
HAL Id: mnhn-03026141
https://mnhn.hal.science/mnhn-03026141

Submitted on 8 Dec 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Island Africa and vertebrate evolution: a review of data
and working hypotheses

Jean Claude Rage, Emmanuel Gheerbrant

To cite this version:
Jean Claude Rage, Emmanuel Gheerbrant. Island Africa and vertebrate evolution: a review of data
and working hypotheses. Prasad, G.V.R.; Patnaik, R. Biological consequences of Plate tectonics:
New perspectives on Post-Gondwana break-up. A tribute to Ashok Sahni, Springer Nature, inPress,
Vertebrate Paleobiology and Paleoanthropology Book Series. �mnhn-03026141�

https://mnhn.hal.science/mnhn-03026141
https://hal.archives-ouvertes.fr


1 

 

Island Africa and Vertebrate Evolution: A Review of Data and Working 

Hypotheses   

Jean-Claude RAGE*Ŧ and Emmanuel GHEERBRANT  

Ŧ
Deceased after submission on March 30, 2018  

 

CR2P - Centre de Recherches en Paléontologie (Paris), UMR CNRS 7207, Sorbonne Université, 

MNHN/CNRS/UPMC, 57 rue Cuvier, CP 38, 75005 Paris, France 

 

*corresponding author: emmanuel.gheerbrant@mnhn.fr 

 

Abstract From mid-Cretaceous to Early Miocene, Africa was geographically isolated as a 

gigantic island, the Island Africa. This considerably impacted local evolution of continental 

vertebrates. The native fauna of the Island Africa is and was depauperate for poorly known 

reasons. Although an Island, Africa was intermittently connected to Laurasia by 

discontinuous routes across the Neo-Tethys. Owing to these routes, various allochthonous 

groups of Eurasian origin entered Africa where they found favorable evolutionary conditions 

with relaxed competitive pressure; many of these groups evolved successfully, giving rise to 

new African clades and important endemic radiations. Thus, Island Africa acted as a 

secondary cradle, boosting the evolution of stem groups of Eurasian origin. Notably, all 

Cenozoic African mammals likely derived from stem groups of Laurasian origin. A remarkable 

number of endemic African lineages evolved successfully in extant African faunas, and even 

colonized several continents. They survived in particular the Miocene event of the Great Old 
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World Interchange. The earlier faunal relations of Africa and Eurasia across the Tethys likely 

contributed to the success of the endemic African evolution. 

 

  

Keywords African endemism. Cretaceous. Dispersals. Eurasia. Vertebrata. Mammalia. 
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Introduction  

 

This work aims to review, based on our current knowledge, some broad questions on the 

vertebrate evolution in the Arabo-African Island, that could be only briefly mentioned or 

addressed in our paper Gheerbrant et Rage (2006). The geographical history of Africa is 

marked by two major events: separation of the Arabo-African plate from other continents 

during the Mesozoic and connection to Eurasia during the Cenozoic. As a result of these two 

events, the African continental faunas have evolved in four successive major 

paleobiogeographical contexts since the Jurassic: 1) Pangean Africa; 2) Gondwanan Africa; 3) 

insular Arabo-Africa; and 4) Africa in the Old World. We focus here on a critical but still 

poorly known stage of the African history: the evolution of the Arabo-Africa island - 

hereafter referred to as Island Africa - which overlapped parts of the Mesozoic and Cenozoic, 

during ca. 80 Ma (Fig. 1). The faunal evolution of the Island Africa includes three critical 

periods in the emergence of modern faunas, which are well documented in Laurasia: The 

Cretaceous-Paleogene (K-Pg), Paleocene-Eocene and Eocene-Oligocene transitions. These 

global events more or less affected the endemic African faunas, but their biotic local impact 
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remains much more poorly known than in most other continental provinces.The insular 

context strongly impacted evolution of the African continental biotas. However, while the 

process of separation from other continents and contact with Laurasia are relatively well 

known, the evolutionary history of biotas in the Island Africa remains largely unknown. The 

question of the evolutionary role of the Island Africa was raised in recent phylogenetic 

analyses and/or paleontological studies (e.g., Gorscak and O’Connor 2016; Jacobs et al. 

2016; Eberle et al. 2017; Elewa 2017). 

The main barrier encountered in studying the time interval that corresponds to the 

existence of Island Africa is the rarity of fossils as compared to other continental provinces, 

including Gondwanan ones such as South America. This rarity - sometimes called "African 

Gap" (O’Connor et al. 2006; Gottfried et al. 2009) - was often regarded as a consequence of 

the lack of field work in Africa, absences being only non-significant "pseudo-absences" 

(sensu Upchurch et al. 2002). However, field studies - which started early during the first 

naturalist and mining explorations of the continent - have not been infrequent, far from it, 

and it now appears that rarity of fossils is implicitly accepted as the natural condition, not an 

artifact; this is for instance implied by all studies that evidenced relationships between South 

America and Madagascar-India, and Australia - but not with Africa (see below). 

PLACE FIGURE 1 ABOUT HERE; WIDTH = 2 COLUMNS (FULL PAGE WIDTH) 

Our objective is not to trace the history of Africa during this period, which is an 

impossible task for the time being, but to make a review of the best of our knowledge, to 

emphasize the main problems that face us, and to propose hypotheses where possible. 

The problems we would like to stress are as follows: 
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What was the native fauna of Africa, that is to say the autochthonous continental 

fauna that inhabited Africa at the beginning of isolation? What was its evolutionary fate? 

How and why was Africa depauperate during isolation? What event(s), if any, could 

have caused low African paleobiodiversity? 

Why were allochthonous forms, i.e. immigrants that entered Island Africa, so 

successful? 

Why did a number of African taxa successfully survived Eurasian immigrants when 

Africa contacted Eurasia, and even colonized other continents? 

We here review and discuss the available data on these questions, following our 

former discussion in Gheerbrant et Rage (2006).  

 

  

The native African fauna (Fig. 2) 

  

The African native fauna is naturally defined as the assemblage of autochthonous taxa 

present in Africa just after separation from South America. They are vicariant taxa resulting 

from the splitting of Gondwana (Fig. 2). They were present on West Gondwana, i.e. the 

Africa-South America block that was more precisely named Samafrica by Upchurch (2008), 

which may be regarded as the starting point in the paleobiogeographical history of the Island 

Africa. The native taxa of the Island Africa are Samafrican (= West Gondwanan) vicariants, it 

being understood that the Samafrican stock likely included older, pan-Gondwanan and even 

Pangean taxa (e.g., some fishes and mammals). 
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PLACE FIGURE 2 ABOUT HERE; WIDTH = 1.5 COLUMN 

Among the vicariants may be cited various clades that are still living in Africa: 

freshwater osteichthyans (Lepidosirenidae), amphibians (Pipidae, Atlanticanura sensu Frazão 

et al. 2015), acrodontan lizards, and pelomedusid chelonians. Several extinct groups found in 

the Cretaceous of Africa are also evidence of this vicariance event: freshwater fishes 

(Mawsonia; Carvalho and Maysey 2008), some extinct chelonians (Araripemydidae, 

Euraxemydidae; Gaffney et al. 2006; Sereno and ElShafie 2013), crocodilians (Araripesuchus; 

clades of Pholidosauridae, including the genus Sarcosuchus; Turner 2006; Le Loeuff et al. 

2010), dinosaurs (Abelisauridae, Carcharodontosauridae, Rebbachisauridae (Sereno et al. 

2004; Novas et al. 2005) and mammals (Haramyida, Eutriconodonta, Dryolestoidea, stem 

Cladotheria, and probably Gondwanatheria) (see also Gheerbrant and Rage 2006: Tab. 1). 

However, it should be noted that the extension of some of these taxa into the Late 

Cretaceous of Africa remains unknown; this is especially true for the mammals that are 

poorly documented in the Late Cretaceous of Africa (Table 1). Although this list of taxa needs 

to be confirmed for some of them, and is obviously not exhaustive and may be increased, it 

nevertheless shows that no native African mammal groups survived up to the present and 

that the above mentioned extinct groups did not survive the Cretaceous in Africa. The only 

possible exception is raised by the tribosphenidan mammals from the early Cretaceous 

Anoual-Ksar Metlili locality (Sigogneau-Russell 1991, Kielan-Jaworowska et al. 1992) which 

could be the stem group of in particular the early Cenozoic African therians. This is the 

hypothesis of an African Cretaceous origin of the placentals as suggested by Kielan-

Jaworowska (1992) and of the afrotherians as suggested by molecular studies (e.g., Dos Reis 

et al. 2012). However, it should be noted that early tribosphenidans are unknown in other 
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Gondwanan continents, and that the Anoual-Ksar Metlili tribosphenidans are presumed to 

be not African natives (Luo et al. 2001). Their presence in Africa might indicate a 

Jurassic/Cretaceous trans-Tethyan dispersal from Eurasia. Mesozoic early tribosphenic 

mammals are known in South America, Madagascar, India (Parmar et al. 2015) and Australia, 

but they belong to the convergent Gondwanan clade Australosphenida (Luo et al. 2001). 

Most remarkably, the Gondwanan clade Australosphenida remains unknown in Africa. 

It is generally acknowledged that the separation between Africa and South America 

took place by the Aptian-Albian transition (Gheerbrant and Rage 2006), that is about 110 

Ma. Recently, Granot and Dyment (2015) suggested a younger age, ca. 100 Ma on 

geophysical bases. However, the separation of the two continents likely occurred earlier, 

between 110 and 100 Ma, and possibly close to 103 Ma (Heine et al. 2012, Seton et al. 

2012). Anyway, the breakup did not separate abruptly and synchroneously everywhere the 

two areas; for an indeterminate period of time, the separation zone likely acted as a filter 

route, as suggested by the peculiar environment (presence of amounts of evaporites; Burke 

and Sengör 1988; Chaboureau et al. 2012). Gorscak and O’Connor (2016), and Gorsack et al. 

(2017) also showed that the diachronic opening of the South Atlantic from the South to the 

North (i.e., northward rifting) led to a South–North faunal provinciality of the Cretaceous 

African faunas. Possible intermittent links between South America and Africa by island 

chains extending across an already opened South Atlantic were discussed by various authors 

(see Ezcurra and Agnolin 2012, Oliveira et al. 2009).  

 

The fauna of the Island Africa 
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After separation from South America, began a period of African isolation that lasted about 

80 million years. The Arabo-African plate was a gigantic island, i.e., the Island Africa, 

geographically set apart from other continents (Fig. 1). Its fossil record confirms strong biotic 

endemicity, but it also shows that it was not fully isolated biologically. 

 

The fate of the native fauna (Fig. 2) 

Most of the native taxa did not clearly expand in Africa or even became extinct, leaving a 

poor fauna with low diversity and low competition pressure in the Island Africa. Among the 

above-mentioned clades, the Atlanticanura and Acrodonta widely diversified. However, the 

African component of the Atlanticanura has remained less diversified than representatives in 

other continents. Acrodontan lizards (today "agamids" plus chamaeleonids) have had a 

somewhat peculiar history. They were present in Samafrica by the mid-Cretaceous 

(Apesteguía et al. 2016) but they did not survive at most the Campanian in South America 

(Simões et al. 2015) whereas they largely diversified in Africa.  

Mammals illustrate the unsuccessful evolution of the native fauna. The Mesozoic 

mammals known in Africa, most from the early Cretaceous of the Anoual-Ksar Metlili locality 

(Morocco), are represented by rare haramyidans (incl. family Hahnodontidae: Huttenlocker 

et al. 2018), a possible gondwanatherian, eutriconodonts, some "symmetrodontans" (stem 

Trechnotheria), stem cladotheres (non-tribosphenic therians) such as dryolestids and 

peramurans, and stem tribosphenic therians (Tribosphenida). They are predominated by 

African natives. All taxa identified as the African mammal natives did not survive the K-Pg 

boundary, even if we do not know if they went extinct at this time or before. This is a 

noticeable difference with South America were at least two archaic Mesozoic taxa (South 
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American natives) survived to the K-Pg boundary in the Paleocene: the peligrotheriid 

dryolestoids and the sudamericid gondwanatheres. The paleobiogeographical origin of the 

African Mesozoic native mammals remains poorly understood. Some are possible 

Gondwanan vicariants (Gondwanatheria, ?Dryolestoidea (see Chornogubsky 2011)). Others 

may be early Pangean vicariants (Haramyida, most Eutriconodonta, "symmetrodontans", 

?Dryolestoidea, ?Peramura).  

The Mesozoic African mammal taxa which might possibly belong to lineages crossing 

the K-Pg boundary are represented by the tribosphenic therians (tribosphenidans) 

Tribotherium and Hypomylos from the Anoual-Ksar Metlili locality (Morocco). They could 

belong to the stem groups of the Cenozoic eutherian and placentals (Kielan-Jaworowska 

1992; Luo et al. 2001; Kielan-Jaworowska et al. 2004), and in particular of the afrotherians 

known in Africa. However, tribosphenidans are most likely of Laurasian origin (Luo et al. 

2001; Kielan-Jaworowska et al. 2004), and are instead not native mammals in Africa. 

Alternatively, Sigogneau-Russell (1991) and Sigogneau-Russell et al. (2001) postulated the 

controversial view that the early African tribosphenic mammals such as Tribotherium found 

in Anoual-Ksar Metlili locality may indicate a "Gondwanan" origin of the Tribosphenida (incl. 

Theria). 

The poor evolutionary success of most of the native African clades, and even the 

extinctions of several native groups rendered the African native assemblages markedly 

depauperate in the Late Cretaceous and Paleogene. The causes of such a depauperate Island 

Africa remain poorly understood. 
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The Island Africa: an underpopulated biotic province?  

 

During isolation, the fauna of Africa was poor and, more specifically, noticeable absences are 

observed. Several taxa, well represented elsewhere in Gondwanan continents, are lacking in 

Africa (Gheerbrant and Rage 2006), among them: dipnoans of the Ptychoceratodus 

madagascariensis group and Atlantoceratodus (Cione et al. 2007), carnotaurine (sensu 

Sereno et al. 2004) dinosaurs, chelid turtles, non-acrodontan iguanians, boine snakes, 

australosphenidan and probably gondwanatherian mammals. The absence of the 

Gondwanan clade australosphenidans is peculiarly remarkable. Aside from animals, the tree 

Nothofagus is a good example of a widely distributed Gondwanan taxon lacking in Africa. 

Compared to the noticeable cosmopolitanism of faunas of other Gondwanan continents, the 

Island Africa appears peculiar, i.e. endemic, and depauperate. 

An attempt at a quantitative comparison between African faunas and those from 

other continents provided contrasting results. It faced various problems: taxonomic 

conceptions different from author to author, presence of several taxa incertae sedis and 

stem groups not included in families, and uncertain stratigraphic positions of localities. 

However, the estimated numbers of species show that the African fauna was less diverse 

and less rich than that of South America, which is the last Gondwanan continent which was 

joined to Africa. The relative paucity of African faunas with regard to those of other 

continents, which is quite well illustrated by the continental distribution and relative number 

of known Cretaceous and Paleogene vertebrate localities (Fig. 3), was already noted in 

several studies, e.g. Gheerbrant and Rage (2006), Krause et al. (2006), Gorscak et al. (2017). 
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O’Connor et al. (2006) referred to this African pattern as the "African Gap", a notion taken 

up by Gorscak et al. (2017). 

PLACE FIGURE 3 ABOUT HERE; WIDTH = 2 COLUMNS (FULL PAGE WIDTH) 

 

Part of the absences of Gondwanan taxa in Africa might result from selective 

extinctions (Figs. 2, 4, 5) which impoverished the African fauna more markedly than in the 

other continents; in addition, paucity was likely increased by the fact that various 

Gondwanan groups did not enter the Island Africa. A striking illustration of this African 

pattern is provided by clades that are present in South America, Madagascar and India but 

that are lacking in intervening Africa (i.e. most of the above cited groups; Krause et al. 1997; 

Rage 2003; Krause et al. 2006). Similarly, Woodburne and Case (1996), Goin et al. (2016) and 

Poropat et al. (2016) disclosed faunal affinities between South America and Australia, 

including Antarctica, but excluding Africa. These paleobiogeographical relationships 

correspond to the "Africa first" model of Sereno et al. (2004) (see also Krause et al. 2006).  

Mammals from the Late Cretaceous offer one example of this African characteristic. 

Whereas only one undetermined species of mammal (known by one vertebra from the 

Cenomanian of Libya; Nessov et al. 1998; Rage and Cappetta 2002) is recorded for the whole 

Late Cretaceous period in Africa, a noticeable diversity of 24 species of Late Cretaceous 

mammals are found in South America (Rougier et al. 2011), mostly of archaic groups 

(Gondwanatheria and Dryolestoidea, especially the endemic radiation of Meriodiolestida 

that includes 16 described species). Even Madagascar has yielded a small diversity of Late 

Cretaceous endemic mammals in the locality of Berivotra, including one or two species of 
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multituberculates, two gondwanatherians, and one zhelestid eutherian (Averianov et al. 

2003; a species initially interpreted as a marsupial by Krause 2001). The Late Cretaceous 

fauna of India also yielded five eutherians (adapisoriculids, and one "condylarth"), one 

gondwanatherian, and one haramyidan (Prasad 2012). As far as large "reptiles" are 

concerned, the diversity in Africa is not markedly lower than that in South America during 

the early Late Cretaceous, but it markedly fell during the latest Cretaceous. According to 

Krause et al. (2006) only two families remained in Africa during the Campanian-Mastrichtian, 

while 12 or 13 were present in South America during this time interval (six in Madagascar, 

nine in India). Small "reptiles" (squamates) cannot be taken into account because of the 

uncertain age of the rich locality Wadi Abu Hashim (Cenomanian or Maastrichtian). The 

diversity of amphibians also is low in the Campanian-Maastrichtian of Africa, it includes only 

one family (Gardner and Rage 2016) whereas at least five families are known from the same 

interval in South America (one in Madagascar and possibly seven in India; Rage et al., this 

volume).  

However, it is presumed that the comparison of the Late Cretaceous African mammal 

faunas is biased by strong fossil gaps for this period in the African Island (Table 1). The 

comparison of the Paleogene mammal faunas of the African Island is likely more significant. 

From the published literature, we estimated that around 400 species of mammals are 

recorded for the whole Paleogene in Africa (Gheerbrant 2001, and EG’s work in progress), 

which is noticeably low with respect to the Paleogene of North America (e.g., Woodburne 

2004) and Europe (e.g., Aguilar et al. 1997). Estimation based on the Paleobiology Database 

(PalaeoDB, Fossilworks website) also shows a much lower (half) Paleogene mammal species 

diversity in Africa than in South America (Table 1). In addition, it should be recalled that the 
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number of Paleogene African mammals includes species that originated from Laurasian 

immigrants (e.g., marsupials, rodents, simiiformes, anthracotheres). Amphibians are also less 

diverse in Africa than in South America during the Paleogene. Four to six families were 

reported from South America, whereas three or four are known from Africa. Squamates are 

the only exception because they appear as diverse in Africa as in South America during the 

Paleogene; in both continents about ten families were recovered, it being understood that 

African squamates also likely include Eurasian immigrants.  
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Table 1. Number of Cretaceous and Paleogene species of vertebrates (all vertebrates, 

tetrapods, and mammals only) known in the Island Africa and South America as estimated from the 

Paleobiology Database (calculation made on the Fossilworks website). Note that, with the exception 

of mammals in the Early Cretaceous of South America (gap), diversity is lower in Africa than in South 

America. The tetrapods column shows that, with regard to South America, in Africa the number of 

species did not markedly increase between the Early and Late Cretaceous (despite probable arrival of 

immigrants), and that during the Paleogene the increase is more marked in Africa (due to immigrants 

and new AFS; see Fig. 5) but the numbers in Africa remain markedly lower. The recorded numbers of 

species for “vertebrates” (Cretaceous-Paleogene) and “mammals” (Cretaceous) are less significant 

because of inclusion of fishes and gaps, respectively. 

  Vertebrates Tetrapods Mammals 

 Island 

Africa 

South 

America 

% Island 

Africa 

Island 

Africa 

South 

America 

% Island 

Africa 

Island 

Africa 

South 

America 

% Island 

Africa 

Early 

Cretaceous 

64 289 60.38 55 84 65.47 13 1 (gap in 

South 

America)  

Late 

Cretaceous 

105 230 45.65 71 207 34.29 0 20 (gap in  

Africa)  

Paleogene 388 581 66.78 323 556 58.09 248 496 50 

 

 

Looking for the causes of the extinctions of the native African taxa leads to the search 

of unfavorable environmental conditions, more specifically to unfavorable climatic 

conditions. Unfortunately, there is no agreement about the climate of that time. Scotese et 

al. (1999) suggested that a large part of Africa was arid during the opening of South Atlantic 
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(see also Burke et Sengor 1998), but Chaboureau et al. (2012) later reconstructed a wet 

climate for that time. Holz (2015) reported several episodes of warm greenhouse and 

"hothouse" at this time. Hothouse episodes were especially observed in the Aptian-

Turonian. During the Late Turonian extremely hot temperatures (>40°C) were reported in 

equatorial Atlantic areas (Bice et al. 2006); the Aptian and Cenomanian are indeed also time 

of extinction events in continental faunas (Holz 2015). High temperatures also strongly 

affected plant evolution during mid-Cretaceous (Mays et al. 2017). Therefore, climatic 

perturbations took place during the Cretaceous, more specifically during the first stages of 

African isolation. However, the above studies did not identify events that would have 

affected Africa only and cannot account for the African selective extinctions. Only Russell 

and Paesler (2003) noted events restricted to Africa. A major perturbation of the 

environment took place on the continent from the Barremian-Aptian to the Santonian-

Campanian and a strong disturbance of the environment in Africa impacted biotas. This 

event occurred during the separation of Africa from South America and at the times during 

which the native African fauna should have settled in the continent. However, it is 

acknowledged that the causes of low faunal density in Africa remain largely unknown. 

 Anyway, whatever the causes could have been, it clearly appears that the fauna was 

poor in the Island Africa, while at that time faunas of vertebrates markedly developed on 

other continents. The poor diversity of the African vertebrates, and especially of the African 

natives, likely explains the evolutionary success of several waves of dispersals that reached 

Island Africa from other continents, mainly from Laurasia. 

 

Colonization of Island Africa by newcomers (Figs. 4-5) 
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Although geographically an island during the Late Cretaceous and Paleogene, the Arabo-

African plate was not completely isolated biologically. As far as biotic relations between 

Africa and other Gondwanan continents are concerned, potential filter routes connected 

Africa to South America, Madagascar and India. However, these routes did not entail 

significant Gondwanan arrivals in Africa (Gheerbrant and Rage 2006). On the contrary, they 

likely permitted or helped out of Africa dispersals. For example, rodent (caviomorphs) and 

primate (plathyrrines) mammals (Antoine et al. 2012; Bond et al. 2015) of African origin 

reached South America during the Eocene. In addition, based on molecular evidence, Vidal 

et al. (2008) suggested that amphisbaenian squamates dispersed similarly during the 

Eocene. Some dispersals, inferred from molecular phylogenies, also occurred between Africa 

and Madagascar; they involved reptilian taxa during the Late Cretaceous and "reptiles" and 

mammals (primates, afrotherians) during the Paleogene. Most of them were also likely out-

of-Africa dispersals (Gheerbrant and Rage 2006). Dispersals of vertebrates from Africa to 

India were suggested but are not demonstrated. The dispersal of adapisoriculid mammals 

from India to Africa (Prasad et al. 2010) appears to be the only argued dispersal from a 

Gondwanan continent to Africa. 

 Paradoxically, while relations with other Gondwanan continents were very limited, 

interchanges with Eurasia were developed. They took place on the Mediterranean Tethyan 

Sill (Fig. 1), a discontinuous terrestrial route on fragments of continental shelves, and were 

controlled by variations of the sea-level (Gheerbrant and Rage 2006). Excepting the 

mammals with Laurasian affinities from the earliest Cretaceous of Anoual-Ksar Metlili 

(Sigogneau-Russell 1991; Sigogneau-Russell et al. 1998; Kielan-Jaworowska et al. 2004), 
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Cretaceous interchanges mainly involved "reptiles" and occurred in both directions, but 

during the Paleogene the interchanges were dominated by dispersals of mammals toward 

Africa. Several Paleogene mammals that came from Laurasia evolved as more or less 

successful endemic lineages in Africa; some of them have become important components of 

extant faunas, but others went extinct. Conversely, we know only a few examples of 

Paleogene African mammal taxa that colonized Laurasia such as the hyaenodontids (Solé et 

al. 2009). 

 We here focus on mammals because their fossil history is comparatively well-

documented and because their history in Africa has had considerable impact on the 

evolution of the living world. The most consensual hypothesis is that modern mammals 

(eutherians, placentals) are derived from Laurasian and especially Eurasian stem groups 

(Archibald 2003; Wible et al. 2007), and entered Island Africa owing to a series of successive 

trans-Tethyan dispersals. Gheerbrant (1987, 1990, 2001) and Gheerbrant and Rage (2006) 

detected five to seven trans-Tethyan dispersal phases toward Africa from the Late 

Cretaceous or earliest Paleocene to the earliest Oligocene. These dispersal phases led to the 

immigration of several eutherian and placental taxa, which evolved more or less successfully 

in Africa and formed distinct successive African assemblages named African Faunal Strata. 

An African Faunal Stratum (AFS) includes the Laurasian immigrants and all issued lineages 

that subsequently evolved in Africa (Fig. 4) (Gheerbrant and Rage 2006). An AFS should not 

be confused with a biogeographical cohort as used by Gheerbrant (2001) and Beard (2016). 

A biogeographical cohort includes an assemblage of immigrant taxa issued from a single 

dispersal event and continental source (e.g., Gheerbrant 2001). An example is the 

biogeographical cohort of immigrant mammals of Asian origin which includes the simiiform 
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primates and the hystricognath and possibly anomaluroid rodents (Marivaux et al. 2005, 

Coster et al. 2015) that entered Africa by the Middle/Late Eocene (Seiffert 2012; Beard 

2016). An AFS can include a biogeographical cohort of immigrants of common geographical 

origin or different lineages with distinct origins (including those of the same biogeographical 

cohort).  

PLACE FIGURE 4 ABOUT HERE; WIDTH = 1.5 COLUMN  

It should be noted that in addition to the Paleogene AFS, earlier trans-Tethyan 

dispersals took place during the Mesozoic; the best known example corresponds to 

Laurasian mammal taxa from the Anoual Ksar Metlili locality such as the gobiconodontids 

(Sigogneau-Russell 2003) and the tribosphenidans. No other documented Cretaceous 

Laurasian dispersals in Africa are known by contrast to several reported Cretaceous out of 

Africa dispersals (e.g., Le Loeuff 1991; Pereda-Suberbiola 2009). As a consequence, the 

Jurassic and Cretaceous AFS (Fig. 5, AFS K1 and K2) remain nearly unknown. For the Late 

Cretaceous period, at least, this is probably related to the poor Mesozoic fossil record of 

Africa as mentioned above. 

The most successful AFS significantly contributed to the modern fauna of Africa and, 

for some taxa, to the World fauna. For example, the earliest known placental dispersal that 

entered Africa (as documented by the Adrar Mgorn and Ouled Abdoun Paleocene faunas) 

was especially important since it was at the origin of the afrotherians (macroscelideans, 

tenrecoids, tubulidentates and paenungulates). It corresponds to an Early Paleocene or Late 

Cretaceous AFS that gave rise to some of the most spectacular endemic African radiations 

such as that of the hyracoid and proboscidean paenungulates (Fig. 6A). This AFS has been 

therefore prominent in the history of African faunas. In addition to extant taxa, this AFS 
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includes extinct forms such as primitive eutherians (stem placentals: cimolestids, 

todralestids) (Gheerbrant 1992, Gheerbrant and Rage 2006). Molecular studies suggest a 

Late Cretaceous age for the afrotherian origin, but the exact age of the earliest African 

placentals remains a major challenge for current paleontological field research. 

Subsequent dispersal phases and related AFS (Fig. 5, AFS P1-3) are at the origin of 

other extant famous endemic African mammal taxa. For instance, they explain the arrival 

from Asia of the simiiform primates in Africa in the Eocene (e.g., Beard 2004, 2016; Seiffert 

2006, 2012), as part of the Lutetian/Bartonian or Bartonian/Priabonian dispersal phase and 

African Faunal Stratum. The first African simiiforms, from the Late Eocene, are basal to an 

endemic major African lineage from which evolved the cercopithecoids and hominoids and 

their stem-groups such as oligopithecids and propliopithecids (Fig. 6B) (Seiffert 2012). 

Earliest African rodents such as the zegdoumyids (Vianey-Liaud et al. 1994; Hartenberger et 

al. 1997) probably arrived earlier as part of the Thanetian/Ypresian AFS (Gheerbrant & Rage 

2006). 

PLACE FIGURE 5 ABOUT HERE; WIDTH = 2 COLUMNS (FULL PAGE WIDTH) 

Some of the lineages that evolved from the Paleogene AFS remained strictly endemic 

(hyracoids, macroscelids, chrysochlorids, anomalurids, catarrhine primates) to the Island 

Africa before the contact with Eurasia, but others succeeded in dispersing overseas out of 

the Island Africa (hyaenodontids toward Laurasia, embrithopods in south-eastern Europe 

and Turkey, stem platyrrhine primates and caviomorph rodents toward South America, 

tenrecids and lemuriforms toward Madagascar). 
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 Whatever the details of the history of the dispersals, the success of several taxa of 

Laurasian and mostly Eurasian origin that entered the Island Africa is striking and 

meaningful. It may be supposed that this flourishing evolutionary history was triggered and 

subsequently favored by the peculiar environmental conditions, including low diversity of 

vertebrate assemblages that prevailed in Africa at that time. 

 

Africa as a secondary cradle 

  

As stated above, Island Africa was depauperate after separation from South America. The 

poor diversity of the native fauna likely resulted in low competition pressure, and 

newcomers might have settled easily and subsequently evolved in favorable African 

ecosystems with free niches. This corresponds to the standard view about ecological 

opportunities, according to which an environment in which resources are underexploited, 

i.e. in vacant niches, favors adaptation of newcomers. Such conditions obviously occur in 

depauperate areas (Gheerbrant and Rage 2006; Gavrilets and Losos 2009). In addition, 

Gavrilets and Vose (2005) suggested that larger areas, which was the case of the Island 

Africa, favor colonization of niches and subsequent diversification of the emerging clade.  

 Therefore, both theoretical studies and paleontological observations converge to 

indicate that the Island Africa played the role of a secondary cradle for several major clades, 

including extant ones. Beard (2004) similarly pointed to this key evolutionary role of the 

insular Africa in his concept of the “African melting pot”. Taxa of Laurasian origin entered 

Africa and found there favorable conditions, with a number of free ecological niches, to 
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evolve locally, giving rise to new adaptive radiations. This process repopulated Africa, adding 

new taxa to the few native groups. 

Aside from mammals, the role of Africa as a secondary cradle during isolation appears 

to have been significant for African testudinid turtles (Hofmeyr et al. 2016), an African 

unnamed clade of elapoid snakes (Kelly et al. 2009), and perhaps a large unnamed clade of 

colubrid snakes (McCartney et al. 2014). This list is certainly not exhaustive, but it 

emphasizes the evolutionary role of Africa at high taxonomic levels. 

 

The end of isolation of Africa  

 

It is generally acknowledged that massive continental faunal interchanges involving a large 

diversity of land mammals between Africa and Eurasia began during the Early Miocene, as a 

consequence of the closure of the Tethys (Cooke 1968; Coryndon and Savage 1973; Bernor 

et al. 1987; Van der Made 1999; Sen 2013). During the Late Oligocene, taxa that crossed the 

Tethys seaway were rare and the African mammal fauna remained widely endemic 

(Kappelman et al. 2003). The few known mammals crossing the Tethys during the Late 

Oligocene include an elephantoid from the Bugti Hills of Pakistan (Antoine et al. 2003) and a 

viverrid carnivore from Kenya (Rasmussen and Gutierrez 2009; Leakey et al. 2011). The latest 

trans-Tethyan interchanges with Africa likely took place in the area of the present contact 

when the two plates got closer together. This corresponds to the Iranian Route as reported 

by Gheerbrant and Rage (2006). 

The disappearance of the marine barrier (closure of Tethys), replaced by a terrestrial 

contact between Africa and Eurasia ("Gomphotherium landbridge"; Rögl 1999), caused a 
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marked geodispersal (sensu Lieberman and Eldredge 1996 ; Upchurch 2008) in both 

directions. This event took place during the Burdigalian (Bernor et al. 1987; Van der Made 

1999; Mein 1999; Rögl 1999). Van der Made (1999) and Sen (2013) more precisely suggested 

a date close to 20 Ma for the beginning of these interchanges. This event, which shaped the 

present mammal fauna of Africa, may be labelled the Great Old World Interchange (GOWI; 

Gheerbrant 2001) by analogy to the younger Great American Interchange (Stehli and Webb 

1985; Woodburne 2010). It marks the end of isolation and endemicity in Africa, which is the 

end of the Island Africa. 

The subsequent evolution of the endemic African fauna after the Great Old World 

Interchange (GOWI) is characterized by the survival and even success of a number of major 

African lineages in extant faunas. Among mammals they include the afrotherians, the 

primates (catarrhines and lemuriforms), and several rodents (hystricognaths and 

anomaluroids). The extant afrotherians includes six placental orders, among which the 

endemic African ungulates (hyracoids, proboscideans and sirenians). Some of these endemic 

lineages widely diversified out of Africa after the GOWI, such as the hyracoids, sirenians, 

proboscideans, tubulidentates and primates (catarrhines and lemuriforms). This is 

remarkable with respect to the evolution of other endemic continental faunas which are 

generally affected by important extinctions. For instance, in South America, which also 

experimented a long geographical isolation south of the Tethys, none of the ungulate orders 

(notoungulates, litopterns, astrapotheres, etc…) survived. However, other endemic South 

American lineages also successfully evolved in extant faunas (marsupials, xenarthrans, 

platyrrhines primates, caviomorph rodents), and even out of South America such as in North 

America (opossums) and in Australia (australidelphians, the main extant marsupial 
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radiation). Of note, the platyrrhines primates and caviomorph rodents which represent 

major South American endemic extant clades are of African origin. Extinctions obviously also 

strongly affected the endemic African fauna after the closure of Tethys; among mammals 

this concerns many hyracoids (medium and large sized species), all the embrithopods, 

several lineages of primates and rodents, hyaenodontids, and ptolemaiids. However, the 

success of several other African endemic taxa out of Africa, especially the primates 

(catarrhines and lemuriforms), proboscideans, sirenians and hystricognath rodents, is a 

notable trait of the African evolution. This relative African success might be related in part to 

the peculiar biogeographical history of Africa. The Island Africa is characterized by repeated 

trans-Tethyan biotic relations with Laurasia (Fig. 5), which resulted in contacts between 

faunas that sustained an evolutionary competitive and adaptive dynamism among groups 

then living in Africa. It might account for the survival and success of several old African 

groups in living faunas. 

The trans-Tethyan faunal relations of the Island Africa with Eurasia significantly 

contributed to the biogeographical pattern of the modern Old World Realm that definitely 

established by the closure of Tethys. The modern Old World faunal pattern, which largely 

results from a mix of African plus Eurasian faunas, has early biogeographical roots dating 

from the time of the trans-Tethyan dispersals.  

 

Conclusions    

From approximately the end of the Early Cretaceous to the Early Miocene, i.e. during about 

80 million years, Africa was geographically isolated as a gigantic island. After the beginning 

of isolation and for poorly known reasons, the native continental fauna of Africa was poor, 
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notably with respect to South America, the last continent linked to Africa; it resulted in the 

impression of a depauperate Island Africa. After the Cretaceous, the three key periods in 

vertebrate evolution in the Island Africa (Cretaceous-Paleogene (K-Pg), Paleocene-Eocene 

and Eocene-Oligocene) are either poorly documented (K-Pg event) or not marked by 

significant faunal turnovers in Africa, as far as we know. For instance, the mammal faunas 

from the Ouarzazate basin (Morocco) show faunal continuity at the Paleocene-Eocene 

boundary for several lineages of insectivoran-grade eutherian mammals (Gheerbrant et al. 

1998). The Eocene-Oligocene biotic changes in Africa are best documented by the Fayum 

faunas in Egypt. The Fayum mammal assemblages, and especially the primates, show some 

changes at the Eocene-Oligocene boundary (e.g., Seiffert 2006, 2007, 2012), but those 

changes remain moderate with respect to, for instance, the faunal evolution in Europe that 

is marked at the same time by the "Grande Coupure" faunal revolution. The main changes in 

the African Paleogene faunas are in fact marked by immigrations of new Laurasian lineages. 

  Despite geographic isolation, intermittent and discontinuous emerged routes indeed 

permitted several Laurasian and especially Eurasian continental taxa to enter the Island 

Africa. Surprisingly, there is very little evidence of immigrations from other Gondwanan 

continents (Gheerbrant and Rage 2006). In the Island Africa, various Laurasian taxa of mainly 

Eurasian origin found favorable environmental conditions (low competition pressure, vacant 

ecological niches) and they settled and evolved successfully locally. Some of them gave rise 

to remarkable endemic adaptive radiations, which repopulated Africa in addition to the 

remaining native taxa, and they constitute important clades of the extant African fauna (e.g., 

afrotherians, catarrhine primates, hystricognath rodents) (Fig. 6). Thus, Island Africa acted as 

a secondary cradle, boosting the evolution of stem groups that came from Eurasia. One of 
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the main issues of the peculiar history of Africa is indeed that all Cenozoic African mammals 

(including living ones) are derived from Laurasian stem groups, that evolved locally in several 

AFS (Figs. 4-5). 

  PLACE FIGURE 6 ABOUT HERE; WIDTH = 1 COLUMN 

  The evolutionary history of African faunas is also characterized by the relative 

success of the endemic taxa, in particular after the Great Old World Interchange that 

followed the establishment of the definite terrestrial contact with Eurasia by the Early 

Miocene. Not only a significant number of endemic African clades survived up to today, but 

some of them went out of Africa and spread successfully over other continents. This African 

evolutionary success was likely sustained by the precocious contacts between faunas of the 

Island Africa and of Eurasia. These early Eurasian-African trans-Tethyan relations prefigure 

the paleobiogeographic pattern of the modern Old World fauna. They constitute the peri-

Tethyan roots of the modern Old World fauna which established after the closure of the 

Tethys.  
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Figures caption 

Fig. 1. Paleogeographic map for the K-Pg boundary showing the isolated Arabo-African plate 

forming the Island Africa. The Island Africa existed for ca. 90 Ma, from the Aptian/Albian 

to the Oligocene/Miocene transitions. The Mediterranean Tethyan Sill corresponds to a 

series of partly emerged continental platforms, such as the Apulian plate, that were 

located intermediate between Eurasia and Africa across the Tethyan area and that acted 

as filtering intercontinental dispersal routes for terrestrial vertebrates during episodes of low 

eustatic levels (e.g., Gheerbrant & Rage 2006). Paleogeographic map from The PALEOMAP 

PaleoAtlas (Scotese 2016).  

Fig. 2. Diagrammatic view of the origin and evolution of the native African fauna. Several 

vicariant lineages evolved in Africa from the West Gondwanan stock, following the South 

Atlantic oceanic opening. They constitute the native African fauna (autochthonous 

fauna). The African fossil record documents a poor diversity of the African natives and a 

depauperate African Island. It raises the hypothesis that the African natives were affected 

by several significant extinction events during their evolutionary history. One or several 

extinction events (K1 and K2 in Fig.2) are in particular postulated during the Cretaceous in 

Africa, in addition to the K-Pg event; a middle Cretaceous extinction event (K1) is 

especially suggested in relation to the climatic hothouse events reported at this time, 

when South America and Africa began to drift apart (see text). 

Fig. 3. Known Late Cretaceous and Paleogene localities with continental vertebrates. Data 

from Paleobiology Database and maps reconstructed on the Fossilworks website. A. Late 

Cretaceous terrestrial vertebrate localities. B. Late Cretaceous mammal localities. C. 

Paleogene terrestrial vertebrate localities. D. Paleogene mammal localities (including 
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marine taxa). The rarity of the Cretaceous and Paleogene vertebrate sites in Africa 

provide a good picture of the general poor African fossil record. It should be noted that 

maps A and B do not show (data missing in the Paleobiology Database) the Cenomanian 

Libyan locality Draa Ubari that yielded the only known late Cretaceous mammal in Africa 

(Nessov et al. 1998). 

Fig. 4. Diagrammatic explanation of an African Faunal Stratum (AFS). At time T1, mammals of 

Laurasian origin crossed the Tethys and settled in Africa. From the various immigrant 

stem species several African lineages (L1-4) emerged and evolved. Some of them (L1-2) 

became extinct, others (L3-4) reach the Present (T0) and are part of extant African faunas. 

The old Laurasian immigrants and all issued lineages that evolved in Africa made up the 

AFS (here AFS T1).  

Fig. 5. Diagram summarizing the paleobiogeographical processes at the origin of the 

composition and evolutionary history of the continental fauna in the Island Africa. Several 

vicariant lineages evolved as the native fauna and were filtered over time by an unknown 

number extinctions, some being presumed local events (e.g., Late Cretaceous K1 and K2 

extinction events in Fig. 2) and some being more global (K-Pg event); few of them crossed 

the K-Pg boundary, which resulted in vacant ecological niches. Aside from the native 

lineages, a significant number of old Laurasian immigrant lineages, most coming from 

Eurasia, crossed the Tethys and entered Africa at different times; they took advantage of 

local conditions and evolved forming successive African Fauna Strata during the 

Cretaceous (AFS K1-2) and the Paleogene (AFS P1-3). The Paleogene AFS (five to seven 

identified Paleogene AFS; see text and Gheerbrant and Rage 2006) are much better 

documented by the African fossil record than the Cretaceous AFS. These AFS evolved 
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more or less successfully. Some include major African radiations that are still present in 

extant faunas, such as afrotherians, paenungulates (hyraxes and proboscideans), 

hyaenodonts, catarrhines primates, and hystricognath rodents. Others went extinct either 

in the Paleogene or in the Neogene (e.g., hyaenodonts). By the end of the Paleogene, the 

endemic African fauna resulted from the addition of the poor native fauna and taxa 

issued from the evolution of the different AFS (i.e., the descendants of old Laurasian 

immigrants). The extant African fauna results from the addition to this endemic fauna of 

the Eurasian taxa that colonized Africa after the closure of the Tethys at the Oligocene-

Miocene transition.  

Fig. 6. Illustration of some remarkable taxa of the endemic mammal fauna from the Island 

Africa. A. Reconstruction of the stem proboscidean Phosphatherium from the Earliest 

Eocene (55 Ma) of Morocco. Phosphatherium belongs to the oldest confirmed faunal 

stratum from Africa including placental mammals: the Late Cretaceous/early Paleocene 

African Faunal Stratum (AFS) which is at the origin of the afrotherians (see text). B. 

Reconstruction of Aegyptopithecus, an early African stem catarrhine simiiform primates 

known from the Early Oligocene (30 Ma) of the Fayum in Egypt. Aegyptopithecus belongs 

to a later AFS, the Bartonian/Priabonian African Faunal Stratum that leads to colonization 

of the Island Africa by simiiform primates, following a trans-Tethyan dispersal from Asia 

(reconstructions by C. Letenneur).  

 

 



anon
Note
Fig. 10.6



anon
Note
Fig 10.4



anon
Note
Fig. 10.3



anon
Note
Fig. 10. 1



anon
Note
Fig. 10.2



anon
Note
Fig. 10.5


	RAGE & GHEERBRANT ms txt Island Africa Revised
	Rage & Gheerbrant  2020 figures numerotees ms  Chapter 10 Feistrchrift Sahni



