MAIMALL

Ihe largest land marmar knawn: the ranocerotid Pamcerahera: (e ght
and lergth indicated in mezres)

acology and an the crolulinn of Alrican s pp. 27 aned 75,
Tlawenr, it ot he appreciaced thae mneh remains ro e discovired
abaur the evolurion of mammals, esquevially the Woing and speed of
thuir eadiations. Very dilferent concepts have heen elaboratad  and
in kecpiug with the palicantekoging” pealapicd backgroomd, the
hren prinicipal el for mammalian svakirion lave aoquired cock-
brealing names; the Uxplosive, the Short-luse amd e Long luse
imalels!

The Explosive midel hax bucome idemificd with the geological
vidonon For a Lt aid sudden explosion of mammal rypes After the
K T asteroid impact of 63.5 anpa (hut knvwon For beeing the event in
which dinesanes bocane: extint) (Alror 1959, Beatan 1999, Footc e
al.1999). The post K T “explasive’ maddel ishest exemgilitied y Wible
¢ al, (0073, The Shart-Tuse soudel depends upon molecular clock
mterpeetations of the primary diversificstion af plavetal ioennul:
taking plice doring the Crotacoans (Rt & Hedges 1998, Bininda
Emords e ol 200%). The Long fuse model i an amalgan of the
previons ewn in suggeyting that the slem taxa far imost ul Woday's ovders
Jreibably i e Clretasenus bus most af the elaborations
we see I mordern wnannals are after the K=T svir {Sppringer o ai
0, Dowady & Doy 200%, Meralith e o, 2001).

Tnaannach as we have tried to illustrate the most likely radialion of
mammals, wie have often refirered o ininda-lmaonds @ al (2007).
Lebailed comparisons ol the genoiypes of all known orders of
manmals, ay piancered by Bininda Emonds and by other molcoular
hinlngists, have permitted the ceection f entiney new supraonioal
taxa: superorders, coborts and supercohorts. Their adoption has
Leen far from universal and both the now tavonomic vames and
their existene: ane contmted. Howeser, their keatifivativn bas been
backedd up by robuse md authoritive arguments accompanied by
niwlecular clocks that va
des. These phylogonetic Ltees hove served to eniphusize that (e
evalutionary branching ol manmal orders, fnilics and spocies has

| cluri

Ix @ thwic cabbration of divergence

ks plave i vl tione and o veal comtinental ar lacal s lings, Many
of these assessmence will pwed revision, lut we bave included theee
rentative frees (sue po 1413 as pronesting efforts to undersand dhe
nsnnialion eadiations,
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Under this phylogeny, Mammalia broaks dmen intn four
superenhorts. nanwly Alrutheria, Xenarthra, Supraprisates (kg
Lnown as Enarchontaghiresy and 1 aurasiatheria. These, in turn hae
heon sabdivid inin caburts and wperorders, descendiig sy

wr the species, pormaic profiles of which are aur ultimate pYDl]uLL
andd purpose, Tathe fest that Tollows vach supereobior]. merits 5
profile: (exvepting Xenarthra, which s exelusively Americany and
o spening rexts and solime songorn thu Alrodsrio e an yrou,
that has best clain 1o be enderale to the Alrican continent.

The prisacy of maternal < and prlanyd depeaden

¥ has
particular smphasis i the delinivion ol Mamumalia: this emphasis i
also exident in rach of the behaviour of mammals, capecially whers
it goncer e their social Tives. Usilike most reptile and bird mothers, 2
niasimalian mother must care for her offipring: tat is, after all, why
she has 3 womb and macminael 'l cusuce that the young (asd ther
lactating mathers) have acoess to the hest resources that are avaitable:
aved at du- nptimal limes af vear, here has been selection lor a wide
fange of very dillerent types of social systerns, In spacesl-oat, often
rasidential patterns of Tanid-use, several or single females enter or

share: the teeritories of single males, Competition among (e larer
rende o cnsume that i sl rosmuries buve beea won by vgosuus

Lerritury-huldees. Wheve resources ave rare dispersed or seasonal,

Females can enjor enlanced. protection wid aueess 10 loud within
prrenspss thit hove colarged male hicearchics, Yet anather staieyy has
et aithior o suskairiced o a s ispeananent asoiation witk 3 mals
ar malus that wctually Jelp vaise obfspring (rypicalls ther own enlv.

Long torm paie buneling hos developed in some species aotably

wikl dogs {roaen, where the sexes are of similar size anel appearanc).

Mals competition o have <onsp lor male
external apprearances. Weaponry, m!lwlonnofh«m fsks or antlers.
acvompanied by kood calls and £y pumeent scents and coigrhatic displays
of parterns ar sruchines have Ien deseloped 1o detend rerritoris or
rank. Age-graded gigantem has cvohved in the maks of hivrarchical
specics, such s gorillas, fur-wals, piralles and elands.

Alrican nanunds e provided much morcrial for evolutionary
theory, from Darwin, noting the abundance ol spotied and striped
felids 1o invoke just such wi evelutionary ancestry to wxplain
Jutterned Lion cubs (Darwin [859) 10 Richard Dawkins using gazclles

and Checeahe to Hlusirine an evulutivnary “amis race’ (Dawking
19863, Jinny Jorvis has vevealerd famdvmental connections between
the coology and hehavienr nf blessnels tmolie-rat) ail the exnlution
of camplex social structares (Jarvis o l, 1992, farvis 1993). Joln
Crauk aund Rebin Dunhar have explored wany socia-biolagical
aspects of cralution fnn their studies of Alrican primates {Crook
& Gartlan 1966, Dunbar 1968) while Dorothy Chency and Robert
Sexlardh have begun to plamb the depthy of primate: compupication
with hahoons and veryet nunkeys (Seyfarth & Cheney 1984, Cheney
& Nevlarth 1990. 2007). The list could ran on and on,

volved ways of
living, bocome snsial ur commounicated subule information with ong
anniher ace all sreas of active sagoing vesearch, We repart on this
xplosion of interest in Afvican marmmals and on the nultifacotedt

The diversicy of ways in which mammals hav

atremprs to wndersiand haw the axtrsandioary variety of mamals
s cvalvid. Uere are important steands of thought among the many
that are diseussed in the valumes thar follow,

Jonathan Kingden.

*Supiercaborl AFRUTHERIA

Supercohort AFROTHERIA

Aleotheria Stanbope, Wadlell, Marlsen, de Jong, Tledjes, Cliovo, Kao & Springer, 1993, Proc, Nat, Arad, Sei. (1154) 95: 9971

Wudern placental mammnials luve not ahvays inabited Africa, and vurs
recunt lonsl e erics have vaised, onee again, thy contral yuestion of
st swhieres the firse placontals wruse. At the centre of this controversy is
thes vy Riew e elation, inrially Fram maleeular vvidnce, ol s single
and m;rxprmdly diverse esalutivnary sadiadon of mammals that is
so uncequivcally Mvican it s been named the Alratheria (* Alrican
naneitals’). This radiation incluches thive orders that bave long been

<l

|11u§_mrer_] as bving reloted amd of African M!gm.w'\\lw Ay e elephants
Jer) }, mematcrsand o I ) and hyraxes
(orvker Hyraenidea). They mmmlo-wlm «
the Aarchark |mdcr'“' Tid o O &l
Macrosceltdral; poklen-iooles (faruly Chrysoch
ad oter-shirewes iamily Tonroridse), ronw pruuped in e new onder,
Alrosoticida (Stanhupe & of. 1998). Some anthars ha
now ander should be called Tenreenidlea nreconerplia, but both of
ihise names present Gasonaric ditliculdes (Brouner & funking 2003).

Are s andmals modivn derieatives of the veey sartiest

-.4h=rgmu|m
hrews {order

ridaey anel kemrax

v arged that this

i
plicental mammals o are they Jater products of the Afio-Ambian

Tandlrmisse's ki physical isolation? W know now that Alre-Avabia
became separated, serquamtially, frum Eurasia, Indo Madagasesr and
Ui South America by plate tecranics that opened up tae Tethy,
and proto Atlantic in the laer Mesogoic. Understanding the o
of placentals aod of ¢he alotherian vadiation i« insepuralile Trum
the wmlnaiql history af contineus. That m.ummla confined to a

but was che .much:mn
common anirslor nalive ur. immigrant? This question can only be
answered with sbeolure crrtainty by mire fussils e appropriace
pexicuds, but in the interim the biogrographic signtficance f bark
Plaveatal ol alrotherion origins continues to bia matier of debate

vomsistent with a very Tengrhy islat

Sunic scholirs have argiead That the presence of twa Gandwanan
branches {Alrotheria and the cndomic South Amecican acder
Kenarthrg) fvours a Gondveanan, and possibly vvea Albican, ovigin
for placental mammals (Murply, Elarik, €' Briene of, 2001), Others
¢lte the presence of much mare primitive Lats

“utacsouy placentals
Al maceapials in Asiaas exidenee Tur a nordiens origin (Archibald
2004, Rolinsm & Seilfert 2004, Wible o ol 2071, I placyntad
muaminals did eriginate in

3, 35 now svem st Hely, then basal
aftutherians must have disperscal 10 the Afro- Arabian landmass some
time hetween the predicted origin of placentale (~ 108 1nyay and the
Tulativi: arigin of afrotherians {80 mya) (Springer o al. 20031,

A broad aceeptaure of Alrotheria bas rendered  traditinnal
laxonomies obsolete, but it i interesting 1o miroe some earlier
ights anel incuitions, The present wark is ose of the first to attempt
to come 1o grips with sonwe of Ui implications and introduce
eaders to e many oew questions thar these discor
for tradininmal ideas about relacianships, they had 1 e Lounded on
whatevor avldene

% Caise. Ax

was availabde al the Line, which often dird nox

amud tg much. Uhe eeidence i3 still meomplete but the molacalur
revalution that has unesrthed the realite of Afrotheria is bul part of «
glehal cfior 1o construct gemealagrical trees Jur 3l biota,

- -

People Jamiliar with wild admals, espectally hunters and herders,
i Afinen and clsewhere, have often rucugsiiond that dmilar species or
sirnilar albrilartes inply scestry. Thus fisbeemen, fndin.
etephant like Tnygong skulls gnmitinies calliad e ‘elepbancs ol tee

s, Sadentifis: comparisons ul U statonry of clephants and hyraves
with Jugongs and manatees, Living and fousil, e o the recognition that
these superficially ey dillornent anials shared 3 comemon ancsmy
(Sioygmon 19433, This conclusion bod heen yreatly Brilitated by the
rocosery of aumeraus fosibs of thes: larye cummals, prismarily from
the late Eocene beds of the Faywn Deprossion in Luypl (Andrews
1905]. Following Simpran (1945), this weaooonic dlasering i now
rfierred 1o as the Bocnunmbata, andd bas sobscquendy eane L be
stroaghy supportcd by a vask array ol genete data (Springer ¢ of. 1999,
Murphy e oI 20013, Arrine Madsen o al, 2003, Murata et af. 2003,
Nikairle e af, HF, Nishilwra e ol 2005, Meredith e of. 20113

Determining the affinitics of the Aanbvark
anel geldem-rmales has Janp boon sauch ore dittiendr beeans
thir carly Tossil yecord §3 cither searce or non-existent. Jhe
Aaredvarls shaves 2 nomber of nusrpholugical lutures with smilurly
myrmecophapous pangoling forder Pholdata) amd seaurthrans,
and as such was higtorwally aligned with Uiese 1axa, although more

L nlter-shew

rervndly there have bren suggestions that it might be more clesely
relaed 1o ‘ungulates’ — pacrungulaes, perisodectyls and/or
artindatyls (Novacek 1986, 1992, Shoshani 19%6).

While the oldest poulhlf Fessei] o' Macruscelides i from the
corly Focene, abaut S0 mys (Hortenborger 1996, T = al
20077 aeed that ol primitive tenree and/ar coklen-nole relauves
¥ be Palacocene br Lovene (Seilfert 2010, Goswami 2z al, 2011y,
aardvarks du ool appear I the fossil reennd until the carly Miocene
abone 2018 mya (Mactoes 1956, Pavterson 1975), From thy time
o their niiel i ery, these groups have ahways pusded lioly
and huwe been vory wisalivlaciaeily allocated ta various uﬂur

warmalian higher Lo, wever with ey canbdonce. Apart rn
th: rarity of thew Foseils, & majar ronen Tor imuch of this confusion
tas becn the eombisation ol apparently primitive features ane
extrvine sgesialieations o1 ‘autapomorphivs'), and theie reulting

trars{ormation inta swimming, dipping ard leaping insectivercs’,

Insecsivnra b o served 35 4 raxonomic w3t paper hasket nin

whichallsiall v primiive, inverie!
e, T v s Mt sk iaE o S,
shrews, malis, hedyelogs (and, eatly in the histary of taxoaoim, even
rex sheuves aud flving lemura) in the Insvetivora (Wagner 1835), The
wenotyphlan mscctivores (6. thos with caeca  the fivimg lemar, Lrow
shrews and sengi) wore subteyuently elevated to heir o ordere
f<all 1872, Butler 1956), Javing bohind the rmaining mscotivonns,
whichs wete also placed in theie swn order, Lipotyphla {Butler 1872)
prtyphlin asseenbluge has Jong bee an wistable ane

Hovwever, th

Folliwing Ueir eviction o the Bissctivora, sngls came to he aligned
cither widh the abbits, hares and pikas order Lagamocpiiad ¢iicKenn
1975, Szabay 1977) or with lygnorphs and rnelenss topether (Glices)

(Neacyke T9H8). Only with the yecovery of carly Jossil wacvoscelideans
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(Hartenberger 1986, Sinwns ot al 1991} wos It revopnized thae thely
origins might lie with some ‘wngmdate” grouys

Forumarcly, technalogival advances have allowsd svirntivg W
vapidly sequence awl conmpare large amounts nl DNA, and a rouch
maore aceurate, objective and loss nlfusiated analysis of 1the afinities
of all biora has hesome pusible. s noted, these data buse confirmed]
the pavnuoyulate clustering of clophanty, byraxes, and dupnngs
and manatees, but, much more Jmportantly, have also revealed
that pavnungulutes uce the lager reprosuntatlves of an exnemely
inportant and very andent cadenic Arican vadistion that suclules
many very small manniols as well. & ehoe relationstap between
aardvarks and poenungulates was ficst suggesced hy an anabysix of ke
lens aryenalline ¢k Jong @ ol 19547 tha would also later provide
the fiest binchemical evidence lor the sengis’ close relationship with
paciungulates (e Jong o al. 1993, Analyses of snitochondrial and
nueliar gene sequences subsequently eapanded this group 1o incude
the goldm-nwlus {Lavergne et ol 1996, Springer o ol 1997) and
Wworvex (Stanhope @ wf. 1798). An ancient, single origin inr this
agsemhlage: is now supported by oumeraus p anl nudeotide
mepuences (Amrine Madeen o of. 2003, Mevedich of of. 2011) ax
wecll a5 rare penoein changes such a3 profvin soquence signaores
(Van Lijk e ad. 2001 ), umiques deletions (Madsen o al. 2001, Seally
oi . 2001, short interspersed miclear clemunls or 'jumiping genes”
(SN L, Nikaido o oo, 200, Nishikara e of, 2005) and chramosomal
rearrangements (obinson a al. 20043,

Alrutheria has attracted 2 considerable ainoun of controversy nr
scepticisna berause its snewbers share so e soperfivial anatomical
larity (Springer o ol NH). Correnly, about the only
morpholopical vharacters uniting Afrotheria volve: th

wpwruductive
trait, incluling wdescended restieles (the wsticond condition) in
naales (Werdelin & Nilsonne 1999 and 2 four loliad allantoiv sag in
fomales {Muse & Carter 20063, slthongh some luowplasy exists in
buth traits. Sancher-Villagra ot al. (2007} have argued thatalistherians
are specialised in haviug more thoracolumbar voriebra than ooy
placeital mammals, There has aba bevo intense speculation ahout
the soquener and adaptive signibcance of phylnprnatic ing
within the supercohort (Scifforr 2002, 2007, Robinson & Seiffort
2004, Asher & Seilfrt, 20003, This interest stem prinsarily lrom
the tact that living and extinet macroserlidvaoy hare o number of
apparently specilirad craniodamial and pusicraniil Feamess with

pavnungunlaes that are not seen in teneces and pulden-moles.
Ihe posidon of macreseclideans rrlalive W tlese axa depereks on
whether malevular ur anatumical duts are considered  Phylogenec
analysex ol afrotherians that use morpholoyy suyyest Lthat sengis are
more closely related 1o paenumyulates i w e other sfrothevian
inseetivares (Seiflert 2003, 2007), and twply that the linolephlan
features” ot golden-mnles and tenrees were kel o bave been
present i the Ta common alvutberian anceston. However, recent
analyses of variuus Lypes of genctic data {Amrine Madsen ecad. 2003,
Warklcll & Shelley 2003, Ralsineon e al. 2004, Nishibara er al. 2005,
Moredith s al 2011} swpport o fundamentally dilfevent arrangement
thiat aligns aavebvarks and sengis with goldon-moles and teneecs inan
assemblage that has beet named “Alroimeatiphillia’ (Waddell o ol

IO, 10 Lhis latter result s civrect, Ueen it vould be the case that the
reseniblances berween songis and paenungulates represent primitivie
featnres within Afrotheria and thot the afrotharian common aestor
would have leen move like a small p

em———

The abave possibility is attractive in that st implics morphologia)
support fur Alvotberia, bt the ultimate ausner 13 unlibels 1o be s
clear cut, becawse at keast somie vl the shared featores of pacnuangnlae,
and sengis are sure to be duc to convergen exoluticn withiy the
anclent afrotherian radiation. e best way to tost thesc coinpcting
hypatheses will be tu search for Late Cretacuaus inannials in Alvic
frent e that spa the Hime peried sinee the bving afrodierians are
thought to lves liret appeared  abot 80 mya (Spreinger et of, 2003,
Muredith et ol 2011},

I Afro-Arabia il beew sallicenthy isolued fram Eurasa
throughoul the Creaccons, then the afroflivrian comnion ancestar

could have arrived on an Alrican contineor thar was otherwise
divaid of placenal wanmals and, prummably, of marsupisls o
well, Unforomately, o presod, we veally do not knew just bow
inlated Slro-Arabia was during this fime poriol because veey fow
vattebrate toesile (and no misnnls  aside from o dngle tailbonel
Nessny ez al. [998) buve been fonned in Late Cretaveous sediments
in Alrica. Were the Afro-Aralian Lontinent as decstvely fsolared o
ts currently thought, its placencal afrotherian volouist must bave had
waene lolerance for expumire at s Whether this implics posscssion
of sermi-aquatic: habits juust remain conjoeiur,

Uuweser, the cemaondingy morphological varlation ahservable

swong past and p

ek etibers of Afratheria would appear to b
cnmistent weith anoviginal, ancesiral lispersal into a Late Cretaciau
Atio Arabia fhal had few, U any, cutherisn manimak coogetiors,
lidtimates ol divergence dates withio Alrotherly indicate that the
living orders radiated quickly (Springer of #i 200), presumably
invarding vacant niches that would #lso come 1o be ocaupicd by
diseanly relatedd plavental tanmmals on athee rontinents. Several
manimal fineages from outside Africa aod members of the Afrotheris
slere many similar or canvergent adoprations, These are lixted anil
ehiscrwrel Turther Lelow, bne they include myron

uphags variaus
Aardvarksy, Fossorlality

(vartous mole-like anioals versus afotherian goklen-inolesi, the

anl-eating manymaly versie alruthecian
s +ulenodons versus afrul
us), large scale aquatic habits (whale and

hippa-lite smanmals vevsus afrotherian sirenians), siall scale sepri-

pactern of molar v

tearccs and golden-

aquatic famivery Goveral placenls and one marsipial e
afrthertan ptanipala, covsorial

¢ atsmuall ucly winn o diversity
of manunals versus affothiian scogi, aud splaes (b helpehogs

wversus affotherian tearecid ledgehogs in Madspasear.

likewise, hyravoids share enouph detailed morphalogical
siallarities veith porissntactyls that 2 closo relationship berascn
the w0 ordiers has been chamgioned by mo sists, omtil vere
recently (Peothern o o, 1983, lischor 1989). Anather comurgene:
bas pals been revealil ro

Ly ; his shows that the divers cadiation
of extinet hyrases cuntalned cursarial bowid-like (urios (Rasmus-en
& Nirnoos 2000). Early proboyideans such as Moeritheriug wore likely
1o bave had Life styles directly comparable with thase of sonwewhat
aquatte tapirs (Kingdoa 1979) The ost pars o sxplanation
far the crulution of detalled morphalngical anvergences is that

Urese: adaptacions evelved in nespunse w similar selection pressores
on disfuncr Landnas:

s, Otherwise, dircer competition Tetween
taxa with such simllar evolutionary trajectories would have Jud 1o
chieacter displicement m early extinetion i thelr evohationary
Jistories. It 35 For these and uther reasons, we are wnronvineed by the

than 2 Lpotyphlan.
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recent args of Asher ot al. (2003) and Zack e of, {7003} that

T;mil.nfrc!.h!r\w orlers ariuinating on horthora continents, alongside  var

demonstrahls comergen eladei.

A major angunient agatnst Holwvlic erigins for lrotherin i the
ssoplication Uit most afrathe 4
i,.g-p.-ndmtl.,, via crussings of the s Sea, at timess when such
dispersals would have boun Lighly unliksly. Although it is clear thet
s had arcived in Afra-Arabia by the lae Palacncenc,
%.m (Sigé ¢ al, 19903 and rodenus lu invacled Afriva by the ealy
o oiddle Booene, perips as vacly ay 30 mya (¥iney-! saud o al
1994, Marivaux @ ol in press), these colocications o nen oller
stake” route thal could alse explain
ver

5

comapelling evidence for 2 "sw
multiple: afrtberian arrivals. Primaws and nxlents are. for w v
poason, remarkably adapl at evloniziny, Jistan kandmaees; for

aace, menibers al both groups managed to subsequently colinize
e distant Sonth American lancdmase from Aliriea whercas ner other
soarernals have, Primate and rodent groups have also ceogsid e
Mozambique Channel to culoniz: Madagasear.

Tovaluating the hyguthesis ol extra-Alrican origing For Alrotheria,
Ihelikelhuodthatall thediferent membersoladiverse closcly related
eroup of mamails such as Alrotheria would buve soincidentally
fand suervsstully) erossed the Tetbys Sea indepondently, i ulmast
inimrlvsimal. Jn apite ol morphologied resanblonees, hypothines
thar tawa such as hvopsodontids, phenacudontids and Tepuictids
shonlel be alipred with slrothurians now brave to be rejeated in spite
al the Favt that sk extines Lasa have Joft bilind no DNA, Afliniter
sugpested an Uie basis of a fow widely distributed morphological
Featares are 6o different fron the tasoncmic arrangements tha hure
been erronenusly erceted over i cours: of the last two centurivs.
Had perisaxlactyls, L phe, phelid o solencdontids yone
extinet and Yeftno DR A perbaps their fiw resemblances vould have
bolstered oluifas that these Lasa ton were afrotberians, aligoed with
aectively? It may alsa bo
the case that yeeviens phislogenetic stinlies simply did not adequately
sunple the morphological iformation that has beeu provided
the radsation of living and extinct paminls, This possibility w
appear w be supported by the oot outgroup and charscier-rich
analysis of Wihle «t af, (2007}, which, ualike the studics of Ashee
e ol (20033 and Pack st al. (2005), placiad North Amerien L
e anel Phonacodus far outside of the

byranoids, senpis, aardvarks and Learecy,

woch a3 Hyopancn, e
atzenbieria raciation racher than phacing thei as stem pacnngibes.

The cldest, undisputed wembers of afrenberian nrders appear in
thie Palscorene of north-west Afeia, wheee the vasliest probuscidean
Eritheriam is now known dChieerbrant 2009). However, Palacovenc
Alrican mammals are still searce, deriving lrpely from a fow
oicromarninal sites in Moo, Thow bave produced mumersus
insetivores (Ghevrbrant 1992, 1994, 1995, Gheerbrant e ol
1998), and a few isolated specimens of crendents ¢ heevbraae 1995,
Salé gc af. 2008) andd primates (Sigé 1 al. 1990, 25 well s sone
indereriminace fragneeats of condylarth teeth. ILUis prosible that some
of the Tt Palacneene insectivora are actually aligned wich the
tencecid-chirysochlorid dade (Seilfert 2010, Goswami e ol 7011
but i is ot yet posible t ientify possible laze Paliwocenc stem
members of the [ubulidentata on (e basis of isolatesl teoth, becaus:
the only wloubted fomil ardvarks appear in the carly Miovene
with essentially modarn, specialived . enomed-less. pry-lke eeth
(Maclnos 1956), One posibility is that the urder trues back o the:

Iy Oligpcene, and early Miosene of Afiics (Cate ot ol 2007,
Seiffert 2007),
“The remarlable diversiy that i now evident arsong Maleocens

disporsed 1o Afr-Arshia  and cacly Eocene probuscideans (Gheorbranc o of, 2002, 2003,

Ghreecbrant 2009) 3 consistent with molecular cstimates of
divergonee datex swithin Pacrungulats, which  would place
probuoscidean origins well bock into the Palacorene (Springer e o,
20033, Tor the et 35 million years or o, paenungulates waul
dominate Afriva’s Lirge marsmal faung with arorphologically diverse
hyeacoirs, pruboscidvans and e esiict cmbrishopods vecupying s
variety of browsing and pradng niches. Alrotherian dominance was
first challonped tappareatly, not too seriowdy) by 2 rans-Tedhyan
dispersal of the sem aquatic anthracotheriil artidactyh, which
Fiest appear in Afvica as fossls during the carlivst past ol the Lue
Eocenr, about 36 mya, Naone the los, prenuogulates continued to
her e domipnant Dege-bodisd Lerbivares I Africa uneil at least the
Jascer Oligocenc, wbout 25 aga, shurtly after shich the e enajor
exchunge ol (amy touk place between Alriea and Burasis, Thew i
ctill mn evideney Tor amye niber artiodactyls or perissodactyls having
dupeesed from northern continents hofure this time (Kappeiman o
al 2004, Raswussen & Grutierner 2009), There i still no evidence
for Lagomerphis ov exlipotyphlans in Alrics wnil the Miovene. N
other graup of pluencal mammals i kaown i have wxisted im Alrica
befare che Alrutheria, Scill impertan lements ul the continents
Yepresent a enntinuoos presence (or ax Teast 30 million

Jauna, they
vears and perbaps a3 nach a3 80 wilkion years,

" The mulecular aud pelacontological dar provide a bioad view of
the phylogenics and biugeagraphical relaticnshrips of the ditfo
clades making up tbe Afrotheria, but these dato fail tell us much
sbent. the veological celationahips of corrent alrotherians, Two
Toatures ol the cxianl altotheee Buma are siriking ic, compared
wwith other plavencal radiadans, species diversity i low (with the
excvption ol the wencecs an Madagvica and, 10 a bessr degror, e
olden-mules in southern Africa). Secondly, the etant sprvies an

Cormparisans belween an Aliathere and ar, urirelated spacics with convergent
features: Marsunial Banded Ant-ceter Myrmucahivs fasciatus [above) and

Preuliar prolesnaiids, which ar: wow known from the Taly Focene,  Gient Seng! Riynchocyon sp, {helow),
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wery highly spreialicl in toen of their motphology or ecalogy
or buk, and this specialization is probably velated to Tow spe
diversity and tn the advantages, lor such lingages, o loog hesd-start
in adapling Lo dillicult niches.

Carrcaely, there are abour 78 ypecics of extant alrothens,

wluding
s nin: Lonbron etsy regatding curent
recognition of hwo African spedics), Four sircnians (dupongs and

¥ . 30 tenrecs and 21
ok miet of theese,

thress clephants {ihough ther,

haee c(dog\-;ih conve senli, but some
o s and Lhore are peoerally quite plawsible reasons for hoth the
presence and the lack of com
narkably similar to die aarsupial males (gomos
Noregrete) and worions Holarciic talpid molex, adiptive niche

nes. bor exaniple, e aleotherian

gallen-moloiee r

in
which an carly ocvapation ol the continent has to be particalarly
adeantageous, miven heors much bady modification is necesars, Hie
alenthorian Aucdvark & broudly comparable ta the Giant Antearer
Mymerophage trdociyle of South Ame
aleotherion hyraxes, pactivularly the Ligher altitude Lorms, bave many
ceolagical similaritics with thy pik
amd Norus Amrica. e tires o

i size and habitag, while

(fmily Ochotanilay in Virasia
otlierion spectes ol Potamogalinae
are convergent with yavious aquarie soricid s

i and desnians in

the nlartic
Orn

It

sion aml with U sgarsuplal Duck-billed Platspus
¢ anonnis = Awtealin, Ineredingly, e anly
e an the Allican continent are the duee bighly specialiced
aguatic pocunegales while the 27 others are sonfined 1o the island
of Madagrasar, where they ocvupy eoolugival pusitiones similar o
a diversity of Australasian marsuptale, Carihbean solenndon and a
o shrws and hedpehogs Trom other arcas s conties
Although the lager sengis (Alouchognnn superfidally reserhle
}nmhmm; and the selenmdons of Cuba and Dgannla, the sinadlee
Elephantulus) do ot have many rescmblinees with ather
small mammals, In additinn, seagi e histaey sels them apart Teom
any other group ol wanunsl, with leotures that are uniquely African
and might best be thought of as a cross between 3 miniature antelipn:
and small anteaer! Despive such specalizadons, seagis occups the
extremes of terrestial habitats  from gravel plains of the Namih
Phesert and haulder fields in norih-wrst Alvica 1o trupical furests of
central and eastera Alrica

All the smaller afratheres conrmuc

rhn

specion fe.g

1 1 the
o plus Malagascar, bul e two clades with
representatives with the largest body mass dispersed to other
candtineits. The clephans were well representead in Neeth Anerica
and Asia and the sirenians radiated iuko e world’s tropical oceans
ata very carly date, in aldition ro the North Pacific, and the Amazon

he pest

Alro-Arabian reg

e o S0 70 5o 33 40 6 30 16 ama

River system. Although clephants and sivcnians are wide Tang
they are baih morphobs

1 specialisis, T addivion, sirenias yra
ubfigate aquatic heebivorss and ¢ such bave no ecological cquisalen
outside: the sfrotherian mdiation,

The paavontological revurd suggests that the highly specislized
aature of cxkant afiotheres may not have heen so marked W i
past- Joe examiple, the diversity of scigis in the Mioarne ivchded
six sublamilies, which inchuded several herbivorcs. basedl oo thee
morphology nf their tdkant
all taxa in these too subfamibies have retained somewhat Jiypeodint
dentition as will as a saccum, which siro implics herbivarous
ancestons. The berbiverous macroscelideans became extinet in the

Mio Phiogene; perhaps they conld not offetively compete withy
nesely arriving rudents, hures and ungulstes coning do Jeom e
tion with these
imaddirs by secundarily bevoming invertebrae specialiats, epectally
anreaters, whers a head start in adapring ro anr chermistry sanst e an

north, The extant sengis et have excaped comped

adhantage. §ikesyise, the palaeuntolsgival kistory of by roae sug

that only those specics that were rupicolous or arhoreal were able
149 e Losn i

tinetivn with bures, couents sl uogulaies,
& siular srgament docs not el the high mcics divrsic, in

1 s puaal parud
with their snrrent sorry status, and most avilable cviden ruggesty
v reile iosuni ol
their extinctions. The divevsity of renrecs on Madagascar appavently

Theeveery recunt st ol chephac

ht predrisinrics bunrans niight hans plaged o

suffored Tess fram the inpact ol ineoming visdiis; wistloubedly
Inetanse there was no conapetition for foed between the herbivoraas
rodents arl in caped
competition ltom other insectivores by being fossorial. (v thox

tivortns tenrces, Goldvn-males similarly o
appears that an important factor in the relatively small number of
iention, which allowid
of invading Fuanas from nutsdde

wstanl. alrotheres i theic ewological spec
them to avedd cxtinction in the

Aliica. Althuugh this specializativn bus secved the extat atiothors
well in the past, their Jow specics diversity, aften acoompanied by
highly restricted distributions and coolupical spocialintion, mikes

any Jorms especially vulnerable w another wave of cxrivomons 3t
Lmogaks,
several puldenanoles and e lorest-dwelling sengis. Thesc taxa oll

ceupy highty restriced habitats that are heing incrvas 4

s dliversity

the hands of hiamans, This i rspecially the e with the |

| the exlat
afrotheres, etirpations will have an especially severe impact on an
aheady depauperane grop.

on, Erik R. Sciffert, Blair Hedges &
Galen Rathbun

30 P 6050 40 3w W owpm

Macroscekdea

E Tiibul duntars

Tubu idantata

priegidoa
Prusssithea

Sirenia

9

Sirenia

Fyricoldes
Probiudes

Tentative phylogerel

lutionshios of afiotherian mammals (i) based an a conibined analysis of BNA fram I

g species and morphology of living snd

extinct species (aller Seiffert 2007), and (ight) bnsed an analysis of genomic data a'one [sfter Maredith st al. zon)
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Cohort PAENUNGULATA

Cohert Pacringulata Sicupron 1943, Mulletin of Uie Aumecican Musenm of Nalural Histors $3: 131

& close yehtionhip between hyraxes, manatees and dugons,
elphants and the extioet Palacogene ordor Fmbrilhopoda was st
explicitly Tecogniced by Gregory £1910). dusks in lorgs pa
fonsil discovedies made in Lhe Lac nineteenth and carly Lwentieth
contarics in the Favumn Depression of nurthern Egypt (Andrews
1906). Simpsun eventually cained the name Pacounyulata Jor this
ladde, butalsoinclieded a variery of otherextinet taxa whose alfmit
Thi: tuson Facmmgrolata o sitie
vy dillierent assemblages
cing el extines placenrals (Lucas 19931, but is now penerally
recognized 03 the afratherian cadiation thal. pradued the orders

aee nowe helivved 10 e eleewhere

b. enused by differvi authurs to melude v

Hyracoidea, Sirenin, Proboscides, and e eatinet Frobrithopada
and Dexwostylia (r.g srbrant ec o, 70053}, n the past, many
more phaloygists aligned pacnungntlales with peeissodzeryly in o gl
calléd Alutngulata o Fanlomesaxonia, and same autborities have
event favonred a clusee zelationship of hyracolds o perissodaiiyls
wlotes (siremians and proboscideans),
Jut moleeniar dlata bave now Armly vstablished thae the derived
musrphological features fat preissodactyls share with pavaungulates
are evalutinnary convergences {Springer er af. 2004)

‘The tioy Palacacene probescicdlean Eritheenm., from Moroceo,

than 1 Lethetherian pacning

e cardy sdddle Focen: of [aoaica {Savage er af. 1991). L kowover, by
that time, w alteady exhi
lor 3 ayuatic existence.

With the rea £ Alrotheria, a muniber of the morphological
features thae bave been propused as evidence for pacnungulae
monophyly naw must e re-evaluated. For instance, one of the key
{eatures tiat was thought to aliyn pacnungulates to the exclusion uf
othey “wngulates’ i serial arratrgement of the earpal and wrsal boncs

clear murphological adaptatione

ti,6. ow vonaet between the asrragalus sod e cuboid in the foa, aid
no contaet betwacn the laiar and wnciform in the wris) (Raanmssen
et al. 1990}, However, there is alsa no astragadar cubatd contact in
st ather afeniherians (aardva
ivma lunae uncilorna contact in Lenres

%, tenirecs, poklon-mlesy, antlthere

gorklen-moles and primitise
setngls ot ephant-shirews. As such, the scria] carpus and tarsus could

cither be prisuitive within Macentalia or could represent afrotherian
sytapomorplivs, but e chatacters can an Tanger be condidencly
inrerprofad as pasmngulare synapamorphies. Other fatures, soch
as Lesticondy, 4 wonary placenta, the cop-like astragalar cotylor Fossa
{avhich artivulates with an enlanged snedid walleolns of the bz,
cnbargennent of the centrd upper incisons and candal extension of

the jugal to e glenoid foss, are also seen i vavious other nan-

{Gheart 2009), Mure
doriveel probustideans (PDacvidheriam and Phobatberiumy ard e
aldest Jnown by o found i carlic
Encne sediments of the same bsin (Ouled Abdour) (Ghecrbeant &
al. 3903, Gheerbrant ef al. 2005355, By the varlivst Eoveue, hyzacelds
are mnrphologivally distinet and e s aleady considirable
sty within Probossidea, suggesting thc the
+ histories of both clades will evansally be waced much
larther Luck into the carly Palacuceue. As yer hasal sircuians arc
i sing from the: carky Alrican record, and the olidest lorms arc from

s the aldest ureloulLed p

oid (Seggeuriu have D

morphological div

evolutionar
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Altarr ative “rea of phylagenctic ealionshias of afrother.an mammols based
012 combined ana'ysis of DA fram living specics and murg holagy of living
and exiinct species. showing recovery of Tathytheria wilhin: Paenungulata
(after Asher et al. 2t:03)

late: afratherians, supye amare ancient origin fur these
wrent ol the orhit over the prewolars, which wsem

characters, Pl
in living and extinet terhytherians and extant procaviid byracoids, 15
abisene in prim;
within Psenungulata,

Pacoungubies can e distinguished fram other afrotherians by
A nurnlwe of derived dental leaturcs and muscular arangeneats
{Sboshand 1993, in aiklitiun to pesteranial charscters such
of the dlavicle and metacramion, an increase in the nnber ol rib-
rue, luss of the hunwral emtepicondyhr
i present. o secondmly, in the carly
sheriumi), and, possibly, wide nd Naring tlioc
Amaswokly ranains a5 a probable cranial syapomarphy of
w, while other pusible synapomorphics include Joss
palatine: coutact, prosence nf an alisphenoid canal,
4 piriform fencsira nntedl 1o the petrosil, a weakly
ientativn of

ing Sl yracoids.arad s fikely svolved comeergently

as loss

buaring thoracic v

excavatel sobaremate fosea aml 2 vertical to anterior o
the sandibailar ascending ramus. However, these, oul many other,
cndidan: cranial smapomorphivs af Parnungulac must he testel

with [usstl evidence from carly sen and crovn paenunpulates.

Erik R. Seiffert




