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Abstract: Two subfossil assemblages of molluscs were found in terrigenous sediments forming two terraces of
Wadi Bechar (Western Algeria). The older one, connected with the Late Pleistocene terrace of Saourien, is dated
at 18500 years BP. It comprises 28 taxa of land and water snails including species, living recently in Africa and
around the Mediterranean as well as Holarctic/Palearctic species. The younger fauna derives from the Holocene
terrace of Guirien, dated at 5140 years BP, is poorer (11 snail species) and devoid of Holarctic/Palearctic taxa.
Late Quaternary mollusc-bearing sediments from Bechar and from other localities known in Africa and Near East
correspond with three phases of the humid climate (pluvials). correlated with the interpleniglacial and the
ascending stage of pleniglacial of the Vistulian, with the Late Vistulian and with the climatic optimum of the
Holocene.

Abstrakt: W terrygenicznych osadach tworzacych terasy uedu Bechar (zachodnia Algeria) zostaty znalezione
dwa zespoty subfosylnej malakofauny. Starszy z nich, wystepujacy w terasie mlodoplejstocenskiej, zaliczonej do
Saourienu, jest datowany na 18500 lat BP. Obejmuje on 28 gatunkéw $limakéw lagdowych i wodnych, zyjacych
wspéiczesnie w Afryce i wokét Morza Srédziemnego, a takze gatunki holarktyczne i palearktyczne. Miodsza
fauna pochodzi z holocenskiej terasy zaliczonej do Guirienu, datowanej na 5140 lat BP. .fest ona ubozsza (11
gatunkow Slimakow) i nie zawiera taksonéw holarktycznych i palearktycznych. Osady pdznoczwartorzedowe z
malakofaung, znalezione w okolicy Bechar oraz cytowane z wielu stanowisk z obszaru Afryki i Bliskiego
Wschodu, odpowiadaja trzem kolejnym fazom wilgotnego klimatu, wyrdznianym jako pluwiaty. Moznaje kore-
lowaé¢ odpowiednio z interpleniglacjatem i wstepujacg faza plenivistulianu, z p6znym glacjatem oraz z klima-
tycznym optimum holocenu.
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INTRODUCTION

gravel, sand and loams distinguished by the mentioned

containing more or less rich assemblages of subfossil mol-
luscs have been reported from several localities distributed
in the whole area of Northern Africa, Sahara and Near East.
Shells of water snails and bivalves dominate in lacustrine
chalk and in diatomites while in terrigenous deposits form-
ing terraces of temporary river valleys, shells of both land
snails and water molluscs occur. Most of the mentioned
sediments were accumulated during the last thirty thousand
years in the course of climatic changes implied by pluvial
and interpluvial phases. According to numerous radiocarbon
datings presented by different authors they can be attributed
to the Upper Vistulian (Upper Wiirm), the Late Vistulian
(Late Wurm) and the Holocene.

Quaternary formations of Wadi Bechar were described
in detail by Chavaillon (1964). The large terrace spread
around the town Bechar is formed of gravel, sandy-loamy

author as Saourien. These sediments, divided into five beds
(Saourien 1-V), were accumulated during the pluvial corre-
sponding with the last glaciation. The low terrace distin-
guished locally at the bottom of the wadi, encloses sedi-
ments of Guirien, accumulated during the development of
Neolithic cultures (Holocene). Shells of subfossil molluscs
found in these Quaternary deposits were mentioned and de-
scribed by Pallary (1924), Chavaillon (1964) and Chevallier
(1969) but assemblages connected with particular forma-
tions of different age have not been distinguished and char-
acterised.

Results of both field investigations in Wadi Bechar and
malacological studies carried out by the author at the British
Museum of Natural History in London are presented in this
paper. Radiocarbon analyses were made by Prof. M. Pazdur
in the Radiocarbon Laboratory of the Silesian Technical
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Fig. 1. Location map. A —mountain ranges, B - lake, C - main
towns; southern range limit of Holarctic/Palearctic mollusc during
Pleistocene (dotted lines): 1- after Sparks & Grove (1961), 2 -
after Bottcher et at. (1972)

University in Gliwice. A preliminary contribution has al-
ready been published (Alexandrovvicz, 1986a).

SEDIMENTS

Several outcrops of Late Quaternary deposits can be ob-
served on both sides of the dry valley in the vicinity of
Bechar. Seven ofthem situated between the town centre and
Bechar Djedid (about 4 km to the south) have been de-
scribed and sampled (Fig. 1). All these deposits are devel-
oped as gravel, sand and loam, locally cemented with cal-
cium carbonate.

Gravel and conglomerates occur mostly in the lower-
most part of the profiles. They are composed of coarse- or
medium-grained material with sandy and loamy-sandy ma-
trix. In the middle and upper part of profiles the content of
matrix is much higher therefore coarse-grained sand or
loamy sand (sandstone) with a considerable admixture of
pebbles or with intercalations enriched in gravel (cailloutis)
replace typical conglomerates. Numerous mollusc shells can
be found in these sediments.

Medium- and coarse-grained sand locally cemented oc-
cur in almost all outcrops in lower as well as in upper parts
of particular profiles. The deposits are either completely de-
void of fossils or contain only a poor molluscan fauna,
mainly the shell detritus.

Sandy loams, loams and loamy marls are another type
of the sediment. They are grey, yellowish-grey or reddish-
grey, more or less distinctly bedded and locally alternated
with thin intercalations of sand. Sandy loams with an admix-
ture of small pebbles have been distinguished in particular
outcrops. A relatively rich fauna of molluscs occurs in all
the types of the mentioned loamy deposits.

Outcrops 1-4 are distributed between the road passing
across the wadi and last houses of Bechar Djedid. Deposits
forming the 4-6 m high terrace are accessible in these pro-
files. The sequence of particular types of sediments changes
from one outcrop to another. In profiles situated close to the
centre ofthe town (outcrops land 2) loams and sandy loams

Fig. 2. Profiles of terrigenous deposits forming terraces of
Wadi Bechar (1-5 - numbers of outcrops mentioned in the text). /
- rock-socle (Carboniferous sandstones), 2 - gravel, 3 - gravel
with loamy-sandy matrix (caillotis), 4 - layers of cemented gravel.
5 - sand, 6 - sandy loam with pebbles, 7- loam and silty loam, 8
- bottom of wadi, 9 - sample radiocarbon dated, 10 - samples
tacked for malacological analysis

are considerable components of sequences while near
Bechar Djedid coarse-grained sediments alternated with
sand prevail (outcrops 3 and 4). Rich assemblages of subfos-
sil molluscs were collected in these outcrops mainly in
loams and sandy loams containing small pebbles as well as
in gravel and conglomerates with sandy-loamy matrix (Fig.
2, 1—4). Snail shells from the middle part of the profile 3
situated close to the south of Bechar Djedid are radiocarbon
dated at 18500 + 300 years BP (Gd-2145).

Outcrop 5 is situated on the left bank of the wadi near
the hotel in Bechar. Quaternary sediments overlay a rocky-
socle formed of Carboniferous sandstones and rise 6-8 m
above the valley bottom. These are mollusc-bearing sandy
loams covered with sand with an admixture of pebbles, lo-
cally cemented with calcium carbonate (Fig. 2, 5).

Outcrops 6 and 7 represent deposits forming the low ter-
race rising 2-3 m above the bottom of the wadi. They are
developed as gravel and conglomerates with intercalations
of sand and loam. The fauna was sampled in both localities.
It occurs both in loams and in gravel with sandy matrix (Fig.
2, 6-7). Shells of snails collected from sandy gravel in the
profile 6 (Bechar Djedid) were dated with the radiocarbon
method at 5 140 + 130 years BP (Gd-2144).

The sequence of deposits described by Chavaillon
(1964) from few outcrops in Bechar includes two levels of
marls, sandy marls and conglomerates (cailloutis) with
shells of molluscs distinguished as Saourien Il and Saourien
IV (lacustrine and fluviatile facies). They alternate with eo-
lian-fluviatile sand of Saourien I, 11l and V. The lower level



QUATERNARY MOLLUSCS FROM ALGERIA 77

Dn MS

Fig. 3. Taxonomical diagram and maiacological spectra: Dn -
dendrogram, MS - malacospectra, MSI - malacospectra of speci-
mens, MSS-malacospectra of species, O - snails of open habitats,
H - hygrophilous snails, W - water molluscs; 1-7 - numbers of
profiles; N - number of taxa (nt) and of specimens (ns)

of mollusc-bearing sediments rises 2-4 m above the valley
bottom while the upper one occurs a few metres higher. The
former can be compared with terrigenous deposits from pro-
files 14 (lower part of Saourien), while the latter with
sandy loams from profile 5 (upper part of Saourien).
Equivalents of Guirien are accessible in profiles 6 and 7.

MALACOFAUNA

The analysed fauna was found in 15 samples weighting
2-3 kg each, taken from 7 described outcrops (Fig. 2). The
material comprises about 1300 specimens and numerous
shell fragments, partly determinable. They represent 16 spe-
cies of land snails, 14 species of water snails and 2 taxa of
bivalves identified to the generic level (Tab. 1). Standard
methods of maiacological study described by Lozek (1964)
and by the author (Alexandrowicz, 1987) including ecologi-
cal and geographical spectra as well as taxonomic analysis
according to the Steinhaus formula (Alexandrowicz, 1977)
have been used.

Three main ecological groups of molluscs have been
distinguished: land snails living in open, sunny and mostly
dry habitats (O), land snails connected with moderately hu-
mid, humid or even moist environments (H) and water mol-
luscs (W). A few taxa occur in all samples (Melanopsis
praemorsa, Bulinus truncatus, Ancylus fluviatilis, Rumina
decollata) and few other, as accessory components of the
fauna are limited to a single locality (Valvata tilhoi,
Haufenia tellini, Lymnaea palustris, Euconulusfitlvus). The
most numerous are water snails: Melanopsis praemorsa, Bit-
linus truncatus, Galba truncatula, and land snails: Vallonia
pulchella, Oxyloma elegans.

The occurrence of species connected with quite differ-
ent habitats is an important feature of described assemblages

Table 1

Malacofauna of Late Quaternary deposits from Wadi
Bechar. 1-7 - outcrops described in the text. Number of
specimens: |- 1-3, 11-4-9, I11- 10-31, IV-32-99, V -
100-316. E - ecological groups of molluscs: O - snails of

open habitats, H - snails of humid habitats, W - water

molluscs; G - geographical groups of molluscs:
A - African species, M - Mediterranean species,
N - Holarctic/Palearctic species

E G TAXON 1 2 3 4 5 6 7
W M Valvata tilhoi Germain |
W M Hauffenia tellini (Pollonera) ”l
W A Melanoides tuberculata (Muller) 1l I B
W M Mglanopsispraemorsa Vv Vv v ||| Vo
(Linnaeus)
Carychium minimum Muller [ | |
Lymnaea natalensis Krauss A 1 I A | R N |

Lymnaea palustris (Mill ler) |

Lymnaea truncatula (Muller) m lw v
Anisus dalloni (Germain) Il m 1l
Gyrauliis ehrenbergi (Bcck) I in 1

T =E=E====
zZ >» >» Z z >» Z

Armiger crista (Linnaeus) v Il

Planorbarius metidjenses 1
(Forbes)

Bulinus truncatus (Audouin) Voviloa o ol

=

Ancylus fluviatilis (Mallei') m
Ferrisia isscli (Bourguignat) 11
Oxyloma elegans (Risso) mon lll o+ ow
Vertigo antivertigo (Drapamaud) 1
Pupoides coenopictus (Hutton) 1
1

Granopupa granum (Drapamaud)

Vallonia pulchella (Muller) I

Vallonia enniensis (Gredler)
Zebrina detrita (Muller) | "
Zonitioides nitidus (Muller) e
Eoconulusfulvus (Muller) 1

Cecilioides acicula (Muller) 1 1

Rumina decollata (Linnaeus) T I |

Sphincterochila candidissima 1 1 |
(DraDamaud)

Helicella hoggarensis (Pallary) P,

X X X T X ITX X X I I = = =

Helicella lemoinei (Debeaux) | 1

Otala ceardi (Pallary) 1 |

> >» > >» 2 zT =Z=Z2Z2==Z2Z2 > 22> 2> >

Caleatlira sp. 1.

== X X X

Pisidium sp

(Fig. 3, MS). They are composed mainly of molluscs living
in both stagnant and flowing water with a considerable ad-
mixture of land snails, typical of dry open habitats and of
humid places. Such assemblages can be interpreted as thana-
tocenoses, either allocenoses or mixocenoses (Alexan-
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Table 2

Assemblages of molluscs from sediments of particular pluvials in Northern Africa and Near East. F-1 - F-4 - mollusc
assemblages as in Table 1

F Maglireb Saliara Egypt- Near East
Melanoides tiiberculata Melanoides tuberculata Melanoides tuberculata
Lymnaea natalensis Melaropsis praemorsa Cleopatra bulinoides
Biomphalaria pfeifferi Lymnaea natalensis Lymnaea natalensis

F-4  Bidinus truncatus Bidinus truncatus Gyraulus ehrenbergi
Sphincterochila candidissima Rumina decollata Biomphalaria alexandrina
Helicella leinoinei Sphincterochila candidissima Segmentorbis angustus

Helicella lemoinei Bulinus truncatus

Melanoides tuberculata
Lymnaea natalensis
Lymnaea truncatula

Gyrauhis costulatus

F3 Oxyloma elegans
Vertigo antivertigo
Pupoides coenopictus
lallonia pulchella
Eoconulusfulvus
Melanoides tuberculata Valvata saulcyi
Melanopsis praemors Lymnaea truncatula
Lymnaea natalensis Lymnaea palustris
Lymnaea truncatula Gyraulus piscinariis
Armiger crista Armiger crista
F-2 Oxyloma elegans Oxyloma elegans
Verigo antivertigo Vertigo antivertigo
Vallonia pulchella Sphaerium corneum
Vallonia enniensis Pisidium casertanum
Euconulusfulvus
Cecilioides acicula
Melanoides tuberculata
Lymnaea truncatula
El Lymnaea palustris

Vertigo moulinsiana
Vallonia costata

Pisidium casertanum
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Fig. 4.  Geographical malacospectra of species: N - Ho-
larctic/Palearctic species, M —Mediterranean species, A - African
species; R - relations between Flolarctic/Paleartic species (N) and
African ones (A). S- zoogeographical spectra

drowicz, 1987). Shells of molluscs inhabiting water bodies
distributed within the valley bottom as well as shells of land
snails accepting both dry and humid habitats spread over the
valley floor, terraces ofthe wadi and on surrounding slopes,
were accumulated by perennial or temporary rivers during
floods, after longer or shorter transport.

According to the taxonomic diagram the whole set of
samples from the described localities may be divided into
two groups (Fig. 3, Dn). The first one comprises profiles 1-5
and is considerably differentiated. The other group includes
profiles 6 and 7, representing the low terrace. The fauna
from outcrop 1 is quite similar to those from outcrop 2, be-
cause both are joined at the lowest level. Mollusc assem-
blages from profiles 3 and 4 are attached to the two profiles
previously mentioned, forming the subset corresponding
with sediments of the main terrace. The snail community
from outcrop 5 belongs to the first group but it is slightly
more different from the mentioned four. It represents some-
what younger sediments of the main terrace of Wadi Bechar,
covering the rocky-socle of carboniferous sandstones.

Fauna of molluscs from profiles 1-4 are the richest. It
contains 19-25 taxa and 75—450 specimens respectively.
Water molluscs prevail but in MSS spectra they reach less
than 50% of species. Melanopsis praemorsa and Bulinus
truncatus accompanied by Galba truncatula, Lymnaea
natalensis, Vallortiapulchella and Oxyloma e/egans are the
most numerous components of this assemblage. The follow-
ing species occur only in the mentioned fauna in three or
four localities: Carychium minimum, Vertigo antivertigo,
Vallonia enniensis, Gyraulus ehrenbergi and Helicella hog-

garensis. This assemblage characterizes the terrace of
Saourien, particularly its lower part.

Mollusc fauna of profile 5 comprises 10 taxa and 152
specimens. Water snails are the most numerous both in MSS
and MSI spectra. Valvata tilhoi and Hauffenia tellini were
found only in this locality while 5taxa occur both in the de-
scribed assemblage and that from outcrops 1—4 (Galba trim-
catula, Armiger crista, Oxyloma elegans, Vallonia pul-
chella, Cecilioicles acicula). The mentioned fauna is con-
nected with the upper part of the Saourien terrace.

Malacofauna from outcrops 6 and 7 comprises 9-10
taxa and 44-66 specimens of water and open country spe-
cies at a ratio of ca. 2:1 (hygrophilous snails were not re-
corded). Two taxa: Zebrina detrita and Coleatura sp. (?
Coleatura acuminata Adams) were found only here, while
the remaining ones are common in the whole analysed ma-
terial. This is the molluscan assemblage of sediments form-
ing the low terrace (Guirien).

Beside species of molluscs found in the described mate-
rial (Tab. 1), the following ones were noted by Pallary
(1924, 1934), Chavaillon (1964) and Chevallier (1969) from
the Pleistocene and Holocene deposits of the Bechar area:

1. Melanopsis tingitana (Morelet), M. maroccana
(Chemitz), M. dufouri Ferussac, M. maresi (Bourgignat) -
these taxa reflect the variability of shells (from nearly
smooth to strongly sculptured) defined here according to a
suggestion of Tchernov (1973) and Brown (1980) as Mela-
nopsis praemorsa (Linnaeus).

2. Bulinus contortus (Michaux) is a local form of Bu-
linus truncatus (Audouid) distinguished in Maghreb and in
Iberian peninsula (Brown 1980), mentioned from NW Sa-
hara by Chavaillon (1964).

3. Cochlicella barbara (Linnaues) found by Pallary
(1924) in the Pleistocene deposits of Wadi Bechar.

4. Otala bailloni (Debeaux) described by Pallary (1924)
and Chevallier (1969).

The geographical range of the mentioned species is
quite varied (Ehrmann, 1956; Jaeckel, 1962; Germain,
1969; Brown, 1980; Kerney etal., 1983; Cossignani, 1995).
African snails typical of the warm, subtropical and even
tropical climate have been distinguished as the first group
(A), species distributed largely around the Mediterranean
Sea including Southern and even Central Europe represent
the second group (M), while Holarctic and Palearctic spe-
cies living in Europe, including its northern part, belong to
the third group (N). Species of the first group (African
snails) are numerous: Melanoides tuberculata, Lymnaea
natalensis, Anisus dalloni, Gyraulus ehrenbergi, Planor-
barius metidiensis, Bulinus truncatus, Ferrisia isseli, Pu-
poicles coenopictus, Helicella hogarensis, Helicella
lemoinei and Otala ceardi. The Mediterranean-South-Euro-
pean group (M) is represented by 9 taxa: Valvata tilhoi,
Hciuffenia tellini, Melanopsis praemorsa, Granopupa
granum, Vallonia enniensis, Zebrina detrita, Cecilioicles
acicula, Rumina decollata and Sphincterochila candidis-
sima. Some of them are connected more with the African
fauna (Valvata, Melanopsis, Sphincterochila) and some
rather with the European fauna (Vallonia, Cecilioicles). The
following species belong to the Palearctic group (N): Cary-
chium minimum, Lymnaea palustris, Lymnaea truncatula.
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Armiger crista, Ancylus fluviatilis, Oxyloma elegans, Ver-
tigo antivertigo, Vallonia pulchella, Zonitoides nitidus and
Euconulusfiilvus as well as Lymnaea palustris noted from
Quaternary deposits of Wadi Bechar by Chevallier (1969).

The lists of species representing particular geographical
groups of snails in the sediments of the two described ter-
races of Wadi Bechar is different. In the older terrace
(Saourien) the proportion of African and Holarctic/
Palearctic species is nearly the same. The first mentioned
group reaches 28-42% while the other one 38—45%. Rela-
tions between these components (A/N) vary from 0.62 to
1.27 respectively (the mean value is 0.87). In the younger
terrace (Guirien) the percentage of African snails is consid-
erably higher (55-59%) while Holarctic/Palearctic species
reach less than ten percent. Values ofthe A/N relation in the
two described profiles are 6.11 and 7.38. The number of
species representing the circummediterranean group of
snails (M) is nearly stable in all the profiles, amounting to
26-36% (Fig. 4).

Mollusc faunas described from the Late Quaternary de-
posits dated with the radiocarbon method enable to deter-
mine both changes of the geographical range of particular
groups of species and the differentiation of assemblages liv-
ing in Northern Africa during the last thirty thousand years.
Four types of mollusc communities (F-1 - F-4) have been
distinguished.

The oldest assemblage (F-1) was found in El Jafr De-
pression in Jordan, attributed to the Lisan period, in sedi-
ments accumulated 28000-26000 years ago (Huckriede &
Wiesenmann 1968). It comprises Palearctic species: Lym-
naea palustris, Lymnaea truncatula, Vallonia cf. costata
and Pisidium casertanum, Atlantic/Mediterranean species -
Vertigo moulinsiana and African species - Melanopsis tu-
berculata. The absence of Ethiopian snails (Biomphalaria,
Bulinus) is noteworthy.

Holarctic/Palearctic species accompanied by snails liv-
ing around the eastern part of the Mediterranean Sea domi-
nate in sediments dated at 23000-19000 years BP (F-2). The
fauna described from Damascus Basin (Kaiser et al., 1973)
Includes: Armiger crista, Acroloxus lacustris, Oxyloma ele-
gans, Vertigo antivertigo, Sphaerium corneum and Pisidium
casertanum, as important components of the assemblage.
The mollusc community from the sediments forming the
main terrace of Wadi Bechar, attributed to the same time
span (18500 years BP), contains four mentioned taxa of
snails, beside other species of the Holarctic/Palearctic group
(Carychium minimum, Vallonia pulchella, Zonitoides ni-
tidus, Euconulusfulvus) as well as numerous Mediterranean
and African species. The last mentioned components distin-
guish the two mentioned assemblages from one another.

Sediments deposited during the late stage of the last
glaciation (15000-11000 years ago) are rich in subfossil
shells of molluscs (F-3). Assemblages of this age are known
mainly from Sudan and Central Sahara (Tibesti, Hoggar). In
the former region it is the fauna with numerous species of
African snails (e.g. Lanistes carinatus, Cleopatra buli-
moides, Melcmoides tuberculata, Gyraulus costulatus, Seg-
mentorbis angustus) accompanied by a Palearctic species -
Vertigo antivertigo (Huckriede & Venzlaff 1962, Huckriede
1972). In Tibesti Mts. African species are represented by

water snails: Valvata tilhoi, Melanoides tuberculata, Anisus
dalloni, Gyraulus costulatus, Biomphalaria pfeifferi, Seg-
mentorbis angustus, Bulinus truncatus, Lymnaea natalensis,
and by land snails: Pupoides coenopictus, Zootectus insu-
laris. The admixture of the following Holarctic/Palearctic
molluscs is noteworthy: Armiger crista, Lymnaea trunca-
tula, Oxyloma elegans, Cochlicopa lubrica, Vertigo antiver-
tigo, Vallonia pulchella, Zonitoides nitidus and Euconulus
fulvus. Another species of land snail, found in Wadi Bechar
- Vallonia enniensis - was noted, too (Jaeckel, 1971; Molle,
1971; Bottcher etal., 1972).

Holocene mollusc-bearing deposits with assemblages
dominated by African snails (F-4) have been described from
several localities. Relatively rich and differentiated fauna
occurs in lacustrine chalk and sand ofthe Fayum Depression
in Egypt (Gardner, 1932; Alexandrowicz, 1986b). The se-
quence of sediments dated at about 9000-5000 years BP
(Ginter et al, 1983) contains the fauna composed mainly of
snails representing the African group (A): Theodoxus
niloticus, Valvata nilotica, Melanoides tuberculata, Cleopa-
tra bulimoides, Lymnaea natalensis, Gyraulus ehrenbergi,
Biomphalaria alexandrina, Segmentorbis angustus and Bu-
linus truncatus (Alexandrowicz, 1986b). Lacustrine sedi-
ments (chalk and diatomites) of the same age were reported
from Chad (Faure, 1966) and Mali (Petit-Maire, 1991).
They contain African species of water snails (Melanoides,
Biomphalaria, Bulinus). Sand, gravel and silty deposits
forming terraces along watercourses of Maghreb, attributed
in Morocco to the time interval 700071500 years BP (the
Oasis Terrace - Andres, 1977) and dated in Tunisia at
8000-5500 years BP (the Lower Prehistoric Holocene Ter-
race - Ballais, 1995) include shells of Melanoides, Lymnaea
natalensis, Biomphalaria pfeifferi, Sincterochila candidis-
sima, Helix melanostoma and Eobania vermiculata. The
fauna is completely devoid of Holartic/Palearctic species.
Similar but richer assemblages have been reported from
Holocene fluviatile deposits of Algeria, found in the lower
terrace in Guir Valley and in Saoura Valley (Chavaillon,
1964). The mollusc fauna of the Guirien Terrace from
Bechar is composed of 11 species of snails with predomi-
nance of African species (Melanoides tuberculata, Lymnaea
natalensis, Bulinus truncatus, Helicella lemoinei).

DISCUSSION AND CONCLUSIONS

The deposition of Late Quaternary sediments in North-
ern Africa and Near East was controlled mainly by changes
of the climate. During the last thirty thousand years a few
phases of humid and dry conditions distinguished as pluvi-
als and interpluvials followed after one another. They have
been recognised and characterised in many profiles basing
on lithology, mollusc assemblages and archaeological in-
vestigations. Results of about 50 radiocarbon dating of both
lake and fluviatile sediments, published by several authors
create an opportunity to infer about the course of evolution
ofthe environment and habitats.

Four phases of the increased accumulation can be dis-
tinguished according to the mentioned data, as the following
time spans: 29000-26000, 22000-18000, 15000-11000 and
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9000-4000 years BP (Fig. 5, Dt). They are connected with

the growing activity of fluviatile processes as well as with

formation and expansion of lakes (Fig. 5, Ph). Three ofthem

can be attributed to the last glaciation, both the pleniglacial

(interpleniglacial - pleniglacial) of Vistulian and Late Vis-

tulian (30000-10000 years BP). Sediments ofthis age repre-
sent the Saourien described from north-western Africa by

Chavaillon (1964) and distinguished also in Maghreb. Dur-

ing the late stage of this span the “Loam Terrace” was

formed in Morocco (Andres, 1977). In the area of Near East,

deposits connected with the humid climate of the pluvial

represent the Lisan period, corresponding to interplenivis-

tulian and plenivistulian. It is followed by the dry phase of
Post-Lisan passing again into the humid phase of Young

Wtirm (Huckriede & Wiesemann, 1968) or Late Vistulian.

Mollusc-bearing lacustrine deposits accumulated 15000—
10000 years ago have been distinguished in Tibesti as

equivalents of the pluvial, called “full pluvial” or “northern

pluvial” (Bottcher et al., 1972).

The last phase of accumulation of fluviatile and lacus-
trine sediments falls on the Holocene. It was synchronised
with the development ofNeolithic cultures during the Atlan-
tic Phase a well as the Boreal Phase and a part of Subboreal
Phase. In Western Sahara the terrace of Guirien was formed
(Chavaillon, 1964) while in Morocco the “Oasis Terrace”
was distinguished and described by Andres (1977) from the
Anti Atlas area. Well developed terrace of nearly the same
age, containing mollusc-bearing deposits occurs in Tunisia
(the “Lower Prehistoric Terrace”). It is followed by two
younger Late Holocene terraces named “the very low main
historic terrace” and “the very low post-Islamic terrace”
(Ballais, 1995). Sediments of the “Mediterranean Pluvial”
have been mentioned from the Tibesti Mts. by Bottcher et
al. (1972).

The sequence of climatic changes comprising a few al-
ternating cold-humid and warm-dry periods (pluvials and
interpluvials) has been described and discussed by several
authors (e.g. Butzer, 1959; Chavaillon, 1964; Fairbridge,
1965; Faure, 1966; Vita-Finzi, 1969; Brosche & Molle,
1975; Andres, 1977; Horowitz, 1979; Pachur & Hoelzmann,
1991). It can be presented in a simplified and generalised
version as a curve with three humid and three arid stages
(Fig. 5, CI).

The pluvial corresponding with the last glaciation is bi-
partite and can be attributed to the Upper Vistulian (Upper
Wtirm). The older part of this pluvial (Pleni-Vistulian Plu-
vial, Fig. 5, VP) encloses the span (35000) 30000-19000
years BP. The deposition of fluviatile sediments was most
effective in its late part and was locally prolonged up to two
thousand years. Mollusc assemblages with a considerable
admixture of Holarctic/Palearctic species were found in
these sediments (Fig. 5, F-1, F-2). The older fauna from
Wadi Bechar represents such an assemblage. The younger
stage of the pluvial that arrived after the phase of a dry cli-
mate lasted 4-5 thousand years. It is documented by fluvia-
tile and lacustrine deposits abounding in shells of molluscs.
The fauna described from Sahara comprises both African
and Holarctic/Palearctic species of snails (Fig. 5, F-3). This
period comprises the interval 15000-11000 years BP and
can be related to the Late Glacial (Late Vistulian Pluvial,

6 — Annales Societatis...

Fig. 5. Changes of the malacofauna and environment during
the last thirty thousand years. kaBP - age in thousand years, Dt -
radiocarbon dating of sediments and mollusc assemblages: AL -
Algeria, MG - Maghreb, ML - Mali, TB - Tibesti Mts., SD -
Sudan, EG - Egypt, NE - Near East, 1 - data published by
different authors. 2 - data from Wadi Bechar; Cl - changes of the
climate: d - dry conditions, h- humid conditions. VP - Vistulian
Pluvial, LP - Late Vistulian Pluvial, NS - Holocene Puvial (Neo-
lithic Subpluvial), A - arid interpluvials; Ph - phases of deposi-
tion, Ch - Chavaillon (1964): Sr - Saourien, Gr - Guirien: An -
Andres (1977): LT - Loam Terrace, OT - Oasis Terrace; BL -
Ballois (1995): PT - Prehistoric Holocene Terrace, HT - Historic
Holocene Terrace; Hk - Huckriede & Wiesemann (1968): Ls -
Lisan, PL ~Postlisan, W h- humid phase of Wtirm (Vistulian); Bt
- Bottcher et al. (1972): NP - Vistulian Pluvial, IP - interpluvial,
MP - Neolithic Subpluvial; MF - mollusc fauna: F-l1 - F-4 -
mollusc assemblages from particular humid phases

Ffg. 5, LP).

The next interpluvial representing the period of deserti-
fication lasted 2-3 thousand years during the termination of
Vistulian and the lowermost Holocene. It was followed by
the humid period distinguished as the Holocene Pluvial or
the Neolithic Subpluvial (Fig. 5, NS). It corresponds with
the Boreal Phase, the climatic optimum (Atlantic Phase) and
a part of the Subboreal Phase of the Holocene. The climate
was considerably warmer than during the preceding pluvials
and therefore the flora and fauna were composed only of Af-
rican and Mediterranean species, without Holarctic/
Palearctic ones. Assemblages of molluscs containing the
mentioned groups of taxa have been found in the lower ter-
race of Wadi Bechar as well as in Holocene terraces and
lacustrine sediments in other localities (Fig. 5, F-4).

The last phase of desertification arrived about three
thousand years ago and continues till now. Episodes of in-
creased watercourses activity leading to the aggradation of
valley bottoms were reported from Maghreb. In Tunisia
sediments with shells of molluscs and pottery form two ter-
races dated at the preceding and the current millennium
(Ballois, 1995).

The relation between pluvials/interpluvials and phases
of glaciation divided by warming of the climate as well as
the related migration of mollusc species were discussed by
Butzer (1959), Sparks & Grove (1961), Fairbridge (1965),
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Bottcher et al. (1972), Horowitz (1979), Petit-Maire (1991)
and other authors. The analysis of mollusc assemblages
found in the dated deposits of Wadi Bechar and their rela-
tion to other mentioned data lead to the following sugges-
tions.

1. The main pluvial (Vistulian Pluvial) corresponds
with the interpleniglacial of the Vistulian since the Dene-
camp Interstadial till the beginning of the last pleniglacial.
In turn the maximum extension of the ice sheet in Northern
and Central Europe was synchronous with the arid phase be-
tween two pluvials noted in Northern Africa and in Near
East.

2. The following humid period distinguished as the sec-
ond phase of the pluvial (Late Vistulian Pluvial) can be at-
tributed to warm and cold interphases of the Late Glacial
since the Old Dryas till the Allerod. Changes of the climate
at the Pleistocene/Holocene boundary can be correlated
with the relatively dry climate, clearly expressed in Africa.

3. The Holocene Pluvial (the Neolithic Subpluvial) cor-
responds with the Atlantic Phase while the deterioration of
climatic conditions in Europe during Subboreal and Subat-
lantic Phases passed, parallel to the progressive desertifica-
tion of Sahara and Near East.

4. During Vistulian pluvials (VP and LP) a considerable
part of Sahara was covered with vegetation, characterised
by an admixture of Holarctic plants (Lauer & Frankenberg,
1979) and inhabited by a mollusc fauna composed of Afri-
can and Mediterranean species as well as Holarctic/Pale-
arctic ones, migrating from Europe southward. The last
mentioned taxa turned back to the north with progressing
aridization ofthe climate.

5. The Holocene (Neolithic) Pluvial expressed by in-
creased humidity brought ecological conditions favourable
for molluscs living in the subtropics but not acceptable for
species connected with the zone of the temperate climate.
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Streszczenie

POZNOCZWARTORZEDOWE OSADY
ZAWIERAJACE FAUNE MIECZAKOW
Z BECHAR (ALGERIA)

Stefan Witold Ale.ranclrowicz

Jeziorne i rzeczne osady péznego czwartorzedu obfitujgce w
skorupki mieczakéw byty notowane w wielu stanowiskach na ob-
szarze Potnocnej Afryki, Sahary i Bliskiego Wschodu. Wyniki da-
towali radioweglem wskazujg, ze wiekszos¢ z nich wigze sie z
okresem ostatnich trzydziestu tysiecy lat i charakteryzuje zmiany
klimatyczne, nastepujgce w kolejnych fazach pluwialnych i inter-
pluwialnych. Charakterystyczne zespoty subfosylnej malakofauny
zostaty znalezione przez autora w terrygenicznych osadach, two-
rzacych terasy uedu Bechar w poblizu miasta o tej nazwie (Fig. 1).
W dolnych czesciach profilow opisanych z 7 odstonie¢ osady te sg
wyksztatcone jako zwiry, zwirowce piaszczyste i zlepierice, nato-
miast w ponad nimi wystepuja piaski $rednio- i gruboziarniste, lo-
kalnie spojone weglanem wapnia, przektadane mutkami piasz-
czystymi i marglistymi. W odstonieciach 1-4 oraz w odstonieciu 5
reprezentuja one starszg terase uedu o wysokosci 4-6 m a nawet
6-8 m natomiast w odstonieciach 6 i 7 tworzg terase miodsza,
wznoszacy sie 2-3 m ponad dno suchej doliny (Fig. 2). Wiek tych
osadow zostat okreslony na podstawie datowania metoda radio-
wegla skorupek slimakow z odstonie¢ 3 i 7, a uzyskane wyniki sg
nastepujace: osady budujgce terase wyzsza, zaliczone do saorienu
- 18500 + 300 lat BP (Gd-2145); osady budujace terase nizsza,
zaliczone do guirienu-5 140 + 130 lat BP (Gd-2144).

Analiza malakologiczna objeta 15 probek, w ktorych uzys-
kano ponad 1300 skorupek i ich oznaczalnych fragmentow,
reprezentujacych 16 gatunkdw Slimakoéw lagdowych. 14 gatunkéw
$limakéw wodnych i dwa taksony matzow, zidentyfikowane do
rangi rodzaju (Tab. 1). Spektra malakologiczne zostaty zestawione
z uwzglednieniem trzech grup ekologicznych: O - $limaki prefe-
rujgce siedliska otwarte a nawet kserotermiczne, H - $limaki ty-
powe dla siedlisk wilgotnych, W - mieczaki wodne (Fig. 3, MS).
Dendrogram taksonomiczny wskazuje, ze caty opracowany zbior
zespotow rozdziela sie na dwie grupy probek (Fig. 3, Dni. Najbo-

gatsza fauna wystepuje w osadach z profilow 1-4 (terasa starsza,
zaliczona do saorienu). Licznie reprezentowane sg tu S$limaki
wodne z gatunkow Melanopsis praemorsa i Bulinus truncatus oraz
$limaki ladowe - Vallonia pulchella i Oxyloma elegans. Wyltacz-
nie w tym zespole wystepuja: Carychium minimum. Vertigo an-
tivertigo, Vallonia enniensis, Gyraulus echrenbergi i Helicella
hoggarensis. Podobny zesp6t mieczakdéw charakteryzuje osady z
odstoniecia 5, a odznacza sie¢ on obecnoscig Valvata tilhoi i Hauf-
fenia tellini. Fauna z osadéw miodszej terasy, reprezentujgcej
guirien, jest mniej bogata a odznacza sie ona obecnos$cig Zebrina
detrita i Coleatura sp.

Zasieg geograficzny taksonow znalezionych w osadach
czwartorzedowych uedu Bechar pozwala na wyr6znienie trzech
grup mieczakéw: A - gatunki afrykanskie, M - gatunki $rodziem-
nomorskie, N - gatunki holarktyczne i palearktyczne, zyjace obec-
nie w Europie. Udzialy taksonéw reprezentujacych te grupy w
osadach wyzszej i nizszej terasy sa rozne (Fig. 4). W zespole fauny
saorienu zawartos¢ gatunkow afrykanskich oraz holarktyczno-
palearktycznych jest zrébwnowazona a proporcja A/N przyjmuje
wartosci 0,62-1,27, natomiast w zespole fauny guirienu gatunki
afrykanskie zdecydowanie przewazajg, co wyraza sie wartosciami
wskaznika A/N, zawartymi w przedziale 6,11-7.38. Udziat sktad-
nika srodziemnomorskiego w obu faunach jest niemal ustabilizo-
wany (Fig. 4).

Badania malakologiczne osadéw reprezentujagcych ostatnie
30 tysiecy lat, wystepujacych w pétnocnej Afryce i na Bliskim
Wschodzie pozwolity na wyréznienie czterech typéw zespotow
fauny, zwigzanych z okresami, w ktérych panowaty warunki
sprzyjajgce rozwojowi mieczakow' (Tab. 2). Fauny te zostaty
znalezione w sedymentach deponowanych w przedziatach czasu
odpowiadajgcych fazom pluwialnym. a zostaty one okreslone
symbolami: F-I. F-2. F-3 i F-4. Zespoty mieczakéw opisane z
osadow uedu Bechar odpowiadajg faunom F-2 i F-4. Gatunki ho-
larktyczne i palearktyczne wystepujg w asocjacjach wyr6znionych
jako F-1. F-2 i F-3, natomiast brak ich w asocjacji F-4. Wymie-
nione cztery okresy depozycji osadoéw zawierajacych skorupki
mieczakéw maja klimatyczne uwarunkowanie i sg rownowiekowe
ze wzrostem aktywnosci procesow fluwialnych oraz z rozszerza-
niem sie jezior (Fig. 5). Okres pluwialny odpowiadajgcy ostatnie-
mu zlodowaceniu (w szczegélnosci jego miodszej czesci) jest
dwudzielny. Jego pierwsza faza, okreslonajako pluwial przypada-
jacy na plenivistulian, zawiera sie w przedziale wiekowym
(35000) 30000-19000 lat BP. a faza mtodsza (pluwial p6znego
vistulianu) odpowiada okresowi 15000-11000 lat BP. Ostatni ok-
res pluwialny przypadajagcy na Srodkowa cze$¢ holocenu.
wyrozniany jako subpluwiat neolityczny, zamyka sie w przedziale
czasu 9000-5000 lat BP (Fig. 5).

Wyniki analizy malakologicznej osadéw pdznoczwartorze-
dowych z ouedu Bechar, nawigzane do danych opisanych przez
réznych autoréw, pozwalajg na sformutowanie nastepujgcych
wnioskow:

1 gtowny okres pluwialny odpowiadajacy gornemu vistulia-
nowi trwat od interstadialu denekamp po poczatek ostatniego
pleniglacjalu;

2. drugi okres zwilgocenia klimatu odpowiada schytkowi vis-
tulianu (starszy dryas - allerod);

3. pluwial (subpluwiat) neolityczny byt zwigzany z fazg at-
lantycka holocenu;

4. podczas trwania pluwialéw vistuliaiiskich znaczna czes¢
Sahary byta pokryta rodlinnoscig, odznaczajaca sie domieszka
gatunkéw holarktycznych, a ten sam element biogeograficzny jest
reprezentowany w zespotach mieczakdw:

5. warunki klimatyczne panujgce w czasie trwania pluwialu
neolitycznego sprzyjaty gatunkom afrykanskim i $rodziemnomor-
skim, eliminowaly jednak mozliwo$¢ rozwoju faun holarktycz-
nych.



