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4. Holocene Faunas of the Eastern Sahara:
Zoogeographical and Palaeoecological Aspects
Joris Peters and Nadja Pöllath

Due to the northward shift of the tropical rain belt the Eastern Sahara witnessed an increase in precipitation during
the Early and Middle Holocene. This led to the formation of several vast palaeodrainage systems. Faunal and
botanical remains collected by geological and archaeological research teams evidence that plants and animals
dispersed from the fringes of the Pleistocene hyperarid desert into its centre. In this paper we focus on
zoogeographical and palaeoecological aspects of this process. Beyond the contribution to the Holocene
development of the Saharan environment, the results of this study can be of relevance for future nature conservation
measures in the study area.

Introduction
In the past, the development of deserts, their expansion
and contraction, took place largely independent of human
activities. An excellent case study of such a cycle is
provided by the late Pleistocene and Holocene climatic
history of the Eastern Sahara. During the last 12,000
years, the Sahara was exposed to drastic climatic changes,
from hyper-arid conditions at the end of the Pleistocene
to semi-humid conditions during the first half of the
Holocene, and back to hyper-aridity in the course of the
last 3,000 years. At the beginning of the 8th millennium
calBC, the tilt of the earth’s axis was stronger than it is
today, and the perihelion was at the end of July (Berger
1978). This led to stronger insolation in the northern
Hemisphere in summer and to an increase in the
amplitudes of the seasonal cycles. The enhancement of
the land-ocean temperature contrast amplified the African
and Indian monsoons (e.g. Kutzbach and Otto-Bliesner
1982; Kröpelin and Petit-Maire 2000), causing an increased precipitation in the Sahara and resulting in the
formation of vast drainage systems with numerous lakes
(Pachur 1999; Hoelzmann et al. 2001).
The Holocene hydrological conditions favoured the
dispersion into the Sahara of species previously restricted
to ecozones located south and north of the Late Pleistocene
hyperarid desert. Evidence for this can be found in rock
art (e.g. Lutz & Lutz 1995) as well as in the botanical

and faunal samples from archaeological excavations in
the Eastern Sahara (e.g. Gautier 1982; Gautier and Van
Neer 1982; 1989; Peters 1987; Neumann 1989; Van Neer
and Uerpmann 1989; Berke 2001; Peters et al. 2002).
The vertebrate remains discussed in this contribution
have been collected during field work in the frame of
three long-term scientific research projects, financed by
the German Science Foundation (DFG). The first one,
‘Arid Climate, Adaptation and Cultural Innovation in
Africa’ (University of Cologne, SFB 389), is a multidisciplinary project established in 1995. Scientists from
different research disciplines from both the natural (e.g.
geography, (palaeo)botany, (archaeo)zoology) and social
sciences (e.g. archaeology, egyptology, social and cultural anthropology, ethnology, linguistics) are involved.
Two subprojects deal with the interaction of changing
environments and cultural development in the Egyptian
and the Sudanese part of the Eastern Sahara during the
Holocene climatic optimum. From 1995 onward, numerous sites have been excavated, the animal remains of
which being currently under study. A wealth of faunal
data has also been collected in the course of an earlier
project, ‘Besiedlungsgeschichte der Ostsahara’ (Settlement history of the Eastern Sahara; University of Cologne,
B.O.S.-project), the forerunner of SFB 389. Sampling of
faunal remains also took place in the frame of a third
project, ‘Geo-scientific Research in Arid and Semi-Arid
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Fig. 1. Map of the Eastern Sahara indicating the present-day vegetationzones, the two transects and the study areas:
(1) eastern foreland of the Acacus mountains and the Erg of Murzuq; (2) northern foreland of the Tibesti mountains;
(3) Kufra Basin; (4) Western Desert; (5) Laqyia area and Selima Sandsheet; (6) West Nubian Palaeolake area; (7) Wadi
Howar; (8) Jebel Tageru area and Meidob Hills.

Areas’ (University of Berlin, SFB 69). Though in the
latter case research essentially focussed on geological
and geographical issues, animal remains were considered
of interest because of their significance for the reconstruction of late Quaternary climatic events.
Sampling of faunal remains occurred grosso modo
along two transects. The first transect runs about 1,600
km in a West-East direction along the Tropic of Capricorn
(Pachur 1999) (Fig. 1). Within this area vertebrate
remains were collected in (1) the eastern foreland of the
Acacus mountains and the Erg of Murzuq, (2) the
northern foreland of the Tibesti mountains, (3) the Kufra
Basin and (4) the Egyptian part of the Eastern Sahara
(the so-called Western Desert). The North-South transect
stretches some 1,200 km along latitude 26°–28°E, i.e.
from (5) the Laqyia area and Selima Sandsheet in the
North to (6) the West-Nubian Palaeolake, (7) the Wadi
Howar, and (8) Jebel Tageru area and the Meidob Hills
in the South. Today, the North-South transect crosses
different ecozones, from the hyperarid desert (< 5 mm

precipitation per year) in Egypt and northern Sudan to a
zone with contracted desert vegetation in the Middle Wadi
Howar region, to a northern Sahel Savanna near the
Meidob hills, with an annual precipitation of c. 100 mm
(Neumann 1989). The West-East transect comes across a
single ecozone, the hyper-arid desert.
As said, the faunal remains analysed originated from
natural (geological) as well as cultural (archaeological)
deposits. Taxonomic composition may therefore differ.
The material analysed in the frame of the geo-scientific
project comes from fluviatile, limnetic, and semilacustrine sediments. The animals encountered in these
deposits died naturally, most likely as a result of changes
in (micro-)environmental conditions (see below). Given
the nature and origin of these deposits, the samples
essentially will contain remains from species associated
with aquatic and riparian habitats. No doubt, part of the
vertebrate remains collected along the seasonal water
courses may represent secondary depositions, e. g., animal
carcasses and/or bones transported downstream by
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occasional high floods, but there are also primary contexts, e.g. along lake shores, where skeletons of vertebrates still in connection were found. Fossil remains from
archaeological contexts have different life and taphonomic
histories. They predominantly reflect the palaeodietary
habits of the site inhabitants. Thus, whereas geological
finds can be considered the outcome of natural phenomena,
anthropogenic accumulations mirror a selection, primarily
in terms of animal proteins, by communities of hunterfisher-gatherers or pastoralists. Whichever the origin of
the assemblage, only a minor segment of the once existing
vertebrate fauna will be present. Besides animal remains,
information about late Quaternary environmental conditions and species distribution can also be deduced from
rock art, recorded from all major mountain ranges of the
study area.
With respect to the absolute age of the animal remains
analysed, radiocarbon dates suggest an Early to Middle
Holocene age for the bulk of the faunal material obtained
from the natural deposits (e.g. Kröpelin 1999, Pachur
1999; Pachur and Peters 2001). Because of their less
fossilised appearance, however, a number of bone specimens come from later deposits, notably the remains from
gazelles, Scimitar oryx, and Addax. It has been noted,
moreover, that some of these geological samples yielded
material from multiple, subsequent events. Though within
individual samples relative chronologies can be established
using criteria such as the degree of fossilisation, the major
problem will be to correlate findings from different
locations, in particular when dating is restricted (at best)
to one or few datable specimens. Palaeoecological and zoogeographical interpretations based exclusively on
geological samples will therefore suffer from considerable
imponderabilities.
No doubt, well-dated archaeofaunal assemblages could
help to compensate for this caveat, but for the moment,
the Early to Middle Holocene archaeo(zoo)logical record
of the Eastern Sahara still is too poorly known, with the
possible exception of the Acacus mountains in southwest Libya (Gautier and Van Neer 1982; Corridi 1998),
the Gilf Kebir and Abu Ballas regions in south-west Egypt
(Van Neer and Uerpmann 1989; Berke 2001), and the
Middle Wadi Howar / Westnubian Palaeolake region in
northwest Sudan (Van Neer 1988; 1989a; 1989b; Van
Neer and Uerpmann 1989; Berke 2001; Peters et al.
2002).
Considering absolute dating in rock art, this issue
appears extremely problematic. For the mountain ranges
of south-west Libya, for example, a late Pleistocene age
has been postulated for the initial stage of rock art (socalled Bubalus antiquus phase) (Mori 1965). Since the
climate was hyperarid and living conditions even drier
than today at that time (Kröpelin 1999), such an early
age can be rejected. However, whether the earliest naturalistic depictions of game species were made by Early
Holocene hunter-gatherers (e.g. Lutz and Lutz 1995), or
whether these petroglyphs postdate the 5th millennium

calBC arid spell and should therefore be attributed to
Middle Holocene hunter-gatherers and/or pastoralists
(Muzzolini 1995; Le Quellec 1998, 232 ff.), still is a
matter of much debate. Be that as it may, it can be safely
assumed that sub-Saharan fauna wildlife depicted in rock
art and the animal taxa recognised in Early to Middle
Holocene natural or archaeological deposits are broadly
contemporaneous.
In the following, zoogeographical aspects, e.g.
quantitative and qualitative differences, geographic origin
of aquatic and herbivorous vertebrate communities inhabiting the Eastern Sahara during the Holocene climatic
optimum, as well as palaeoecological issues, in particular
habitat diversity in the palaeodrainage systems of West
Nubia and in the Erg of Murzuq in south-west Libya,
will be addressed.

The Holocene Fauna of the Eastern Sahara:
Zoogeographical Aspects
Quantitative and Qualitative Differences along the
Two Transects: Some Examples
Fig. 2 gives an overview of the vertebrate spectrum
identified on the basis of the bone samples. At least 23
fish, 8 reptile, 17 bird and 49 mammal taxa, as well as
four domestic species (cattle, sheep, goat, dog) could be
recognised. The majority of the identified taxa today
inhabits ecozones located to the south of the Eastern
Sahara, with the exception of some species, well-adapted
to arid living conditions, e. g. dorcas and dama gazelle,
addax, scimitar oryx and fennec, and a few taxa of
Palaearctic origin, e.g. Bos.
A comparison of the Early to Middle Holocene faunas
from the sub-regions outlined above reveal interesting
differences, not only for the North-South transect, as
may be expected because of latitude related changes in
precipitation and vegetation cover, but also in a WestEast direction along the Tropic of Capricorn, illustrated
by the frequency of artiodactyl taxa. Whereas the samples
from the Erg of Murzuq yielded evidence for at least 15
taxa, only 7 taxa have been recorded in the samples from
south-west Egypt so far (Fig. 2). It should be noted, that
this difference is not an artefact of sample size, since the
number of bone fragments analysed from the latter region
is more than ten times higher (> 100,000).
Along the West-East transect, also qualitative differences between the faunas can be observed, e.g. the
occurrence in the western half of the Eastern Sahara of
species associated with aquatic habitats, such as fishes,
bohor reedbuck, hippopotamus, Nile crocodile etc. (Fig.
3). Thus, the complete absence of taxa associated with
semo-arid environments in the Western Desert on the
one hand and their relative abundance in the Erg of
Murzuq (n=8) on the other hand – the Kufra Basin
occupying an intermediate position (n=4) – is again
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Fig. 2. Subregions of the Eastern Sahara and their early to middle Holocene faunal spectra.
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Fig. 2. continued.
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Fig. 2. continued.

indicative of a West-East gradient in humidity along the
Tropic of Capricorn. The presence of vast mesic habitats
in south-west Libya during the climatic optimum is also
illustrated by rock engravings of species associated with
aquatic habitats such as Nile crocodile (Fig. 4) and
Hippopotamus (Fig. 5).
As said, a North-South gradient in terms of
precipitation and vegetation cover can be postulated. One
illustration of this can be found looking at the ungulate
taxonomic composition and diversity in the different
faunal assemblages (Fig. 6).

Geographic Origin of Holocene Fish Populations in
the Eastern Sahara
Relic populations of Nilo-Sudanic fish still occur in the
present-day Sahara, but taxonomic diversity is very low
(Van Neer 1989b). Species present are characterised by
low ecological demands and particular physiological
adaptations (see below).
In view of the actual distribution patterns of NiloSudanic fish taxa, it can be assumed that their Early to
Middle Holocene presence in the western half of the
Eastern Sahara (Erg of Murzuq, Acacus mountains, Kufra
Basin) reflects a northern extension of a large hydrological basin, presently located to the south. Conceivably
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Fig. 3. Taxa associated with Holocene aquatic habitats along the West-East Transect.

Fig. 4. Crocodile, Wadi Imrawen. (Lutz and Lutz 1995,
Fig. 119).

Fig. 5. Hippopotamus, Upper Wadi Aramas. (Lutz and
Lutz 1995, Fig. 118).
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Fig. 7. Estimated position of the biomes during the Holocene climatic optimum on the basis of faunal remains from
natural depostits and archaeological sites in the Eastern Sahara.

the palaeodrainage system of the Erg of Murzuq was
interconnected with the Chad Basin, which extended much
further north during the Holocene optimum. Thus, the
Nilo-Sudanic fish taxa present in the Erg of Murzuq most
likely originated from the Mega-Chad palaeodrainage
system (Fig. 7).
As said, the Holocene climatic optimum witnessed the
development of vast palaeodrainage systems, with numerous lakes, ponds and river-like wadis. The most important
of these water courses is Wadi Howar in the eastern half
of the Eastern Sahara, the largest Saharan tributary of the
Nile. Originating in an almost unexplored area in the
Ennedi region, Wadi Howar runs 1,100 km in a northeasterly direction to reach the Nile just north of Ed Debba
(Pachur and Kröpelin 1987). During much of the Early
and Middle Holocene, Wadi Howar may have been a
perennial river, but due to aridification in the course of
the Holocene, the water level dropped leading to a string
of isolated water bodies, e.g. pools, swamps, and smaller
lakes, interconnected only seasonally (Kröpelin 1993;
1999). Some 150 km north of the middle section of Wadi
Howar, the Holocene optimum also witnessed the form-

ation of a chain of palaeolakes. The largest of these is the
so-called West Nubian Palaeolake. It had a maximum
depth of 15 m and a maximum extent of some 5330 km2
(Hoelzmann et al. 2001). Whilst these palaeodrainage
systems already existed at the very beginning of the
Holocene optimum (Kröpelin 1993; Pachur 1999), human
presence along the Middle Wadi Howar and in the West
Nubia Palaeolake region can only be attested from the 5th
millennium calBC onward (Keding 1997a; 1997b; 1998;
Jesse 1998; Hoelzmann et al. 2001). With increasing
aridity during the 4th and 3rd millennium calBC, year
round human habitation in this region became restricted
to ecologically favourable settings with permanent water.
From the 2nd millennium calBC onward, man’s presence
in this area becomes increasingly ephemeral.
Contrary to the Erg of Murzuq, the presence of NiloSudanic fish in Holocene West Nubia (Fig. 1) cannot be
explained by a northward dispersion from of a hydrological basin located to the south, but on present evidence
solely by a south-westerly migration of aquatic organisms
along the Wadi Howar (Van Neer 1989a; 1989b; Peters
et al. 2002). This Nile tributary served as a migration
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Fig. 8. Herbivore species and their preferred biomes.

path during the Holocene climatic optimum when the
two water courses were still interconnected. Though fish
populations were separated after the connection with the
Nile was interrupted, a diverse ichthyofauna continued
to survive in aquatic habitats of the wadi. As to the West
Nubian Palaeolake region, it is for the moment impossible
to say how the fish migrated into this palaeodrainage
system. A connection with the Middle Wadi Howar seems
unlikely because of an important topographical barrier, a
massive sandstone ridge (Hoelzmann et al. 2001). An
Upper Wadi Howar origin of the ichthyofauna has been
suggested by Peters et al. (2002), but need to be verified
by future field work.
Palaeozoogeography of Herbivore Communities
Strictly herbivorous species are particularly suitable for
zoogeographical studies. They depend on the availability
of characteristic food plants and will therefore be encountered in specific biomes. Fig. 8 gives an overview of
the different herbivore taxa recognised in the Early to
Middle Holocene assemblages of the Eastern Sahara and
a rough appreciation of the vegetation zones frequented
by these taxa today. If for each sub-region the taxa with

the highest ecological demands in terms of plant cover
and precipitation are considered representative for the
local vegetation during the Holocene climatic optimum,
the herbivore record of the Erg of Murzuq, for example,
indicate environmental conditions comparable to those
prevailing actually in the southern Sahel Savanna (250–
500 mm precipitation/year) and/or in the northern Sudan
Savanna (500–600 mm precipitation/year). At present, a
mammalian fauna similar to the one described from the
Erg of Murzuq is recorded from north-east Nigeria (11–
12°N; 12–15°E; Happold 1987, 355 ff), i. e. some 12–
13° further south! Faunal composition in deposits northeast of the Tibesti suggests that the vegetation resembled
a mixture of a northern (100–250 mm precipitation/year)
and a southern Sahel Savanna, whilst the contemporaneous fauna from the Western Desert (south-west Egypt)
is indicative of a northern Sahel Savanna. The West
Nubian Palaeolake and the Middle Wadi Howar region
witnessed a southern Sahel Savanna and perhaps even a
(northern) Sudan Savanna in ecological more favourable
settings, whereas the southernmost part of the study area
(Wadi Magrur, Jebel Tageru, Meidob Hills) was probably
located in a Sudan Savanna.
Based on the actual position of the vegetation belts,
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the Holocene faunas can be used to estimate how far
these would need to shift northward to explain the
presence of the taxa encountered. Provided that in the
past vegetation zones ran almost parallel to their actual
positions, the following assumptions can be made: A
southern Sahel/northern Sudan Savanna in the Erg of
Murzuq would correspond to a northward shift of the
present-day sub-Saharan biomes of some 900 to 1200
km. No doubt, the formation of Lake Mega Chad, which,
at its maximum, had a surface somewhat similar to the
present-day Caspian Sea (Pachur 1999), favoured the
dispersal of sub-Saharan plant and animal communities
in this part of the Eastern Sahara. To maintain a northern
/southern Sahel Savanna to the north-east of the Tibesti
mountains and a northern Sahel Savanna in the Western
Desert, a northward shift of 600 to 800 km of the presentday biomes has to be invoked (Kröpelin 1989; 1999;
Neumann 1989). To explain the herbivore communities
recorded near the West Nubian Palaeolake and in the
Middle Wadi Howar region, a northward shift of the
present-day biomes of some 400–550 km must be postulated. Finally, taxonomic composition in the assemblages
from Jebel Tageru and Meidob Hills indicate that vegetation belts were located some 300 to 400 km further
north during the Holocene optimum. All in all, these
estimates fit the results obtained by (palaeo)botanists and
geoscientists working in the Eastern Sahara (e.g.
Wickens 1982; Neumann 1989; Kröpelin 1989, 1999;
Pachur 1999) and compare well with the palaeoclimatic
reconstructions based on faunal remains from Holocene
archaeological sites along and to the east of the Nile (e.g.
Gautier 1983; Peters 1989).
It should be stressed, however, that such estimates are
only rough approximations. One major problem is the
fact that due to the lack of precise dates, faunal data
cannot be used, for example, to trace small-scale
oscillations in climate and precipitation. In absence of
consistent absolute chronologies – dating being limited to
a few taxa of a limited number of assemblages –, only site
stratigraphy (archaeological materials) and degree of
fossilisation (geological samples) can be used to group
‘contemporaneous’ taxa. Interestingly, in much of the
study area herbivores adapted to drier environments coexisted with taxa preferring wetter living conditions. This
suggests that during the Holocene wet phase, moist and
semi-arid vegetation types may have co-existed, e.g. Sudan
Savanna and southern Sahel Savanna or southern Sahel/
northern Sahel Savanna etc. If the taxa in these Holocene
faunal communities indeed were contemporaneous, it is
likely that herbivores with higher ecological demands
were mainly confined to well-watered areas with associated
vegetation (gallery forest, reeds, grasses), whereas species
less dependant on water intake populated the hinterlands.
Given such a vertebrate distribution pattern, the estimates
concerning the maximum northerly positions of the subSaharan biomes may be somewhat overoptimistic.
Conversely, if ‘wetter’ and ‘drier’ faunal elements did not
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occur together but replaced each other at consecutive
occasions, the osteological findings must be interpreted
as evidence for short term climatic oscillations with
alternating wet and dry phases. Correspondingly,
taxonomic composition of floral and faunal communities
may have varied, as well as the geographic position of the
sub-Saharan vegetation belts.
In sum, the late Quaternary faunal record of the
Eastern Sahara provides evidence for important environmental changes during the Early and Middle Holocene,
which enabled the dispersal into the region of taxa, to
date associated with the Sahel and Sudan Savanna
biomes. Based on habitat preferences of the ecologically
most demanding species, the extent of the northward
shift of the vegetation belts has been estimated roughly,
but the mixed nature of the samples as well as the lack of
means to date individual specimens prevent a more
detailed evaluation. But some trends are visible (see
above), including the observation that during the Early
Holocene wet phase, hyper-arid species, such as dorcas
gazelle, dama gazelle, and addax largely disappeared
from the (moister) western part of the Eastern Sahara,
but did survive in the drier eastern part, where annual
precipitation may not have exceeded 100–200 mm even
during the Holocene optimum (e.g. Peters 1987; Kröpelin
1989; Neumann 1989; Van Neer and Uerpmann 1989).

The Holocene Palaeoenvironment: Two Case Studies
Based on the econiches of the taxa identified, it is possible
to describe in more detail some of the landscapes that
once characterised the Eastern Sahara. An in-depth
evaluation of all faunal data lies beyond the scope of this
paper. In the following we will focus upon the Middle
Holocene aquatic ecosystem of the Wadi Howar region
and the Early Holocene vertebrate community of the Erg
of Murzuq.
Palaeoecology of the Mid-Holocene Ichthyofauna
from Wadi Howar
The list of the fish taxa identified in the fossil assemblages
of the Wadi Howar region is given in Fig. 9. Apart from
the samples analysed by the authors the list includes
additional data from the Wadi Howar (Van Neer 1988;
1989a; 1989b) and from the Central Nile Valley (Peters
1995; Gautier et al. 2002). A comparison of the ichthyofaunas reveals that the assemblages from the Central
Nile Valley are richer in taxa than the samples of the
Wadi Howar region, except for site Djabarona 84/13 (Van
Neer 1988). However, faunal diversity not only depends
on the number of taxa present but on their relative
frequencies in the samples as well. Using the ShannonWiener function (Reitz and Wing 1999, 105–6), it can be
illustrated that the ichthyofaunas from the Wadi Howar
region indeed have significantly lower diversity indices
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Fig. 9. Species spectrum of fish bone samples from the Wadi Howar region and the Central Nile Valley (NISP).
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Fig. 10. The diversity (H′) of fish bone samples from sites in the Wadi Howar region, the Central Nile Valley and
modern Lake Chad.

(H′) than the values calculated for the fish bone samples
from the Central Nile Valley (Fig. 10). To understand
these differences, a closer look at the habitat requirements
of the species present is needed.
In arid ecosystems water bodies are characterised by
daily and seasonal fluctuations in water temperature, high
evaporation rates, turbidity and other natural phenomena,
all of which affect water chemistry. Studies on Afrotropical fishes demonstrate that some species possess
adaptations for coping with extreme changes in water
chemistry. For freshwater fishes water temperature is an
important factor which influences, e.g. spawning behaviour, egg maturation and individual growth. A few
species can tolerate extreme temperatures above 35° and/
or a wide temperature range. Tilapiines like Oreochromis
niloticus and Tilapia zillii tolerate even temperature
changes from 8°C to 40°C (Lévêque 1997). The importance of water temperature for the reproduction of
freshwater fishes shows the example of two closely related
Nilo-Sudanic clariid catfishes. Whereas in Heterobranchus longifillis spawning will only take place between
25°C and 29°C, the eurytherm Clarias gariepinus can
reproduce within a much wider temperature range of 19°C
to 31°C (Lévêque 1997).
Temperature affects fishes not only directly, but also
by its influence on water chemistry, in particular concentration of dissolved oxygen and salinity. Species with
high oxygen demands are, for example, Lates niloticus,
bagrid catfishes and mormyrids (Fish 1956), and will

therefore be absent if oxygen becomes reduced. To cope
with low oxygen concentrations, some freshwater fishes
developed additional organs for aerial breathing, like the
clariid catfishes and the African lungfish Protopterus
aethiopicus (Lévêque 1997). Hence, adult Clarias
gariepinus can obtain up to 50% of their total oxygen
requirements from the air. Other strategies can be found
in (Brachy)Synodontis, which are able to enhance their
haemoglobin production in order to ensure sufficient
oxygen supply (Green 1977), whereas the haemoglobin of
tilapiines show significantly higher oxygen affinity
compared to other species (Fish 1956). Apart from low
oxygen contents, shallow water bodies in arid regions are
also characterized by high evaporation rates, in particular
if rainfall is insufficient reducing the supply of freshwater,
which will cause an increase in salinity. Species able to
survive high salinity levels are Clarias gariepinus,
(Brachy)Synodontis and tilapias (Lévêque 1997), whereas
other taxa, e.g. mormyrids, do not tolerate even the
slightest increase in salinity (Bénech et al. 1983).
These and other abiotic factors influence speciesspecific characteristics like feeding and reproduction
strategies. Reproductive cycles, for example, are linked
to the seasons and to the existence of favourable
conditions for the survival of eggs and larvae. In African
freshwater ecosystems, therefore, species can be separated
according to their spawning strategies. During the rainy
season the floodplains yield abundant food and cover for
the fry. Many taxa will therefore migrate into these
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Fig. 11. Size distribution of Clariidae, Lates niloticus, and Tilapiini from selected sites.
inundated areas, except for the Nile perch, Lates niloticus,
which will leave the main river later and only for a very
short period, because it cannot withstand the rapidly
deteriorating conditions of floodplains for a long time.
On the contrary, other taxa, like clariids, tilapiines,
Polypterus, Protopterus, etc., will frequent the inundated
plains until the waters start to recede, even at the risk of
being cut off from the main water body. According to
their feeding and/or spawning behaviour, Nilo-Sudanic
fish taxa can therefore be roughly classified into two
categories, „floodplain dwellers‘, e.g. Clarias and tilapiini, and „open water forms‘, e.g. Lates, Synodontis and
bagrids (Van Neer 1989b).
From Fig. 9 it can be seen that remains from Clariids
and tilapias form the bulk of the fish bone samples

collected in sites of the Wadi Howar region. This suggests
that the ecological requirements of the two taxa were
largely met within the respective site catchments. To a
certain extent, the abundance of these taxa mirrors some
constraints imposed by the Holocene environment, i.e.
low oxygen contents, high temperature, and considerable
salinity levels. Isolated bones of Lates niloticus, as seen
a species with particular ecological demands, were also
identified in each assemblage. Consequently more favourable living conditions must have existed, at least in certain
parts of the Wadi Howar ecosystem. Considering the
relative abundance of the taxa identified and their ecological requirements, it can be assumed that the midHolocene Middle Wadi Howar palaeodrainage system
primarily consisted of shallow, mostly temporary water
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bodies. Though, there is also evidence for the presence of
some deeper, larger and better oxygenated freshwater
habitats in the wadi catchment. Given the low frequencies
of fishes associated with these environments, these water
bodies may not have been located necessarily in the
neighbourhood of the sites excavated until now. During
the rainy season, fish presumably migrated from a larger
water body upstream (Upper Wadi Howar?) to the inundated areas downstream.
On the basis of taxonomic composition and relative
frequencies (Peters et al. 2002), much more stable
hydrologic conditions can be postulated for the West
Nubian Palaeolake compared to the Middle Wadi Howar
drainage system. That living conditions in the West
Nubian Palaeodrainage system may have been not optimal
compared with the Nile, is suggested by the size distribution of the taxa (Fig. 11). Indeed, Clarias, Lates and
tilapias from the Wadi Howar region are, on average,
smaller than their relatives caught in the Central Nile.
Comparably poor living conditions in the Wadi Howar
drainage system could have been the cause, since growth
rates correlate with environmental factors (Lévêque 1997),
but these seem to have differed between species. Whereas
Clarias from sites in the study area reached almost the
same size as their relatives inhabiting the Nile, the tilapias
and the Nile perch remained significantly smaller, suggesting that the habitat was not optimal. With respect to
Lates, the largest individuals are recorded from sites along
the main Nile, whereas the smallest individuals come
from the Middle Wadi Howar sites, with Lates from the
West Nubian Palaeolake region occupying an intermediate
position. Conceivably, this large freshwater biotope
presented a much more stable aquatic environment
compared to the Middle Wadi Howar, but again, did not
offer optimal living conditions for species with high
ecological demands, hence limiting the species’ size.
Growth ring studies are necessary to test this assumption.
An example of the extent to which climatic changes can
affect fish species diversity in inland waters of tropical
Africa comes from Lake Chad. In Fig. 10 we added two
diversity values obtained from modern Lake Chad
(Bénech et al. 1983), the first being calculated on the
basis of experimental catches at the end of the drought
period in 1975, the second at the onset of a new equilibrium since 1977. Of interest is the fact that the first
value corresponds well to those obtained for the Wadi
Howar sites, while the second fits better the values
calculated for the Central Nile Valley sites. From a
methodological point of view, a comparison of archaeological samples with modern zoological data is problematic because of fundamental differences between fossil
and modern samples as well as sampling methods. For
instance, while ichthyologists can sample active presentday freshwater ecosystems, archaeozoologists can only
analyse the leftovers of prehistoric human groups. Moreover, fossil fish bone assemblages have been modified by
pre- and postdepositional processes that cause differential
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preservation, e.g. a bias in favour of osseous remains of
species with a more robust skeleton, such as Lates
niloticus. Nevertheless, the phenomena observed in the
Lake Chad ecosystem provide an interesting model for
interpreting the Holocene ichthyofaunal record in the
Middle Wadi Howar region. Looking at the taxonomic
composition of the fish fauna from Lake Chad at the end
of the long drought period (Bénech et al. 1983), it may
be possible that the habitat features of the mid-Holocene
water bodies in the Middle Wadi Howar region may not
have been too different.
Ecology of the Early Holocene Vertebrate Fauna
from the Erg of Murzuq
Fish, reptiles, birds, and mammals are the vertebrate
groups recognised in Early Holocene deposits from the
Erg of Murzuq. A comparison of the Wadi Howar ichthyofaunal spectrum with the one from the Murzuq area
reveals the taxonomic paucity of the latter (Fig. 1). Until
now, the taxa Clarias, (Brachy)Synodontis and tilapiini
could be evidenced. As said, dispersal likely took place
via a network of water courses, linking the Erg of Murzuq
with the (Mega) Chad Basin, but ecological bottlenecks
reduced taxonomic diversity considerably. Based on the
observations made above, we can assume that the small
mean size of these individuals is indicative of unstable
aquatic conditions. Though a good tolerance of hypoxic
conditions and salinity has been noted in (Brachy)Synodontis, members of this taxon are less well-adapted
to cope with high salinity levels compared to Clarias and
tilapiini (Lévêque 1997). Interestingly, all (Brachy)Synodontis remains collected so far in the Erg of Murzuq
come from sediments of the somewhat larger, more
permanent palaeolakes that stretched over 3 km and had
estimated maximum depths of c. 10 m, whereas remains
of the ecologically more tolerant catfish and tilapias have
also been found on ancient shores of much smaller water
bodies.
Palaeoenvironmental information also comes from the
other vertebrate groups (Fig. 2). The crocodile remains
found, for example, are mostly of individuals with lengths
below 2.5 m. Smaller crocodiles mainly take up residence
in swamps and backwaters, feeding essentially on (cat)fish
(Branch 1988). Following the ecological requirements of
the different bird taxa, larger (African fish eagle, great
crested grebe) as well as smaller (moorhen, pintail)
aquatic habitats were present, mainly with shallow, slowmoving (yellow-billed stork, ferruginous duck), fresh to
brackish waters (ferruginous duck, pintail), bordered by
trees (African fish eagle), reeds and other aquatic vegetation (great crested grebe, pintail, ferruginous duck,
moorhen), and surrounded by grasslands and marshes
(white stork, yellow-billed stork, moorhen, quail). Most
birds present are known to rely on a broad spectrum of
plants and/or animals (molluscs, amphibians etc.), with
the possible exception of the African fish eagle, which
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Fig. 12. Giraffe herd, Wadi Aramas. (Lutz and Lutz 1995,
Fig. 107).

Fig. 14: Location of the Wadi Howar National Park.
(Kröpelin 1999, Fig. 11.24).

Fig. 13. African buffaloes, Wadi Alamasse. (Lutz and
Lutz 1995, Fig. 108).

normally prefers surface-feeding fish up to 1 kg, like
catfish, tilapias or lungfish (Brown et al. 1982, 313).
As to the terrestrial mammals, their habitat requirements indicate that the dominant vegetation type in the
Erg of Murzuq were grasslands and sparse, open wood-

lands with an abundance of shrubs and some stands of
smaller trees (hare, serval, warthog, hartebeest, roan
antelope, korrigum, oribi, crowned duiker, red-fronted
gazelle), whereas near permanent water bodies large trees
and shrubs were found, forming quite dense shady
habitats (leopard, buffalo, waterbuck). The vegetation
associated with the lakes, marshes and swamps consisted
of moist grasslands (hippopotamus, buffalo, waterbuck,
korrigum), water plants, tall grasses and reeds (bohor
reedbuck, hippopotamus). Animals depicted in rock art
(e. g. Frobenius 1937; Lutz and Lutz 1995; Muzzolini
1995; Le Quellec 1998) complete the faunal spectrum:
African elephant, white rhinoceros, African wild ass,
hippopotamus (Fig. 5), giraffe (Fig. 12), giant and African
buffalo (Fig. 13), hartebeest, barbary sheep, leopard, and
Nile crocodile (Fig. 4).
Based on the foregoing, it can be concluded that the
palaeodrainage system and the vegetated dunes of the
Erg of Murzuq, as well as the surrounding mountainous
areas and wadis, formed a complex, heterogeneous
ecosystem with a multitude of habitats and niches.
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Concluding Remark
Interdisciplinary long-term geo-scientific and archaeological research programmes provided the faunal materials
dealt with in this study. Since the Eastern Sahara represents an area of immense natural and cultural heritage
(e.g. Kuper 1981; Kröpelin 1999; Hoelzmann et al. 2001),
efforts have been intensified to prevent at least part of this
heritage from being destructed by economic development
programmes and tourism (vgl. Kröpelin 2002). It is within
this context that 2001 the Wadi Howar National Park was
established (Fig. 14; Kröpelin 1999). Future measures
might include the re-introduction of sub-Saharan vertebrate species, for which the archaeozoological results
presented here may be of relevancy.
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