparison between
romantic and maternal love, there have been three meta-annlysei of
fMRI studies of romantic love (Ortigue ot al., 2010, Cacioppo et al,
2012b; Shih et al, 2022), more than 30 imagi dies of

2004

ind Hayden, 2022) and functions (see Mundale and Bechtel, 1996 for
consideration of the utility of considering a phenomenons function).
I note that efforts have been undertaken to elucidate the manner in
which pair bonding evolved froma pmmiscuous strategy in species
with characteristics similar to humans (e.g, Cavrilets, 2012). Human

romantic love (Fode and Kowal, 2022), and 2 meta-analyses and at
least 12 fMRI studies into maternal love (see Rigo et al, 2019 Shib
etal, 2022). Additional met lyses of IMRI studies using different
methods might find greater overlap than that found by “hih ¢t al
(2022). A systematic review of (neuro)endocrinological studies of
mother-infant bonding and romantic love would be useful. Additional
genetics studies of both mother-infant bonding and romantic love are
also likely to bear results.

There is a need to determine the distinct psychological and
mechanistic features of each of the five components of romantic love.
For example, there is a need to identify what mechanisms constitute
courtship attraction. This may require neuroimaging studies of acute
courtship attraction episodes or crushes, and comparing results with
individuals who are in love. We need to learn what mechanisms play
a role in obsessive thinking. Another meta-analysis of sexual desire
and romantic love using a well-suited method would help to identify
the similarities and differences between sexual desire and romantic
love. Novel methods may be necessary to demonstrate involvement of
the proposed ts of tic love, such as using PET to
demonstrate activity of each component in all types of romantic love
and atall stages (e.g., in unrequited and reciprocated love; in the initial
weeks, months, and years, etc).

Further targeted neuroimaging studies could substantially
contribute to a better understanding of neurcbiological and

d logical sy associated with both mother-infant
bonding and mmmnc love. A focus on maternal love of infants less
than 9 months old would provide more precision to arguments related
to mother-infant bonding. Region of mterest fMRI studies could
target regions associated with oxytocin receptors. This would be most
informative comparing individuals not in a relationship with their
loved one with control groups (i.e., individuals who are single and not
in love or individuals who are in a relationship with their loved one).
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neuroimaging research may also be informed by the reviews
undertaken by Numan and Young (2016) and Walum and
Young (2018).

I should emphasize the need for longitudinal neuroi
endocrinological and genetic studies, or, at least, studies that consider
time in love. If activity of the attachment system is contmuous, but
varies in strength or manner, it is important to map this change over
time. Longitudinal studies of romantic lovers on a monthly or weekly
mterval until the transition from pair bond formation to pair bond

e or dissolution has occurred would be incredibly
informative, not only to test hypotheses related to the theory of
co-opting mother infant bonding, but also the trajectory of romantic
love more generally. If nothing else, research into romantic love should
consider the findings within a framework of pair bond formation
and maintenance.

Finally, there is a need to extend the theory of co-opting mother-
infant bonding, There are several details that need to be fleshed out,
such as the role of mutation, natural selection, and sexual selection
in the evolution of romantic love. More nuance is also needed in
parts, such as the psychological differences between co-opted
attraction and courtship attraction, or the roles of attachment
formation and attachment maintenance in an overarching attraction
system. It will be necessary to incorporate additional findings of
mechanisms involved in romantic love (e.g, serotonin, nerve growth
factor, cortisol; see Bode and Kushniclk, 2021, for review) into the
model. The specific functions of each component of romantic love
and the particular psychological expressions need to be clarified. This
will include ideas about the nature of the interaction between each
component. There is opportunity for speculation about the sequence
of co-option and recruitment. It is also necessary to ponder the role
of evolution subsequent to the co-opting of mother-infant bonding
and initial recruitment of courtship attraction and sexual desire. Such
endeavors may drive specific hypotheses that canbe tested.
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8. Conclusion

This theoretical review presented a case for the theory of
co-opting mother-infant bonding in the evolutionary history of
romantic love. It attempts to generate debate about the validity of
this theory and promote targeted psychological, neurobiological,
endocrinological, and genetic research. First, I introduced two
theories that have informed the theory of co-opting mother-infant
bonding in the evolutionary history of romantic love: Fisher’s
(1998) theory of independent emotions systems and the brain
opioid theory of social attachment (see Machin and Dunbar 2011).
Second, I defined relevant terminology; presented a brief history of
the theory of co-opting mother-infant bonding, and outlined the
evidence for this theory with reference to psychological,
neurobiological, and (neuro) endocrinological studies. Third,
I outlined the basic premise of the theory with specific consideration
of the evidence supporting the idea that romantic love involves
activity of both the bonding attraction and attachment systems.
Fourth, I introduced a new model of romantic love that details the
evolutionary history, mechanisms, and psychological outputs of
romantic love. Fifth, two unanswered questions about the
evolutionary history of romantic love were posed. I concluded with
ideas for future research. The result is the articulation of a theory
that may partially account for the evolutionary history of
love and serve as a basis for a new approach to the science of
romantic love. “Nothing in biology makes sense except in the light
of evolution” (Dobzhansky, 1973, p. 125). I would suggest that
everything in the science of romantic love makes more sense in the
light of evolution.

ic
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Abstract Research investigating the mechanisms that contribute to romantic love is in its infancy.
The behavioral activation system is one biopsychological system that has been demonstrated to play
a roke in several motivational outcomes. This study was the first to investigate romantic love and the
behavioral activation system. In study 1, the Behavioral Activation System—Sensitivity to a Loved
One (BAS-SLO) Scale was validated in a sample of 1556 partnered young ad ults experiencing romantic
love. In study 2, hierarchical linear regression was used to identify BAS-SLO Scale associations with
the intensity of romantic love in a subsample of 812 partnered young adults experiencing romantic
love for two years or less. The BAS-SLO Scale explained 8.89% of the variance in the intensity of
romantic love. Subject to further validation and testing, the BAS-SLO Scale may be usefulin future
neuroimaging and psychological studies. The findings are considered in terms of the mechanisms
and evolutionary history of romantic love.

Keywords: BAS-SLO Scale; behavioral activation system; CFA; evolution; romantic love; Romantic
Love Survey 2022

1. Introduction

Research investigating the mechanisms that contribute to romantic love is in its infancy.
The behavioral activation system (BAS) is one biopsychological system that has been
demonstrated to play a role in several motivational outcomes. To our knowledge, no
studies have investigated the role the BAS may play in romantic love. Using a biological
conceptualization of romantic love, we develop a means of assessing BAS sensitivity to a
loved one and assess its association with the intensity of romantic love. The result is the
formulation of a new means of assessing one biopsychological system that may contribute
to the expression of romantic love.

1.1. Romantic Love

The topic of love in romantic relationships is riddled with definitional inconsistency
and ambiguity. Sociological [1,2], anthropological [3], psychological [4,5], and biological [6]
conceptions of love in romantic relationships all have their own terminology and formu-
lations. While in many such disciplines, it is common to refer to all types of love within
romantic relationships as “romantic love,” the biopsychological focus of this article leads
us to choose a different approach. In the discipline of biology, “romantic love” tends to
refer to the period of intense feelings that often accompanies the early stages of romantic
relationships [6,7]. As such, we use the term “romantic love” to refer to a motivational
state associated with a range of reproductive functions, including mate choice, courtship,
sex, and pair bonding [6] (p. 21). It is the basis of long-term romantic relationships and
family formation throughout much of the world. It is associated with a range of cognitive,
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