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Abstract The study of plant macro-remains from

archaeological sites provides substantial information on the

activities occurring in a settlement and living conditions

during its occupation. This article reports the plant macro-

remains (charred seeds and wood charcoal) recovered from

a rock shelter in the temperate forests of southern Chile

(Latitude 39�S). The main goal of the study was to assess

the potential of these remains to indicate collection, use and

consumption of plant resources available in this ecosystem

by hunter-gatherer groups during the Holocene. Remains

from three cultural periods were collected using wet sieving

and flotation techniques. Macro-botanical remains found in

the rock shelter represented a variety of native trees, shrubs

and herbs, both native and introduced. Charred seeds

included 19 plant taxa, divided into three groups according

to their source: collected foods, including pulses (1 species)

and grains (3 taxa, 1 probably cultivated); seeds introduced

with food items, including fruit stones and nutshells from

several native shrubs and trees; seeds introduced with non-

food items, mainly from tree species with no evident use.

Wood charcoal fragments represented 28 different native

taxa (26 dicotyledons, 1 monocotyledon and 1 gymno-

sperm), none with a specific identifiable use. Analysis of

seed remains indicated the use of grains and, to some extent,

collection of fruits and nuts over summer and autumn. The

analysis of dispersed charcoal fragments and those accu-

mulated in hearths were especially useful to describe the

vegetation surrounding the rock shelter, infer successional

events, and identify taxa undetectable in the seed record.

Keywords Charcoal � Archaeobotany � Seeds �
Chile � Temperate forests

Introduction

Insights into the subsistence strategies of hunter-gatherer

groups in the temperate forests of southern Chile (35–55�S)

are limited. Until now, only a few isolated sites have been

located and thoroughly studied. It is in the valleys of the

Calafquen region, in the southern Chilean Andes, where

the earliest settlements have been recorded (Mera and

Garcia 2005). The study of two rock shelters in this area

has provided valuable information about hunter–gatherer

groups and their ways of life in this ecosystem (Adán et al.

2004; Mera and Garcia 2005). Analysis of biological

remains has shown that subsistence of these groups

involved the direct procurement of animals from the wild,

such as small and medium size mammals, birds from

aquatic environments and freshwater mussels (Velásquez

and Adán 2004). Hunting was probably assisted by the use

of traps (Velásquez and Adán 2004). Collection of edible

plants and other plant resources could have also been an

important component of their subsistence strategy. In

fact, numerous ethnobotanical, ethnohistorical and
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ethnographical studies have confirmed that peoples inhab-

iting this region had an extensive knowledge of the many

plant resources available there. A review by Smith-Ram-

ı́rez (1995) shows that 78–97% of the native flora occurring

in these forests is still used by many indigenous commu-

nities; this included not only plants with nutritional value

but also those used in rituals, popular medicine, tools,

construction and fuel (Gonzalez and Valenzuela 1979;

Bragg 1981; Aldunate and Villagrán 1992; Smith-Ramirez

1995; Villagrán 1998; Rapaport and Ladio 1999).

The analysis of biological remains from archaeological

sites has become a regular and important aspect of many

archaeological studies. Analysis of these ecofacts provides

significant information about human activities and living

conditions in the settlements, as well as past environmental

conditions (Kenward and Hall 1997). Plant remains such as

wood charcoals and charred seeds have also been helpful to

define mobility strategies of hunter–gatherer groups

(Bonzani 1997), identify plant resources available in the

area (Rodriguez 2000, 2004), reconstruct past plant com-

munities (Asouti 2003) and also indicate economic

activities between groups (Weiss and Kislev 2004). Despite

the importance of these analyses, archaeobotany has been

poorly developed in Chile, and it is restricted to the

northern regions (Planella and Tagle 1998; Quiroz 2001)

and Patagonia (Solari 1991, 1993, 1994, 2003; Solari et al.

2002). The scarcity of archaeobotanical studies is espe-

cially evident in southern Chile where only data from two

sites are available (Ramirez 1989; Dillehay and Rossen

1997; Rossen and Dillehay 1997; Quiroz and Belmar

1998). In this article we report the macro-botanical

remains, wood charcoal and charred seeds, recovered from

a rock shelter in the temperate forest of southern Chile

(39�S). The main goal of our study was to assess the

potential of plant macro-remains to indicate activities of

collection, use and consumption of plant resources by

hunter–gatherer groups inhabiting these forests.

Environmental setting

The Calafquén region, in southern Chile, is part of a major

ecological area in which lakes, volcanoes and forests

dominate the landscape (Thomasson 1963). Almost 65

archaeological sites have been recently discovered in this

area, accounting for almost 10,000 years of human occu-

pation (Pino et al. 2004). After an exploratory campaign to

determine the potential of each of these sites, efforts were

focused on the Marifilo 1 rock shelter, located in a valley of

the Chilean Andes (39�S) at c. 300 masl, 1,260 m north of

the shore of the Lago Calafquén and about 16 km from the

Villarica Volcano (Fig. 1). This volcano has remained

active for most of the late Pleistocene and Holocene, and at

least 59 eruptions have been reported since 1558 (Petit-

Brehuil and Lobato 1994). The modern vegetation sur-

rounding the rock shelter is a combination of native forests,

secondary scrub and man-made grasslands either assigned

to crop or pasture (Catalan 1999). The primary forest is

characterised by a blend of floristic elements from the

lowland deciduous beech forests (Nothofagus obliqua), the

northern sclerophyllous vegetation (matorral) and the Val-

divian rainforest from southern Chile. At higher elevations

Andean beech species (Nothofagus dombeyi, N. alpina and

N. pumilio) and monkey-puzzle trees (Araucaria arau-

cana) dominate the landscape. Secondary scrubs are

formed by native and exotic shrubs, the native bamboo

Chusquea quila, and several species of Myrtaceae, and, in

pastures, numerous Poaceae.

The Marifilo 1 rock shelter

Stratigraphic analysis showed an extended and repeated

occupation of the Marifilo 1 rock shelter from the late

Pleistocene (c. 10,190 B.P.) to the arrival of Europeans in

the region (Mera and Garcia 2005). Seven strata were

Fig. 1 Location of the

Marifilo1 rock shelter in Chile
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identified, four with a cultural origin interspersed with

sterile layers representing significant volcanic events

(Table 1). Some disturbance due to recent farming activi-

ties was observed in the superficial levels (0–10 cm). Six

dates were obtained for the site using thermoluminescence

(TL) and radiometric dating techniques. TL dating of a

fragment of ceramic was used to date the superficial stra-

tum. Four wood charcoal fragments (1 from layer 3, 1 from

layer 4 each, and 2 from layer 6) and 1 fragment of human

parietal bone (layer 4) were used to date the deeper levels

using radiocarbon dating. Ten hearths of varying size and

density were also uncovered, three in the Ceramic period,

five in the mid-Holocene period and two in the early

Holocene period. Animal remains were retrieved from the

mid-Holocene, including bone debris of Pseudalopex gri-

seus (Chilla fox), Pudu pudu (Chilean dwarf deer),

mustelids, aquatic birds, and shells of freshwater mussels.

Two instruments carved from the bones of Chilean dwarf

deer were also found in this period (Velásquez and Adán

2004). Stone artefacts were uncommon in the site (Mera

and Becerra 2001). A human burial was also discovered

from the mid-Holocene associated with one bone and one

stone artefact. A summary description of each strata, dates

and main archaeological features is shown in Table 1.

Materials and methods

The rock shelter was excavated during three summer

campaigns using a grid of 8 · 1 m2 excavation units.

Reported here is the analysis of plant remains recovered

from three excavation squares situated in the centre of the

rock shelter, where most of the daily activities were

expected to have taken place. Sediment was extracted from

each quadrant in 10 cm deep layers following the natural

stratigraphy of the site, where each cultural stratum was

clearly delimited by a sterile layer of volcanic origin.

Comprehensive retrieval of archaeological material was

facilitated by use of wet sieving and flotation. Previous

studies by Solari and Lehnebach (2004) and Solari et al.

(2004) showed that a wider range of seed sizes may be

recovered when combining these two techniques. Wet

sieving allowed us to retrieve items of � 3 mm in diam-

eter, while flotation, including light and heavy fractions,

recovered items over 0.5 mm in diameter. Wood charcoals

and seeds were both present in the sediment preserved by

charring. Wood charcoal and seeds recovered by wet

sieving during excavation were stored till examination. A

sub-sample equivalent to 12.5% of each level was collected

and bagged to be floated after completion of excavation. A

total of 43 sub-samples were floated (c. 272 l); 12 from the

Ceramic (70 l), 21 from the mid-Holocene (133 l) and 10

from the early Holocene (69 l).

Seeds were studied under a dissecting stereomicroscope

(Nikon SMZ645). Seed size, external features and internal

anatomy were used for identification, assisted by compar-

ison with modern plant specimens from the Laboratorio de

Arqueobotánica, Instituto de Ciencias Sociales (Universi-

dad Austral de Chile) and published identification keys

(Martin and Barkley 1961; Mol 1983; Matthei 1995; Buxó

1997; Planella and Tagle 1998). Wood charcoal was

identified through examination of transversal and longitu-

dinal sections under a reflected light microscope (Olympus

BX60) and comparison to modern specimens and published

descriptions (Rancussi et al. 1987; Solari 1993; Wagemann

1949). Terminology followed standard practice (Adams

2004) and botanical nomenclature followed Marticorena

and Quezada (1985).

Taxon ubiquity (Popper 1988) and the Shannon-Weaver

Index (Pearsall 2000) were used to analyse the data. The

Shannon–Weaver index or diversity index (DI) was applied

only to the seed data and was calculated using the fol-

lowing formula:

DI ¼ �
X

NX=NTð Þ log NX=NTð Þ

Table 1 Stratigraphical

summary of the Marifilo 1 rock

shelter showing dates,

archaeological periods and main

features of each stratum

Layer Date (B.P.) Period Main features

1 590 ± 50 Ceramic 3 hearths and vessels

2 Sterile Volcanic event

3 4,870 ± 40 Mid-Holocene II 1 hearth, small mammal bone debris,

bone artefacts

4 5,940 ± 40 Mid-Holocene I Human burial (6 ± 1 year old child), 4 hearths,

bone and stone artefact.

7,000 ± 40

5 Sterile Volcanic event

6 8,420 ± 40 Early Holocene 2 hearths, bone artefact

10,190 ± 40

7 *10,300 Sterile Volcanic event

Veget Hist Archaeobot (2008) 17:403–413 405

123



Where NX is the number of seeds of taxon ‘‘X’’ in the

phase; and NT is the total number of seeds in the phase. A

diversity index close to 1 (the maximum) shows that a large

number of taxa are evenly distributed, therefore diversity is

high. A lower index, on the contrary (close to zero), results

when the number of taxa present in the phase is low, or

when one or a few taxa account for most of the population

(Pearsall 2000).

Results

Seed remains

A total of 579 charred and uncharred seeds were retrieved

from the three site phases (early Holocene, mid-Holocene

and Ceramic). Nearly 95% of them were positively iden-

tified or assigned to a genus, family or division. The

remaining 5% corresponded to four unknown seed types (8

specimens) and unidentifiable fragments (19 specimens).

All uncharred seeds were excluded and considered modern

in origin, being only used to infer the degree of disturbance

and/or contamination of the period. Removal of the un-

charred seeds left a total count of 472 charred seeds:

Ceramic period n = 93; mid-Holocene period n = 153;

early Holocene period n = 18; and 208 seeds accumulated

in one mid-Holocene hearth. These macro-remains repre-

sent 19 plant taxa and one epiphytic fungus of the genus

Rossellinia (Xylariaceae).

The abundance and ubiquity of species recovered in

each period are given in Fig. 2. Seeds of the endemic

evergreen tree Aextoxicum punctatum (Aextoxicaceae)

were the most numerous (379 seeds) and ubiquitous types

at the site (44% of the samples). This species was found in

the three cultural periods but its abundance was higher in

the recent periods: 52.4% in the mid-Holocene period and

66.7% in the Ceramic period (Fig. 2). A large accumula-

tion of A. punctatum seeds (n = 208) was also recovered

from one of the hearths in the mid-Holocene period on top

of the child burial. These seeds were charred, with both

their shape and internal anatomy incredibly well preserved

(Fig. 3). The second most common seed in the site was

assigned to the herbaceous family Convolvulaceae (14

seeds, 23% of the samples). These were present in all three

periods but were more abundant in the Ceramic period

(Fig. 2). The Poaceae family was also well represented;

specimens of Bromus cf. mango/unioloides (16 caryopses),

Poaceae 1 (7 caryopses) and Poaceae 2 (13 caryopses) were

recovered from 11% of the samples. Seeds from several

other tree and herbaceous taxa were poorly represented

(<7%) and only appeared in particular contexts. For

example Relbunium/Galium sp. was present only during

the early Holocene and Pisum sativum during the Ceramic

period.

Composition of the plant assemblage varied between the

three cultural periods. The early and the mid-Holocene

period had the lowest diversity indices; DI 0.51 and 0.27,

respectively. The Ceramic period, on the contrary, showed

the highest diversity index (DI 0.97) indicating a more
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Fig. 2 Abundance and ubiquity of charred seeds and fungal remains

found at Marifilo 1 separated by occupation phase. Seeds of

Aextoxicum punctatum (n = 208) found in a hearth of the mid-

Holocene period were not included in this table

Fig. 3 SEM micrograph of charred Aextoxicum punctatum cotyle-

dons found in Marifilo 1 (scale bar = 1 mm)
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diverse plant assemblage (18 taxa) and a most even dis-

tribution of the remains within the period.

Wood charcoal analysis

About 700 fragments of wood charcoal were recovered but

only c. 600 were successfully identified or classified. The

small size of the remaining specimens (� 2 mm) made

handling and identification difficult. Fragments were

recovered from all three periods (Ceramic = 221; mid-

Holocene = 207; early Holocene = 73) and from six

hearths (n = 103 fragments). Hereafter, fragments scattered

over the site will be referred to as dispersed charcoal and

those recovered from hearths as accumulated charcoal.

Dispersed charcoal contained 28 different native plants,

including 26 dicotyledons, 1 monocotyledon and 1 gym-

nosperm. Tree and shrubby taxa such as Aristotelia

chilensis (38.2%), Myrtaceae (35.3%), Peumus boldus

(32.4%) and Aextoxicum punctatum (29.4%) were the most

abundant at the site. These were followed by Proteaceae

and Nothofagus deciduous type (26.5%), Laurelia (23.5%),

cf. Persea lingue (20.6%) and one woody monocotyledon

species (20.6%). The remaining taxa were poorly repre-

sented and their abundance scores were below 10%. Only

five small shrubby taxa were identified; Berberis sp, Bud-

dleja globosa, Colletia sp, Ericaceae and Ovidia pillo-pillo.

With only eight species and 73 fragments the early

Holocene samples contained the lowest diversity and

abundance of dispersed charcoal fragments. The mid-

Holocene and the Ceramic periods contained much higher

diversity with 22 and 20 plant taxa, respectively. During the

early Holocene, the heliophylous tree P. lingue (66.7%) and

the shrub A. chilensis (44.4%) dominated the assemblage

(Fig. 4). Later, during the mid-Holocene, the sclerophyllus

tree P. boldus (35.3%), a plant in the Myrtaceae family and

one woody monocotyledon (29.4% each) and a Nothofagus

species (23.5%) were the most abundant at the site. During

the Ceramic period the plant assemblage was dominated

by four tree taxa; Aextoxicum punctatum, Nothofagus

deciduous, Proteaceae and A. chilensis. A considerable

number of bark fragments and unidentifiable woody

fragments were also recovered from the Ceramic phase.

Species composition and abundance for the 6 hearths

studied are showed in Fig. 5. Taxon diversity and fragment

abundance were low in the deeper hearths, with only five

taxa recorded in Hearth 1, three taxa in Hearth 2 and two

taxa in Hearth 3. All fragments, except those of Myrtaceae

in Hearth 2, were assigned to tree or major shrubby taxa.

Superficial hearths, on the contrary, contained a greater

number of charcoal fragments and higher taxonomic

diversity (Fig. 5). Remains of the native trees P. boldus, A.

punctatum, Gevuina avellana, Laurelia and Proteaceae

were the most abundant here. Fragments of minor shrubs

(such as Berberis and Compositae) were also recovered

from these hearths.

Discussion

Seed remains

Charred seeds recovered from the rock shelter represented

a number of native trees and both wild and cultivated

herbaceous plants. Ethnographic and ecological informa-

tion was used to group the seeds into three categories based

on the assumed source (Table 2): those collected as food;

seeds introduced with food items (that is, only the flesh of
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Veget Hist Archaeobot (2008) 17:403–413 407

123



the fruit or the tuber is consumed or utilised and the rest

discarded); and seeds introduced with non-food items

(branches bearing fruits used in fires), see Minnis (1981)

and Pearsall (2000) for more on this classification.

Collected food seeds included pulses and grains. Five

specimens of Pisum sativum (pea) were recovered from the

superficial levels; however, their archaeological origin is

uncertain since this legume is currently cultivated in the

immediate surroundings of the site and may have been

introduced by disturbance. Among the grains, Bromus

mango/unioloides was the most abundant and, unlike P.

sativum, it was also present in the earlier periods. Historical

records indicate that Bromus mango and B. unioloides were

collected, used to make bread and, at some stage, cultivated

by the Mapuche people in the south of Chile (Reiche 1901;

Aldunate and Villagrán 1992). The presence of charred

caryopses of Poaceae types 1 and 2 in this group may have

a similar origin. The number of edible grains in the south of

Chile is very limited and the only other taxa mentioned in

the historical records belong to the genus Chusquea

Fig. 5 Percentage of taxa found in wood charcoal assemblages from hearths 1 to 6 at Marifilo 1
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(Chilean Bamboo). If the caryopses of Poaceae types 1 and

2 belong to Chusquea species, collection of grains from the

wild could be supported. The historical record reports that

these grains were collected and used to make bread by the

pre-Hispanic populations in the south of Chile (Aldunate

and Villagrán 1992). Unfortunately, plant material or

detailed taxonomic descriptions of Chusquea caryopses

were not available for comparison and this idea remains

speculative.

A more diverse range of seeds have been classified as

those introduced to the site with food items. This category

includes specimens of the herbaceous family Convolvul-

aceae and shrubby/tree species such as Aristotelia

chilensis, Gevuina avellana, Podocarpaceae and Peumus

boldus. Seeds of Convolvulaceae were the second most

abundant in the site and were present in all three cultural

periods. Despite the low number of species in this family

in Chile, identification of the remains to the genus or

species level was impossible due to the great morpho-

logical convergence in seed morphology. In southern

Chile, however, only species of Ipomoea and Calystegia

are collected for food (tuberous stem) or medicinal pur-

pose (leaves), respectively (Reiche 1901; Aldunate and

Villagrán 1992). It is likely that plants were collected

over summer when fruiting, and the aerial and fruiting

parts were discarded and burned. The shrub Aristotelia

chilensis produces an edible black-purplish berry during

summer. Only the flesh of these berries is consumed and

the seeds are usually discarded. Nowadays, and also his-

torically, they are collected by the local communities

either for immediate consumption, production of alcoholic

beverages or to be dried and stored for consumption over

winter (Reiche 1901; Aldunate and Villagrán 1992).

Conversely, in Gevuina avellana it is the cotyledons

inside the nutshell that are edible. The trees fruit during

the summer and early autumn. The nuts are boiled and

split open to eat the cotyledons which can also be roasted

or they may also be stored and consumed over winter.

The next species in this group belongs to the Podocarp-

aceae family, which has five species within three genera

in Chile (Podocarpus, Prumnopytis and Saxegothaea; see

Hoffmann 1998). Only the aril (fleshy structure covering

the woody seed) of Prumnopytis andina is edible and it is

locally known as the ‘‘uva de la cordillera’’ (Andean

grape). Peumus boldus, the last tree species in this cate-

gory, produces a small fleshy and juicy, yellow-greenish

drupe that is available during summer (Hoffman 1998);

only the flesh is eaten and the stone is discarded. These

stones are rich in oils and burn very easily (personal

observation).

The group of seeds introduced with non-food items

includes native herbaceous and tree species of no evident

use in the ethnobotanical or historical record. Their

abundance is low, only one or two fragments. The native

tree Aextoxicum punctatum is a remarkable exception

within this group. Large accumulations of stones of this

species were found in all three cultural periods. In fact,

over 70% of the charred seeds recovered in the site

belong to A. punctatum. A large accumulation of these

seeds was also found in one hearth of the mid-Holocene

period associated with a human burial (n = 208, 100%).

The great abundance and continuous presence of this

species in the site was unexpected. These drupes are not

consumed by people and the only uses reported for this

species in the literature are carpentry, charcoal and fire-

wood. Aextoxicum punctatum is common in wet areas of

southern of Chile and some scattered individuals are

currently found near the site. Female individuals form a

purple drupe that ripens during autumn; this is either

dispersed by gravity, birds or mice. Several possible

explanations account for the great abundance of these

seeds in the rock shelter. Dispersal by birds and gravity

could explain the accumulation of A. punctatum in the

site, but not their repeated carbonization. Accumulation

by rodents was also discarded because mice usually eat

this fruit in situ (Murua 1995) and, again, that vector does

not explain their carbonization. Pino et al. (2004) sug-

gested these fruits were probably used to rekindle the fire;

however, laboratory observations indicate they have poor

combustibility (Solari et al. 2004). Other possible expla-

nations are the use of these fruits to cover fire embers or

the use of fruiting branches as firewood. If the accumu-

lation of this species has cultural origin, its presence in

the site could be a good indicator of seasonal activities

and/or occupation of the site during the summer-autumn

period when it is fruiting.

Finally, it is important to point out the absence or little

representation of species of dietary importance such as

Table 2 Classification of the charred seeds found at Marifilo 1

according to their potential origin

Seeds used as food Seeds introduced with food items

Pisum sativum Convolvulaceae

Bromus cf. mango/unioloides cf. Aristotelia chilensis

Poaceae 1 cf. Podocarpaceae

Poaceae 2 cf. Gevuina avellana

cf. Peumus boldus

Seeds introduced with non-food items

Aextoxicum punctatum

cf. Rhaphithamnus spinosus

Sophora sp.

Relbunium/Galium sp.

Fabaceae
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Araucaria araucana (pehuen, monkey puzzle), Chenopo-

dium quinoa (quinoa), Gevuina avellana (Chilean

hazelnut), Ugni molinae (murta, Chilean guava) and

Solanum species (potatoes). Collection of these taxa has

been well documented in ethnobotanical and historical

records (Reiche 1901; Aldunate and Villagrán 1992) and

many of them are commonly found in the vicinity of the

shelter. It is possible that the processes involved in their

preparation before consumption or the way they were

consumed may have hindered their preservation.

Wood charcoal

Wood charcoal, unlike charred seeds, provided a greater

diversity of taxa (28 taxa) including dicotyledons,

monocotyledons and a gymnosperm. None of the identi-

fied taxa have a specific use according to the ethnographic

literature and using direct analogy were probably used for

a variety of functions, including firewood, charcoal,

construction and cooking tools (Reiche 1901; Aldunate

and Villagrán 1992; Hoffmann 1998). Such opportunistic

use of wood has been observed in Patagonian settlements

by Solari (1993). For example, her analyses of wood

charcoal from hearths have showed the use of Drimys

winteri as firewood in these sites, despite the astringent

smoke it produces when burning. This tree is primarily

used in rituals or collected due to its medicinal properties

(Aldunate and Villagrán 1992).

Many of the tree or shrubby taxa recovered in the rock

shelter did not appear in the seed record suggesting these

two disciplines complement each other in providing

information about plant use (see discussion in Solari et al.

2004). For instance, Berberis sp. and Myrtaceae were

found only as wood charcoal fragments. These two taxa

produce edible berries during summer and early autumn

which are collected and immediately consumed (Reiche

1901; Aldunate and Villagrán 1992). Complementarity

between these two records is also demonstrated when

comparing the number of seed remains of Aristotelia

chilensis (one fragment) with the numerous charcoal

fragments recovered (over 30). These results have indi-

rectly confirmed the presence of many edible plants in the

area, which did not appear in the seed record but may

nevertheless have been used.

Analysis of dispersed charcoal fragments also allowed

reconstruction of the vegetation surrounding the rock

shelter during its past occupation phases and, to a limited

extent, vegetation succession after disturbance episodes

such as volcanic eruptions. Many of the taxa found in the

rock shelter are elements of at least three forest types; the

evergreen forest (Nothofagus, Laurelia and Aextoxicum),

the deciduous forest (Persea) and the sclerophyllous

forests (Peumus). This mixture of taxa is commonly found

in ecotonal forests and is still observed in isolated patches

close to the site. Fragments of a monocotyledon (5.9%)

found in all three cultural periods may come from the

genus Chusquea. The Chilean bamboo is the only woody

monocotyledon occurring in these forests and generally

colonises large areas after disturbance episodes. Pollen

studies by Heusser (1984) also support the uninterrupted

occurrence of the Chilean bamboo in this area. Other

early successional shrubs found in the site were Aristot-

elia chilensis, Colletya sp., Ericaceae, Berberis sp. and

Proteaceae. In general an increase in evergreen and late

successional taxa along with a rise in species diversity

was observed from the mid-Holocene to Ceramic periods.

The tree assemblage during the early and mid-Holocene

period is dominated by sclerophyllous and heliophyllous

taxa such as Persea lingue and Proteaceae. Similar

changes in the vegetation assemblage have been evi-

denced by pollen records obtained in the area (Heusser

1984).

Unlike dispersed charcoal fragments, remains concen-

trated in hearths could be directly associated to human

activities in the site. The hearth sequence followed the

same trend of species diversity observed in the dispersed

charcoal samples, with increasing diversity in the later

periods. Hearths from the early Holocene period generally

had fewer taxa than the later periods (Fig. 5). This may

indicate sporadic and brief occupation of the rock shelter

during the early Holocene, as suggested previously by

Mera and Garcia (2005); however, this trend may be also

caused by differential preservation conditions or loss of

remains from the older deposits (see below).

Fragments recovered from the hearths were mainly from

trees and only one minor shrub (Berberis sp.) was found in

them. This shrub is usually found in open and disturbed

areas. It is interesting to note the presence of charcoal

fragments of Asteraceae in Hearth 2 (Fig. 5b). There are

only two woody Asteraceae genera in this area that may

withstand a fire and produced charcoal remains, namely

Dasyphilum diacanthoides (a tree) and a range of Bac-

charis species (shrubs). If these remains belong to

Baccharis species, wood collection from open and dis-

turbed areas away from the forest could be further

supported as these species are rarely found growing under

the forest canopy.

Identification of charcoal fragments was not always

simple, many fragments were small, fragile and their

anatomy was distorted. This situation was unusual and has

never been observed in earlier charcoal studies in southern

Chile and Patagonia (Solari 1991, 1993; Gaete et al. 2004).

A possible explanation is the effect successive volcanic

events may have on the fragment anatomy producing

intrusions or crystallisation.
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Diversity of the plant assemblage

The Ceramic period contained a more diverse plant

assemblage (DI 0.97) than the mid-Holocene (DI 0.27) and

early Holocene (DI 0.51). These differences could be

attributable to habitation patterns, natural processes and, to

a limited extent, sampling effort. The scarcity of remains in

the earlier levels may be correlated with short occupation

periods of the shelter or occupation by small groups, or

both. This has been previously suggested for this site based

on the limited number of ecofacts and biological remains

recovered there (Mera and Garcia 2005). Seasonal occu-

pation of the shelter, and therefore mobility of these

groups, may be a plausible explanation. This could be

further supported if we confirm that the presence of A.

punctatum seeds has seasonal implications and cultural

origin.

Seed durability and preservation conditions could also

have affected the diversity of the plant assemblage (Wright

2003). Seed and wood remains from different species may

differentially withstand the effects of fire and weathering.

These factors are particularly important in southern Chile

where preservation of botanical remains is only possible if

carbonisation has occurred. For instance, preservation of A.

punctatum seeds was probably favoured by the hard

endocarp and its low combustibility. Conversely, most of

the edible plants in these forests have fleshy fruits and

small seeds that may not withstand carbonization and,

consequently, be undetectable in the archaeological record.

Unfortunately, taphonomic studies of plant remains in

Chile are lacking and we are unable to predict the dura-

bility of plant remains or successfully identify the variables

affecting their presence or absence in the site. The effect of

volcanic events on the presence of biological remains is

also worth considering here. Volcanism may not only alter

the preservation of biological remains but also the vege-

tation in the surrounding area and, consequently, may

reduce or modify the resources available in the area.

The effect sampling effort may have on the number of

taxa recovered in each period should also be acknowl-

edged, but this may only explain the low diversity index

observed in the early Holocene period (DI 0.51). The

volume and number of samples examined for this phase

was the smallest (69 l, 10 samples) and it is likely that a

larger sample size could have represented the botanical

assemblage better. However, it should be noticed that these

numbers are not that different from the Ceramic period

(70 l, 12 samples), which showed the highest diversity

index (DI 0.91). The low DI obtained in the mid-Holocene

period however cannot be attributed to a limited sampling

effort. This period had the lowest diversity index (DI =

0.27) but the largest volume of sediment (133 l) and

number of samples (21 samples) examined of all three

periods. Here the low DI was probably caused by the great

abundance of A. punctatum seeds (c. 90%).

Conclusions

Macro-botanical remains found in the rock shelter repre-

sent a variety of native trees, shrubs and herbs usually

found in the temperate forests of southern Chile. The seed

record demonstrated the use of native grains and, to some

extent, the collection of fruits and nuts available in these

forests over summer and autumn. Furthermore, the analysis

of dispersed charcoal fragments and those accumulated in

the hearths were especially useful to identify plant

resources available in the area and uncover other taxa that

did not appear in the seed record. They were also useful to

infer successional events and describe the vegetation sur-

rounding the rock shelter during its occupation. Collection

of resources from other habitats and, to some extent, the

seasonal habitation of the shelter during the early and mid-

Holocene period could also be suggested.

The study of the plant remains from this site has proved

to be informative and provided the first insights into the use

and collection of plant products in this region of Chile;

however, further archaeobotanical evidence is still required

to fully understand the subsistence strategies that evolved

in these ecosystems. A new methodological approach to

detect a greater range of botanical evidence will be indis-

pensable. The study of starch grains and phytoliths or other

remains in vessels and grinding stones will help to broaden

the understanding of plant use. A range of taphonomic

studies will be also required to understand plant remain

durability and the variables affecting their preservation.
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