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Two groups of “afrotherians”, Macroscelidea and Paenungulata (Hy-
ra coidea, Proboscidea, Sirenia) are related to archaic ungulates (“con-
dylarthrs”) Apheliscidae and Phenacodontidae, respectively. In such a 
case, however, the clade including Apheliscidae, Macroscelidea, Phe-
nacodontidae, and Paenungulata should also include Perissodactyla, 
which makes Afrotheria paraphyletic. Tenrecoidea are likely related to an 
insectivorous grade Adapisoriculidae, which may belong to a pre-zhelestid 
radiation of the stem placental mammals. This hypothesis, if correct, im-
plies an enormous phylogenetic gap between Tenrecoidea and the clade 
in cluding Macroscelidea and Paenungulata having originated from a more 
advanced group of archaic ungulates. The latter treatment invalidates the 
concept of Afrotheria as a group of closely related mammals originated in 
Africa. The origin of Tubulidentata is still obscure.

ПАЛЕОНТОЛОГИЧЕСКАЯ ЛЕТОПИСЬ И МОНОФИЛИЯ 
AFROTHERIA: ОБЗОР СОВРЕМЕННЫХ ДАННЫХ

А.О. Аверьянов1, А.В. Лопатин
1Зоологический институт РАН; dzharakuduk@mail.ru

Две группы «афротериев», Macroscelidea и Paenungulata (Hyracoidea, 
Proboscidea, Sirenia), связаны происхождением с архаичными копыт-
ными («кондиляртрами») Apheliscidae и Phenacodontidae, соответст-
венно. В таком случае, однако, клада, включающая Apheliscidae, Mac-
roscelidea, Phenacodontidae и Paenungulata, должна также включать 
Perissodactyla, что делает Afrotheria парафилетической группой. Ten-
recoidea наиболее вероятно происходят от млекопитающих насеко-
моядного уровня организации, Adapisoriculidae, которые могут при-
надлежать к преджелестидной радиации стволовых плацентарных. 
Если эта гипотеза верна, то между Tenrecoidea и кладой, содержащей 
Macroscelidea и Paenungulata и происходящей от более продвинутых 
архаичных копытных, существует огромный филогенетический раз-
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рыв. Эта трактовка делает концепцию Afrotheria, как группы возник-
ших в Африке близкородственных млекопитающих, невалидной. Про-
исхождение Tubulidentata пока не ясно.

1. Introduction
The mammal phylogenetic tree has been 

reshaped signifi cantly during past decades 
by the molecular data (for review, see Ave-
rianov, Lopatin, 2014). The biggest surprise 
came from the clade of endemic African 
mammals that included Recent groups Ten-
recoidea (tenrecs and golden moles), Macro-
scelidea (elephant shrews, or sengis), Tubu-
lidentata (aardvarks), Hyracoidea (hyraxes), 
Sirenia (sea cows), and Proboscidea (probos-
cideans) (Springer et al., 1997, 1999, 2004; 
Stanhope et al., 1998a,b; Madsen et al., 2001; 
Murphy et al., 2001; van Dijk et al., 2001; 
Malia et al., 2002). 

Several morphological characters has 
been proposed as the afrotherian synapo-
morphies, including high count of dorsal 
vertebrae (Sánchez-Villagra et al., 2007), 
characters of placenta (Mess, Carter, 2006), 
shape of ankle bones (Seiffert, 2007; Tabuce 
et al., 2007), and late eruption of permanent 
teeth (Asher, Lehmann, 2008). However, all 
these characters are either retention of plesio-
morphic eutherian condition or parallelisms. 

However, “afrotherians” appeared to be 
non-monophyletic on a morphology-based 
tree of Asher et al. (2003, fi g. 3), in which 
Tubulidentata were shown to link to Xenar-
thra, Paenungulata to Ungulata, Afrosoricida 
to Lipotyphla, and Macroscelidea to Glires. 

Few morphological phylogenetic analy-
ses that include all afrotherian groups do not 
support monophyletic status of the Afroth-
eria. According to a combined analysis of 
morphological and molecular data by Asher 
et al. (2003), the crown group Afrotheria in-
cludes embrithopods, Plesiorycteropus, des-
mostylians, the “condylarths” Hyopsodus, 
Meniscotherium, and possibly Phenacodus. 

Seiffert (2007) provided another com-
bined analysis based on genomic data (nu-
cleotide data, chromosomal associations, and 
retroposons) and 400 morphological charac-
ters scored across 16 extant and 35 extinct 
afrotherians. A NONA analysis of his mor-
phological data matrix with 10,000 ratchet 
replications (Goloboff, 1999) produced 38 
most parsimonious trees with their consist-
ency index of 0.28 and retention index of 
0.62. On the strict consensus tree, there were 
no monophyletic Afrotheria, with Tenreco-
idea (= Afrosoricida) being nested within 
the Lipotyphla. 

Tabuce et al. (2007) described new Ter-
tiary mammals from North Africa they tho-
ught to “reinforce the molecular Afrotheria 
clade”. However, no any tenrecoid taxon was 
included in their data matrix and the clade 
being “reinforced” was actually just Macro-
scelidea + Paeningulata (Tabuce et al., 2007, 
fi g. 4). There and in a previous analysis (Zack 
et al., 2005), macroscelideans and/or hyraxes 
are linked to the North American and Euro-
pean apheliscid condylarths which disrupt 
the concept of Afrotheria as a monophyletic 
clade of the endemic African mammals. 

In the most recent morphological analysis 
utilizing an enormous number of phenotypic 
characters (4541), a morphological consen-
sus tree implies no monophyletic Afrotheria 
(O’Leary et al., 2013, supplementary fi g. 
S2). Golden moles are linked to the true 
moles, tenrecs to the hedgehogs, and ele-
phant shrews to the extinct North American 
leptictids adapted to ricocheted locomotion. 

Evidently, both molecular sequence and 
parsimony morphological analyses have their 
own limitations. The lack of the intermediate 
taxa which would fi ll the gaps between the 
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Recent clades is critical for the both analyses. 
In such a situation, the only possible way to 
solve the afrotherian problem seems to be the 
tracing the possible ancestors of the modern 
clades in the fossil record. In this article, we 
review the known fossil record of the groups 
included in Afrotheria by the molecular data.

2. Review of the taxa

2.1. Tenrecoidea
The suprafamiliar nomenclature of this 

clade is confusing. We follow Asher (2005), 
Asher (2010), and Asher and Helgen (2010) 
in using Tenrecoidea (=Afrosoricida, = Ten-
recomorpha) for the clade including Tenreci-
dae + Chrysochloridae. The adapisoriculids 
Todralestes variabilis and Afrodon chleuhi 
from the late Paleocene of Morocco (Gheer-
brant, 1994, 1995) have been placed as stem 
tenrecoids in the phylogenetic analysis by 
Seiffert (2010).

2.1.1. Tenrecidae

There are 30 modern species of this clade 
distributed in Africa (Potamogalinae) and 
Madagascar (Tenrecinae) (Asher, Hofreiter, 
2006; Asher, 2010). Three extinct taxa from 
the early Miocene of Kenya and Uganda, 
Protenrec tricuspis, Erythrozootes chamer-
pes, and Parageogale aletris, are members 
of the crown-group Tenrecidae (Butler, 1984; 
Poduschka, Poduschka, 1985; Asher, 2010). 
Another species, Protenrec butleri, is known 
from the early Miocene of Namibia (Mein, 
Pickford, 2003). Jawharia tenrecoides and 
Qatranilestes oligocaenus from the early 
Oligocene of Egypt and Widanelfarasia 
bowni, W. rasmusseni, and Dilambdogale 
gheerbranti from the late Eocene of Egypt 
are either stem tenrecids or stem tenrecoids 
(Seiffert, Simons, 2000; Seiffert et al., 2007; 
Seiffert, 2010). Widanelfarasia and Dilamb-
dogale both have dilambdodont upper molars 

and fully developed lower molar talonids, 
while Qatranilestes, known from the lower 
dentition only, has reduced molar talonids. 
Widanelfarasia is similar with Protenrec and 
some modern tenrecids in such derived char-
acters as ectocrista and ectofossa on P4, distal 
root of P3 placed mesial to the P4 protocone, 
and “stepped” transition between P4 and an-
terior premolars (Seiffert et al., 2007). Thus 
phylogenetic position of Widanelfarasia as 
a stem tenrecid is a more preferable hypoth-
esis (Seiffert et al., 2007; Seiffert, 2010). 
Dilambdogale was found to be a sister taxon 
to Widanelfarasia and it also shows incipient 
ectorista and ectofossa on P4 (Seiffert, 2010).

2.1.2. Chrysochloridae
There are 21 modern species of golden-

moles (Chrysochloridae) distributed in sub-
Saharan Africa (Asher et al., 2010). The 
modern species, or distinct species very close 
to the modern ones, are known from the Plio-
Pleistocene of South Africa (Broom, 1941, 
1948; de Graaff, 1957; Asher, 2010; Asher, 
Avery, 2010). The generically distinct extinct 
golden mole Prochrysochloris miocaenicus 
is known from the early Miocene of Kenya 
and possibly Namibia (Butler, Hopwood, 
1957; Butler, 1984; Mein, Pickford, 2003; 
Asher, 2010). It differs from the modern 
chrysochlorids by unreduced posterior mo-
lars (a normal M3 is present, M2 is widest 
upper molar), smaller and less molariform 
anterior upper premolars, and less reduced 
talonids on lower molars. 

All these traits are plesiomorphic rela-
tive to the modern taxa, which have M3 lost 
or very reduced, M2 reduced, and lower 
molar talonids small single cusped or lack-
ing altogether. Modern chrysochlorids and 
Prochrysochloris have zalambdodont den-
tition with reduced metaconid and talonid 
basin (McDowell, 1958; Asher, Sánchez-Vil-
lagra, 2005). The phylogenetic position of 
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Prochrysochloris is likely outside the crown 
group Chrysochloridae (Asher, 2010). 

The oldest named stem taxon of Chrys-
ochloridae is a poorly known Eochrysochlo-
ris tribosphenus from the early Oligocene of 
Egypt (Seiffert et al., 2007). Eochrysochlo-
ris has a single rooted p3, molariform p4, 
and lower molars with reduced but basined 
talonid. As it was discussed by Seiffert et al. 
(2007), the oldest stem chrysochlorid in Af-
rica might be represented by an isolated upper 
molar (M2?) with greatly reduced metacone 
from the late Paleocene of Morocco, attrib-
uted to ?Proteutheria or ?Lipotyphla indet. 
(Gheerbrant, 1995, fi g. 22a–c, pl. 1, fi gs. 1–3). 

2.2. Macroscelidea
The order Macroscelidea includes a sin-

gle family Macroscelididae with two extant 
and four extinct subfamilies (Corbet, Hanks, 
1968; Holroyd, Mussell, 2005; Holroyd, 
2010a). This classifi cation is not phylogenet-
ic, as two extinct subfamilies (Myohyracinae 
and Mylomygalinae) are within the crown-
group and two other subfamilies (Metoldo-
botinae and Herodotiinae) are outside the 
crown-group (Holroyd, 2010a, fi g. 8.3). The 
name Macroscelididae should be restricted 
to the crown group of elephant shrews, while 
other taxa should be considered as the stem 
macroscelideans. The 17 to 19 modern spe-
cies of Macroscelididae are distributed in 
Africa either North (“Elephantulus” rozeti) 
or South to Sahara (other species) (Douady et 
al., 2003; Smit et al., 2011). The Miocene and 
younger extinct elephant shrews are known 
South to Sahara, while the Paleogene records 
came from North Africa and Namibia (Pat-
terson, 1965; Novacek, 1984; Butler, 1995; 
Holroyd, 2010a).

The Eocene Macroscelidea are united 
in the subfamily Herodotiinae (Holroyd, 
2010a), although monophyly of this group 
has not been demonstrated. These taxa are 

Herodotius pattersoni from the late Eocene 
of Egypt, Nementchatherium senarhense 
from the middle-late Eocene of Algeria, N. 
rathbuni and Eotmantsoius perseverans from 
the middle-late Eocene of Libya, and Cham-
bius kasserinensis from the early Eocene of 
Tunisia (Hartenberger, 1986; Simons et al., 
1991; Tabuce et al., 2001, 2007, 2012). These 
taxa are known from dental and gnathic re-
mains, except for the Chambius for which 
two petrosals have been described (Benoit 
et al., 2013b). Its petrosal lacks the anterior 
pneumatic fossa and well-developed fos-
sula cochleae which correlated in modern 
macroscelideans with the middle ear pneu-
matization necessary for adaptation to low 
frequency hearing (Benoit et al., 2013b).

Apheliscid “condylarths” Apheliscus 
and Haplomylus from the late Paleocene to 
early Eocene of North America and louisinid 
“condylarth” Paschatherium from the late 
Paleocene to early Eocene of Europe share 
with macroscelideans a unique combination 
of tarsal characters associated with their cur-
sorial and saltatorial adaptations and are also 
similar to them in dental characters. These 
taxa were placed as stem macroscelideans 
in the analysis by Zack et al. (2005); see 
also Penkrot et al. (2008). In the analysis by 
Tabuce et al. (2007), Haplomylus is a stem 
macroscelidean, while Paschatherium is a 
stem paenungulate, and Apheliscus is a sis-
ter taxon to the clade Macroscelidea + Pae-
nungulata. In the analysis by Hooker and 
Russell (2012), Chambius was nested within 
Apheliscidae if postcranial characters were 
included, but within the Louisinidae if these 
characters were excluded.

2.3. Ptolemaiida
The Ptolemaiida is a small group of ex-

tinct African mammals known from the ear-
ly Oligocene of Egypt (Qarunavus meyeri, 
Ptolemaia lyonsi, P. grangeri, Cleopatrodon 
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ayeshae, and C. robusta), late Oligocene of 
Kenya (Ptolemaia cf. grangeri), and early 
to middle Miocene of Kenya and Uganda 
(Kelba quadeemae) (Osborn, 1908; Bown, 
Simons, 1987; Simons, Bown, 1995; Cote 
et al., 2007; Gunnell et al., 2010; Miller et 
al., 2015). There are also remains of uni-
dentifi ed ptolemaiids from the late Eocene 
of Egypt (Gunnell et al., 2010). In the latest 
phylogenetic analyses, Kelba was placed as a 
sister taxon to Tubulidentata (Seiffert, 2007; 
Gheerbrant et al., 2014).

2.4. Tubulidentata
There is a single Recent species of aard-

varks, Orycteropus afer, distributed in Africa 
south to Sahara (Shoshani et al., 1988; Hol-
royd, 2010b). This species is known since the 
Pliocene in Africa (Lehmann, 2008; Holroyd, 
2010b). There are at least two extinct species 
of Orycteropus from the Plio-Pleistocene of 
Africa, and fi ve to seven extinct species of 
the closely related Amphiorycteropus from 
the Mio-Pliocene of Africa, Europe, and Asia 
(Patterson, 1975; Lehmann et al., 2004, 2005, 
2006; Lehmann, 2006, 2008, 2009; Holroyd, 
2010b). There are two other extinct genera of 
Orycteropodidae, Myorycteropus with one to 
three species from the early–middle Miocene 
of Kenya and Uganda and Leptorycteropus 
with a single species, L. guilielmi, from the 
upper Miocene of Kenya (Patterson, 1975; 
Pickford, 1975; Lehmann, 2009; Holroyd, 
2010b). These extinct taxa are already very 
specialized and do not offer clues for the ori-
gin of Tubulidentata.

2.5. Bibymalagasia
This order was erected for the genus Ple-

siorycteropus known from the Pleistocene 
of Madagascar (MacPhee, 1994; Werde-
lin, 2010). The rostral part of its skull and 
its dentition are unknown, its similarity 
in the postcranial skeleton to Orycteropus 

was thought to be convergent (MacPhee, 
1994). The collagen sequence data suggest 
Plesiorycteropus affi nities to Tenrecoidea 
(Buckley, 2013). Results of the study of its 
bony labyrinth supported its ordinal distinc-
tiveness (Benoit et al., 2015).

2.6. Paenungulata
The Paenungulata includes Hyracoidea 

and Tethytheria (Simpson, 1945; Novacek, 
Wyss, 1986; Novacek et al., 1988; Gheer-
brant et al., 2005a). In a recent phylogenetic 
analysis, the “condylarths” Phenacodontidae 
are considered as a sister taxon to the Pae-
nungulata (Rose et al., 2014). 

The authors just cited called the latter 
clade “Afrotheria”, but not a single tenrecoid 
was included in their analysis. The recently 
discovered stem paenugulate Ocepeia with 
two species from the middle Paleocene of 
Morocco was found to be a sister taxon to 
the clade Phenacodontidae + Paenungulata 
(Gheerbrant et al., 2014).

2.6.1. Hyracoidea
The four Recent species of hyraxes clas-

sifi ed within three genera (Dendrohyrax, 
Heterohyrax, and Procavia) of the family 
Procaviidae represent actually an insignifi -
cant remnants of the past vast diversity of 
the Hyracoidea which were among dominant 
herbivorous mammals in Afro-Arabic con-
tinent during the Paleogene and expanded 
their range to Eastern Asia in the Neogene 
(Rasmussen, 1989; Schwartz et al., 1995; 
Gheerbrant et al., 2005a; Rasmussen, Gutié-
rrez, 2010). The oldest known representa-
tives of the crown Procaviidae from the late 
Miocene of Namibia and Kenya are Hetero-
hyrax auricampensis and Dendrohyrax sp. 
(Rasmussen et al., 1996; Pickford, Hlusko, 
2007). Other extinct taxa of Procaviidae in-
clude two species of Procavia and Gigan-
tohyrax maguirei from the Pleistocene of 
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South Africa (Kitching, 1965; Rasmussen, 
Gutiérrez, 2010). 

In the latest proposed classifi cation of 
Hyracoidea, distinguished are four families 
of the extinct stem hyracoids (Geniohyidae, 
Saghatheriidae, Titanohyracidae, and Plio-
hyracidae), with Geniohyidae uniting these 
taxa by their most plesiomorphic traits of 
bunodont artiodactyl-like dentition (Rasmus-
sen, Gutiérrez, 2010). However, according to 
the phylogenetic analysis by Barrow et al. 
(2010), the most basal clade of Hyracoidea 
is a group consisting of Seggeurius amou-
rensis from the early Eocene of Algeria, 
Microhyrax lavocati from the early Eocene 
of Tunisia, and Dimaitherium patnaiki from 
the late Eocene of Egypt (Court, Mahboubi, 
1993; Tabuce et al., 2007).

2.6.2. Tethytheria
The above-order ranked taxon Tethythe-

ria was initially proposed to include Sirenia, 
Proboscidea, and Desmostylia (McKenna, 
1975; Domning et al., 1986; Novacek, 1986; 
Novacek, Wyss, 1986; Shoshani, 1986; No-
vacek et al., 1988; Tassy, Shoshani, 1988).

2.6.2.1. Embrithopoda

This small extinct group was part of 
Simpson’s concept of Paenungulata (Simp-
son, 1945), but was not included in the 
Tethytheria by McKenna (1975). The close 
relationships of Embrithopoda to Tethytheria 
were fi rst proposed by Tassy and Shoshani 
(1988). The Arsinoitheriidae are endemic to 
Afro-Arabic continent and include Namathe-
rium blackcrowense from the middle Eocene 
of Namibia, Arsinoitherium zitteli is known 
from the late Eocene to early Oligocene of 
Egypt, and A. giganteum is known from the 
late Oligocene of Ethiopia (Andrews, 1906; 
Court, 1990, 1992a,b, 1993; Sanders et al., 
2004; Pickford et al., 2008; Sanders et al., 
2010b). Remains referred to Arsinoitheri-

um sp. came from Angola, Libya, Tunisia, 
Kenya, and Oman (Al-Sayigh et al., 2008; 
Sanders et al., 2010b; Vialle et al., 2013). 
The Eocene Palaeomasiidaeare are known 
only outside of Africa and include Criva-
diatherium mackennai and C. iliescuifrom 
fro, Romania and Palaeoamasia kansui and 
Hypsamasia seni from Anatolia (Radulesco 
et al., 1976; Sen, Heintz, 1979; Radulesco, 
Sudre, 1985; Kaya, 1995; Maas et al., 1998; 
Sanders et al., 2014). Phenacolophus phalax 
from the late Paleocene of Mongolia was 
considered a basal embrithopod by McKen-
na and Manning (1977), but this was ques-
tioned by some authors (Radulesco, Sudre, 
1985; Gheerbrant et al., 2005a). In the recent 
phylogenetic analyses, Phenacolophus is 
placed as a sister taxon to Sirenia (Tabuce et 
al., 2007) or to Embrithopoda + Tethytheria 
(Gheerbrant, 2009). Among embrithopods, 
the complete skull and skeleton are known 
for Arsinoitherium zitteli only (Andrews, 
1906; Court, 1992a, 1993); the other taxa 
are represented by gnathodental remains. 
Arsinoitherium was found to be a member of 
Tethytheria by analysis of cranial characters 
(Court, 1992a). Some petrosal characters link 
Arsinoitherium to Proboscidea (Court, 1990).

2.6.2.2. Proboscidea
Proboscidea, one of the most diverse 

mammalian order in a not far past, nowadays 
is represented by but two species of Loxo-
donta and one species of Elephas of the fam-
ily Elephantidae (Gheerbrant et al., 2005a; 
Rohland et al., 2010; Sanders et al., 2010a). 
A subrecent elephantid, the woolly mammoth 
Mammuthus primigenius, has become extinct 
in the historical times (Vartanyan et al., 1993; 
Guthrie, 2004). Proboscideans are divided 
into four superfamilies, two of which have 
radiated in the Eocene-Oligocene of Africa 
(Barytheriodea and Moeritherioidea), one in 
the Neogene of the Old World (Deinotheri-
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oidea), while modern Elephantoidea distrib-
uted in Africa, Eurasia and both Americas 
appeared as late as in the early Oligocene 
(Sanders et al., 2010a). 

The oldest stem proboscideans came 
from the late Paleocene to early Eocene of 
Morocco: Khamsaconus bulbosus, Erith-
erium azzouzourm, Phosphatherium escuil-
lieri, and Daoutherium rebouli (Sudre et al., 
1993; Gheerbrant et al., 1996, 1998, 2002, 
2005b, 2012; Gheerbrant, 2009; Sanders et 
al., 2010a). Th is oldest proboscideans were 
already well differentiated in their size and 
morphology suggesting that origin of the en-
tire group had occurred signifi cantly earlier. 
The recent phylogenetic analyses placed Pro-
boscidea as a sister taxon to Sirenia (Gheer-
brant, 2009; Gheerbrant et al., 2014).

2.6.2.3. Sirenia
Most of the diversity of Sirenia, just like 

in Hyracoidea and Proboscidea, was in the 
past. There are four families of Sirenia: Eo-
cene Porastomidae and Protosirenidae, mid-
dle Eocene to Recent Dugongidae, and late 
Oligocene to Recent Trichechidae (Domning 
et al., 2010). There are but four currently ex-
tant sirenian species: Indo-Pacifi c Dugong 
dugon (Dugongidae) and three species of 
Atlantic Trichechus (Trichechidae) (Gheer-
brant et al., 2005a; Domning et al., 2010). A 
North Pacifi c dugongid, the Steller’s sea cow, 
Hydrodamalis gigas, has been exterminated 
in the 18th century (Anderson, 1995). 

The oldest sirenian taxa are prorasto-
mids, Prorastomus sirenoides and Pezosiren 
portelli, from the early–middle Eocene of 
Jamaica (Owen, 1855, 1875; Savage et al., 
1994; Domning, 2001). Recently, a proras-
tomid vertebra has been reported from the 
middle Eocene of Senegal (Hautier et al., 
2012). An isolated sirenian petrosal from 
the early–middle Eocene of Tunisia is more 
primitive than that in Prorastomus, which al-

lows to suggest an African origin of Sirenia 
(Benoit et al., 2013a).

2.6.2.4. Desmostylia
This small order of the extinct ma-

rine mammals has no records in Africa, 
in contrast to other supposed afrotherians 
(Gheerbrant et al., 2005a). Two families 
of desmostylians, Palaeoparadoxiidae and 
Desmostylidae, are known only from the 
Oligocene–Miocene of North Pacifi c region. 
The oldest known taxa are Behemotops pro-
teus (Palaeoparadoxiidae) from the middle–
late Oligocene of Washington, USA, and 
Ashoro alaticosta from the late Oligocene 
of Japan (Desmostylidae) (Domning et al., 
1986; Ray et al., 1994; Inuzuka, 2000; Be-
atty, 2009). 

Traditionally, Desmostylia were consid-
ered as a part of the tethytherian radiation 
most closely linked to proboscideans and 
anthracobunids (Domning et al., 1986; Tassy, 
Shoshani, 1988; Gheerbrant et al., 2005a). 
However, in the recent phylogenetic analy-
sis including Recent taxa constrained by a 
‘‘molecular scaffold”, Anthracobunidae and 
Desmostylia were placed as stem perissodac-
tyls (Cooper et al., 2014). In another analysis, 
Anthracobunidae are placed within the crown 
group Perissodactyla (Rose et al., 2014).

3. Discussion
Among the modern “afrotherian” clades, 

the origin of Tubulidentata is obscure. 
Most likely, Tenrecoidea (Tenrecidae and 

Chrysochloridae) originated from the Adapi-
soriculidae, Macroscelidea originated from 
Apheliscidae, and Paenungulata (Hyracoidea 
+ Proboscidea + Sirenia) originated from 
Phenacodontidae. 

Apheliscidae and Phenacodontidae are 
members of Condylarthra, which is sup-
posed to be a paraphyletic group of archaic 
ungulates (Archibald, 1998), while Adapiso-
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riculidae is a group of insectivorous grade of 
the mammals. 

The clade including Apheliscidae, Phe-
nacodontidae, with their most recent com-
mon ancestor and all the latter’s descendants, 
should include also at least Perissodactyla 
(Rose et al., 2014), thus making Afrotheria 
paraphyletic in their current content. 

There is a considerable morphological 
and phylogenetic gap between Adapisoricu-
lidae and archaic ungulates (Fig. 1). Unfor-
tunately, members of this group are known 
but from isolated teeth and jaw fragments 

and few postcranial elements, with its oldest 
representative Deccanolestes having come 
from the Maastrichtian of India (Prasad et 
al., 1994, 2010; Boyer et al., 2010; Smith et 
al., 2010; Goswami et al., 2011). According 
to one of the recent phylogenetic hypotheses 
(Goswami et al., 2011), Adapisoriculidae be-
long to the very basal radiation of the stem 
placental mammals, prior to an offshoot of 
the zhelestid eutherians. This, if true, may 
explain many plesiomorphic features of the 
tenrecoids, including presence of cloaca and 
ineffi cient thermoregulation. What seems 
to be undoubted is that tenrecoids are not 
closely related to other “afrotherian” mam-
mals which have originated from far more 
advanced archaic ungulates.
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