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a b s t r a c t

The aim of the present study is to perform a paleodietary and paleonutritional survey on 17 individuals
buried in accordance with the prehispanic ritual in the central plateau of the island Tenerife, called Las
Cañadas del Teide. We recorded hydrogen, nitrogen and carbon isotope compositions of human bone
collagen, bone barium and strontium, and histomorphometrically assessed trabecular bone mass (TBM).
Bone trace elements and TBM were compared with reference data derived from a modern sample
consisting of 13 individuals. In addition, d15N and d13C values were determined in several modern
indigenous plants, bone collagen of prehistoric domestic animals (goat and pig), and prehistoric wild
animals (a giant lizard, Gallotia goliath and a giant rat, Canaryomis bravoi), which represent food sources
potentially consumed by the prehistoric population of the Island. The carbon stable isotope composition
of bone collagen ranged between �20.5 and �18.6& (VPDB), indicating a diet based on C3 plants.
Nitrogen isotope values ranged from 8.2 to 12.4& (AIR), suggesting a general meat-enriched diet, most
likely domestic goats, of higher level consumers. Hydrogen isotope values ranged from �18 to þ4&,
whereas log Ba/Sr was greater than �0.40 in the vast majority of cases. TBM showed a tendency to
osteoporosis in 30% of the individuals analyzed. C-14 dating showed that two burial sites, including 5
individuals, belonged to the post-conquest era (after the 15th century), despite a fully “prehispanic”
burial ritual, which lends credenceto the oral tradition that some of the prehispanic population fled to
the highlands at the time of the Spanish conquest, and lived there during decades or even centuries.
These individuals showed lower dD, d13C and d15N, and higher log Ba/Sr values than those buried before
the Spanish conquest, suggesting dietary differences between the two groups. Also, women showed
a trend to a higher consumption of vegetables than men.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Tenerife is located near the center of the Canary Archipelago,
w300 km off the Moroccan coast, NW Africa (Fig. 1). It is roughly
triangular in shape and is the largest island (1917 km2) of the
Archipelago. The proximity of Tenerife to the Sahara desert; the
northeast trade winds, and the existence of a central range of
mountains, oriented ENE-WSW, result in a landscape with a humid

northern slope and an arid southern slope, with clearly different
environmental characteristics (i.e., temperature, humidity).

1.1. Las Cañadas: environmental conditions

The island has a central plateau, called Las Cañadas, at an altitude
of 2200 m above sea level, with several large volcanoes in its center,
culminating in the Teide peak (3718 m). Las Cañadas plateau has
a peculiar climate and landscape (Fig. 2). Situated above the level
of the northeastern trade winds, the sun shines in a cloudless sky
more than300days a year; the very lowhumidityefrequently below
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15%e favors a marked contrast between warm days and cold dry
nights (soil temperatures frequently below �15� in winter, and
sometimes below zero in summer). Sparse vegetation is maintained
by irregular and torrential rainfall, and more frequently, snowfalls.
Rainfall is a rare event at Teide, and snow, even after a single
snowfall, may last for several months before melting. Some small
streams exist.

1.2. Ethnographic and archaeological background

The Prehispanic population of North African origin (Maca-
Meyer et al., 2004), locally known as “the Guanches”, colonized
the island in the middle of the first millennium BC. The aborigine

people had a rudimentary agrarian life style with some shellfishing
and coastal fishing, but the main daily activity was goat herding
(Alberto-Barroso, 2004). In addition to goat products, pigs, Gallotia
goliath (an extinct lizard of w1 m in length) and Canaryomis bravoi
(an extinct giant rat) were consumed (Alberto-Barroso, 1998).

Knowledge is limited about the history of the population of the
island during the 2000 years between the first arrival of the
Guanches and the Spanish conquest. Based on etnohistorical and
ethnographical grounds it has been hypothesized that the Guanches
practiced seasonal herding in the highlands, moving to the central
mountains from May to September, and abandoning the area by
early fall. It is possible that those who occupied the highlands in
summer lived in the high reaches of the southern slopes or in the

Fig. 1. Geographical location of the Canary Islands.

Fig. 2. Photograph of Las Cañadas, with several lava fields; burial places are indicated. The contrast between the forested northern slopes and the arid southern part of the Island is
also observable.
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forests below Las Cañadas during the coldest wintermonths, but it is
also likely that the same people who lived in the coastal region
during winter moved with their herds during summer to Las Cañ-
adas. This last possibility, although not proven, is widely accepted
(Diego Cuscoy, 1968), mainly based on some chroniclers’ reports
(Espinosa, 1980).

After the conquest, many Guanches probably fled to the central
mountains and lived there perhaps during decades or even
centuries (Espinosa, 1980; Aznar-Vallejo, 1988), maintaining their
ancient lifestyle. In Las Cañadas there are important archaeological
remains (Fig. 3), including several collective burial sites with
partially mummified corpses (Arnay-de-la-Rosa and González-
Reimers, 2006). Some chroniclers stated that dead were exclu-
sively buried in the central mountains; nevertheless, the majority

of the interments have not been found in these mountains, but in
ravines lower down and near the coast. The dead were buried in
volcanic caves, most of them of small dimensions, containing only
a few partially or totally mummified corpses (a notable exception
being El Salitre, inwhich several dozens corpses were found). These
corpses were not interred, but deposited on layers of stone or plant
material. Burial conditions were similar for all the individuals
analyzed in this study, and the burial ritual does not differ from the
ritual followed in many other burial caves of the island. In addition
to burial caves, in the central mountains there are the remains of
settlements, with many ceramic fragments, obsidian tools, and
grinding stones.

The diet of the population buried in Las Cañadas is largely
unknown. Assuming that these people were mainly goatherds, it is

Fig. 3. Archaeological remains from Las Cañadas, including: A) a dwelling area; B) the burial cave of La Angostura; C) the partially mummified corpse of the child of Cascajo; D)
ceramic vessel; E) grinding stone.
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likely that they lived from goat products, such as milk and meat.
However, many grinding stones have also been found, supporting
the view that certain kinds of cereal (possibly barley or seeds from
Arrhenaterum calderae (an endemic type of oat-grass) were also
consumed. Regarding other sources of food, including wild animal
species, the giant lizard G. goliath was probably consumed (there
are only some anecdotical findings of bone remains of this extinct
animal in Las Cañadas), and less probably the giant rat (C. bravoi).
However, to our knowledge, no remains of this animal have been
found in Las Cañadas, and it is said that it only lived below an
altitude of 1000 m (Alberto-Barroso, 1998). Thus, knowledge about
the diet of those who lived (and died) in Las Cañadas is scarce. In
addition, the possible different patterns of occupation of the
highlands throughout the centuries, especially considering the
differences between people buried before and after the Spanish
conquest, add confusion to any paleodietary inference. The
frequent occurrence of grinding stones points to the importance of
cereals in the diet. Also, analysis of the intestinal content of
a partially mummified corpse revealed remains of Hordeum sp.
(barley) and Triticum sp. (wheat) (Arnay de la Rosa et al., 2008). In
some dwellings a few bones of goats have been found, suggesting
some consumption of meat. These highlands, far away from the sea,
are scarce in archaeological remains derived frommarine products.
This suggests that the marine component of the highlander diet
was very low or even absent.

However, besides the information derived from archaeological
remains, there are very few studies on the dietary pattern of the
inhabitants of the highlands of Tenerife. Bone trace element
determinations (GonzálezeReimers and Arnay-de-la-Rosa, 1992)
support the hypothesis of a plant-based diet, although bone
strontium content was lower than that observed among people
buried in lowlands (perhaps indicating a higher consumption of
marine products by the latter, although bone barium was not
determined). It is therefore important to investigate the diet of the
highland people and compare it with that of the lowland inhabi-
tants and understand how these groups interacted.

1.3. Paleodietary and paleonutritional research

Thedetermination of stable isotopes in bone collagen constitutes
a more precise approach in paleodietary reconstruction. Indeed,
since 1978, the stable isotope composition of carbon (13C/12C) and
nitrogen (15N/14N) in well-preserved collagen from prehistoric
bones have beenwidely used to estimate dietary patterns of ancient
human groups (DeNiro and Epstein, 1978, 1981; Ambrose et al.,
2003; Valentin et al., 2006; Thompson et al., 2008; Quinn et al.,
2008). Collagen is the material of choice for dietary analyses
because it comprises approximately 20% of bone weight and is
remarkably resistant to post-mortem degradation (Ambrose, 1990).
Therefore, determination of carbon and nitrogen stable isotopes in
bone collagen, both alone or combined with analysis of isotopes of
other elements, such as hydrogen (Reynard and Hedges, 2008) or
sulphur (Privat et al., 2007), may accurately elucidate the dietary
pattern of ancient population groups. Indeed, hydrogen isotope (dD)
may aid in paleodietary reconstruction, since it is subjected to
a wider range of isotope fractionation than d13C or d15N.

The stable isotope composition of human bone collagen can thus
provide direct information about the average integrated protein
content of the diet of an adult human over 5e10 years (Schwarcz and
Schoeninger,1991), including: (1) the consumption of C3 or C4 plants,
(2) terrestrial animal products, and (3)marine products. The isotopic
fractionation between diet and human bone collagen has been
estimated as about þ1& for d13C, þ3e4& for d15N (DeNiro and
Epstein, 1978, 1981; Ambrose and DeNiro, 1986, 1989) and 27& for
dD (Birchall et al., 2005; Reynard and Hedges, 2008). Based on

chroniclers’ reports, plants consumed by the highland Guanches
include C3 cereals (barley, wheat, and, perhaps, some locally-
growing cereals). There are no archaeological or archaeobotanic data
which support thehypothesis that these people consumedC4plants.

Complementary information may be obtained from trace
elements. Bariumcontent is very low in themarine environment, but
high in vegetables, as is strontium, which is also relatively abundant
inmarine food. Althoughdiagenesismay hinder the interpretation of
the results, and despite criticism (Fabig and Herrmann, 2002), the
barium to strontium ratio still allows a differentiating between
marine and terrestrial diet (Burton and Price,1990). Indeed, solubility
of barium salts in the marine environment is extremely low, so the
relation of barium to strontium is very low if marine resources are
consumed. It has been proposed that values of log Ba/Sr below�1.40
may indicate consumption of a diet based on marine products,
whereas values over �0.40 suggest consumption of a terrestrial diet
(Burton and Price, 1990). In addition, since the mammalian intestine
discriminates strontium absorption with respect to calcium, bone
strontium content decreases along with the food chain, so a pure
vegetarian diet should lead to higher bone Sr values than a mixed or
carnivorous diet.

Bone mass data may inform us about the presence of osteopo-
rosis. An unusually high prevalence of osteoporosis in a given, non-
selected, population may indicate deranged nutritional status
(González-Reimers et al., 2004), since bone mass depends on an
equilibrium between bone synthesis and bone resorption, which
may be disrupted in situations of starvation or poor protein intake.
In this regard, it is important to note that stable isotopes may also
be altered in starvation (Williams et al., 2007). Normally, the
organism tends to excrete greater amounts of light isotopes than
heavy ones, so reduced (exogenous) protein intake should theo-
retically lead to an enrichment in d15N. This may explain the inverse
relationship between body mass index and d15N described by
Mekota et al. (2006) in hair samples of patients suffering from
anorexia nervosa, and the inverse relation between nitrogen
balance and d15N values (Fuller et al., 2004). Since starvation may
lead to reduced bone mass (Bourrin et al., 2000a,b), it is of interest
to discern if there is a relation between bone mass and d15N values.

The main objective of the present study was to perform a pale-
odietary research, based on bone trace elements and collagen
stable isotopes, and an estimation of nutritional status, based on
histomorphometrical analysis of bones, on well-preserved skeletal
remains of aborigine individuals buried in Las Cañadas del Teide, as
a paleodietary and paleonutritional survey on people living (either
permanently or not) in an arid highland with quite extreme
conditions. We also wished to ascertain whether the Spanish
conquest led to changes in dietary pattern among those who
conserved their “prehispanic” style of life in the central mountains.

2. Material and methods

2.1. Sample

2.1.1. Human remains
Bone samples of 17 prehispanic individuals were included in

this study. In two cases (CAP-4 and CAP-135), collagen C/N ratios
were out of the range which allows an accurate interpretation of
the isotope values, and in a further case (MB-2), only trace elements
and bone mass were determined (Tables 1 and 2). The samples
analyzed belong to individuals from different burial sites from Las
Cañadas: four individuals from El Portillo, five from Angostura, two
from Montaña Blanca, one from Cascajo, two from Cañada del
Capricho and three from El Salitre (Table 1; Fig. 2). The burial sites
of El Portillo, Cascajo and Cañada del Capricho are intact ones,
which were excavated by members of the Departament of
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Prehistory, University of La Laguna. They contained only a few
corpses (4 in the cave of El Portillo, 2 in Cañada del Capricho, and 1
in Cascajo). The burial site of Montaña Blanca contained two
corpses, and was already not intact before archaeologists were able
to study it; Angostura was also a collective burial site, located in
a volcanic cave, but partially pillaged, whereas El Salitre was a huge
collective burial site, excavated several decades ago (Álvarez-
Delgado, 1947), with many corpses, most of which have been lost.
The type of bone analyzed was mostly tibiae, but also pelvic bones,
ribs and axis were selected (Table 1).

Radiocarbon (C-14) dating of bone samples yielded antiquity
values shown in Table 1. Two sites (El Portillo, confirmed by two
different laboratories: Center for Applied Isotopes Studies, University
of Georgia, and Beta Analytic, Miami, Florida) and Cascajo (only one
dating), despite their fully “prehispanic” characteristics, belong to the
post-conquest times (Spanish conquest took place at the end of the
15th century). The Portillo site was excavated about 30 years ago. As
with other “prehispanic” burial sites, it consisted of a small volcanic
cave, at the base of a lava flow, inwhich four corpses were deposited
on a layer of trunks of the local broom (Spartocytissus supranubius).
Corpses were deposited in supine position, in a similar fashion to
other fully prehispanic interments. The interment of Cascajowas also
in a small cave; the corpse was partially mummified, in supine

position. The inferior part of the body was less well preserved,
because some bones had rolled down to the lowest part of the cave.

Age at deathwas estimatedby inspection of the pubic symphysis.
Sex was estimated by inspection of the pelvic bones (Ubelaker,
1989). This was possible in all the cases (13 males and 4 females).

2.1.2. Potential food sources
In addition to human bones, the nitrogen and carbon stable

isotope composition of food sources potentially consumed by the
aborigines were analyzed, including two modern local plants
(barley, wheat), as well as the collagen extracted from prehistoric
animal bones, specifically one pig, one giant lizard, one C. bravoi (an
extinct giant rat), and also three goats (Table 3). In additionwe also
include some data relative to marine products previously reported
(Arnay-de-la-Rosa et al., 2010; Tieszen et al., 1993). Although
marine food was surely not available to people who lived perma-
nently in Las Cañadas or nearby, it could be consumed by goatherds
who only remained there during summer, or spent some days in
coastal regions and some days in the highlands (Table 4).

Unfortunately, there were no samples of prehistoric plants
available for isotopic analysis. However, it is known that aborigines
cultivated and consumed cereals (i.e., wheat and barley) and
probably, some local endemic plants, such as the seeds of A.

Table 1
Nitrogen and carbon stable isotopes of bone collagen from prehistoric humans from Tenerife, Canary Islands.

Sample ID Locality Altitude
(m a.s.l.)

Bone type Sex Age d15N&
(AIR)

d13C&
(VPDB)

%N %C C/N Collagen % Antiq. (BP)

B 82 Portillo 2081 Axis Female Old adult 8.5 �20.5 15.6 42.0 3.1 13.0 410 � 40
C 34 Portillo 2081 1st rib Female Young adult 8.2 �20.4 15.5 41.2 3.1 14.1 354 � 56
A34 Portillo 2081 Left coxal Male Adult 9.3 �19.7 11.7 30.0 3.0 2.6
D17 Portillo 2081 Coxal Male Old adult 9.6 �20.0 9.0 24.6 3.2 1.3
CA77-8a Cascajo 1641 Tibia Male Infant 10.7 �20.2 6.3 17.8 3.3 1.1 200 � 40
SAL2 Salitre 2239 Tibia Female Adult 9.3 �19.4 10.7 28.0 3.0 2.6
SAL3 Salitre 2239 Tibia Female Adult 9.8 �20.3 14.8 36.6 2.9 7.1 830 � 59
ANG1 Angostura 2193 Tibia Male Adult 11.7 �18.8 13.5 34.7 3.0 4.9
ANG2 Angostura 2193 Tibia Male Adult 11.7 �20.0 12.5 33.7 3.1 4.5
ANG3 Angostura 2193 Tibia Male Adult 9.7 �19.0 13.5 34.5 3.0 5.7
ANG4 Angostura 2193 Tibia Male Adult 11.7 �18.7 12.8 33.0 3.0 3.7
ANG5 Angostura 2193 Tibia Male Adult 12.4 �19.3 12.4 32.1 3.0 2.7 594 � 38
Ind. 6 Montaña

Blanca
2423 Tibia Male Adult 12.2 �19.5 10.7 29.5 3.2 1.8 550 � 40

SAL1 Salitre 2239 Tibia Male Adult 10.0 �19.5 6.1 16.7 3.2 1.4

a Not subjected to bone histomorphometrical analysis.

Table 2
Hydrogen stable isotopes of bone collagen, bone trace elements, and trabecular bone mass (TBM)from prehistoric humans from Tenerife, Canary Islands.

Sample ID Locality Altitude
(m a.s.l.)

Bone type Sex Age TBM (%) Sr (mg/kg) Ba (mg/kg) logBa/Sr D D

B 82 Portillo 2081 Iliac Female Old adult 16.65 77.63 45.28 �0.23 �18
C 34 Portillo 2081 Iliac Female Young adult 20.86 57.26 56.50 �0.01 �16
A34 Portillo 2081 Iliac Male Adult 26.37 69.94 22.53 �0.49 �18
D17 Portillo 2081 Iliac Male Old adult 22.21 82.72 82.70 0.00 �15
CA77-8 Cascajo 1641 Tibia Male Infant 263.81 28.00 �0.97 �18
SAL2 Salitre 2239 Tibia Female Adult 25.46 409.47 18.73 �1.34 �2
SAL3 Salitre 2239 Tibia Female Adult 15.04 364.74 20.37 �1.25
ANG1a Angostura 2193 Tibia Male Adult 443.45 22.68 �1.29 4
ANG2a Angostura 2193 Tibia Male Adult 85.05 28.92 �0.47 �17
ANG3a Angostura 2193 Tibia Male Adult 125.63 38.34 �0.52 �8
ANG4 Angostura 2193 Tibia Male Adult 14.00 56.89 31.27 �0.26 �8
ANG5 Angostura 2193 Tibia Male Adult 23.29 163.31 22.72 �0.86 �4
Ind. 6 Montaña

Blanca
2423 Tibia Male Adult 18.80 54.77 22.52 �0.39 1

SAL1 Salitre 2239 Tibia Male Adult 9.78 48.40 26.00 �0.27
CAP135 Capricho 2200 Iliac Male Adult 16.58 62.33 47.24 �0.12
MB-2 Montaña

Blanca
2423 Iliac Male Adult 23.46 62.78 54.17 �0.06

CAP 4 Capricho 2200 Iliac Male Adult 14.86 29.96 7.57 �0.60

a Lack of trabecular bone mass precluded TBM determination.
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calderae (a local cereal) and of Pinus canariensis (pine), and perhaps,
the fruits (dates)of Phoenix canariensis (palm tree) and Ficus carica.
(fig tree). These two last species are not present in Las Cañadas, but
some trees may grow at altitudes of 1200e1300 m, and their fruits
could be, perhaps, consumed by these people. Consequently,
modern samples of vegetables that may have been consumed by
the Guanches in the past have been analyzed for their stable
isotopes. All these data are shown in Table 3.

2.2. Methods

2.2.1. Stable isotope analysis
2.2.1.1. Bone collagen extraction. Bone samples were first physically
cleaned with a brush and sonicated in distilled water, and then
dried at room-temperature. The collagen extraction procedure used
was established by Ambrose (1990) and Bocherens et al. (1991).
Pieces of bone were ground by hand in an agate mortar and pestled
to a grain size less than 0.7 mm. About 200 mg of bone powder was
weighed into a 2 ml Eppendorf centrifuge tube, and 1 M HCl was
added to dissolve the mineral phase. The mixture was agitated for
20 min in an ultrasonicator to ensure even dispersal of the bone
powder through the acid. Samples were then centrifuged at 6300
r.p.m. for approximately 5 min and the supernatant was poured off.
The pellet was rinsed with distilled water and centrifuged three
times. The remaining solid was plunged into 0.1 M NaOH for 20 h at
room-temperature to remove organic contaminants such as humic
acids and the majority of lipids. Samples were again rinsed with
distilled water three times by repeated centrifugations. The residue
was then placed into 0.01 M HCl (pH ¼ 2) in closed tubes, at 57 �C
for 17 h, to solubilize the collagen. After centrifugation of the
samples, the supernatant (containing solubilized collagen) was
freeze-dried overnight. Yield collagenwas expressed as the mass of
freeze-dried collagen relative to the original dry weight of bone.

2.2.1.2. Plant sample preparation. Plant tissues were first cleaned
with distilled water by sonication and then oven-dried at 40e50 �C
overnight. Additionally, cereal grains (barley and wheat) were
lipid-extracted using 2:1 Chloroform: Methanol mixture for 20 h
prior isotope analysis. Dry plant tissues were then ground and
homogenized.

2.2.1.3. Stable isotope analyses. About 1 mg of freeze-dried bone
collagen and w5 mg of plant powder were weighed into a pre-
cleaned tin capsule, crimped and analyzed on aCarlo Erba Elemental
Analyzer (NC 2500), where combustion (oxidation and then
reduction) of the sample occurred. The CO2 and N2 produced after
combustion were analyzed using a Thermo Finnigan Delta Plus XL
isotope ratio mass spectrometer. The d values are defined as:

d13C or d15N or dD ¼
h�

Rsample=Rstandard

�
� 1

i

� 1000ðin& unitsÞ
Standards used: Vienna-Pee Dee Belemnite (VPDB) for carbon,

air for nitrogen, and Vienna-StandardMean OceanWater (VSMOW)
for hydrogen.

The content of carbon and nitrogen in modern bone collagen is
about 40e47% and 12e15%, respectively, so well-preserved bone
collagen should display a carbon/nitrogenmolar ratio, based on the
content (in %) of these elements in the sample, between 2.9 and 3.6
(DeNiro, 1987). Therefore, in paleodietary studies of prehistoric
humans it is fundamental to check the quality of the bone collagen
prior to the interpretation of the isotope results. Well-preserved
prehistoric material (fossil) should yield carbon content above 13%
and nitrogen amount above 5% (Ambrose, 1990). Yield collagen
percentage, expressed as the amount of freeze-dried collagen
relative to the dry weight of bone, should be above 1% (Ambrose,
1990). These conditions were achieved for all but the two
samples mentioned before, which were therefore excluded from
stable isotope analysis. In the other samples, both in humans and
prehistoric animals bone samples, C/N ratios were within the
appropriate range for pristine material (Table 1). In addition, the
yield collagen of all the samples was generally above 1% and
the content of nitrogen was above 5% (usually > 10%) for the

Table 3
Stable isotope values of the potential food sources analyzed.

Species Delta 15
N (&)

Delta
13 C (&)

N (%) C (%) C/N Collagen
yield

Plants
Spartocytissus supranubius

(broom) (wood)
�1.3 �22.8 1.2 54.7 45.8

Pinus canariensis
(leaves) (pine)

�2 �25.4 0.8 52.3 66.5

Adenocarpus viscosus (leaves
of this leguminous plant)

0 �23.8 3.4 62.5 18.1

Arrhenaterum calderae
(seeds of this cereal)

1.3 �23.8 1.1 44.7 39.8

Triticum aestivum wheat
(seed)

4.9 �23.3 2.2 45.5 20.9a

Wheat (Modern) 2.0 �23.4
Hordeum vulgare

barley (seed)
3.4 �25.0 3.4 51.3 15.0a

(Fruit)of Phoenix
canariensis (palm)

5.4 �26 0.6 41.4 74.9

Ficus carica (leaves)
(Fig tree)

8.7 �27.1 2.0 44.7 46.7

Animals (prehistoric bone remains)
Gallotia goliath

(giant lizard)
10.9 �20.5 11.5 29.9 3.0 2.6

Canaryomis bravoi
(giant rat)

9.6 �16.5 12.7 35.2 3.2 5

Pig (Sus Scofra) 5.9 �12.5 6.4 18.1 3.3 1.3
Ovicaprid 4.8 �20.1 14.2 36.8 3.0 11.3
Ovicaprid 7.1 �20.8 12.9 34.2 3.1 5.9
Ovicaprid 8.2 �18.3 11.3 30.7 3.2 1.9

a Tieszen et al., 1993.

Table 4
Carbon and nitrogen isotopes in some species potentially consumed by prehispanic
inhabitants of the Canary Islands (although hardly by those who permanently lived
in Las Cañadas).

Species Tissue D15 N D 13 C

Osilinus attratusa Body tissue 6.7 �18.4
Osilinus attratusa Shell organic

matter
7.0 �16.5

Osilinus attratusa Body tissue 7.9 �18.4
Patella piperataa(modern) Shell organic

matter
3.3 �14.5

Patella spa Body tissue 5.1 �14.1 d

Thais haemastomaa Body tissue 7.8 �15.0 d

Patella piperataa (modern) Shell organic
matter

4.4 �13.1

Grapsus grapsus (crab) Body tissue 8.7 �15.3 d

Sea urchin Body tissue 9.5 �16.6d

Hogfishb Bone collagen 12.1 �15.0 d

Mycteroperca rubrab

(Prehistoric)
Bone collagen 11.4 � 0.23c �11.1 � 0.6c d

Sparisoma cretensisb

(Prehistoric)
Bone collagen 8.3 � 0.10c �13.1 � 0.32c d

Phoenix canariensis
(modern palm tree)

Fruit 9.0 �27.5

Pteridium aquilinum
(fern) (modern)

Rhyzoma 5.4 �25.5

a ¼ Gastropods.
b ¼ Fish.
c ¼ standard error.
d Tieszen et al., 1993.
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majority of the samples (Tables 2 and 3). Because of these factors,
all the samples, with the exceptions mentioned before, were
considered to display a general good state of preservation, andwere
consequently appropriate for paleodietary analysis.

2.2.1.3.1. Nitrogen and carbon stable isotope analysis in bone
collagen. About 1 mg of bone collagen and w5 mg of ground plant
tissue and of soil organic matter powder was weighed into a pre-
cleaned tin capsule, crimped and combusted in a Carlo Erba
Elemental Analyzer (NC 2500). The CO2 produced after combustion
was analyzed using the CF-IRMS. Multiple in-house standards
(n ¼ 20) were analyzed as a check on the analytical precision of the
analysis, which was better than �0.1& (1 standard deviation).

The carbon isotope composition of modern food sources were
corrected for the Suess effect (i.e., isotopic depletion of surface
carbon reservoirs due to the burning of fossil fuels) by adding 1.6&
tomeasured food values (Marino andMcElroy,1991; Ambrose et al.,
1997). The following assumptions regarding metabolic fraction-
ations and the Suess effect employed in this study are:

(1) d13Cprehistoric tissues ¼ d13Cmodern tissues þ 1.6&,
(2) d13Cdiet ¼ d13Chuman collagen � 1& and
(3) d15Ndiet ¼ d15Ncollagen � 3&.

2.2.1.3.2. Hydrogen stable isotope analysis in bone collagen. About
0.8 mg of bone collagen was weighed into a pre-cleaned silver
capsule, crimped and analyzed in the High Temperature Conver-
sion/Elemental Analyzer (TC/EA) connected to the IRMS. The H2

produced after pyrolysis was analyzed using the CF-IRMS. Multiple
in-house standards (n ¼ 16) were analyzed as a check on the
analytical precision of the analysis, which was better than �1&
(1s standard deviation).

2.2.2. Trace elements determination
Bone samples of the inner cortical region of pelvis (when

available) or tibiae were extracted for trace element analysis. They
were dehydrated in a furnace at 100 �C during 4e7 days, and then
dissolved in 65% HNO3 and 10% H2O2, in order to digest organic
material. The digestion solutions were quantitatively transferred to
volumetric flasks and diluted up to 10 ml with ultrapure water
(Milli-Q OM-140 deionization system).

Prior to the analysis of each element we prepared a blank with
ultrapure deionised water (Milli-Q system) and different solutions,
at known concentrations, using certified standards of 1000 mg/kg
for each of the elements analyzed, which were further diluted.
These solutions were used for the calibration of the apparatus.

Bone barium was measured using a Spectra A 220-Z atomic
absorption spectrophotometer equipped with a Zeeman effect,
a Varian GTA 110Z graphite furnace with pyrolized tubes provided
with an �Lvov platform, and a microcomputer-controlled AS-40 auto
sampling system. Detection limits for barium were 0.04 mg/kg.

Strontium and calcium concentrations were determined with
the aid of a Varian Spectra AA spectrophotometer by flame atomic
absorption spectrophotometry. Detection limit for Sr is 0.042 mg/
kg. Samples destined for calcium analyses were further diluted
(1:1000). Detection limit for calcium is 0.017 mg/kg.

Bone Ba, Sr and Ca were compared to a modern sample of
cadavers from previously healthy individuals that died of traumatic
injuries and who ate a mixed diet.

2.2.2.1. Control for diagenesis. We performed two kinds of analysis
in order to assess the importance of diagenesis.

1. We took several random SEM microphotographs of bone
samples from just beneath the place fromwhich bone samples
for trace element analysis were extracted (Figs. 4 and 5). As

seen, some small particles were observed adhered to the
surface of the trabeculae. These particles were analyzed with
dispersive X-raymicroanalysis, and compositionwas invariably
consistent with complex silicates from lava-derived soil parti-
cles, but not calcium, strontium or barium salts. In addition, the
fine trabecular structure is sufficiently preserved to allow an
accurate estimation of trabecular bone mass.

2. We determined trace elements in the ground around the
skeletal remains, finding significantly lower strontium and
barium contents than in the skeletons (Table 5).

2.2.3. Bone histomorphometry
Transiliac crest bone specimens were processed for undecalci-

fied bone sample analysis. Briefly, samples were embedded in
methylmetacrylate, stored for 24 h at 4 �C and later polymerised at
32e34 �C for 3e4 days. Embedded samples were then cut in
9e12 mm thick slices with a Reichert-Jung microtome and stained
with toluidin blue. Trabecular bone mass (TBM) was determined
using an image analyser equipped with the program “Image
Measure 4.4a”, at 40�. Results are presented as % of total area.
Prehispanic data were compared with those of our modern control
group (GonzálezeReimers and Arnay-de-la-Rosa, 1992).

2.2.4. Statistics
We compared the results with those derived from a control

group by means of Student’s t test, and also between men and
women. We previously performed a KolmogoroveSmirnov test in
order to assess parametric distribution of the variables analyzed.
ManneWhitney’s U-test was used for variables with a non-para-
metric distribution. Statistical analysis was performed with SPSS
(Statistical package for Social Sciences).

3. Results

3.1. Stable isotopes

3.1.1. Nitrogen, hydrogen, and carbon stable isotopes in food sources
Results regarding isotope compositions of animals and plants

are shown in Tables 3 and 4. Results for wild plants which could
have been consumed by the prehispanic population, such as
A. calderae, and those of wheat, barley, and pine (P. canariensis)

Fig. 4. Bone sample from Cascajo.
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seeds, range around �25&, values observed in C3 plants (Farquhar
et al., 1982). The collagen carbon and nitrogen isotope values of the
lizard bones, which show d13C values of about �20&, and d15N
values around 11&, fit well with a consumption of C3 plants (and
probably insects), and those of C. bravoi , with consumption of
a mixed diet.

3.1.2. Nitrogen, hydrogen, and carbon stable isotopes in human
samples

Crude data obtained from each of the individuals analyzed are
shown in Tables 1 and 2. On pooling the data, nitrogen stable
isotopes ranged from 8.2 to 12.4&, and d13C values range from
�18.6 to �20.5&. In the cases in which dD was also determined,
values ranged from �18 to þ4& (Tables 1 and 2). All these data
indicate dietary differences between the individuals analyzed.
Indeed, although the differences were not statistically significant
when comparedwith a population of Tenerife’s lowland (Arnay-de-
la-Rosa et al., in press), there was a tendency to higher d15N and
d13C, but lower dD values. Interestingly, significant differences were
observed between men and women regarding d13C (T ¼ 2.6,
p ¼ 0.025) and d15N (T ¼ 3.57, p ¼ 0.005), but not regarding dD
(Table 6).

As reflected in Table 1, radiocarbon dating was performed at 5 of
the 6 burial sites. It is interesting that significant differences were
observed in dD, d13C and d15N between individuals buried before
the Spanish conquest and after the Spanish conquest (assuming
that all the individuals buried in the same cave belong to the same
period, i.e, before the conquest or after the conquest). Individuals
buried before the conquest showed higher d13C, d15N and dD than
those buried after the Spanish conquest (Table 7).

Since two of the 4 women included in this study were buried
after the Spanish conquest, and d15N and d13C differed between
those buried before and after the Spanish conquest, sex differences
might act as a confounding factor. Therefore, multivariate analysis
was performed. This showed that, regarding d13C, sex was the only

independent factor (p¼ 0.04), but regarding d15N, burial period was
the main parameter responsible for the differences observed
(p ¼ 0.01).

Since diet consumed by children might differ from that
consumed by adults, data derived from the remains of the boy from
Cascajo were not included in the global statistical analysis.
However, analyses yield a d13C value of�20.15& and also a very low
dD value (�18&, in the lower range of the individuals buried after
the conquest), but higher d15N values.

3.2. Bone mass

In Table 2 we show data relative to bone trace elements and
bone mass. As shown, significant differences were observed
between prehispanic individuals and modern controls regarding
TBM (Table 8). If, based only on our results, we established the range
of normal TBM (mean � 1.96 � SD ¼ standard deviation) we would
obtain an exceedingly wide range for normality (from 14% to 35%).
However, pooling together data from other series (Thomsen et al.,
2002; Mohsen, 2006), a more realistic low boundary for normal
TBMwould be 16e17%. In our study therewas one individual whose
TBMwas clearly in the osteopenic range, and threemore individuals
with borderline TBM values between the lower limit of the
normality and osteopenia (Table 2). All these 4 individuals belonged
to the group of those died before the Spanish conquest. However,

Table 5
Barium and strontium in soil samples of the burial caves.

Archaeological site Barium (mcg/g) Strontium (mcg/g)

Capricho 50.45 4156.63
Cascajo 193.57 1948.73
Angostura 392.60 1716.31
Portillo 15704.55 2151.52
Salitre 898.95 3378.30

Table 6
Differences of TBM, trace elements and isotopes between men and women.

Men Women

Trabecular
bone mass

18.82 � 5.43 19.50 � 4.670 T ¼ 0.22; NS

Bone
strontium

107.10 � 111.89
66.36 (55.30e115.49)

227.28 � 185.64
238.87 (62.35e398.29)

Z ¼ 1.09; NS

Bone barium 33.88 � 19.74
27.46 (22.57e45.02)

35.22 � 18.68
32.83 (19.14e53.70)

Z ¼ 0.24; NS

Log Ba/Sr �0.44 � 0.36
�0.43(�0.58 to �0.16)

�0.71 � 0.69
�0.74 (�1.32 to �0.06)

Z ¼ 0.36; NS

Calcium 213216 � 40288 204311 � 42588 T ¼ 0.37; NS
Delta C13 �19.39 � 0.48 �20.15 � 0.51 T ¼ 2.60;

p ¼ 0.025
Delta N15 10.92 � 1.24 8.95 � 0.73 T ¼ 3.57;

p ¼ 0.005
Delta D �8.13 � 8.20e8.0

(�16.5 to �0.25)
�12.00 � 8.72e16.00
(�18.00 to �2.00)

Z ¼ 0.72; NS

Table 7
Differences of TBM, trace elements, and isotopes between individuals buried before
the 15th century and after the 15th century.

After 15th century Before 15th
century

Trabecular
bone mass

21.52 � 4.01 17.92 � 5.22 T ¼ 1.22; NS

Bone strontium 71. 89 � 11.08
73.78 (60.4e81.45)

158.90 � 154.
14 73.92
(55.3e314.4)

Z ¼ 0.24; NS

Bone barium 51.75 � 25.01
51.16 (28.35e76.15)

28.38 � 12.88
24.36 (20.98
e36.57)

Z ¼ 1.70 NS

Log Ba/Sr �0.18 � 0.23
�0.12 (�0.43 to �0.02)

�0.62 � 0.46
�0.52 (�1.15
to �0.26)

Z ¼ 1.94;
p ¼ 0.052

Calcium 227025 � 38901 205644 � 40025 T ¼ 0.93; NS
Delta C13 �20.15 � 0.37 �19.39 � 0.53 T ¼ 2.60;

p ¼ 0.016
Delta N15 8.90 � 0.66 10.94 � 1.22 T ¼ 3.11;

p ¼ 0.01
Delta D �16.75 � 1.50e17.0

(�18.0e15.25)
�4.86 � 6.94e4.00
(�8.00 to þ1)

Z ¼ 2.28;
p ¼ 0.024

Fig. 5. Bone sample from Montaña Blanca.
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classifying all of them as osteoporotic, the association between
osteoporosis and burial after or before the Spanish conquestwas not
statistically significant (c2 ¼ 1.12, p > 0.5) No differences were
observed between men and women regarding bone mass (Table 6),
or between individuals buried before the Spanish conquest and
after the Spanish conquest (Table 7). Therewas no relation between
TBM and the barium to strontium ratio (log Ba/Sr), and also, no
relation between TBM and dD, d13C or d15N values.

3.3. Bone trace elements

Log Ba/Sr ranges from 0.00 to �1.34; statistically significant
differences were observed between prehispanic individuals and
modern controls regarding log of bone Ba/Sr ratios (Table 8). No
differences were observed between men and women regarding
trace elements (Table 6), or between individuals buried in pre-
hispanic times or after the Spanish conquest. (Table 7), although
there was a tendency to higher log Ba/Sr ratios among those buried
after the Spanish conquest. The half of the individuals analyzed
(50%) showed log Ba/Sr ratios over �0.40 (indicative of a diet based
on terrestrial products), and a further 20%, log Ba/Sr values close to
the boundary of �0.40. Only in four cases (from La Angostura and
Salitre, two burials with C-14 dating far before the Spanish
conquest), bone log Ba/Sr values point to the consumption of
a mixed (marine þ terrestrial) diet. In all the cases, bone Ba and Sr
were, by far, higher than soil content of these elements (Table 4).

Significant, direct relationships were observed between d13Cand
d15N (r ¼ 0.54, p ¼ 0.045; Fig. 6) and between dD and d13C(r ¼ 0.73,
p < 0.01; Fig. 7

In summary, individuals buried before the Spanish conquest
showed no significant differences in bone mass compared with
those buried after the conquest, suggesting that nutritional status
was similar in both groups, so the Spanish conquest did not exert an
impact on nutritional status among those who fled to Las Cañadas.
However, individuals buried before the conquest showed higher
d13C, d15N, and dD values than those buried after it, suggesting
a higher plant consumption after the conquest. Moreover, values of
log Ba/Sr are high, around �0.40 or higher, which confirms the
virtual absence of marine products in the diet, although some
individuals buried during the times before the conquest showed
values of log Ba/Sr which suggest consumption of a mixed diet.

4. Discussion

4.1. Dietary information derived from isotope analysis

As said before, assuming that the Guanches who were buried in
Las Cañadas were mainly goatherds, it is likely that they lived from
goat products, such as milk and derivatives, and meat, although the
finding of many grinding stones in archaeological sites also support
the consumption of a certain kind of cereal (barley? Seeds from

A. calderae?). Our results support the hypothesis that these indi-
viduals ate a mixed diet, with a relatively high d15N values. There
are no archaeobotanic evidences regarding consumption of C4
plants, and the results of this study also agree with this statement:
the carbon stable isotope composition of C4 plants ranges from�14
to �9& and averages�12&, while C3 plants display a range of d13C
values from �35 to �20&, with a typical mean value of �27&
(Farquhar et al., 1982, 1989). Indeed, d13C values obtained for wild
and domestic plant species included in this study (A. calderae,
wheat, barley, and pine (P. canariensis) seeds) range around �25&.
The range of d13C values for bone collagen in the population ana-
lyzedin this study was from �20.5 to �18.7&. Therefore, assuming

Table 8
Differences in TBM and Trace elements between the prehistoric sample and the
modern controls.

Cañadas Control

Trabecular
bone mass

19.03 � 5.02 24.30 � 5.17 T ¼ 2.64;
p ¼ 0.014

Bone strontium 137.15 � 137.70
73.8 (57.0e153.9)

121.48 � 41.62
122.9 (81.8e162)

Z ¼ 1.28; NS

Bone barium 34.22 � 18.86
27.5 (22.5e46.8)

9.60 � 12.43
3.7 (2.4e10.7)

Z ¼ 3.48;
p < 0.001

Log Ba/Sr �0.51 � 0.45
�0.43 (�0.79 to �0.15)

�1.26 � 0.46
�1.35(�1.66 to �0.88)

Z ¼ 3.17;
p ¼ 0.001

Bone calcium 210 989 � 39609 232 645 � 37995 T ¼ 1.46;
NS
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Fig. 6. Carbon and nitrogen stable isotopes of the analyzed human bone collagen.
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Fig. 7. Carbon and hydrogen stable isotopes of the analyzed human bone collagen.
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that d13C value of bone collagen is about 5& greater than the diet
(DeNiro,1985), it is likely that prehistoric humans from Las Cañadas
consumed primarily C3 plant types.

The d15N values in plants display a wide range in our study (Table
2). Leguminousplantsdisplay d15Nvalues ofnearly 0&,whereasnon-
leguminous plants show slightly higher d15N values (Katzenberg,
2000). Successively higher trophic levels lead to enrichment in the
heavier nitrogen isotope (Schoeninger et al., 1983; Hedges et al.,
2007). Herbivores show values 3& higher than their plant-based
diet, and carnivores also show 3& higher isotopic values than their
herbivore-based diet (DeNiro, 1985). In the present study we have
observed d15N values higher than others reported for inhabitants of
Tenerife’s lowland (Arnay-de-la-Rosa et al., 2010). The significantly
higher d15N values of bone collagen of humans from Las Cañadas
support the hypothesis that consumption of non-leguminous plants
and/ormeatwas greater by individuals from thehighlands compared
to those form the lowlands. The nitrogen isotope values of the
analyzed native plants which could be consumed by the inhabitants
of the highlands are not consistent with the human collagen results,
except for the endemic palm tree fruit (dates of P. canariensis) and F.
carica fruits, which do not grow in this altitude, but may have been
collected sporadically, since some trees of these species reach an
altitude of 1200 m. The d15N value of goat collagen (8.2&), however,
couldfitwith that of prehistoric humans, suggesting a contribution of
goat meat (or, probably, milk). The d15N value of the giant extinct
lizard, G. goliath, also allows us to hypothesize that it too may have
contributed to the food items consumed by these individuals.

The quantitative contribution of potentially consumed food
sources were computed using the IsoSource 1.3.1 software (http://
www.epa.gov/wed/pages/models/StableIsotopes/isotopes.htm)
using a model proposed by Phillips and Gregg (2003), which
computes the range of feasible source contributions to a mixed diet
when there are toomany sources to allowa unique solution through
isotopic signatures. All possible combinations of each source
contribution (0e100%) are examined in small increments with
a small tolerance. Using Isosource program, introducing data on
potential food sources allowed an interpretation of the diet
consumed by some of the individuals (lizard z46e50%, goat
48e50%), but the amount of vegetal species consumed was
exceedingly low (z2%), suggesting that perhaps other food sources,
not analyzed in the study, could have contributed. Nevertheless, it is
important to consider another factor which may explain these
results: climate of Las Cañadas is very arid, with very low humidity
values, even in winter (for instance, 8% humidity on 25th February
2010, or 18.6% on 31st December 2009; www.iac.es/telescopes/
tiempo/weather.html). In these conditions, evaporation of sweat is
increased, and some degree of dehydratation (relative to people
living in a humid environment) may ensue. It is well known that
dehydratation leads to an increase in blood urea, which diffuses into
tissues, ant that nitrogenwhich evaporates or becomes eliminated is
enriched in the lightest isotope. So, it is possible that values of d15N
are somewhat higher partly because of this mechanism; this does
not apply to the animals samples analyzed, since they do not belong
to archaeological sites from Las Cañadas. Dwelling areas in Las
Cañadas have not been systematically excavated, and very few goat
bones have been recovered and the bones of giant lizards have only
been found occasionally. In any case, in this study, both goat and
lizard bones were dug out in prehispanic coastal sites, belonging to
animals probably not subjected to such arid conditions.

4.2. Differences between individuals buried before and after the
Spanish conquest

It is interesting to point out the differences among individuals
buried before or after the Spanish conquest. In this study, C-14

analysis by two laboratories allowed accurate dating of the skeletal
remains belonging to two individuals from a burial site which con-
tained 4 corpses. The analysis showed that some of the “Guanche”
population still occupied the highlands after the Spanish conquest,
continued with their lifestyle, and buried their dead in caves as in
former times. They probably remained there for many decades,
perhaps even two or three centuries, as may be deduced from
chronicles written at the end of the 16th century (nearly 100 years
after the conquest), inwhich there is awarning for potential travelers
to the highlands that this was a dangerous place inhabited by “wild
people” (Aznar-Vallejo, 1988), and the references to the “alzados”
(rebels who did not accept the Spanish rule and fled to the moun-
tains). The fate of the Guanches who remained in the conquered
Canary Islands isquitewell documented. Thosewho survivedbecame
rapidly integrated in the new society, many as slaves (although
slavery was theoretically forbidden by the Spanish kings), others as
free people, some workers as labourers on the properties of the new
owners, and most, as goatherds. Chronicles and writings of the 16th
century emphasize the worth of the aborigines in herding work,
arguing that they were those who best knew the countryside. These
herders probably served as contacts with the “alzados”, about whom
theknowledge is imprecise. Indeed, during the16thand17th century,
the centralmountainswere considered as remote areas, towhich any
trip was considered dangerous, with vague references to ghosts,
witchesand “savages”, which may even have been fostered by the
“Guanches” in order to preserve their freedom.

Importantly, this study detected differences in dietary indicators
between individuals buried before the Spanish conquest and after
it. In those buried after the Spanish conquest, d15N values were
lower, d13C and dD values were also lower, and therewas a tendency
to higher bone barium values. In a previous study, transforming the
information provided by d13C and d15N values in proportions of
meat, vegetables, and marine products by means of Isosource
program (Arnay-de-la-Rosa et al., 2010), we showed that high dD
values were associated with animal protein consumption. In
support of this view, this study found a close correlation between
dD and d13C values, and also a nearly significant relationship
between dD and d15N. Individuals buried after the Spanish conquest
showed the lowest dD values, supporting the hypothesis that they
consumed a more vegetable-based diet than their ancestors.

The Spanish conquest led to disruption of the subsistence
activities of the prehispanic people who fled to the mountains.
Productive land now belonged to the new Spanish owners, so those
who fled were forced to depend more heavily on wild plants and
animals instead of agricultural products. In addition, they also had
to preserve the fewherds still left to them, and this entailed reduced
culling and less consumption of goat’smeat. Forced to consumewild
plants, some giant lizards, and less meat, the differences in isotope
values between the Guanches buried before and after the Spanish
conquest are not surprising. In contrast, the Guanches buried in Las
Cañadas before the Spanish conquest had probably spent most of
their lives near the coast, or at medium altitudes, moving to the
mountains with their herds in summer, so they probably had more
accessibility to food sources and consumed a more varied diet.

Interestingly, all 4 individuals buried at El Portillo showed the
lowest dD values, together with one prehispanic individual from
Angostura (Ang-2, Table 1), and the boy buried at Cascajo. Although
an child’s diet may differ from that of an adult, a preliminary result
of C-14 analysis of a bone sample of this boy yielded an antiquity of
only 200� 40 years BP (i.e, he died between 1710 and 1790). This is
a very recent C-14 dating for a partially mummified individual
buried in a small cave near a fully “prehispanic” dwelling, excavated
in 1977 by one of the authors (M.AeR), although it is important to
note that antiquity of one individual of El Portillo was 354 � 56
years (see Table 1), not so distant from that of Cascajo.
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Despite the possible more restricted access to food, and greater
plant consumption, the bone mass of individuals buried after the
Spanish conquest was similar to that of those buried before. A high
prevalence of osteoporosis in a non-selected population group
may be interpreted as secondary to malnutrition (Bourrin et al.,
2000a, 2000b).Normal TBM values may span from approximately
15e16% to 25e26%, although wider ranges have been reported in
some populational studies (Thomsen et al., 2002; Mohsen, 2006). In
our study, TBM values were significantly lower than those of the
modern control group. As stated before, some prehispanic individ-
uals were indeed osteoporotic, but no significant association was
found between suffering osteoporosis and being buried after or
before the Spanish conquest. (c2 ¼ 1.12, p > 0.5). There was no
relation between TBM and any of the isotopes analyzed or the
barium to strontium ratio (log Ba/Sr), and also, no relationship
between TBM and d13C or d15N values. In addition, dD, d13C and d15N
values did not differ between individuals with low TBM or normal
TBM, so there is no argument to support the hypothesis that changes
in stable isotopes may be due to malnutrition, at least in this study.
Also, data derived from this study do not support the hypothesis that
perhaps those who survived in the central mountains were under-
nourished. Chroniclers reported that the Guanches who survived
and maintained their ancient style of life were helped by Guanches
who lived under the Spanish rule in medium altitude areas of the
island (about 700e1000 m altitude; Betancor Quintana, 2002).
Perhaps this might explain the relative preserved nutritional status
of these people, although this is speculative, due to the small number
of individuals belonging to the post-conquest period.

Post mortem changes and bone-soil ion exchange hinders the
interpretation of bone trace elements as paleodietary indicators,
but barium to strontium ratio still allows a differentiation between
marine and terrestrial diet (Burton and Price, 1990). Since marine
environment is poor in barium, but not in strontium, it is said that
log Ba/Sr values below �1.40 indicate a diet based on consumption
of marine resources, and a value of �0.40 or higher, a diet based on
terrestrial products (Burton and Price, 1990). Most of the values
obtained in the present study are higher than �0.40; only three
cases show values around �1.25, all of them belonging to individ-
uals of prehispanic burials (who could have lived in coastal areas
and only sporadically moved to the highlands). As commented
earlier, it is likely that prehispanic goatherds who moved to the
central mountains did so for relatively short periods. Chroniclers
underscore that the high mountains were only seasonally occu-
pied; it is also possible that goatherds moved to medium altitudes,
or even to the coast, every few days. In any case, these habits could
have suffered changes during the many centuries of prehispanic
occupation of the island. The remains of marine food products are
very rare in Las Cañadas dwellings; the isotope composition of
Patella and other gastropods (Table 4) is not consistent with human
collagen isotopes, and as said, it is very unlikely that the inhabitants
of Las Cañadas consumed marine food.

The sample is too small to allow a firm inference on gender
differences regarding dietary indicators. However, despite the short
number of cases, men showed higher d15N and d13C thanwomen, as
shown in Table 6. These results point to higher consumption of
animal protein by men than by women, which has also been
reported for other parts of the island and for other islands of the
Archipelago (Arnay-de-la-Rosa et al., 2010). However, it should not
be forgotten that pregnancy has been also associated to a decrease
in d15N values (Fuller et al., 2004).

5. Conclusions

In the present study we have analyzed the stable isotope compo-
sition of bone collagen extracted from 17 well-preserved prehistoric

humans buried in arid highlands (Las Cañadas del Teide) of Tenerife,
Canary Islands. The stable isotope compositionwas also analyzed for
prehistoric animals and potentially consumedmodern plants.

As a whole, the carbon and nitrogen isotope composition of
human bone collagen of the population buried in Las Cañadas
suggest consumption of a diet rich in terrestrial meat, especially
goat and perhaps lizard, and also C3 plants. Isotope composition of
the samples belonging to the population buried in Las Cañadas
show some differences (although non significant) with that buried
near the coast, with higher d15N and slightly higher d13C values
(Arnay-de-la-Rosa et al., 2010), which suggest consumption of
higher proportion of meat by the former.

For the first timewe have documented that prehispanic forms of
life persisted, in Las Cañadas, far beyond the Spanish conquest,
affecting 5 individuals (a collective burial containing 4 corpses,
and one mummified child). Interestingly, these individuals showed
differences in their carbon, nitrogen, and hydrogen isotope
composition when compared with those buried before the Spanish
conquest, suggesting lower consumption of meat but more plants.
These results may be explained by the disruption of the subsistence
activities of those who fled to the mountains and were forced to
depend more heavily on wild plants and animals instead of agri-
cultural products, and to preserve the few herds still left to them,
leading to less consumption of goat’s meat. Also, differences in the
logBa/Sr ratios suggest that they consumed a terrestrial diet, in
contrast with those buried before the Spanish conquest, who
should have consumed a mixed diet.
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