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Abstract

In this study, from histological and chemical perspectives, we analyse the human remains belonging to the
Ž .pre-Hispanic inhabitants from Fuerteventura one of the Canary Islands and compare the results with those

Ž .obtained on a sample of pre-Hispanic inhabitants from Gran Canaria Canary Islands . We observe that trabecular
bone mass was normal in the samples from Fuerteventura except for an elderly woman; this result is in sharp
contrast with the decreased bone mass observed in the population from Gran Canaria. The pre-Hispanic population
from Fuerteventura showed lower bone strontium, SrrCa ratio, and bone barium, but slightly higher bone copper,
than that from Gran Canaria. All these data indicate a greater consumption of marine products by the population of
Fuerteventura. The high prevalence of osteoporosis observed in the population from Gran Canaria may be
interpreted as a consequence of protein-calorie malnutrition, a condition which seemed to be not so prevalent in the
population of Fuerteventura. Q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Certain trace elements accumulate in bone de-
pending on the amount absorbed; some of these
are metabolically inert and the concentration in

U Corresponding author.

bone may reflect the exposure of the body to the
Ž .element Gilbert, 1985 . This represents an ad-

vantage in the study of pre-historic bones since
the concentration of some trace elements in bone
may indicate the kind of diet consumed. This is

Žthe case for strontium and barium Burton and
.Price, 1990 . The former tends to accumulate in

vegetables; mammals discriminate against stron-
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tium and favour calcium absorption; vegetarian
animals, who consume relatively large amounts of
strontium, show higher strontium concentrations

Žin their tissues than carnivores Sillen and
.Kavanagh, 1982 . The marine environment is also

Žrelatively rich in strontium Schoeninger and Pee-
.bles, 1981 , but in contrast with the terrestrial

environment, barium concentrations are very low,
due mainly to the very low solubility of barium
salts in marine water, therefore, the BarSr ratio
is usually used to explore the relative consump-

Žtion of marine and terrestrial products Burton
.and Price, 1990 .

However, an assessment of trabecular bone
mass by histomorphometry is the standard method

Žin the diagnosis of osteoporosis Bordier and Tun
.Chot, 1972 . Trabecular bone mass depends on

the amount of bone formed and bone resorption
Ž .Eriksen and Langdahl, 1997 . Bone formation
requires the synthesis of a protein matrix } the
osteoid tissue } which later becomes mineral-
ized. A poor protein status may lead to decreased
synthesis of osteoid, thus leading to decreased

Žbone mass Cooper et al., 1996; Feskanich et al.,
.1996 . Also, age and several diseases alter the fine

equilibrium between bone synthesis and bone re-
sorption and cause osteoporosis, but, overall, the
prevalence of these diseases is low. Thus, a high
prevalence of osteoporosis in a non-senile unse-

Ž .lected apparently healthy population may be
Ž .due to protein malnutrition Gupta, 1996 .

The Canary Islands were colonized approxi-
mately 2000]2500 years ago by people of North

Ž .Africa origin Navarro Mederos, 1983 . They
adapted their economies to the strikingly differ-
ent geographical environments of each of the
islands of the Archipelago. It is probable that this
colonization took place in different waves; inter-
estingly, pre-historic material culture strongly
differs from one island to another.

Fuerteventura has a desertic climate; it was
sparsely inhabited, and only very few skeletal
remains have been found; most of them are pre-
served at the Museo Canario, in the city of Las
Palmas de Gran Canaria.

Here we analyse the trabecular bone mass and
the bone trace element pattern of these few indi-
viduals, comparing them with the results obtained

on a pre-historic sample from Gran Canaria and
with our own modern controls.

2. Materials and methods

2.1. Samples

2.1.1. Fuerte¨entura
Three complete pelves and eight right tibiae

belonging to a total of 11 pre-Hispanic individuals
from Fuerteventura constituted the available an-
thropological material kept at the Museo Canario

Ž .in Las Palmas Gran Canaria .
The three pelves belonged to two women, aged

more than 45 years, according to the inspection of
Ž .pubic symphysis Brooks and Suchey, 1990 , and

one man, also older than 45.
The eight right tibiae were sexed applying the

discriminant formulae obtained from the ancient
Žpopulation of Gran Canaria Gonzalez-Reimers´

.et al., 2000 . Applying this formula, six belonged
to men and two to women. Tibiae of the two
women and one man still showed the epiphyseal
closure line partially fused to the bone diaphysis;
therefore, age at death of these three individuals

Ž .was approximately 20 years 18]25 years .

2.1.2. Gran Canaria
The sample from Gran Canaria consisted of 32

right tibiae, belonging to 22 male individuals and
10 females, after application of the discriminant
functions for the pre-Hispanic population of Gran
Canaria. In four cases the epiphyseal closure line
was still evident, hence in these cases, age at
death was very young. All these samples are kept

Ž .at the Museo Canario Las Palmas , and belong
to individuals inhumed in several collective burial
caves. As the cases from Fuerteventura, these
individuals were not interred, but deposited on
stone or vegetal layers.

We have compared the results obtained in the
pre-historic populations with those of our control
group, composed of eight modern individuals,
aged 17]44 years, who underwent surgical inter-
ventions on the right knee which included re-
moval of bone of the tibial epiphysis. A small
part, used for trace element analysis, was care-
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Žfully irrigated with Ultrapure water Milli-Q OM-
.140 deionization system in order to remove bone

marrow.

2.2. Methods

2.2.1. Trabecular bone mass assessment
A small portion of the medial part of the poste-

rior aspect of the proximal epiphysis was removed
and processed for undecalcified bone sample
analysis. Briefly, samples were embedded in

Žmethylmetacrylate Sigma Chemicals, St Louis,
.Missouri, MO , stored during 24 h at 48C, and

later polymerized at 32]348C for 3]4 days. Em-
bedded samples were then cut into 9]12-mm-thick
slices with a Reichert]Jung microtome } so that
the resulting sections were perpendicular to the
long axis of the tibiae } and stained with Tolui-

Ž .dine Blue. Trabecular bone mass TBM was de-
termined using an image analyser equipped with

Žthe program ‘Image Measure 4.4a’ Microscience
.Inc. , at 40= . Results are given as a percentage

of the total area.

2.2.2. Trace element analysis
A small part of the tibial epiphysis was used for

trace element analysis. These samples were dehy-
drated in a furnace at 1008C for 24 h, and then

Ž .weighed and dissolved in 65% HNO Merck p.a.3
and 10% H O , in order to digest organic mate-2 2
rial. The digestion solutions were quantitatively
transferred to volumetric flasks and diluted to 10

Žml with Ultrapure water Milli-Q OM-140 deion-
.ization system . Dry weight of the samples ranged

from 0.5 to 1.2 g. In order to avoid interference
due to other ions, Sr was determined using a
nitrous oxide-acetylene flame, and, in order to
avoid ionization, a solution containing 2000
mgrkg of KCl was added to the primitive solution
of the bone samples, following standard recom-
mendations.

Zinc, copper and strontium were measured us-
ing a Varian Spectra AA spectrophotometer
Ž .Victoria, Australia by flame atomic absorption
spectrophotometry. Barium was measured using a
graphite furnace and a Perkin Elmer atomic ab-
sorption spectrophotometer. All the samples were

also analysed for bone calcium. This was also
performed by flame spectrophotometry, using a
nitrous oxide-acetylene flame, after a 1:1000 dilu-
tion of the initial solution, and further addition of
another solution containing 2000 mgrkg of KCl.

Detection limits for these elements are 0.009
mgrkg for Zn, 0.042 mgrkg for Sr, 0.026 mgrkg
for Cu, 0.16 mgrkg for Ba and 0.017 mgrkg for
Ca.

The BarSr and 1000)SrrCa molar ratios were
Ž .calculated. BarSr molar ratiosBar Sr)0.63 ,

Ž .and SrrCa molar ratiosSrr Ca)2.175
Prior to the analysis of each element we pre-

pared a blank with Ultrapure deionized water
Ž .Milli-Q system , and different solutions, at known
concentrations, using certified standards of 1000
mgrkg for calcium, barium, strontium, zinc and

Ž .copper Fisher, Fairlawn, NJ . These solutions
were used for the calibration of the apparatus.
Correlations between the certified values and
those determined by the spectrophotometer were
nearly linear.

3. Results

The results are shown in Table 1.

1. The individuals from Fuerteventura showed
mean TBM values greater than those from

Ž .Gran Canaria ts2.29, Ps0.03 . Two out of
the three pelves from Fuerteventura also
showed normal TBM values, and only one
elderly woman yielded a TBM of only 12.54%.
No differences were observed between the
tibiae from Fuerteventura and the modern
sample.

2. The individuals from Fuerteventura showed
Ž .lower bone Ba ts2.65, Ps0.012 and Sr

Ž .ts2.03, Ps0.049 than those from Gran
Canaria. Bone BarSr ratio was slightly lower
in the inhabitants from Fuerteventura, but
not significantly; however, bone SrrCa was
significantly higher in the population of Gran

ŽCanaria than in that of Fuerteventura ts
.2.17, Ps0.036 .

3. No differences were observed with respect to
the other trace elements, although there was
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Table 1
Ž .Bone trace elements and trabecular bone mass TBM in pre-hispanic and modern tibiae

Fuerteventura Gran Canaria Modern sample

n x"S.D. n x"S.D. n x"S.D.

aTBM 6 22.99"8.71 23 16.97"5.21 13 24.30"5.17
aStrontium 8 141.6"92.4 32 294.9"206.7 10 119.4"43.3

aBarium 6 8.4"4.8 31 20.7"23.6 11 7.7"11
BarSr molar 6 6.0"2.5 31 6.4"7.6 8 4.9"6.5

y2Ž .ratio =10
3Calcium=10 8 233.3"76.6 31 240.9"53.7 8 251.7"25.2

SrrCa molar ratio 8 0.27"0.14 31 0.54"0.34 5 0.22"0.06
3 aŽ .=10

Copper 8 10.5"6.6 30 6.8"5.1 8 9.6"6.8
Zinc 7 97.2"15.4 32 104.6"31.1 7 164.4"82.4

a Ž .Significant P-0.05 differences between Fuerteventura and Gran Canaria.

Fig. 1. Geographic situation of the Canary Islands.
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a trend to higher copper values among the
inhabitants from Fuerteventura.

4. Discussion

The Canary Islands are situated to the North-
Žwest coast of Africa, at a latitude 28th North Fig.

.1 . Climate and geographical environment differ
sharply from one island to another due to the
opposite influences of the dry winds which blow
from the Sahara desert, especially in the eastern
islands, and the wet and fresh north-eastern trade
winds and sometimes, the Atlantic storms which
mainly affects the western islands. As a conse-
quence dense forests cover the mountains of La
Palma, snow covers the northern side of the peak

Ž .of Tenerife Teide for more than 7 months per
year, whereas for Fuerteventura, near the African
coast, climate is fully desertic, with markedly ir-
regular rainfall. The primitive inhabitants of the
islands adapted to this extremely varied environ-
ment with different economic strategies. Despite
the relative lack of archaeological information,
the islanders from Fuerteventura were mainly
goatherders, and surely consumed marine
products, especially shellfish, such as limpets
Ž .Patella candei, Patella piperata and purpura
Ž .Thais sp. , whose shells are abundant in several
archaeological sites on that island. As in most of
the islands of the Canary Archipelago, dead were
not interred, but placed in natural caves on stone
layers.

The results reported here for the chemical
analysis of the few known human remains are
consistent with this hypothesis, showing low bar-
ium and also low strontium values. This last result
speaks against consumption of vegetables,
whereas the low bone Ba values support con-
sumption of marine products. In this sense, bone
copper values are higher than those from Gran
Canaria and also slightly higher than those of the
modern control individuals. Although its value as
a paleonutritional indicator is probably not im-

Ž .portant Ezzo, 1994 , undoubtedly, certain marine
Žproducts are rich in copper copper concentration

.of greater than 100 mgr100 kcal, Solomons, 1980 ,

hence, in our case, these results are consistent
with the hypothesis of a mainly consumption of
marine products by these people.

In contrast, the results from Gran Canaria dif-
fer in several ways. Gran Canaria was densely
populated in the 15th century, before the Spanish

Ž 2 .conquest approx. 30]40 inhrkm following
Ž .chroniclers reports Morales Padron, 1994 . Most´

of the island was not desertic, there were nine
permanent water courses and also supported
dense forests in the central highlands. The
economy was mainly based on agriculture, the
society was strongly hierarchized and the surplus
of the agricultural products in good agricultural
years was kept in large silos to be distributed by

Žthe landlords in the years of bad yield Abreu
.Galindo, 1977 . The high strontium values,

together with the high barium levels support the
hypothesis of a mainly vegetarian based diet }
although both the high prevalence of auricular
exostoses and the low BarSr ratio suggest that
the inhabitants of the coastal regions did con-
sume more marine products than those of the

Ž .central region Velasco-Vazquez et al., 2000 . It is´
not surprizing that such a fragile equilibrium
within an overpopulated island could become
broken in dry winters, or when locust plagues
arriving from the Sahara desert devastated agri-
culture } something which occurred even in the
early 1950s. It is very likely that severe starvation
affected a part of the population in these situa-
tions and led to osteoporosis. Indeed, chroniclers
also report about the practice of female infanti-
cide performed by the primitive inhabitants of
Gran Canaria in order to limit population growth
Ž .Morales Padron, 1994 . In a previous study on´
more than 250 right tibiae belonging to adult
individuals from Gran Canaria we have found a
high prevalence of osteoporosis, even among indi-
viduals who died in the third decade of life
Ž .Velasco Vazquez et al., 1999 ; however, there`
were striking differences between different indi-
viduals. This result is consistent with the previous
statement and also favours the existence of social
differences, and also with the finding of a rela-
tively low mean TBM in the population analysed
in this work. This is in contrast with the results
obtained for the population of Fuerteventura, in
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which no osteoporosis was observed, except for a
Ž .case in an elderly )45 years old woman. It

seems that the population density of Fuerteven-
Žtura was scarce between 0.6 and 2 inhabitantsr

2 .km , Cabrera Perez, 1993 . Probably, the is-´
landers obtained enough food from marine
products complemented with goat milk, and per-
haps some meat. This led to a more equilibrated
nutritional status and to a greater independence
of climatic variations.

We conclude that the pre-Hispanic inhabitants
from Fuerteventura consumed few vegetables, but
existed on a mainly marine-based diet. The preva-
lence of osteoporosis was low, a fact which does
not support the existence of widespread malnutri-
tion, in contrast with the results obtained on the
pre-Hispanic population of Gran Canaria.
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