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ABSTRACT
The African rainforest is considered a ‘palaeontological desert’, exemplified with the virtual absence of ape 
fossils from the last 10 Ma. To overcome this deficiency of the fossil record, archaeo-palaeontological 
surveys have been undertaken in the rainforest of Equatorial Guinea. We have inventoried 225 outcrops 
and eluvial materials and the formation of ‘stone lines’ (of diverse genesis) predominate. Close to the 
Atlantic estuaries, there are short fluvial sedimentary sequences (sands and gravels), where remains of 
lithic industry and charcoal appear, but in no case macro vertebrate fossils. Given the intensity of the 
survey, the scarcity of sampling is ruled out as the cause of this ‘palaeontological desert’. Besides, biogenic, 
biostratinomic and fossildiagenetic factors have been explored by means of an actualistic approach. The 
rainforest ecosystem produces very low density tanatocenosis. Simultaneously, there is a low rate of 
sedimentation/erosion and the action of scavengers has not been detected, although the action of ants 
and termites may be determinant. Two fossildiagenetic factors can be inferred: lixiviation as a destructive 
cause and the existence of periods of intensive erosion. The search for palaeontological record should 
focus on protected sedimentary environments (rockshelters) or more confined ones (maars and small 
endorheic basins).
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Introduction

The scarcity or total absence of the mammalian fossil record 
from Central Africa, an area currently covered by dense rain
forests, is a well-known but not well understood fact (Cote 
2004; Almécija et al. 2021). The absence of a fossil record 
concerning the evolution of the African great apes, gorillas 
and chimpanzees, stands out as an illustrative example. By 
contrast, an increasing number of Upper Miocene hominin 
remains are being recovered from different parts of East 
Africa (genera Orrorin and Ardipithecus) and Chad (genus 
Sahelanthropus). In this sense, the equatorial forests of central 
and West Africa hold a special palaeoanthropological attrac
tion, being the preponderant habitat of the current African 
apes, and possible origin of the group (Darwin 1871; 
Wrangham and Pilbeam 2001). At present, we still know 
almost nothing of their African ancestors from the Middle 
and Upper Miocene, the fossil record of apes in Eurasia 
being much more abundant. In fact, we only know of three 
chimpanzee molar teeth of about 0.5 Ma from the Kapthurin 
Formation, Kenya, associated with semi-arid environments 
(McBrearty and Jablonski 2005). We have to go back to the 
Miocene with Samburupithecus (Ishida and Pickford 1997) to 
find the remains of hominoids hypothetically related to pre
sent-day apes. That is, therefore, more than ten million years 

with a very scarce palaeontological record (d’Oliveira Coelho 
et al. 2021). The same is true for other groups of mammals 
that are practically absent in the regions currently covered by 
rainforest (see Lihoreau et al. 2021).

Such a mammalian palaeontological gap raises questions about 
the possible causes of the non-preservation of skeletal remains in 
these ecosystems. Historically, the absence of a mammalian fossil 
record has been associated with social factors such as political 
instability, which has led to a still reduced prospecting effort, 
made difficult by the inaccessibility of some regions, as well as by 
the dense vegetation cover in these ecosystems that prevents the 
appearance of outcrops (Cote 2004; Taylor 2014, 2016; Almécija 
et al. 2021). In order to overcome these drawbacks, since 2014 an 
intensive project of archaeo-palaeontological surveys has been car
ried out in the insular and continental territories of the Republic of 
Equatorial Guinea (EG), a country that is home to dense rainforests 
but has developed an abundance of public works that has uncovered 
many outcrops, where the sediments are exposed, susceptible to 
observation (Terrazas and Rosas 2016; Rosas et al. 2019a, b, 2021a).

In parallel, the assumption is that in the rain forest soils are 
acidic and destroy skeletons quickly (Peterhans et al. 1993; Roberts 
et al. 2016). In a broader sense, it is maintained that high soil 
biological activity leads to rapid decomposition of organic remains. 
However, previous studies carried out in Ituri (Democratic 
Republic of Congo) (Tappen 1994) and Kibale (Uganda) 
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(Peterhans et al. 1993) forests suggest that other factors must also be 
affecting (such as vertical segregation of small bones, biological 
activity of some organisms: plants, termites, mosses, algae, rodents). 
To this end, we explore an actualistic taphonomic approach con
sisting of direct observation in natural rainforest ecosystems in the 
Monte Alén National Park of the different generally accepted 
phases of fossilisation processes: 1) biogentic production phase 
(ecological stage), 2) tanatocenosis formation phase (biostrati
nomic), and 3) burial phase and formation of taphocenosis and 
subsequent fossildiagenesis. Most of the physico-chemical fossildia
genetic processes (leaching, lateritisation) are outside the scope of 
observation. However, erosional phenomena responsible for the 
dismantling of the sedimentary record are considered.

If we want to know what happened to the remains of organisms 
from the past, it is informative to know what happens to the 
remains of organisms that inhabit these ecosystems today (Brain 
1983; Behrensmeyer et al. 2000; Domingo et al. 2020). If we could 
find a pattern of the factors that impede conservation, we could 
design better survey strategies and predict potential sites suitable 
for the preservation of the palaeontological record.

Material and methods

Archaeo-palaeontological surveys

Within the framework of the palaeoanthropological research 
programme in Equatorial Guinea undertaken since 2014 
(Rosas 2015), seven field campaigns have been undertaken. 
The scope of action includes both the insular region (Bioko 
Island) and the continental region (Muni River). The prospect
ing methodology is based firstly on the location on a geological 
map of potential areas of interest for the discovery of fossils 
(sedimentary deposits, areas of favourable Mio-Plio-Pleistocene 
age and conditions, etc.). In these areas, exhaustive surveys were 
carried out by sampling and documenting specific points where 
sediments are exposed. Given the intense vegetation cover of 
EG, this access to sediments is possible in natural or artificial 

clearings, quarries, earthworks, etc., most of them of anthropo
genic origin. A more detailed description of this methodology 
can be found in Rosas et al. (2021b).

In the 7 campaigns carried out between 2014 and 2021, a total of 
225 outcrops have been prospected and documented on roads, 
quarries and forest clearings located on three different rock sub
strates (Martínez-Torres and Riaza 1996) (Figure 1). For ease of 
analysis and better understanding, we distinguish: 1) Island region, 
Bioko Island, formed by Pleistocene volcanic edifices (43 points); 2) 
continental region (Muni River), where a coastal strip of Cretaceous 
marl-sandy substrate is differentiated (101 points); and 3) the 
interior of the country with a Proterozoic basement of igneous 
and other strongly metamorphosed rocks (81 points).

Actualistic taphonomic approach

In order to document the taphonomic phenomenology of the pre
sence and/or preservation of skeletal remains in a tropical rainforest 
environment, this study focuses on the interior of the continental 
part of EG (Rio Muni), in the Monte Alén National Park (Figure 1). 
This protected area of high ecological value has allowed a high 
degree of conservation due to its difficult access, with large exten
sions of primary tropical rainforest.

Several areas of Monte Alén have been explored in the course of 
four campaigns (years 2019 to 2021), covering a total of 206 km, with 
156 hours of recording and documentation. In order to exhaustively 
cover as much land as possible, the transect methodology was used as 
a basis, organised on the basis of square cells of 1 × 1 km, and adapted 
when necessary to the characteristics of the environment (vegetation, 
watercourses, natural obstacles, etc.). At the same time, our direct 
observations were supplemented by an extensive network of infor
mation provided by locals and forest guides.

From a biogeographical point of view, Rio Muni is entirely 
included in the African lowland or plain rainforest belt, with scarce 
mountainous areas that in any case do not exceed 1200 m in 
altitude, currently covered by dense equatorial rainforests of the 
Guineo-Congolese domain (regional centre of endemisms), in its 

Figure 1. Map of Equatorial Guinea with the location of the surveyed points. Note the presence of three distinct geological basements. A) Pleistocene Volcanic in the Bioko 
Island. B) Continental part of EG (Río Muni), with two differentiated prospection areas: cretaceous sandy-marls in the littoral fringe and proterozoic basement at the interior 
region. C) location of EG in Africa.
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variety of hygrophilous coastal evergreen rainforest (White 1983). 
Only on Mount Mitra does African montane forest develop. 
According to Lerebours-Pigeonnière and Ovono (2001), unsatu
rated yellow ferrallitic soils predominate throughout the continen
tal region. They are composed mostly of quartz sands and clays 
(kaolinite) and characterised by a strong acidity (pH between 4.5 
and 5). In other African rain forest environments, due to the 
presence of humic components, the pH is even lower (between 
3.5 and 4.5) (Lecomte 1988), while Mercader et al. (2002) report 
average values of 4.63 for the Mosumo area (Equatorial Guinea). 
These soils are very poor in phosphorus, potassium, calcium, mag
nesium and trace elements, all of which are concentrated near the 
soil surface in humus and organic matter from plant decomposi
tion, which feeds a high diversity of invertebrates (diphopods, 
termites, ants) and fungi. The climate is of the warm humid equa
torial type, with two short, mild dry seasons (from December to 
mid-February and from July to September, more pronounced) 
separating two rainy seasons, more intense between September 
and December, ranging from 1,800 to 3,800 mm. Although high, 
rainfall is relatively low compared to other rainforest areas on other 
continents. Even so, rainfall generates a dense river network with 
fast-flowing rivers rich in osteichthyes. Relative humidity is very 
high at around 90%, dropping to 85% in the dry season. The daily 

and inter-monthly thermal amplitude is very limited, with average 
values close to 25° (20–23° in higher areas). These conditions are 
conducive to the formation of dense rainforests in the African forest 
belt, the ecosystem that is the subject of our study.

Results

From a stratigraphic point of view, alteration profiles with eluvial 
materials and the formation of the so-called ‘stone lines’ (of diverse 
genesis) are predominant among the Quaternary sediments (see 
Mercader et al. 2002) in the three geological areas (Figure 2). 
Sedimentary sequences are very scarce, except in alluvial plains 
where stratigraphic sequences of low power, sandy floodplain mate
rials and channel-bottom gravels are observed. In none of these 
contexts have we found macroscopic faunal remains, with the 
exception of Cretaceous-age ichnofossils (Thalasinoides and 
Ophiomorpha), which are beyond the scope of this study. Neither 
are plant macrofossils or remains of gastropods, which are very 
abundant in the ecosystem, preserved. This confirms the difficulty 
of finding macroscopic palaeontological records in environments 
currently covered by rainforest. On the other hand, several sites 
with in situ lithic industry and untransported charcoal remains 
have been located (Table 1 and Figure 3, Mercader and Marti 
2002; Terrazas and Rosas 2016; Rosas et al. 2019a, b), which implies 

Figure 2. Some examples of outcrops analysed in the Equatorial Guinea territories, mostly uncovered by road construction and other public works. Figure 2 A and B show, 
respectively, a general view of eluvial sediments on basaltic substrate and detail of eluvial sediments on Bioko Island, western Basakato area. Figure 2C shows eluvial 
materials on granitoid saprolite in the Monte Alén region and Figure 2D on Cretaceous near-shore Cretaceous saprolite in the Rio Campo region. Figure 2E shows the 
typical ferrolitic nodule estone line (Alen point 8). Figure 2F shows detrital sediments (gravels) from the channel bottom in the Río Campo area.
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the potential association with bone remains (from human food) in 
these sites, a circumstance that has not been confirmed. On the 
contrary, a multitude of skeletal remains of wild vertebrates (bush
meat) have been collected around the present-day human settle
ments, revealing the present-day human being to be a powerful 
taphonomic accumulating agent (Rosas et al. 2021a). Therefore, 
given the intensity of the surveys, the scarcity of sampling (sullegic 
factors) can be ruled out as a cause for the absence of records in the 
rainforest environment, which raises the question of other explana
tions for this ‘palaeontological desert’.

Biogenic production (Ecological factors)

The rainforest ecosystem generates abundant biogenic production, 
especially plant production. Species of gastropods and hard-cut cuti
cle arthropods (myriapods, coleoptera) are abundant. In contrast, 
mammal species have low population densities and a dispersed spa
tial distribution (White 1994 and cites therein; Zhu et al. 2018). In 

rainforest areas, most species of rain forest mammals are solitary 
(Happold 1996) and there are no gregarious large herbivores and 
catastrophic die-offs are rare (Tappen 1994). Although there are large 
animals, most of the mammals inhabiting the rainforest are smaller 
than 10 kg (Andrews and Humphrey, 1999; Rosas et al. 2021a). Most 
rain forest mammals are frugivores (36%) and insectivores (37%) 
(White 1994; Happold 1996), and there are more insectivores than 
carnivores (Rosas et al. 2021a). There are no potential biotic accu
mulators such as carnivorous predators or scavengers, nor are there 
bone breakers such as hyenas. The behaviour of jungle leopards is 
very dispersed, in addition to a secular human hunting pressure that 
possibly also conditions the ethology of this species.

Biostratinomic processes

In deforested environments, the biostratinomic triad of 1) gastro
pod shells (on average 12 specimens every 7.8 km/6 hours of 
browsing), 2) myriapods and beetles, and 3) isolated bones from 

Table 1. Table of the lithic industry found in the continental part of Equatorial Guinea sorted by areas, where relevant data related to materials, density and techniques 
used are shown.

Area Localities Lithics

Raw materials (%) Localities by lithics density

Reduction techniques Bifacial tools Heavy-duty toolsQuartzite Quartz Chert <10* 11–50* 51–150* >151*

Bata 1 17 17,6 0 82,4 - 1 - - Centripetal - -
Evinayong 4 19 0 94,7 5,3 4 - - - Bipolar - -
Monte Alen 1 2 100 0 0 1 - - - Centripetal - -
Mosumu 8 122 19,7 13,1 67,2 6 1 1 - Centripetal Yes Yes

Bipolar
Levallois

Rio Muni 5 67 7,5 7,5 85,1 2 3 - - Bipolar No No
Centripetal

Rio Campo 16 415 34,2 7,0 58,8 13 1 1 1 (n = 288) Centripetal Yes Yes
Bipolar
Levallois
Laminar

*Intervals of number of lithics.

Figure 3. A. Flint flake in situ found in Campo 31 location, just above a stone line. Within the frame, a detail view of the stone tool. B and C. Two views of a flint flake in situ 
from in Campo 11 site. D. Plate showing some pieces of lithic industry: 1 and 2 – Levallois cores (Campo 4, Campo 11); 3 – bifacial point (Campo 11); 4 – preferential 
Levallois flake (Campo 11); 5 – Core-axe (Mosumu); 6-7 – splintered tools/bipolar cores (Campo 31, Muni 14).
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human food and chewed by dogs are frequently found on the 
surface. Exoskeletons of gastropods, myriapods and beetles are 
also found in the forest interior, where leaf litter and wood remains 
(necron) are abundant. Soft fruits eaten by primates and other small 
mammals, as well as woody endocarps gnawed by squirrels and 
other rodents, are also very frequent. The clayey substrate with 
abundant mud favours the preservation of elephant and buffalo 
footprints and other smaller organisms, as well as traces of their 
activity (burrows, baths) and excrement. Occasionally feathers are 
found. In situ or dismantled termite mounds are very frequent. 
However, we confirm the shortage of vertebrate skeletal remains on 
the Monte Alén rainforest ground, except those occasionally 
derived from prey hunted by humans. This is the case even in 
areas where the forest canopy is very dense and the herbaceous 
substrate is very sparse and open (little light reaches it), allowing the 
ground surface to be clearly observed. Local informants claim never 
to have seen chimpanzee remains in the forest. Remains of cerco
pithecines (e.g., Cercopithecus cephus, C. nictitans) preyed upon by 
crowned eagles (Stephanoaetus coronatus) are sporadically 
observed.

The faunal inventory reveals the absence of mammal species that 
accumulate vertebrate remains (hyenas, canids) (Rosas et al. 2021a). 
No abiotic accumulators were detected either. The main potential 
biotic accumulators (concentrators) are birds of prey: eagles and 
owls. In Kibale forest, Peterhans et al. (1993) note that the only 
multi-species bone concentrator is crowned hawk eagle 
(S. coronatus), similar to that reported by McGraw et al. (2006) in 
Ivory Coast’s Tai Forest. However, some of these species tend to 
locate their feeders high in the canopy, so that in the fall of food 
scraps there is a wide dispersal of the remains. In any case, local 
guides and hunters report never having seen accumulations of 
mammal bones. Suids and small carnivores (e.g., civets) may be 
the scanvengers. These ecological characteristics determine that the 
thanatocenosis is of a very low density, almost always scattered and 

not aggregated. It was found, nevertheless, that in equatorial rain 
forest contexts humans are an accumulating agent of organic 
remains.

Some remains of animals hunted by humans have been found: 
elephants and duikers (Figure 4), but no remains from other non- 
anthropic causes of death. In the few remains found, two types of 
external surfaces can be detected. One is well preserved, with hardly 
any signs of weathering, cracking or desiccation. The few remains 
detected persist for years on the ground and in our observations we 
have not been able to appreciate the action of scavengers (suids, 
civets). Others are subject to the persistent action of termites, which 
very quickly cover the bones with mud aggregate formations (ter
mite mounds) (Figure 4).

Fossildiagenic processes

In relation to burial processes, there is a low rate of sedimentation/ 
erosion in the jungle environment, with the superficial geological 
substratum being predominantly eluvial in character (Figure 2A- 
D). The low stratigraphic thickness is constant in all sections; with 
thicknesses ranging from 2 to 10 m. Figure 2E illustrates the 
characteristic stone line of ferrolitic nodules (Alen point 8) where 
the three horizons defined by Lecomte (1988) are clearly distin
guished. The saprolite (H3), bedrock above which is a more or less 
thick horizon of disaggregated materials that still maintain, 
although partially altered, the original structure of the rock. Over 
this horizon, H1 is superimposed without interruption an accumu
lation horizon made of coarse fragments called ‘stone line’ (H2). 
The presence of prehistoric lithic materials accumulated in these 
structures is frequent. However, the name ‘stone line’ is currently 
very confusing, as both the materials that compose them and the 
details of their structure vary considerably. In any case, the exis
tence of a clear stratigraphic unconformity defined by an accumu
lation of clasts (of different nature and composition) above which 

Figure 4. Mammal bones found in the rainforest of Monte Alen National Park (Equatorial Guinea). A and B are duiker skull remains (Philantomba monticola); C and D are 
elephant bones (Loxodonta ciclotis). A, B and C shows the effects of termes on the bones. D shows the limited alteration of the bones, after years of being on the ground.
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a homogeneous loose-clay horizon (H1) free of any coarse frag
ments is supported is a fact of observation in a multitude of strati
graphic profiles. As in the previous case, lithic materials have been 
documented in the H1 horizon.

Fluvial sediments occur close to the large estuaries of the 
Atlantic coast, especially those of Rio Campo and Rio Wele, being 
less abundant in Rio Muni, some of which are currently covered by 
mangroves. Figure 2F shows detrital sediments (gravels) from the 
channel bottom in the Rio Campo area. Some deposits correspond
ing to alluvial fans can also be distinguished. Recent taphocenosis 
has not been detected in any case, while the eluvial records and 
sedimentary deposits have not yielded any macroscopic palaeonto
logical record. Charcoal remains, some of centimetre size, are 
occasionally preserved.

Discussion and conclusions

The programme of archaeo-palaeontological surveys in the con
text of rainforest ratifies the secular absence of palaeontological 
record in these African ecological environments. However, 

contrary to the most widespread opinion (Almécija et al. 
2021), a first consideration that can be made is to rule out 
sampling factors, whether for historical, political or vegetation 
cover reasons, as a reason for the scarcity of palaeontological 
record. As a next step, and in order to understand the possible 
taphonomic factors that determine this lack, a programme of 
in situ observations has been designed, combining geological, 
ecological and biostratigraphic data from the present-day world, 
the results of which are summarised in Figure 5.

Factors related to biogenic production

In the rainforest ecosystem there are a series of ecological factors 
that are not favourable for the formation of a palaeontological 
record. One of the most important of these is the spatial distribu
tion of organisms. Compared to savannah or temperate environ
ments, everything is more homogeneously distributed in the 
rainforest. The differentiation of biotopes is partially blurred by 
the extensive vegetation cover, which tends to homogenise the 
different elements of the landscape. We can say that the distribution 

Figure 5. Diagram showing the main taphonomical processes affecting the present Atlantic African rainforests.
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of animal biogenic production is homogeneously distributed in 
space. This phenomenon is clearly reflected in the different species 
of mammals, whose diversity is high but the number of individuals 
per species is relatively low. Another ecological factor somewhat 
related to the above is that in the African forest there are no large 
predators or scavengers that accumulate skeletal remains. A basic 
requirement for accumulating associations to occur is the presence 
of physical or biological factors that concentrate the elements pro
duced. Without this factor, the remains are so dispersed as to make 
their detection very difficult, even if they are preserved. We have 
found that in the rainforest there are no accumulation agents. There 
is an exception to this. It was found that in equatorial rain forest 
contexts, humans are an accumulating agent of organic remains 
and a large number of skeletal remains from food residues are 
deposited near the houses (Rosas et al. 2021a). Human activity 
becomes, consequently, a potential generator of archeo- 
palaeontological fossil record and it can infer it has been also during 
Pleistocene epochs. Consequently, the presence of prehistoric 
remains of lithic industry is a strong indicator that they could 
have been originally associated with skeletal remains, a common 
circumstance in the archaeo-palaeontological record since the ori
gin of the genus Homo, or even earlier. Such skeletal remains have 
not been found in any of the sites detected in environments cur
rently covered by rainforest.

Biostratinomic factors

Some of the results of this work largely coincide with those reported 
by Tappen (1994) and Peterhans et al. (1993). For example, the 
scarcity of skeletal remains in the rainforest is remarkable, a fact 
also pointed out by Tappen (1994), despite intensive search effort. 
In contrast to other more open environments, or drier climatic 
conditions, very few bones are found on the surface in African 
rainforests. In fact, in the at least 20 transects carried out through
out the different campaigns, covering an average of 7 km/5.3 h, no 
bones have been found apart from remains clearly from human 
hunting (known from direct testimonies, or associated with traps, 
etc.) and these have also been scarce. Besides, local forest guides and 
hunters have been asked for bone remains and they declare the 
extreme scarcity of them. Very few cases of non-anthropogenic 
deaths have been detected. It has been proposed several times that 
in the rain forest soils are acidic and destroy skeletons quickly 
(Watson 1967; Gordon and Buikstra 1981; Retallack 1984; 
Peterhans et al. 1993). However, this is partly contradicted by the 
fact that the remains remain on the surface for long periods; a fact 
also observed by Tappen (1994). Furthermore, the surfaces of the 
bones are well preserved, with hardly any signs of weathering, 
similar to what has been found by other authors (Peterhans et al. 
1993; Tappen 1994). Not being exposed to direct sunlight (ultra
violet light) and maintaining a constant humidity and temperature 
prevents cracking of the bones. Shipman (1981) points out that 
vegetation cover, as well as protection in the case of shelters and 
caves, delays the stages of weathering described by Berhrensmeyer 
(1978), safeguarding the remains from rapid weathering more typi
cal of savannah areas. This rules out that the rapid degradation of 
the remains is a limiting factor for their preservation, a widely held 
unjustified belief. Moreover, alteration soils and the formation of 
so-called ‘stone lines’ are widespread in Central African rainforests 
(Lecomte 1988). In these eluvial contexts, burial of the thanatoce
noses is slow and skeletal remains (invertebrates, bones and teeth) 
can remain on the surface for a long time (Peterhans et al. 1993; 
Tappen 1994). This, however, raises a paradox: if bones remain at 
the surface for a long time, when large animals such as elephants or 
buffaloes are in the ecosystem, why are they not found?

Galdikas (1978) notes that the scavenging of wild pigs may 
play an important role in the destruction of pongid remains. At 
Gombe National Park, chimpanzee carcases were rarely recov
ered, what was attributed to rapid destruction of the remains by 
scavengers, insects, and microorganisms (Goodall 1986). In our 
observations in the EG forests, the action of vertebrate scavengers 
could not be detected. However, a key element in scavenging 
functions in the rainforest ecosystem is played by ants (Fayle 
et al. 2011; Griffiths et al. 2018). Ferocity and abundance (up to 
25% of animal biomass) can exert a very rapid action on the 
degradation of soft tissues of dead animals, although their effect 
on skeletal remains, possibly rapidly abandoned, is not well deter
mined. The effect of termites on the preservation of skeletal 
remains is also unclear. Tappen (1994) reports a destructive bios
tratinomic action through the formation of small round pits on 
59% of the remains studied in Ituri rain forest. More recently, 
Backwell et al., (2020) report on the effects of South African 
termites on present-day bones, resulting in individual striations, 
multiple fine parallel striations, pits, pitting and abrasion on 
bones. However, the formation of mud crusts around and inside 
the bones could also result in a protective effect favourable to the 
preservation of the bones, and perhaps their concealment. No 
doubt further in situ observations or experimental approaches 
could help to clarify these aspects.

Fossildiagenetic factors

Other possible factors determining the formation of the palaeon
tological record are those related to post-burial chemical action 
and the erosion and disappearance of the geological record. From 
the comparative analysis of the different stratigraphic profiles, we 
can infer the action of at least two fossildiagenetic factors contrary 
to the formation of orictocenosis in rainforest environments. One 
of them would be the occasional presence of lithic industry and 
charcoal remains in situ can be interpreted as products of human 
activities (although it cannot be ruled out that some of the char
coal remains could come from natural fires) and their highly 
probable association with organic remains. The absence of 
palaeontological records in both eluvial and sedimentary environ
ments in EG points to leaching as a destructive cause. An apparent 
exception, however, is the preservation of charcoal remains, also 
documented in other sites (Tovar et al. 2014). The high rainfall 
typical of the rainforest determines intense washing and leaching, 
which gives rise to ferrolitic soils, which are widespread in the 
study area. It is hypothesised that these vertical mobilisation 
processes are one of the main agents determining the dissolution 
of organic materials (Figure 5). In recent prehistoric archaeologi
cal contexts from rockshelters such as those from Ituri, Congo 
(Mercader et al. 2003) and Shum Laka, Cameroon (de Maret 
2013), skeletal remains of both snails and mammals (bovids, 
primates, rodents, and carnivores) are preserved, although they 
are mainly teeth. Compared to open-air sites, the protective effect 
of a rocky cover, preventing the permanent washing away of 
sediments, emerges as a key factor for the preservation of skeletal 
remains. Outside East-Central Africa, an abundant osteological 
record from rainforest habitats is documented at the Fa-Hien 
Lena cave site, Sri Lanka (Wedage et al. 2019).

A second factor may be related to the almost constant presence 
of alteration soils of scarce stratigraphic thickness (somewhat 
thicker on Bioko Island) covering most of the surveyed territories 
seems to indicate the existence of widespread regional events of 
high erosion (Lerebours-Pigeonnière and Ovono 2001), something 
previously proposed in nearby areas of Gabon (Lecomte 1988), 
possibly associated with cold periods and sabanization (Maley 
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1996; Piñeiro et al. 2017). Such events would have dismantled 
previous stratigraphic records (Figure 5). The climatic transition 
periods, between the beginning of the loss of vegetation cover and 
the occasional persistence of heavy rainfall, draw strongly erosive 
phases.

Consequently, taking into account all the biogenic, biostrati
nomic and fossildiagenetic factors mentioned above, the discovery 
of palaeontological records of mammals should focus on more 
confined environments, among which rockselter or other protected 
sites are of particular interest. The potential record contained in 
local accumulation sites such as tectonic pits (semigrabens), maars 
and small intramontane endorheic basins remains to be verified and 
will be the subject of future surveys. In any case, lack of sampling is 
ruled out as an explanation for the palaeontological desert from the 
African rainforest.

Acknowledgments

We would like to dedicate this work to Prof. Jorge Morales, a great professional and 
enthusiastic promoter of palaeontology. We also thank to the organizers of this 
homage volume. Our gratitude to the local guides from Equatorial Guinea for their 
useful information. To Dr. Jan van der Made for providing useful information and 
to the geologists Mateo Ornia and Javier Fernández for their discussions in the 
field. We are grateful for the appropriate comments and suggestions from two 
anonymous reviewers. Funding: Ministerio de Ciencia e Innovación (MICINN/ 
FEDER): CGL2016-75109-P and CGL2017-90984-EXP; Fundación Palarq.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Ministerio de Ciencia e Innovación (MICINN/ 
FEDER), Spain [CGL2017-90984-EXP];Fundación Palarq;

ORCID

Antonio Rosas http://orcid.org/0000-0002-5829-9952
Antonio García-Tabernero http://orcid.org/0000-0001-5400-5630
Darío Fidalgo http://orcid.org/0000-0003-3646-4272
Maximiliano Fero Meñe http://orcid.org/0000-0002-5169-9355
Juan Ignacio Morales http://orcid.org/0000-0002-8253-414X
Palmira Saladie http://orcid.org/0000-0002-1730-8461

References

Almécija S, Hammond AS, Thompson NE, Pugh KD, Moyà-Solà S, Alba DM. 
2021. Fossil apes and human evolution. Science. 372(6542):eabb4363. 
doi:10.1126/science.abb4363.

Andrews P, Humphrey L. 1999. African Miocene environments and the transi
tion to early hominines. In African biogeography, climate change, human 
evolution. Oxford: Oxford University Press; p. 282–300.

Backwell L, Huchet J-B, Jashashvili T, Phgm D, Berger LR. 2020. Termites and 
necrophagous insects associated with early pleistocene (gelasian) australo
pithecus sediba at Malapa, South Africa. Palaeogeogr Palaeoclimatol 
Palaeoecol. 560:109989. doi:10.1016/j.palaeo.2020.109989.

Behrensmeyer AK. 1978. Taphonomic and ecologic information from bone 
weathering. Paleobiology. 4:150–162.

Behrensmeyer AK, Kidwell SM, Gastaldo RA. 2000. Taphonomy and 
paleobiology. Paleobiology. 26:103–147.

Brain CK. 1983. The hunters or the hunted?: an introduction to African cave 
taphonomy. Chicago (US): University of Chicago Press.

Cote SM. 2004. Origins of the African hominoids: an assessment of the palaeo
biogeographical evidence. C R Palevol. 3(4):323–340. doi:10.1016/j. 
crpv.2004.03.006.

d’Oliveira Coelho J, Anemone RL, Carvalho S. 2021. Unsupervised learning of 
satellite images enhances discovery of late miocene fossil sites in the urema 
Rift, Gorongosa, Mozambique. PeerJ. 9:e11573. doi:10.7717/peerj.11573.

Darwin C. 1871. The descent of man, and selection in relation to sex. 1st edición 
ed. London: John Murray.

de Maret P. 2013. Archaeologies of the Bantu expansion. In: Mitchell P, Lane P, 
editors. The oxford handbook of African archaeology. Oxford: Oxford 
University Press; p. 627–644.

Domingo MS, Martín-Perea DM, Badgley C, Cantero E, López-Guerrero P, 
Oliver A, Negro JJ. 2020. Taphonomic information from the modern verte
brate death assemblage of doñana national park, Spain. PLOS ONE. 15: 
e0242082. doi:10.1371/journal.pone.0242082.

Fayle TM, Bakker L, Cheah C, Ching TM, Davey A, Dem F, Earl A, Huaimei Y, 
Hyland S, Johansson B, et al. 2011. A positive relationship between ant 
biodiversity (Hymenoptera: formicidae) and rate of scavenger-mediated 
nutrient redistribution along a disturbance gradient in a Southeast Asian 
rain forest. Myrmecol News. 14:5–12.

Galdikas BMF. 1978. Orangutan death and scavenging by pigs. Science. 200 
(4337):68–70. doi:10.1126/science.200.4337.68.

Goodall J. 1986. The chimpanzees of gombe: patterns of behavior. Cambridge: 
Harvard Universtiy Presss.

Gordon CC, Buikstra JE. 1981. Soil pH, bone preservation, and sampling bias at 
mortuary sites. American Antiquity. 46(3):566–571. doi:10.2307/280601.

Griffiths HM, Ashton LA, Walker AE, Hasan F, Evans TA, Eggleton P, Parr CL. 
2018. Ants are the major agents of resource removal from tropical rainforests. 
J Anim Ecol. 87:293–300. doi:10.1111/1365-2656.12728.

Happold D. 1996. Mammals of the Guinea–Congo rain forest. Proc R Soc of 
Edin, Section B: Biological Sciences. 104:243–284.

Ishida H, Pickford M. 1997. A new late miocene hominoid from Kenya: sam
burupithecus kiptalami gen. et sp. nov. COMPTES RENDUS DE 
L’ACADÉMIE DES SCIENCES - SERIEs IIA. Earth and Planetary Science. 
325:823–829.

Lecomte P. 1988. Stone line profiles: importance in geochemical exploration. 
J Geochem Explor. 30(1–3):35–61. doi:10.1016/0375-6742(88)90049-0.

Lerebours-Pigeonnière A, Ovono FE. 2001. Atlas de Guinea Ecuatorial. Paris: 
Éditions J.A.

Lihoreau F, Sarr R, Chardon D, Boisserie J-R, Lebrun R, Adnet S, 
Martin JE, Pallas L, Sambou B, Tabuce R, et al. 2021. A fossil terrestrial 
fauna from tobène (senegal) provides a unique early pliocene window 
in western Africa. Gondwana Res. 99:21–35. doi:10.1016/j. 
gr.2021.06.013.

Maley J. 1996. The African rain forest – main characteristics of changes in 
vegetation and climate from the upper cretaceous to the quaternary. Proc 
R Soc of Edin, Section B: Biological Sciences. 104:31–73.

Martínez-Torres L, Riaza A. 1996. Geological map of continental equatorial 
guinea. Vitoria-Gasteiz (Spain): Asociación Africanista Manuel Iradier.

McBrearty S, Jablonski NG. 2005. First fossil chimpanzee. Nature. 437 
(7055):105–108. doi:10.1038/nature04008.

McGraw WS, Cooke C, Shultz S. 2006. Primate remains from African 
crowned eagle (Stephanoaetus coronatus) nests in ivory coast’s tai forest: 
implications for primate predation and early hominid taphonomy in 
South Africa. Am J Phys Anthropol. 131(2):151–165. doi:10.1002/ 
ajpa.20420.

Mercader J, Marti R. 2002. The middle stone age occupation of atlantic central 
africa: new evidence from equatorial guinea and cameroon. In: Mercader J, 
editor. Under the canopy: the archaeology of tropical rain forests. New 
Brunswick: Rutgers University Press; p. 64–92.

Mercader J, Martı́ R, González IJ, Sánchez A, Garcı́a P. 2003. archaeological site 
formation in rain forests: insights from the ituri rock shelters, Congo. 
J Archaeol Sci. 30(1):45–65. doi:10.1006/jasc.2002.0810.

Mercader J, Martı́ R, Martı́nez JL, Brooks A. 2002. The nature of ‘stone-lines’ in 
the African quaternary record: archaeological resolution at the rainforest site 
of Mosumu, Equatorial Guinea. Quat Int. 89(1):71–96. doi:10.1016/S1040- 
6182(01)00082-9.

Peterhans JCK, Wrangham RW, Carter ML, Hauser MD. 1993. A contribution 
to tropical rain forest taphonomy: retrieval and documentation of chimpan
zee remains from Kibale Forest, Uganda. J Hum Evol. 25(6):485–514. 
doi:10.1006/jhev.1993.1063.

Piñeiro R, Dauby G, Kaymak E, Hardy OJ 2017. Pleistocene population expan
sions of shade-tolerant trees indicate fragmentation of the African rainforest 
during the ice ages. Proceedings of the Royal Society B: Biological Sciences. 
284(1866):20171800.

Retallack G. 1984. Completeness of the rock and fossil record: some estimates 
using fossil soils. Paleobiology. 10(1):59–78. doi:10.1017/ 
S0094837300008022.

Roberts P, Boivin N, Lee-Thorp J, Petraglia M, Stock J. 2016. Tropical forests and 
the genus Homo. Evol Anthropol. 25(6):306–317. eng. doi:10.1002/ 
evan.21508.

HISTORICAL BIOLOGY 1589

https://doi.org/10.1126/science.abb4363
https://doi.org/10.1016/j.palaeo.2020.109989
https://doi.org/10.1016/j.crpv.2004.03.006
https://doi.org/10.1016/j.crpv.2004.03.006
https://doi.org/10.7717/peerj.11573
https://doi.org/10.1371/journal.pone.0242082
https://doi.org/10.1126/science.200.4337.68
https://doi.org/10.2307/280601
https://doi.org/10.1111/1365-2656.12728
https://doi.org/10.1016/0375-6742(88)90049-0
https://doi.org/10.1016/j.gr.2021.06.013
https://doi.org/10.1016/j.gr.2021.06.013
https://doi.org/10.1038/nature04008
https://doi.org/10.1002/ajpa.20420
https://doi.org/10.1002/ajpa.20420
https://doi.org/10.1006/jasc.2002.0810
https://doi.org/10.1016/S1040-6182(01)00082-9
https://doi.org/10.1016/S1040-6182(01)00082-9
https://doi.org/10.1006/jhev.1993.1063
https://doi.org/10.1017/S0094837300008022
https://doi.org/10.1017/S0094837300008022
https://doi.org/10.1002/evan.21508
https://doi.org/10.1002/evan.21508


Rosas A. 2015. Primera expedición paleoantropológica a Guinea Ecuatorial. 
Naturalmente. 4:30–36.

Rosas A, Aguado L, García-Tabernero A, Saladié P, Fero Meñe M, Ebana C, 
Esono Mba F, Morales JI, Andrews P. 2021a. Bushmeat skeletal waste from an 
Atlantic African rainforest (Equatorial Guinea) as a test for the mammal 
community structure analysis in paleoecology. Int J Osteoarchaeol. 31 
(3):440–455. doi:10.1002/oa.2964.

Rosas A, Fero M, García-Tabernero A. 2019a. Segunda expedición 
paleoantropológica a Guinea Ecuatorial. El estuario del Río Muni. 
Naturalmente. 21:26–32.

Rosas A, García Tabernero A, Morales JI, Rodríguez Berriguete Á, Fero 
Meñe M, Esono Mba F, Sánchez Del Moral S. 2021b. Inicio del pobla
miento prehistórico en la isla de Bioko (Guinea Ecuatorial). 
Cuaternario y Geomorfología. 35(1–2):129–145. doi:10.17735/cyg. 
v35i1-2.89474.

Rosas A, García-Tabernero A, Fero Meñe M, Ebana Ebana C, Feme Mba F 
2019b. Paleo-anthropological explorations in Equatorial Guinea (West 
Central Africa). The estuary of the Muni River. 9th Annual Meeting of the 
European Society for the study of Human Evolution; Liege.

Shipman P. 1981. Life history of a fossil: an introduction to taphonomy and 
paleoecology. Cambridge: Harvard University Press.

Tappen M. 1994. Bone Weathering in the Tropical Rain Forest. J Archaeol Sci. 
21(5):667–673. doi:10.1006/jasc.1994.1066.

Taylor N. 2014. Central and West African Middle Stone age: geography and 
culture. In: Smith C, editor. Encyclopedia of Global Archaeology. New York: 
Springer New York; p. 1208–1227.

Taylor N. 2016. Across rainforests and woodlands: a systematic reappraisal of 
the lupemban middle stone age in Central Africa. In: Jones SC, Stewart BA, 
editors. Africa from MIS 6-2: population dynamics and paleoenvironments. 
Dordrecht: Springer Netherlands; p. 273–299.

Terrazas A, Rosas A. 2016. New approach to the middle stone age from continental 
equatorial guinea: a preliminary fieldwork report. Nyame Akuma. 85:129–139.

Tovar C, Breman E, Brncic T, Harris DJ, Bailey R, Willis KJ. 2014. Influence of 
1100 years of burning on the Central African rainforest. Ecography. 37 
(11):1139–1148.

Watson JP. 1967. A termite mound in an iron age burial ground in rhodesia. 
Journal of Ecology. 55(3):663–669. doi:10.2307/2258416.

Wedage O, Amano N, Langley MC, Douka K, Blinkhorn J, Crowther A, 
Deraniyagala S, Kourampas N, Simpson I, Perera N, et al. 2019. Specialized 
rainforest hunting by Homo sapiens ~45,000 years ago. Nat Commun. 10 
(1):739. doi:10.1038/s41467-019-08623-1

White F. 1983. The vegetation of Africa: a descriptive memoir to accompany the 
UNESCO/AETFAT/UNSO vegetation map of Africa. Paris: United Nations.

White JTL. 1994. Biomass of rain forest mammals in the lopé reserve, Gabon. 
J Anim Ecol. 63(3):499–512. doi:10.2307/5217.

Wrangham R, Pilbeam D. 2001. African apes as time machines. In: 
Galdikas BMF, Briggs NE, Sheeran LK, editors. All Apes Great and Small: 
volume 1: african Apes. Boston (MA): Springer US; p. 5–17.

Zhu D, Ciais P, Chang J, Krinner G, Peng S, Viovy N, Peñuelas J, Zimov S. 2018. 
The large mean body size of mammalian herbivores explains the productivity 
paradoxs during the last glacial maximum. Nat Ecol Evol. 2(4):640–649. 
doi:10.1038/s41559-018-0481-y.

1590 A. ROSAS ET AL.

https://doi.org/10.1002/oa.2964
https://doi.org/10.17735/cyg.v35i1-2.89474
https://doi.org/10.17735/cyg.v35i1-2.89474
https://doi.org/10.1006/jasc.1994.1066
https://doi.org/10.2307/2258416
https://doi.org/10.1038/s41467-019-08623-1
https://doi.org/10.2307/5217
https://doi.org/10.1038/s41559-018-0481-y

	Abstract
	Introduction
	Material and methods
	Archaeo-palaeontological surveys
	Actualistic taphonomic approach

	Results
	Biogenic production (Ecological factors)
	Biostratinomic processes
	Fossildiagenic processes

	Discussion and conclusions
	Factors related to biogenic production
	Biostratinomic factors
	Fossildiagenetic factors

	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

