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Lifestyle on the south coast of Brazil: considerations about shell 
mound (sambaqui) builders through bone and dental analysis

Estilo de vida no litoral sul do Brasil: considerações sobre os construtores 
de sambaquis por meio das análises ósseas e dentárias

Marina Di Giusto 
Universidade de São Paulo. Museu de Arqueologia e Etnologia. São Paulo, São Paulo, Brasil

Abstract:  Sambaquis are a specific type of archaeological site found on the Brazilian coast that contain a large number of human burials 
and were constructed by progressively and intentionally accumulating shells and fish bones. Brazilian archaeologists have 
suggested that these groups comprised a stable system during their occupation of the coast, especially on the southern 
coast of Santa Catarina state. This study investigates whether the cultural continuity and stability in this region are also 
reflected in markers of physiological stress visible in bones and teeth, looking for three non-specific stress markers (porotic 
hyperostosis, cribra orbitalia, and linear enamel hypoplasia) in human skeletal remains from two sambaquis (Cabeçuda, 
n = 77 and Jabuticabeira II, n = 55, c. 3,200-1,500 years BP). The resulting data indicate that the individuals buried in 
these sambaquis were constantly exposed to stressful events during childhood, but physiological stress patterns changed 
over time, signaling biocultural variability among the groups despite similar material cultures and constructive aspects. 
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Resumo: Sambaqui é um tipo particular de sítio arqueológico encontrado na costa brasileira que contém um grande número de 
sepultamentos humanos, construídos através do acúmulo progressivo e intencional de conchas e ossos de peixes. Pesquisas 
arqueológicas sugeriram que esses grupos constituíram um sistema estável durante a ocupação do litoral, especialmente 
no litoral sul do estado de Santa Catarina, Brasil. O objetivo deste estudo é testar a hipótese de que a continuidade e a 
estabilidade cultural nessa região também se refletiriam no estresse fisiológico dos ossos e dentes. A autora analisou três 
marcadores de estresse não específicos, hiperostose porótica (HP), cribra orbitalia (CO) e hipoplasia linear do esmalte 
(HLE) em remanescentes esqueléticos humanos de dois sambaquis, Cabeçuda (n = 77) e Jabuticabeira II (n = 55)  
(c. 3.200-1.500 anos AP). Os dados apontam que os indivíduos de Cabeçuda e Jabuticabeira II estavam constantemente 
expostos a eventos de estresse durante a infância, porém com mudanças nos padrões de estresse fisiológico ao longo 
do tempo, sinalizando variabilidade biocultural entre os grupos, ainda que sua cultura material e aspectos construtivos 
sejam semelhantes.
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Sambaquis are shellmounds situated along the Brazilian 
coast, intentionally constructed by fisher-hunter-gatherer 
groups through the long-term accumulation of shells, 
fish bones and sediments, interspersed in a complex 
stratigraphy, with a material culture that includes burials, 
lithic and bone artifacts, hearths, and food waste. They 
are one of the most numerous and well-documented 
Brazilian sites, with a great density of archaeological datas 
that allow important inferences about the lifestyle of their 
builders. There exists substantial variability in the dimension 
of sambaquis, with some of them reaching impressive 
proportions of more than 30 m in height. These are located 
mainly in the state of Santa Catarina (southern Brazil) 
and appear to have functioned exclusively as cemeteries, 
without evidence of daily activities (DeBlasis et al., 2007; 
Fish et al., 2013; Gaspar et al., 2014).

Most coastal sambaquis are located in bays, estuaries, 
lagoons, and mangroves, that constitute a range of 
environments or ecological zones with high and diverse 
biotic productivity (Lima, 1999-2000; Gaspar et al., 2008, 
2014). The southern coast of the state of Santa Catarina is 
an ecotonal zone characterized by the meeting of Atlantic 
Forest, restinga vegetation, mangroves, lagoons, and Atlantic 
Ocean marine environments. It is thus a region with a vast 
and varied availability of resources (Scheel-Ybert et al., 2003; 
Kneip, 2004) that perhaps facilitated human settlement. 
Currently, it is known that sambaqui people had a broad 
dietary spectrum, based on marine protein, but which also 
incorporated terrestrial protein and a diversity of plants 
(Figuti, 1993; Masi, 2001; Wesolowski et al., 2007; Scheel-
Ybert, 2013; Boyadjian et al., 2016; Pezo-Lanfranco, 2018).

The high concentration of sambaquis on the southern 
coast of Santa Catarina state, active for thousands of years, 
with large dimensions, high burial density, similar building 
patterns, and similar bone and lithic industries, suggest that 
these people would constitute a complex and long-lasting 
social system, with an economic, social, and political stability 
over these years of permanence in the coast (DeBlasis 
& Gaspar, 2009; Fish et al., 2013; Kneip et al., 2018;  

DeBlasis et al., 2021). Taking as a case study this region of 
interest, the present research studied the human remains 
from two large and important sambaquis in the region: 
Cabeçuda and Jabuticabeira II.

Sambaqui Cabeçuda (UTM 712601-6852170) 
is located in the town of Laguna, Santa Catarina State  
(Figure 1) and is dated between 3,235 and 1,510 cal. years 
before present (BP) (Saladino, 2016). The site is reputed one 
of the largest sambaquis in Brazil, and measured 100 m in 
diameter and 20 m in height before its partial destruction 
during the 19th and 20th centuries (Rohr, 1984; Saladino, 
2016). The first excavations in Cabeçuda were in 1950/1951 
and more than 200 individuals were exhumed (Souza, 1995; 
Klökler, 2014), which constituted one of the largest and 
most important human skeletal archaeological collections 
in Brazil, and were housed in the National Museum of the 
Federal University of Rio de Janeiro (MN/UFRJ). The last 
archaeological excavation in Cabeçuda was in 2012, and the 
20 individuals exhumed then are housed at Universidade do 
Sul de Santa Catarina (UNISUL) (Farias & Deblasis, 2014; 
Silva, 2020), in Tubarão, Santa Catarina State.

Sambaqui Jabuticabeira II (UTM 699489-6835694), 
Santa Catarina State, is located in the town of Jaguaruna 
(Figure 1) and dates between 2,851 and 1,534 cal. years BP 
(Klökler, 2008). It is considered a medium-sized sambaqui, 
measuring 200 m wide and 6 m high (Fish et al., 2000). 
It is one of the most-studied sambaquis in Brazil, with its 
first archaeological excavation taking place in the late 1990s. 
There are currently at least 90 individuals housed in the 
Museum of Archaeology and Ethnology at the University 
of São Paulo (MAE/USP).

Research at Jabuticabeira II was essential for 
reformulating the meaning of the largest sambaquis of the 
southern coast of Santa Catarina. Its construction continued 
uninterrupted for hundreds of years and its function was 
strictly oriented to funeral activities (DeBlasis & Gaspar, 
2009). Klökler (2008) points out that faunal remains, 
especially fish, played an integral role in feasts performed 
to honor the dead.
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An important feature of Jabuticabeira II is the presence 
of a dark sediment layer covering the conchiferous layers 
across the whole site. This dark layer, also described as 
fishmound (Villagran, 2013), is composed primarily of fish 
bones and sediments rich in charcoal and organic materials 
(DeBlasis et al., 2007; Villagran, 2013). 

Both Jabuticabeira II and Cabeçuda are cemeteries, 
and systematic archaeological excavations observed 
variability in relation to burial practices that could indicate 
different moments of occupation. In Jabuticabeira II, 
there are visible changes in the site construction layers 
(shellmound vs. fishmound), with the presence of pottery 
in the latest one. During excavations of Cabeçuda during 
the 1950’s, were identified two distinct contexts with higher 
burial density and different funerary characteristics: one 

group of burials located between 2 and 3 meters deep and 
another group between 6 and 8 meters deep, which could 
indicate different moments of occupation with potentially 
different morbidity and mortality realities (Souza, 1995). 
During the last archaeological excavation (carried out in 
2012) human skeletal remains were exhumed in an area of 
the site with older dates (between 3,235 and 2,925 cal. BP)  
that could also be related to another moment of 
occupation. As Saladino (2016) and Silva (2020) point out, 
changes related to funerary rituals occurred throughout the 
construction of Cabeçuda.

Archaeologists usualy argued for the continuity 
and stability in the lifestyles of the sambaqui builders, 
as reflected in the homogeneity of various aspects of 
material culture. According to these studies, these groups 

Figure 1. Location of the sambaquis Cabeçuda and Jabuticabeira II. Map: Rafael Stabile (2021).
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could have an egalitarian political organization, sharing 
the same environment and resources, and recognizing 
themselves as belonging to the same identitary group 
(DeBlasis & Gaspar, 2009; Fish et al., 2013; DeBlasis et al., 
2021). This paper aims to discuss this hypothesis for the 
study area through the analysis of physical stress markers 
(Porotic Hyperostosis, Cribra orbitalia, and Linear Enamel 
Hypoplasia) in individuals buried in the Cabeçuda and 
Jabuticabeira II sambaquis. 

Applying a biocultural perspective, the research 
sought to understand the temporal variation of the stress 
pattern, considering that these are closely related to the 
lifestyle, culture and environment, as pointed out by Souza 
(1995) to Cabeçuda sambaqui and Wesolowski (2000) to 
Rio Comprido and Morro do Ouro sambaquis (northern 
coast of Santa Catarina).

BIOARCHAEOLOGY AND 
PHYSIOLOGICAL STRESS MARKERS
Bones and teeth are tissues that responds to chronic 
physical stress, which allows us to uncover important 
information about lifestyle and behavior of individuals or 
populations. Skeletal series from sambaquis have been 
widely used to investigate various aspects of the lifestyle 
of these groups, such as physical and labor activities, diet, 
pathologies, violence, mobility, among others (e.g. Alvim & 
Gomes, 1989; Souza et al., 2009; Petronilho, 2005; Lessa 
& Scherer, 2008; Bastos et al., 2014; Colonese et al., 2014, 
2015; Boyadjian et al., 2016; Stabile, 2017; Filippini et al., 
2019; Pezo-Lanfranco et al., 2020). The use of non-specific 
stress markers has been a common strategy in Brazilian 
bioarchaeology and there is important information for 
several areas of the Brazilian coast that suggests patterns 
with slight regional variations (e.g., Wesolowski, 2000; 
Fischer, 2012; DiGiusto, 2017).

Physiological stress markers are observed in 
bones and teeth and occur when there is an imbalance 
of the organism resulting from environmental and/or 
cultural circumstances (Martin et al., 1985; Larsen, 1997).  

The nonspecific stress markers analyzed in this study are 
Porotic Hyperostosis (PH), Cribra orbitalia (CO), and 
Linear Enamel Hypoplasia (LEH). 

PH and CO are nonspecific stress markers 
characterized by macroscopic porous lesions on the 
outer part of the cranial vault and orbital roof, respectively 
(Moseley, 1965; El-Najjar et al., 1975; Oxenham & Cavill, 
2010). These lesions are formed as a result of bone 
marrow hypertrophy and the consequent expansion of 
the trabecular bone of the skull (diploe), with thinning of 
the external cortex (Ortner, 2003).

The pathological process that generates the expansion 
of the diploe and the porosities was and still is the subject of 
discussion. Traditionally, PH and CO are related to anemic 
conditions, whether due to genetic anemias (sickle-cell and 
thalassemia) or acquired anemias (Moseley, 1965; Angel, 
1966; Carlson et al., 1974; El-Najjar et al., 1975), although 
some studies point out other causes, such as inflammatory 
processes, subperiosteal hematomas, tumors, nutritional 
problems or meningitis (Schultz, 2001; Walker et al., 2009).

In general, the bioaqueological literature identifies 
multiple causes for these conditions (e.g. Wapler et al., 
2004; Walker et al., 2009; McIlvaine, 2013), but points 
to nutritional anemia, such as iron deficiency, as the most 
likely factor for both PH and CO (El-Najjar et al., 1975; 
Fairgrieve & Molto, 2000; Steckel et al., 2002; Walker et 
al., 2009; McIlvaine, 2013).

According to the World Health Organization 
(WHO), anemia is not a pathology, but a physiological 
condition that occurs when there is a low amount of red 
blood cells or a drop in the ability to carry oxygen through 
the blood (WHO, 2019). Adequate oxygen transportation 
depends on serum hemoglobin levels in blood which can 
drop in response to a lack of essential micronutrients (e.g., 
vitamins B6, B12, and iron) resulting in anemia (Isselbacher, 
1994). The hypoxia resulting from low serum hemoglobin 
levels triggers the release of the erythropoietin hormone 
that, in a compensatory process, accelerates the production 
and maturation of red blood cells by the hematopoietic 
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marrow (Isselbacher, 1994; Walker et al., 2009), resulting 
in the expansion of the diploe. Once the anemic condition 
is overcome, the diploe returns to its normal state and the 
porosities heal (Figure 2). 

Researchers have excluded the possibility that 
genetic anemia was present in the American continent 
before European colonization; therefore, the presence 
of PH and CO in precolonial skeletal series in America 
has been interpreted as indicative of anemia by nutritional 
or infectious processes (Carlson et al., 1974; El-Najjar & 
Robertson, 1976; Mensforth et al., 1978; Stuart-Macadam, 
1985, 1992; Walker, 1986; Blom et al., 2005). Studies with 
American coastal groups with diets rich in protein and iron, 
such as sambaqui groups from the Brazilian coast, propose 

Figure 2. PH and CO development. The figure shows the factors and 
the organism physiological response that leads to the appearance of 
the bone characteristics associated with PH and CO.

Figure 3. LEH development. The figure shows the factors and the 
organism physiological response that leads to the appearance of the 
teeth characteristics associated with LEH.

that infections and parasites would be more plausible 
hypotheses for these conditions (Walker, 1986; Alvim & 
Gomes, 1989; Alvim et al., 1991; Souza, 1999; Blom et 
al., 2005; Suby, 2014).

Enamel hypoplasia is defined as the reduction of 
enamel thickness and can be caused by the cessation or 
diminution of ameloblast function during the secretory 
stage of enamel formation in early life (Goodman et al., 
1980; Bocaege & Hillson, 2016; Towle & Irish, 2020). 
Although there is more than one type of hypoplasia, the 
focus of this study is on the most studied, linear enamel 
hypoplasia (LEH). LEH forms when an individual is exposed 
to physiological stress while tooth crowns are developing 
and provides a relatively permanent record of the past 
health of an individual (Goodman et al., 1980) (Figure 3). 
It is an important indicator of stress because it is possible 
to establish the chronology or estimate the approximate 
age of the individual at the time of LEH formation.
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LEH is a non-specific indicator of stress and can result 
from dietary deficiencies, metabolic disorders, infectious 
disease or even intoxication (El-Najjar et al., 1978; Cook 
& Buikstra, 1979; Larsen & Hutchinson, 1992; Ubelaker, 
1992; Primeau et al., 2015). Recent studies seek to 
better understand possible etiologies for the formation of 
hypoplasia, including genetic factors (Towle & Irish 2019, 
2020). Some paleopathological studies associate the 
occurrence of systemic LEH with weaning age (Ubelaker, 
1992; Wright, 1997). 

MATERIAL AND METHODS
Individuals who had retained at least 50% of the right and/
or left parietal bones and/or frontal bones were selected 
for PH analysis. For CO analysis, were selected individuals 
who had at least 50% of the right and/or left orbitals. When 
only one orbit was present (left or right), the individual was 
not considered analyzable if the result for CO was negative, 
since CO lesions can be unilateral, although often described 
as bilateral (Ortner, 2003). For LEH analysis, were included 
individuals who had at least two anterior teeth present (upper 
and/or lower), with at least 1/3 of the crown fully formed, 
and with systemic LEH, that is, present in at least two teeth 
in the same age range. Both adult and subadult individuals 
were included for all analysis.

Seventy-seven individuals (of a total of 134) were 
analyzed from Cabeçuda, of whom 56 were analyzed for 
PH, 29 for CO, 44 for LEH in permanent teeth and 5 for 
LEH in deciduous teeth. In Jabuticabeira II, 55 individuals 

were analyzed (of a total of 93), of whom 46 individuals 
were analyzed for PH, 27 for CO, 32 for LEH in permanent 
teeth and 11 for LEH in deciduous teeth. Parameters 
described in Buikstra and Ubelaker (1994) and Schaefer et 
al. (2009) were used to estimate sex (e.g. cranial and pelvic 
morphology) and age (e.g. cranial and pelvic morphological 
changes and dental development). Sex estimative for 
subadults was undetermined for all of them. 

The skeletal series of each site was subdivided 
according to chronological, stratigraphic and contextual 
information (for details see DiGiusto, 2017). In this way, 
the series of Cabeçuda could be reconfigured in three 
sub-series and the Jabuticabeira II in 2 sub-series (Table 1).

For the physical stress marker, PH and CO were 
identified by macroscopic observation on the external 
surface of the parietal bones and the orbit roof, with a 
10x magnifying glass. The porosities were classified as 
active, healed, or healing (Stuart-Macadam, 1985). For 
LEH analysis, as proposed by Fischer (2012), the teeth 
were divided in three parts according to dental anatomy 
and into age groups (based in dental growth published 
by Primeau et al., 2015) (Figure 4). The division in three 
parts guided the division between age groups, since the 
teeth have similar anatomies between individuals. This 
was important in view of the presence of tooth occlusal 
wear in sambaquis groups, which makes it difficult (and 
in some cases, impossible) to locate hypoplasias based 
on the total size of the crown. For each individual, a 
schematic drawing was made noting the presence/

Table 1. Skeletal series division and nomenclature, according to chronological, stratigraphic and contextual information. Legends: * = 
calibrated dates [for Cabeçuda, published in Farias and Deblasis (2014) and Saladino (2016); for Jabuticabeira II, published in Klökler (2008) 
and Posth et al. (2018)]; ** = number of individuals analyzed in this study.

Sambaqui Years B.P.* Number of individuals** Serie nomenclature for this study

Cabeçuda 1987-1519 57 CB-late

Cabeçuda 2308-2108 11 CB-intermediate

Cabeçuda 3235-2925 9 CB-early

Jabuticabeira II (fishmound) 1864-1080 19 JAB II-late

Jabuticabeira II (shellmound) 2851-1992 36 JAB II-early
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absence of each anterior tooth, as well as the presence 
of dental wear, calculus, and any other element that 
could interfere with the analysis, making it possible to 
later calculate LEH prevalence for each age range. LEH 
was identified by macroscopic observation and tangential 

illumination with the aid of a small flashlight. The stress 
marker studied per individual, with their respective sex 
and age estimates are in the Table 2.

Subsequently, the prevalence of PH, CO, and LEH 
were submitted to a statistical test (Fischer’s Exact Test). 

Figure 4. Permanent anterior teeth divided into age groups. Image credit: M. Di Giusto.

Table 2. Individuals analyzed in this study, divided among the series with indication of sex, age and stress markers observed (signalized with 
X). Legends: M = male; F = female; Und. = undetermined; Y.A. = young adult (19-25 years); adult (26-34 years); M.A. = middle adult 
(35-49 years); O.A. = old adult (+ 50 years); Und. Ad. (adult with no specified age range); ys = years; ms = months; CB = Cabeçuda; JAB II 
= Jabuticabeira II.              (Continue)

Serie Burial Sex Age PH CO LEH

CB-late I.A - 1.25 - 1.50 M M.A. X - -

CB-late V - A - 1.50 - 1.75 F M.A. X X -

CB-late I II - B B - 0.50 Und. 6 ys (± 24 ms) X X X

CB-late 6 - I - C - 0.75 - 1.00 Und. 12 ys (± 36 ms) - - X

CB-late 8 - III - C - 0.75 Und. Und. Ad. - - X

CB-late 11 - I - B - 0.50 - 0.75 Und. 15 ys (± 30 ms) - - X

CB-late 12 - IV - C - 1.00 - 1.25 M M.A. X - -

CB-late 13 - V - C - 1.00 - 1.25 Und. M.A. - X X

CB-late 14 - VI - C - 1.50 - 1.75 Und. 6 ys (± 24 ms) X X X

CB-late 15 - VI - C - 1.75 - 2.00 F Y.A. X X X

CB-late 16B - VI - D - 1.75 - 2.00 Und. 4-6 ys X - -

CB-late I (II) A.2.50 - 2.75 Und. M.A. X - -

CB-late II A 2.50 - 2.75 2/VIII/50 M O.A. X - -

CB-late II B (A) 2.50 - 2.75 M Y.A. X - X

CB-late II B-C - 2.50 - 2.75 F M.A. X X -
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Serie Burial Sex Age PH CO LEH

CB-late III A.2.00 - 2.25 Und. 17-19 ys X X X

CB-late III A - 2.25 - 2.50 M M.A. X X X

CB-late III A - 2.50 - 2.75 M Y.A. X X X

CB-late II B - 2.50 - 2.75 F M.A. X - X

CB-late III B - 2.50 - 2.75 Und. 10 ys (± 30 ms) X X -

CB-late III D - 2.50 - 2.75 F Y.A. X - X

CB-late III D - 2.50 - 2.75 Und. Und. Ad. X - X

CB-late III E - 2.25 - 2.50 F Y.A. - X

CB-late III E - 2.75 - 3.00 F M.A. X - -

CB-late III F - 3.25 - 3.50 M Y.A. X X X

CB-late IV D - 2.25 - 2.50 F M.A. - - X

CB-late IV B - 2.25 M M.A. X X -

CB-late IV B - 2.50 - 2.75 F M.A. X X X

CB-late IV D - 2.50 - 2.75 M M.A. - - X

CB-late IV D - 2.50 - 2.75 F M.A. X X X

CB-late IV D - 2.75 - 3.00 M Y.A. X - X

CB-late IV E - 2.25 - 2.50 M O.A. X X -

CB-late IV E - 2.25 - 2.50 Und. 15-18 ys X X X

CB-late IV E - 2.50 - 2.75 Und. 18-20 ys X - X

CB-late IV E - 2.50 - 2.75 M Y.A. X X X

CB-late IV H - 3.75 - 4.00 Und. 18-20 ys - - X

CB-late IV A - 2.25 - 2.50 F Adult X - X

CB-late IV (A) - G - 2.25 - 2.50 M Und. Ad. - - X

CB-late IV (A) - D - 2.25 M M.A. X - X

CB-late IV (A) - D - 2.50 M M.A. X X -

CB-late IV (A) - D - 2.50 - 2.75 M M.A. - X X

CB-late IV (A) - D - 2.50 - 2.75 Und. 10 ys (± 30 ms) X - X

CB-late IV (A) - E - 2.25 Und. 3 ys (± 12 ms) - - X

CB-late IV (A) - E - 2.25 M M.A. X - -

CB-late IV (A) - F - 2.50 F M.A. X X -

CB-late V - A - 2.25 - 2.50 Und. 12 ys (± 36 ms) X X X

CB-late VII - A - 2.00 - 2.25 M M.A. X X -

CB-late VII - A - 2.25 - 2.50 F M.A. X X -

CB-late IV (A) F - 2.70 Und. 4 ys (± 12 ms) - - X

CB-late IV - E - 2.75 - 3.00 M M.A. X - -

CB-late I (V) A.2.25-2.50 M O.A. X - -

CB-late IV (A) C D 2.25 F Y.A. X - -

CB-late V - B - 2.25 M O.A. X - -

CB-late VI - A - 2.00-2.25 M M.A. X X -

Table 2.               (Continue)
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Serie Burial Sex Age PH CO LEH

CB-late IV (A) E-2.25 F M.A. X X -

CB-late IV - B - 2.50-2.75 M M.A. X X -

CB-late IV - 2.75-3.00 M M.A. X - X

CB-intermediate III F - 4.00 - 4.25 F M.A. X - -

CB-intermediate III F - 4.00 - 4.25 M M.A. X - X

CB-intermediate VI - C - D - 5.20 Und. 5 ys (± 16 ms) X - -

CB-intermediate 17 - VI - C - 5.20 M Y.A. X X X

CB-intermediate 18 - V - D - 5.25 - 5.50 Und. 12 ys (± 36 ms) - - X

CB-intermediate 23-Cr2-VII-H-6.00-6.25 Und. M.A. X - X

CB-intermediate 24 - VII - H - 6.25 - 6.50 M Y.A. - - X

CB-intermediate 24 - VII - H - 6.25 - 6.50 F M.A. X - -

CB-intermediate 39 - VII - H - 7.50 Und. Und. Ad. - - X

CB-intermediate 42 - VII - I - 7.50 M Und. Ad. X - -

CB-intermediate VI - C - D - 5.20 Und. 12 ys (± 36 ms) - - X

CB-early 1 Und. 12 ys (± 36 ms) - - X

CB-early 3 Und. 10 ys (± 30 ms) - - X

CB-early 5 Und. 17–20 ys - - X

CB-early 9 Und. 8 ys (± 24 ms) - - X

CB-early 11 Und. 14-16 ys - - X

CB-early 12 F M.A. X X X

CB-early 13 Und. 12 ys (± 36 ms) X - X

CB-early 15 M M.A. X X -

CB-early 16 M M.A. X - X

JAB II-late 3A - L1.05 Und. Und. Ad. - - X

JAB II-late 3B1 - L1.05 M Und. Ad. X - -

JAB II-late 3B2 - L1.05 M M.A. X - -

JAB II-late 6 - L1.10 M O.A. X - -

JAB II-late 10A - L1.25 Und. 6 ys (± 24 ms) X - X

JAB II-late 10B - L1.25 F M.A. X - X

JAB II-late 11 - L1.25 M Und. Ad. X - X

JAB II-late 12A - L1.25 F O.A. X - -

JAB II-late 12B - L1.25 F Y.A. X - X

JAB II-late 12C - L1.25 M O.A. X - X

JAB II-late 17A - L1.05 M M.A. X - X

JAB II-late 20 - L1.20 Und. 15 ys (± 36 ms) X - X

JAB II-late 24 - L1.20 M Und. Ad. X - -

JAB II-late 106 - L1.90 Und. Und. Ad. X - X

JAB II-late 107 - L1 - T18 M O.A. X X -

JAB II-late Prep. Antraco - L1 Und. Und. Ad. - - X

Table 2.               (Continue)
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Serie Burial Sex Age PH CO LEH

JAB II-late FS46A - L1.05 Und. Adult X - -

JAB II-late 17A - L2.05 M O.A. X - X

JAB II-late 25A - L2.65 F M.A. X - X

JAB II-late 26 - L2.05 Und. 6 ys (± 24 ms) - - X

JAB II-late 27 - L2 – T15 Und. Und. Ad. X - X

JAB II-late 34 - L2.05 F Adult X X X

JAB II-late 35A - L2.05 Und. 6 ms (± 3 ms) - - X

JAB II-late 35B - L2.05 Und. 3 ys (± 12 ms) X X X

JAB II-late 36A - L2.05 M M.A. X - X

JAB II-late 37 - L2.05 M O.A. X X X

JAB II-late 38 - L2.05 Und. 5 ys (± 16 ms) X X X

JAB II-late 40 - L2.05 F Und. Ad. X X X

JAB II-late 41A - L2.05 M Und. Ad. X X X

JAB II-late 108 - L2.05 F M.A. X - X

JAB II-late 110 - Perfil - L2 M Adult X - X

JAB II-late 111/112A -TL1 - L2 F Adult X - -

JAB II-late 111/112B - TL1 - L2 F Adult X - X

JAB II-late 120 - L2 Und. 6 ys (± 24 ms) - X X

JAB II-late Bebê - L1/2 Und. 9 ms (± 3 ms) - X X

JAB II-late BASE 1.25 F Und. Ad. X X X

JAB II-early 14 - L1.05 Und. Y.A. X - -

JAB II-early 15 - L1.05 M M.A. X - X

JAB II-early 104A - L1.85 Und. 12 ys (± 36 ms) X X X

JAB II-early 101 - L2.05 Und. 5 ys (± 16 ms) X X X

JAB II-early 1B - L6C F M.A. X X X

JAB II-early 2A - L6 F M.A. X X X

JAB II-early 3B - L6 F Und. Ad. X - X

JAB II-early 3C - L6 Und. 8 ys (± 24 ms) X X -

JAB II-early 3F - L6 Und. 6 ms (± 3 ms) - X X

JAB II-early 3B - L6 - QB3 Und. 15 ys (± 36 ms) X - X

JAB II-early 3C - L6 - QB8 Und. 5 ys (± 16 ms) - - X

JAB II-early 114 - L6 Und. O.A. X - -

JAB II-early 115A - L6 Und. 9 ms (± 3 ms) X X X

JAB II-early 115B - L6 M O.A. X - -

JAB II-early 118 - L6 M Adult X X X

JAB II-early 119A - L6 Und. 3 ys (± 12 ms) X - X

JAB II-early 121 - L6 M M.A. X - -

JAB II-early 102 - L1.75 F Und. Ad. X X -

JAB II-early 43 - L1.77 M M.A. X X X

Table 2.               (Conclusion)
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RESULTS
The combined prevalence of PH and CO is greater than 
50% for all the series. When separated by sex, both female 
and male individuals have PH prevalence above 90% and 
CO prevalence above 40%. In CB-late there were no 
females with CO; in CB-intermediate and CB-early there 
were no analyzable females for CO. When the lesions are 
observed according to their condition (active, healed, or 
healing), CB-early is unique because it presented only healed 
PH/CO. There were no significant statistical differences 
between all the prevalences tested for all the series (p > 0.5). 
 Table 3 shows the individuals with active and/or healing PH/
CO, illustrated in Figure 5. 

For LEH, all series have prevalence above 70%. 
When separated by sex, both female and male individuals 

Table 3. Individuals with active or healing PH/CO, indicated with X.
Serie Burial Active PH/CO Healing PH/CO

CB-late I II-B B-0.50 X -

CB-late 14-VI-C-1.50- 1.75 X -

CB-late III-B-2.50-2.75 X -

CB-late V-A-2.25-2.50 X X

CB-late III-A-2.00-2.25 - X

CB-late IV-E-2.50-2.75 - X

CB-late III-F-3.25-3.50 - X

CB-late IV-E-2.50-2.75 - X

CB-late VII-A-2.00-2.25 - X

CB-intermediate VI-C-D-5.20 X -

CB-intermediate 17-VI-C-5.20 - X

JAB II-late 3F - L6 X -

JAB II-late 115A - L6 X -

JAB II-late 101 - L2.05 X -

JAB II-late 104A - L1.85 - X

JAB II-late 102 - L1.75 X -

JAB II-late 1B - L6C - X

JAB II-late 43 - L1.77 - X

JAB II-early Bebê - L1/2 X -

JAB II-early 120 - L2 X -

JAB II-early 40 - L2.05 - X

Figure 5. Healing PH in parietals. Burial IV E-2.50-2.75 (CB-late). 
Photo: M. Di Giusto.
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have LEH prevalence above 70%, without significant 
statistical differences between them (p > 0.5). Systemic 
LEH was absent in deciduous teeth. The presence of dental 
wear in all series decreased the number of analyzable teeth 
in the age groups between 0-1 year old and 1-2 years old, 
and the presence of calculus decreased analyzable teeth in 
the age group between 5-6 years old. In some teeth from 
Jabuticabeira II, a technique called ‘dental wash’ was applied 
for the visualization of microscopic calculus (Boyadjian et 
al., 2007) which resulted in excessive enamel whitening, 
making difficult, and in some cases impossible, to observe 
LEH in those teeth. A total of 539 teeth were analyzed (185 
teeth for CB-late, 30 for CB-intermediate, 47 for CB-early, 
85 for JAB II-late and 192 for JAB II-early).

Regarding the age ranges most affected by LEH 
(Figure 6), both JAB II-late and JAB II-early people had 
a similar prevalence across all age ranges, except for a 
higher prevalence among 5-6 years old in JAB II-late. At 
Cabeçuda, there is a change in LEH prevalence through 
time. In the CB-late series, the highest prevalence is in 
individuals between 3-4 years old, while in CB-early it is in 
the 4-5 year-old age range. In CB-intermediate, there is a 
stability in prevalence between 2-3, 3-4 and 4-5 years old, 
with the highest prevalence in the 5-6 year-old age range.  

There was significant statistical difference in the 4-5 year-
old age range between the series CB-early and CB-late 
(p = 0.03), CB-early and CB-intermediate (p = 0.007) 
and CB-early and JAB II-early (p = 0.02) and among 5-6 
year-olds between the series JAB II-late and JAB II-early 
(p = 0.04). The age range for each individual with LEH 
is in Table 4.

Regarding the number of age groups with systemic 
LEH (Figure 7), in JAB II-late, most of the individuals have 
equally systemic LEH in 1, 2 or 3 age ranges, while 10% 
of the individuals have LEH in 4 or more age ranges. In 
JAB II-early, one third of the individuals are affected in 3 
age ranges, followed by 1 and 2 age range. In CB-late and 
CB-intermediate, almost half of the individuals are affected 
in 1 age range, while in CB-early, 50% of individuals express 
LEH in 2 age ranges. In JAB II-early, CB-intermediate and 
CB-early there were no observable individuals affected in 
4 or more age ranges. Such cases only occurred during the 
latest period of occupation of Jabuticabeira II and Cabeçuda. 
There were no significant statistical differences between all 
the prevalence tested for all the series (p > 0.5).

Regarding the maximum number of systemic lines 
for the same individual (Figure 8), in JAB II-late, most of the 
individuals are equally affected by 1 and 2 lines, followed 

Figure 6. Age ranges most affected by LEH, divided between 0-2 years, 2-3 years, 3-4 years, 4-5 years, and 5-6 years.
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Table 4. Age range affected by LEH for each analysed individual.        (Continue)

Serie Burial
Age range with LEH (permanent teeth)

0-1 yr 1-2 yrs 2-3 yrs 3-4 yrs 4-5 yrs 5-6 yrs

CB-late 6-I-C-0.75-1.00 - - - - X -

CB-late 8-III-C-0.75 - - - X X -

CB-late 11-I-B-0.50-0.75 - - X X X -

CB-late 13-V-C-1.00-1.25 - - - X - -

CB-late 15-VI-C-1.75-2.00 - - - - X -

CB-late IIB(A)2.50-2.75 - - X X X -

CB-late III A.2.00-2.25 - - - X X -

CB-late III A-2.25-2.50 - - - X - -

CB-late III A-2.50-2.75 - - - X - -

CB-late III D-2.50-2.75 - - - X - -

CB-late III D-2.50-2.75 - - - X X -

CB-late III E-2.25-2.50 - - - X - -

CB-late III F-3.25-3.50 - - - X X X

CB-late IV D-2.25-2.50 - - - X - -

CB-late IV D-2.50-2.75 - - - X - -

CB-late IV D-2.50-2.75 - - - X X -

CB-late IV D-2.75-3.00 - - - X X -

CB-late IV E-2.25-2.50 - - - X - -

CB-late IV E-2.50-2.75 - - X - X -

CB-late IV E-2.50-2.75 - - - X X X

CB-late IV H-3.75-4.00 - - X X X -

CB-late IV A-2.25-2.50 - - X X X X

CB-late IV(A)-G-2.25-2.50 - - - - X -

CB-late IV(A)-D-2.50-2.75 - - - X X -

CB-late IV(A)-D-2.50-2.75 - - - X X -

CB-late V-A-2.25-2.50 - - - - X -

CB-late IV-2.75-3.00 - - - X - -

CB-intermediate III F-4.00-4.25 - - - - X -

CB-intermediate 18-V-D-5.25-5.50 - - - - - X

CB-intermediate 23–VII–H-6.00-6.25 - - X - - -

CB-intermediate 24-VII-H-6.25-6.50 - - X X - -

CB-intermediate 39-VII-H -7.50 - - - X X X

CB-early 1 - - - X X -

CB-early 3 - - - X X -

CB-early 5 - - - - X -

CB-early 9 - - - X X -

CB-early 11 - - - X X -

CB-early 12 - - - - X -
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also equally by 3 and 4 or more lines. In JAB II-early, the 
individuals are equally affected by 1, 2 and 4 or more lines, 
with a slightly higher percentage of individuals affected by 
3 lines. In CB-late, 37% of the individuals are affected 
by 1 line. In CB-intermediate, most of the individuals are 
affected equally by 1 and 2 lines, followed by 4 or more 
lines. In CB-early, half of the individuals are affected by 3 
lines, followed equally by 1 and 2 lines. In CB-intermediate 
and in CB-early, no individuals were affected by 3 and 4 

or more lines, respectively. There was significant statistical 
difference only amongst the series CB-early and CB-late 
(p = 0.03) for the presence of 3 lines. 

The presence of LEH in different age ranges is 
illustrated in the right lower canine and left upper canine 
from burial 104-A-L1.85 (JAB II-late) (Figure 9). The 
presence of LEH in the same age range affecting all the 
anterior superior teeth are illustrate for the burial 6-I-C-
0.75-1.00 (CB-late) (Figure 10).

Serie Burial
Age range with LEH (permanent teeth)

0-1 yr 1-2 yrs 2-3 yrs 3-4 yrs 4-5 yrs 5-6 yrs

CB-early 13 - - X - X X

CB-early 16 - - - - X -

JAB II-early 10A-L1.25-E1 - - X - - -

JAB II-early 10B-L1.25-E1 - - X X X -

JAB II-early 11-L1.25-E1 - - - X - -

JAB II-early 12C-L1.25-E1 - - X X - -

JAB II-early 17A-L1.05-E1 - - - - X -

JAB II-early 20-L1.20-E1 - - - - X -

JAB II-early 25A-L2.65-E3 - - - X - -

JAB II-early 27-L2–T15–E3 - - - X X X

JAB II-early 34-L2.05–E4 - - X X X -

JAB II-early 36A-L2.05–E4 - - X X X -

JAB II-early 37-L2.05–E4 - - X X X -

JAB II-early 40-L2.05–E4 - - X X X -

JAB II-early 106-L1.90-E5 - - X X X -

JAB II-early 108-L2.05-E5 - - - X X -

JAB II-early 110-Perfil-L2 - - X - - -

JAB II-early 111/112B-TL1-L2 - - - X X -

JAB II-early BASE 1.25 - - - X X -

JAB II-late 1B-L6C-E2 - - - - X -

JAB II-late 3B-L6-E3 - - - X - -

JAB II-late 3B-L6-QB3-JUVENIL - - - X X X

JAB II-late 15-L1.05-E1 - - X X - -

JAB II-late 43-L1.77-E3 - - - X X X

JAB II-late 104A-L1.85-E5 - - X X X X

JAB II-late 118–L6 - - - X X -

Table 4. Age range affected by LEH for each analysed individual.        (Conclusion)
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Figure 7. Number of age ranges with systemic LEH (1, 2, 3, 4 or more age groups).

Figure 8. Maximum number of LEH (lines) per individual, with 1, 2, 3, 4, or more lines.

Figure 9. LEH in right lower canine and left upper canine, burial 
104-A-L1.85 (Jab II-late). Photos: M. Di Giusto.

Figure 10. LEH in anterior superior teeth, burial 6-I-C-0.75-1.00 
(Cb-late). Photo: M. Di Giusto.
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DISCUSSION
The high PH/CO prevalences in this study are compatible 
with those formerly found for other sambaquis builders 
from the south and southeast coast of Brazil (Alvim & 
Gomes, 1989; Alvim et al., 1991; Souza, 1995; Wesolowski, 
2000; Souza et al., 2009), and for several other coastal 
groups from the American continent (Walker, 1986; Blom 
et al., 2005; Suby, 2014). 

Since (1) PH and CO could indicate the presence of 
chronic iron deficiency anemia in archaeological human 
groups (El-Najjar et al., 1975; Fairgrieve & Molto, 2000; 
Steckel et al., 2002; Walker et al., 2009; McIlvaine, 2013) 
and (2) anemic condition is also a consequence of infectious 
diseases (Carlson et al., 1974; El-Najjar & Robertson, 
1976; Mensforth et al., 1978; Stuart-Macadam, 1985, 
1992; Walker, 1986; Blom et al., 2005), the results suggest 
that, throughout the occupation of the Cabeçuda and 
Jabuticabeira II sambaquis, these population suffered iron 
deficiency anemia derived from endemic infectious disease 
since childhood. 

Some studies have reported the presence of systemic 
infectious stress in some individuals from both sambaquis. 
For Jabuticabeira II, Okumura & Eggers (2005) observed 
periostitis in children and adults, which was considered 
by the authors as indicative of systemic infectious stress. 
Three individuals in Jabuticabeira II were also affected by 
treponematosis (Filippini et al., 2019), with two of these 
presenting healed HP (individuals 24A and 111/112 A). For 
Cabeçuda, Souza (1995) identified a high prevalence of 
symmetrical periostitis in adult lower limbs, considering it 
as a probable cause of non-specific infectious stress. Specific 
infections, such as osteomyelitis, were not identified in any 
individual excavated from this site. 

An immunodiagnostic study reported the discovery 
of protozoan antibodies for Cryptosporidium parvum (the 
cause of cryptosporidiosis) and Giardia lamblia (the cause of 
giardiasis) in sediments of the Cabeçuda sambaqui (Camacho 
et al., 2015). Both may be transmitted by the ingestion of 
contaminated water or food, leading mainly to diarrhea 

in children. This evidence strengthens the hypothesis that 
the anemic condition that caused PH/CO lesions in coastal 
groups in Brazil could be from parasitic infections.

It is also suggested here that the presence of 
active PH/CO already in infancy in human groups from 
Jabuticabeira II and Cabeçuda is probably due to higher 
sensitivity to parasites during childhood (Stuart-Macadam, 
1985) and the increased contact with parasites during the 
weaning period (Katzenberg et al., 1996). The weaning 
period exposes the child to food and water that may 
be contaminated by microorganisms, increasing the risk 
to diarrhea. Recurrent diarrheal episodes, even with a 
sufficient intake of iron and essential nutrients, can lead to 
the development of anemia (Walker, 1986; Sandberg & 
van Gerven, 2016).

From all the studied groups, both females and 
males were similarly affected by a high prevalence of PH. 
Considering that PH represents previous chronic anemic 
conditions, usually in childhood, the results suggest that 
children of both sexes were similarly exposed to risk factors 
that could lead to the development of anemia. This similar 
exposition indicates practices in early childhood that did not 
distinguish between females and males or put individuals 
differentially at risk according to sex. If there were distinct 
cultural practices for girls and boys, such practices did not 
affect health regarding infections and parasites. 

Regarding LEH, the high prevalence found in the 
individuals from Jabuticabeira II and Cabeçuda is also 
compatible with those formerly found for other sambaquis 
builders from the south and southeast coast of Brazil 
(Souza, 1995; Wesolowski, 2000; Fischer, 2012), as well as 
coastal groups from other parts of the American continent 
(Ubelaker, 1992). This could also reinforce that individuals 
in both sites are routinely exposed to physiological stress 
during childhood.

Systemic LEH was not observed in any individuals 
from any of the series between 0-2 years, but this could be 
the result of the low number of observable teeth, given the 
occlusal wear in this age range. There was no systemic LEH 
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on deciduous anterior teeth, for which most of the enamel 
development period is intrauterine (Buikstra & Ubelaker, 
1994). In this case, if health instability (e.g., malnutrition) 
occured to mothers during the gestational period, it would 
not influence the baby’s osteological and dental growth, but 
rather would alter the amount of accumulated fat presented 
by low birth weight (Kennedy, 2005).

According to the data for LEH prevalence by age 
range, number of age ranges and number of lines per 
individual, it is possible to see variability in stress episodes 
during childhood throughout the occupations of both 
Jabuticabeira II and Cabeçuda. One of these stress episodes 
is the weaning period, traditionally understood as coinciding 
with the age most affected by LEH (Cook, 1979; Cook & 
Buikstra, 1979; Katzenberg et al., 1996; Sandberg & van 
Gerven, 2016), due to the contact with pathogens present 
in the environment (transmitted by contaminated water 
and/or food) and by the nutritional stress that occur during 
this process (Buikstra & Cook, 1980). Concomitant with this 
transition, there are also other psychological factors that could 
be intrinsic in this process that cannot be excluded, such as 
greater autonomy for the mother to continue with her daily 
activities or the birth of a new child, which both generate 
less attention and greater autonomy to the older child. 

In the Jabuticabeira II skeletal series, the LEH peak is 
between 3-4 years throughout the site occupation period. 
According to isotopic analysis performed by Pezo-Lanfranco 
et al. (2018), the weaning age at Jabuticabeira II was between 
2-3 years old. Thus, the LEH data reveal that the peak of 
stress occurred during or soon after weaning. At Cabeçuda, 
the LEH peak occurs during older ages in earlier occupations 
(4-5 years old in CB-early) and during younger ages in the 
later occupations (3-4 years old in CB-late). Thus, there 
seems to have been a change in the way that the Cabeçuda 
sambaqui builders dealt with breastfeeding, choosing to 
wean earlier in later phases of occupation. 

In CB-early, half of the analyzed individuals presented 
3 systemic lines in up to 2 age ranges, that is, they suffered 
3 alterations to enamel growth in two different age ranges. 

In CB-intermediate, most of the individuals had 1 or 2 
systemic lines and were affected in only 1 age range, that 
is, they suffered alteration in enamel growth up to 2 times 
in the same age range. In CB-late, most of the individuals 
had just 1 systemic line within 1 age range. 

Based on these data, I suggest that the group 
occupying Cabeçuda during its initial and earlier occupation 
phases were more prone to environmental stressful 
events than the group of the final and latest phase of 
occupation, since individuals of the earliest series suffered 
more interference in enamel growth in prolonged periods 
throughout childhood. It is possible to suggest that people 
in CB-late were better adapted to the coastal lifestyle, with 
stress perhaps only increasing during the weaning period.

In JAB II-early, most individuals were affected by 
LEH in 3 age ranges and had a maximum of 4 systemic 
lines per individual. However, in JAB II-late, children were 
similarly affected in 1, 2, and 3 age groups, with 1 or 2 lines. 
In JAB II-late, although individuals experienced less LEH, 
stressful events occurred for more extended periods during 
childhood, and in older age ranges generally considered 
at low risk for stress susceptibility from infections and 
malnutrition (WHO, 2019). 

In JAB II-late, the different groups of individuals that 
respond to risk factors in different age ranges are more 
heterogeneous, indicated by equal prevalence of affected 
age ranges. There are at least three distinct risk groups for 
children: a group at risk in just 1 age range, a group at risk 
in 2 age ranges, and a group at risk in 3 age ranges. Two 
different hypotheses are proposed here to explain these 
data. On the one hand, there may be more significant 
variability in biological adjustments during childhood, which 
would be consistent with a higher number of less related 
domestic groups or totally unrelated groups (eg. sambaqui 
and non-sambaqui groups) using the same funerary space. 
On the other hand, these data could signalize social 
differentiation between groups of children, consistent with 
the notion of inherited status, which would imply different 
risks of stress exposure among individuals during childhood. 
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Although the proposed model for sambaqui 
communities on the southern coast of Santa Catarina is 
that they belonged to a singular sociological unit, with 
human groups living stably together for hundreds of years 
(Kneip et al., 2018; DeBlasis et al., 2021), the stress profiles 
in Cabeçuda and Jabuticabeira II point to some changes 
with biological adjustments identified in paleopathological 
analyzes. These biological adjustments could be related 
(however, not exclusively) to the environmental changes that 
occurred between 3,200-1,700 years AP, when the region of 
the Cabeçuda sambaqui became progressively drier (Kneip, 
2004). Although gradual, these changes may have led to 
small changes in the epidemiological dynamics and altered 
the circulation of pathogens. In the case of Jabuticabeira II, the 
change could be related with an intensification of contact with 
people from the highlands or with a decrease in egalitarity 
that was manifested since childhood. 

In addition, the results presented here show the 
importance of segmenting the analyzed osteological series. 
In a pathocenotic perspective, as proposed by Grmek 
(1989), and adopted by Souza (1995) in Brazilian sites, 
diseases and stress patterns present within a particular 
group have a strict relationship with the lifestyle adopted 
by those individuals at that specific time, and within their 
specific cultural and geographical context. Thus, in order 
to understand the health/disease process of a group with 
a long chronology, even if their individuals are buried in 
the same place, it is not possible to analyze them as just 
one large group, since cultural and/or environmental and/
or behavioral changes constitute completely different 
conditions in terms of the development of diseases and, 
consequently, stress patterns.

CONCLUSION
Previous studies of sambaqui groups from Santa Catarina 
suggest that they constituted a complex and long-lasting 
social system, with economic, social, and political stability 
over the thousands of years of permanence on the coast. 
However, the results presented here identified changes 

among systemic physiological stress patterns, suggesting 
that lifestyle changes did occur during their permanence 
in the southern coast of the state.

The high prevalences of PH, CO, and LEH in the 
Cabeçuda and Jabuticabeira II sambaqui groups could be 
related to a constant exposure to stressful events during 
childhood, aggravated during the weaning period, that 
decrease the passive immunization provided to the child 
by the antibodies present in breast milk and increase 
the consumption of liquids and solid foods that can be a 
source of infections and parasites. However, individuals 
were differentially subjected to environmental stressors as 
indicated by the differences in the age-rages most affected 
by LEH over the periods of occupation in the two sites. 
In the Cabeçuda sambaqui, children were more subject 
to stressful events during the earlier than later occupation, 
probably due to environmental changes that led to changes 
in epidemiological dynamics and altered pathogen circulation. 
In Jabuticabeira II, stressful events affected children for 
more extended periods, mainly during the later period of 
occupation, probably due either to a higher number of less 
related domestic groups or totally unrelated groups using 
the same funerary space, or a decrease in egalitarian aspects 
of the society and an increase in inherited status.

The results also show the importance of segmenting 
osteological series chronologically, whenever possible, since 
the lifestyles adopted by individuals are related to a specific 
time, within a specific cultural and geographical context. 
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