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The Capsian of the Maghreb is one of a 
number of broadly similar terminal 
Pleistocene and Holocene archeological 
cultures in the circum-Mediterranean re- 
gion, which are characterized by lithic as- 
semblages of backed blades and bladelets 
and a diversified hunting, gathering, and 
collecting subsistence economy in which 
land snails were an important dietary item. 

Capsian sites, called escargotieres by 
most prehistorians (the local name, ra- 
madiya, is derived from the Arabic for ash 
or ashy color), are characteristically small 
(20 to 30 meters in diameter), open-air 
middens composed of ash, fire-cracked 
rock, flint artifacts, bone fragments, char- 
coal, occasional human burials, and 
enormous numbers of land snail shells. 
These shells are the dominant visual ele- 
ment in most sites. 

The Capsian "culture area" has been 
traditionally considered to lie in the High 
Constantine Plains of northeastern Algeria 
and the adjacent Gafsa region of Tunisia 

(1, pp. 414-429; 2). The name Capsian is 
derived from the Roman town of Capsa 
(modern Gafsa). This was first proposed by 
de Morgan in 1909, the same year in which 

Pallary suggested the name Getulien for 
these archeological materials (3). Nomen- 
clatural priority has gone to Capsian. 

The distribution of the Capsian is some- 
what more extensive than was previously 
believed. There are no Capsian sites known 
along the North African littoral, but Cap- 
sian assemblages have now been recorded 
in western Algeria. Interestingly, none 
have been identified in Morocco (4). Fur- 
thermore, there appear to be sites that con- 
tain Capsian lithic assemblages but few or 
no land snails along the northern fringes of 
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the Sahara, particularly near oases or 
chotts in regions such as Negrine and 
Ouled Djellal (5). Both Balout (1, p. 428) 
and Pond (6, pp. 159-162) have discussed 
the possibility of movement (perhaps 
transhumance) between the High Constan- 
tine Plains and the northern Sahara along 
the major northeast-to-southwest trending 
synclinal valleys of the Saharan Atlas. 

The Capsian is securely dated, accord- 

ing to the radiocarbon method, to between 
circa 10,000 and 7,000 years ago (7). It is 

generally agreed that it was preceded 
temporally but not spatially by the 
Iberomaurusian (sometimes called Oran- 

ian), an Epipaleolithic industry that is 
restricted to the littoral with one possible 
exception, the site of Columnata in west- 
ern Algeria (8). Locally, the Capsian is 
succeeded by the Neolithic of Capsian Tra- 
dition (7000 to 5000 years ago), which is 
identified by the addition of ceramics and 
arrowheads to otherwise largely un- 
changed Capsien superieur lithic assem- 
blages. There is no conclusive evidence for 
a fully agricultural economy associated 
with the Neolithic of Capsian Tradition (4). 

The number of Capsian sites in north- 
eastern Algeria and adjacent Tunisia is 

very large. A survey of the Tebessa region 
by Grebenart (5) prior to our work there 
identified more than 200, and the total left 
undiscovered may well be twice that. We 
estimate conservatively that at least one- 

quarter of the original number of sites in 
the region has been destroyed by erosion. 

Sites appear to have been preferentially 
located near springs, wadis, or along the 
base of escarpments. However, this distri- 
bution is probably attributable to both 

preservation and ease of access by pre- 
historians rather than being an accurate 
reflection of the original situation. Density 
of undestroyed sites is high. The average is 
about one site per 10 square kilometers, 
and clusters of sites are common. Sites 
range in size from small mounds (about 10 

meters in diameter) to those 100 meters in 
diameter. Large rock-shelters like Relilai 
may contain 5 meters of deposit within an 
area of about 800 square meters. 

Traditionally, the Capsian has been di- 
vided into two successive units: the earlier 
Capsien typique, characterized by large 
tools such as endscrapers, burins, and 
backed blades; and the later Capsien 
superieur, in which backed bladelets and 
geometric microliths predominate. Radio- 
carbon dates now preclude this inter- 
pretation, for they show the two units to be 
contemporaneous (9). Furthermore, the 
Capsien typique and Capsien superieur as- 
semblages are said to be interstratified at 
Relilai, one of the sites on which this de- 
velopmental scheme was based (5). In fact, 
the sequence has only been demonstrated 
stratigraphically at five sites and is sus- 
pected on typological grounds at three 
more (10). 

Dr. Gabriel Camps and his colleagues at 
Aix-en-Provence have reinterpreted the 
Capsien superieur to include three chrono- 
logical phases that crosscut five regional 
facies. In addition, they have argued that 
the Capsien typique was a local variant 
largely restricted to the Tebessa region (4). 
Our work raises some question about this 

temporal and spatial sequence. 
Our research was designed as an inter- 

disciplinary study of the prehistoric cultur- 
al ecology of Capsian escargotieres in the 
Cheria-Ttlidjene region of northeastern 
Algeria (Fig. 1). Previous work had dem- 
onstrated the abundance of sites there and 
the chronology was fairly well established, 
thus obviating the necessity of extensive 
survey. This has permitted us to turn our 
attention to a systematic investigation of 
the modern and prehistoric environment 
and relate these data to the pattern of Cap- 
sian occupation and subsistence practices 
in the region. 

Capsian subsistence has been the subject 
of considerable speculation but little sys- 
tematic investigation during the past 40 

years. Many prehistorians have concluded 
that the Capsian diet was based primarily 
on land snails despite strong admonitions 
to the contrary from Gobert (11), who ar- 

gued in 1937 that, "Rien n'autorise h 
l'affirmer ni n'autorise A croire que 
l'escargot occupait la premiere place dans 
la cuisine capsienne." Vaufrey (12) charac- 
terized the Capsian economy as one in 
which hunting and plant collecting were 

equally as important as (and perhaps more 

important than) snail collecting. Balout (1, 
p. 431) argued that Capsian groups were 
primarily sedentary gatherers who may 
have practised some form of subsistence 

agriculture during the Capsien superieur. 
Romer (6, p. 166) suggested in 1938 that 
differential frequencies of vertebrate re- 
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mains in numerous escargotieres might be 
a reflection of seasonal occupation, but 

subsequent investigators seem to have ig- 
nored the implications of this idea. Balout 
(1, p. 121) did suggest at one point that 

study of the seasonal ethology of the land 
snails present in the escargotieres might be 

profitable, but until now only Morel (13) 
has pursued the idea. 

It has been known for some time that 
the same species of land snails found in the 
sites are still extant in the region. Baker (6, 
pp. 190-201) and Morel (13) both em- 
phasized the seasonal availability of 
these animals. Unfortunately, no system- 
atic study of the ecology of North African 
land snails exists, although there are analo- 
gous species elsewhere within the Mediter- 
ranean region that are known to be season- 
al. Since these species were probably sea- 
sonally abundant during the Holocene as 
well, it seems reasonable to suggest that at 
least some of the Capsian sites were occu- 
pied seasonally. It is possible, for example, 
that Capsian groups had a seasonal round 
that included the northern border of the 
Sahara. 

Our research was originally intended to 
examine this possibility. However, it. 
quickly became apparent that extensive 
work would have to be undertaken in the 
High Constantine Plains before results 
from other regions could be interpreted. 
Therefore, we concentrated our efforts in 
the Cheria-Telidj~ne region where we stud- 
ied the ecology of modern and prehistoric 
land snail and plant communities, the geo- 
morphological setting of Capsian sites, the 
microstratigraphy of these sites and asso- 
ciated Holocene deposits, and the palynol- 
ogy of alluvial sediments. We partially ex- 
cavated one escargotiere to investigate 
intra-site patterning. Although this re- 
search is still in progress, our results so far 
enable us to present tentative conclusions 
about the changing nature of Holocene en- 
vironment and the subsistence adaptations 
of Capsian populations in the Maghreb. 

Environmental Setting 

Northeastern Algeria consists of several 
biogeographical zones. Included within 
these are the High Constantine Plains, 
which are bordered on the north by the 
Atlas Tell, on the west by the Aures Moun- 
tains, and on the south by the Nemenchas. 
The region includes the major centers of 
Setif, Constantine, Biskra, and Tdbessa. 
Average elevation is 1000 meters above sea 
level, with an undulating topography punc- 
tuated by elongate ridges that rise 400 to 
500 meters above the plains. 

The climate is semiarid with cool, wet 
winters (BSk under the Koppen classifica- 
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tion). Mean annual precipitation at 
Tdbessa is 340 millimeters with the month- 

ly minimum in July (8 millimeters) and 

monthly maximum in April (44 millime- 
ters). Snow is common in winter. Mean an- 
nual temperature is 15?C with a mean 

monthly low of 5.6?C in January and a 
mean monthly high of 25.6?C in July (14). 

The Cheria-Telidjene region lies be- 
tween two floristic provinces as defined by 
Quezel and Santa (15); to the north are the 

High Constantine Plains sensu stricto 

(H2) and to the south the Constantine 
Saharan Atlas (AS3). Most of the region 
has been heavily cultivated or grazed dur- 

ing the last 2000 years, and poor con- 
servation practices have led to extensive 
stream and slope erosion, resulting in wide 
scale denudation. Modern vegetation con- 
sists of a degraded steppe. At lower eleva- 
tions the vegetation consists pre- 
dominantly of alfa grass (Stipa tenacis- 

sima) with artemisia (Artemisia herba-alba 
and A. campestris). In more humid habi- 
tats (for example, wadi courses), poplar 
(Populus alba), willow (Salix pedicellata), 
tamarix (Tamarix africana), oleander 

(Nerium oleander), rushes (Peganum 
harmala), and various thistles all occur. 
On those slopes where soil remains, occa- 
sional stands of pine (Pinus halepensis), 
oak (Quercus ilex), and juniper (Juniperus 
phoenicea) still occur. 

The High Constantine Plains are pri- 
marily farmed for cereal crops now. The 
Chdria-Telidjene region has a herding 
economy (sheep and goat) with a variety of 
cereal and vegetable crops grown in irri- 

gated fields. 
Wild animals are rare, consisting pri- 

marily of hare, an occasional jackal, a few 
birds, some reported but very rare antelope 
or gazelle, and a range of terrestrial micro- 
fauna that include gerbils, scorpions, liz- 

Capsian sites x Geological section 

--- Wadi (intermittent watercourse) M iL . Fresh water marsh Ridge 

Fig. 1. The Cheria-Telidj~ne region, with localities mentioned in the text and the density of Capsian 
sites. [Courtesy of Libyca] 
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ards, snakes, and the same species of land 
snails found in the escargotieres. 

Water is relatively plentiful and occurs 
in springs, spring-fed streams, or artificial 
wells of up to 20 meters in depth. Short- 
ages do occur in larger towns, especially 
during summer when antiquated water sys- 
tems are unable to cope with modern ur- 
ban population densities. Deep wells at the 
Roman sites scattered throughout the re- 

gion are dry, suggesting considerable low- 
ering of the water table during the past 
2000 years. 

Geomorphological Setting 

The Chdria-Thlidjene region is charac- 
terized by the juxtaposition of large south- 
west-to-northeast oriented depressions 
bounded by low narrow djebels (ridges) of 

uplifted Eocene limestones. A series of 
four such depressions constitutes the re- 

gion of contact between the High Con- 
stantine Plains and the Nemenchas. 

The Cheria Depression is the largest (40 
by 22 kilometers) and most complex of 
these depressions. It is a large lobed syn- 
cline that rises steeply to the north where 

Djebel Dokkane (1712 meters) dominates 
the marshy Tebessa plain. To the south, 
the dip increases to form the anticlines of 
Outa Guibeur and Telidjene that are sepa- 
rated by a narrow syncline complicated 
by anticlinal folds near Ain Babouche 
(Arabic for snail spring). Wadi Cheria/ 
Mezeraa drains south along this syncline 
(Fig. 1). 

The Tdlidjene Depression (28 by 8 ki- 
lometers) is rich in Capsian sites and has 
been the focus of our investigations. The 
basin is bounded by an escarpment of 

jointed Eocene limestone that rises to 1380 
meters at Djebel Bou Kammech. In the 
center of the depression is an isolated 
"mont derive," the Hamimat Souda (1183 
meters), formed of Lower Cretaceous 
sandstones and quartzites that dip gently 
to the east and more steeply to the west 
where they are affected by several faults. 
To the southwest of this, the diapiric zone 
of Draa Foum Debbane is formed of conic 
hills eroded into Triassic saliferous clays 
and overlain by jointed dolomitic lime- 
stones. In the center of the depression, 
Wadi Telidjene has cut its bed into varie- 

gated marly clays of Upper Cretaceous or 
Paleocene age. 

Fig. 2. The AYn Misteheyia locality. [Courtesy of Libyca] 

Pleistocene Landforms and Deposits 

No deposits before the Middle Pleisto- 
cene have been observed (16). This appears 
to have been a period of intense morphoge- 
netic change that destroyed earlier Pleisto- 
cene deposits throughout the Maghreb. 
The Middle Pleistocene deposits form the 
main relief in the Telidjene Depression and 
can be traced to the base of the basin as an 
alignment of asymmetric heights resem- 
bling cuestas. Upslope the younger land- 
forms and deposits are dominated by a 30- 
to 50-meter-high scarp. Away from this, 
the surface slopes gently downwards and 
passes beneath Holocene deposits. 

The Middle Pleistocene pediment is al- 
ways recognizable by its thin detrital cover 
of large rounded pebbles in a white cal- 
careous crust. At Ain Misteheyia (Fig. 2) it 
forms a broad plain covered with alfa 
grass, which passes upslope into an en- 
crusted talus deposit that masks the base 
of the escarpment. Pebble morphology in- 
dicates intense gelifraction during the for- 
mation of the detrital cover. 

The Upper Pleistocene pediment occurs 
downslope from the Middle Pleistocene 
deposits. Near the center of the depression 
it passes beneath Holocene deposits. Up- 
slope of the contact, the Middle Pleisto- 
cene deposit is marked by a break in slope 
and the appearance of artemisia. 

When complete, the Upper Pleistocene 

pediment is several meters thick and is di- 
vided into three units: an upper unit of sub- 

angular pebbles in a fine beige matrix; a 
middle unit of light orange, fine silty sand 
with unstratified round pebbles 1 to 2 cen- 
timeters long; and a lower unit with rare 

large angular pebbles and occasional re- 
worked blocks from the older pediment. 
Encrusted slope breccias are commonly as- 
sociated with the Upper Pleistocene pedi- 
ment. 

Microstratigraphy at Ain Misteheyia 

The most intensively studied Holocene 

sequence is in the vicinity of the Ain Mis- 

teheyia escargotiere in the Telidjene De- 

pression at an elevation of 1100 meters 
above sea level on the footslope of the Ga- 
rat el-Misteheyia, an outlier of Djebel 
Radama. The southern periphery of the 
site has been truncated by Wadi Hamaja, 
which joins Wadi Mohamed downslope 
from the site (Figs. 2 and 3). Both wadis 

originate at seasonal springs at the base of 
the Djebel. A perennial spring, Ain Mis- 

teheyia (Arabic for the shy spring) is lo- 
cated between them and is just northeast of 
the site. It feeds a series of shallow pools 
(aglat in Arabic) that run midway between 



the two wadis. Four stratigraphic units 
have been identified at 16 sections along 
these wadis (Fig. 3). 

Unit I, at the base of the sequence, over- 
lies the variegated Paleocene shales used 
today for ceramic manufacture. In one sec- 
tion (H1, Fig. 3) two reddish zones (per- 
haps paleosols) are exposed. The sediments 
of unit I consist of abundant unstratified 
and poorly sorted coarse limestone clasts 
in an orange clayey and sandy calcareous 
matrix. These deposits appear to have 
formed by colluviation and areal sheet 
deposition in a cold, moist climate with 
marked seasonal variability and frost 
weathering. They are probably equivalent 
to the Upper Pleistocene deposits dis- 
cussed above and identified throughout the 
Maghreb (17, 18). Near the end of deposi- 
tion of unit I, a trend to warmer, drier con- 
ditions led to extensive erosion and the for- 
mation of a very irregular denudational 
surface. 

Unit II is a complex deposit of bright 
yellowish- to grayish-brown alluvial grav- 
els and silts that lie unconformably on 
the eroded surface of unit I. Lateral and 
vertical variation are pronounced, and sug- 
gest an erratic fluvial regime with acceler- 
ated runoff and a reduced vegetation mat 
in a semiarid climate with marked season- 
ality. 

Occupation of the Ain Misteheyia escar- 
gotiere was concurrent with the deposition 
of unit II. At the site itself, the cultural de- 
posits are intercalated with alluvial sedi- 
ments (Fig. 4). In Wadi Mohamed, six 
dark brown lenses of reworked cultural 
materials (snail shells, fire-cracked rocks, 
bone fragments, and artifacts) were ob- 
served at the base of unit II. These vary in 
thickness from 10 to 20 centimeters and 
are from 30 to 150 centimeters in lateral 
extent. The presence of a least one intact 
hearth with in situ charcoal and burnt 
rubble suggests that they were not trans- 
ported over a long distance. Radiocarbon 
dates from the Ain Misteheyia escar- 
gotiere, which also date unit II, indicate an 
age between about 9500 and 7000 years 
ago for this deposit. 

Unit III consists of a dull yellowish- 
brown sandy silt with an average thickness 
of 30 centimeters and a maximum thick- 
ness of 90 centimeters. It includes scree 
gravel, scattered artifacts, and other de- 
rived cultural materials. 

Unit IV is a pale brown sandy silt incor- 
porating large numbers of rolled artifacts, 
snail shells, and abundant scree gravel. It is 
discontinuous and varies between 15 and 
20 centimeters in thickness. 

Units III and IV represent a period of 
accelerated runoff followed by an erosional 
episode that may be contemporaneous 
5 MARCH 1976 

with the mid-Holocene erosional interval 
recorded elsewhere in the Maghreb (19). 
Studies of charcoal from archeological 
sites in Algeria (20) suggest a period of in- 
creased precipitation (500 to 600 millime- 
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ters more than present values) and de- 
creased temperature (3?C less than present 
values) between 6000 and 4000 years ago, 
followed by a rapid decrease in precipi- 
tation and a rise in temperature. 
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A stage of Roman-age alluviation seen 
elsewhere in the Cheria-Telidjiene region is 
absent in the Amn Misteheyia area. Instead, 
the eroded fill is overlain by scree gravel 
and redeposited archeological materials on 
which an aridisol has developed. 

During the excavation of Ain Mis- 
teheyia one square (J9) was excavated as a 
stratigraphic control pit as far down as 
sterile substratum. The 1.5-meter section 
thus exposed reveals a sequence of six lev- 
els that overlie unconformably the deposits 
of unit I and are interstratified with unit II 
(Fig. 5). Levels 1 through 5 are generally 
sandy clay loam of bright gray to grayish- 
brown hue. They are distinguished on the 
basis of subtle changes in color, sedimen- 

tology, and archeological content. Level 6 
is a friable yellowish-brown to pale brown 
sandy silt with abundant rubble and roots. 

centimeters 

It is a deflated and mixed deposit. Levels 6, 
5, and 4 have been affected by post- 
depositional pedogenesis; an orthic duror- 
thid aridisol has developed. 

Three radiocarbon dates are available 
for this column. All are based on samples 
of Helix melanostoma shell and calculated 
on the Libby half-life (T/2 = 5568 years). 
Level 4 (30 to 35 centimeters below surface) 
is dated 7280 - 115 years ago (1-7690); 
level 3 (70 to 80 centimeters below surface) 
is dated 8835 ? 140 years ago (1-8378); 
and level 2 (115 to 125 centimeters below 
surface) is dated 9280 ? 140 years ago (I- 
7691). These dates are consistent internally 
as well as with the established radiocarbon 
chronology for Capsian sites in this area 

(7). Helix melanostoma shell provides 
dates that are equivalent to those obtained 
from charcoal samples. We collected two 

Fig. 5. Profile of the 
west face of square 
J9 at Ain Misteheyia. 
[Courtesy of Libyca] 
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samples from the deposits of an escar- 
gotiere that had been reworked into the al- 
luvial sediments exposed in section in 
Wadi Redif. The dates are as follows: He- 
lix melanostoma shell, 7690 4 120 years 
ago (1-7692) and charcoal, 7340 ? 115 
years ago (1-7694). 

Additional Holocene Sequences 

We have studied four other Holocene se- 
quences in the Chdria-T6lidjene region. 
They are Wadi Redif, Wadi Ebtine, Wadi 

Cheria/Mezeraa, and Mechta Treikia 
(Fig. 1). These have been described in de- 
tail (21). While Holocene deposits and 
landforms are well developed, they are ex- 
tremely complex and generally lack mate- 
rial suitable for dating. On present evi- 
dence it appears that most of the sequences 
studied postdate the Ain Misteheyia mate- 
rials described here, but confirmation of 
such a tentative correlation must await fur- 
ther investigations. 

In general, Holocene deposits seem to 
unconformably overlie the eroded surface 
of the Upper Pleistocene deposits. Sub- 

sequent deposition indicates a period of in- 
tensive mechanical weathering followed by 
alluviation of sands and gravels that some- 
times contain cultural materials reworked 
from Capsian sites. At least one further 

episode of downcutting and two periods of 
renewed deposition follow this. Most sec- 
tions appear to be capped by post-Roman 
colluvium. 

The Capsian Habitat 

Our reconstruction of the Capsian habi- 
tat in the Chdria-Tdlidjene region is based 
on the study of unit II lithology at Amn 

Misteheyia, detailed investigation of the 
matrix of the escargotiere and the fauna 
recovered within them, and palynological 
analyses of samples collected in Wadi 

Cheria/Mezeraa and Wadi Redif. 

Throughout the period of Capsian occupa- 
tion (about 9500 to at least 6500 years ago) 
the environmental setting was character- 
ized by a semiarid climate with open step- 
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pic vegetation in the plains and, probably, 
pine, oak, and pistachio forests on slopes 
and at higher elevations. 

Pollen are very poorly preserved in all 

samples we have studied. The results, 
which we discuss elsewhere (21), suggest 
that while the mid-Holocene vegetation 
pattern was similar to the modem one, it 
differed in the number, distribution, and 
biomass productivity of available habitats. 

Specifically, the moderately increased fre- 

quencies of hygrophytic genera such as Sa- 
lix, Malvaceae, and Liliaceae in deposits 
that appear to be contemporaneous with 

Capsian occupation suggest a greater 
abundance of localized stream bank habi- 
tats during at least part of this period. 
In general, however, the pollen are consist- 
ent with semiarid conditions as suggested 
by other evidence. 

The sediments of the Ain Misteheyia es- 

cargotiere generally consist of sandy clay 
loam with an average clay content between 
20 and 30 percent. Vertical change is ap- 
parent (Fig. 6). Clay content decreases 

steadily from an average of 25 percent in 
level 1 to 20 percent in level 3a, after which 
it rises steadily to an average of 30 percent 
in level 4. The curve for sand is inverse to 
this, and in the samples studied from upper 
level 2 to lower level 3b, the very fine 

quartzose sand grains are markedly angu- 
lar. According to Chorley (22), the clay 
content can be interpreted as reflecting a 
semiarid climate, which is consistent with 
Couvert's conclusions based on the study 
of charcoal from archeological sites (20) 
and our own interpretations of non- 
archeological deposits. 

The vertebrate remains from Ain Mis- 
teheyia also corroborate this conclusion. 
The faunal assemblage consists primarily 
of hartebeest (Alcelaphus buselaphus) and 
horse (Equus mauritanicus), both in- 
dicative of open steppic plains. There is a 
rare component of barbary sheep (Am- 
motragus lervia) which inhabits mountain 
slopes, gazelle (Gazella spp.) which were 
probably not typical of the region but 
would have been present to the south, and 
aurochs (Bos primigenius) which prefers 
biotopes with lush vegetation. Aurochs is 
more frequent in the faunal assemblages 
from Mechta el-Arbi (6, p. 166) and Dra- 
Mta-El-Ma-El-Abiod (13) which may have 
been located in habitats more favorable to 
it. 

The land snail assemblage from Ain 
Misteheyia is common to modern commu- 
nities in favored (more humid) localities. 
The only exception is the almost total ab- 
sence of Helix melanostoma (the dominant 
species in most escargotieres) from mod- 
ern assemblages. Vertical change in species 
frequencies in the Ai'n Misteheyia deposit 
is pronounced and is illustrated for the 
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three major edible species (Helix melanos- 
toma, Leucochroa candissima, and Hel- 
icella setifensis) in Fig. 6. 

These frequency changes are based on 

analyses of samples taken at 5-centimeter 
intervals throughout the entire depth of the 
column exposed during excavation of 

square J9. The results from other excava- 
tion units down to 40 centimeters below 
surface are comparable. The column can 
be divided into three molluscan units which 

correspond closely with levels 2, 3, and 4 as 
determined by sedimentological analyses. 
The characteristics of these three units are 
summarized in Table 1. Material above 20 
centimeters below surface (30 centimeters 

below datum) and below 135 centimeters is 
excluded because we consider it unreliable 
due to mixing or preferential destruction of 
the more fragile Helicella (or both). 

The modern parameters of Helix, Hel- 
icella, and Leucochroa are summarized in 
Table 2. The rarity of Helix melanostoma 
in modern assemblages appears to be due 
to the tendency of this species to bury itself 

prior to the onset of warm summer condi- 
tions. We observed isolated communities 
in the soil litter of a grove in the town of 
Cheria and after a day of rain downslope 
from Ain Misteheyia in September 1973. 
The species was apparently still abundant 
in the region during the 1930's and later (6, 

Table 1. Vertical changes in land snail frequencies at Ain Misteheyia. Depth is given in centimeters 
and range and mean values are percents. 

Unit and 
depth below 

Helix melanostoma Leucochroa candissima Helicella setifensis 

datum Range Mean Range Mean Range Mean 

Unit 3 (70-30) 22.2-40.7 30.8 24.9-45.1 32.9 21.1-45.9 36.3 
Unit 2 (100-70) 53.1-84.8 68.8 11.4-21.8 16.7 3.8-25.1 14.5 
Unit 1 (145-100) 51.8-93.3 69.5 5.6-38.7 25.2 0.7-9.4 5.2 

Table 2. Modern ethological and ecological parameters of edible land snails. 

Seasonal ethology 
Species Ecology - -l---- 

Winter Spring Summer Fall 

Helix Open parkland, garigue, Buried Active Buried Active 
melanostoma and valley bottoms 

Helicella Humid environments with Hiding Active Aestivating Active 
setifensis high vegetation near soil? and visible 

Leucochroa Very xerophilous environ- Buried Active Aestivating, Active 
candissima ments, higher elevations not always 

visible 

Otala spp. High elevations with Hiding or Active Aestivating Active 
low scrub vegetation buried? and hiding 
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pp. 190-201; 13, p. 305). Helicella seti- 
fensis is superabundant today in moist 
habitats. In October 1973, we recorded av- 
erage densities for this species of 6.6 snails 
per square meter in the channel bank 
habitat along Wadi Cheria/Mezeraa. The 
snails were clinging in bunches to vegeta- 
tion; so much so that we recorded maxi- 
mum densities of 41.8 snails per square 
meter. The modern distribution of all three 
species is controlled by temperature and 
humidity as functions of elevation, vegeta- 
tion mat, and insolation (23). These rela- 
tions, along with modern density and spe- 
cies frequencies, are illustrated in Fig. 7. 

Our data on modern land snail ecology 
suggests, at first glance, that the species 
variation in the Ain Misteheyia escar- 
gotiere (especially for Helicella setifensis) 
is a direct reflection of change in climate 
and hydrographic regime. Geochemical 
analysis of the stratigraphic column from 
J9 suggests that this interpretation is er- 
roneous, and that species variation is bet- 
ter explained as a consequence of changing 
Capsian subsistence practices. 

Calcium and phosphorus (Fig. 6) both 
attain maximums in level 3a, while iron de- 
creases. High pH values are inversely cor- 
related with calcium and phosphorus and 
directly correlated with iron. Low calcium 
and phosphorus values are interpreted as 
the result of increased dissolution. This 
was associated with increased deposition 
of iron oxides and an alkaline pH, all re- 

flecting increased precipitation. 
Level 3a seems to represent a period of 

reduced precipitation. The abundance of 
Helicella in this level cannot, therefore, be 
attributed to increased precipitation. If it 
were, we should find two peaks in the curve 
for this species. 

Changes in subsistence practices are 

suggested by two lines of evidence. First of 

all, the frequency of microscopic bone and 
shell remains (Fig. 6) increases steadily 
from level 1 (less than 5 percent) to level 3a 

(more than 20 percent), drops off sharply 
in level 3b (less than 10 percent), and then 

rapidly increases in level 4. This seems to 

correspond to a reduction in-the intensity 
of occupation as suggested by parallel de- 
creases in the carbon content of the depos- 
its and the frequency of lithic artifacts. 
There is, at the same time, a change in the 
character of the lithic assemblage that will 
be discussed below. 

Secondly, the ratio of bone to bone and 
shell drops off very sharply at the interface 
between level 2 and level 3a (Fig. 6). This 
indicates a decrease in the amount of bone 
in the deposits and represents a marked 

change in the subsistence pattern. An ear- 
lier pattern with an emphasis on game ani- 
mals and collection primarily of the larger 
(and therefore more productive) Helix 
melanostoma was replaced by one in which 
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hunting declined and the 
glected Helicella setifensis 
collected. 

In sum, the combined res 
mentological, geochemical, 
ological analyses suggest th 
teheyia escargoti4re was oc 

period of semiarid climat 
wetter than at present. A 
phase of somewhat drier cc 
indicated. 

Archeology 

Excavations at Ain M 
confined to an area of 4 by 
1-meter squares by both a 
timeter) and natural strm 
sions. Square J9 was excav; 
to sterile substratum (Fig. 
squares were excavated onl 
level 4 at about 40 centim 
suface (Fig. 8). 

The excavated assembl 
lithic artifacts, a few os 
beads and some fragment, 
shell, two bone awls, and s 

shell-tempered pottery. Th' 

Snail shell a 

Compact earth and :-ii.: 
crushed shell 

1 meter I I 

Fig. 8. Plan of the 50 cm bel 
excavated area of AYn Miste 
with cultural features. [Courte 

previously ne- only in levels 4 and 5. The lithic artifacts, 
was intensively which total 22,682 pieces, consist of tools 

(6.8 percent), cores (0.6 percent), flakes 
,ultsofoursedi- (12.6 percent), blades (17.8 percent), and 
and zoo-arche- manufacturing by-products (62.4 percent). 

iat the Ain Mis- Raw material is the fine-textured light 
:cupied during a brown to gray flint found in nodular form 
te considerably throughout the region. 
,n intermediate More complete data on these artifacts 
)nditions is also are presented elsewhere (21). The dis- 

cussion below will be limited to the evi- 
dence for temporal change in the lithic as- 

semblage that falls within the accepted 
range of variation for the Capsien 
superieur (24). 

[isteheyia were Lithic technology is relatively uniform 
2 meters, dug in throughout the deposits. Cores are pre- 
rbitrary (5-cen- dominantly single platform or opposed 
atigraphic divi- platform varieties; 50 percent are blade 
ated as a test pit cores, and most are microlithic. Blades and 

5), but all other blade tools are more frequent than flakes 

ly to the base of or flake tools in every level except 3a. The 
ieters below the frequency of microlithic tools never falls 

below one-third of the sample from any 
age consists of level, and is generally between 40 and 50 
trich egg shell percent of the unbroken specimens. 
s of ostrich egg Lithic typology is not uniform. The 
everal sherds of sample from levels 2, 3a, and 3b contains 
e pottery occurs high frequencies of burins, backed blades 

or bladelets, and geometric microliths. The 

sample from levels 4, 5, and 6 is character- 
ized by notches and denticulates, contin- 
uously retouched pieces, truncations, and 

~ ~~,I endscrapers (Fig. 9). The lower assem- 

%< :)_ bblages can be dated between about 9300 

Xand 8500 years ago, while the upper assem- 

C9S ?C l blages are later than about 7300 years ago. 
_|o Stratigraphy and radiocarbon dates sug- 

gest that the site was intermittently occu- 

pied. On first glance, therefore, the typo- 
' 
C?Z)~ logical differences might be explained as 

c~ c -the result of developmental change. If this 
\JI~ ~ were so, one would expect the lower assem- 

?? blages to fall within the parameters pro- 
posed by Camps and Camps-Fabrer (4, 24) 
for phase 1 of the Tebessa Facies of the 

Capsien superieur (about 8500 to 8000 
o, Q3) Qe, years ago) and the upper assemblages to 

*e?o e fall within phase 2 (about 8000 to 7000 

a6 <? years ago). No such correlation is demon- 
o <40 

A ( strable. In fact, although the entire assem- 
,o ) t< o blage from Ain Misteheyia is clearly Cap- 

sien superieur in general characteristics, it 
%3 ?: 

; 
differs significantly from all other pub- 

Cio 11 lished Capsien superieur and Capsien ty- 
o9 o< . pique assemblages with which we have at- 

3 <1:X.- tempted comparisons (25, 26). The reasons 
for this are not yet clear. Sampling bias is 

-.-i'i ; unlikely, unless individual Capsian assem- 
K :-i: - blages are far more activity- or ethnospe- 

Rock O cific than has previously been suggested. 
We consider ethnospecificity undemon- 

Bone ., 
strable on present evidence, but activity 

Core 
specificity may well have occurred in cer- 

w d l i tain instances. The few published studies of low datum level in 
heyia escargoti6re Capsian faunal assemblages suggest exten- 

:syofLibyca] sive variability among sites which might 
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well be reflected in the lithic tool kit. Cer- 

tainly this seems a possibility that needs to 
be considered in any future investigations, 
given the remarkable coincidence of 

changes in subsistence practices and 

changes in lithic typological parameters at 
Ain Misteheyia. 

Among the more intriguing results of 
our excavations at Ain Misteheyia is the 

exposure of at least two nearly intact small 
circles of stones at the base of level 4 (Fig. 
9). The flat upper surfaces of the stones dip 
in toward the center to form a bowl- 
shaped depression. We recovered several 
sherds of very crude shell-tempered ceram- 
ics within the circle in square K 10, and a 
cache of four blade cores within the circle 
in square Kll. The sherds were slightly 
above the base of level 4 while the cores 
were on this surface. The sherds were evi- 
dently poorly fired, and have split into two 
"tables," with an exterior surface that is 
brick red and smooth, and an inner surface 
that is gray black and rough. One sherd 
has a small perforation. To our knowledge 
this is the first documented in situ associa- 
tion of ceramics with a pre-Neolithic Cap- 
sian assemblage in this region (27). 

The function of these stone circles is un- 
known. In one case the area immediately 
surrounding the circle has a low density of 
cultural debris and artifacts. The interiors 
of the circles do not contain abnormally 
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large amounts of ash, charcoal, or carbon- 
ized plant remains for an escargotiere, but 
the squares in which they occur do contain 

very high frequencies of fire-cracked lithic 
artifacts. Unfortunately we neglected to 
break the stones forming the circles to see 
if they had been burned and so cannot state 

unequivocally that they were hearths. It is 
also possible they were used as supports 
for vessels into which "pot boilers" were 

dropped to heat water for cooking. This is 
the generally hypothesized Capsian cook- 

ing method and is inferred from the large 
amount of fire-cracked rock and ash in 
most sites (11, 28). It has always been as- 
sumed that bladders were used as contain- 
ers but the crude sherds at Ai Misteheyia 
suggest alternative possibilities. 

We have experimented with various 
ways to cook the edible land snails found 
in escargoti~res. Exposure to heat is essen- 
tial as a means of loosening the muscles, 
but direct exposure to heat (that is, roast- 
ing) tends to destroy the shell. If boiled, the 
snail is easily removed with any pointed 
implement; we used dental probes but a 
thorn, bone awl, or narrow pointed backed 
bladelet would do as well. Boiling has little 
effect on the structure of the shell. We have 
observed the effects of roasting in a re- 
cently burned-over field in Wadi Cheria/ 
Mezeraa that had been heavily colonized 

by Helicella setifensis and a few Leuco- 

C-TR BESE MICROBURINS 

chroa candissima. Various degrees of 

burning were observed: (i) brown color- 
ation resulting from incomplete com- 
bustion of organic material; (ii) more com- 

plete combustion with formation of black- 
ish and bluish-gray zones; (iii) complete 
oxidation of organic material and forma- 
tion of very white and powdery calcium 
carbonate; and (iv) distortion, fissuration, 
and desquamation of the shell. We ob- 
served none of these characteristics in Cap- 
sian deposits and doubt that they would 
have disappeared entirely (29). 

Capsian Subsistence 

Morel (13) has recently presented an im- 

pressive argument in favor of Gobert's ear- 
lier contention that land snails were not the 

major source of animal protein in the Cap- 
sian diet. Our independent results confirm 
Morel's and have the added advantage of a 

longer dated stratigraphic sequence which 

permits us to discuss change in subsistence 

practices over time. In addition, our micro- 
stratigraphic analyses provide information 
about the estimated biomass exploited by 
the Capsian occupants of Ain Misteheyia. 

We have calculated the volume of Ain 
Misteheyia at 944 cubic meters. With a 
value of 1.3 for the specific gravity (30), we 
estimate the total mass at 1227 metric 
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tons. Whole snail shells average 25,000 per 
cubic meter and the approximate mean 
weight of each shell of the three major spe- 
cies is 1.7 grams. This gives an estimate of 
40,120 kilograms of whole shell for the 
site, or 3.3 percent of the deposit by weight. 
To this we must add the enormous amount 
of crushed shell which we estimate to con- 
tribute at least another 7 percent, bringing 
the total to approximately 125,000 kilo- 
grams of shell. 

The total amount of bone recovered dur- 
ing excavation weighs 3.5 kilograms from 
5 cubic meters (0.7 kilogram per cubic 
meter). This gives an estimate of only 660 
kilograms of bone for the entire site. How- 
ever, this estimate is based on material that 
did not pass through a 0.5-centimeter mesh 
in the field. Bone recovered during labora- 
tory analyses of bulk samples taken at 5- 
centimeter intervals during the excavation 
of square J9 averages 0.44 percent of the 
deposit by weight. When projected over 
the entire site, this adds another 5400 kilo- 
grams of bone, bringing the total weight of 
bone to approximately 6000 kilograms. 

Among the three major species of edible 
land snails in the Ain Misteheyia deposits, 
the weight of the animal itself is approxi- 
mately 80 percent of the dry shell weight 
on average. Therefore, 125,000 kilograms 
of dry shell represents approximately 
100,000 kilograms of edible flesh that is 
high in protein (about 16 percent) but low 
in fats (about 1.4 percent) and carbohy- 
drates (about 2 percent). The caloric value 
is about 90 calories per 100 grams of raw 
flesh (31). 

In all likelihood, the bone preserved in 
the site represents only a fraction of the 
original amount. Not all bones of hunted 
animals would have been returned to the 
site, especially those of the larger verte- 
brates; the highly alkaline deposits have a 
deleterious effect on bone preservation; 
and much of the bone that was returned 
has been destroyed by crushing and boiling 
to extract fats and some may have been 
burned for fuel. We believe, therefore, that 
the bone preserved represents between 50 
and 10 percent of the bones of all animals 
killed. Considering that dry weight of bone 
remains represents approximately 6 per- 
cent of the live weight of the animal (32), 
we calculate the bone remains to represent 
between 0.4 and 2 percent of the total live 
weight of game taken. On this basis, we es- 
timate the total live weight mass of verte- 
brates at between 300,000 and 1.5 million 
kilograms. If 60 percent of this was recov- 
ered for consumption, the total edible ver- 
tebrate flesh would have been between 
180,000 and 900,000 kilograms. For conve- 
nience, we will assume that about 500,000 
kilograms were consumed. Therefore, it is 
unlikely that snails contributed more than 
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one-sixth (17 percent) of the animal flesh in 
the Capsian diet at Ain Misteheyia. 

Estimates for modern hunter-gatherers 
in semiarid environments suggest that ap- 
proximately one-third of the diet is com- 
posed of meat (33) which provides 1.8 
times the protein available from plants 
(about 16 percent as opposed to 5 percent). 
This seems a reasonable estimate for the 
Capsian as well. The estimated 100,000 
kilograms of snail flesh would provide 
16,000 kilograms of protein and 90 million 
calories. The 500,000 kilograms of verte- 
brate meat would provide about 80,000 
kilograms of protein and 1.74 billion calo- 
ries. The total available food value from 
animal sources would have been approxi- 
mately 96,000 kilograms of protein and 
1.83 billion calories over a period of about 
3000 years. 

Now, let us assume the average Capsian 
band was roughly equivalent to modern 
hunter-gatherers, about 20 individuals per 
group per site (34). Each person would re- 
quire an average of 50 grams of protein 
and 2200 calories per day. If meat supplied 
65 percent of the protein (32.5 grams) and 
50 percent of the calories (1100 calories), 
allowing for nutritional contributions from 
plant sources, the group of 20 would re- 
quire a total of 650 grams of protein and 
22,000 calories from animal sources every 
day. On this basis, the animal remains in 
the site would provide approximately 
147,000 man-days of protein support 
(96,000/0.65) and 83,000 man-days of 
calorific support (1.83 x 108/22,000). The 
former figure may well be in error given 
the generally higher protein value of wild 
carcasses as opposed to domesticated ones 
(35). Nonetheless, this suggests that the 
site was only occupied for between 230 and 
400 years (2700 to 4800 months) over ap- 
proximately 3000 years (36). These figures 
imply either annual occupation for several 
weeks each year, or periodic occupation 
for several months interspersed with long 
periods of vacancy. 

Such a model helps to explain the high 
density of Capsian sites in the Chdria- 
T6lidjene region. Within a 5-kilometer ra- 
dius of A'in Misteheyia there are 13 other 
escargotieres (excluding the six lenses ob- 
served in Wadi Mohamed) of which five 
are more than 30 meters in diameter, five 
are between 20 and 30 meters, and three 
are less than 20 meters. Most are esti- 
mated to have at least 1 meter of deposit 
remaining. Within a 10-kilometer radius 
there are 40 other sites with a similar range 
of size. There are 20 escargotieres within 
the northeastern two-thirds of the 
T6lidjene Depression, an area that might 
easily have been used as the catchment ba- 
sin for the occupants at Ain Misteheyia (5) 
(Fig. 1). Our field observations suggest that 

the remaining sites represent no more than 
three-quarters of the original number. We 
lack adequate chronological precision for 
these but it is unlikely, in any event, that 
more than a fraction were occupied simul- 
taneously (even on a sporadic basis) if pop- 
ulation densities for successful modern 
hunter-gatherers in semiarid environments 
(0.5 to 1 person per square kilometer) are 
applicable to their prehistoric counterparts 
(34). 

While land snails may not have been the 
primary source of animal protein in the 
Capsian diet, they were certainly impor- 
tant. The modern ethology and ecology of 
the edible land snails found in the escar- 
gotieres suggests that this source would 
have been unavailable during the winter 
and scarce during the summer. Further- 
more, our one systematic attempt at snail 
collecting, in Wadi Cheria/Mezeraa dur- 
ing October 1973, demonstrated that re- 
colonization by snail communities is slow. 
We therefore project the necessity of fal- 
low periods within any one collection area 
as part of the Capsian subsistence and set- 
tlement strategy. We hypothesize, accord- 
ingly, that Capsian groups moved their 
camps frequently to take advantage of pe- 
riods of land snail abundance and to avoid 
excessive predation of local land snail pop- 
ulations. Hygienic considerations may 
have also played a part in this pattern, 
since food refuse was apparently discarded 
on or near living areas. 

Snails would have been available in 

quantity during spring and fall, but their 
relative abundance on a species basis 
would have been differential with respect 
to microenvironmental conditions. We 
cannot propose a seasonal subsistence pat- 
tern on present evidence, especially consid- 
ering the lack of evidence for the kinds of 
plants consumed. Modern hunter-gatherer 
diets are composed largely of plant foods, 
and the Capsian habitat was rich in a vari- 
ety of grasses, acorns, pine nuts, and pis- 
tachio nuts. Cones of Pinus halepensis are 
known from a few sites, but there is no in- 
controvertible evidence for consumption of 
the nuts despite the presence of grinding 
stones in some Capstan sites. Nuts and 
acorns would have been an autumn re- 
source and if they were eaten there should 
be some evidence in the form of charred 
shells or kernels (or both). Earlier investi- 
gators have made no mention of this, and 
while they might have missed some of the 
evidence, we doubt they would have missed 
all of it. As a check, we processed about 
100 kilograms of matrix from A;n Mis- 
teheyia by flotation and recovered no 
macrofloral remains other than small frag- 
ments of charcoal. Subsequently, one of us 
discovered some charred bulbs in the col- 
lections from the 1930 Logan Museum Ex- 
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pedition at the University of Minnesota. 
These have been identified as Allium sp. 
(possibly A. ascalonicum, the shallot) (37). 
While our failure to recover macrofloral 
remains might be a sampling problem, it is 
nonetheless probable that the absence of 
nuts in Capsian sites (and especially Ain 
Misteheyia) is an indication of spring oc- 
cupation. Perhaps some groups moved 
south at other times of the year. At any 
rate, they do not appear to have harvested 
nuts in the autumn. 

Capsian Cuisine 

Further evidence that Capsian cooks 
prepared snails by boiling is provided by 
the condition of vertebrate bone. Micro- 
scopic examination of matrix from A'n 
Misteheyia and other sites reveals large 
quantities of degraded cancellous tissue 
that, to the untrained eye, resembles mi- 
crofaunal remains (38). Similar phenome- 
na have been observed in soil from bone 
boiling pits at a prehistoric site in central 
Alberta (39), and there is abundant eth- 
nographic and archeological evidence from 
a number of regions and time periods to 
suggest that the practice of crushing and 
boiling bone to extract fats has a consid- 
erable antiquity. In view of the low fat con- 
tent of land snails as well as the generally 
lower caloric value of wild carcasses, it 
seems reasonable to postulate similar prac- 
tices by Capsian cooks. 

The Capsian diet was, in all likelihood, 
composed of a stew containing meat, 
snails, and some plants, perhaps accom- 
panied by a gruel made from boiled 
grasses, garnished with nuts, and perhaps 
seasoned with wild herbs and shallots 
which are somewhere between garlic and 
onion in flavor. It was, to be sure, a far cry 
from escargots de bourgogne, but equally 
satisfying under the circumstances. 

Summary and Conclusions 

Capsian occupation in the Chdria- 
Telidjene region of northeastern Algeria 
coincides with a phase of alluviation (about 
9500 to 6500 years ago) with a semiarid 
climate that was cooler and more humid 
than today. These conditions were in- 
terrupted briefly at about 8800 years ago 
by an erosional interval with a warmer and 
drier climate similar to present conditions. 
Independent studies of charcoal from Cap- 
sian sites elsewhere in Algeria confirm this 
sequence in general outline, suggesting it 
may have more than purely local signifi- 
cance. 

Vegetation cover throughout the period 
of Capsian occupation in this region ap- 
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pears to have consisted of open steppe in 
the depressions and on the plains with pine, 
oak, and pistachio forests at higher eleva- 
tions. There may have been some change in 
the extent and character of these commu- 
nities during the Holocene, but the general 
pattern appears to have been relatively 
constant according to present evidence. 

Capsian subsistence was based on a 
combination of hunting (gazelle, aurochs, 
and hartebeest), land snail collecting, and 
presumably plant gathering. While land 
snails and vertebrates were favored sources 
of high quality protein, the contribution of 
the former was apparently no greater than 
one-sixth of the animal protein in the diet. 
The three land snail species predominant 
in most escargotieres are still extant in the 
region today and each is restricted to a dif- 
ferent biotope. Differential exploitation of 
these species appears to have been a func- 
tion of both site location and local environ- 
mental conditions at any particular time. 

Partial excavation of the Ain Misteheyia 
escargotiere has provided a number of in- 
sights into Capsian subsistence, settlement, 
and diet. The faunal assemblage from this 
site is consistent with semiarid conditions, 
but there is evidence for change in the sub- 
sistence base coincident with the brief peri- 
od of increased aridity. Sedimentological 
and geochemical studies show that the on- 
set of somewhat drier conditions is asso- 
ciated with an increase in the frequency of 
the hygrophyllic land snail Helicella seti- 
fensis. We interpret this increase, in light 
of the synchronous decrease in the fre- 
quency of vertebrate bone in the site, as 
due to a reduction in vertebrate biomass 
during the drier episode and a consequent 
attempt by the Capsian group at Ain Mis- 
teheyia to maintain their standard of living 
by increasing the exploitation of Helicella 
setifensis which had been neglected pre- 
viously, probably due to its small size. 

The artifact assemblage from Ain Mis- 
teheyia falls within the established general 
parameters for the Capsien superieur. 
However, typological variability within the 
assemblage does not conform to the finer 
geographical and temporal distinctions re- 
cently proposed for this industrial com- 
plex. Furthermore, there is a clear change 
in the Ain Misteheyia tool kit, coincident 
with the onset of more arid conditions and 
change in the subsistence base, which sug- 
gests that much of the variability observed 
in and among other Capsien superieur 
assemblages may be due to local resource 
availability rather than cultural distinc- 
tions among groups. Future research 
should focus on links between changing 
subsistence group boundaries, population 
movements (for example, seasonal 
rounds), and stylistic and utilitarian as- 
pects of the Capsian tool kit. 

The amount of food refuse accumulated 
at Ain Misteheyia over a span of about 
3000 years indicates that the net period of 
occupation for groups of about 20 individ- 
uals cannot have been greater than about 
230 to 400 years. Apparently the occupa- 
tion of this site (and presumably other es- 
cargotieres as well) was sporadic. We en- 
vision a general pattern of rotating settle- 
ment with intermittent residency at any 
one site. Such a pattern explains the re- 
markable density of Capsian escargotieres 
in northeastern Algeria far better than pre- 
vious suggestions that Capsian groups 
were sedentary. This rotational pattern 
may have been in part hygienic, since food 
debris was discarded within living areas. 
However, it should also be noted that this 
practice would have conserved local re- 
sources (especially land snails) and miti- 
gated against overpredation of both verte- 
brates and invertebrates. 

In sum, we interpret the Capsian subsis- 
tence adaptation as innovative, con- 
servationist, and highly successful-so 
much so, in fact, that despite the appear- 
ance of Neolithic economic practices in 
neighboring regions by about 7000 years 
ago, the Capsian pattern in the Maghreb 
appears to have remained basically un- 
changed for a further two millennia. 
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An impressive array of modern analyti- 
cal instruments and techniques is being 
used with increasing efficiency and detail, 
to identify and characterize complex bio- 
molecules. Among these is the mass spec- 
trometer, which can serve for analytical 
measurements and can give structural in- 
formation as well from fragmentation pat- 
terns. Mass spectroscopy has had limited 

application, however, because it requires 
volatilization and ionization of the sample. 
Molecules, such as hormones, enzymes, 
peptides, and nucleic acids, that play a role 
in biochemical pathways or regulation are 

generally complex and exhibit strong inter- 
molecular interactions in aqueous solu- 
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tions and in the solid state. Solid samples 
of these compounds generally have low va- 

por pressures, which means that too few 
ions can be formed to obtain a mass spec- 
trum. The simplest method for increasing 
the vapor pressure is to heat the sample. 
Thermally labile molecules, however, de- 

compose when subjected to elevated tem- 

peratures, so that this method is not appli- 
cable to these compounds. One approach 
to the solution of the problem is to increase 
the sensitivity of the mass spectrometer so 
that measurable ion currents can be detect- 
ed even at extremely low vapor pressures. 
Mclver et al. (1) have developed a trapped 
ion cyclotron resonance mass spectrometer 
that can detect vapor pressures down to 
10-10 torr, a factor of 10,000 better than an 
electron impact mass spectrometer with di- 
rect sample introduction. 
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Another approach is to enhance the rate 
of volatilization of the molecule while min- 
imizing the rate of decomposition. Polar 
groups on the molecule, which produce the 
strong intermolecular interactions in the 
solid state that reduce volatility, can be 
modified chemically to nonpolar sub- 
stituents, and the derivative will have a 
higher vapor pressure than the original 
molecule. This technique is widely used in 
mass spectroscopy and has the added at- 
traction that the vaporized derivative can 
be analyzed by both gas chromatography 
and mass spectroscopy in a coupled mode 
(2). Beuhler et al. (3) showed that if a solid 
film of a peptide is deposited on a non- 
reacting surface such as Teflon, the vapor 
pressure of the peptide is effectively en- 
hanced and vaporization can be effected at 
lower temperatures. 

Heats of vaporization of biological 
molecules deposited on a solid surface are 
also reduced in the presence of a strong 
electric field gradient. This results in a 
"field desorption" of molecules and was 
first used by Beckey et al. (4) in mass spec- 
troscopic studies of involatile biomole- 
cules. A variation of this method was re- 
cently reported by Simons et al. (5), who 
were able to field-desorb molecular ions of 
sucrose and proline from liquid surfaces. 

Volatilization with minimal decomposi- 
tion is the objective in mass spectroscopic 
studies of biomolecules. The first step in 
the thermal decomposition of a molecule 
adsorbed on a surface is unimolecular 
fragmentation, which takes place when ex- 
citation to an unstable vibrational state re- 
sults in bond cleavage. The rate of decom- 
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