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Divergemodularevolutionofmammalian
middleearandlowerjaw

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheChineseAcademyof
Sciences,inastudypublishedinScience (２０２０,３６７:３０５—３０８),Dr．MaoFangYuan (毛方园)and
colleaguesfromtheKeyLaboratoryofVertebrateEvolutionandHumanOrigins,InstituteofVertebrate
PaleontologyandPaleoanthropology,ChineseAcademyofSciences,Beijing,togetherwiththeAmerican
MuseumofNaturalHistory,New York,reportedanew EarlyCretaceousstemtherian mammaland
proposedthemodulardecouplingofthehearingandchewingapparatuses,akeyevolutionaryeventthat

Figure　Diagramillustratingevolutionarystagesfromtheconditionin
nonＧmammaliaformcynodontstothatinmammals．

hadpotentiallyplayedacriticalroleinevolutionofmammals．
Themammalianmiddleeardiffersfromthatofreptilesinhavingachainofossicles:thestapes,incus,

andmalleus;plus,theectotympanicastheframesupportingthetympanicmembranealsoplaysarole．In
contrast,themiddleearofreptileshasonebone,thestapes．Developmentalandpaleontologicalstudies
havelongshownthatthemammalianmalleus,ectotympanic,andincusarehomologouswiththereptilian
articular,prearticular,angular,andquadrate,respectively．Recentstudieshavealsodemonstratedthat
thegenetic mechanismsregulatingthe patterning ofthereptilian articularＧquadratejointand the
mammalianmalleusＧincusarticulationaresimilar．
InmammalＧlikereptiles,thearticular,prearticular,angular,andquadratehavebeengreatlyreduced

andhadfunctionedforbothhearing(transmittingsoundvibrationstotheinnerear)andchewing(asthe
jawbones)．Thus,intheseforms,thetwofunctionsandstructuresresponsibleforthem werehighly
integratedasacomplexsystemsuchthathearingandeatingwouldinterferewitheachother．Maoetal．s
studywerebasedonfossilsofstemtherianmammalsfromtheEarlyCretaceousJeholBiota,northeastern
China;itrevealedthecriticalmoment,asanevolutionarysnapＧshotwhenthemiddleearapparatuswas
separatedfromthelowerjaw,whichimpliesseparationofthehearingandchewingfunctions．Maoetal．
proposedthattheevolutionofmammalianmiddleearandjawwasinauniquemodularfashion:Startingas
acomplexsystemwithhighlyintegratedstructuresandfunctionsinmammalＧlikereptiles,thehearingand
chewing modules must have been
regulated by their own genetic
mechanisms,respectively,duringthe
evolutionofsynapsidsandeventually
decoupledunderselectivepressurefor
better hearing and chewing during
evolution． The decoupled modules
removedthephysicalconstraintthat
theyimposedoneachother,which
allowed the burdenＧfree hearing
module to be more sensitive for
hearing highＧfrequency airborne
soundsandthechewingmodulemore
efficientinprocessingdiversefoods．


