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Abstract Communal granaries are a widespread and very

significant feature of northwest Africa. Here the first sys-

tematic archaeobotanical study of such a granary is pre-

sented, with desiccated plant macro-remains retrieved from

the pre-Hispanic site of El Álamo-Acusa, Gran Canaria,

Spain (cal. AD 1000–1500). While modern contamination

caused by animals was evident, most plant remains found

there were ancient, including cereals, pulses, cultivated

fruits and wild gathered plants. Hordeum vulgare ssp.

vulgare and Ficus carica were the most common taxa,

which appear to have been the two main staple foods for

the pre-Hispanic population. The high frequencies of chaff

and other plant residues indicate that crops were stored

unprocessed. Most food plants had been eaten by insects

and other animals, and only unpalatable parts were present.

Remains of Sitophilus granarius (grain weevil) were

common in the samples, suggesting problems of insect

pests during long-term storage. In addition, we have

identified leaves of cf. Laurus novocanariensis, which may

have been used as an insect repellent.

Keywords Plant storage � Crop processing � Insect pest �
Insect repellent plants � Canary islands � Pre-Hispanic

Introduction

Communal granaries are a widespread and very significant

feature of northwest Africa during the medieval and post

medieval periods. They usually consist of a set of silos that

are located in inaccessible places, such as in cliff faces, at

the top of mountains, or in fortified buildings, where they

can be easily protected and defended. According to his-

torical and ethnographic studies, these structures have been

used as long-term food stores in rural areas of Libya,

Tunisia, Algeria and Morocco until very recently (Adam

1978; Despois 1953). Nowadays they have different names

in each region: in Morocco they are designated with

Amazigh/Berber words such as agadir and tighremt; but

Arabic words such as guelâa in Algeria and gasr in Tunisia

and Libya are also used (Onrubia-Pintado 1995). In the

Iberian Peninsula there are also communal granaries that

were built and used during the Islamic period in the 8–15th

centuries AD when a large group of Berber people from

North Africa settled there (Bazzana 1996; De Meuleme-

ester 2005).

In addition, ethnohistorical sources record that com-

munal granaries were used by the ancient Canarian people

(Morales-Padrón [1500/1525] 1993, p. 373). According to

archaeological and genetic data, the Canary Isles were first

populated around the 3rd–2nd centuries BC by Berber

people from north western Africa, although there are very

few data about the exact chronology and the geographical

origin of the first human colonization of the archipelago

(Maca-Meyer et al. 2004). The colonizers apparently then

remained isolated from the mainland and made very few

contacts with people on the other islands, until Europeans

reached the archipelago in the 13–14th centuries AD. The

Castilian Crown conquered all the islands at the end of the

15th century AD.
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Ethnographic studies carried out in the Maghreb during

the early part of the 20th century indicate that granaries

were communally owned and protected, but that each silo

within them belonged to a different owner (Ferchiou 1979;

Meunié 1951; Rosenberger 1985). Crops were the most

common items stored inside the silos (Louis 1979), but

precious objects were kept there as well (Bokbot et al.

2002; Delaigue et al. 2006). Communal granaries were

mostly intended for long-term storage and some ethno-

graphic testimonies indicate that cereals were still well

preserved after several years and even decades (Lefébure

1985).

There are to date very few archaeological studies of

these communal granaries. Most research has focused on

the architectural design, and little information is available

about their chronology, the plants that were stored in them,

the methods and problems of storage, or the role they

played in the economy and society of the past Berber

people (Bazzana 1996; De Meulemeester 2005; Onrubia-

Pintado 1995).

The site El Álamo-Acusa

In Gran Canaria, communal granaries are very common,

but no systematic surveys of them have been carried out so

far (Onrubia-Pintado 1995; Velasco-Vázquez et al. 2001).

Granaries, and silos inside them, are carved into the vol-

canic tuff rock, which keeps the temperature and humidity

at a constant level and allows excellent preservation of

organic materials. There are no records of granaries in

other islands of the archipelago (Onrubia-Pintado 1995).

Although agriculture was practised in most of them, pal-

aeodietary studies on human bones suggest that cultivated

plants were more important for the population of Gran

Canaria than for the rest of the islands (Arnay-de-la-Rosa

et al. 2009; Delgado-Darias et al. 2005; González-Reimers

and Arnay-de-la-Rosa 1992; Velasco-Vázquez et al. 1999).

According to archaeological and ethnohistorical data, Gran

Canaria was densely populated at the time of the Spanish

contact in the late 15th century and there is evidence of the

existence of large villages (Onrubia-Pintado 2003).

El Álamo-Acusa is located near the centre of the island,

in a mountainous region, at 945 m a.s.l. (Fig. 1). It is part

of a large complex of caves carved into a cliff on the Acusa

plateau, which also includes dwellings and a cemetery,

although these have not been systematically surveyed or

excavated so far (Velasco-Vázquez et al. 2001). The gra-

nary is divided into two floors. The first one contains six

silos at ground level and it is easily accessible, having been

used as a corral until recently. In contrast, the second floor

can only be reached after a very risky climb of several

metres up the face of a 40 m cliff (Fig. 2). This second

floor consists of an oval chamber of 10 by 8 m carved into

the rock and it contains 12 silos that are arranged around

the walls of the enclosed area (Figs. 3, 4). A ‘‘stone

structure’’ (SS) was built in the middle of the chamber to

facilitate access to the silos. There is another cave carved

into the cliff (designated here as the ‘‘adjacent cave’’; AC),

5 m away from the main chamber, which seems to have

been used as a resting place. The silos are currently

uncovered, but they were almost certainly sealed when they

Fig. 1 Location of the granary site of El Álamo-Acusa and other sites

mentioned in the text

Fig. 2 General view of El Álamo-Acusa granary
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were used in the past, as frames carved in the rock are still

visible at their entrance, and wood and stone gates have

been recovered from past surveys of other granaries in

Gran Canaria (Onrubia-Pintado 1995). The silos have

volumes that range from 0.37 to 5.37 m3 (ESM 1).

Due to the difficulty of access, the second floor of the

granary is very well preserved and some of the original

content of the silos is still visible to the naked eye. As a

result of this extraordinary preservation, the remains of El

Álamo-Acusa constitute a perfect opportunity to study the

botanical content of the silos and to throw some light on the

long-term storage of food plants in the past.

In this paper the first archaeobotanical study of such a

communal granary is presented (Fig. 1). First the general

structure of such granaries is briefly discussed, followed by

details of this particular site, sampling strategy and iden-

tification criteria. Then the results of the analysis are pre-

sented, followed by a discussion of modern contamination,

crops found in settlement sites of pre-Hispanic Gran

Canaria, processing of plants, storage methods, insect

infestation and insect repellent plants.

Materials and methods

Sampling

All the analyzed samples come from the second floor of the

granary. We did not sample the first floor because the silos

there were badly preserved and did not contain any visible

remains. Due to the exceptional preservation and density of

remains in the sediment, it was decided to collect only 1 l

samples from the central surface of each silo. Silo 7 was

completely covered by animal droppings and was not

sampled (Fig. 3). In addition, 1 l samples were collected

from the stone structure SS and the adjacent cave AC in the

cliff. The silos mostly contained 1–2 cm thick layers of

sediment, composed of cereal chaff and animal droppings

(ESM 2). Samples from each of these sediments were dry-

sieved using a stack of sieves of 2, 1 and 0.5 mm. Flotation

of the samples was not necessary as most of the sediment

matrix was made up of plant remains. Due to the high

density of remains, especially cereal chaff, we decided to

completely sort the 2 mm fraction but only a quarter of the

1 mm fraction and an eighth of the 0.5 mm fraction. Fig-

ures in Table 1 show the estimated number of seeds after

multiplying the results in each fraction, and calculation of

the total number of remains in each sample. In the case of

Hordeum (barley) in addition to seeds, articulated sets of

barley hulls (lemma and palea) with no grain inside were

preserved. These articulated sets of hulls look like grains

but in fact they are the result of kernels having been eaten

by beetles, as holes made by weevils were evident in most

of the hulls (Fig. 5). Sets of hulls were counted as one item

each and they are listed separately from the complete

grains in Table 1. For cereal rachis, we have counted each

node segment of the axis as one item, and for pulses we

have also quantified each detached hilum as one item. In

the case of figs, we have identified fruit fragments, seeds

(endocarp) and fruit peduncles, which have been counted

as one item each, but we must consider that a whole fig can

contain up to 1,000 seeds and we must be cautious when

comparing the numerical importance of this fruit with other

taxa. For other uncommon macro-botanical remains such

as leaves or rachillae we have counted each fragment as

one item.

All the samples contained abundant plant remains pre-

served by desiccation. No charred plant remains were

found. The preservation is excellent and this has allowed

an accurate identification of most of the taxa. The identi-

fication was done with a binocular microscope of 89 and

809 and by comparing the archaeological remains with the

Fig. 3 3608 view of the second floor of the granary; numbers indicate

location of each silo

Fig. 4 Plan of the second floor of El Álamo-Acusa granary; numbers

indicate locations of the silos
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Table 1 Plants and insects identified in the silos, the stone structure (SS) and the ‘‘adjacent cave’’ (AC), ff = fragments, ffff = many fragments;

given are numbers of seeds unless otherwise noted
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reference collections at the Department of Historical Sci-

ences, in the University of Las Palmas de Gran Canaria,

Spain, and at the McDonald Institute for Archaeological

Research, University of Cambridge. Botanical nomencla-

ture for crops follows the traditional binomial classification

(Zohary et al. 2012), for their modern grouping on the basis

of cytogenetic and molecular affinities, while for the wild

plants we used Acebes-Ginovés et al. (2010).

Modern plants were also present in the samples because

the silos were not (no longer) sealed. These items cannot be

distinguished from the ancient plants merely by examining

the external morphology, and we have tried to identify the

potential routes of entry of seeds into the silos and have

classified the taxa according to these criteria (Table 1). In

sites in Egypt and other arid parts of North Africa where

preservation through desiccation is common, the same

problem arises, as ancient and modern plant remains look

similar (Cappers 2006; Newton 2004; Van der Veen 2007,

2011).

Results

A total of 13,038 macro-botanical items were retrieved

from the samples. Plant assemblages from Silo 3 (2,681

items) and Silo 11 (2,296 items) were the richest, while the

poorest results were obtained from Silo 9 (106 items) and

Silo 6 (123 items). Samples collected in the SS and the AC

were also rich, especially in the SS. Density of remains is

extremely high (931 items/l) and we were able to identify

55 taxa including both domesticated and wild plants. All

the silos contained a similar set of plants that included

cereals, pulses, cultivated fruits and wild plants. Table 1

shows the list of taxa recovered from each silo and Fig. 5

illustrate the most important plants discussed in the text.

Crops

Hordeum vulgare ssp. vulgare (six-row hulled barley) was

the most common species and has been retrieved from all

samples. Grains, articulated sets of hulls, and rachis seg-

ments were present and in some cases the rachis segments

were still fully articulated and with the sets of hulls attached

in complete ears. Only two complete grains were recovered,

rachis segments and sets of hulls being the most frequent

items. In addition we have identified articulated basal rachis

segments attached to the top section of the culm (straw).

These fragments show clear cut marks on the straw, sug-

gesting that the ears were cut from the rest of the plant

before being deposited in the silos (Fig. 6). A fragment of

these ears from Silo 4 was radiocarbon dated to 540 ± 30 BP

(Beta 317651) (cal. AD 1320–1430) (Table 2).

Triticum durum (durum wheat) was also present in the

samples, but it was not as abundant as Hordeum. Here most

remains consisted of rachis segments; only two Triticum

grains have been found. Fragments of Triticum glumes

were also collected (see category glume/hull/awn in

Table 1). As in the case of Hordeum, some articulated

segments of rachis were present, including the basal parts

of the ear attached to segments of the straw, the latter

showing clear cut marks (Fig. 6). One fragment of a Triti-

cum ear from Silo 3 was radiocarbon dated to 630 ± 30 BP

(Beta 317650) (cal. AD 1290–1410).

It is worth noting here that the 1 and 0.5 mm fractions of

all the samples contained fragmented cereal hulls and

Fig. 5 Plant remains discussed in the text: a Hordeum vulgare ssp.

vulgare, articulated set of hulls, b Ficus carica, complete fruit, c Vicia

faba, detached hila, d Lens culinaris, pod and seeds, e Pisum sativum,

detached hilum, f Triticum durum, rachis, g cf. Laurus novocanari-

ensis, leaf, h Pinus canariensis, seed scale, i cereal culm node,

j Phoenix canariensis, rachilla; scale 10 mm (thin bar) and 1 mm

(thick bar)
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awns. These were not removed or counted due to their

large number but their presence was noted (Table 1). A few

cereal culm or straw nodes were also present.

Pulses were present in most structures, except in silos 2

and 6, but in smaller numbers than the cereals. Both seeds

and detached hila of Vicia faba (broad bean) Lens culinaris

(lentil) and Pisum sativum (pea) were present, as was one

whole pod of Lens, still including the seeds (Fig. 5). Pod

peduncles were also retrieved from the samples, but

accurate identification of them was not possible. In

addition, we have identified seeds of Vicia ervilia and V.

sativa. These two pulses are considered to be modern

intrusions, for there is no archaeological or textual evi-

dence of these crops in pre-Hispanic sites of Gran Canaria.

In order to confirm this hypothesis we radiocarbon dated

one seed of V. sativa from Silo 10, which indeed showed a

historic date 180 ± 30 BP (Beta 317652) (Table 2).

Fruit was also identified in all the samples. Ficus carica

(fig) remains were the most common and they included

4,458 seeds (endocarp), as well as some peduncles, fruit

fragments and one complete fruit. Seeds of Vitis vinifera

(grape) were also recovered from the AC. This fruit is

considered an early introduction by the first Spanish colo-

nizers during the late 15th century AD (Morales 2010), but

we decided to date one seed. This resulted in a date of

130 ± 30 BP (Beta 317654), confirming the grape to be a

modern intrusion. Seeds from Opuntia sp. (prickly pear)

were also abundant, but this is a native plant from America

that was introduced into Gran Canaria in historical times.

In addition, one seed of Citrus sp. was identified. As with

Vitis and Opuntia, fruit trees from the Citrus genus, which

include orange, lemon and clementine, were introduced in

the early 16th century AD to Gran Canaria by the Spanish

(Gil 2011), so they should all be considered modern con-

tamination (see ‘‘Discussion’’, below).

Wild plants

In addition, we have identified a large set of wild taxa, most

of which are common weeds in cereal fields, the most

frequent being Spergularia fallax and Asteraceae. We

consider that most plants in this set could have reached the

silos through the wind or in animal droppings (see ‘‘Dis-

cussion’’, below). But in this group of plants we have also

included three taxa that belong to the native flora of Gran

Canaria and they were probably gathered by the pre-His-

panic population. These include cf. Laurus novocanarien-

sis (Canarian bay tree), Pinus canariensis (Canarian pine)

and Phoenix canariensis (Canarian palm).

Table 2 Radiocarbon dates on plants and insects from El Álamo-Acusa

Material Location Lab. code Sample reference 14C age BP cal. AD [2 r]

Sitophilus granarius Silo 12 Beta 317653 ACUSILO12SIT 980 ± 30 1020–1150

Laurus novocanariensis Silo 8 Beta 358369 ACUSIL8LAU 920 ± 30 1030–1210

Triticum durum Silo 3 Beta 317650 ACUSILO3TRI 600 ± 30 1290–1410

Hordeum vulgare Silo 4 Beta 317651 ACUSILO4HOR 540 ± 30 1320–1430

Vicia sativa Silo 10 Beta 317652 ACUSILO10VIC 180 ± 30 1650–post 1950

Vitis vinifera AC Beta 317654 ACUSILO13VIT 130 ± 30 1670–post 1950

Euphorbia regis-jubae Silo 12 Beta 358367 ACUSIL12EUP 80 ± 30 1680–post 1950

Euphorbia regis-jubae Silo 4 Beta 358366 ACUSIL4EUP 113.4 ± 0.3 pMC post 1950

Fig. 6 Cereal ears from silo 3: a Hordeum vulgare ssp. vulgare, basal

rachis, b Triticum durum, basal rachis, c Hordeum vulgare ssp.

vulgare, basal rachises and near complete ears without the grain; scale

10 mm (thin bar) and 1 mm (thick bar)
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Fragments of leaves of L. novocanariensis have been

identified in samples from silos 8 and 12. Preservation of

the remains in El Álamo-Acusa is insufficient to accurately

identify the taxa, as there are another three Lauraceae

species growing in Gran Canaria, which have similar

leaves (Acebes-Ginovés et al. 2010). However in ongoing

sampling from other granaries in Gran Canaria we have

recovered some more complete leaf fragments that have

enabled us to confirm the identification of L. novocanari-

ensis. One fragment of L. novocanariensis leaf from Silo 8

was radiocarbon dated to 930 ± 30 BP (Beta-358367) (cal.

AD 1030–1210). Pinus canariensis remains were collected

from nine samples and we could identify both seeds and

seed scales. A seed and three rachilla fragments of Phoenix

canariensis were also identified. Ph. canariensis is similar

to Ph. dactylifera L. (date palm) but its fruits are smaller

and have a more bitter taste than those of true dates.

Insects

Most samples also contained small beetles that were pre-

served through desiccation (Fig. 7). Two species were

initially separated and identified as Sitophilus granarius

(granary weevil) and Stegobium paniceum (bread weevil)

although there was evidence of fly puparia and further

insects which are still in the process of study. These

identifications were confirmed by P. Oromı́ (Department of

Biology, University of La Laguna, Spain). Granary weevils

were abundant, with a minimum number of 493 individuals

and they were present in all samples. A sample of S. gra-

narius from Silo 12 was radiocarbon dated to 980 ± 30 BP

(Beta 317653) (cal. AD 1080–1150). S. paniceum was less

common, with only ten specimens found, and it has only

been identified in five silos and in the SS (Table 1). During

revision of the samples, some live S. paniceum were

recorded inside the animal droppings, so we consider them

as modern.

Discussion

Plants in the silos: ancient stores and modern

contamination

Modern contamination

The presence of both ancient and modern plant remains in

the silos raises some problems when identifying the plants

originally stored in them. While the silos were probably

sealed when they were in use, since then they have been

open to the elements, and contaminants could have entered

by several different routes. Although the second floor of the

granary was not re-used during the historical period and it

can only be reached after a difficult climb, seeds and other

plant parts may have been introduced there by animals and

by the wind.

In order to identify these introduced taxa we have

characterized all the wild plants from El Álamo-Acusa

according to their dispersal methods (Table 3). Weed seeds

were classified according to the presence of aerodynamic

features (wings or hairs), density and size, as these are

relevant to wind dispersal (van der Pijl 1982). Light and

small seeds with wings or hairs are more prone to be

transported over long distances, and this could be the case

for seeds of Spergularia fallax and members of the As-

teraceae family, which are the most frequent wild seeds in

the samples. Other taxa such as Rumex sp. or Avena sp.,

which were preserved as complete dispersal units, could

also have reached the silos in the wind.

Additionally, many of the plants identified in the silos

also use animals as dispersal agents, among other strate-

gies. In order to identify the possible animals visiting the

site, droppings collected from the silos were shown to

specialist A. González-Castro (Department of Biology,

Pennsylvania State University), who was able to identify

Fig. 7 Weevils from El Álamo-Acusa: a Sitophilus granarius,

b Stegobium paniceum, scale bar 1 mm
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the excrement of birds, Rattus sp. (rat) and Gallotia stehlini

(lizard). G. stehlini is a large mostly vegetarian lizard that

consumes considerable quantities of seeds, 30–40 % of its

diet (Carretero et al. 2006). The presence of droppings in

the samples suggests that birds, rats and lizards visited the

granary frequently and it is possible that seeds from plants

eaten in the fields by these animals could have been

transported to the site and deposited in the droppings.

The volume of droppings in each silo was recorded (see

Table 1) and the contents of the droppings were checked

with a binocular microscope, showing the massive pre-

sence of crop fragments, mostly Hordeum hulls, but also

Triticum grains and Ficus seeds, and wild plants (Fig. 8).

The statistical significance of the correlation between the

frequency of wild plants and the volume of droppings in

each silo was tested at a = 0.05 level using SPSS version

22. The result of this analysis shows a significant correla-

tion between the number of seeds of wild plants and the

animal droppings (r = 0.576). This evidence suggest that

animals were introducing plants into the silos, and also that

they were eating the stores, since crops were identified in

the droppings. There is moderate negative correlation

between the frequency of ancient crops and the volume of

droppings (r = -0.304). Two samples of Euphorbia regis-

jubae, a native shrub of the Canaries that produces a toxic

sap, were radiocarbon dated to a recent age (Table 2),

confirming that they are modern contaminations, probably

introduced by lizards as they commonly eat this plant

(Carretero et al. 2006).

Evidence of weeds in the silos is thus problematic and

we consider most of them to be wind or animal contami-

nations. In addition, the group of wild plants identified in

El Álamo-Acusa is different to the ones from settlement

sites (Table 4), which are mostly composed of seeds of

Malva sp., Chenopodium murale and Amaranthus sp.

(Morales 2010). These taxa are uncommon in or totally

absent from the silos at El Álamo-Acusa, where we have

recovered a large number of taxa that have not been pre-

viously identified in pre-Hispanic domestic sites, such as

Spergularia fallax, E. regis-jubae and Fumaria sp., among

others. Harvesting techniques used by the pre-Hispanic

population did not usually include weeds, because ears

Table 3 Classification of weed seeds at El Álamo-Acusa according to seed dispersal mechanisms, presence of aerodynamic features, density, and

size. An additional column shows the plant habit of each taxon (after Baiges et al. 1991; Cohen and Plitmann 1997; Gutterman 1993, 1994)
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were mostly collected individually, so we conclude that the

wild plants in the silos at El Álamo-Acusa should not be

considered as ancient remains, but modern intrusions.

Nevertheless it is possible that some weeds were ancient

remains stored in the silos with the crops, but always as a

minor component of the crop plants stored there (see

‘‘Harvesting’’, below).

Ancient stores

In spite of these problems of contamination by modern

intrusions, radiocarbon dates on Hordeum, Triticum, L.

novocanariensis leaf and S. granarius remains (Table 2)

confirm that some of the finds were the remains of the

plants originally stored in the silos. This is certainly the

case for cereals and L. novocanariensis leaf, and we

assume that this could be the same for the pulses, V. faba,

Lens and Pisum, Ficus and the gathered wild plants P.

canariensis and Ph. canariensis.

For cereals, the remains consisted of rachis segments

and articulated hulls, with seeds and culm nodes being

scarce. Recovery of basal rachis segments still attached to

the straw suggests that whole ears were stored in the silos.

Identification of culm nodes also points to the presence of

some cereal straw. The ratios of rachis segments to seeds

for both Hordeum and Triticum are high (Table 5), since

only two complete grains were found. Ratios of rachis

segments to grains are a useful way of showing whether a

crop represents a by-product, a final product, or complete

ears (Van der Veen 2007). High ratio values at El Álamo-

Acusa suggest that these samples may be characterized as a

by-product from early processing stages (Van der Veen

2007). However, as we have stated previously, articulated

sets of Hordeum hulls showing holes made by beetles and

the presence of grains and hulls in the animal droppings

indicate that the small number of complete grains found in

the silos does not represent the original quantity stored

there. The occurrence of Sitophilus granarius in all the

silos indicates that grain was indeed stored there, since it

only develops and feeds on cereal grains (Plarre 2010).

Animal droppings also contained grains and hulls, con-

firming that seeds were originally present in the silos.

Therefore, the cereals in the silos at El Álamo-Acusa

represent the remains of ancient stored foodstuffs. We pos-

tulate that complete cereal ears were initially stored in the

silos, and that when the site was abandoned, some of the ears

were still left there. Later, insects and animals ate the seeds

and left only the unpalatable parts, such as the rachis seg-

ments or the hulls and glumes. This hypothesis may explain

the absence of grains and the presence of chaff. Alterna-

tively, this assemblage could also be interpreted as the

remains of fodder, for chaff was commonly used to feed

domestic animals; but we think that the inaccessible location

of the granary, the occurrence of grains in the animal drop-

pings, and the high numbers of grain weevils in the silos all

point to the storage of grains for human consumption.

In the case of pulses, we assume they are part of the

original content of the silos because these three species are

common in pre-Hispanic settlement sites in Gran Canaria

(Table 4; Morales 2010, p 147). Most pulse remains were

composed of detached hila and fragments of the testa, but

no cotyledons were found except the lentils inside the pod.

As with the cereals, this is probably due to the actions of

beetles and animals, which had eaten the seeds and left the

most unpalatable parts.

Ficus remains, also common in domestic sites (Morales

2010, p 161), were extremely abundant in the samples and

they included a large number of seeds as well as fruit

fragments and peduncles. We assume that figs were origi-

nally stored as complete fruits, but later insects and animals

consumed most of them. We could only find one complete

fig, but this also showed holes made by insects (Fig. 5),

Fig. 8 Animal droppings from El Álamo-Acusa: a birds (cf.

Columbidae), b birds (cf. Turdus sp.), c rat/lizard (Rattus sp./Gallotia

stehlini), d bird dropping with Hordeum grain, e indeterminate

dropping with Triticum grain, f bird dropping with Chenopodium

murale seeds, g bird dropping with Ficus seeds; scale 10 mm (thin

bar) and 1 mm (thick bar)
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Table 4 Numbers of crops and wild plant remains in archaeological sites from Gran Canaria (Morales 2010), including ancient and modern

remains from El Álamo-Acusa; given are numbers of seeds unless otherwise noted
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which had eaten the flesh of the fruit but left the seeds and

peduncles, which are hard and unpalatable. Fruit fragments

were only present in a few silos, while seeds were common

in all them.

In relation to wild gathered plants, L. novocanariensis

leaf fragments were radiocarbon dated to cal. AD

1030–1210, confirming that this plant was originally stored

in the silos. In addition, this tree mainly grows in the laurel

forest on the northern side of the island, several kilometres

distant from the granary.

For P. canariensis and Ph. canariensis, there are both

archaeological and ethnohistorical records for the con-

sumption of these plants by the pre-Hispanic population of

the Canaries that suggest that they belonged to the food

stores (Morales 2010; Morales and Gil 2014). In addition,

we have identified fragments of cone scale and rachilla,

which suggest that whole pine cones and bunches of palm

dates were brought to the silos, which are too large and

heavy to have been introduced by birds, rats or lizards.

In any case, we cannot be sure that all these remains are

ancient and it is possible that some of the plants mentioned

above are modern intrusions, especially in the case of

pulses and wild plants since they have not been radiocar-

bon dated. However ongoing work in other granaries of

Gran Canaria seems to confirm this same set of plants in

most of the silos.

Plant remains in silos compared with plant remains

in settlement sites of pre-Hispanic Gran Canaria

These results from El Álamo-Acusa are important for a

better understanding of how the harvesting, storage and

processing of crops were carried out in pre-Hispanic times.

We are now able to compare macro-botanical assemblages

from settlement sites with the ones from granaries, and to

study the links between both types of sites. However, we

must consider that preservation conditions and sampling

are not consistent between sites, and conclusions resulting

from this comparison are thus limited.

Although the range of plants is not homogeneous in all

the silos, it is characterized by the presence of cereals,

pulses, figs and wild plants in almost every one (Fig. 9). As

we have stated previously, there is a moderate negative

correlation (r = -0.304) between the amount of crops in

each silo and the volume of animal droppings, suggesting

that differences in the numbers of plants are the result of

animal activities, among other reasons. Hordeum is the

most common plant, constituting 51 % of the total if only

rachis segments are considered, and it is present in all the

samples. Ficus is also very frequent, with 40 % of the total,

and it has been recovered from all the samples. However,

figs are mostly preserved as seeds and they cannot be

directly compared to cereals, since one fig may contain

hundreds of seeds. These data suggest that these two food

plants were the most important crops, even though we must

keep in mind that Ficus may be overrepresented. Con-

versely, Triticum, pulses and wild plants are not so frequent

and they have not been identified in each silo. These results

indicate that cereals, pulses, figs and wild gathered plants

were stored in the same silos simultaneously, probably in

baskets or other containers of plant material, as remains of

the former have been found abundantly in other pre-His-

panic sites (Morales 2003). It is also possible that cereals

and pulses were grown simultaneously, and were harvested

and stored together.

We think the first hypothesis is more plausible, as the

pattern of crops in silos is similar to the assemblages of

charred macro-botanical remains collected from dwelling

and cooking structures in settlement sites in Gran Canaria

(Morales 2010). Analysis carried out at several sites on this

island that are dated between the 4 and 15th century AD

indicates that Hordeum and Ficus are the most frequent

plant remains (Morales 2010). Triticum, pulses and wild

plants are rare at these sites, and they are present in similar

proportions to the range of plants identified from the silos

at El Álamo-Acusa, in spite of different preservation con-

ditions (Table 4). These data are confirmed by ethnohis-

torical texts, which emphasize Hordeum and Ficus as the

staple foods of the indigenous population of Gran Canaria

at the time of European contact (Abreu-Galindo [1602]

1977; Morales-Padrón [1500/1525] 1993), and also by

dietary studies on human bones that show important skel-

etal markers of high carbohydrate food intakes (Delgado-

Darias et al. 2005).

Table 5 Ratios of main plant components at the silos from El Álamo-Acusa (*according to Van der Veen 2007); ‘‘-’’ not enough values for

calculating ratios; ‘‘?’’ values of ratios near 0; ‘‘^’’ grain refers to set of hulls
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However, we must point to the fact that in domestic sites

from Gran Canaria few rachis segments of Hordeum and

Triticum are found, grains being the most frequently found

(Table 4). Very little evidence of early crop processing has

been found at settlements, and seed assemblages from there

are interpreted as the result of fine-sieving and cooking

activities (Morales 2010). Therefore, it is possible that

cereals were mostly processed immediately after storage.

This would have been carried out near the granaries but not

in the granary itself, as there is no space for that. After

being processed, cereal grains would have been taken to

settlements in a semi-clean state, and this may explain the

scarcity of chaff at these sites.

Processing of plants for long-term storage

Harvesting

The excellent preservation of cereal ears in El Álamo-

Acusa allows us to study harvesting techniques during the

pre-Hispanic period in detail. All ears show regular cut

marks on the straw that are located at a similar distance

(2–20 mm) from the basal rachis (Fig. 6). To get this

accuracy, the ears were probably harvested individually in

the fields or they were separated from the plant after the

harvest. In 1602, Abreu-Galindo, a Spanish monk who

recorded some pre-Hispanic customs, commented that

cereal ears were reaped individually in the field and thre-

shed with wooden sticks, leaving the rest of the plant in the

ground to feed the domestic animals (Abreu-Galindo

[1602] 1977, p 160). This method is slower than other

harvesting techniques, but it reduces grain losses between

the fields and threshing yard, and it saves time during

threshing and winnowing (Hillman 1985).

On the other hand, archaeobotanical assemblages from

dwelling sites in Gran Canaria include cereal nodes and

weeds. These remains do not support the hypothesis that

ears were harvested individually in the field, for this

technique would only result in remains of the ears, in the

form of rachises, hulls, glumes and grains (Hillman 1984,

1985). We thus suggest that the pre-Hispanic population

could also have harvested the cereals by uprooting the

whole plant, which is a common technique in the Canaries

nowadays (Morales 2010), especially in dry areas, and we

have observed that weeds are frequently collected with

crops, even plants with a prostrate or erect habit. In some

cases, uprooted plants had a second harvest to separate the

root from the rest of the plant, thus facilitating the

threshing and reducing the number of stones on the

threshing-floor (González-Urquijo et al. 2000).

Evidence from El Álamo-Acusa suggests that collecting

the ears individually was the most common harvesting

method for cereals, since basal rachises with cut marks are

common in the samples. Weeds in the silos are considered to

be modern intrusions, but we cannot rule out that some

plants could have remained attached to the cereal ears,

especially climbers such as Galium sp., Fumaria sp. and

Sherardia arvensis. However, climbers are a minor com-

ponent of the weed taxa from El Alamo-Acusa and other

sites in Gran Canaria (Table 4). On the other hand, cereal

culm nodes were also recovered from the silos, suggesting

that people could have harvested the cereals by uprooting

them and taking the whole plants to the granary. Culm nodes

are rare, however, and consist of small sections of the straw

only; these could have been put into the silos still attached to

the basal rachis of the ears. We cannot exclude the hypoth-

esis that some crops could also have been stored as semi-

clean grains, including some weeds, but more studies will be

Fig. 9 Graph showing the

frequency of main ancient plant

components from the silos at El

Álamo-Acusa. For cereals, only

rachis segments are recorded,

and for figs only seeds/

endocarps are recorded (AC

adjacent cave, SS stone

structure)
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necessary in order to test this, as pre-Hispanic harvesting

methods seem to be complex and the evidence is still

incomplete. We note that no trace of cereal cutting has been

reported in use-wear analysis of stone tools from Gran

Canaria. This is intriguing, as cut marks are clearly visible

on the straw, but it is also true that use-wear analysis in Gran

Canaria is currently limited to stones from only one settle-

ment site, as granaries have not been sampled for this pur-

pose so far (Rodrı́guez-Rodrı́guez 1998, 2009).

Processing plants for long-term storage

Storing cereals as ears had advantages for long-term storage

as well. In this way, grains were naturally protected by the

hulls and glumes. This method seems to be the same for

pulses and wild fruits. We have found one entire pod of Lens

and some indeterminate pod peduncles. Peduncles link the

pod with the plant and usually remain attached to the pod

when this type of fruit is harvested. Therefore, it is likely that

pulses were stored in their pods to avoid insect infestation. It

is worth remembering here that the lentils identified in the

pod were the only undamaged ones from the silos at El

Álamo-Acusa. However, pods were also consumed by the

animals visiting the site, since most of the lentils were

damaged and only detached hila were recorded.

In the case of figs, the whole fruits were stored. Eth-

nohistorical records by the first Spaniards confirm that pre-

Hispanic people dried figs in order to store and use them all

the year around (Abreu-Galindo [1602] 1977, p 161). For

Ph. canariensis, the identification of rachilla fragments

suggests that dates were stored still attached to the bunch.

Like figs, ethnographic records of Ph. canariensis con-

sumption in the recent past indicate that dates were dried

and stored (Morales 2010, p 169). In the case of P. ca-

nariensis, the presence of seed scales indicates that the

seeds were stored inside the cones. In order to collect pine

nuts, cones are usually gathered while they are still closed

and unripe (Lanner 1981). In this way seeds can be stored

undamaged inside the cone for a long time. When it is time

to consume the pine nuts, the cones are laid out in the sun

or put in the fire, as low humidity causes the opening of the

scales (Dawson et al. 1997). After this, pine nuts are eaten

raw or are pounded to produce flour.

All the methods of storage that we have recorded aimed

to protect the seeds. Pre-Hispanic people did not try to

maximize the storage space in the silos by processing the

harvest completely and eliminating the unpalatable parts of

the food plants. Instead, they tried to store them in the way

they naturally occur on the plant, although some plants

were also stored after some kind of processing such as

cleaning and drying. Unprocessed cereals are reported to

store better, as hulls and glumes protect the grains, espe-

cially in hulled species (Alonso i Martı́nez 1999; Meurers-

Balke and Lüning 1992; Sigaut 1988). T. durum grains are

protected by a multilayered epidermis and are usually

stored without chaff (Alonso i Martı́nez 1999; Meurers-

Balke and Lüning 1992), but evidence from El Álamo-

Acusa indicates that pre-Hispanic people tried to protect

the grains as long as possible and stored T. durum with the

glumes and still attached to the ear.

Insect infestation and insect repellents

Ethnohistorical accounts mention the frequent use of gra-

naries by the indigenous people of Gran Canaria, empha-

sizing that cereals were stored in them for several years

with no damage (Morales-Padrón [1500/1525] 1993,

p 373). Recent molecular studies in desiccated archaeo-

logical Triticum grains recovered from the large site of

Barranco de Guayadeque, Gran Canaria, which includes

dwellings, cemeteries and granaries, have confirmed the

preservation of ancient DNA in the seeds, underlining the

extremely good quality of pre-Hispanic storage techniques

(Oliveira et al. 2012).

However, infestation by weevils is one of the main

problems in the long-term storage of grains. It has been

estimated that before chemical insecticides were used

systematically, weevils damaged around 10–20 % of the

stored grain, and in certain conditions they could spoil the

whole harvest (Buckland 1990). This was a common

problem in the El Álamo-Acusa silos, as is proved by the

state of preservation of Hordeum, which in most cases only

leaves the hulls remaining, as well as the presence of Si-

tophilus granarius in the samples. Granary weevil is one of

the most common insects infesting stored grains in the Old

World (Buckland 1990; Panagiotakopulu 2001) and it is

especially important since it is completely synanthropic

and only lives and reproduces on grains stored by humans,

as it is unknown in the wild (Plarre 2010). It is understood

that S. granarius spread with domesticated plants from the

early Neolithic period, but there is no agreement about its

place of origin (Plarre 2010). It has been identified at

Neolithic sites in Germany and Macedonia (Büchner and

Wolf 1997; Hubbard 1979), and more abundantly in

Pharaonic Egypt (Panagiotakopulu 2001) and Bronze Age

Crete (Panagiotakopulu and Buckland 1991). Remains

from El Álamo-Acusa are the first occurrence of S. gra-

narius in the Canary Islands. Therefore it is quite probable

that this grain pest was brought there by the first colonizers,

who introduced these beetles with their cereals.

In order to keep weevils away from the stored grains

people have traditionally used several inorganic products

such as sulphur, natron or salt, but it is also common to use

certain plants to dispel or kill the insects (Lefébure 1985;

Panagiotakopulu et al. 1995). These insecticide plants are

characterized by having strong smells and tastes, such as
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Coriandrum sativum (coriander), Allium cepa (onion), Ruta

graveolens (rue) and Laurus nobilis (bay laurel) among

others, but none of them have been identified in archaeo-

logical stores so far (Panagiotakopulu et al. 1995). From

the silos at El Álamo-Acusa we have recovered fragments

of cf. L. novocanariensis leaves that we interpret as a result

of the use of this plant to repel insects from the grain.

Radiocarbon dates on leaf fragments indicate that L. no-

vocanariensis was part of the original content of the silos

and ethnobotanical data confirms that it was used for this

purpose until recently (Rodilla et al. 2008). Biochemical

analyses indicate that oils present in the leaves inhibit the

feeding of insects, are a strong antifungal agent, and also

inhibit seed germination (Rodilla et al. 2008). These

properties are very useful for the long-term storage of

grains as they repel insects and keep the seeds in

dormancy.

Finally, one might argue that these plants were not

successful in repelling the insects, as weevils were quite

common in the silos. But we think this is also because the

granary was abandoned and the maintenance of silos

neglected. The fumigant action of repellent plants decrea-

ses after a short time and needs repetition in order to

maintain its toxicity (Rajendran and Sriranjini 2008).

Radiocarbon dates suggest that the granary was used until

the 15th century AD and this is the time when the Spaniards

conquered Gran Canaria and the pre-Hispanic society

collapsed. Dates from Silo 12 (S. granarius) and Silo 8 (L.

novocanariensis) are slightly earlier than Hordeum and

Triticum remains from silos 3 and 4. Silo 12 and 8 are

closer to the cliff and access to them is difficult and risky,

so it is possible that people stopped using these silos ear-

lier. Nevertheless, it is quite likely that samples from silos

3 and 4 at El Álamo-Acusa belong to the last stores in this

granary.

Conclusions

The Canary Islands and northwest Africa are both semi-

arid regions where the rains are often irregular and failed

harvests are common during dry years. Long-term storage

was thus an essential practice to cope with bad years. In

order to protect their food reserves, pre-Hispanic people in

Gran Canaria built communal granaries in inaccessible or

fortified places, and stored their food in silos carved into

the volcanic tuff rock.

This study shows that in spite of the presence of some

modern plants, pre-Hispanic silos still retain part of their

original content, that is, the remains of ancient stored

foods. Radiocarbon dates indicate that the communal gra-

nary of El Álamo-Acusa was used at least between AD 1000

and 1500. The silos contained cereals, pulses, and both

cultivated and wild fruits that were stored with the natural

protection of hulls, pods and floral structures. The identi-

fication of grain weevils and insect repellent plants in the

same contexts suggests that these beetles were a serious

problem in long-term grain storage. However, the excellent

preservation of the plant remains indicates that storage

techniques were outstanding and this was stated by the first

Europeans who arrived in the archipelago, who pointed out

that seeds were preserved in pre-Hispanic silos for several

years and decades. This has also allowed the preservation

of a unique archaeobotanical context that includes stored

grains, weevils, and insect repellent plants.
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Arnay-de-la-Rosa M, Gámez-Mendoza A, Navarro-Mederos JF,

Hernández-Marrero JC, Fregel R, Yanes Y, Galindo-Martı́n L,
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González-Reimers E, Arnay-de-la-Rosa M (1992) Ancient skeletal

remains of the Canary Islands: bone histology and chemical

analysis. Anthropol Anz 50:201–215
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Upper Egypt: building material and taphonomy. Veget Hist

Archaeobot 13:55–64
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Rosenberger B (1985) Réserves de grains et pouvoir dans le Maroc
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Barros-López N, Martı́n-Rodrı́guez E, Santolaria-Fernández F

(1999) Bone histology of prehistoric inhabitants of the Canary

Islands: comparison between El Hierro and Gran Canaria. Am J

Phys Anthropol 110:201–214

Velasco-Vázquez J, Martı́n-Rodrı́guez E, Alberto-Barroso V, Dom-

ı́nguez JC, León J (2001) Guı́a del patrimonio arqueológico de

Gran Canaria. Cabildo Insular de Gran Canaria, Las Palmas de

Gran Canaria

Zohary D, Hopf M, Weiss E (2012) Domestication of plants in the old

world. The origin and spread of cultivated plants in West Asia,

Europe and the Nile Valley, 4th edn. Oxford University Press,

Oxford

804 Veget Hist Archaeobot (2014) 23:789–804

123

Author's personal copy

http://www.workshop-traceologia-lisboa2008.com
http://www.workshop-traceologia-lisboa2008.com

	The archaeobotany of long-term crop storage in northwest African communal granaries: a case study from pre-Hispanic Gran Canaria (cal. ad 1000--1500)
	Abstract
	Introduction
	The site El Álamo-Acusa
	Materials and methods
	Sampling

	Results
	Crops
	Wild plants
	Insects

	Discussion
	Plants in the silos: ancient stores and modern contamination
	Modern contamination
	Ancient stores

	Plant remains in silos compared with plant remains in settlement sites of pre-Hispanic Gran Canaria
	Processing of plants for long-term storage
	Harvesting
	Processing plants for long-term storage

	Insect infestation and insect repellents

	Conclusions
	Acknowledgments
	References


