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Introduction
The spread of farming and pastoralist economies in the circum-
Mediterranean during the early and middle Holocene heralded one 
of the most significant transitions for human societies and paved 
the way for the development of complex societies in the region. 
These processes occurred at the same time as marked environmental 
fluctuations in the region including significant moist episodes, the 
well-known 8.2 kyr climatic event and the shift to secular drying 
conditions at the beginning of the late Holocene. In an effort to 
understand the role of environmental change and shifting human 
adaptations, we examined changing subsistence practices among 
one group of early-to mid-Holocene foragers in northwest Africa. 
Capsian groups, located in eastern Algeria and southern Tunisia 
from approximately 10,000 to 6000 cal. BP, were among the last 
North African foragers (Rahmani, 2004). Neolithic economic 
practices began to appear in the Maghreb from around 6000 cal. 
BP (Linstädter, 2008; Lubell, 2001; Roubet, 2001), but the extent 
to which the economy of later Capsian groups was transformed 
remains unresolved. The appearance, at c. 6800 cal. BP, of non-
indigenous domestic ovicaprids associated with a Neolithic of 
Capsian Tradition occupation at Grotte Capéletti in the Aurès 
Mountains (Roubet, 2001), suggests that at least some mid-Holo-
cene foraging groups in the Maghreb became pastoralists and may 
have practiced transhumance.

Most Capsian groups appear to have remained mobile foragers 
throughout the mid Holocene, with a subsistence regime that 
relied even more heavily on land snails than elsewhere in the cir-
cum-Mediterranean region (Lubell, 2004a, 2004b). In order to 
explain the longevity of the Capsian foraging adaptation we need 
to obtain more information on the types of plants and animals that 
were consumed. However, owing to the lack of macrobotanical 
evidence from Capsian sites, we have little knowledge of the role 
of plants in Capsian subsistence strategies.

Phytoliths are important indicators of plant use, especially in 
the absence of macrobotanical remains in archaeological depos-
its. They preserve well (Piperno, 2006), and are common in 
archaeological sites, a context in which plants have been densely 
concentrated. This study is an attempt to gain insight into the role 
of plants in Capsian subsistence by examining phytoliths from 
Aïn Misteheyia (Lubell et al., 1975, 1976, 1982–1983, 2009), 
with the aim of improving our understanding of why Capsian 
populations persisted with broad-spectrum hunting and gathering 
thousands of years longer than other North African groups.

Climate of North Africa in the 
early to mid Holocene
The persistence of the Capsian tradition can be attributed in part 
to a successful adaptation strategy and also to favorable environ-
mental conditions. The former were described by Lubell (1984, 
2001) while paleoclimatic data and references to other sources 
can be found in recent publications by Jackes and Lubell (2008), 
Linstädter (2008) and Zielhofer and Linstädter (2006).

The paleoclimate of North Africa has been reconstructed 
using a number of different lines of proxy evidence, with some of 
the most important being paleo-lake levels, pollen, and isotopic 
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records from tufas. This evidence provides a clear picture of con-
ditions that were much wetter than today across the expanse of 
the Sahara from c. 10,000 to 5000/4000 cal. BP. These moister 
conditions began at c. 15,000–14,500 cal. BP, well after the Late 
Glacial Maximum, with an increase in summer solar radiation 
contributing to the strengthening of southern monsoons. The 
tropical monsoons shifted northwards into the Saharan zones. 
This moister episode came to an abrupt end with the beginning of 
the Younger Dryas cool/dry period from c. 12,600 to 11,600 cal. 
BP as seen in the Greenland ice cores. Stronger monsoonal activ-
ity renewed with warming at the beginning of the Holocene, c. 
11,600 cal. BP (Gasse, 2000, 2002; Gasse and Van Campo, 1994; 
Street-Perrott and Perrott, 1990).

Evidence for early- to mid-Holocene moist episodes can be 
seen in the paleohydrological record across North Africa, how-
ever, the evidence for rising lake levels is not simultaneous across 
the region, and for the most part, does not begin immediately after 
the Younger Dryas. Lake records show increasing levels begin-
ning from c. 10,500 to 9500 cal. BP (Cremaschi et al., 2010; 
Gasse, 2002). Gasse (2000) found evidence for two Holocene 
lake expansion phases, the first from 10,500 to 8500/8000 cal. BP, 
and the second from 7500 to 4500 cal. BP. A short-term drying 
episode from 8400 to 8000 cal. BP is recorded in the lakes, and 
roughly corresponds to the 8.2 ky cool/dry event identified in the 
Greenland ice cores (Alley and Ágústsdóttir, 2005), although it 
appears to last longer than the c. 200 years of the 8.2 ky event. 
After the maximum wet period, an overall drying trend is charac-
terized by a series of dry/wet fluctuations, and finally, the lakes 
began to rapidly decline between 5000 and 4000 cal. BP. Gasse 
(2002: 763) highlights the rapidity of the wet/dry pulses by 
remarking that water availability could fluctuate significantly 
within the timeframe of a human lifespan. This clearly would 
have had a profound impact on hunter/gatherers, pastoralists or 
incipient cultivators living is this region and would call for rapid 
changes in adaptive strategies.

Climatic indicators from tufas bear a striking resemblance to the 
patterns obtained from the study of lake levels. The formation of 
tufas is dependent upon both abundant water, and also the presence 
of a stable soil cover. The high-precipitation conditions necessary 
for tufa formation in SW Fezzan, Libya continued from 9600 to 
7600 yr BP (U/Th date), but no tufa formation occurred after this 
time. Tufa-forming conditions were significantly reduced at c. 
8100 cal. BP, coinciding with the 8.2 ky event. Low !13C values in 
early-Holocene tufa in this region indicate high soil productivity 
resulting from dense vegetation cover (Cremaschi et al., 2010).

Climatic and hydrological fluctuations had an impact on veg-
etation which in turn required human adaptational changes. More 
humid-loving vegetation began to expand northward into the 
Sahara zone after c. 12,000 cal. BP and reached a maximum den-
sity from 10,000 to 8000 cal. BP. The patterns of individual plant 
distributions suggest that elements of Saharan, Sahelian and 
Sudanian all existed together, rather than a situation where a sin-
gle geobotanical zone was dominant. This was a direct effect of 
the North African humid episode, and the result was a significant 
increase in biodiversity (Lézine, 2009; Watrin et al., 2009). Pollen 
data from Libya indicate a mix of savannah and parkland vegeta-
tion, along with plants requiring standing fresh water such as 
Typha and Scirpus during the early Holocene, from c. 11,000 to 
9200 cal. yr BP. From c. 9000 to 8500 cal. yr BP diversification of 
vegetation decreased with increasing aridity (Watrin et al., 2009). 
The more tropical plant species declined around 5000 cal. BP, as 
the Saharan plant communities adjusted to increasing drought. 
The rise in biodiversity during the early through mid Holocene 
would have been a significant advantage for hunter-gatherer 
groups living in this region, yet the decreasing diversity in the 
later middle Holocene would have necessitated new adaptive 
strategies.

Given this general environmental picture, our study of phy-
toliths from Aïn Misteheyia was designed to reconstruct some 
of the microenvironments available to the Capsian populations 
of this region. Another goal of this research was to provide 
insights into aspects of Capsian ecology and subsistence econo-
mies including patterns of plant exploitation and transhumance. 
One characteristic of Capsian adaptation to the semi-arid envi-
ronment of the region might have been variations in seasonal 
mobility patterns, which is a longstanding research problem for 
this time and region (e.g. Lubell et al., 1975). Our ultimate aim 
was to further the understanding of why the Capsian persisted 
with broad-spectrum hunting and gathering strategies thou-
sands of years later than other prehistoric North African groups.

Capsian subsistence economies
Most Capsian sites are found in concentrations in eastern Algeria 
and southern Tunisia near the modern towns of Tebessa and Gafsa 
(Figure 1), and across a wide range of ecological zones (Lubell, 
1984; Rahmani, 2004). The Capsian territory extends from around 
Tiaret, Algeria on the west, stretching eastward to about 50 km 
east of Gafsa (Lubell et al., 1976). In general Capsian sites are not 
found along the Mediterranean coast although the recent work at 
Hergla in Tunisia (Mulazzani, 2010, 2012; Mulazzani et al., 2010) 
requires a revision of this scenario. The main Capsian occupation 
area is on the high, undulating plains in northeast Algeria/south-
ern Tunisia, where thousands of open-air sites typically are found 
near springs or passes. A smaller number of sites are located in 
caves and rock shelters along limestone escarpments. This region, 
especially around Tebessa in Algeria, is surrounded on the north, 
south, and west by the Atlas and Aurès Mountains.

The deposits of most Capsian sites consist of ash, fire-cracked 
rock, lithic debris, vertebrate remains, bone tools, human burials, 
engraved as well as undecorated ostrich egg shell, and occasionally 
small stone carvings and shell beads (Camps, 1975; Lubell, 2001; 
Rahmani, 2004). They are characterized by vast amounts of land 
snail shell (Lubell, 2004a, 2004b), hence the name escargotières 
although the local name is rammadiya, meaning ashy ground in 
Arabic (Gobert, 1937). There are also sites in the southern Capsian 
area, on the northern fringe of the Sahara near Biskra, that lack snail 
shells (Lubell et al., 1975; Tixier et al., 1976). Unfortunately, the 
deposits at the open-air sites are often deflated and compacted, mak-
ing the stratigraphy difficult to reconstruct. The rock shelter sites 
have intact stratigraphy and better preservation (Camps, 1975; Jackes 
and Lubell, 2008; Lubell et al., 1982–1983; Mulazzani, 2012).

Varying lithic and faunal assemblages at Capsian sites have 
produced some uncertainty as to the development of Capsian sub-
sistence strategies. However, it is generally accepted that at around 
8000/8200 yr cal. BP there was a shift in subsistence strategies, 
which coincides with the transition from Typical to Upper Capsian 
in lithic and faunal assemblages, and generally occurs around the 
time period of the arid climatic episode known as the 8.2 ky event 
(Alley et al., 1997; Jackes and Lubell, 2008; Street-Perrott and 
Perrott, 1990). The Typical Capsian toolkit contains larger tools, 
such as backed blades, burins and scrapers, as well as crescent-
shaped microliths. In comparison, Upper Capsian toolkits include 
more bladelets, along with geometric microliths and microburins, 
as well as a rich worked bone component. Pressure flaking was 
introduced during this period (Rahmani, 2004; Sheppard, 1987).

Faunal assemblages also changed at around 8000/8200 cal. 
BP. The majority of the animal protein in the Capsian diet came 
from vertebrates (especially hartebeest) and land snails, but there 
are also remains of many other animals including large herbivores 
such as aurochs and zebra. In Upper Capsian components, higher 
frequencies of smaller game such as gazelle and lagomorphs are 
present (Lubell, 2001; Lubell et al., 1976). In general, the Typical 
Capsian is characterized by the remains of larger species of 
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mammals and molluscs than the Upper Capsian. This subsistence 
change is most likely related to fluctuating climate, general dry-
ing trends and middle-Holocene environmental change possibly 
including the 8.2 ky event (Alley et al., 1997; Courty and Vallverdu, 
2001; Jackes and Lubell, 2008; Street-Perrott and Perrott, 1993) 
which is recognized in many studies of the North African Holo-
cene (Linstädter, 2008). The mid-Holocene desiccation is also a 
significant episode of environmental change (Hassan, 2002, 
2003–2004; Marshall and Hildebrand, 2002) which certainly 
would have impacted Capsian societies. The animal species con-
sumed, toolkits, and occupation territory of the Capsian all appear 
to have changed in response to episodes of drying environmental 
conditions.

Lithic and faunal assemblages are well-represented in the 
Capsian archaeological record, but almost nothing is known about 
floral changes and Capsian plant exploitation in response to these 
environmental changes. Very few remains of charred seeds or 
tubers have been recovered from Capsian sites (Lubell, 2001) 
despite the abundance of ash and wood charcoal in the deposits 
(Couvert, 1977). Only a single charred bulb of Allium sp. was 
retrieved from one Capsian site (Lubell et al., 1976) but little else. 
Although the correlation between climatic events and culture 

change is employed with caution, phytolith evidence from Aïn 
Misteheyia adds new information on the shifts in microenviron-
ments at one Capsian site as well as changes in plant exploitation 
strategies.

Aïn Misteheyia
Aïn Misteheyia is located on the northern flank of the Telidjene 
Basin, a truncated anticline in the Tebessa-Cheria region of east-
ern Algeria (Figure 1). The modern climate is a temperate, Medi-
terranean one. Average temperature in the Tebessa region ranges 
from 6°C in the winter to 25°C in the summer, with an average of 
15°C. Average annual rainfall is about 300 mm. The site is an 
open air escargotière, 40 m in diameter. It was excavated in 1973 
and 1976 (Lubell et al., 1975, 1976, 1982–1983) as part of an 
interdisciplinary study of Capsian cultural ecology.

There were no macrobotanical remains recovered from the 
site, but the excavators collected abundant remains of vertebrates 
and land snails. The vertebrate assemblage consists of large 
bovids (possible Bos primigenius), hartebeest (Alcelaphus 
buselaphus), Barbary Sheep (Ammotragus lervia), Dorcas and 
Atlas Gazelle (Gazella dorcas and G. cuvieri), zebra (Equus 

Figure 1. Location of Ain Misteheyia within the Telidjene Basin of the Tebessa-Cheria region of eastern Algeria.
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mauritanicus), Golden Jackal (Canis aureus), and lagomorphs 
(Lepus capensis and Oryctolagus cuniculus), as well as some rare 
bones from birds, lizards, and rodents. Hartebeest is the most 
common large game animal. The land snail assemblage consists 
of four edible species, all still present in the region today. These 
are, from largest to smallest: Helix melanostoma, Otala sp., Leu-
cochroa candissima, and Helicella setifensis.

Despite having been subjected to extensive deflation and com-
paction which made stratigraphic distinctions difficult to identify 
(Lubell et al., 1982–1983: 60–63), detailed geoarchaeological and 
zooarchaeological analyses coupled with studies of the lithic 
assemblage and a series of 11 radiocarbon dates on land snail 
shell, have allowed definition of a stratigraphic sequence that 
includes Typical Capsian in the lower levels and Upper Capsian 
above, separated by an hiatus. The distinction between the upper 
and lower occupations occurs at about 120 cm below datum. The 
levels from 120 cm to sterile substrate are dated from c. 9800 to 
9500 cal. BP, while those above date from c. 8000 to at least 7200 
cal. BP and probably later (Lubell et al., 2009). These are esti-
mates using a 1000 year correction for land snail shell (Evin et al., 
1980; Goodfriend, 1987; Mastronuzzi and Romaniello, 2008; 
Quarta et al., 2007) and calibrated with CALIB Rev. 5.0.1. 
(Reimer et al., 2004; Stuiver and Reimer, 1993).

The earlier levels have more hartebeest, zebra and aurochs, 
and H. melanostoma, along with a Typical Capsian lithic assem-
blage. The later levels indicate an increase in lagomorphs, smaller 
snails, and an Upper Capsian lithic assemblage. This change in 
the faunal remains and lithic technology correlates to a radiocar-
bon date of about 8000–8200 cal. BP, which agrees with the 
archaeological and zooarchaeological evidence from Kef Zoura 
D, a rock shelter site in the Telidjene Basin, where the chronology 
is based on charcoal dates using AMS (Jackes and Lubell, 2008).

Oxygen and carbon isotope analysis of land snails excavated 
at Aïn Misteheyia indicate that one of the various climatic fluctua-
tions which occurred during human occupation was an abrupt 
cool/dry period at the site around 8000–8200 cal. BP (Faber et al., 
2007, 2008). Various snail species exhibit a general decrease in 
!18O at this time. The data appear to correspond with Greenland 
ice cores, which record an abrupt decrease in !18O around 8200 
cal. BP (Alley and Ágústsdóttir, 2005).

Phytoliths
Phytoliths provide evidence for the presence and use of plants at 
archaeological sites, making them a valuable tool for investiga-
tions in palaeoecology and human adaptations. Phytoliths at 
archaeological sites can be indicative of diet, climate and environ-
ment, use of space, farming techniques, seasonality (Rosen, 
1999), and use of fuel (Albert et al., 2000).

Formation and morphology
Phytoliths are formed when plants uptake soluble silica, or mono-
silicic acid, that is present in different amounts in ground water, 
which then becomes solid silicon dioxide. Plants deposit the silica 
in the epidermis-cell lumen, or the space in between cells. Silica 
is either actively or passively acquired by the plant. During active 
absorption, plants place the silica in certain predetermined cells 
such as hair cells. Some plants exercise both active and passive 
uptake, depending on the plant part in which the silica is depos-
ited (Piperno, 1988, 2006; Rosen, 1997, 1999).

The amount of silica in the soil and groundwater is correlated 
with the amount of silica absorbed by the plant (Piperno, 2006). 
The acidity of the soil, moisture content, and texture, as well as 
the amount of aluminum and iron oxides affects the concentration 
of soluble silica in the soil. The higher the evapotranspiration rate, 
the more plant silicification occurs, creating more multi-cell 

phytoliths. Multicell forms, as opposed to single cells, have been 
the most promising for plant identification to genus or species of 
the plant (Piperno, 2006; Rosen, 1999). At Aïn Misteheyia, the 
plants represented by our phytolith assemblages grew within a 
wetland context in which sediment and environmental conditions 
encouraged the passive uptake of abundant silica. Hence, the phy-
toliths include large numbers of multicell forms.

Not all plants produce phytoliths. Monocotyledons, or sedges, 
grasses, and palms, produce the most phytoliths and are therefore 
the most widely used plants for phytolith analyses (Piperno, 
1988). Crenates, bilobes, rondels, crosses, and saddles, or short-
cell phytoliths, are produced in grasses and are useful in environ-
mental reconstruction (Barboni et al., 1999; Pearsall, 1989; 
Piperno, 1988, 2006; Rosen, 1997; Twiss et al., 1969). Comparing 
grasses that have different photosynthetic pathways may indicate 
rainfall, temperature, and elevation (Piperno, 2006; Rosen, 2001). 
For example, grasses in the Pooid subfamily of gramineae are C3 
plants and the presence of those phytoliths indicates a temperate 
environment. The Panicoid subfamily contains C4 grasses that 
grow in warm and moist environments. Sedges (Cyperaceae Fam-
ily) produce cone-shaped phytoliths whose presence indicates a 
wetland microenvironment (Rosen, 2001).

A comparative approach is typical within phytolith studies. A 
species of plant may produce variations of the same morphot-
ypes. For example, maize produces a variety of rondel morpho-
types (Piperno, 2006). Conversely, different types of plants may 
produce similar phytoliths. Phytolith morphotypes produced by 
dicotyledons, or woody plants, are hairs, hair bases, silica aggre-
gates, sclereids, spherical phytoliths, platy phytoliths, and poly-
hedral and anticlinal epidermal types (Piperno, 1988: 443). 
Most dicot phytoliths are only indicative of the presence or use 
of trees and shrubs rather than family, tribe, or species as can be 
the case with monocots. Platy phytoliths are found in wood ash 
and are a good indicator of hearths (Rosen, 2000). Silica aggre-
gates are the most common woody phytoliths (Albert et al., 
2000).

Laboratory method
The sediment samples for this investigation come from the 1973 
and 1976 excavations at Aïn Misteheyia. Five of the 18 excavated 
squares are represented, all of which had samples collected from 
every 5 cm of the entire profile sequence. The exception was one 
sample that came from one of two probable hearths at 50 cm below 
datum. Fragments of fired clay from this feature have been dated 
by TL/OLS to 4230 ± 370 BP (Lubell et al., 2009: 181). All of the 
samples were processed in the field through nested geological 
sieves and the < 2 mm fraction retained for further analyses. Here 
we report on 20 of these samples including the hearth. Each of the 
excavation squares and soil profile units is represented by at least 
three samples. Our investigations were aimed at analyzing tempo-
ral rather than spatial variability in order to understand environ-
mental and cultural changes over time.

The procedure phytolith extraction followed Rosen’s protocol 
(Rosen, 1999). The sediment was sieved through 0.25 mm mesh 
to separate the larger particles from the samples, and then 
weighed to obtain an aliquot of approximately 1 g. The sediment 
was treated with a 10% HCl solution to remove carbonates, and 
then washed and centrifuged several times. Sodium hexameta-
phosphate, or Calgon, was added to the samples to deflocculate 
and aid in clay removal. Sand and silt were allowed to settle in a 
measured beaker of distilled water, and the clay in suspension 
was poured off. Once the sample dried, it was placed in a muffle 
furnace at 500°C for 2 h to burn off remaining organic material.

In order to separate the phytoliths from other minerals, the sam-
ple was floated in a high density solution of sodium polytungstate 
and distilled water, with a density of 2.3 sp.gr. The phytoliths in 
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Figure 2. Number of relevant phytolith morphotypes per gram sediment by depth of excavation. Please note the varying scales between 
morphotypes.

suspension were transferred to other centrifuge tubes where they 
were again washed and centrifuged several times. The phytoliths 
were then pipetted onto a surface to dry before mounting. Finally, 
the phytoliths were mounted with Entellan (Merck).

Capsian escargotières contain ash-rich deposits, which typi-
cally have high phytolith densities (Rosen, 1999). This was the 
case for Aïn Misteheyia. The single-cell phytoliths were 
counted to 300 and the multicell phytoliths to 100 for each sam-
ple, generating a count of 400 phytoliths per sample. The num-
ber of phytoliths per gram sediment is determined, as this 
makes an absolute rather than a relative standard for which to 
compare samples across contexts (Rosen, 1999). Phytoliths 
were counted using a transmitting light microscope at 400" 
magnification.

Discussion of results
Environment
Short cell phytoliths are used as indicators of grassland types 
(Barboni et al., 1999; Pearsall, 1989; Piperno, 1988; Rosen, 1997; 
Twiss et al., 1969). The most numerous short cell phytolith mor-
photypes present in the Aïn Misteheyia deposits are rondels 
(Figure 3a) which generally derive from Pooid grasses (Figures 2, 
3a), and employ a C3 photosynthetic pathway. The presence of 
C3 rather than C4 grasses is indicative of greater rainfall and 
more temperate climatic conditions.

Other short cells included a much smaller number of bilobate 
morphotypes indicative of C4 Panicoid grasses which favor warm 
moist microenvironments, and cones from sedges (Cyperaceae) 
(Figure 2). The majority of the multicell phytoliths identified 
were also from sedges, and most of these were from the stems of 
these plants (Figure 3b). Sedges are a wetland plant, and their 
presence suggests that the spring at the site was continually active. 
This is also in keeping with other environmental proxies from the 
site such as snail species, !18O and faunal remains, which indicate 
greater rainfall and lower evapotranspiration rates (Jackes and 
Lubell, 2008). These phytolith data are also consistent with other 
lines of proxy evidence for North Africa in the early to mid Holo-
cene, which indicate that conditions were significantly wetter 

than the later Holocene, and wetter than at present (Linstädter, 
2008; Street-Perrott and Perrott, 1993). This environmental set-
ting provided a favorable and productive habitat for Capsian for-
aging activities (Lubell, 1984).

Seasonality
The seasonality of Capsian sites is not entirely clear due in large 
part to the lack of environmental evidence. In most cases, verte-
brate remains are too fragmentary or generally inconclusive. 
Since charred plant remains are almost unknown, seasonality has 
been inferred from the presence of species of snails that aestivate 
at certain times of the year, and the ratios of the different species 
of snails (Lubell et al., 1975).

By comparing the frequency of smooth long cells from the 
stems of grasses, to dendritic long cells from grass-seed husks, we 
can ascertain the season of plant collection and use. Since the 
husks are formed in spring and summer, the presence of a greater 
amount of dendritic husk phytoliths rather than stem phytoliths at 
Aïn Misteheyia would indicate a spring occupation. In general, in 
most of the lower sampling depths (below the levels dating to 
8000/8200 cal. BP), the ratio of dendritic to smooth long cells is 
low, which suggests that the site was not occupied in the spring. 
However, in the upper levels between the depths of 42–52 cm 
below datum, the husk/stem ratio increases greatly in some sam-
ples indicating a larger number of grass husks, and suggesting 
both a shift to a spring occupation as well as increased exploita-
tion of grass seeds (Figure 2).

Fuel
Silica aggregates are the most common phytolith type from woody 
plants (Albert et al., 2000) and were abundant in the samples from 
Aïn Misteheyia (Figure 2). Platey phytoliths were also present in 
the assemblage (Figure 3c). This type is derived from wood ash 
(Rosen, 2000), and is consistent with the large amount of ash in the 
deposits, possibly as a result of burning wood in fires.

Many multicell sedge phytoliths were present in the hearth 
sample which had a high ratio of multicell to single cell phytoliths. 
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Figure 3. Photographs of selected phytolith morphotypes. (a) A rondel phytolith, generally derived from C3 Pooid grasses. (b) A multicell 
phytolith from the stem of a sedge (Cyperaceae). (c) A platey phytolith morphotype from the wood of a dicotyledon (woody plant or tree). 
(d) A multicell phytolith from a grass husk, comparing favorably to phytoliths from Halfa grass (c.f. Desmostachya bipinnata).
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Every other sample had a ratio of 0.02–0.6, but the hearth had a 
ratio of multi/single cells of 2.69. The majority of multicell phy-
toliths were from sedges (Cyperaceae) which grow in marshy 
environments. The wetland plants that grew near the spring may 
have been dried and used for fuel, possibly as kindling for the 
fires. The large amount of multicell sedge phytoliths in the hearth 
may also be in part attributed to objects made of sedges, such as 
bedding, matting, and baskets (Rosen, 1999) being discarded into 
the fire.

Diet
Significantly, as mentioned above, there appears to be an increase 
in grass husk phytoliths, specifically a type that compares favor-
ably to Halfa grass (Desmostachya bipinnata) husks (Figure 3d) 
in the upper part (from 35 to 65 cm) of the Aïn Misteheyia depos-
its (Figure 2). This very likely indicates a shift in plant resource 
priorities towards a more intensive exploitation of grass seeds. 
Winterhalder and Goland (1997) discuss just such a subsistence 
and resource ranking change among hunter/gatherers in situations 
of climatic stress. With the reduction in shrubs and woodland 
vegetation in favor of grasslands, highly ranked resources such 
as nuts, or in this case perhaps sedge tubers, will often give way 
to lower ranked resources such as grass seeds (Rosen, 2010; 
Rosen and Rivera-Collazo, 2012; Winterhalder, 1990; Winterhal-
der and Goland, 1997). Although there are no grinding stones at 
Aïn Misteheyia, the grass husks might very well indicate an 
increase in the exploitation of grass seeds, and a low level grass 
exploitation technology in which seeds are consumed as gruel 
rather than bread.

Typical and Upper Capsian occupations
The frequency and types of phytoliths are grouped into an upper 
and lower assemblage, as are the faunal and lithic assemblages at 
Aïn Misteheyia (Figure 2). Significantly, the changes in the 
assemblages at Aïn Misteheyia occurred after 7650/7795 cal. BP. 
There are fewer phytoliths present in the samples within the upper 
65 cm of the deposits, while the occupation levels from about 65 
to 115 cm below datum have a noticeably higher density of phy-
toliths. The most notable aspects of the phytolith record are the 
shift from large numbers of sedges (Cyperaceae) and low num-
bers of grass husk phytoliths in the lower portion of the record 
(65–115 cm) to a drop in sedges and an increase in grass husk 
phytoliths in the upper part of the record (35–65 cm) which may 
be related to drying environmental conditions. This corresponds 
to the shift between the Typical and Upper Capsian levels, and 
very likely represents a change in subsistence strategy from an 
emphasis on sedge tubers to more intensive use of grass seeds. 
The shift from sedges to grasses is one explanation for the change 
in phytolith density, since sedges generally have higher yields of 
phytoliths than grasses.

Conclusion: Towards an 
understanding of the late 
Capsian by examining changing 
subsistence strategies
The significance of this investigation lies in its contribution 
towards further understanding Capsian subsistence strategies at 
Aïn Misteheyia and how they changed with shifting environmen-
tal conditions. Despite debates concerning the chronological and 
geographical relationship between Typical and Upper Capsian, it 
is agreed that there was a change in lithic toolkits, the species of 
animals that were exploited, richness of the shell and bone indus-
tries, and territory, all at around 8000/8200 cal. BP. We have 

shown here that there was probably a change in plant exploitation 
strategies after this time as well. This change from a traditionally 
high-ranked resource such as possibly sedge tubers to a tradition-
ally lower-ranked resource such as grass seeds is a common strat-
egy among hunter/gatherer societies as a response to drying 
conditions in semi-arid environments (Gremillion, 2004; Kennett 
and Winterhalder, 2006; Rosen, 2010; Rosen and Rivera-Collazo, 
2012; Winterhalder and Goland, 1997). It is an adaptation that 
allows these societies to maintain a successful foraging lifestyle 
by reducing risk within a less-predictable environmental regime. 
Perhaps this significant adjustment in subsistence strategies was 
one of the factors that allowed Capsian groups to maintain their 
lifestyle as other North African groups turned to pastoralism. The 
Neolithic of Capsian tradition emerged about 6000 cal. BP, mak-
ing the Capsian the last hunter-gatherers of the Maghreb (Camps, 
1975; Lubell, 1984; Rahmani, 2004; Roubet, 2001). The phytolith 
evidence from Aïn Misteheyia adds to an understanding of 
Capsian ecology, which is integral to furthering our understand-
ing of Capsian culture change.
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