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ABSTRACT 

 

Large, conical mounds known as sambaquis form the contours of prehistoric 

settlement, resource procurement, and ritual along the southern coast of Brazil.  This 

research examines faunal remains from Jabuticabeira II, a large shell mound exclusively 

used as a cemetery for approximately 1000 years (between 2500 – 1400 BP).  Its complex 

stratigraphy alternates between dark burial deposits and light, thick layers of shells. 

Various groups used neighboring burial areas simultaneously, and faunal analysis of 

these burial deposits suggests that animals, especially fish, played an integral role in 

feasts performed to honor the dead.   

Detailed investigation of feast remains from 12 funerary areas indicates recurrent 

use of the same resources during the events, especially catfish and whitemouth croaker.  

Mammals and birds were also part of the ritual and were deposited in association with 

burial pits, especially during the final episode of construction.  The remains of feasts 

were then used to fill the funerary areas and demarcate the domain of the dead.  

Recurrent depositional episodes of massive amounts of shell valves eventually formed a 

large mound, and the building materials were carefully selected to emphasize the 

opposition between interment areas and covering layers. 

The results primarily indicate strong continuity in the feasts.  A dramatic shift in 

the materials used to build the mound during the final period of its construction does not 

coincide with a change in the faunal assemblage.  Examination of Brazilian ethnography 

sheds light on several aspects of mortuary ritual and explains the association of features 
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discovered at the site.  Feasts incorporated resources accessible to all group members, 

and reinforced the connection of groups with estuarine landscape.  The identification of 

bounded deposits that can be assigned to specific affinity groups allows studies of the 

nature of social relationships.  This permitted the development of a sampling strategy that 

targeted social units, a breakthrough approach.  The unique access to affinity groups can 

answer questions about the behavior of these social units and the association of their 

members.  
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CHAPTER 1: 

INTRODUCTION TO A RITUALLY CONSTRUCTED SHELL MOUND: 

JABUTICABEIRA II 

 

Archaeological sites that include accumulations of shell valves dominate much of 

the landscape of Brazil’s southern coast.  Shell mounds are the most common and 

conspicuous sites, occurring in clusters near large bodies of water, especially coastal 

lagoons and estuaries.  Many of these sites are impressive landmarks, towering up to 30 

m above the surrounding coastal plains.  The preponderance of these sites has attracted 

much attention among archaeologists, resulting in a legacy of research that continues to 

inspire innovative investigations.  

In the indigenous Tupi language (spoken by horticulturalist groups that occupied 

the coast at the time of contact), shell mound sites are called sambaquis. This term is 

commonly translated as “hill of shells.”  However, this commonly accepted meaning is 

not definitive, and others have offered “house of the dead” as an alternative definition 

(Rauth 1962).  This latter meaning is significant to current researchers who are 

demonstrating that some large sambaquis are burial mounds (DeBlasis et al. 1999, 2004; 

Fish et al. 1998, 2000; Gaspar 2000a; Gaspar et al. 1999, 2002; Klokler 2001). 

The oldest shell-bearing sites located in Brazil date to 8,000 BP, but most of the 

sites appear to have been occupied between 5,000 and 2,000 BP (Gaspar 1998, 2000a; 

Lima et al. 2004).  Although some controversial dates obtained from shells suggest shell 

mounding extends as far back as 10,000 BP, other dates that are more broadly accepted 
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among Brazilian archaeologists and their colleagues suggest that sambaqui people 

occupied portions of Brazil’s southern coast including the state of Paraná, by 6,500 BP 

(Gaspar 2000a).  Subsequent occupations appear shortly thereafter in surrounding areas, 

both north and south.  Shell-mounding groups occupied most of the Brazilian coast 

(Figure 1.1), but they also inhabited inland areas and built mounds with freshwater 

mollusks and land snails (Barreto 1988; Figuti 2004; Roosevelt et al.1991). 

Many consider the people who built the sambaquis as a distinct ethnic identity 

(Gaspar 1994, 2000a; Tenório 2003).  These coastal populations occupied the same 

general areas, had very similar material culture, used the same resources, and built sites 

with remains of mollusks and fish where they interred their dead.  The co-occurrence of 

these characteristics and widespread stylistic similarities in stone sculptures of iconic 

animals and a few other forms led many to argue that sambaqui groups share part of a 

consistent unified ideology (DeBlasis et al. 2004; Gaspar 1994, 2000a; Prous 1991).  

Researchers emphasize archaeological and material evidence in these assumptions.  

However, the groups that inhabited the 7,500-kilometer long Brazilian coast may not be 

as fully homogeneous in non-durable aspects of culture as has been hypothesized.  

However, the material culture found in sambaquis does show a great deal of uniformity, 

and it is very difficult for archaeologists to distinguish different groups. 
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Figure 1.1. Concentrations of sambaquis in the Brazilian coast and study area. 

 

Archaeological studies of coastal sites have enjoyed revitalization worldwide, 

significantly advancing our knowledge of shell mounds.  Recent research has been 

primarily fueled by examination of various lines of evidence concerning the variable 

paths to social complexity among coastal populations (Ames 1991, 1994; Arnold 1992, 
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1995, 1996; Erlandson 2001; Mums and Arnold 2002; Sassaman 2004; Yesner 1980, 

1987, 1998).  The evolution of complex hunter-gatherers and the origins of social 

inequality have become important issues in archaeological investigations of coastal 

groups.  Scholars interested in coastal groups have debated the fundamental issue of the 

ability of maritime resources to support permanent settlements.   

Advances in zooarchaeological and geoarchaeological research have provided 

new perspectives concerning subsistence practices and site formation processes (Cannon 

2000; Claassen 1991; Erlandson 1988; Erlandson et al. 1999; Mannino and Thomas 

2001; Stein 1992, 1995).  Discussion of early use of coastal resources has been 

increasingly widespread (Broughton and O’Connell 1999; Griffiths and Branch 1997; 

Jones et al. 2002; Stiner et al. 2000).  Coastal site faunal assemblages are being used to 

draw inferences on the variability and stability of early maritime-based diets (Bird et al. 

2002; Erlandson 1994).  Clearer understanding of settlement patterns of shell site 

populations can be achieved through the study of formation processes.  These studies 

allow archaeologists to relate sites with broader regional patterns, providing a more 

reliable foundation for dealing with social questions, such as sociopolitical organization, 

complexity, and relationship with other groups. 

In Brazil, these advances have led to general agreement that sambaqui groups 

were more sedentary than previously thought (Afonso and DeBlasis 1994; Gaspar 2000b; 

Lima and Lopez Mazz 2000).  These populations are now depicted as large communities, 

strategically situated at resource-rich settings that supported fish-intensive subsistence 

patterns.  Faunal research initiated by Figuti (1992) demonstrated that fish were always 
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more important for these groups than shellfish, opposed to what had been previously 

assumed.   

The Project Sambaquis e Paisagem: Modelando a inter-relação entre processos 

formativos culturais e naturais no litoral sul de Santa Catarina (Sambaquis and 

Landscape: Modelling the Inter-relationship Between Cultural and Natural Formation 

Processes in the Southern Coast of Santa Catarina) was initiated by a bi-national research 

team that consists of Drs. Paulo DeBlasis (Universidade de São Paulo), Maria Dulce 

Gaspar (Universidade Federal do Rio de Janeiro), Paul Fish (University of Arizona), and 

Suzanne Fish (University of Arizona), and now also includes Paulo Gianinni 

(Universidade de São Paulo) and others as principal investigators.  The team initiated 

archaeological research along the coast of the state of Santa Catarina in 1998 (Figure 1.2) 

and has proposed that the large sambaquis that dominate the region’s archaeological 

record functioned as feasting and funerary loci.  The teams’s findings suggest that it is 

possible to identify the ritual behavior of social groups associated with specific funerary 

areas (DeBlasis et al. 1999; Fish et al. 1998; Klokler 2003).  The results of the Sambaquis 

e Paisagem Project permit archaeologists to advance examinations of shell mounds, 

reaching far beyond basic assumptions of diet and subsistence, the main topics in 

sambaqui research during the past century.  
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Figure 1.2. Study area and the location of Jabuticabeira II.  

 

The project’s research suggests that archaeologists who examine information 

recovered from sambaquis must recognize that it is derived from sites that served very 

specific functions.  Recognizing many of these sites as cemeteries and celebratory ritual 

locations is critical for accurately assessing their significance and broader implications 

concerning regional settlement systems.  The importance of an in-depth study of ritual 

behavior and its relationships with social organization is heightened in light of the current 

lack of knowledge about the ordinary habitation sites of the people who constructed the 

sambaquis.  So far, archaeologists have not yet identified related residential settlements in 

southern Brazil and have not conducted sufficient systematic surveys to identify such 
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sites lacking ceramics or abundant chipped stones on the heavily vegetated coastal 

landscapes.  Evidence does not support the idea that the large sambaqui sites also served 

as habitations (DeBlasis et al.1999, 2004; Fish et al. 1998, 2000; Gaspar et al.1999).  The 

large sambaquis themselves lack domestic artifact assemblages and manufacturing debris, 

habitation floors, dwellings, processing areas, and other features that would indicate 

domestic activities.  

 

A BRIEF INTRODUCTION TO JABUTICABEIRA II:  

A MORTUARY SHELL MOUND 

 

The focus of this dissertation research is a large shell mound site known as 

Jabuticabeira II.    It is located in the vicinity of the Garopaba do Sul Lagoon, a large 

body of water fed by nearby rivers that is connected to the Atlantic Ocean by coastal 

outlets.  Approximately 70 additional shell mounds have been identified in a study area 

of approximately 1,000 square kilometers.  The site was chosen for my research because 

it was the first sambaqui identified by researchers as having an exclusive funerary 

function, and it is expansive, covering approximately 90,000 square meters, with an 

average current height of four meters (Fish et al. 1998).  

Jabuticabeira II was built over almost a thousand years through a lengthy series of 

ritual practices performed in the context of an extended series of discrete funerary areas 

(Fish et al. 1998).  The site’s stratigraphy is characterized by a series of relatively thin, 

dark layers of organic-rich sediment interspersed with large, thicker layers of loose shells 
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in the form of small mounds (Figure 1.3).  Detailed zooarchaeological analysis provides 

evidence that the accumulation of the different strata occurred during mortuary rituals.  

 

 
1m

Figure 1.3. Profile view of Jabuticabeira II site (white arrows indicate funerary areas). 

 

 

The thin, dark, compact occupation layers contain features related to human 

interments, including burial pits and hearths.  Large quantities of faunal remains, 

especially fish, have been recovered from these thin deposits that the research team has 

named funerary areas due to their mortuary character.  The subsequent deposition of 

large, loose layers of mollusk valves typically form small mounds over burials of 

multiple individuals, and occasionally individual burials, in each funerary area (DeBlasis 
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et al. 2004; Fish et al. 1998; Gaspar and Klokler 2004; Klokler 2003).  The different 

materials used in both types of deposits generate a stark color contrast that is repeated 

through the extension of the site.  This does not seem to be accidental; the dark layers 

demarcate the location of the dead and due to this are properly distinguished.  The use of 

mollusk shells in the covering layers produces light colored layers and a clear separation 

from the areas where group members were interred.   

The thin, dark layers from which the burials originate are composed of mollusk 

valves, fish bones, charcoal, and ash.  Within these layers, series of features are the 

remnants of mortuary rituals.  These features include burial pits, postholes, and hearths.  

The pits are typically small, shallow, and originate from the dark surfaces (Karl 2000).  

Many of the postholes are closely associated with specific graves, surrounding them and 

sometimes enclosing groups of individuals.  Hearths were placed atop or adjacent to 

burial pits, and sometimes are stacked, showing return visits to the burials over a limited 

interval.  These series of features were first identified in profiles exposed by modern shell 

mining activities and were explored in more detail during horizontal excavation of one 

surface.  The excavation of 32 square meters revealed 12 burial pits, 28 related hearths, 

and 384 postholes.   

The excavated layer formed as a gently mounded area, where individuals were 

interred in small graves.  Some of the individuals are extremely flexed, suggesting that 

they were wrapped and subjected to some form of post-mortem manipulation that 

encouraged reduction of the soft tissues, while also preserving the articulated body in a 

damp subtropical climate.  Offerings consisting of mammal bones and teeth, birds, 
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mollusks, fish, ground stone, occasional bone and shell artifacts, and other adornments 

were deposited inside or near the graves.  The burial pits were then covered and topped 

with hearths, and surrounded by posts or stakes that formed a circle or semi-circle in 

some cases. 

Faunal analysis of sediment collected from these dark compact layers showed a 

dense concentration of fish bones in numbers that surpass what is seen in the shell layers.  

The location of these deposits, always in association with burials, the unusual quantity of 

faunal remains, and the lack of habitation features seem to indicate that they are the 

remains of feasts.  My previous work at Jabuticabeira II (Klokler 2001) revealed the 

sharp contrast between shell and dark layers and pointed out that the latter deposits could 

not be the remains of daily activities, but are evidence of funerary feasting events that 

occurred repeatedly over generations.   

Recurrent funerary events at Jabuticabeira II culminated in a volume of 

approximately 320,000 cubic meters of deposits.  In the mound’s terminal strata, a 

massive layer of black soil of varying thickness replaces the thick shell layers, indicating 

a change in the materials used to form the site’s matrix at the end of the occupation.  

However, this shift in construction materials does not appear to coincide with changes in 

the mortuary program, which continued to produce similar features in the final strata 

(Nishida 2007).     

The presence of many separate funerary areas with clusters of burials throughout 

the complex vertical and horizontal accumulation of the sambaqui at Jabuticabeira II 

suggests that multiple funerary areas were actively used at the same time.  Dr. Maria 
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Dulce Gaspar proposed, the term “affinity group” to refer to the social units associated 

with these clusters of burials, and this concept has been adopted by the team.  Affinity 

groups, based on kinship, neighborhood membership, or other social principles, shared 

each funerary area and participated in rituals at these areas.   The concurrent use of 

several interment areas in different locations across the site suggests that multiple affinity 

groups were burying their dead, celebrating their ancestors, performing feasts, and 

depositing shells and other faunal remains.  The ongoing nature of these activities 

eventually increased the volume and height of the site.   

The premise of this dissertation is that the thin, dark layers demarcating the 

funerary areas were formed through funerary feasting.  These represent large banquets 

that marked celebrations in honor of deceased ancestors of the sambaqui groups that 

inhabited the region.  The acquisition of aquatic and other faunal resources and their use 

in mortuary ritual by these affinity groups has great potential for revealing the nature of 

social relationships in sambaqui society and are the basis for this study.  

 

RESEARCH GOALS 

 

The present research draws upon my previous study of Jabuticabeira II (Klokler 

2001) and investigates the funerary rituals of sambaqui populations.  This dissertation 

investigates the roles of aquatic resources in the mortuary ritual behavior of the sambaqui 

people and the relationships of the ritual use of these resources with their social 
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organization.  Faunal evidence provides an important avenue to explore the ritual 

activities performed at sambaquis and the social implications of feasting practices.   

Although the subsistence practices of the sambaqui population are not my main 

focus of study, the research necessarily deals with food consumption.  Inferences 

regarding resource acquisition, processing, consumption, and discard linked to both 

subsistence and feasting activities will be investigated to shed light on the broader 

context of mortuary practices.  Also, I attempt to delineate the life histories of elements 

involved in the mortuary ritual, including pathways through which the deceased bodies 

passed until their final interment at the site, the stages of the funerary feasts, their 

possible season, and social implications. 

I intend to focus on activities in order to understand the set of behaviors 

responsible for the formation of ceremonial deposits in the archaeological record.   

Faunal remains constitute parts of meals and ritual activities.  My purpose is to study 

funerary patterns using the complete sequence of activities involved in the ceremonies, 

centering the analysis on faunal remains.   

Identification of differences in rituals that are particular to specific affinity groups 

could provide evidence of differential resource access by these groups based on the 

animals used in feasts or as grave goods.  These patterns could also indicate differences 

in the scale of feasts.  Assessment of any changes that occurred in the use of faunal 

remains through time, especially regarding the massive black layer that covers the site, is 

also an important avenue of research. 
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In order to address these issues, samples collected during several field seasons 

(1997, 1998, 1999, 2003, and 2006) were analyzed.  The sampling program incorporated 

data from horizontal excavations and collections from extensive profiles exposed through 

past mining of the site for modern construction material.  Diverse funerary layers and 

associated features were sampled and provide evidence of the complete sequence of 

activities involved in the funerary ceremonies.     

Previous attempts to study sambaqui social organization through the distributions 

of primarily utilitarian and often sparse grave artifacts have had ambiguous results.  This 

study focuses upon the site’s most ubiquitous materials: aquatic resources. These 

resources pervasively structured the lifeways of these societies, and their detailed analysis 

offers a promising alternative approach.  Through investigation of aquatic resource use 

and ritual I address the existence of variations in ritual behavior, resource access, social 

status, and changes in resource use.  

 

ORGANIZATION OF THE DISSERTATION 

 

Chapter 2 reviews the theoretical background guiding the research on feasting.  

Initially, I explore the theme of ritual use of faunal remains, their common characteristics, 

and ways to identify them in the archaeological record.  Later, the chapter focuses on 

feasting behavior and mortuary feasting in shell-bearing sites.  Chapter 3 provides an 

overview of the diverse research based on faunal analyses of shell-bearing sites 
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worldwide, pointing to the contribution that zooarchaeology can bring to the archaeology 

of shell sites.  I also examine studies carried out in Brazilian sambaquis.   

A description of the environmental context of the study area is presented in 

Chapter 4, where I discuss the geomorphology, hydrology, and other aspects of the 

region.  Also, I provide a detailed review of ethnographic and ethnohistoric accounts of 

the groups who occupied the region and surrounding areas in regards to resource 

acquisition. A discussion of general aspects of the mortuary ceremonialism of South 

American groups and more detailed discussion of the mortuary ritual of three native 

groups introduce elements relevant to the interpretation of ritual at Jabuticabeira II.  An 

account of modern fishing communities in the vicinity of the study area concludes the 

chapter, highlighting some potential continuity in the use of the coastal landscape.   

Chapter 5 examines previous research at Jabuticabeira II carried out under the 

auspices of the Sambaquis e Paisagem Project and provides a more detailed overview of 

the site and the goals of previous research.  The chapter also contains succinct 

descriptions of the areas investigated for this research.  Also, preliminary results from 

biological anthropology, charcoal analysis, and geoarchaeological research are presented.      

A discussion of the methods used for sampling, collection, and laboratory analysis of 

faunal remains in shell sites, and specifically for Jabuticabeira II is presented in Chapter 

6.   

Chapter 7 summarizes the results of the faunal analyses and presents information 

on the various animal taxa recovered and identified.  I examine the data from funerary 

features, highlighting differences and similarities among funerary areas and classes of 
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features.  Chapter 8 discusses the data in relation to previous studies of the shell layers, 

while also discussing possible temporal patterns of the data, the effect of the matrix 

change in resource use and results from stable isotopic analysis of human bones. 

Finally, Chapter 9 presents a preliminary model of the ritual processes that 

resulted in the formation of Jabuticabeira II.  I also discuss the implications of this 

dissertation for shell mound research, highlighting the use of faunal remains in ritual 

contexts.  Suggestions for future research are presented.  Faunal remains from 

Jabuticabeira II reflect a strong continuity in the fishing strategies used by sambaqui 

people throughout time.  Fishing is the most important activity in all stratigraphic 

features; even the shell layers contain high frequencies of fish remains.   

Results also confirm that the significance of mammals and birds seems to be 

related to the ritual realm, since their deposition is primarily associated with mortuary 

features.  Feasts performed at Jabuticabeira II show signs of having a cohesion-enhancing 

character.  No significant differences were identified in the food items served in the 12 

different episodes analyzed for this study.  Fish were always the main item for funerary 

feasts, although quantities varied to a certain extent.  The sampling strategy, tried to 

target meaningful social units and produced a revolutionary approach to studying the 

social organization of sambaquis.  
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CHAPTER 2:  

ANIMALS, RITUAL, AND FEASTING  

 

The ritual life of shell mound groups is a subject that has generally eluded 

archaeologists.  Succinct burial descriptions that fail to explore their full information 

potential for revealing ritual behavior are commonplace in the Brazilian archaeological 

literature.  In this research, I explore the activities related to the funerary program of the 

groups that built Jabuticabeira II.  The realization that the site is a cemetery has changed 

the perception of the nature of the activities involved in its construction.  Analysis of the 

site’s stratigraphy and faunal remains reveals that it was built over an extended interval 

through an intricate sequence of activities related to the funerary rituals of sambaqui 

people.  This perspective suggests that Jabuticabeira II is a testament to the effort of the 

living to honor the dead. 

Active building of sambaquis ended around 1500 years ago.  Sambaqui groups 

left no written accounts, and the populations that subsequently occupied the coast and 

surrounding areas do not recognize them in oral tradition.  As I discuss in Chapter 4, 

ethnographic and ethnohistorical accounts hint at some degree of continuity and enduring 

traditions in the region, but we must recognize the difficulties of attempting to directly 

link these populations.  These facts have made it difficult for archaeologists to identify 

and examine the meaning of symbols involved in the rituals.  However, study of the 

actions involved in ritual activities can expand our understanding of the relationships 

between behavioral systems.  



 

32

Ritual plays a vital role in society, and because of its fundamental importance in 

the study of social change it should be studied more closely by archaeologists.  Walker 

(1995:70) demonstrates that archaeologists commonly conflate ritual with belief systems, 

ignoring the behavioral correlates between people and the elements involved in ritual.  It 

is not necessary to decode the symbols involved in rituals in order to identify ceremonial 

deposits or spaces (Walker 1998).  By focusing on people-artifact interactions (Walker 

1995), I analyze life-histories as a framework for inferring ritual organization.  I apply 

this material approach to ritual to the investigation of the ritual use of animals by 

sambaqui groups at Jabuticabeira II.   

 

ANIMALS AND RITUAL 

 

Analysis of faunal remains recovered from archaeological sites can contribute 

considerably to our understanding of prehistoric human behavior.  Animals were used for 

consumption, companionship, beasts of burden, and transport, but their relationships with 

humans also involve the ritual realm of life. Unfortunately, researchers repeatedly 

examine animal remains found in ritual contexts without assessing their ritual functions, 

as discussed by several authors (Hill 1996; Hill 2000; Klokler 2003).  Archaeologists 

must be careful to not assume that faunal remains from a site represent animals that were 

solely hunted and consumed for subsistence purposes.  

The widespread normative thinking that associates all faunal remains with 

subsistence practices has obstructed the study of their ritual significance.  These problems 
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are exacerbated when zooarchaeologists do not participate in fieldwork, as is often the 

case.  According to Hill (2000), ritual use of animal products is most readily identified in 

studies of iconography, artifacts, and funerary patterns.  The general apprehension about 

discussing animal remains in ritual deposits probably stems from difficulties in 

identifying such deposits.  In the case of Jabuticabeira II, consumption and ritual use are 

interconnected.  The juxtaposition of these activities demonstrates that they are not 

mutually exclusive, which complicates interpretation of some attributes that are 

commonly used to distinguish ritual fauna.  

Muir and Driver (2002) define three basic types of archaeological deposits that 

contain faunal remains.  Common refuse encompasses material derived from daily 

consumption activities.  Ritual interments consist of intentional disposal of animal 

remains, including whole or partial skeletons.  Ritual refuse includes faunal remains that 

are informally deposited after procurement, processing, use, and other activities 

associated with ritual contexts. The concept of ritual refuse is equivalent to Walker’s 

(1995) definition of ceremonial trash.  

Ritual deposition can be defined as being distinct from the vestiges of daily 

activities, but the events are not necessarily rare.  Ritual consists of  “formalised, repeated 

actions” (Hill 1996:21), and the repetition of specific patterns is paramount in defining a 

ritual deposit.  Hill (1996) suggests that researchers should not try to define a model with 

general patterns that would pertain to any ritual deposit.  On the contrary, close attention 

to formation processes of deposits helps archaeologists recognize their nature.  Formation 

processes and life histories of materials included in the deposits are better indicators of 
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ritual function.  According to Walker (1995) ritual objects will follow specific pathways 

throughout their life history and understanding these pathways can lead archaeologists to 

the identification of ritual behavior.  Studies of life history account for all stages of an 

artifact (or other materials), from production through final deposition all the way to 

archaeological analysis (Schiffer 1976, 1987).  In the case of Jabuticabeira II, I examine 

the steps through which faunal remains cycled during the course of the funerary rituals 

(see the end of this chapter and Chapter 9). 

The contents and locations of deposits are the most common characteristics used 

to define ritual origins, but archaeologists need to devote careful attention to spatial 

context and analyze the effects of possible taphonomic factors.  Ignoring the context of 

deposition can lead to erroneous interpretations (Seeman 1979; Wilson 1992).  Wilson 

(1992) pleads for detailed analysis and better detection of possible ritual deposits.  

Different excavation strategies, time constraints in the field, and even the training level of 

excavators can hamper detection of the spatial arrangement of unmodified faunal 

remains.  These vagaries support zooarchaeologists’ demand for systematic collections of 

small finds, carefully controlled excavation, and active participation in fieldwork 

(Weissbrod and Bar-Oz 2002). 

Hill (1996) and Walker (1998) call for careful analysis of stratigraphy and context 

in order to develop analyses of structured depositional patterning (cf. Muir and Driver 

2002).  Muir and Driver (2002) propose compositional patterning analysis as a way to 

investigate the presence of ritual deposits.  This requires comparison of the composition 

of depositional contexts within different structures or feature types.  The latter method is 
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useful when detailed descriptions of the stratigraphic context are not available, or when 

the site in question was subjected to different excavation methods.  

A study of ethnographic reports by Kansa and Campbell (2002:11) suggests that 

ritual consumption can be identified and distinguished from routine, daily consumption 

by special preparation or consumption practices.  Their analysis of a pit deposit from a 

site in Turkey identifies characteristics that indicate ritual faunal deposits, including 

location, modification, careful execution, fire damage, setting demarcation, and a detailed 

sequence of deposition.  

Characteristics of Ritual Fauna 

Basic criteria used by many researchers to identify ritual fauna include the 

recovery of whole skeletons, articulated elements, lack of cutmarks or other evidence of 

butchering, recurrence of specific animal parts, abundance of a particular sex, age or 

taxon, presence of rare, exotic, or expensive taxa, differential preservation, and 

association with human remains or grave goods.  Although these criteria provide a good 

starting point, they rarely occur simultaneously within a single deposit and their 

significance can vary by region and through time.  Nor do they encompass the entire 

range of ritual behaviors. 

The existence of whole or articulated skeletons is usually considered a good 

indication that animals were not consumed, but were intentionally buried, making them 

potential candidates for ritual fauna.  Sometimes, only parts of animals are deposited in 

ritual contexts, and a number of specific animal parts have long been recognized as ritual 

deposits.  In the American Southwest, bird wings and mammal mandibles are repeatedly 
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found within sacred structures and other contexts (Hill 2000, Walker 1995).  Carnivore 

teeth have also been recorded as possessing special meaning in many cultures.  Despite 

being isolated parts, their importance as ritual fauna has been documented. 

The absence of cutmarks can be a very ambiguous attribute.  Some butchering 

techniques do not result in obvious cutmarks, and postdepositional processes can often 

obscure their visibility.  Furthermore, grave offerings of parts of animals can exhibit 

butchering marks.  In addition, preparation of large animals for feasts can leave cutmarks 

that do not obviate their ritual role.   

Distinct, rare, and exotic taxa are often singled out as having ritual significance 

for prehistoric groups.  Such animals could be identified with deities, or could have 

served as prestige items.  Species unlikely to have been eaten should alert archaeologists, 

as in the case of toad remains identified as possible offerings by Weissbrod and Bar-Oz 

(2002).  Another example is the use of carnivores, like bears, in rituals (Berres et al. 

2004).  

Differential selection of specific sex and/or age can distinguish animals hunted for 

daily consumption from those used for ritual purposes.  Identifying these characteristics 

in faunal remains deposited at certain features within a site can also be important.  

Horwitz (2001) demonstrates that, among other characteristics, the abundance of young 

animals is indicative of Middle Bronze Age mortuary assemblages.  In the same vein, 

Crabtree (2002) points to the use of immature cattle in feasts at some Iron Age sites as 

indicative of conspicuous consumption practices due to the cost of the animals.  
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Differential taphonomic history can point to alternative life histories and indicate 

the sacred aspect of some faunal remains.  Intentional interment can aid preservation in 

comparison to other animal remains.  Kansa and Campbell (2002) recognize that 

distinctive preservation of bones can be due to the tendency of ritual deposits to provide 

protection from trampling, scavenging, and weathering.  Taphonomic processes should 

also be investigated to verify differential preservation of animal bones in ritual contexts.  

For example, Klokler and Thomas (2004) identify differential preservation of rabbit 

mandibles found on the floor of a room in a Hohokam site.  Other bone elements coming 

from the same room do not exhibit the same degree of preservation as the rabbit 

mandibles, suggesting that they were subjected to different processes of burial. 

Animals are often associated with human interments as grave goods.  These 

obvious contexts facilitate the identification of faunal remains as ritual deposits.  In the 

U.S. Southwest, bird and mammal mandibles, feathers, and mountain lion claws were 

found in several sites (Hill 2000).  Faunal remains in mortuary contexts are generally 

identified as food offerings for the dead, sacrificial gifts, or as refuse from funerary feasts 

(Horwitz 2001).   

The frequent association between ritual activities and food consumption 

complicates the distinction between ritual and daily meals (Kansa and Campbell 2002).  

In the case of Jabuticabeira II, the entire site is a deposit of faunal remains surrounding a 

substantial amount of burials.  Based on projections from burials encountered in 

extensive profiles, test excavations throughout the mound, and comparison with data 

from several sites, Fish et al. (2000) calculated that approximately 43,000 individuals are 
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buried in Jabuticabeira II (Table 2.1).  Zooarchaeological analysis of samples from 

Jabuticabeira II in the following chapters indicates that the fauna are the remains of feasts 

deposited in conjunction with funerary rituals.  The obvious ceremonial function of the 

shell mound facilitates the identification of ritual deposits, but some of the fauna could 

represent either grave goods or food refuse.  In other words, the site contains different 

types of ritual fauna that probably served different functions.  For example, articulated 

fish were reported in several different areas of the site in association with burial pits, and 

they could either be part of the feasts, food offerings for the dead, or both.    

 

Table 2.1.  Estimation of Burials at Jabuticabeira II (Based on Fish et al. 2000). 

Estimated number of individuals buried at Jabuticabeira II 
Burials per m3 .137 
Total m3 of site 320.000 

Estimated burial rates 
Number of burials 43.840 
Number of years 700 
Burials per year 63 
Burials per generation (25 years) 1.575 
 

 

FOOD SHARING AND FEASTS 

 
Mauss (1990 [1925]) proposed the first in-depth cross-cultural analysis of sharing 

behavior.  He identified gift exchange as a mechanism to establish social contracts, 

highlighting the obligatory aspect of reciprocation.  Following the historic “Man the 

Hunter” conference, sharing came to be understood as a system that served to reduce risk, 
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reciprocate acts of generosity, and create debt (Kelly 1995:167).  Within the universe of 

items that can be shared, food is the focus of this research. 

Humans are driven to share.  Widespread food sharing is a common characteristic 

of hunter-gatherers, where food is a medium that facilitates social bonding.  In most 

societies, sharing extends beyond the nuclear family and reaches different households.  

Anthropological studies of food sharing have often focused on analyzing the mechanisms 

and purpose of food transfers.  Some researchers have noticed wide variation in the 

character of sharing and cooperation within and between societies with similar scales and 

subsistence patterns (Hawkes 1992:269).   

Food sharing as a strategy to minimize risk has been explored by many authors 

(Gould 1982; Piperno and Pearsall 1998).  Food sharing has been characterized as a 

means of buffering risks associated with high daily variance in resource acquisition 

(Cashdan 1985; Winterhalder 1997), an avenue for the creation and formalization of 

alliances, and an opportunity to acquire recognition or status.  More recent studies 

suggest sharing may be a strategy to signal individual or group qualities or intent (Gurven 

et al. 2000; Smith and Bliege Bird 2000).  Many believe that the scale of sharing is 

largely dependent upon the degree of risk faced by a community.  Gould (1982) suggests 

that such systems compel people to regularly participate in sharing behavior in order to 

strengthen relationships within groups and to help individuals cope during times of stress. 

Meals are events full of meaning, greatly exceeding the physical satisfaction of 

hunger.  During meals, individuals share not only food, but also significant moments with 

family and friends through social interactions.  Meals also serve as an arena for other 
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important interactions, especially during special events like feasts, which are often a 

“critical element in the articulation and manipulation of social relations” (Dietler 

1996:89).  Hayden (2001) correlates the appearance of feasting behavior among hunter-

gatherers with the simple “meat feasts” described by Clermont (1980).  According to 

Hayden, the successful hunt of a large, prized animal would be considered a special 

occasion in which men would congregate and share the meat.  The origins of this type of 

feast probably extend as far back as the Paleolithic, but such claims are difficult to 

demonstrate in light of the scant material remains from these events. 

Feasting has been an important subject of study and a wide variety of definitions 

have been offered for feasts.  I use a broad definition that conceptualizes feasts as 

communal events involving the consumption of food and/or drinks in a manner that 

differs from everyday domestic meals (Clarke 2001; Dietler and Hayden 2001).  Such a 

definition does not impose a condition of group size, since feasts can be small gatherings 

including only members of a household or large events with the participation of several 

villages.   

Although feasts usually imply exchange and consumption of food and drinks, 

ideas are also often shared, including information about resource availability and 

abundance (Kipnis 2002).  Feasts are often appropriate occasions for behaviors related to 

social display, resource distribution, social interaction, and consumption (Spielmann 

2002).  This sharing of information can result in the formation of alliances and networks, 

attainment of status, or even the signaling of intent in these regards.   

Feasts are also closely related to the ritual realm and encompass a diverse set of 
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practices (Dietler 1996; Hayden 2001; Potter 2000).  As a ritual activity, feasts are 

suitable arenas for the representation of social relations (Dietler 1996).  Public display 

and sharing of high ranked resources is a key element in establishing and maintaining 

social prestige and power (Clark and Blake 1994; Dietler 2001; Kent 1989).  In most 

cases, feasts have a strong celebratory and religious character.  Deposits analyzed from 

Jabuticabeira II contain clear indications of their celebratory nature.  

As mentioned above, several different modes of feasting have been distinguished.  

Events can be classified according to symbolic content, function, size, social bonds, 

social units involved, reciprocity, and degree of obligation.  Hayden (2001) offers a basic 

classification of feasts, distinguishing those that involve alliances and cooperation from 

those whose primary function is economic gain, as well as others that are diacritical and 

emphasize display.  Alliance and solidarity feasts generally involve a host attempting to 

create support by promoting solidarity, social integration, and redistribution of food.  

These feasts can also advertise social and political achievements of a particular group to 

other groups, signaling advantages of possible alliances (Hayden 2001; Le Count 2001).   

Economic feasts entail more formal use of the hospitality involved in sponsoring 

the ceremony and necessarily involve unequal relations of status.  In this type of feast, 

sponsors attempt to gain and/or maintain political power (Dietler 1996, 2001; Hayden 

1996).  Diacritical feasts are typically exclusionary, since only elite members generally 

participate, creating clear distinctions between groups.  Competitive feasts, like potlatch 

and moka, entail use of resources to gain and/or achieve status, control, and create debt 

(Hayden 1994:231).  Typically, there is special emphasis upon social display at such 
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feasts (Dietler 1996, 2001; Hayden 2001; Le Count 2001).  However, it is worth 

emphasizing that some level of public social display is always involved in any type of 

feasting.  

Regardless of the ultimate motivation underlying the performance of feasts 

(alliance building, acquisition of prestige, social, or labor control, etc), one unifying 

characteristic is the need for the host or hosts to attract consumers and guests.  Organizers 

of feasts offer guests large quantities of food and drink in order to present their 

worthiness.  Public social display is an important medium for advertising and signaling 

success, wealth, and control of resources or territory.  Communal consumption implies 

some degree of visibility, and in the case of sambaquis, it is underscored by the 

deposition of the remains of the feasts in a mounded form.  

A preoccupation of research about feasting is the difficulty in correctly 

identifying this activity in the archaeological record.  Dietler and Hayden (2001) warn 

that investigations of feasting are often undermined by a general deficiency of accurate 

data grounded in archaeological research.  This situation is particularly unfortunate due to 

the important roles that feasting has played in cultural evolution (Hayden 1994).  

However, identification can be accomplished through the careful study of context, spatial 

relationships, and changes in patterns of animal and artifact use, among other 

characteristics. 

Feasting foods are usually consumed in areas spatially distinct from common 

meals.  Also, the disposal of remains usually occurs in separate locations.  Since feasts 

are commonly ritually charged, the remnants receive special treatment for their discard.   
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Walker’s study (1995) suggests that ceremonial trash is singularized and treated 

differently from other non-sacred forms of refuse.  In other words, ritually charged 

objects have different life-histories.  Besides spatial differentiation, archaeologists 

usually seek food items that are rare, or exotic to identify feast remains.  Hastorf (2003b) 

disagrees with this strategy and emphasizes that feasts can be defined by other aspects, 

such as timing, setting, and quantity of foods (Hastorf 2003b:545).  In many cases, food 

items are selected for feasts based on ideological significance, so even regular foodstuffs 

can be important components of feasts.  As I discuss later (also see Chapter 7), regular 

food items played an important role in the feasts performed at Jabuticabeira II. 

Along the coast of the state of Rio de Janeiro, the fishing communities of Itaipú 

consider mussels to be inferior food items.  People even avoid being seen eating 

mollusks, since this would be humiliating.  According to Lima and Pereira (1997), 

consumption of mollusks is depreciated in these communities due to their ease of capture 

and cooking.  However, mussels are preferred food items during communal feasts.  The 

Mariscada (mussel stew) celebration unifies the group, bringing together members 

involved in diverse aspects of the community and regulating social competition (Lima 

and Pereira 1997).  The authors believe that the Mariscada acts to decrease status 

differences highlighted during fishing activities, and that the food consumed is accessible 

to everyone in the group.  

The primary food consumed at feasts at Jabuticabeira II was fish, which are not 

considered exotic or rare.  On the contrary, most of the fish species found at Jabuticabeira 

II are commonly encountered in the region year round, even today.  While many 
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researchers believe that feasts would only include exotic or “hard to catch” animals, 

Parker Pearson (2000) warns that ritual always alludes to daily activities and should not 

be seen as completely removed from daily existence.  Also, exotic foodstuffs are more 

commonly related to competitive and diacritical feasts where the display of luxury plays 

an important role. 

A significant characteristic of current theoretical exploration of feasting is that 

most research focuses on complex societies.  The growing realization that feasting 

corresponds with social phenomena of great importance in most societies has attracted 

the attention of many researchers towards hunter-gatherer feasting behavior.  The 

characteristics of feasts performed by complex hunter-gatherer and other types of 

complex societies might have differences regarding scale, location, and foods used.  

These traits contribute to the difficulties of identifying the material manifestations of 

feasts.  In the case of Jabuticabeira II, the obvious ritual characteristics of the site, 

substantial quantities of fish remains, and the architectural and behavioral implications of 

the arrangement of the deposits are all indicative of communal meals consumed during 

funerary rituals. 

 

FUNERARY FEASTS 

 

Van Gennep (1960[1909]) points out that rituals involving the dead are often 

associated with food and are commonly expressed as feasts following the interment or 

through the use of food as grave offerings.  Funerary feasts mark disruptive events in 

communities and provide perfect moments for social bonding, advertisement of wealth, 
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and alliance formalization or maintenance, among other social phenomena (Clarke 2001; 

Hastorf 2003a; Hayden 1995, 2001).  Feasts often have more than one function (Clarke 

2001), so a combination of many purposes is possible.  Funerary feasts can be 

extravagant and demand great expenditures on the part of the hosts due to the frequently 

promotional character of the event (Adams 2004; Clarke 2001; Fair 2000).  Although not 

extravagant in the selection of foodstuffs, the Jabuticabeira II feasts represent moments in 

which large amounts of food were made available for participants.  

Funerary feasting is usually a privileged arena for display of solidarity and 

intergroup cooperation (Dietler and Hayden 2001).  The evidence for funerary feasting at 

Jabuticabeira II is suggestive of the use of these communal events as ways to improve 

cooperative behavior among the groups (Klokler 2001, 2003).  Ethnographic research 

among contemporary fishing communities in the study region provides evidence of the 

informal organization of fishing groups and cooperation taking place during times of 

resource depletion (Chapter 4).  Métraux (1946a) shows that solidarity was emphasized 

in mortuary rituals among the Kaingang of southern Brazil, along with active 

participation of neighboring groups during these events.  But funerary feasts may also 

involve individual or group agency (Dillehay 1995).  Research suggests that the 

construction of funerary mounds can function to legitimize leadership, and subsequent 

ceremonies of mound renewal could involve the formation of marriage alliances, trading 

partners, or land use rights (Dillehay 1990).   

Societies can have a variety of feasts throughout the year to celebrate a myriad of 

funeral events.  Two interesting examples come from Alaska and Northern Thailand.  
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The Yu’ik group from Alaska holds an annual Festival of the Dead in which foods are 

shared among the group and with ancestors.  Approximately five years later the Feast of 

the Dead is organized to honor and tend to the dead (Fair 2000).  The two feasts have 

differences in scheduling and scale.  The Feast of the Dead is extremely expensive to 

host, so hosts need time to acquire all resources (Fair 2000). 

  Clarke (2001) identified 16 types of feast among the Akha of Thailand.  His 

research verified that feasts are ubiquitous throughout the community’s life.  According 

to Clarke (2001), the scale of the feasts is relative to the distances that guests have to 

travel.  For example, the Akha hold ancestor-offering feasts among individual families.  

The funerary feast, which includes members of other communities, is the largest feast 

performed by the Akha and involves extreme display (Clarke 2001:153). 

 

FEASTS IN SHELL MOUNDS 

 

Members of the Sambaquis e Paisagem Project have articulated the interpretation 

of large sambaquis as the result of centuries of repetitive rituals involving death and 

social memory (DeBlasis et al. 1998, 1999, 2004; Fish et al. 1998, 2000; Gaspar et al. 

1999, 2002; Klokler 2003).  Sambaquis are symbols of group aggregation and 

expressions of the communities’ relationships with the environment (Fish et al. 1998).  

Shell sites in California are currently being interpreted in similar ways.  They are 

understood as loci that incorporate feasting events and food refuse, with the mounds 

having primarily functioned as cemeteries (Lightfoot 1997; Luby and Gruber 1999).   
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Archaeologists must interpret information from sambaquis in light of the very 

specific functions they served as cemeteries and celebratory locations in order to shed 

light on the complete settlement system.  The set of behaviors involved in funerary rituals 

that occurred along the Brazilian coast were intertwined with feasting and construction of 

conspicuous mounds, providing an excellent opportunity to understand sambaqui society.  

The importance of an in-depth study of ritual behavior and its relationship with social 

organization is heightened in light of the current lack of knowledge about the ordinary 

habitation sites of the people who constructed the sambaquis.  So far, archaeologists have 

not yet conducted sufficient systematic survey to identify residential settlements in 

southern Brazil.  These sites presumably have low visibility, exacerbated by the highly 

vegetated and humid environment.  The large sambaquis do not have evidence of 

habitation structures, and have very few artifacts.   Virtually no manufacturing discards 

were recovered from Jabuticabeira II, and almost all artifacts were accompanying burials 

(Hering 2005) or located within funerary areas. 

Feasting episodes at Jabuticabeira II offer a unique opportunity for analysis.  

Researchers, in this case, have control over the temporal aspect of the deposits because 

funerary areas represent a very limited number of feasting events.  Usually, 

archaeologists are faced with feasting deposits that correspond to several episodes, 

sometimes spanning generations or even hundreds of years (Rosenswig 2007). 

Brief Presentation of Behavioral Chain of Mound Construction 

In order to clarify the array of activities embodied by Jabuticabeira II, I present a 

succinct and tentative model of the mortuary behavior at the site.  This basic 
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reconstruction was developed from the results of the various research activities 

completed by the Sambaquis e Paisagem project during more than a decade of 

interdisciplinary studies of the site.  This is an expansion of a previous model developed 

with Ximena Villagrán1 to account for the activities involved in the site’s formation.  In 

Chapter 9, a more elaborate model is presented that incorporates the results of this 

dissertation research. 

Mortuary rituals at Jabuticabeira II began when a person died.  The funerary area 

was previously defined by that person’s affinity group and was prepared on top of a 

previously mounded area of shell that covered an earlier funerary area.  The members of 

the affinity group usually prepared the body with red ochre, then wrapped it and brought 

the body to the site.  Sometimes, measures may have been taken to accelerate reduction 

of the body, such as smoking, drying, or possibly in rare cases, defleshing.  Connective 

tissues were still present prior to interment and bones remained articulated until final 

burial.  Articulated hand and foot bones suggest that preparation of the body occurred at 

Jabuticabeira II. 

Fishing for the ceremonial interment feast and for grave offerings employed 

different techniques that led to the mass capture of fish for the banquet and the capture of 

large specimens for deposition with the dead.  Fuel for cooking and ritual hearths (dead 

wood and butiá nuts) was collected from the surrounding region, along with wood for 

posts and stakes.  At least some posts were probably collected from a larger area, perhaps 

                                                 
1 Ximena Villagrán developed her Master’s Thesis at the Universidade de São Paulo on the 
micromorphological analysis of Jabuticabeira’s terminal dark deposit entitled “Análise de Arqueofácies na 
Camada Preta do Sambaqui Jabuticabeira II” (Analysis of Archaeofacies of the Dark Layer of Jabuticabeira 
II). 
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at higher elevations.  Mammals and birds were also hunted for offerings, and the 

materials were brought to Jabuticabeira.   

At the site, preparation of the grave began with the opening of shallow pits on the 

surface of shell layers.  Bird and mammal offerings may have been cooked, but no clear 

evidence of this activity has been identified.  The fish was cooked either at the habitation 

sites or Jabuticabeira II.  The feast was probably prepared at Jabuticabeira II, since 

abundant charcoal is found among the materials deposited at the funerary areas.  The 

banquets were probably held at the site.   

Funerary feasts were probably organized and scheduled over a lengthy period of 

time, perhaps ranging from several months to years.  The funerary areas always 

encompassed multiple individuals.  Also, the arrangements for the interments and 

feasting involved a level of organized effort from the group to coordinate the fishing, 

collection, and other activities involved in the ceremonies.   

The deceased’s body, grave offerings, and refuse from the feast were then 

deposited at the funerary area.  Offerings included ornaments, tools, and food.  Posts or 

stakes were positioned surrounding the burial pit or a group of burials.  The graves were 

covered and hearths were lit on top or near the graves.  The occurrence of stacked hearths 

indicates revisits to the area.  Eventually, the funerary area was closed.  Afterwards, vast 

quantities of shells were deposited on top of the area in multiple episodes.   

Nearby areas were then used for similar activities by different affinity groups, and 

repetition of the funerary rituals increased the size of the mound, vertically and 

horizontally.  At around 1800 BP the affinity groups stopped using shell valves for 
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mounding, which led to the formation of a dark soil-dominated matrix at the end of the 

occupation.  However, aside from a change in the mounding materials other activities 

related to the funerary ritual remained the same. 

Ritual Performance at Jabuticabeira 

 As can be seen from the behavioral chain just outlined, the sambaqui mortuary 

ritual involves a lengthy series of activities.  This dissertation will center on the 

interactions involved in this behavioral system, particularly in relation to faunal remains.  

In order to understand the mortuary ritual and construction of Jabuticabeira II, I will 

examine attributes of the funerary features and their context to make inferences about the 

feasting and mounding behaviors.  The analysis of performance includes the formal 

properties, location, and other interactions between the people and artifacts used in the 

organization of rituals (Schiffer and Miller 1999a, 1999b; Walker 1998, 2001), as well as 

the performance of the site as a whole as the final product of the mortuary ritual.  This 

perspective will allow the formulation of inferences regarding the roles of faunal remains 

as artifacts in the communication processes involved in the ritual lives of the sambaqui 

people. 
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CHAPTER 3:  

SHELL SITES RESEARCH FROM A FAUNAL PERSPECTIVE 
 

 Shell sites have many different forms and characteristics.  They range from 

conspicuous mounds that cover hundreds of square meters and tower tens of meters in 

height to small heaps that are often unrecognizable.  A characteristic that unifies these 

sites is the fact that faunal remains are their most conspicuous elements, and they often 

drive research development.  These faunal components have been used to categorize 

sites, reconstruct the paleoenviroment, and infer subsistence practices, among other 

issues.   

Faunal remains found at shell sites were regularly/traditionally considered food 

refuse, and their study sheds light on the diet of prehistoric coastal groups.  Shell sites are 

the subject of extensive recent research on subsistence.  Cultural ecology influenced 

research linking differences in the composition of zooarchaeological assemblages with 

environmental variability that caused shifts in the diets of coastal populations.  Studies in 

the beginning of the 20th century on the California coast largely focused on subsistence 

(Nelson 1909; Uhle 1907), initiating a tradition that would persist until the 1990s.  The 

“kitchen midden” model was imported from Scandinavia and shell bearing sites were 

largely used in studies with evolutionary perspectives, and differences in artifact 

assemblages were used to understand the evolution of the associated populations (Dall 

1877; Moore 1892; Morse 1879; Wyman 1875).   

In Brazil, Krone (1908) used variability among shellfish species to infer site age.  

In southern São Paulo state, some sites have mostly oysters and others, closer to the 
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coast, are primarily composed of Anomalocardia brasiliana (or berbigão, a type of 

clam).  Krone hypothesizes that sites containing mostly oysters were older than the sites 

with clams in their matrix.  Leonardos (1938) believed that variation among shellfish 

species was related to regional and temporal variability and availability.  Like Krone, 

Ihering (1895) also categorized sites according to their shellfish components.  He 

correlated the presence of Azara prisca (misidentified at the time as a fossil mollusk) 

with sites that are older and farther from the coast.  Ihering distinguished kitchen middens 

and sambaquis by proposing that the former contain shells mixed with remains of hunted 

animals, fish, charcoal and ceramics, while sambaquis are only associated with burials.  

His early prophetic insights were not echoed among subsequent researchers. 

Subsistence and Diet 

During the 1950s, the California School of Midden Analysis raised questions 

regarding population size and dietary reconstruction (Ascher 1959; Cook 1950; Cook and 

Heizer 1951; Treganza and Cook 1948).  These questions became the focus of research 

on coastal sites for many decades.  Quantification of shell remains was used to estimate 

occupational intensity and duration.  Unfortunately, researchers rarely accounted for 

cultural change (Ambrose 1967) and considered sites to be homogeneous deposits (Cook 

and Heizer 1951; Gifford 1916; Treganza and Cook 1948).  Despite concern about 

sampling procedures, many of the assumptions used by the California School did not 

account for factors affecting their estimates of dietary intake.  Heterogeneity of deposits, 

seasonal changes in resources availability, differential access to food items, variation in 

the preservation of remains, food items consumed at other locations, and use of remains 
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for purposes other than food hamper accurate estimation of diet (Bowdler 1976; 

Waselkov 1987).     

Most Brazilian archaeologists saw sambaquis as mirrors of the diet of their 

creators and the surrounding environment.  Many authors (Froés Abreu 1932; Hartt 

1885), focused upon hardships imposed on the coastal populations by the perceived 

scarcity of valuable resources.  Sambaqui populations were depicted as starving groups 

who relied on shellfish as their main staple.  The massive amounts of shell valves found 

in sites were directly attributed to the estimated quantity needed to support groups. 

Mollusks are considered a reliable source of food.  They are usually sessile or 

have low mobility species that occur in large clusters, and available throughout the year. 

However, generally mollusks are high in protein, but have low fat, carbohydrate and 

calorie content (Erlandson 1988; Keneth 2005; Orkera 1999; Waselkov 1988).  

Researchers notice seasonal variations (due to water temperature fluctuation and 

spawning) in nutritional value of some species (Claassen 1986a, 1986b; Waselkov 1988).   

These characteristics make the existence of a mollusk-based diet very unlikely.  

Ethnographic studies show that mollusks are usually considered a supplement in the diet, 

or used as emergency food during scarcity times (Gaspar 1999; Meehan 1977a, 1977b; 

Waselkov 1987).  Isotopic analyses of human bones from sambaquis confirm that the diet 

was based on fish and not shellfish (DeMasi 1999). 

Changes in the frequency of fish bones at certain sites have been cited as evidence 

of subsistence shifts (Beck 1972; Dias Jr. 1972; Prous 1992; Schmitz 1987).  Some 

authors (Bandeira1992; Beck 1972; Lima 1991; Lima et al. 2004) propose that sites 
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provide evidence that shellfish gathering groups became fishers due to overexploitation 

of mollusk beds caused by population increase.  Nevertheless, no clear evidence of 

overexploitation or population increase is provided to support the assumptions.  Figuti 

(1992) suggests that coastal populations always relied heavily on fishing activities.  

Through the use of more suitable methodology, Figuti affirms that the abundant shell 

valves found in most sambaquis (approximately 80% of the matrix) represent just 15% of 

available meat represented by all faunal remains.  In contrast, vertebrate bones mostly 

from fish, account for 80% of edible meat.   

In the 1950’s, French archaeologists Joseph Emperaire and Annette Laming 

differentiated “clean” and “dirty” sambaquis based on distinctive stratigraphic 

characteristics.  Sites with apparently homogeneous stratigraphy, abundant oyster and 

clam shells in loose layers, and few artifacts were called “clean” and attributed to small, 

nomadic gathering groups.  “Dirty” sites were sambaquis with abundant mussels, 

artifacts, and fish bones distributed in compacted layers, and were attributed to fisher-

gatherers.  The distinction between clean and dirty sambaquis was used to debate 

economic shifts and changes in ecological conditions.   

Figuti and Klokler (1996) analyzed faunal material from Espinheiros II, a 

sambaqui that had both clean and dirty characteristics located in Joinville, Santa Catarina 

state.  We demonstrated that the lower portions of the site, with layers composed almost 

exclusively of shellfish remains, were a product of the initial phases of construction of a 

shell platform above the wet soil of nearby mangroves.  The deposits suggest that few 

daily activities were performed.  The upper portions of the site represented different 



 

55

habitation areas.  Subsequent accumulation at Espinheiros II resulted from a complex set 

of activities corresponding to what would be expected at a habitation site.  

Discussion of the early use of coastal resources is increasingly prevalent 

(Broughton and O’Connell 1999; Erlandson et al. 1999, 2005; Erlandson and Fitzpatrick 

2006; Griffiths and Branch 1997; Kennett et al. 2005; Stiner et al. 2000).  Shell midden 

assemblages are used to draw inferences on the variability and stability of early maritime-

based diets (Bird et al. 2002; Erlandson 1994).  Also, interest in the development of 

complexity among maritime societies revitalized research on shell bearing sites.  Shell 

site archaeology has seen renewed interested worldwide.   

Seasonality  

Seasonality studies are critical for understanding the scheduling of site 

occupation.  The season of death can indicate the timing of the animal’s capture.  For 

example, early Danish archaeologists believed that shell middens were occupied in the 

winter due to presence of faunal remains from migratory birds and the analysis of 

mammal age profiles (Ham 1982; Morlot 1861).  Research on season of capture can lead 

to assertions about site specialization, food yield of species, settlement patterns, and 

social organization. 

Sectioning studies of bivalves have been used in the United States to infer 

seasonality (Claassen 1986a, 1986b; Lightfoot and Cerrato 1988).  These studies suggest 

that shellfish gathering occurred mostly during cool seasons, from late fall through 

spring.  This scheduling pattern suggests to some authors that mollusks were consumed 

during lean seasons when other food sources were unavailable.  In other cases, year round 
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exploitation of mollusks highlights the sedentariness of some coastal occupations 

(DeMasi 1999).  Toizumi (1994) introduces an innovative method for determining 

seasonality from shell midden deposition.  The depositional season method entails 

distinguishing distinct depositional events, determine seasonality of shellfish by ring 

growth and correlate the results with fish remains.  

The season in which fish are caught can be assessed by analyzing annual growth 

rings, which are particularly apparent in otoliths, but also appear in scales, opercula, 

cleithra, vertebrae, and spines (Casteel 1976; Colley 1990; Ham 1982).  However, growth 

ring studies can also be time consuming and not very accurate due to problems in 

identifying the rings (Casteel 1976; Morey 1983).   

Migratory fish have also proven useful for inferring seasonality of occupation.  

Recovery of fish species that are only present in a region during specific parts of a year 

can indicate that a site was being inhabited during that period.  Wiener (1876) believed 

the sites were only used during winter and based his inference on fish bones from species 

that are available during that season.   

However, storage behaviors could lead to weak inferences regarding seasonality 

(Colley 1990).  Processing of fish for storage through smoking, drying, and freezing have 

been common practices and are easily accomplished.  Furthermore, these behaviors often 

do not leave much evidence.  Assessing seasonality solely through evidence of migratory 

species can be nuanced.   

The concept of shell mound groups as nomadic has been changing in the last 

decades in Brazil.  Researchers have argued that the presence of layers of fused and 
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visually amorphous materials (concretion) in some sites was indication of a site’s 

abandonment (Rauth 1962).  However, further analysis of concretions showed that they 

enclose heating structures, plant remains, and other indications of human activities and 

are formed by cementation processes related to the percolation of mineral-rich solutions 

through the stratigraphy (Gaspar 2000; Mazini 2007).  Isotopic studies done on shell from 

small sambaquis in Santa Catarina demonstrated that sites were inhabited all year long 

(De Masi 1999). 

Paleoenvironment 

Despite the widespread focus of faunal analysis in shell sites upon diet, 

archaeologists also recognized the validity of reconstruction of paleoecological 

conditions using faunal remains.  Reconstructing the paleoecological dynamics of a 

particular region may support the elaboration of inferences regarding the decisions made 

about site location and resource use.  Also, changes in shorelines and stream conditions 

can explain changes found in faunal remains and can resolve contradictory information 

from malacological and studies of coastline and riverine present-day species (Morey and 

Crothers 1998).  Faunal materials from shell sites can be used to reconstruct 

paleoenvironmental conditions and geomorphic evolution.  For example, Scudder (2003) 

used soil infauna analyses to investigate whether a midden in Florida was constructed on 

dry land and subsequently inundated, or if the deposition started in a shallow-water 

setting. 

Environmental variability, including sea level and climate changes, was assessed 

in early investigations of shell sites (Bailey 1983; Morse 1879; Suguio et al. 1985).  



 

58

Analyses of relative frequency of species allowed researchers to assess shifts in regional 

and local paleo-environments through variations in salinity, temperature, and 

microenvironments.  Reconstructions were based on species’ presence and absence, 

frequency, and ecology.  For example, Greengo (1951) relates changes in the frequency 

of shell species in several California sites to climatic causes, while Kidder (1959) noted a 

transition from salt to freshwater species in Jomon sites and was able to explain this 

through differences induced by the tectonic rise of the Japanese shoreline during the 

occupation.  Morse (1877) used length ratios of shellfish species to estimate temperature 

changes in Maine.  Hartt’s (1885) pioneered the use of shells to infer geomorphological 

changes in the Amazonian region by noting the existence of maritime shellfish species 

deposited great distances from the coast.  He and Ferreira Penna (1876) argued that this 

evidence suggested major shifts in the physical configuration of the region.   

Ethnography and Ethnoarchaeology

Ethnographic studies allow researchers to identify different techniques of 

collection, cooking, and storage employed by human populations.  Meehan’s (1977a, 

1977b, 1982) key work with the Anbara of Northern Australia brought new insights on 

human use of mollusks.  Meehan lived among the Anbara for extended periods during 

three years (between 1972 and 1974) and investigated the “life history” of shellfish from 

collection through processing, transportation, consumption, and discard.  Meehan 

discovered that although a high diversity of species (30) was collected, six of them 

accounted for 95% of the total weight.  A single species (Tapes hiantina) provided 65% 

of the total mollusks consumed (Meehan 1982:494).  A very interesting outcome of the 
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research is the realization that shellfish was a supplementary food item in the group’s 

diet, but shell gathering was performed during most working days.  The group considered 

shellfish a prime resource and always located their base and dinnertime camps near 

shellfish beds.  In a study that departed from the familiar debate about shellfish 

procurement strategies and nutritional value, Moss (1993) revealed that some species of 

shellfish were considered impure by the Tlingit and were consistently avoided, especially 

by individuals that aspired for social status.  

Recent work by Bird and Bliege Bird (1997, 2000) and Bird et al. (2002) provides 

a better understanding of the strategies used during shellfishing activities.  Bird et al. 

(2002) and Richardson (2000) also highlight important considerations regarding species 

representation in shell sites.  They apply their ethnographic observations of shellfish 

gathering societies and examination of assemblages from contemporary middens to three 

prehistoric sites and use predictive models to caution researchers to account for the 

possibility of field processing, and differences in site function (e.g. processing sites, base 

camps, etc.) before making inferences about faunal assemblage variability.  

Bowdler (1976) presents a review of ethnographic studies done in Australia and 

summarizes how ethnography can be used to understand behaviors represented in 

prehistoric midden sites.  The author studies the introduction of line fishing and shell 

hooks in some groups, which provoked an alteration of the techniques for fishing, to 

explain changes in the shellfish and fish species found in the record.  Bowdler proposes 

that the emergence of the practice of line fishing changed gender strategies, economic 

decisions, and access to food items.  Meehan and Bowdler’s careful observation of 
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ethnographic examples demonstrated many shortcomings of research that focuses solely 

on dietary intake. 

Stewart and Gifford-Gonzalez (1994) used fishing camps from two African 

groups in order to interpret possible hominid sites.  Their research enumerates differences 

between natural and human assemblages in regards to size, taxonomic diversity, skeletal 

representation and modification (Stewart and Gifford-Gonzalez 1994:247).  Other 

interesting results includes effects of fish processing that can be detected in fish bones, 

which help to differentiate base and processing camps.  Zohar and Cooke (1997) 

demonstrated that is possible to distinguish fish butchering methods based on 

archaeological patterns of element representation and fragmentation. 

Formation Processes 

Shell bearing sites can have diverse functions, including short or long term 

habitation, cemeteries, workshops, seasonal camps, processing camps, and dinnertime 

camps, among others.  Focus on their possible functions remains important research 

questions (Lightfoot 1997).  Studies of formation processes studies provide important 

avenues for defining site function and assessing the behaviors involved in creating shell 

deposits.  Many of these studies were inspired by the necessity of assessing site 

variability.  By understanding the human behaviors that created a site, scholars can 

identify the activities carried out and their functions, greatly benefiting settlement 

patterns research.   

Shell orientation, fragmentation, vertical displacement, and articulation are 

significant evidence for assessing inferences about disposal patterns, perturbation, and 
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more.  Muckle (1985) and Ford (1992) provide good examples of viewing shells as 

sediment.  Muckle’s experimental study analyzes the condition of shell valves after 

dumping episodes and extensive trampling.  Shell orientation and degree of articulation 

are helpful in determining if a deposit is the result of a single depositional episode or if it 

is redeposited refuse.  These data are useful in distinguishing bulk deposits used as fill in 

building platforms or mortuary mounds, from thin, continual deposits of material 

resulting from daily activities as a habitation site.   

Ford’s analysis of grain-size distributions of invertebrates from a shell midden 

confirmed that the shell probably entered the site after processing for cooking, dumped, 

and/or trampled due to their fragmented state (1992:322).  Her research sheds light on 

differentiating shells that were used for food, bait, and construction.  In Tierra del Fuego, 

the degree of shell fragmentation is used to determine habitation areas within sites (Piana 

et al. 1998).  Rouse (2004) shows the usefulness of fragmentation studies in identifying 

activity areas and floor surfaces. 

Instead of aggregates of refuse, some shell sites are also interpreted as 

intentionally built structures.  Gaspar (1991) initiated a discussion, further explored by 

Afonso and DeBlasis (1994), about the formation processes of shell mound sites.  They 

proposed that large shell sites are mounded structures resulting from the organization of 

work groups following specific social rules.  They suggested that shellfish valves were 

mainly used as construction material to elevate sambaquis.  Research on faunal remains 

from shell sites has slowly shifted towards understanding past social organization in 

addition to economic systems.   
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Social Organization 

Significant advances in chronological methods, data-recovery techniques, 

settlement analysis, and subsistence studies have aided the analysis and interpretation of 

maritime adaptations within the last two decades.  This has provided archaeologists with 

a clearer understanding of the processes that attracted human groups to coastal areas and 

the advantages provided by the use of marine resources.   

Green (1963) used shellfish to study changes in social organization in New 

Zealand.  He argues that a shift from species gathered individually from rocky shores to 

species gathered on a large scale by groups in estuaries is related to changes from small 

groups to large groups.  Wessen’s (1982) extensive study of the Ozzette Site, located on 

the Northwest Coast of America proved that status and lineage affiliations also can be 

assessed using shell sites.  His careful methodology and analysis distinguished 

differences in household status and access to resources, hinting at the existence of 

resource ownership. 

 

DISCUSSION OF RITUAL IN SHELL SITES 

 
In the early 19th century, Wiener (1876) identified the large shell mounds in Santa 

Catarina State as mortuary monuments erected to honor the deceased members of society.  

He also first noted the association between dark lenses and the presence of human 

burials.  Wiener’s close attention to the sambaquis’ stratigraphy allowed him to identify 

sites that contained evidence for both daily activities and burials from sites that were 

solely erected for the deceased (1876:18).  Lacerda (1885) conceded that sambaquis 
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served as graveyards but refused to identify evidence of their exclusive use as funerary 

loci.  He believed that their use for burials was incidental.  

Claassen (1991, 1996) demonstrates the use of shell mounds as ceremonial sites.  

Her analysis focuses on shell mounds located in the American Southeast and refutes long 

held hypotheses that focus only on ecological reasons for the placement of shell sites 

during the Shell Mound Archaic in the southeast US (Claassen 1996).  She demonstrates 

that areas with extensive shell beds were not explored by these groups, and believes that 

social concerns influenced the location of sites.  Furthermore, Claassen identifies the 

tradition as based on mortuary ritual.   

Lightfoot (1997) introduces the idea that some sites in the San Francisco Bay area 

were specialized cemeteries.  He infers that shell mounds were constructed in order to 

exploit the estuary resources and build a platform above the flood zones.  As time passed 

and the mounds increased in height, the mounded sites were transformed into symbols of 

territoriality.    

Luby and Gruber (1999) use a structural approach to understanding the symbolic 

nature of shell mounds built around the San Francisco Bay.  They argue that the shell 

mounds were used as locations for mortuary feasting.  Russo (2004), in studying shell 

rings in Florida, also found evidence that large shell deposits resulted from feasting. 

A profound change in the perception of sambaqui society can be noticed in the 

archaeological literature of Brazil.  Previously characterized as small, mobile bands of 

hunter-gatherers, these coastal inhabitants were probably sedentary and more densely 

settled (Afonso and DeBlasis 1994; Gaspar 2000b; Lima and Lopez Mazz 2000).  The 
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Sambaquis e Paisagem project team introduced the idea that large sambaquis are built 

through repeated rituals involving death that occurred over the course of centuries 

(DeBlasis et al. 1998, 1999, 2004; Fish et al. 1998, 2000; Gaspar et al. 1999, 2002; 

Klokler 2001, 2003; Nishida 2007, 2008).  Sambaquis are links to ancestors and symbols 

of group aggregation and solidarity, and also indicators of their relationships with the 

environment.  

The manufacture of sophisticated ground, polished stone and bone sculptures such 

as zooliths hints at some sort of craft specialization or ideological unity (Prous 1977, 

1991)(Figure 3.1).  These sculptures are usually made with basalt, diorite, diabase, and 

less commonly with cetacean bones (Prous 1977), and are extremely sophisticated.  They 

represent animals, humans, and geometrical figures; almost all zooliths bear a small 

cavity in the ventral area (Gaspar 2000a).  Evidence of design repetition and 

standardization of styles on zooliths indicates that specific rules were followed in their 

production and that a possible supra-communal form of organization may have been in 

place (Gaspar 2000a, 2004).  Also, occasional differences in mortuary offerings suggest 

that some level of inequality characterized sambaqui societies.  It is within this 

revitalization in the study of sambaqui sites that this research is integrated.   
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a. b. 

c. d. 

e. 

Figure 3.1. Zooliths recovered from Santa Catarina sites (a. and b. fish, c. mammal, d. bird, e. 
anthropomorphic) (drawing by Regina Klokler). 
 

Food for Body and Soul 

Burials are ubiquitous in Brazilian shell sites, but few studies focus upon the 

social and ritual behaviors that account for their presence.  Biological analyses, like 

anthropometry and paleodemography, are the most common investigations (Neves 1984; 

Uchoa 1970; Wesolowski 2000).  Until recently, attention was typically centered on the 
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analysis of skeletal remains and artifacts.  With the exception of recent works by Sene 

(1998) and Silva (2001, 2005), studies focusing on mortuary rituals or attitudes towards 

the dead were rare and incomplete until the publications derived from the Sambaquis e 

Paisagem project (Fish et al. 1998; Gaspar et al. 1999).  

Since archaeologists primarily characterized sambaquis as trash mounds with 

burials interspersed within the refuse, little attention has been paid to the context of 

deposition.  Graves have been briefly described, and grave goods, when present, are 

quantified, but no special attention is typically paid to unmodified animal bones or shell 

remains encountered within these deposits, unless the bones came from unusual, highly 

visible, or rare species like whales, dolphins, and turtles.  The use and significance of 

faunal remains in funerary rituals is rarely mentioned, despite their intrinsic association 

with burials.  The fact that the matrices of sites are largely composed of faunal remains 

has blurred the distinction between materials used for construction, food, and ritual.  

However, as discussed in Chapter 2, this distinction is not possible in Jabuticabeira II 

case because the faunal remains are construction material, food remains, and part of the 

ritual.  

 

 

Drawing upon developments in faunal analyses presented above, I investigate the 

mortuary ritual performed at a sambaqui that primarily served as a cemetery for 

approximately 1000 years (based on radiocarbon dates).  Going beyond assertions about 

subsistence, but without underestimating the importance of aquatic resources as food 
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items, I investigate the ceremonial use of shellfish and fish during communal feasts.   

Inferences on the social organization of the sambaqui populations are presented based on 

the nature of the feasts and other aspects of the mortuary ritual. 

The importance of an in-depth study of ritual behavior and its relationship with 

social organization is heightened in light of the current lack of knowledge about the 

ordinary habitation sites of the people who constructed the sambaquis.  The recent 

research conducted at Jabuticabeira II is of great importance for understanding the fisher-

hunter-gatherers known as sambaqui people, who inhabited the Brazilian coast during the 

late Holocene period.  
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CHAPTER 4:  

NATURAL SETTING AND ETHNOHISTORY OF SOUTHERN SANTA CATARINA 

 

Various bays, estuaries, lagoons, and islands typify Santa Catarina’s intricate 

coast.  Its northern half is oriented in a north to south direction.  At Cabo de Santa Marta, 

it turns to the Northeast-Southwest direction.  This southern part of the state’s coast, 

which includes the study area, has numerous lagoons and bays.  The Mirim, Imaruí, 

Santo Antônio, Jaguaruna, Camacho, Santa Marta, and Garopaba do Sul lagoons are 

interconnected, allowing small boats to travel unimpeded for distances as great as 37 

kilometers along its north-south axis.  Also, receding lagoons formed lakes in the area 

such as Bonito, Arroio Corrente, Figueirinha, Gregório Bento, and Laranjal.  These water 

reservoirs dominate the coastal plain of Southern Santa Catarina State.  These large 

bodies of water were formed by the “drowning” of Pleistocene ocean terraces and rising 

sea level during the Holocene. 

Geomorphology and Hydrology 

The study area is affected by four different coastal depositional systems: lagoonal, 

barrier-bar, strandplain, and aeolian (Angulo et al.1999; DeBlasis et al. 2004; Giannini 

1993, 2002).  The Holocene lagoonal system emerged from the configuration of a 

transgressive barrier and the drowning of valleys.  The regressive barrier-bar system is 

associated with back-barrier lagoonal deposits, and the strandplain is composed of 

Pleistocene and Holocene elements.  The aeolian deposits, which encompass dunes of 

four generations, cover parts of each of the other systems (Angulo et al.1999; Giannini et 
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al. 2001, 2007).  The highest concentration of shell sites occurs within the northern area 

of this lagoonal system, near Santa Marta, Camacho, and Garopaba do Sul (DeBlasis et 

al. 2004; Giannini 1993).  These shell mounds are primarily restricted to the coastal plain 

and immediately surrounding areas.  Jabuticabeira II is located near the city of Jaguaruna, 

on the southern coast of the state of Santa Catarina (Figure 1.2).   

Sea level variation in the southern region of Santa Catarina has been an ongoing 

subject of debates, and several sea level curves have been proposed (Angulo et al 1999).  

Suguio et al. (1985) produced a curve based on marine terraces, shell midden dates, and 

lagoonal terraces.  Their data indicate two instances of negative sea levels around 4000 

and 3000 BP.  Caruso (1995) proposes a sea level curve based on peats, coastal erosion, 

submersed lagoonal terraces, and dunes.  These data suggest elevated sea level around 

5000 and 3000 years BP, an abrupt regression between 3000 and 2500 years BP, and 

levels up to one meter above current sea level around 2000 years BP.   

Caruso et al. (2000) further confuse the debate by proposing a revision of their 

previous curves from 1985 and 1995.  They argue that sea levels approached maximum 

transgression until 3000 years BP, when a short-lived negative level occurred, followed 

by a new transgression before 2000 years BP.  Angulo et al. (1999) used fossilized 

gastropod shells, known as vermetids, as a proxy for their sea level curve and propose a 

much more subtle marine regression that never reached negative levels.  They argue that 

the sea level has decreased smoothly since 5400 years BP (Angulo et al. 1999, 2006).   

In any case, it is clear that the lagoonal environment was of utmost importance to 

the area’s prehistoric inhabitants.  The area surrounding Jabuticabeira II provided a 
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diverse series of micro-environments in which mounds were constructed.  Sites are 

located close to the ocean (Garopaba do Sul), near lagoons (Jabuticabeira II), in hills 

(Mato Alto), and above palaeodunes (Galheta)(Figure 4.1).  Gianinni (1993) identified 

higher concentrations of shell mound sites in the bar-barrier area and between bays and 

lagoons.  In the bar-barrier zone sediment is deposited by wave action.  Redistribution 

and reworking of sediments along the coast isolated the lagoonal areas behind the bar-

barrier zone. 

 

Figure 4.1. Mato Alto, Santa Marta I, and Garopaba do Sul sambaquis (in clockwise order from 
upper left). Pictures by Paulo De Blasis. 

 

Shellmound sites are most commonly located near coastal plains especially near 

lagoons and protected bays (Gianinni 1993; Kneip 2004).  So far, approximately 65 shell 

sites have been identified in the region (DeBlasis et al. 2007).  During the construction of 

Jabuticabeira II, a large lagoon dominated the vicinity, and the site was located at the 

mouth of this substantial body of water (Kneip 2004) (Figure 4.2).  The existence of this 

broad lagoon attracted a variety of animals and provided a good area for human 
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settlement.  No sites have been found in the interior areas away from the coast, as they 

always surround the paleolagoon (Kneip 2004).  This is a strong indication that the lives 

of the sambaqui people were closely linked to aquatic resources. 

The Tubarão, Una, and Aratingaíba Rivers cross the Sambaquis e Paisagem 

Project study area (Figure 1.2) and regulate the water level of lagoons.  The Tubarão 

River provides water to several lagoons in the region and forms the country’s largest 

lagoonal delta (Giannini et al. 2007).  Around 25 lagoons are located between Imbituba 

and Jaguaruna.  The modern lagoon located nearest to Jabuticabeira II, Garopaba do Sul, 

covers approximately 18 square km (Gianinni 1993).   

Oceanic upwelling increases the marine productivity in the region.  In front of the 

Cabo de Santa Marta, cold waters from Antarctica are brought close to the surface by the 

topography of the ocean floor.  Winds increase the amount of nutrients in the water, 

especially during spring and summer (Castelo 1997).  The area’s high productivity can be 

explained by the existence of these upwelling processes (Figueiredo et al. 2002).  This 

phenomenon increases the nutrients in the water, thereby attracting more animals to the 

area. 
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Atlantic Ocean 

N

Figure 4.2. Paleolagoon with location of Jabuticabeira II (by Andreas Kneip, modified by the 
author). 

 

In the study area there are archaeological indications that sambaqui groups were 

heavily dependent upon coastal resources.  They always placed their settlements close to 

large bodies of water; the paleolagoon was likely a privileged and strategic area for 

gathering and fishing.  Aquatic resources offer high productivity, high sustainability, and 

high predictability.  All of these factors supported continuous human occupation (Hoopes 

1994; Yesner 1980).   
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Use of boats was probably a common strategy used to increase resource 

catchment areas while also having implications for social organization.  At the time of 

Jabuticabeira II’s occupation, the Garopaba do Sul lagoon area was a highly productive 

environment that combined salt and freshwater sources, contributing to the high density 

of prehistoric sites throughout the region.  Kneip’s (2004) projections of the region’s 

geographic configuration between 5000 and 2000 BP confirms that the paleolagoons 

were always the center of settlement, even as they receded due to sea level changes.  

Sambaquis were always positioned around the lagoon, following variations that affected 

the shape and size of the lagoon (Figure 4.3).  Today, the lagoon is brackish due to recent 

interventions for agricultural purposes that blocked the inlets that connected the lagoon 

with the ocean. 

Climate 

The climate of southern Santa Catarina is subtropical, humid, and mesothermic 

(Monteiro 1958; Nimer 1989).  It correlates to a transition between the warm tropical 

climate of the lower Brazilian latitudes and the mesothermic temperate climate of the 

middle latitudes of the southern region.  The average annual temperature is 

approximately 19° C, with average relative humidity approaching 85% (Orselli 1986).  

The four seasons of the year are clearly defined.  Summer is the rainiest season, while 

winter rains are less frequent.  There is no dry season, and rainy days account for almost 

a third of the year (Giannini et al. 2007).  The region’s abundant precipitation produces 

an elevated number of nutrients in the lagoons, fostering the development of highly 

diverse aquatic species communities. 
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Paleoclimate studies in southeastern Brazil indicate that between 6000 and 600 

years ago the area had drier conditions (Behling 2003).  Only after 600 BP similar 

conditions regarding rain regime and humidity found today were reached (Kneip 2004). 

 

 

 

Atlantic Ocean 

N

Figure 4.3. Paleolagoon with location of active sambaquis (by Andreas Kneip, modified by the 
author). 
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Vegetation 

In the past, the Atlantic rain forest was ubiquitous throughout the study area.  This 

vegetation type dominated most of the Brazilian coast, being confined to the west by 

mountain chains that run parallel the coast.  High levels of precipitation supported a 

tropical forest even at latitudes south of the Tropic of Capricorn.  Currently, only patches 

of the original Atlantic forest still exist in government-protected areas (Parques 

Florestais e Estaduais).  

Restinga is another vegetation type in the study area. Restinga is a term used to 

define both vegetation and soil type.  In its geomorphological sense restinga refers 

mostly to coastal sandy beach ridges (Scheel-Ybert 2003), and the associated vegetation 

occurs almost exclusively in coastal plains due to its edaphic characteristics.  It features a 

mosaic of plant associations from herbaceous understory vegetation and grasses to trees 

depending on the coastal zone they are located (Caruso 1983; Scheel-Ybert 2002).  

Restinga ecosystems vary according to the characteristics of the soil, from sparse open 

restinga to dense evergreen restinga forest (Scheel-Ybert 2003).  Some examples of the 

restinga species are Myrtaceae spp., Clusia sp., Rheedia sp.; species found in the restinga 

forest include Lauraceae spp. and Pouteria spp.  These species were also identified at the 

Jabuticabeira II site. 

Charcoal analysis, or anthracology (from the Greek word anthrakos, for 

charcoal), demonstrates a high degree of stability in the coastal vegetation communities 

of the study area.  The plant species recovered from archaeological deposits are mainly 

the same found currently in the region (Scheel-Ybert 2002).  The vegetation at 
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Jabuticabeira II site has been recently altered by shell mining and subsequent use of the 

site for agriculture, but the vegetation in the better-preserved areas is characteristic of 

coastal areas, with small shrubby species that occur in areas with dunes and open restinga 

(Scheel-Ybert 2003).   

Natural Shell Beds 

The study area is rich in calcareous shell beds, especially near the Mirim, Imaruí, 

and Santo Antônio Lagoons.  In fact, Jabuticabeira II is situated on top of lagoonal 

deposits that include natural shell beds.  These deposits are indicators of the region’s 

richness of the mollusk fauna in the past.  The beds surrounding the site extend over a 

large area, and reach a maximum thickness of 4.5 m.  Among the most common species 

are Anomalocardia brasiliana (Gmelin, 1791), Nassarius vibex (Say, 1822), and Ostrea 

equestris (Say, 1834).  A shell sample from the top of this deposit produced a date of 

3720±60 BP (Caruso 1995).  Most dates from Santa Catarina beds are between 4500 and 

3200 years BP (Caruso 1995; Caruso et al. 2000).  However, Caruso highlights that the 

deposits studied so far were reworked and include species from several areas; the dates 

cannot be directly linked to their original formation due to time-averaging.  Time-

averaging issues, or the mixing of elements from non-contemporaneous populations, are 

present in all Santa Catarina shell beds.  In addition, the effects of upwelling have to be 

carefully accessed when dealing with shell dates.   

Issues of continuous reworking of deposits and time-averaging are common topics 

in the research on shell beds (Anderson and McBride 1996).  These accumulations are 

important for scholars interested in studying sea level variation, geomorphology, 
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comparing death assemblages with living communities, taphonomic processes, etc 

(Albertzart and Wilkinson 1990, Anderson and McBride 1996, Brett 1995).  In Santa 

Catarina, most research focuses on the evolution of the geomorphological aspects of the 

region and the mollusk composition of the beds.  

The formation of the natural shell beds is attributed to intensive coastal dynamics 

that caused the reworking of sedimentary deposits (Caruso 1995; Caruso et al. 2000).  

According to the authors the beds were formed under high energy conditions present 

within the paleolagoon area in beach and shallow water facies during periods in which 

sea level was in constant change.  Evidence of the processes includes the high 

fragmentation of shells, mixture of mollusks from different habitats, and presence of 

graded and cross-bedded structures (Caruso et al. 2000:265).  These calcareous shell 

deposits are extensively exploited in the study region. 

The coincidence of many shell mounds with areas having high numbers of natural 

shell beds is common in the states of Paraná and Santa Catarina and this calls attention to 

some interesting questions.  Were some of the mollusk valves found in shell sites 

collected from natural shell beds?  Is it reasonable to believe that sambaqui people had 

knowledge of the location of fossil shell beds and considered them important for ritual 

purposes?  Or are associations between natural shell beds and sambaquis simply due to 

the fact that these populations chose to settle close to sources of mollusks where they 

could collect food and building material, and natural shell beds formed after the 

abandonment of sites?  Jabuticabeira II is located at the interface of a fossil deposit and 

an active source of mollusks so its builders had equal access to live and dead mollusks. 
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Summary 

The study area encompasses a mosaic of aquatic habitats that vary according to 

salinity, from rivers and lakes to brackish lagoons, beaches, rocky shores and the open 

sea.  Based on previous studies of archaeological fauna of Jabuticabeira II (Klokler 2001, 

Nishida 2007) and considering the short distance between many of these habitats, easy 

access, and the predictability of resources, the paleolagoon was no doubt the primary 

source of faunal resources for the Jabuticabeira II inhabitants, followed by inshore areas 

and freshwater habitats.  Rocky shores also provided some resources, but the open sea 

appears to have been rarely utilized, probably because it would have required stronger 

vessels and yielded variable results since pelagic resources are less predictable.  Plant 

materials were also mostly collected in the areas surrounding the lagoon, and seldom the 

sambaqui people had to explore areas farther from the ocean.  The reoccurrence of 

several sambaquis in the margins of the lagoon throughout thousands of years is evidence 

of not only the stability and reliability of the resources provided by the paleolagoon but 

also of the connection these groups had with the territory.  

  

CULTURAL SETTING 

 

Archaeologists never have complete access to all of the components of prehistoric 

lives and rituals.  Even when taking spatial arrangement, context, taphonomy, and site 

formation processes into account, parts of the process are impossible to reconstruct.  In an 

attempt to fill the gaps, I review ethnographic and ethnohistorical accounts of several 
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groups that occupied Brazil and other parts of South America.  These examples are useful 

for building models that can be used to test different hypotheses for interpreting the 

archaeological record.  First I present examples regarding the procurement, processing 

and consumption of mollusks and fish, in a second moment I introduce a review of 

activities involved in funerary rituals.  The spectrum of ethnographical examples 

broadens the set of variables that can be investigated in the study of evidence on the 

mortuary program for Jabuticabeira II.  

Mollusk Gathering 

The expansive calcareous shell beds that have been documented throughout much 

of the study area are a testimony to the opulence of shellfish resources.  Mollusks can be 

easily gathered and are reliable sources of food all year long.  Mollusk gathering does not 

require elaborate implements and can be done by hand or with the use of simple tools like 

digging sticks, preferably during low tide.  Lower tides usually expose mollusk beds and 

make them more easily accessible.  Poles, harpoons, and spears can also be used to 

collect mussels and sea urchins in deeper waters (Bird 1946).   

Mollusks have been used by native groups in Brazil as food and to make diverse 

types of implements that served as tools, personal adornments, and containers.  Mussels 

are thought to be very important for several groups in Brazil.  The Tupi gathered oysters 

and used their valves to grind manioc (Gilmore 1950; Prous 1991).  Madre de Deus 

(1920) attributes the origin of sambaquis along São Paulo’s coast to the seasonal and, in 

some cases, year round gathering of massive amounts of mollusks by large groups of 
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people2.  Teschauer (1929) also believes that the sambaquis were formed seasonally by 

groups that lived near the coast and discarded the shells close to the sea.   

Generally, mollusks were roasted over hot coals prior to consumption.  Although 

they can also be dried for long storage, there is no documented evidence of shellfish 

drying in the area.  Traditional fishing communities in Brazil usually boil mollusks prior 

to consumption.   

Archaeological concentrations of shell valves are typically found in habitation, 

processing, and ritual sites.  Sometimes, shellfish are processed at collection sites and 

their valves are left behind; this is especially true of especially large species that have 

bulky valves.  These behaviors can mask the importance of mollusks for a population if 

archaeologists do not have access to their processing camps.  The tools used for their 

collection were usually made out of wood and other materials that do not preserve well 

and are rarely preserved or visible during archaeological excavations.  Refuse from tool 

and adornment manufacture can be an indicator of shellfish use and trade.   

Depending on the species of mollusk, it is difficult to find unambiguous evidence 

of processing in archaeological sites.  Most bivalve species can be easily opened with 

moderate heating.  Other bivalves like oysters, and gastropods need to be pried or broken 

open, but fragmentation often obscures marks.  Heating marks from processing also are 

rarely seen on mollusk shells, unless the valves are intentionally deposited in hearths.   

                                                 
2 Madre de Deus description is contested by many since his account could not have been based on 
observation due to the disappearance of sambaqui populations before the arrival of Europeans in the region. 
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Fishing 

Native fishermen used a wide variety of equipment including nets, harpoons, 

spears, baskets, weirs, bows, fishhooks, and piscicides (Steward 1949).  Prous (1991) 

cites the use of poison of the timbó plant (Paullinia pinnata) by the Tupi.  Fish poison 

was widely used throughout Brazilian territory.  In order for poison to properly work by 

remaining concentrated, it should be used in small streams or lakes.  Therefore, it is 

unlikely that poisons were often used in the study area where most fishing seems to have 

occurred in the lagoons.  O’Neale (1949) describes the use of conical-shaped baskets and 

larger baskets as landing nets.  The Araucanians (Mapuche) used regular baskets for 

fishing (Cooper 1946a).  Conico-cylindrical traps with one open and one closed end let 

fish enter the trap but prevent them from leaving (Cooper 1946a).  Many groups used 

spring-hook or spring-basket traps, which feature a release mechanism that causes the 

basket to close when fish are caught.   

Tupi are known to have used fences in streams during spawning times to easily 

catch schools of mullets (Figure 4.4) (Prous 1991, Diegues 2001).  Today, Brazilian 

traditional fishing communities use similar traps on the entrance of estuaries and lagoons.  

According to Diegues, specific fishermen own the traps, however the literature is not 

clear if in the past particular Tupi individuals owned the traps.  Besides such elaborate 

examples of fishing gear, expedient fishing implements were also made of bark and split 

twigs (O’Neale 1949).  

Métraux (1949a) describes arrows used for fishing being made with bone pieces 

and stingray spines.  Métraux adds that they were sometimes attached obliquely at the 
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end of the arrow shaft to form a pointed and barbed tip, increasing the chance of success.  

A more intricate fishing implement, described for Tupi groups, is a multipronged arrow, 

which can have from three to seven points.  The Tupi also used fishhooks made with 

spines and line made of tucum leaves (fiber from a palm tree) (Prous 1991, Staden 

1998[1557]). 

 

 
Figure 4.4. Drawing by Staden (1557) showing fishing methods of the Tupi. 

 
 

Nets permit the capture of great quantities of fish; a variety of net types were and 

are still used by coastal groups, including cast-nets, gillnets, seine-nets, setting-nets, and 

encircling-nets.  Individual nets called puçás were widely used by Tupi groups (Pinto 

1938).  Hans Staden (1998[1557]) a European explorer witnessed Tupinambá groups 

using fishing nets.  According to Staden, net fishing was a communal activity, while 
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some individuals helped to hold the net, others hit the water surface to force fish to go in 

the direction of the net.  Staden also points out that sharing sometimes occurred when 

other fishers did not catch adequate amounts of fish.   

Although common in other regions of the world for preserving fish, and used 

since the Bronze Age (Cutting 1955), salting was not pervasive in South America.  The 

Chono (Chile) boiled fish in bark buckets using hot stones (Cooper 1946a).  Duperrey 

(1984 [1827]) describes people from Santa Catarina consuming fresh and sun-dried fish.  

Fish was also roasted until dried and transformed into powder or fish flour (farinha de 

peixe) for long-term storage by native groups (Lothrop 1946; Staden 1998[1557]).  Prous 

(1991) asserts that flour made of mullet was a staple food during war times for the Tupi.  

Steward (1949) describes the use of grills for cooking by Kaingang, but other methods, 

with meat being cooked directly over coals are described elsewhere (Bird 1946; Cooper 

1946b).  Grills were made of green sticks placed above a slow fire (Figure 4.5).   

 

 

 
Figure 4. 5. Moquém grill (drawing by Regina Klokler). 
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Fish bones are small and fragile, and these characteristics complicate their 

preservation and recovery by archaeologists.  Fortunately, suitable field methods and 

analysis can somewhat overcome these problems.  Fishing tools frequently found in 

archaeological sites include bone points, fishhooks, and net sinkers.  On the other hand, 

faunal analysts can infer the use of specific implements through the analysis of fish 

remains.  Different fish species are best captured in distinct ways, helping archaeologists 

narrow down the possible technology employed by a population.  For example, very 

small fish, such as mullet and anchovies, are best captured using nets or lines. 

Different techniques of fish processing can yield distinct archaeological 

signatures.  Fish may be decapitated, gutted, or filleted, but these processes do not always 

leave clear marks on bones (Wheeler and Jones 1989).  Also, there is a natural tendency 

to avoid contact between the knife’s blade and bones to avoid dulling the cutting 

implement.  Cut marks are sometimes distinguished with use of scanning electron 

microscope (Wheeler and Jones 1989).  Pre-processing of fish is inferred by the analysis 

of recurrent missing elements.  For example, if fish heads are removed elsewhere, cranial 

bones will not be found at the site of consumption.  The degree of burning can also 

indicate cooking methods.  The process of making fish flour, unfortunately, would 

probably destroy the bones.  

Transportation 

Transportation can be greatly facilitated with the use of boats, especially for 

sambaqui populations that lived close to large lagoons and relied upon aquatic resources.  
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Three types of canoes are most commonly described by researchers: dugout, plank, and 

bark.  Dugout canoes are reportedly uncommon among hunter-gatherers.  Steward (1949) 

confirms that bark canoes were more appropriate for small rivers and streams and were 

rarely used at sea.  Léry reports the use of small, one person jangadas by the Tupi, but 

bark canoes could held up to 40 people (Lopes de Souza in Serrano 1946, Prous 1991).  

So far, no clear material evidence for the use of canoes has been found in sambaquis, but 

researchers use the presence of axes as a possible indication of manufacture of vessels 

(Tenório 1999). 

 

MORTUARY CEREMONIALISM 

 
As wonderfully asserted by Parker Pearson “The dead do not bury themselves but 

are treated and disposed of by the living” (2000:3).  This research focuses on the ritual 

feasting and other activities performed during the interment of members of the sambaqui 

society at Jabuticabeira II.  The excavation of the site suggests that practices of the 

sambaqui society are similar to common activities observed in other areas of the 

continent.  Burial practices are extremely significant for South American Indian groups.  

The entire process of preparing and disposing of deceased members involved a great 

degree of ceremony (Bennet 1949).  Ribeiro (2002) demonstrates a high level of 

ritualization and elaboration of burial processes on funerary ritual among Brazilian native 

groups.  Reburial, secondary inhumation, and artificial decomposition have been reported 

among several groups (Bennet 1949; Montardo 1995; Ribeiro 2002).  Métraux’s (1946a) 

study of groups that inhabit the Chaco area reports that bodies were placed on platform 



 

86

structures on top of trees to promote decomposition.  Reburial of bones was often 

performed after bodies were buried in shallow graves and allowed to decompose, such as 

among the Bororo of Central Brazil.  Also, bodies sometimes were placed in rivers 

(Kirchhoff 1948).   

Ribeiro (2002) suggest that clean bones represent that the danger posed by the 

deceased has subsided.  After bones were devoid of flesh and cleaned, they were often 

painted with urucu (pigment from the Bixa orellana plant) and adorned with feathers.  

Then, secondary burials were often performed in caves, urns, houses, streams, and 

cemeteries (Lothrop 1946; Lowie 1946; Métraux 1946a; Ribeiro 2002; Steward 1949; 

Viertler 1991).  The time elapsed between the first and second inhumations was very 

variable among native groups in the Brazilian territory (Ribeiro 2002). 

Sometimes, relatives or group members retrieved bones before final burial, but 

information on these practices is slim.  Chaumeil (1992) states that the Yagua held bones 

as trophies.  Groups in Brazil (Yanomami and Charrua) reportedly kept bones from their 

deceased relatives (Becher 1956; Lothrop 1946; Serrano 1946).  Sometimes bones were 

retained for protection against disease (Meggers 1977) and bones from infants were kept 

for later burial with an adult (Banner 1961). 

Despite the great diversity of interment structures among South American groups, 

including simple pits, urns, box graves, and shaft-and-chamber tombs, simple grave pits 

seem to be the most common (Bennet 1949).  Groups within the Brazilian territory 

generally line the grave pits with plant materials, such as bark, leaves, or grass (Bennet 

1949:45, Ribeiro 2002).  O’Neale (1949) reports the use of mats for burial among the 
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Bororo and Siriondó.  Graves usually had no patterning of shape, and their dimensions 

were just large enough to accommodate the body.  Graves were commonly filled with the 

dirt extracted from digging the pit. 

Researchers recurrently report lighting of fires for the dead among South 

American groups.  In Chile, Bird (1946) describes the placement of live coals close to the 

body.  A number of groups placed a hearth immediately above graves (Chaumeil 1992; 

Kirchhoff 1948; Métraux and Baldus 1946; Métraux and Nimuendajú 1946a, 1946b; 

Montardo 1995).  On the other hand, Métraux (1946b) also reports fires built on the sides 

of graves to keep bad spirits away.  The Xokleng (a division of Kaingang group) have 

been reported to have ritual and cremation hearths (Montardo 1995:36).   

Food offerings for the dead have been described among many groups, but types 

and quantities of items vary greatly.  Ribeiro (2002) asserts that native Brazilian groups 

generally include ritual meals in most funerary rites.  Whole and partial animals were 

usually placed within or close to the graves (Bird 1946; Canals Frau 1946; Cooper 1946a, 

1946b; Métraux and Nimuendajú 1946a, 1946b; Murphy 1985; Ribeiro 2002; Sousa 

1851). 

Bennet (1949) reported burials at mounded habitation areas that were later used as 

cemeteries near Lake Valencia, Venezuela, and Mojos, Bolivia.  Mounds built 

exclusively for burial have been described in northern Venezuela, eastern Bolivia, coastal 

Equador, northern coastal Perú, and in Brazil among the Guaianá, Kaingang, and 

Tapirapé groups, and in the Marajó Island (Becker 1995; Bennet 1949; Wagley 1977).  

Although ubiquitous, the scale of these mounds is highly varied.  While the Tapirapé 
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mounds are small and usually cover a single grave, the mounds from Marajó Island are 

truly monumental.  

Métraux (1949b) describes feasts performed in October in honor of the dead by 

groups from Perú and Bolívia, while Métraux focuses on groups that inhabited the 

highlands; coastal populations held similar feasts.  In the Andes, a group is reported to 

celebrate a ritual called the Feast with the Dead (Bastien 1995:355).  Mortuary festivals 

involving food are performed by many groups in Brazil (Becher 1956; Lowie 1946; 

Métraux 1946a, 1949b; Steward 1949).  During these feasts, food and drink offerings 

were reserved for the deceased members of the groups.   

Preparing and Feeding the Dead: Examples of Funerary Rites 

I explore three examples of ethnographic studies on mortuary practices among 

South American native groups in more detail.  These groups were selected because they 

involve interesting information related to the main topic discussed in this dissertation.  

Also, this review of the different activities involved in the mortuary ritual in a more 

narrative fashion sheds light on the archaeological record of Jabuticabeira II.   

Alacaluf ethnographic accounts.  The Alacaluf, also known as Kawesqar, inhabit 

the southern Chilean coast, in the area of the Beagle Channel.  They are small hunter-

gatherer groups whose subsistence strategies relied mainly upon maritime resources (Bird 

1946).  Sea lions, birds, fish, and mussels were essential resources for the group.  The 

importance of the Alacaluf for my study primarily resides in their occupation of coastal 

areas and dependence on aquatic resources. 
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After a person’s death, his or hers personal belongings were promptly burned.  

The deceased was placed in a very small bundle made of seal skin.  A miniature mortuary 

hut was made with material salvaged from the deceased’s hut and the bundle was 

deposited inside, then a small fire was lit.  Females had no grave accompaniments, while 

males had their hunting weapons deposited with them.  Meat, and especially, shellfish of 

different kinds, were offered to the dead, then group members threw rocks at the 

mortuary hut while asking the deceased to leave them in peace (Emperaire 1955:268).  

Disposal locations were variable.  The dead were placed in cliffs and caves, but in some 

cases the individuals were deposited at sea.  Red paint was spread over rocks located in 

caves or cliffs, indicating the location of the body.   

Bororo ethnohistorical accounts.  The Bororo are primarily located in the plains 

that border the Pantanal area of Brazil.  They are one of the few indigenous groups that 

still perform secondary burials.  In addition, Bororo feasts in honor of the dead are among 

a select few that have been described in some detail by early ethnographers.   

The body of the deceased is painted with urucu, covered with a type of mat, then 

tied as a bundle (Lowie 1946).  The individual’s important personal effects, such as 

adornments and bow and arrows, are placed in the bundle and all the possessions are 

burned at the end of the funerary ritual.  A shallow temporary grave is dug in the middle 

of the tribe’s plaza near the men’s club, and the relatives of the dead place water in the 

grave to accelerate decomposition.  During this time, a hunt is performed in honor of the 

dead, and the animal is then eaten communally to celebrate the end of the funerary ritual 

(Lowie 1946).  Approximately two weeks later, the Bororo open the mat containing the 
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bones of the deceased and clean them in the water of a stream.  Then, they take them 

back to the men’s club, where there is a feast for the souls.  The decorated bones and 

other adornments of the individual are put in a decorated funerary basket, and food is 

offered and placed atop the skull.  The basket is then placed in the relative’s house for 

three days.  After this time, the basket is placed on a pole inside the hut of the deceased 

by a woman of his clan (Colbacchini and Albisetti 1942).  Finally, the basket was interred 

in a cave.  Cave interments ceased during colonial times, and the Bororo now place 

baskets in rivers or streams. 

Kaingang ethnohistorical accounts. This group inhabited the southern coastal area 

of Brazil during colonial times.  The Kaingang commonly located their camps on top of 

abandoned sambaquis.  Today, they live in reservations and do not perform all of the 

rituals described below, but some groups still hold feasts in honor of the dead.   

Among the Kaingang, individuals were buried with all their possessions (e.g., 

bow, arrows, ax) and adornments in a shallow grave lined with wood planks and palm 

leaves so dirt would not touch the dead.  Other researchers describe deeper graves 

surrounded by stakes forming a palisade (Figure 4.6) (Piza 1937).  According to Manizer 

(2006), the deceased’s possessions were placed inside a basket in the grave, while 

personal adornments were put on the body.  Earlier researchers describe three different 

rituals for the dead among the Kaingang: one right after the death, one after eight days, 

and a final ritual one year later after burial (Becker 1999).  The members of the group 

invite the neighboring communities to participate in the funerary activities (Borba 1908).  

During the festivities, the females make wine and bring fruits and food such as corn and 
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squash, and all guests eat near the dead and erect a tomb of dirt that forms a conical 

mound (Manizer 2006).  When a prominent chief died, the chiefs of other tribes were 

called, and men built a mound and lit fires surrounding it (Nimuendaju 1993).  A burning 

piece of wood was placed next to the deceased inside the grave along with food and water 

(Drumond and Philipson 1947).  The mounds were periodically revisited to maintain the 

structure (Becker 1995). 

This rich funerary ritual is represented in the archaeological record as earthen 

mounds.  Among the Kaingang, cemeteries are recognized as houses of the deceased and 

entrances to the village of the dead (Manizer 2006).  Mabilde (1836) dug a cemetery with 

five mounds containing many inhumations and noted that the mounds lose their straight 

walls and pyramidal characteristics with the passage of time.   

 

 
Figure 4.6. Kaingang burial with palisade (modified from Manizer 2006). 
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Kaingang groups hold a celebration for the dead named KiKi (Becker 1995; 

Manizer 2006).  The feast occurs after the death of a member of the group and involved 

dances, drink, and food.  According to Manizer (2006), the celebration was organized by 

relatives of the deceased.  In addition to the Kiki feast, the Veingréinyã is another festival 

performed by the Kaingang.  This is also a celebration of the dead that occurred annually 

in honor of all dead.  It was usually organized between April and June (Baldus 1979 

[1937]; Becker 1995, 1999).  The Veingréinyã was scheduled during the season of corn 

and nuts, called pinhão (Becker 1995).  Mounds were rebuilt and fires lit amidst dancing, 

singing, and sharing of beverages and food (Becker 1995; Manizer 2006). 

As is clear from the above review, many of the features found at funerary areas 

within Jabuticabeira II seem to be related to widespread mortuary practices in South 

America.  Many of the groups that inhabit the Atlantic and Pacific coasts practice 

secondary burials, light fires close to simple graves, provide food or drink offerings, build 

mounds, and perform feasts.  These broad regional patterns seem to indicate the great 

time depth of these practices and help to shed light on the patterns that archaeologists 

observe in large sambaquis like Jabuticabeira II.  

 

PRESENT COMMUNITY AND SUBSISTENCE 

 
Today, the coast of Santa Catarina is dotted with small villages where fishing has 

been the major economic activity for generations.  Historically, the area was primarily 

colonized by Portuguese descendents, especially fishermen from the Azores.  The 

descendents of native groups, especially the Kaingang and Tupi Indians, still live in 
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reservations near the state’s capital.  Currently, the main subsistence activity among these 

groups is small-scale fishing and horticulture for small-scale commercial sale and 

subsistence.  

During the 18th century, whale hunts were one of the main sources of capital for 

cities located in south-central Santa Catarina, along with rice, coffee, and sugarcane 

agriculture.  Whales were sought for extraction of oil.  Five locations (armações) for the 

processing of whales were located in the region.  Hunts occurred during winter (June 

through August), and the numbers of animals caught surpassed 500 per year (Langsdorff 

1984 [1812]; Saint-Hillaire 1936).  However, whale numbers declined rapidly due to 

overexploitation and the success of the hunts was short-lived, leading to the abandonment 

of the armações.   

There was a great diversity and abundance of fish in the region during the 18th 

century according to Duperrey (1984 [1827]) and Frézier (1984 [1716]).  Successful 

commercial fishing of catfish happened in Florianópolis, approximately 100 km north of 

the research area (Duperrey 1984[1827]).  The best catches were in November and 

December, when fish enter the lagoons.  Other species were available all year long in 

bays and lagoons, and they were important staples for the population.  

Ethnoarchaeology 

Gaspar (DeBlasis et al.1999; Gaspar et al. 1999; Gaspar 2000a) conducted 

fieldwork with traditional fishermen from the Camacho Lagoon and Florianópolis.  She 

was interested in investigating their economic practices and relationships with the 

resources they explored.  The research investigated some of the hypotheses of the 
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Sambaqui e Paisagem project’s team concerning economy, depositional practices, and 

social relationships among the shell mound people via the local fishermen.  Fieldwork 

focused on fishing strategies in the lagoons near the shell mound sites, along with 

mollusk gathering.   

Gaspar interviewed fishermen and was also a participant-observer during fishing 

trips.  Different types of nets, hooks, and traps were used during fishing.  Traditional 

fishing is generally restricted to the lagoon or a narrow strip close to the shore because 

there are great differences in value, size, and technology between inshore (lagoon) and 

offshore (ocean) fishing boats.  To the north, in São Paulo state Diegues (2001) found a 

similar trend, fishermen prefer to fish in estuaries and coastal lagoons, but feared open 

sea and the passagem da barra (going beyond the mouth of the estuary), due to the 

possibility of storms and other dangers resulting in loss of boats and lives. According to 

Gaspar, fishing in the study region is generally conducted by two people from the same 

family, in a small boat called a canoa.  Most boats, bateras or canoas, do not have a 

motor and are propelled by a long pole, since the majority of the lagoon is shallow.  

Gaspar (DeBlasis et al. 1999, Gaspar 1999) found that the best time for fishing in 

the lagoon is during the summer (November through May), when there are great 

quantities of shrimp, a product highly sought by tourists that commands high prices, and 

weakfish, bass, catfish, and whitemouth croaker, among other fish species.  Farias (2001) 

also adds crab to the assemblage of resources available from the lagoon throughout 

summer (Table 4.1).  During winter, large mullet are plentiful.  Mullet is usually caught 

by large boats in the ocean and is also highly valued by tourists.  Groups of fishermen 
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sometimes have successful catches at the lagoon’s inlet, but most of the time mullet are 

caught in the ocean.  During the winter, mullet are roe-laden, making them more 

desirable to consumers (Farias 2001).  Whitemouth croaker and catfish are available all 

year in the lagoon, making it possible to communities to subsist solely on lagoon 

resources. 

 

Table 4.1. Schedule of Resources in Santa Catarina Coast (Modified from Farias 2001). 

 Summer Winter 
 Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Mullet       X X X    
Whitemouth 

croaker X X X X X X X X X X X X 

Bluefish X          X X 
Catfish X X X X X X X X X X X X 

Little mullet X X X X X X X X X X X X 
Shrimp X X X         X 
Crab X X X X X X X X X X X X 

 

 

 “The way resources … concentrate in certain seasons of the year promotes a 

certain kind of sociability between the fishermen and a joint exploitation of the 

environment” (Gaspar 1999).  Informal rules control access and use of the lagoon’s 

resources.  Gaspar was able to participate in fishing trips and witnessed fishers working 

cooperatively when the catch was low, tying their nets together, allowing them to nearly 

double their catch.  Could this scenario have occurred among prehistoric inhabitants?  It 

seems feasible to believe that cooperation was commonplace among sambaqui societies, 

and it could explain the close proximity of sites, as well as the prevalence of feasts.   
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At the same time, the monumentality of shell mounds can be seen as a clear sign 

of territoriality.  Can both perspectives be accommodated?  Gaspar’s (1999) research 

indicates that individually assigned shrimp catchment areas and communal fishing can 

coexist.  At this point faunal analysis cannot indicate shrimp exploitation as an important 

source of subsistence, but territorial claims could be related to mollusk beds and specific 

fishing areas.  

Mollusk gathering among local people who collect shellfish for sale at markets 

demonstrated that they use very unsophisticated tools, which nonetheless allow collection 

of great quantities of Anomalocardia brasiliana clams in little time.  The ethnographic 

study also introduced an important notion: collectors do not distinguish living from dead 

mollusks while in the water (Figure 4.7).  Separation occurs later, during processing, and 

all shell valves are disposed of together in the end.   

As can be seen in the picture (Figure 4.7) the amount of meat per individual is 

very low, from an economic viewpoint the exploitation of Anomalocardia is only viable 

through mass capture and processing of mollusks.  Anomalocardia meat is mostly sold in 

regional markets, and is highly appreciated by Japanese descendents.  Japanese 

restaurants prefer to acquire the mollusk with the shells while most Brazilians prefer to 

buy only the meat.  It is important to highlight that Anomalocardia is mostly used in side 

dishes or as a complement to a meal, in risottos or pasta (Gaspar 1999).  

Gaspar (1999) also emphasizes that shellfish collectors save the valves and sell 

them in bulk.  Anomalocardia valves are well-regarded as materials for paving.  Namely, 

many small roads in the region of Farol de Santa Marta (a neighborhood within the study 
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area where many sambaquis are located) are paved with shellfish valves.  Based on this 

observation, it is reasonable to assume that all shells deposited at a shell site did not come 

solely from food remains.  Gaspar was also able to illustrate that despite many years of 

exploitation, the source of Anomalordia clams in Florianópolis remains rich, probably 

due to their early age of first reproduction (Peso 1980).  

The most relevant aspects for the present discussion were the cooperative 

characteristic of the traditional fishing in the lagoon, the division of the lagoon among the 

shrimp fishermen, the intensity of contemporary shell gathering, the indiscriminate 

collection of dead mollusks, and the later deposition of shell valves.  All these elements 

can and should be used by archaeologists to the development of insightful research on 

sambaquis. 
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Figure 4.7. Results of one hour of Anomalocardia collection (from right to left: valves from live 
mollusks, valves from dead mollusks, mollusk meat). Picture by Maria Dulce Gaspar. 

 

The archaeological record is potentially ambiguous, but ethnographic, 

ethnohistorical, and ethnoarchaeological sources help researchers explore alternative 

interpretations and may explain some of the variability seen in the archaeological record 

(Dillehay 1995:19; Ucko 1969).  The accounts vary in relation to their scope and level of 

detail, but they were selected because they shed light on aspects of daily and ritual life 

that are not thoroughly discussed elsewhere.  Having said this, I do not consider the data 

presented above as a direct reflection of what is found during shell mound excavations or 

to suggest any type of direct continuity between the sambaqui people and the groups 

presented above. 
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CHAPTER 5:  

JABUTICABEIRA II SITE 

 

The Sambaquis e Paisagem Project initiated archaeological excavations at the 

Jabuticabeira II site in 1997.  The project includes researchers from Brazil and the United 

States who work in areas such as biological anthropology, charcoal analysis, 

zooarchaeology, geology, and geophysics.  The primary objective of the project is to 

investigate the coastal occupation and landscape management of the southern part of 

Santa Catarina state, using perspectives from different disciplines to broaden the 

knowledge of these coastal hunter-gatherers groups.   

The research team introduced a systematic examination of sambaquis, including 

studies on landscape use, environmental context, and coastal dynamics (DeBlasis et al. 

2004; Giannini et al. 2007; Kneip 2004), and has also attempted to characterize the 

formation processes involved in sambaqui construction (DeBlasis et al.1999; Fish et al. 

1998; Klokler 2001; Nishida 2007; Villagrán 2008).  Although the study area includes 

nearly 70 shell sites, most of the research has been concentrated at Jabuticabeira II.  The 

experiences and data gathered from working in depth in one site will, in the future, be 

expanded and applied to analyses of other sites.   

Jabuticabeira II is approximately 400 m long by 250 m wide (DeBlasis et al. 

1999).  At its highest point, the site reaches nine meters, but it has an average height of 

five meters.  In relation to other shell mounds in the area Jabuticabeira II is of average 

size.  To facilitate archaeological investigation at this expansive site, six named loci were 
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defined for intensive investigation (Figure 5.1).  The loci generally correspond with large 

sections of continuous profiles exposed by shell mining that occurred until 30 years ago.  

Most of the research at the site was concentrated in loci 1, 2, 3, and 6.   

The Instituto de Patrimônio Histórico e Arquitetônico Nacional or IPHAN 

(Institute of National Historic and Architectonic Heritage), the institution that oversees 

archaeological sites in Brazil, categorized Jabuticabeira II as a destroyed site due to 

repeated decades of shell extraction activities and considered it to be of little scientific 

interest.  Indeed, the long-term shell extraction left deep scars in the form of vertical 

faces in several areas of the site.  The selection of Jabuticabeira II as the first site for 

investigation by the project was predominantly due to the existence of such exposures. 

  The archaeological team decided to use these exposures as “windows” on the 

site’s stratigraphy.  The exposures or profiles were cleaned and cut vertically to provide a 

clear view of the site’s stratigraphy.  Examination of these cross-sections provided an 

exceptional opportunity to assess the center and periphery of this large mound.   

During the first season of fieldwork, 130 meters of profiles were studied.  

Thirteen trenches excavated in additional areas of the site complement the information 

provided by the profiles and confirm that the same kind of stratigraphy and presence of 

burials prevails throughout.  Later field seasons expanded the profiles to 373 meters and 

excavated six additional trenches.  Maps of the profiles were made with the help of a 1 x 

1 meter rope grid that was fixed to the cut face every five meters.  As with most 

sambaquis, the stratigraphy of Jabuticabeira II proved to be extremely complex, with 

intricate series of layers, lenses, and pockets of shells, bones, ash, and sediment.  
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Descriptions included various characteristics of the stratigraphy such as size, 

components, texture, color, degree of fragmentation, and faunal species.  These 

characteristics were used to differentiate the diverse beds, layers, lenses, and features 

identified in the profiles.  The shell layers were given sequential numbers 1, 2, 3, while 

features (including lenses) were assigned a more complex identification; the first three 

numbers identify the 5-meter segment of the profile where the feature was first noticed 

and the last indicates the order of the identification, such as 1.05.1, 1.05.2, 1.10.1 and so 

on.  

A striking feature of Jabuticabeira II is the pervasive combination of relatively 

clean, light colored shell layers and thin, dark layers of sediment of varied thickness 

(usually less than 20 cm), and a massive black soil layer that covers the top of almost the 

entire site.  The thick, light-colored shell layers many times enclose very thin dark lenses 

composed mostly of charcoal fragments and fish bones that are interspersed within the 

primarily shell matrix.  The depositional events that formed the three stratigraphically 

differentiated darker deposits seem to be due to distinct formation processes.   

I distinguished between the three types of depositional events that created the dark 

features in the profiles.  In order to facilitate the distinction I use the following terms: 

dark facies corresponds to the thin and often ephemeral deposits rich in faunal remains 

and charcoal located within the thick shell layers.  Dark layers are the compacted 

occupation surfaces that encompass and define the funerary areas, and black layer 

denotes the massive terminal deposits in which black soil rather than shell is the most 

common material during the final construction stages of the sambaqui Jabuticabeira II. 
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The massive black soil layer at the top signifies a major change in the depositional 

regime of the site (Fish et al. 2000) or what I have previously referred to as “site 

engineering” (Klokler 2001).  Instead of shell valves, this final deposit is mostly 

composed of fish bones, charcoal, and sand.  The change in sambaqui’s primary matrix 

material starts roughly at 2000 BP and continues until the end of the site’s occupation at 

approximately 1300 BP (Nishida 2007).  The construction pattern that produced the 

massive black soil layer represents continuity in relation to patterns identified within the 

earlier shell-dominated portions of the site (Gaspar and Klokler 2004).  Faunal studies 

(Nishida 2007) and analysis of the profiles (Simões 2007) further confirmed that this 

continuity in moundbuilding is associated with burials.  Nishida (2007) verified that 

faunal components occur in similar frequencies as in the shell-dominated area of the site 

and Villagrán (2008) notes that the characteristics shared by both main and terminal 

matrices include archaeosedimentary units with mounding characteristics, hearths, fish 

bone concentrations, and ash. 
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Figure 5.1. Site map with loci.  

 

 

JABUTICABEIRA II: HABITATION OR CEMETERY 

 

The team paid particular attention to understanding the function of the thin dark 

layers and their features (Figure 5.2).  The dark layers occur repeatedly along the profiles, 
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both horizontally and vertically.  They are of finite extent, horizontally oriented, have 

variable widths, and include hearths, postholes, and burials.  The team was able to 

determine that almost all burials originate from these dark compacted deposits, and they 

became known as funerary areas (Fish et al. 2000).   

 

 
Figure 5.2. View of Funerary Area 2.15.13. 

 

 

The abundance of fish bones found in the dark layers containing the burials 

suggests that they are remnants of feasts performed to celebrate the dead.  The organic 

material’s decomposition explains the dark color of these layers.  Some graves contain 
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astounding amounts of fish, suggesting that they might also have been used as grave 

goods and deposited surrounding the dead (Klokler 2003, 2006a, 2006b).   

 

 
Figure 5.3. Posthole (from Funerary Area 1.15.1) as seen in the profile. 
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Conical features are prominent in the dark layers (Figure 5.3), and at first glance 

seemed to be postholes marking habitation structures.  However, the large number of 

these features and their close proximity to one another negate the possibility they indicate 

dwellings.  Further examination of the profiles highlighted a strong association between 

burial pits, hearths, and postholes.  The horizontal excavation of a funerary area in Locus 

2 confirmed that postholes are repeatedly found in close proximity to graves and hearths, 

and they often surround or mark these features (Figure 5.4).   

Hypotheses based on the analyses of the profiles and preliminary faunal studies 

were confirmed during the horizontal exposure of the dark layer, or Funerary Layer 

2.15.13 in Locus 2, in 1999.  The team identified spatial and temporal relationships 

among 28 hearths, 12 graves, and 384 postholes, confirming the sequence of mortuary 

activities inferred from profiles (DeBlasis et al. 1999; Karl 2000).  No indication of daily 

domestic activities was identified.  The few artifacts recovered appear exclusively in 

association with burials, either as grave goods or in the immediate surroundings.   

Continued study of profiles and opening of excavation areas in other parts of the 

site (loci 5 and 6) also failed in identifying features that could be associated with daily 

activities.  The shell layers rarely encompass features, and no occupational surfaces 

(unrelated to burial areas) were found so far.  Hearths, postholes, and tools are 

specifically associated with the interment areas, a pattern repeated across the entire site. 

Several columns of zooarchaeological and geological samples were collected 

from profiles and trenches and their components were carefully examined.  Specific 

sampling of these features tried to identify patterning in their composition (Klokler 
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2001).  The dark layers consist almost exclusively of fish remains.  Shells are very rare, 

but in many cases they seem to have been altered by exposure or chemical reactions.   

The recurrence of circumscribed burial areas inspired the idea that each was the 

mortuary domain of a sociological unit called an “affinity group” by Dr. Maria Dulce 

Gaspar.  The concept refers to individuals that had some sort of connection in life and 

were buried close to each other at Jabuticabeira II.  Since it is almost impossible for 

archaeologists to know for certain whether the individuals buried in a particular funerary 

area are blood relatives, the team chose to use a sociologically neutral term that includes 

other forms of relationship such as political, economic, or the ties of place and 

cooperation that unite current fishing communities.  The identification of bounded 

deposits that can be assigned to specific affinity groups allows studies of the nature of 

social relationships.   

Postholes 

The postholes have the same contents as the dark layers from which they 

originate.  Profile recording identified 390 of these features in 1997 original profiles of 

loci 1 and 2.  The depths vary between 6 and 82 cm while diameters range between 2 and 

22 cm, with most postholes having a depth between 6 and 8 cm.  After the wood posts 

decomposed or were removed, the voids were naturally filled in with materials from the 

dark layers.  The rare case of a stake that burned in place suggests selectivity in wood 

used for funerary areas; according to Bianchini et al (2007).  Recent analysis of these 

charcoal remains recovered from a posthole provides more evidence of the importance of 

plants for the sambaqui communities.  The fragments from a posthole associated with 
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burial 12 of Locus 1 were identified to the genus Ocotea (Bianchini et al. 2007).  The 

woody species of this genus have high levels of resistance and durability, and also 

contain essential oils.  This aromatic quality could be a desirable performance 

characteristic of stakes used in funerary areas.  According to Bianchini et al. (2007), these 

plants occur in the coastal plain, but more commonly occur at higher elevations.  Their 

collection, harvest, and transport indicate that sambaqui groups invested considerable 

amounts of time and effort in their mortuary practices.  Also, their resistance could 

explain the great variability in depth and width of the postholes since the manufacture of 

patterned sizes would be difficult.  On the other hand, researchers must be careful to 

generalize this discovery to the totality of postholes. 

Most probably the charcoal remains analyzed by Bianchini are the product of an 

accidental fire, because other instances of postholes with quantities of charcoal are rare.  

In fact, analysis of faunal remains from approximately 50 postholes (almost all located at 

Funerary area 2.15.13) indicate that their contents are extremely similar to the contents of 

the funerary lenses to which they are related (for a detailed analysis of one posthole see 

Klokler 2001).  The posthole analyzed in Klokler (2001) showed that it contained a great 

quantity of fish bones (NISP 516, MNI 10) and while the values are comparable with 

other samples from the same funerary layer (1.15.1) the numbers are among the highest 

among four samples.  The same pattern occurs with estimations of available meat (see 

Table B.2).   

The field description of the funerary layer 1.15.6 states that many fish bone 

concentrations were located near postholes.  This could be an indication that some of the 
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posts were parts of racks used for cooking or displaying food items.  During excavation 

postholes are easily identified due to the softness of the sediment, which likely means 

that posts usually were either removed, or cut at the surface before shell mounding 

(otherwise investigators would see indications of posts embedded in the shell layers 

above the funerary lenses).   

Hearths 

Basin-shaped hearths are filled with highly compacted ash that probably hardened 

due to chemical reactions.  These features in general contain fewer faunal materials and 

usually have very little intact charcoal.  The fuel in these hearths must have burned until 

consumed, leading to complete combustion of the materials and their transformation into 

fine, light-colored ash.  Also, the fact that ash remains in the hearths indicates that they 

were probably covered quickly; otherwise wind would have blown the ashes away. 

Hearths are always located on top or to the side of burial pits.  In some cases, 

hearths are superimposed, and sets of three to six hearths can be seen in profiles and 

excavated areas (Karl 2000).  Profiles revealed 65 hearths.  Their diameters range 

between 3 and 137 cm, while depths vary from 3 to 20 cm.  Most hearths have diameters 

between 40 and 60 cm and as mentioned earlier these features always occur within 

funerary areas. 

Notwithstanding their most apparent use for cooking, the hearths seem to have 

had a ritual function, increasing the visibility of the ceremonies performed at the funerary 

areas. Researchers working in other sites also noticed hearths associated with burials.  

Bryan (1993) reports hearths associated with burial pits at Forte Marechal Luz site, and 
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Kneip (1987) recovered skeletal remains and animal bones from a hearth at Zé do 

Espinho site. 

 

 

 
Figure 5.4. Drawing of funerary features from F.L. 2.15.13 (from Karl 2000). 
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Figure 5.5. Charred Butiá nuts recovered from Jabuticabeira II. 

 

Burials 

Burials are dispersed within the site horizontally and vertically, but they always 

form clusters in the dark layers.  Single, double, and multiple burials occur at 

Jabuticabeira II.  So far, at least 204 individuals have been encountered during field 

investigations.  A conclusive number of burials is not available at this time because the 

biological anthropology analysis is still ongoing, as are excavations.  Unfortunately, 

skeletons recovered during investigations of the profiles often are incomplete, making it 

difficult to thoroughly assess basic information regarding age, sex, health, and diet.  On 

the other hand, burials recovered from horizontal excavation areas are mostly complete 

and provided important information about the population. 
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Burial pits are relatively shallow, and usually dug into the preceding shell layer 

over which a subsequent funerary area developed.  Similarities in the fish contents from 

burial pits and funerary areas, and the higher frequency of shells in burial pits indicate 

that graves were filled with a mix of materials from the shell layer removed to create the 

pit, plus the faunal materials from the funerary surface that were part of feasts.  Samples 

from graves and funerary layers have yielded several charred fragments of nuts in 

addition to faunal remains.  Based on their shape and size a researcher identified them as 

Butia capitata remains (Figure 5.5) (Gina Bianchini, personal communication 2007).  

The graves are usually only large enough to accommodate a flexed individual.  

The degree of flexation of some burials suggests intentional treatments of the body after 

death.  Only through some prior dissecation, or deterioration of soft tissue could an adult 

body be so tightly folded to fit in such small graves.  Most bones, even hand and feet 

bones, were found in articulated position, which suggests that the steps used to diminish 

the amount of soft tissue included the wrapping of the body but also that tendons were 

still present holding the bones in place.  In the excavated Funerary Layer 2.15.13 some of 

the individuals are tightly flexed, indicating bundling and post mortem manipulation of 

the bodies.   

Unnatural positioning of bones, that could not be explained by bioturbation or 

other post-depositional processes supports the hypothesis that the remains of the deceased 

were sometimes processed prior to interment.  For example, burial 40 (from the 

excavated F.L. 2.15.13) was partly disarticulated and had vertebrae on top of the skull 

and a fragment of the zygomatic was found in the cervical area.  Burial 25, one of the few 

  



 

113

located within a shell layer (Locus 2), has a phalanx positioned on top of the skull.  

Primary interments are the most common at Jabuticabeira II, however, due to the fact that 

many burials from Jabuticabeira II come from profiles, researchers cannot be sure of the 

frequency of secondary burials at the site.  Some postholes in the interment area could 

represent scaffolding for exposure of the bodies and dissecation of the flesh prior to 

burial.  At locus 6 in the terminal black layer, there is much variation in the position of 

the bodies.  A few are tightly flexed, but many exhibit alternate positions, indicating 

some minor variation in the mortuary ritual during later use of the site.  Rarely, burials in 

Jabuticabeira II are found in an extended position, two of them occurred within shell 

layers.   

Body manipulation could have included reopening of graves, since some burials 

have intrusive bones, sometimes from multiple individuals.  Nonetheless, so far no clear 

evidence of reopening of burial pits was found.  One possibility is that the subtraction and 

addition of bones occurred before the final deposition of the deceased at Jabuticabeira II.  

Intrusive bones occur at burials from Loci 1, 2, and 6 but the team cannot offer reliable 

frequency numbers since many burials came from profiles leaving the assemblage 

incomplete.  Extraneous elements differ from case to case.  The biological anthropology 

team reports examples of vertebrae, scapulas, ribs, and cranial elements, among others 

introduced to burial pits.  While it is very difficult to determine age from isolated bones, 

based on element size and epiphyseal fusion it was possible to distinguish the use of 

isolated bones from small children to older adults. 
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Burial 35, from Funerary Area 2.15.13, which includes two children, has four 

intrusive fragments of an adult skull.  Burial 115, recovered during excavation of Locus 

6, was initially believed to be a double burial with one adult and one infant but the 

remains of a third individual were found during the laboratory analysis (Sabine Eggers, 

personal communication, 2007).  Burial 121, also from Locus 6, contains an extra bone 

from a juvenile. 

At Jabuticabeira II the team found instances of marks on human bones.  The 

location of the burials and affected elements vary.  The marks are very similar; loosely 

resembling star shapes (Figure 5.6).  The three bones come from spatially and temporally 

different contexts, indicating a practice that lasted in time.  One comes from burial 21 

located in the profile segment 1.40, the second from locus 6, burial 2a, the third bone 

comes from burial 122 in locus 3 in the very top deposits of the site (Figure 5.7).  Other 

burials contain bones with marks such as the femur of burial 17a from locus 2.  The 

processes causing these marks on human bones have not been unequivocally identified.   

Many individuals were treated with red ochre, and various bones are stained with 

the substance.  Chemical analysis of bones from burial 32 indicated that a pure form of 

red hematite was used.  It also indicated that a coat of lime wash was present on the 

bones, perhaps used as a base for the red pigment (Edwards et al. 2001).   

These practices are in no way limited to Jabuticabeira II, and other sites in Santa 

Catarina exhibit similar evidence.  Most researchers note some sort of variation on the 

position of burials (flexed, semi-flexed, hyper-flexed).  Hyper flexed skeletons were 

reported by Rohr (apud Schmitz et al. 1993) from Laranjeiras II site.  Bryan (1993) notes 
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during his research at Forte Marechal Luz site some similar patterns such as unnatural 

position of bones in burials, alteration marks (bones cut or incised, parallel incisions on a 

femur), and incomplete skeletons.  He correlates the evidence with post-mortem exposure 

of bodies and secondary burial practices.  Beck (1972) reports missing bones from 

Enseada burials, Rohr’s (1959) work at Base Aérea site also mentions bones missing 

from burials and cutting of bone elements.  Usually ethnographic reports mention the use 

of urucu for painting or decorating human bones, and Montardo (1995) found only one 

example citing the use of ochre.  In sambaquis the use of ochre is very common.  Ochre 

on bones was identified in several sites in Santa Catarina state, such as Morro do Ouro, 

Enseada, Congonhas (in almost all individuals), Armação, and Forte Marechal Luz (Beck 

1972; Brian 1993; Schmitz et al.1993).  

Grave goods are found in most burials and include adornments of faunal and 

stone materials.  Hering (2005) analyzed shell and bone artifacts from Jabuticabeira II.  

Shell is the most common raw material for artifacts (67% or 180 artifacts), followed by 

bone (23%, 62), and teeth (10%, 27).  Most (73%, or 197 artifacts) non-lithic tools are 

associated with burials,3 which reinforces the funerary nature of the site.  Personal 

adornments (including shell beads and pierced teeth) comprise 68% (183) of the non-

lithic tools assemblage.  Manufacture debris corresponds to less than 3% of the total 

amount of non-lithic artifacts. 

                                                 
3 Hering did not consider tools and ornaments found within the funerary layers in his estimates, only 
materials in direct association with burial pits. It is expected that numbers are much higher if materials 
from funerary layers are included. 
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Figure 5.6. Star shaped marks on bone from Burial 21. 

 

 
Figure 5.7. Star shaped mark on bone from Burial 122 (Locus 3).  

 

The existence of shell bead pre-forms could suggest that some of these 

adornments were produced at the site but their rarity and the difficulty in identifying shell 

waste from manufacture in the site do not allow the validation of the hypothesis of shell 
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bead manufacture at Jabuticabeira II.  Hering notices size patterning within the beads, 

which could indicate specialized production.  Verification of standardization in bone tool 

production could not be achieved because of the low numbers of these artifacts at the site.   

Most lithic artifacts at Jabuticabeira II seem also to be associated with burials. 

While in the shell-dominated part of the site few flakes or flake fragments were found, in 

the massive black soil layer the frequency of flakes and debitage fragments increases 

dramatically by volume.  Several flake fragments of chert and quartz were found in 

samples coming from Locus 6 burials within the terminal black soil deposits; however 

the same does not occur within Loci 1 and 2 burials in the main shell-dominated portion.  

There is a striking increase in the use of chert and quartz at the loci (3 and 6) within the 

top black layer (Nishida 2007).   

Belém’s (2007) preliminary study of the lithic assemblage recovered from locus 3 

(within the massive black layer) indicates numerous instances of artifact recycling.  She 

did not find any clear indication of artifact production within the area and believes that 

artifacts were made elsewhere and brought to the site.  She affirms that the lithic debitage 

found in the excavation of locus 3 is evidence of artifact recycling.  As in the case with 

other materials from the top black soil layer, most of the lithic tools and fragments/debris 

exhibit some evidence of burning.  The lithic assemblage of polished tools (manos, 

metates) indicates their use for processing plants (Scheel-Ybert et al. 2003).  Scrapers 

found in Jabuticabeira II do not have a morphological pattern, many times they do not 

exhibit retouches.   
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Life at the Lagoon: the Bones Speak  

The analyses of human bones provide a glimpse on some characteristics of the 

sambaqui people’s lives.  While results are preliminary, some interesting information is 

already available for researchers.  Filippini’s (2004) analysis demonstrates high 

morphological homogeneity among Jabuticabeira II individuals based on non-metric 

cranial elements.  Petronilho’s work (2005) was not able to identify a clear distinction 

between individuals belonging to a proposed affinity group (burials from Funerary Layer 

2.15.13) and burials from other areas of the site.  Differences in preservation and 

completeness of the skeletons from the different areas probably affected Petronilho’s 

results, the data could be evidence that affinity groups were organized around other 

characteristics. 

High dental wear is present in all individuals from Jabuticabeira II (Bartolomucci 

2006), a pattern expected from groups living along the coast.  Also, researchers 

demonstrate a low frequency of cavities.  At the site, only 4.2% of the 24 individuals 

studied had cavities (Okumura and Eggers 2005).  The low frequency, however, could be 

influenced by the presence of dental wear that sometimes would mask the caries.  

Preliminary analysis by Boyadjian et al. (2007) indicates that starch grains and other 

plant micro-structures were embedded in the dental calculus of many individuals.  This is 

a strong indication in favor of hypotheses advocating that sambaqui groups commonly 

consumed plant foods and probably practiced some sort of plant management (Gaspar 

and Klokler 2003; Scheel-Ybert 2001a, 2001b; Scheel-Ybert et al 2003).   
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Boyadijian’s (2007) results also indicate a higher presence of starch grains among 

males, suggesting the possibility of differential access to some resources according to 

sex.  Vascular plant tissue was also identified in the teeth of individuals from 

Jabuticabeira II, suggesting their consumption as food or the use of teeth for the 

manufacture of textiles and basketry.  Also supporting this hypothesis is the robustness of 

elements associated with masticatory functions, indicating that the individuals were either 

consuming tough foods or producing tools with their teeth.  Both behaviors can cause 

masticatory stress and promote increased robustness of the torus mandubularis, torus 

maxilaris, and malar tuberosity.   

Osteopathological analyses have identified degenerative joint disease as a 

common condition in Jabuticabeira II individuals, suggesting more physical stress on 

upper limbs (60%) versus lower limbs (16%).  This could be related to activities like 

swimming, paddling, and fishing (Okumura and Eggers 2005; Storto et al. 1999) all 

intrinsically related to the lives of fisher groups.  Okumura et al. (2005-2006, 2007) 

obtained a frequency of 0.17 of ear canals affected by exostosis, considered mid-range 

among the numbers recorded in sambaqui sites of southern Santa Catarina.  Auditory 

exostosis has been understood for many years to be an indicator of intense aquatic 

activities; new studies show that a combination of factors, including water and 

atmospheric temperatures, and wind chill, contribute to the development of this anomaly 

(Okumura et al. 2005-2006, 2007).  So far, the faunal remains do not indicate the need of 

extensive diving for acquisition of aquatic resources, so other factors should be sought to 

explain the presence of auditory exostosis. 
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Okumura and Eggers (2005) assert that individuals from Jabuticabeira II exhibit 

high frequencies of infectious diseases.  This has been interpreted as indicating a high 

population density.  Also, low percentages of fractures indicate low evidence of violence, 

and low exposure to strenuous/dangerous activities. 

 

JABUTICABEIRA II LOCI 

 

As mentioned earlier six numbered loci were designated for those areas where 

more extensive investigations were conducted within this large site.  The division was 

arbitrary and somewhat followed the location of portions exposed by mining activities.  

Some of the loci have particular characteristics and were subjected to specific 

interventions that require a brief separate description.  The description of the loci 

provides a glimpse into the building of the team’s interpretation of the site.  

Locus 1 

This Locus was the focus of the first year of investigation at Jabuticabeira II in 

1997.  Three columns of zooarchaeological samples were collected from each of the 

identified layers at three points along the exposed profile (see detailed discussion in 

Klokler 2001) (Figure 5.8).  In order to investigate the beginning of the site’s 

construction, we opened several trenches to expose the bottom of the constructed mound.  

One of these, Trench 19, was sampled for zooarchaeological analysis (Klokler 2001).  

Also, a wide column (Trench 18) in the profile was sampled for charcoal analysis (Figure 

5.9). 
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A series of graves identified in the profile in Locus 1, between the meters 1.05 

and 1.20 was excavated.  Researchers noticed the consistent association between thin 

dark layers and burials, from which the graves originated.  One grave contained a cache 

of animal bones, marking the first time animal bones were unquestionably identified as 

grave goods at Jabuticabeira II. 

The presence by far of the largest mound over a funerary area occurs in this locus.  

This mound of uniquely large size is composed of multiple layers of shell covering what 

seems to be a special person or group of individuals.  One of these internal layers (feature 

1.20.2) within the mounded shell is likewise unique in its considerable size and contents.  

All of the faunal components within this layer are burned.  Also, feature 1.20.2 has higher 

quantities of the large, fragile Tagelus plebeius valves than Anomalocardia brasiliana, 

differing from all of the site’s other layers.  Very few fish bones were recovered from 

feature 1.20.2, and its samples showed an average of 68% of the bones either carbonized 

or calcined.  This feature represents a specific depositional episode during the large 

mounding event. 

Analysis from the Trench 18 samples, spanning approximately 700 years, 

indicates no significant changes in the plant species community over time (Scheel-Ybert 

2002).  This continuity indicates a high degree of stability in the region’s coastal 

vegetation communities, a pattern also confirmed through studies of sambaquis near Rio 

de Janeiro (southeast coast of Brazil) (Scheel-Ybert 2001a, 2001b, 2002).  
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According to the study, the majority of plants producing the recovered charcoal 

were probably used as firewood.  There is little evidence of food-related remains (Scheel-

Ybert 2001b).  Scheel-Ybert (2001b, 2002) also noticed the presence of materials 

attacked by fungi and insects, suggesting that dead wood was collected for fuel.  The high 

diversity of species indicates that selection of specific types of plants for fuel was not a 

priority.   

 
Figure 5.9. View of Trench 18. 

 

Locus 2 

Like Locus 1, this locus has extensive, continuous profiles mapped in the first 

field season (Figure 5.10).  Again, three columns of samples were collected for faunal 

analysis (see Klokler 2001).  Exploratory trenches were opened in this area in search of 

the site’s basal layers.  A small mound of shells covered an individual burial pit in one of 

these basal trenches (Trench 16). 
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Historic shell mining cut down into and removed upper layers over a limited area 

in Locus 2.  The team defined it as a good location for a detailed horizontal excavation 

during the field season of 1999 because it could be initiated from and matched with a 

specific funerary area visible in the mapped profile.  The main purpose of the excavation 

was to better understand the processes involved in the formation of the mound and to 

confirm the hypothesis derived from examination of the profiles.  The excavation 

included 32 square meters, and reached a total depth of one meter.  As the excavation 

reached and exposed the dark layer, it became clear that this funerary area contained a 

complex arrangement of graves, hearths, and postholes, refining the definition of a 

funerary area at Jabuticabeira II as a discrete space where a number of individuals were 

interred in close proximity. 

In this area, 21 individuals were excavated.  These burial pits originated from the 

same surface (Karl 2000), and are found in close association.  In a few cases, because of 

their closeness, it is difficult to discern the exact separation of graves where edges of 

adjacent pits are in contact.  Part of this area seems to have been previously prepared with 

a thin layer of anomalocardia shells (DeBlasis et al. 2004); however, the intentionality of 

the shell valves arrangement is not clear.  Among the array of postholes, some surround 

individual and groups of burials and some of the postholes seem to circumscribe the 

entire funerary area (Figure 5.2).  Hearths are distributed alongside the burial pits, 

sometimes even atop specific graves, and in some instances stacked indicating sequential 

fires in the same location.  Covering the burial locale is a thick shell layer interspersed by 

thin lenses with fish bones that seem to reflect recurring/cyclical episodes of revisiting 
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the mound, maybe for maintenance, maybe for celebratory events, or successive stages in 

building  (Gaspar and Klokler 2004; Klokler 2003).  The funerary features and quadrants 

were sampled for zooarchaeological analysis.  A standard volume of 5,000 cubic 

centimeters was used to obtain evidence of species diversity.  Unfortunately the samples 

were not available for this research.  In the future their analysis will provide a better 

picture of intra-variability of faunal remains in funerary layers.   

Locus 3 

This is the only locus that did not have an exposed profile when it was originally 

designated.  The area includes the highest part of the site; the layers are composed of 

black sediment, with very few shells.  These layers form a dense, compact, black deposit 

that covers the lower part of the mound containing shell layers.  The contact of the shell-

dominant main part of the mound and the terminal black sediment is composed of 

intermediate layers of a very hard concretion that probably formed due to post-

depositional factors.  Two trenches (10 and 11) were opened to investigate the end of the 

site’s occupation and the composition of the black soil bed.  Both trenches reached the 

contact between dark bed and an uppermost shell layer that had hardened into a 

concretion.  Radiocarbon dates from locus 3 provide the most recent dates from the site at 

around 1400 BP (Nishida 2007). 

A great quantity of human remains was recovered, but the graves were not visible 

in the profiles of either trench (Figure 5.11).  Also, lithic artifacts are more common than 

in other parts of the site.  Analysis of the area’s matrix has also identified higher densities 

of burials, faunal remains, carbonized materials, and rock (Nishida 2007). 
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Figure 5.11. View of Trench 11 (yellow ribbons indicate location of burials). 

 

In 2005, the research team initiated a large horizontal (64 square meters) 

excavation to further investigate the area and determine if it had been used for daily 

activities.  Twenty burials were excavated and the team identified areas with concretion, 

faunal caches, lithic artifacts, and hearths in a spatial arrangement that is similar to the 

associations found at other loci, indicating the continuity of a primarily funerary function. 

Villagrán (2008) performed the physical, chemical, mineralogical and 

micromorphological analyses in the terminal black layer in this locus.  Through the 

development of an archaeofacies analysis, a method adapted from sedimentary facies 

analysis, she aimed to understand the depositional behaviors and natural processes 
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involved in the formation of the deposit.  She found that terrigenous sand (quartzose 

sand) constitutes approximately 50% of sediment from Locus 3.  Grain size analysis 

demonstrated that such quartz grains were collected from paleolagoon deposits that 

surround the site.  However, the sediment of the top black layer has a relatively low 

proportion of clay minerals and organic matter, in comparison to paleolagoon deposits 

probably due to water percolation and lixiviation of fine materials (Villagrán 2008).  

These archaeological sediments have an outstanding percentage of total Carbon and 

Nitrogen, not related with organic matter concentration but related to charcoal content. 

Faunal remains from this layer were directly exposed to fire, and this intentional burning 

contributed to their structural fragility and fragmentation.  Faunal remains also suffered a 

continuous process of degradation by weathering agents that resulted in the dissolution 

and reprecipitation of bone phosphate into an autigenic phosphatic mineral (Villagrán 

2008). Many plant remains could be distinguished microscopically, including charcoal 

(third most important component of the black layer, after quartz grains and faunistic 

remains), and phytoliths.   

Locus 4 

Locus 4 is located in a peripheral zone of Jabuticabeira II and is separated from 

the major portion of the mound by a dirt road (Figure 5.1).  A striking characteristic of 

Locus 4 is the thick concentrations of oysters that form some of the layers.  Oysters occur 

recurrently in association with burials, but they are found in low quantities in layers in 

other areas of the site.  As in the case of Feature 1.20.2, there is reason to believe that this 

layer could mark an important event, like the interment of an important individual, a 
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specific affinity group, or an area where specific resources were deposited.  The analysis 

of the oysters showed that many of them are between 15 and 20 centimeters in maximum 

length, constituting large sizes for this type of mollusk.  The oysters were probably 

collected at a rocky exposure located near the lagoon.  Locus 4 has not been radiocarbon 

dated, sampled or excavated by the team.    

Locus 5 

The central area of Jabuticabeira II is the location of Locus 5 (see Figure 5.1).  A 

small excavation in this area revealed a high number of bone artifacts, at first suggesting 

a possible use of the location for daily activities.  The continuation of the excavation did 

not confirm the hypothesis.  The uppermost part of its exposed profile is composed of a 

black soil layer with an average thickness of 0.5 meters (it is a continuous with the black 

soil deposits that form loci 3 and 6, and cover most of the site).  Between the upper black 

soil and lower shell layers, the team encountered the concretion, a thick, cemented 

deposit formed by shells, bones, and soil solidified by chemical reactions.   

Further analysis concluded that the presence of the concretion is related to the 

black soil deposits, and it does not correspond to site abandonment because graves were 

identified4 in its interior (Figure 5.12).  The presence of archaeological materials within 

the concretion refuted an early hypothesis by other researchers that concretion horizons in 

sambaquis indicate an interval of site abandonment.  A preliminary geological analysis 

indicated that the concretion was formed by diagenetic processes (DeBlasis et al. 2004). 

Analysis of the concretion indicates that the bones and shells within it are corroded.  The 

                                                 
4 A long series of small profiles covering 540 m of the site’s surface was opened and drawn in 10-meter intervals 
along almost the entire length of the site to verify the extent of the concretion (DeBlasis et al. 1999). 
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high degree (35%) of porosity of the materials is due to their partial dissolution by water 

enriched with humic acids from the massive black soil layer (Mazini 2007).  Mazini’s 

study demonstrates that the level of cementation increases with the quantity of bones, 

indicating the phosphatic composition of the concretion.  Although there is some 

carbonatic cementation, it is subordinate to the cementation that occurs when dissolved 

phosphate in percolating water is redeposited at the contact between the black soil and 

shell matrices.   

A small trench was opened at the bottom of the profile in Locus 5.  The basal 

layers of the trench are composed of several thin lenses of shell, charcoal, and fish bone.  

These layers were probably formed by seasonal occupations prior to the mound 

construction at Jabuticabeira II (Figure 5.13). 

 
Figure 5.12. Locus 5 with burial within concretion. Picture by Maria DulceGaspar. 
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Figure 5.13.  Basal layers of Locus 5.  

 

Locus 6 

Located on the northwestern edge of Jabuticabeira II, Locus 6 is similar to Locus 

3 and the top of Locus 5 in that most of the profile exposes the final black soil layer 

(Figure 5.14).  Shells are very rare, charcoal is pervasive, and ash pockets are common 

throughout the black soil deposits, which reach 2.5 m in thickness.  At the base of the 

investigated profile, the concretion that is so prominent in locus 5 is present.  The same 

chemical processes that formed the concretion obliterated most of the shell valves and 

hampered the preservation of bones in the top layers of locus 6.   
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Figure 5.14. View of Locus 6. 

 

A similarly massive black soil layer has been observed covering other sambaquis 

in the region, including Encantada II, Mato Alto II, Enseada I, Algodão, and Carniça II 

and IV (Klokler 2001).  Nishida’s (2007) dissertation research targets the formation 

processes involved in the accumulation of the overlying black layer at Jabuticabeira II 

and provides insight into other instances of its appearance in sites of the region.   

At first, the team considered the possibility that activities reflected in the final 

black soil layer differed from the earlier mortuary program that produced the 

predominantly shell deposits.  Nevertheless, horizontal excavations in locus 6 starting in 

1999 demonstrated that habitation features were not present in the area.  Instead, 
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groupings of graves, hearths, and postholes dominate the locus, similar to the 

arrangement discovered in the horizontally excavated Funerary Layer 2.15.13. 

Excavation of a ten-square-meter area in 1999 identified four burial pits with a 

total of 12 individuals.  An expansion of the excavations in 2006 uncovered new burial 

pits and eight new individuals were exposed.  For the first time, intrusion of one burial by 

a later interment was identified: the lower limbs of burial 119 were displaced by burial 

118.  Also, the burial pit of individual 121 is surrounded by cemented material in which 

Anomalocardia valves were preserved.  Without the concretion, shell valves would not 

have been preserved in the area.  This discovery confirms that mollusks were still 

collected during the later building events of the site, but in much lower numbers.  

Locus 6 has most of the same characteristics as the mortuary program found in 

loci 1 and 2, including a high frequency of faunal remains and hearths associated with 

graves.  On the other hand, a higher number of multiple burials are located within Locus 

6, along with a higher diversity of body positions and fewer postholes.  Fewer than five 

postholes were identified in the excavated area.  Although the excavated area in Locus 2, 

yielded 21 individuals in 32 square meters, Locus 6 had 20 burials in 11 square meters.  

The higher density of burials that seems to be a pattern within the top black layer, 

perhaps could result from the change of materials in site engineering.  The use of shell 

valves forms bulky, thick layers that clearly separate sequential funerary areas, while the 

overlying black layer composed of only fish remains and sediment, separates funerary 

areas less effectively, increasing the density of interments. 
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DATING THE MOUND 

 
Radiocarbon dating materials other than charcoal, such as bones or shells, 

requires specific procedures and care.  Radiocarbon dating of shells is very common, 

especially for archaeologists studying coastal sites; however, shell radiocarbon dates can 

sometimes appear up to 1,000 years older than their actual age.  The introduction of old 

carbon to a shell sample can be due to its absorption carbon when the animal (specially 

land snails) ingests calcium carbonate from limestone, sand, or loess to build the shell.  

When radiocarbon dating marine organisms, researchers have to take into account that 

there is an offset between the 14C atoms present in the atmosphere (atmospheric CO2) and 

the CO2 assimilated by marine organisms because the amount of 14C in deep marine 

waters is much lower than the amount found in the atmosphere.  Radiocarbon ages are 

therefore older from marine organisms.  This difference in 14C activity between 14C age 

of a marine sample – 14C age of atmospheric sample is called Reservoir Effect (Stuiver 

and Braziunas 1993).  Hence, when dating marine organisms, researchers cannot use the 

standard atmospheric calibration curve.  Instead, Stuiver et al. (1986) presented a marine 

calibration curve derived from the variation of atmospheric and oceanic 14C that should 

be used to calibrate samples.  The marine curve follows closely the atmospheric but the 

marine short-term variations are smoothed. 

It is very difficult to accurately measure the regional reservoir effect; there is 

great variability in the results for regions due to specific local effects.  If, however, the 

researcher has dates on marine mollusks collected pre-1945, it is possible to calculate the 

reservoir value.  Another technique uses a charcoal sample with a known age and a 
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corresponding marine sample from the same location.  In such case it is possible to access 

the regional difference in the reservoir.  One measure of the reservoir effect in Brazil was 

done by the Sambaquis e Paisagem Project.  The project developed a study of shell 

radiocarbon dating correction with the University of Arizona’s Laboratory of Isotope 

Geochemistry (Eastoe et al. 2002).  Paired samples (charcoal and shell) from different 

areas of the site were collected and dated, as well as pre-1945 shells.  As shown in Tables 

A.1 and 8.7 the radiocarbon dates from shell samples collected at Jabuticabeira II are 

consistently older than the charcoal ones, indicating the need to use the study’s correction 

factor for shell dates. 

Dates calculated from bone material also have to undergo somewhat different 

methods for calibration.  For Funerary Layer 2.15.13, the team dated bones from two 

burials.  To accurately calculate the dates coming from human bones researchers need to 

take into account isotopic values.  In the Jabuticabeira II case, carbon and nitrogen 

isotope analyses of several individuals indicated that the inhabitants of southern Santa 

Catarina at the time had an exclusively marine diet (Chapter 8 contains a more detailed 

analysis).  As a result, dates on bones were calibrated using a marine curve, like the dates 

on shells.   

A series of 39 radiocarbon dates places human occupation at the site between 

2880 ±75 and 1400 ±40 BP (Appendix A, Table A.1).  The first date corresponds to a 

surface prior to the mound construction.  The earliest mound construction date from 

Jabuticabeira is approximately 2500 BP. The site samples were obtained from different 
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areas of the site and show some internal consistency.  Also, no significant gaps occur 

between the dates, indicating that the site was more or less continuously visited and built.   

Summary 

Multidisciplinary research continues to address lingering research questions.  This 

has demonstrated that Jabuticabeira II retains great value as an archaeological site and 

provides important background for reevaluation of coastal site research as a whole in 

Brazil.  The project’s use of improved field techniques has advanced the quality of data 

gathered from shell sites.  Study of the profiles permitted a movement away from 

research that primarily focused upon artifacts and human remains.  Instead, the team has 

tried to understand the site as a whole, contextualizing and examining the relationships 

among burials, artifacts, features, faunal remains, ritual behaviors, and construction and 

reconstruction of the site. 
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CHAPTER 6:  

METHODOLOGY 

 

The validity of the research hypotheses and the reliability of the techniques 

employed in any archaeological project influence the ability to construct databases that 

are comparable and significant to other researchers.  The Sambaquis e Paisagem Project 

distinguishes itself as one of the first Brazilian archaeological research projects to 

implement specific field sampling strategies for the collection of faunal remains.  This 

was achieved through total integration among the interdisciplinary team members in the 

development of the sampling strategies.  The zooarchaeological research of the 

Sambaquis e Paisagem Project contrasts sharply with previous faunal analyses of 

sambaquis.  Until the beginning of the 1990’s, faunal analysis among Brazilian 

archaeologists generally consisted of brief descriptions or lists of species present or 

simple lists appended to articles and reports.  Faunal studies in Brazil have been hindered 

by the unfamiliarity of most researchers with the broad and diversified contribution of 

zooarchaeology to archaeological inquiry.  Interactions among humans and animals have 

rarely been studied in depth, and faunal analyses tended to overemphasize dietary 

questions.  The present zooarchaeological research, on the other hand, changes the 

perception of sambaqui populations by examining issues of ritual and social organization. 

The team of faunal analysts that participated in fieldwork at Jabuticabeira II 

helped plan the collection and analysis strategies.  Until recently, the presence of 

zooarchaeologists during excavation of a site was rare, and specialists were usually 
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contacted after the end of the field season.  Lack of dialogue between project directors 

and faunal analysts prior to site intervention often leads to inappropriate recovery 

techniques that adversely affect the research results.  Active participation of 

zooarchaeologists is important so strategies that fit both the site’s characteristics and the 

project’s research questions can be developed (Scheel-Ybert et al. 2005-2006).   

 

SAMPLING SHELL SITES 

 

In order to capture the complexity of the relationships between human populations 

and animals, zooarchaeologists need to employ methods that do not distort or 

underestimate certain characteristics of the data, and are appropriate for the site studied 

(Reitz and Wing 1999).  Recovering representative faunal samples is fundamental to the 

validity of results and their subsequent interpretation.  Sampling strategies require careful 

examination and consultation with a specialist.  Since the beginning of the 19th century, 

shell sites have been mainly sampled using column collection.  Usually, only one or a 

few sampling columns were taken for zooarchaeological analysis.  Researchers working 

within the "California School of Midden Analysis" regularly made use of a single column 

at shell-bearing sites (e.g. Breschini et all 1988; Gifford & Marshall 1984; Pastron 1988).   

For most sites, a single column is insufficient, leading researchers to mistaken and 

simplistic interpretations, compounded by the fact that comparative statistical tests 

require more than one sample.  Shell-bearing sites are often heterogeneous, with great 

horizontal and vertical variations.  The problem with studying limited contexts is that 
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archaeologists may examine deposits that represent a short activity rather than patterned 

behaviors (Quitmyer and Reitz 2006).   

Shell sites are known to have extremely complex depositional histories and 

stratigraphy (Claassen 1998; Stein 1992).  As early as 1948, Treganza and Cook called 

for extensive sampling of shell sites so that archaeologists could overcome the problems 

posed by the heterogeneous distribution of materials.  The extreme heterogeneity, 

complex stratigraphy, and expansive dimensions of shell sites necessitate diverse 

sampling strategies.  Otherwise, internal variability is difficult to comprehend.   

Claassen (1991) notes a frequent disregard for the variability of archaeological 

contexts among shell site archaeologists.  She calls “normative thinking” the tendency to 

assume patterned behavior and events.  Claassen recognizes failures on the part of 

researchers in site description, classification, and sampling of shell sites.  In many cases, 

horizontal variability is simply ignored. 

Faunal analysts must be attentive to special research questions and site intricacies 

to develop successful sampling strategies (Scheel-Ybert et al. 2005-2006).  Also, they 

should allow for flexibility and change of strategies whenever necessary (Wheeler and 

Jones 1989).  Sampling strategies should be carefully planned to avoid expending extra 

effort, money, and time that will not yield helpful results (Hesse and Prieur 1999). 

 

SAMPLING AT JABUTICABEIRA II 
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Our understanding the important relationships between the development of a 

sampling strategy and the significance of the data used to interpret the site encouraged the 

adoption of specific approaches.  During the first field seasons (1997, 1998, and 1999) 

the team was interested in investigating the site’s matrix and defining its function.  At 

that time, many column and excavation samples were collected for faunal analysis in 

order to understand the site stratigraphy, the specific composition of the many layers, and 

site formation processes.  Some of these materials were used in my earlier analysis of the 

formation processes of Jabuticabeira II (Klokler 2001).   

The zooarchaeological sampling protocol implemented at Jabuticabeira II is 

different than those of most Brazilian research projects.  Partial samples from excavation 

(Garcia 1972) and selective, hand-collected samples (Bandeira 1992; Figuti 1989, 1992) 

have been the most common approaches for sambaquis.  Such limited approaches 

compromise the interpretation of data and diminish the potential of the research since 

analyses related to diet, subsistence, fishing techniques, and other issues cannot be 

properly accomplished.  The faunal analysts involved in the project - Dr. Levy Figuti, Dr. 

Paula Nishida, and myself - developed a strategy involving sample selection criteria that 

kept in mind the in-depth analysis of the sambaqui matrix, facilitating reproduction of our 

methods and verification of results.   

For this dissertation research, the sampling was somewhat redefined due to my 

specific interest in assessing the details of mortuary feasts and possible differences in the 

banquets organized by distinct affinity groups.  The goals of the analysis are to assess the 

degrees of heterogeneity and homogeneity within the funerary layers and their features, 
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observe the variation among them, and understand the roles that different animals played 

in the mortuary rituals.  The presence of spatially distinct interment areas provides 

archaeologists with a key opportunity to study socially meaningful units.  This situation 

permitted the development of a sampling strategy that targeted sambaquis’ social units, a 

breakthrough approach.  This unique access to affinity groups can answer questions about 

the behavior of these social units and the association of their members.  

Three different classes of sampling units were selected to investigate the different 

affinity groups: funerary areas (or layers), hearths, and burial pits.  I incorporated profile 

samples (standardized by volume) and bulk sampling of features recovered during 

horizontal excavations in the analyzed assemblage.  This strategy targets contexts that are 

complementary and convergent to help provide an understanding of the site’s intricate 

stratigraphy and archaeological evidence of mortuary rituals performed at the site.   

The resulting dataset was used to analyze evidence of feasting, while also 

exploring and comparing patterns of resource use.  Faunal samples were collected from 

two different areas of excavation from loci 2 and 6 (areas described in depth in the 

previous chapter), and from the extensive profiles.  Profile sampling targeted 12 funerary 

layers, along with several hearths, and burial pits, with the intent of identifying 

differences among their compositions.  

Sample size 

Sample size has always been an important issue in archaeology, but it is 

especially important for faunal analysts working with sites that are primarily composed of 

faunal remains.  Large samples can provide redundant results, while samples that are too 
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small may fail to fully account for species diversity, rare specimens, and feature 

variability.  Reitz and Wing (1999) point to the necessity that samples appropriately 

reflect the distribution of species present within the deposit being studied.  Grayson 

(1984) notes that sample size directly influences the diversity of species recovered from a 

site.  In the case of sambaquis, analysts also have to be aware of when sufficient faunal 

materials have been recovered for analysis.  Cherry (1978) exposes the distinct reality 

faced by researchers studying shell sites, where there is typically an overabundance of 

faunal materials.  In these cases, the researcher should “…minimize data acquisition 

while maximizing problem solution” (Cherry 1978:295).   

Jabuticabeira II encompasses approximately 90.000 square meters, an impressive 

size.  Although the samples collected for this research may seem diminutive in relation to 

the whole site, in most cases the collection of massive amounts of material will only 

furnish redundant data that could prove inadequate for many research questions, while 

also resulting in high costs of transportation, analysis, and curation (Reitz and Wing 

1999:122; Waselkov 1987).  

Previously, I used samples with a patterned volume of 1,500 cubic centimeters (or 

1.5 liter) (Klokler 2001).  My objective was to analyze the matrix of Jabuticabeira II and 

understand the dynamics of the site’s construction (Klokler 2001).  For the present 

project, I augmented the volume to one standard bucket (8 liters) since the contexts 

studied, including burials, hearths, and other related features, have a higher probability of 

containing rare elements, and so a larger volume is more appropriate.  Whenever the 

feature could not fill the volume of a bucket, the actual volume collected was recorded. 
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Nishida (2007), following the protocol of Scheel-Ybert et al. (2005-2006), 

collected samples of at least 80 liters.  Even though Nishida’s samples were at least 10 

times the standard sample used in this research, her list of fish species list has a similar 

richness value as my assemblage.  While taphonomic processes present in the black layer 

pose problems for fish identification, it seems that the sample size used in this research is 

adequate to recover most of the taxa present at Jabuticabeira II.  

Samples were collected by volume because samples collected without patterning 

or information on their volume would not be adequate for the objectives of this 

dissertation.  Lack of patterning by volume can mask the frequencies and proportions of a 

unit’s compositional elements.  By using volume it is possible to verify the proportions of 

elements in each stratum, facies, or feature, which is important in order to compare 

different deposits.  Such comparison is only possible when the researcher can calculate 

the original volume of the samples analyzed. 

Samples from Profiles 

Profile sampling at Jabuticabeira II focused on the vertical cuts created at the site 

by historic and modern shell mining.  Stratigraphic layers and lenses were described 

using the frequencies of shells and bones, species present, degree of fragmentation, 

presence of rocks, and type and color of the matrix.  Ambrose (1967) highlights the 

necessity of describing and sampling midden stratigraphy.  The author calls for emphasis 

on the disposition, volume, and composition of layers (1967:177).  He points out that 

shell deposits are extremely complex in their structure and composition, highlighting the 

necessity of focusing on internal variation.  This way, archaeologists can differentiate 
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rates of shell accumulation.  The contexts of depositional units define functional aspects 

of accumulation.  Ambrose (1967) calls for a focus on lenses and layers as single units, 

instead of sampling procedures that overlook individual depositional events, like those of 

the California School.  Wessen (1982) demonstrates that this approach can help 

researchers infer primary and secondary refuse episodes, greatly improving the 

identification of activity areas. 

Failure to provide full, detailed descriptions of the layers is common in many 

research projects dealing with sambaquis.  Commonly, descriptions include phrases such 

as, “layer with shells, layer with many shells, layer with fragmented shells.”  Such 

descriptions offer little information about the site, since shell valves form sambaquis by 

definition.  The faunal analyst should record detailed descriptions of layers’ 

characteristics that are important to the research.  In the case of Jabuticabeira II, the team 

developed field forms that specified to field workers which aspects should be described 

in detail and how they should be used to define features, layers, and lenses. 

Twelve stratigraphic units were selected for sampling from the detailed 

description of the profiles from Loci 1 (Figure 6.1), 2 (Figures 6.2 and 6.3), and 6 (Figure 

6.4).  Samples targeted materials from individual funerary layers representing the 

mortuary behavior of individual affinity groups, as well as their associated features, 

including hearths and burial pits.  A single sample cannot be considered representative of 

an entire layer without comparing it to other areas nearby, because elements can vary 

vertically and horizontally in each layer (Claassen 1991; Figuti 1989; Mason et al. 1998).  

Up to six samples were collected from each layer.  
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Samples from the Excavation Areas 

Samples were also recovered from horizontal excavations in loci 2 and 6 (Figures 

5.2, 5.4, and 6.5).  All features related to graves were sampled, including hearths, fill over 

hearths, postholes, caches, and grave fill.  Excavators received detailed instructions on 

how and where faunal sampling should take place in an attempt to avoid any variation in 

technique.  

Excavations occurred at Locus 2 during the field seasons of 1999, 2003, and 

2004.  During the excavation of funerary area 2.15.13, collection of materials was 

somewhat selective.  All sediment from the excavation was water screened in 5 mm mesh 

and all shell valves were discarded.  Field technicians attempted to collect all bones 

retained in the screens, but it is possible that smaller elements were lost during the field 

sorting process.   

Locus 6 was excavated in 1999 and 2006.  This locus is located at the base of the 

black layer deposit that covers most of the site.  As discussed in Chapter 5, funerary 

patterns at Locus 6 have a higher density of individuals buried, an apparent lack of 

bundling of the bodies, and fewer postholes, among other characteristics.  In 1999, the 

recovery of faunal elements was elective but in 2006 all materials retained during water 

screening (4 mm mesh) were collected for analysis. 
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RECOVERY METHODS AND THE ARCHAEOLOGY OF SHELL SITES  

 
A common methodological problem faced by earlier zooarchaeologists when 

analyzing assemblages from coastal sites is related to recovery techniques.  Experiments 

showed that important material is lost with the use of unsuitable recovery methods 

(Barker 1975; Clason and Prummel 1977; Payne 1972).  Despite advances in recovery 

techniques, faunal remains are subject to a myriad of taphonomic processes that 

complicate analysis of relative reliance upon different resources.  The nature of hard 

tissues of animals dictates their decomposition, fossilization, and preservation in 

archaeological sites.  Hard tissues are composed of organic and inorganic materials, and 

their relative percentages influence the probability of the preservation of elements 

through time. 

The basic components of bone are collagen and calcium phosphate.  However, 

different bones have differential preservation.  Usually, dense bones have a better chance 

of survival than thinner ones, and, to complicate matters a bit more, different portions of 

the same bone also have different chances of preservation.  For example, diaphyses are 

denser and preserve better than epiphyses, which are also more porous.  Shell valves are 

primarily composed of calcium carbonate, an inorganic compound.  Shells usually have 

good preservation rates, especially the denser, thicker ones.  Taphonomic processes that 

affect shell assemblages include fragmentation, abrasion, and dissolution.  Differential 

preservation of species of mollusks can account for biased patterns in abundance in many 

studies (Mannino and Thomas 2001). 
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Another source of bias often occurs in sites with a high presence of mollusk 

remains.  Since the valves of gastropods and bivalves are larger, bulkier, and more 

resistant to some taphonomic processes than many bone elements (especially fish bones), 

they tend to be more visible.  This may lead to false assumptions that fish contributed to 

only a small portion of the diet of coastal populations (Klokler 2001).  Such an 

impression can only be overcome with careful analysis of bulk samples.   

Shell sites generally have a high pH environment due to the presence of calcium 

carbonate, and this low acidity facilitates the preservation of bone mineral.  According to 

Reitz and Wing (1999:117), the ideal pH for bone preservation is 7.8-7.9, and the high 

presence of shell in a sambaqui’s matrix helps maintain alkalinity that is beneficial for 

bone survival.  However, problems related to fish bone preservation still exist in shell 

bearing sites (Mazini 2007; Morais Arnaud 1990; Nishida 2007; Straus 1991; Villagrán 

2008).  According to Mazini’s study, leaching processes deeply affect bones located 

within the massive black layer that covers the site, and the phosphate from bones is being 

affected to a much higher degree than the carbonate from shells (2007).  Due to their 

fragility, fish bones deposited in areas subjected to trampling also rarely preserve. 

For decades, “hand collection” of bones during excavation of shell sites was 

common in many areas worldwide.  However, modern research demonstrates that this 

practice results in assemblages that are biased towards larger elements.  Also, the 

assemblages recovered through hand collection differ according to the degree of training 

of the collector.  Researchers with greater familiarity with faunal materials typically miss 

fewer specimens.  Hand-collected samples also tend to over-represent marine and 
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terrestrial mammals since their bones are larger and more recognizable (Figuti and 

Klokler 1996; Wheeler and Jones 1989).  This factor can hinder interpretation, as verified 

by Bandeira (1992) and Figuti (1989, 1992).  Systematically collecting bulk sediment 

samples from a sambaqui in order to understand mound formation helps avoid 

introduction of biases, such as selection for elements that are larger, easily identified, and 

well preserved, in favor of broken, small, or non-recognizable bones.  Complementary 

collection strategies can and should be used whenever possible. 

Use of Sieves 

Modern research overcame problems associated with the loss of small materials 

through the use of finer mesh screens and flotation samples.  These techniques decrease 

the bias introduced by collectors and insure that the proportions of recovered taxa closely 

represent the actual deposits (Reitz 1988b).  Flotation also allows the recovery of plant 

remains, which are more likely to be lost when dry screening is performed in the field.   

Processing archaeological samples with larger screen mesh sizes (6 mm or larger) 

results in loss of the majority of fish remains.  In sites that contain high quantities of fish, 

the need for appropriate sieving is even more important (Colley 1984).  Experiments with 

finer screens demonstrate recovery of greater quantities of animal remains, especially in 

coastal sites with fish (Payne 1972; Reitz 1982).  Thomas (1969) documented the loss of 

nearly 95% of small rodents and up to 71% of medium-sized mammal bones with the use 

of 6.35 mm mesh (or ¼ in).  Projects in the Southwest U.S. that used the same size 

screens resulted in losses of 100% of 15 of 21 identified taxa (James 1997).  Such losses 

create dangerously biased assemblages that often underrepresent, or even fail to identify 
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small taxa, including fish (Klokler 2001; Reitz 1988b, 2001).  Despite many years of 

debate and numerous publications on the subject (see discussions by Butler 1993; Casteel 

1972, Clason and Prummel 1977; Grayson 1984; Lyman 1982; Payne 1975; Wheeler and 

Jones 1989), archaeologists do not always use appropriately sized screen when 

processing faunal samples.   

Sieving with small mesh size (up to 4mm) allows for the recovery of the full 

range of fish and other small taxa present at a site.  Also, more types of bone elements 

can be recovered, along with bones of distinct sizes.  Mesh smaller than 1 mm usually 

retains fragments so small that identification is extremely difficult and the time required 

for analysis is greatly increased.   Trials with finer meshes during my previous research 

found that recognition of the diagnostic features of most species was impossible due to 

their fragmentary condition (Klokler 2001).  Based on the fact that the distribution of fish 

species remained the same in the 4 and 2 mm fractions, I chose to use only the 4 mm 

materials for the present research.  The 2 mm fraction of the samples will be used in 

future research. 

All faunal materials analyzed in this study were recovered by water screening 

using 4 and 2 mm sieves.  Dry screening increases the fragmentation rates of bone and 

shell valves.  Since the sediment in some areas of Jabuticabeira II includes clay and is 

usually wet, it easily forms clods that do not pass through small meshes unless broken by 

hand or trowels.  Use of two sizes of screen facilitates the sorting of faunal specimens in 

the laboratory.  The samples were left to air dry, avoiding the sudden loss of water carried 

out by the use of “artificial drying,” which also increases fragmentation of the materials.   
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After air drying, initial sorting separated the materials into general groups (shell 

valves, bone and teeth elements, charcoal fragments, plant remains, artifacts, concretion, 

rocks, etc).  Next, further sorting and identification of all vertebrate and invertebrate 

materials was initiated.  The different classes of components from profile samples were 

weighed.  Excavation samples that involved hand-collection of bones were not weighed.   

Identification of the materials was achieved using the comparative skeletal 

collections located at the Stanley J. Olsen Laboratory of Zooarchaeology, Arizona State 

Museum, University of Arizona (with the supervision of Dr. Barnet Pavao-Zuckerman) 

and at the Zooarchaeology Laboratory, Museu de Arqueologia e Etnologia, Universidade 

de São Paulo (under the consent and supervision of Dr. Levy Figuti).  Whenever 

possible, specimens were identified to the most specific taxon.  In the case of fish, it was 

possible to identify many specimens to the Species level.  Unfortunately, fragmentation 

and preservation problems limited species-specific identification of the few mammal and 

bird remains. 

Separated specimens were then analyzed and a series of eight attributes was 

recorded.  First, specimen type was determined  (for example, tibia or dentary).  Second, 

a quantification of the specimen types and their side (right, left, unpaired) was noted.  

The third set of attributes involves possible modification, such as fragmentation, and its 

location (proximal, lateral, etc), degree of burning, state of preservation, and presence of 

anthropic modification, including cutmarks or shaping.  Finally, the percentage of 

completeness and other comments were included in a form specifically designed for 
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Jabuticabeira II.  The primary components of the samples analyzed are presented in detail 

in Chapter 7. 

Quantification of Faunal Remains: Counting vs. Weighing 

Frequency of vertebrates was estimated through examination of the number of 

identified specimens (NISP) and the minimum number of individuals (MNI).  NISP is 

largely used to estimate relative frequency of taxa.  One important characteristic of NISP 

in comparison with other quantification techniques is that it is replicable by other 

researchers and is not affected by aggregation factors.  On the other hand, NISP is greatly 

affected by fragmentation and differences in the numbers of skeletal elements in different 

vertebrate forms.  Fragmentation is not uniform among different classes of animals, 

because weathering affects taxa in many distinct ways, and degrees of identifiability vary 

greatly, inflating the NISP values of some animals.  

  MNI estimates the minimum number of individuals that accounts for the 

representation of skeletal elements identified to a given species (Lyman 1994; Reitz and 

Wing 1999:194).  White (1953) defines the determination of MNI as the quantification of 

the most abundant element of an identified species separated by side.  The use of MNI 

has many critics among zooarchaeologists (Lyman 1994).   

Animals for which identification depends on non-symmetrical elements can lead 

to low MNI estimates (Reitz and Wing 1999).  Also, MNI can emphasize small species, 

an example would be a collection of five catfish and one shark.  While it seems that 

catfish were more important, one shark would supply more meat.  Sharks can also be 
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underestimated by the use of MNI since they have few paired elements (Reitz and Wing 

1999).   

Unlike NISP, MNI is strongly influenced by the definition of the analytical units 

(Lyman 1994:100).  Also, the use of artificial versus natural stratigraphic units causes an 

aggregation effect that can artificially multiply MNI totals, depending on how sample 

units are divided.  Unless individual depositional units can be clearly defined, MNI is 

best used as an estimation for entire sites.  

All invertebrates were weighed with electronic scales.  Koloseike (1968) 

criticized the application of weighing methods for mollusks because of problems related 

to post-depositional processes, especially the loss of mass that shell undergoes during 

decomposition.  In order to avoid the risks of under representation of materials, 

Koloseike suggested the use of fine mesh screen, calculation of calcium carbonate loss, 

and study of the meat-shell ratio for each species.  

Some believe MNI is the most accurate method for inferring habitat changes and 

overexploitation because it is based on estimates of numbers of individuals (Mason et al. 

1998).  Weighing methods are often less reliable because the data are subjected to site 

preservation problems, individual shellfish size, age, recovery techniques, species weight, 

degree of fragmentation, and chemical dissolution.  Eroded shells tend to loose more 

mass than shells located in deeper sediments that have been protected from 

environmental variation, wind erosion, and other factors.   

However, Hesse and Prieur (1999) believe that the differences are not significant.  

Mason et al. (1998) propose that the biggest problem with weighing mollusks is the 
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margin of error, because finer mesh increases the probability of reaching the correct 

weight of the species.  But, at a certain point, smaller meshes render identification 

impossible due to fragmentation.  For this research, I believe that the 4 mm mesh size is 

appropriate and taphonomic factors are not significantly altering the proportions of 

materials. 

To estimate MNI for shellfish species, zooarchaeologists count diagnostic 

elements that are nonrepetitive, including the columella, apex, and umbo.  In Brazilian 

shell sites, the common presence of mussels creates a problem for the estimation of MNI.  

Mussel valves are thin, fragile, and easily fragment.  The diagnostic elements suffer 

alterations or simply disappear, reducing their usefulness and sometimes rendering MNI 

estimates useless since they commonly underrepresent these species.  Glassow (2000) 

asserts that in sites where there are highly fragmented materials or fragile specimens, 

MNI identification of shell is very complex, so weighing is a better method for 

characterizing frequency of species in samples.  Analysts should carefully justify use of 

weighting methods by discussing its credibility and validity in answering specific 

research questions.  Despite shortcomings, weighing is still the most adequate method for 

estimating shell frequency.  By submitting all shell species to the same method, I was 

able to estimate all components with the same error attached to the use of weighing. 

Appropriate use of either method depends upon the interests of researchers and 

the characteristics of the sites being studied.  Weight can be useful when comparing 

quantities of shell, without differentiating them by species in relation to other site 

components.  However, this does not measure the importance of different species, since 
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valves have distinct weights.  MNI is more useful for studies of environmental change, 

land management, and overexploitation.  On the other hand, weight can only be used in 

studies of population dynamics if the species are converted to reliable biomass.  This 

allows comparison of equilibrium and distribution of species within an assemblage 

(Ludwig and Reynolds 1988).  

For this research I used weight to compare quantities of mollusk versus fish 

bones.  MNI counts of the most common mollusk at the site (Anomalocardia brasiliana) 

were used to verify differences between deposition of this species in funerary areas and 

shell layers.  Fish and other vertebrate frequencies were investigated with the use of NISP 

and MNI.   Symmetry, size, and age were used to determine MNI of vertebrate taxa 

whenever possible.  MNI estimates for fish were usually based on otoliths; otherwise, 

cranial elements were used.  Among the mollusk taxa, only Anomalocardia brasiliana 

valves were counted for MNI estimation.  Materials coming from each funerary layer 

were grouped together, but the assemblages from burial pits and hearths were not 

included. 

Biomass Estimates 

In general, the quantity of edible meat provided by animals varies according to 

taxon.  Methods for estimating biomass or the amount of edible meat represented by the 

weight of hard tissue (bones and shells) can be used to establish the quantity of edible 

meat corresponding to the weight of bones and shell valves.  I utilized the general 

conversion indices used by Figuti (1993) to calculate grams of edible meat per gram of 

bone and/or shell.  For mollusks, I estimated that 0.3 grams of meat equals 1 g of shell.  
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Since Anomalocardia brasiliana is the most common species of mollusk recovered from 

Jabuticabeira II, its conversion rate was used to represent all shellfish species found, 

generating a very general estimate.  For fish, I followed the premise that 20 grams of 

meat equals one gram of bone.  These indices are conservative and do not take into 

account variations that can occur seasonally and as animals age.  However, their use is 

necessary for allowing comparisons with other research done by the Sambaquis e 

Paisagem project, as well as studies of other coastal sites.  

In order to compute more accurate estimates of fish biomass, bones from a 

random selection of samples (n=27) were separated according to taxon and weighed to 

calculate their contributing biomass.  The estimates follow allometric formulae and 

constants presented by Reitz and Wing (1999:72).  These estimates take into account 

changes in proportions of body mass, skeletal mass, and skeletal dimensions.  

The idea was to verify whether the two most common fishes in Jabuticabeira contributed 

most of the edible meat and also to check if their importance remained the same 

regarding possible meat consumed.  Materials subjected to taphonomic processes may 

have experienced loss of mass.  Since the main interest is not to calculate dietary or 

caloric contribution but to evaluate different frequencies of available food, I use these 

biomass assays as estimate of relative representation. 

Estimation of Fish Size 

Otoliths are concretions of aragonite (calcium carbonate) located in the 

neurocrania of fish.  They are also known as ear stones (Casteel 1976; Wheeler 1978).  

There are three pairs of otoliths inside the base of every fish’s neurocranium, and they 
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help maintain equilibrium and aid acoustic perception (Andrus and Crowe 2002; Casteel 

1976; Kefous 1977).  In most species, the sagitta is the largest pair, and drums and 

croakers have particularly large otoliths.  These elements, when preserved, allow the 

identification of fish to the species level; drums and croakers have particularly large 

otoliths. 

Otoliths increase in size as fish grow, and aragonite is deposited in increments 

throughout a fish’s lifespan (Andrus and Crowe 2002).  However, growth can also be 

affected by genetic and environmental factors, so assuming a linear relationship between 

otolith length and fish size is too simplistic (Munk and Smikrud 2002; Ross et al. 2005).  

An extensive literature exists on issues related to using otoliths as proxy measures of fish 

weight and size.  However, for the purposes of archaeological research, the inherent 

inaccuracies attributable to fish growth variability are minimal and do not interfere with 

the analysis. 

   Measurements of otoliths have been used by many zooarchaeologists to assess 

season of capture, fishing methods, and existence of age and/or size selection, among 

other characteristics.  Following a study done by Lima (1991), I measured the otoliths 

from catfish and whitemouth croakers in order to infer body weight.  Only whole otoliths 

were measured, but burned or altered specimens were also analyzed in order to include as 

many elements as possible.  Digital calipers were utilized in all measurements, and they 

were all taken by the author to prevent inter-user error. 

Modifications 
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Modifications of specimens can indicate site formation processes, such as 

trampling, and animal processing techniques.  Modifications such as fragmentation, 

burning, gnawing, butchering, and weathering marks were quantified.  The locations of 

fractures were recorded to help identify their possible causes.   

Evidence of burning can suggest cooking techniques, processing methods, 

disposal of food waste, disposal of ritual fauna, and unintentional fires (Lyman 1994; 

Reitz and Wing 1999:231).  Three stages of burning were distinguished in the faunal 

assemblage recovered from Jabuticabeira II: burned, carbonized, and calcined.  The 

differentiation was based on the color of specimens.  Bones with dark yellow, yellow-red 

to black coloration were considered burned; carbonized bones have a blackened 

appearance due to exposure to intense heat; and, calcined specimens exhibit blue-gray to 

white hues, and  organic materials have been completely combusted. 

Rodent and carnivore gnawing were also recorded, along with their location on 

the specimen.  Gnawing can indicate exposure of specimens to scavengers and predators, 

although the absence of gnawing is not direct evidence of absence of predators (Reitz and 

Wing 1999).  Evidence of predator and scavenger activity suggest that some materials 

were probably moved, lost, or otherwise modified, so the analyst needs to be aware of 

these possible agents.   

Cut marks on specimens can originate from processing of carcasses and the 

cooking process.  Also, cut marks can be created during various stages of tool making.  

Their location and frequency can help analysts differentiate between marks derived from 

cooking and tool manufacture and may help infer methods of animal processing.   

 



 

163

Weathering can help the distinction natural and cultural accumulations of faunal 

remains.  The assessment of degrees of weathering and their causes might help to define 

climatic variation and the history of the site (Reitz and Wing 1999).  Also, weathering 

affects specimens differently and this might also affect the quantification of remains.  In 

the case of Jabuticabeira II weathering affected large part of the bone and shell 

assemblage from loci 3 and 6, and seem to be responsible for a shift in the quantities of 

the two most common fish.   

 

Although the methods and related issues discussed above do not exhaust the 

possibilities that the faunal data from Jabuticabeira II offer, they serve my primary 

objective of exploring the mortuary rituals performed at the site.  Also, this research may 

serve to propel other faunal analysts to test and evaluate the techniques used here and 

propose other avenues to the study of faunal remains in sambaquis.  The contribution of 

faunal analysis to shell site archaeology can be deeply increased with the use of adequate 

techniques in the field and laboratory. 
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CHAPTER 7:  

JABUTICABEIRA II FAUNAL ASSEMBLAGE AND ANALYSIS OF FUNERARY 

FEATURES 

 
This chapter introduces the faunal assemblage of Jabuticabeira II.  Data sets 

include materials recovered in 1997, 1998, 1999, 2003, 2004, and 2006.  Only 

assemblages from Klokler (2001) and the 2006 field season include patterned material 

volumes (see Chapters 5 and 6).  Since these assemblages are comparable, they are 

sometimes presented separately from materials collected during excavations of burials 

from loci 1 and 2.  I describe the taxonomic composition of the fish, mollusk, crustacean, 

echinoderm, reptile, bird, and mammal assemblages.  The taxa recovered are presented 

along with short descriptions of their main characteristics, preferred habitat, common 

modes of capture, and other relevant information. 

A brief description of the funerary areas and associated features sampled from the 

profiles is also included, along with discussion of their faunal components.  Later, I 

further explore similarities and differences among the funerary features and the 

implications for this research.  I also present some of the natural and cultural 

modifications identified in the bone assemblage.   

 

OVERVIEW OF THE FAUNAL ASSEMBLAGES 

 

Animals were identified to the lowest taxonomic level possible; family and genus 

were recorded when a species could not be identified.  Differential identifiability is a 
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potential and important source of error that must be acknowledged.  For example, due to 

fragmentation and loss of diagnostic bone morphology, there is a higher percentage of 

unidentified mammal and bird specimens.  Approximately 12% of the mammal remains 

and 2% of bird elements were identifiable to family level.  This may be attributable to the 

fact that the comparative collections used did not include many species of tropical 

mammals and birds that would have been useful to this project.  The Stanley J. Olsen 

Laboratory of Zooarchaeology at the Arizona State Museum does not specialize in 

tropical fauna, and the faunal collection (regarding mammal and bird specimens) of the 

Museu de Arqueologia e Etnologia is still in early stages of development. 

A total of 86,306 fish bones was analyzed for this dissertation.  Approximately 

26% of the fish remains were identifiable to the family or species level.  Eighteen 

different fish species were identified, representing 16 bony and 2 cartilagenous species 

(Table 7.1). Whitemouth croaker and catfish are the most common species in all layers 

studied (Table 7.2).  In decreasing order of abundance, the fish assemblage also includes 

drums, porgies, grunts, spadefish, puffers, and bluefish.  Two different species of catfish 

(Genidens barbus and Genidens genidens) were combined under Ariidae to facilitate 

analysis.  Members of the family Haemulidae (grunts) were distinguished in the 

assemblage mostly by pharyngeal plates, but species could not be correctly identified, so 

the specimens were grouped under the family name for the sake of accuracy.  

Indeterminate elasmobranchs include minimum counts for rays and sharks, since it was 

not possible to differentiate them when only vertebrae were found.  
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Table 7. 1. Common Fish Species Recovered from Jabuticabeira II. 

Scientific name Common name  
(English) 

Common name 
(Portuguese) 

Archosargus probatocephalus  Sheepshead seabream Sargo de dente 
Cynoscion acoupa Acoupa weakfish Pescada amarela 
Cynoscion leiarchus Smooth weakfish Pescada branca 
Larimus breviceps Shorthead drum Oveva 
Pogonias cromis Black drum Miraguaia 
Microponias furnieri Whitemouth croaker Corvina 
Ariidae (Genidens barbus and 
Genidens genidens) 

White sea catfish 
Guri sea catfish 

Bagre branco 
Bagre urutú 

Mugil sp. Mullet Tainha, Tainhota, 
Parati 

Pomatomus saltatrix Bluefish Enxova 
Conodon nobilis Barred grunt Roncador 
Haemulidae Grunt Roncador 
Lagocephalus laevigatus Smooth puffer Baiacú 
Oligoplites sp. Leatherjack Salteira/Guaivira 
Centropomus sp. Snook Robalo 
Rhinoptera bonasus Cownose ray Ticonha 
Selachimorpha Shark Tubarão, cação 
Chaetodipterus faber Atlantic spadefish Parú 

 

The mollusk assemblage is dominated by species easily collected in the brackish 

lagoons near the site.  The matrix of Jabuticabeira II is primarily dominated by a single 

species of clam, Anomalocardia brasiliana, commonly referred to in southern Brazil as 

berbigão.  Mussels are the second most common species of mollusk, although their 

frequencies vary significantly throughout the strata.  Clams such as Lucina pectinata and 

Macoma constricta appear recurrently throughout the site, along with oysters.  Other 

species that occur in very low frequencies seem to have been brought to Jabuticabeira II 

by accident, probably because they inhabit the same areas of more desirable species.  Due 
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to preservation issues, MNI of mollusks was calculated only for Anomalocardia 

(n=10,987). 

  

Table 7.2. Fish NISP and MNI from Funerary Areas and Associated Features. 
Species NISP NISP% MNI MNI% 

Catfish 8173 65.61 691 30.85 
Sheepshead 
seabream 624 5.01 152 6.79 

Atlantic spadefish 18 0.14 12 0.54 
Haemulidae 72 0.58 40 1.79 
Smooth puffer 4 0.03 5 0.22 
Mullet 253 2.03 140 6.25 
Leatherjack 34 0.27 32 1.43 
Weakfish 110 0.88 73 3.26 
Acoupa weakfish 4 0.03 3 0.13 
Whitemouth croaker 2114 16.97 961 42.90 
Black drum 768 6.17 93 4.15 
Indeterminate 
elasmobranchs 112 0.90 4 0.18 

Rhinoptera 160 1.28 25 1.12 
Shark 7 0.06 6 0.27 
Bluefish 3 0.02 1 0.04 
Snook 1 0.01 2 0.09 
Indeterminate fish 51300    
Total 63757 100% 2240 100% 

 

 

Crustaceans contribute only 155 elements to the faunal samples, and all were 

identified as Callinectes sp., or blue crab.  Barnacles were not quantified, but their 

presence was noted in most samples.  Barnacles inhabit shallow waters and are easily 

collected, but they are not considered an edible species.  Rather, they likely occur in 
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samples from Jabuticabeira II as a result of their attachment to targeted species such as 

shellfish. 

Mammal bones were rarely recovered from Jabuticabeira II and are always 

associated with funerary features.  Among 1,381 mammal bones, only 171 could be 

identified to Family or Species.  The state of preservation of the bones in most cases 

hampered accurate identification.   

Birds contributed 269 elements to the faunal assemblage.  Only five of the 

recovered bones were identifiable to family level.  Due to fragmentation and lack of a 

wide-ranging comparative collection, I was only able to identify one bird specimen to the 

species level among the profile samples.    

 

DESCRIPTION OF TAXA 

 

This section provides more detailed information regarding the animals that were 

identified in the samples, along with possible prehistoric methods of capture.  The review 

of taxa is arranged according to the preferred areas where they were likely found and 

captured.  The division first differentiates terrestrial and aquatic habitats, also 

distinguishing resources found in the lagoon’s brackish waters from those that occur in 

the littoral zone.   

Aquatic Habitat: Lagoon 

Lagoons, bays, and inlets are examples of estuarine habitats.  Estuaries are bodies 

of water that are partially enclosed and consist of salty ocean waters diluted by freshwater 
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(Pritchard 1967).  The rich lagoonal area was the center of the sambaqui people’s 

activities and the source of most of their resources.  A wide variety of mollusks, fish, and 

birds are found in the lagoon.  In many cases, the species described below can be found 

in areas with varying degrees of salinity; in these cases, I categorize them according to 

the area where they would typically be caught. 

Fish 

Archosargus probatocephalus (Walbaum, 1792) 

Sheepshead can reach 12 kg and 90 cm in length, but specimens usually weigh 

three to four kg.  They inhabit inshore waters along the entire Brazilian coast, especially 

depths of 1 to 30 meters (Figueiredo and Menezes 1980b).  These fish prefer areas with 

rocky bottoms or other suitable hiding places, and they usually do not form schools.  

They can tolerate great variation of temperature and salinity.  Their period of 

reproduction in the study area occurs between January and March in coastal waters.  The 

young are usually found in estuaries, and they are omnivores that primarily feed on 

mollusks and crustaceans.  Today, they are typically captured with nets and longlines. 

Bairdiella ronchus (Cuvier, 1830) 

The ground croaker lives in shallow coastal waters, especially estuaries.  They 

feed on crustaceans and fish and reach 35 cm in length.  Today, they are commonly found 

from the Caribbean to Santa Catarina, Brazil (Figueiredo and Menezes 1980b, Robins 

and Ray 1986).  

Cynoscion acoupa (Lacépède, 1802) 



 

170

This species of weakfish inhabits shallow, coastal waters close to river mouths 

and prefers muddy or sandy mud bottoms.  Sometimes, they are even found in 

freshwater.  They typically feed on crustaceans and small fish, especially near estuarine 

lagoons (Figueiredo and Menezes 1980b).  The yellow, or acoupa, weakfish can reach 

one meter in length and up to 10 kg.  They are typically captured with gill nets and hooks 

and are found from Panamá to Argentina. 

Cynoscion leiarchus (Cuvier, 1830) 

The smooth weakfish inhabits coastal and estuarine waters between one and 50 

meters deep and reaches up to 60 cm and 2.5 kg (Figueiredo and Menezes 1980b).  They 

feed upon crustaceans and small fish and are usually captured with gill nets.  They are 

abundant along the northeastern Brazilian coast, but range from Panamá to southern 

Brazil (Robins and Ray 1986). 

Pogonias cromis (Linnaeus, 1766) 

Black drum are fish of large proportions, approaching two meters and 50 kg in 

some cases.  These bottom-dwelling fish prefer muddy bays and estuaries and feed upon 

other bottom organisms, detritus, mollusks, and crustaceans (Figueiredo and Menezes 

1980b; Robins and Ray 1986).  They are usually captured with nets, and occasionally, 

with hooks.  Black drum migrate to warmer waters during winter for reproduction, and 

their distribution ranges from southern Florida through Argentina. 

Micropogonias furnieri (Desmarest, 1823) 

Whitemouth croaker is usually found at depths up to 60 m and range from 

northern Mexico to Argentina.  They spawn at coastal and estuarine waters during late 
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summer and spring in southern Brazil, then their young occupy estuarine waters to feed 

and grow (Garcia and Vieira 1997).  The whitemouth croaker is a long-living species, 

surviving up to 40 years (Haimovici and Umpierre 1996).  Most commonly recovered in 

shallow waters, specimens reach 75 cm length.  They feed on bottom organisms, 

crustaceans, and small fish, and today they constitute an important part of fish available 

in local ports (Figueiredo and Menezes 1980b).  They are caught with seine and gill nets, 

especially from October through December in the study area.  

Ariidae: Genidens barbus (Lacépède, 1803) and Genidens genidens (Valenciennes, 1839) 

The largest catfish species of the Brazilian coast is the white sea catfish (Genidens 

barbus).  Commonly found in the region, it is a semi-anadromous species.  Mature 

individuals migrate to estuaries to spawn during spring (Velasco and Reis 2004).    Adults 

are not as abundant as juveniles and sub adults are commonly found in estuaries.  They 

feed on mollusks and crustaceans, and adults feed on fish, reaching one meter in length, 

although 75 cm is more typical (Figueiredo and Menezes 1978, Reis 1986).  At nearby 

Lagoa dos Patos in southern Brazil, fishing intensifies between October and December.  

Usually captured with nets, white sea catfish are found from eastern Brazil south to Rio 

da Plata, in Argentina. 

Guri sea catfish (Genidens genidens) inhabit coastal waters, but they are most 

commonly found in estuaries and spawn during summer months. This is one of the most 

common sea catfish species of the Brazilian coast (Figueiredo and Menezes 1978).  

Adults sometimes feed on small fish (Garcia and Vieira 1997).  They are usually captured 
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with nets and have venom in their pectoral spines.  Their range extends from northern 

Brazil to Argentina. 

Mugil sp. 

Mullet inhabit coastal waters, bays, and estuaries in great quantities (Menezes and 

Figueiredo 1985).  They form large schools that arrive in the study region during winter 

(May through July) (Esper et al. 2001).  Young mullet come to the lagoons in great 

quantities during late summer (December – February).  Most researchers believe the 

species spawn at sea but live most of their lifespan at estuaries (Menezes and Figueiredo 

1985).  Some specimens can reach sizes up to one meter and 10 kg (Mugil platanus – 

Gunther, 1880), although Mugil curema (Valenciennes, 1836), or parati, are typically 

smaller, reaching approximately 45 cm in length, especially when caught in lagoons 

(Godinho et al. 1989, Menezes and Figueiredo 1985).  This is an herbivorous species that 

is primarily captured with nets and weirs. 

Haemulidae 

Grunts live in areas associated with coral reefs and rocky bottoms, inhabiting 

fresh, brackish, and salt water.  Four species are found in southern Brazil (Figueiredo and 

Menezes 1980b).  Specimens recovered from the study area usually reach a maximum 

size of 40 cm. Grunts are commonly captured by bottom fishing (linha de fundo). 

Centropomus sp. 

Snook live in coastal and estuarine waters and tend to be particularly abundant in 

estuarine lagoons, which are ideal places for their reproduction.  Four species are found 

in Brazilian waters.  They feed on fish and crustaceans and are captured with nets and 
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hooks (Figueiredo and Menezes 1980a).  Today, they are very appreciated and 

commercially fished in the region. 

Mollusks 

Anomalocardia brasiliana (Gmelin, 1791)  

This tropical clam, also known as the West Indian Pointed Venus, ranges from the 

West Indies to southern Brazil.  This venerid clam lives slightly burrowed in sandy and 

muddy bottoms of shallow water environments up to 20 cm deep (Monti et al. 1991).  

The average maximum dimension is 31 mm.  This species is tolerant to variation in 

salinity and is exploited commercially in Brazil.  

Tagelus plebeius (Lightfoot, 1786)  

The Stout tagelus (or stout razor clam) is found from the eastern USA to southern 

Brazil in tidal areas up to five meters deep that have sand and mud bottoms (Cledon et al. 

2004).  They tolerate great changes in temperature and salinity, and their average size 

ranges between 40 and 55 mm.  Tagelus species are important economically as a source 

of food in many countries (Cledon et al. 2004). 

Lucina pectinata (Gmelin, 1791) 

Thick lucine clams are usually found buried in shallow, calm waters, usually at 

depths between 15 to 20 cm (Assis 1978).  They can also be found on both sandy and 

muddy bottoms, usually at greater depths than Anomalocardia.  They are commercially 

harvested in Brazil, especially in northern states, and are considered an important food 

item.  The average size of specimens is 40 – 80 mm.  The thick lucine is relatively 

tolerant of various degrees of salinity and can survive in low oxygen levels.  It is found 
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from Texas to Santa Catarina, and valves were reportedly used prehistorically as tools 

(Prous 1991).  

Ostrea sp. and Crassostrea sp. 

Oysters inhabit marine and brackish waters.  Ostrea sp. usually live in rocky areas 

or are associated with other animals.  Their average size is between 40 and 50 mm. 

Crassostrea sp. are usually found in mangrove areas with rocky substrates or attached to 

aerial roots of plants (Nascimento 1982). Their size varies between 30 and 100 mm.  

Oysters are commercially exploited and several oyster farms operate in the region today. 

Erodona mactroides (Bosc, 1802)   

This species ranges from Brazil to Argentina and inhabits muddy bottoms in 

brackish waters.  It is commonly recovered from rivers, lagoons, and bay outlets (Jorcin 

1996).  Maximum reported size for the species is 39 mm (Rios 1994). 

Macoma constricta (Bruguiere, 1792)  

Constricted macoma is found from Florida to southern Brazil.  They inhabit 

muddy, sandy areas and prefer estuarine waters (Santos 2004).  Their average size is 50 

mm. 

Nassarius vibex (Say, 1822) 

The Bruised Nassa consumes detritus, uneaten food, and decaying organics.  It 

ranges from Cape Cod (USA) to southern Brazil.  This species is generally found in very 

shallow estuarine waters, especially in sandy-mud and mud flats that become exposed 

during low tides (Rios 1994).  Its average size is 20 mm.  

Neritina virginea (Linnaeus, 1758)  
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Virgin nerite is a gastropod that inhabits sandy, muddy, and rocky substrates in 

areas with medium salinity (Rios 1994).  This species eats plants and algae.  The reported 

average size of Virgin nerite is between 15 and 20 mm.  The shells have intricate natural 

designs. 

Brachidontes sp.  

 The average size of this mollusk is between 12 and 35 mm.  Species of this 

mussel occupy intertidal environments and prefer rocky substrates.  They can be found up 

to depths of 10 m (Rios 1994). 

Crustaceans 

Blue crabs (Calinectes sp.) are commonly found throughout the lagoons and 

sandy beaches of the region.  Females spawn in January and February in the Ibiraquera 

Lagoon located north of the study areas and in the Patos Lagoon located in Rio Grande 

do Sul (Castello 1985). 

Birds 

Ardeidae   

Two different species of herons were found among the samples, but I was unable 

to identify the species.  These large birds usually inhabit aquatic areas and could be 

captured near the lagoons.  Some of the species present in the study area include 

Butorides striata, Bubulcus ibis, Ardea cocoi, Ardea alba, Syrigma sibilatrix, and Egretta 

thula (Piacentini and Campbell-Thompson 2006).  The lagoons attract many other 

smaller bird species, and their capture would be easily accomplished.  

Mammals 
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Hydrochoerus hydrochaeris (Linnaeus, 1766) 

The capybara is the largest rodent species of the world, reaching between 50 and 

75 kg and one meter in length (Santos 1984).  It lives in groups and always occupies 

areas with water.  Capybaras are found in marshes, estuaries, and along rivers (Castilho 

and Simões-Lopes 2005, Eisenberg and Redford 1999).  Appreciated for their meat and 

hide, they are found throughout South America.  Capybaras have also been used in 

popular cures for common ailments (Santos 1984). 

Tapirus terrestris (Linnaeus, 1758) 

Brazilian tapirs can reach between 250 and 300 kg in weight, and two meters in 

length (Santos 1984).  Tapirs are the largest land animal in the Brazilian territory 

(Eisenberg and Redford 1999) and are found from southern Venezuela to Argentina.  

They are very shy herbivores and excellent swimmers, and are commonly found near 

water, in lagoons, rivers, and other suitable wallowing areas (Eisenberg and Redford 

1999).  They were used extensively for food and hide among tribes in Brazilian territory 

(Gilmore 1950) and are often captured with pit traps and by boat, with harpoon or lance.  

Ethnographic examples among the Tupi document preparation that includes smoking 

(Prous 1991). 

Reptiles 

 Only three bone elements could be assigned to reptiles.  Two belong to turtles and 

one to a crocodile.  As with taxa other than shellfish and fish, they occur only in 

association with mortuary features.  This family of turtles (Chelidae) is mostly 

carnivorous, but some are omnivorous.  They typically feed on shellfish, aquatic insects, 
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fish, and amphibians.  The other element is attributable to the Broad-Snouted caiman 

(Caiman latirostris), which prefers lowland areas with lagoons, swamps, and rivers (Rosa 

2006).  They are carnivores that feed on mollusks, fish, and amphibians.  They can reach 

more than 2 meters in length and range from northern Brazil to Uruguay.  They could 

have been used for food, or as pets, as has been described for Tupi groups (Prous 1991). 

Aquatic Habitat: Littoral zone 

Even though sambaqui groups probably made use of boats, the faunal assemblage 

from Jabuticabeira II does not demonstrate a heavy reliance on oceanic animals.  Most of 

the fish species listed here are found near the coast, close to the mouths of estuaries.The 

few mammals, such as whales, were probably not actively hunted, but exploited when 

stranded near the shore, or when their bones washed up on the coast.  

Fish 

Larimus breviceps (Cuvier, 1830) 

Shorthead drum live in coastal waters up to 50 m deep and are also found in 

estuaries (Figueiredo and Menezes 1980b).  Individuals reach a maximum of 30 cm in 

length and feed on shrimp and other crustaceans.  They are generally captured with nets 

and are found from the Antilles to southern Brazil. 

Chaetodipterus faber (Broussonet, 1782)  

Atlantic spadefish inhabit coastal waters near reefs and sandy beaches, as well as 

brackish waters, often forming large schools.  Adults normally reach maximum lengths 

between 30 and 50 cm (up to 90 cm) and weigh between one and two kg, while larger 

specimens can reach one meter and 10 kg.  They feed on invertebrates and are found 



 

178

from the northeastern United States to Rio Grande do Sul, Brazil (Menezes and 

Figueiredo 1985).  However, they typically prefer the tropical waters of the Atlantic 

Ocean and are found along the entire Brazilian coast. 

Conodon nobilis (Linnaeus, 1758) 

Barred grunts usually inhabit bays, rocky areas, and sandy beaches in waters 

between two and 50 m deep.  These grunts live on sandy or rocky substrates. Specimens 

reach up to 35 cm.  They range from Texas to southern Brazil and feed on crustaceans 

and small fish (Robins and Ray 1986).  Today, they are usually captured with nets 

(Figueiredo and Menezes 1980b). 

Lagocephalus laevigatus (Linnaeus, 1758) 

The smooth puffer is found near continental margins, although young are also 

common along coastal and offshore banks.  This fish is a poisonous species that can reach 

up to one meter in length, although they are usually smaller (60 cm).  The smooth puffer 

is also a carnivore.  It ranges from the northeastern United States to Argentina and 

spawns during summer (Figueiredo and Menezes 2000). 

 Oligoplites saliens (Bloch, 1793) and Oligoplites saurus (Bloch and Schneider, 1801) 

Oligoplites saliens, or castin leatherjack, live in coastal waters close to the surface 

and can reach up to 50 cm in length (Figueiredo and Menezes 1980b).  It is usually 

captured with nets.  These fish are commonly found from Honduras to Uruguay. 

Oligoplites saurus (leatherjack) is usually found in inshore areas, although it can also be 

found in estuaries (Figueiredo and Menezes 1980b).  They form large schools and prefer 

turbid waters.  The smallest species of the genus has a maximum length of approximately 
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30 cm.  It feeds on fish and crustaceans, and occurs from Massachusetts to Rio Grande to 

Sul (Brazil). 

Pomatomus saltatrix (Linnaeus, 1766) 

Bluefish is a pelagic species that can reach up to 1.2 m in length, but more 

typically specimens measure between 50 and 60 cm and weigh up to 15 kg.  Adults are 

found in estuaries and brackish waters, but they also inhabit oceanic waters up to depths 

of 200 meters (Haimovici and Krug 1992, Robins and Ray 1986).  This species feeds on 

fish, crustaceans, and cephalopods (Figueiredo and Menezes 1980a).  Captured with nets 

as well as hook and line, their range encompasses a wide area, including the Atlantic and 

Indian Oceans and the Mediterranean and Black Seas.  Bluefish can be found along the 

entire Brazilian coast and are most commonly caught in rocky areas.  During winter, they 

follow and feed upon schools of mullet.  They spawn at sea, and the young inhabit coastal 

regions (Haimovici and Krug 1996). 

Rhinoptera bonasus (Mitchill, 1815) 

Usually found near the coast, cownose rays reach more than one meter in length 

and 15 kg; they feed on mollusks and crustaceans (Figueiredo 1977).  In the study region, 

they are commonly found between August and April.  They range from the northeastern 

United States to southern Brazil. 

Mollusks 

Donax hanleyanus 
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 The donax is an edible saltwater clam. They are found in sandy beaches, where 

they are semi-exposed to wave action.  Average size is 28 mm. This clam is used as bait 

by fishermen and is appreciated as food (Rios 1994).  

Cyrtopleura costata (Lightfoot, 1758)  

Angel wing clams can be collected in muddy and sandy bottoms.  They prefer soft 

substrates in calm waters.  Average specimen size is between 70 and 110 mm.  It is most 

common in the intertidal zone, where it can burrow to a depth of approximately one 

meter (Morris 1973). It is not found in brackish waters, but ranges from the West Indies, 

where it is considered a staple, to Argentina. 

Thais haemastoma  (Linnaeus, 1767) 

Rocksnail occurs in many substrates (including coral, rock, and shell), but is most 

common in rocky, intertidal zones.  This is a carnivorous species that reaches up to 80 

mm in size.  It is also an edible species and can be used to produce a purple dye (Ridout-

Sharpe 1998). 

Crepidula sp.  

Slippersnails average between 15 and 20 mm in size and live in areas with rocky 

substrates or as a parasite on other animals (Collin 2001).  Their shells are not usually 

diagnostic to species.  They are most common intertidally to subtidally, but prefer slow 

moving waters with low wave action (Collin 2001).  They feed on plants and algae.  

Typical maximum water depth is at least 20 m, and slippersnails are not common in 

brackish waters.  This is a cosmopolitan species that is very small and probably not 

suitable for human consumption. 
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Olivancellaria urceus (Roding, 1798)  

This carnivorous gastropod inhabits sandy bottoms in shallow waters.  Specimens 

range between 40 and 60 mm, and they are found from Espírito Santo, Brazil to 

Argentina (Rios 1994).  

Echinoderms 

Encope emarginata (Leske, 1778) 

Eleven fragments of sand-dollars were identified within funerary features.  They 

are usually found on sandy beaches, and are inedible (Mianzan et al. 2001).  They could 

have been used as ornaments, or incorporated as an element of the mortuary ritual, 

although they could have also been taken to the site unintentionally, perhaps along with 

shellfish.  

Marine mammals 

Several species of marine mammals can be found in the study region (Cherem et 

al. 2004, Daura-Jorge et al. 2003).  Dolphins commonly found in the region include 

marine tucuxi (Sotalia guianensis) and bottlenose (Tursiops truncates) (Daura-Jorge et al. 

2004).  Some whale species migrate through the area, especially during the winter, such 

as the Southern right whale (Eubalaena australis).  Others, such as Orca (Orcinus orca) 

are seldom seen, usually away from the coast.  Pinnipeds also visit the area, including the 

South American fur seal (Arctocephalus australis), the Subantartic fur seal  

(Arctocephalus tropicalis), and the South American sea lion (Otaria flavescens). 

Castilho’s study (2005) of assemblages from eleven shell sites located in Santa 

Catarina identified elements from 12 marine mammals species, including three pinnipeds 
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and nine cetaceans.  Although present in sites, it is not certain that sambaqui groups were 

actively hunting these marine mammals, especially judging from the lack of implements 

that could have been used to pursue them, such as seaworthy vessels.  Castilho (2005, 

2007) suggests that Eubalaena australis (Desmoulins, 1822) could have been hunted and 

captured since these whales swim slower and close to the coast.  Native groups typically 

targeted stranded animals, but some also captured them with harpoon or nets.  Whale 

consumption is described as a social ceremony with large gathering among the Chono, 

Yahgan, and Alacaluf (Gilmore 1950).   

Birds 

Spheniscus magellanicus  

During the winter, penguins routinely arrive along the Brazilian coast.  Usually, 

they are younger individuals who get lost in the current.  They are commonly found along 

Santa Catarina’s beaches (Piacentini and Campbell-Thompson 2006).  These penguins 

can reach 70 cm in height and 5 to 6 kg.  

Terrestrial Habitat 

Almost all terrestrial taxa identified could be captured near the location of 

Jabuticabeira II.  The reptiles would feed and live around the lagoon, and many mammals 

would also be attracted to it.  Other mammals could be easily captured in the surrounding 

area without requiring hunters to travel long distances. 

Large mammals 

Tayassu sp.  
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Two possible species of peccary were identified: white-lipped and collared.  The 

collared peccary (Tayassu tajacu) has an average weight of 20 kg.  They occur in a 

variety of habitats, from the rain forest to the Chaco in small bands of up to two dozen 

individuals (Eisenberg and Redford 1999).  They are prized as food and for their hide 

(Santos 1984).  Ranging from the southeastern United States to Argentina, they were 

typically hunted with nets, pits, and lances in the past (Gilmore 1950).  White-lipped 

peccary (Tayassu pecari) is generally found in lowland tropical forests and savannas in 

large herds that can sometimes exceed 100 individuals (Eisenberg and Redford 1999).  

Their territories are large, and they are not considered a very reliable source of food.  

They were captured with pit traps and nets in the past (Gilmore 1950).  

Medium mammals 

Mazama sp.  

The Brocket deer is a small deer that primarily inhabits forests and savannas 

(Eisenberg and Redford 1999; Santos 1984).  Today, they are commonly found in 

vegetated areas not far from Jabuticabeira II.  They can reach between 8 and 25 kg, and 

approximately one and a half meters in length.  They are usually stalked or ambushed 

(Gilmore 1950; Santos 1984).  

Dasypus novemcinctus (Linnaeus, 1758) 

Nine-banded armadillos are generally nocturnal animals that prefer low elevation 

areas.  Their average weight is approximately 3.5 kg (Eisenberg and Redford 1999).  

They were hunted extensively in the past for food, and their carapaces were used as 
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containers (Gilmore 1950).  Armadillos range over a broad area and are easily captured in 

their burrows. 

Euphractus sexcinctus (Linnaeus, 1758) 

 The six-banded armadillo ranges from northern Brazil to Argentina and prefers 

drier savannah areas (Eisenberg and Redford 1999).  These mostly diurnal, omnivorous 

animals can reach 7 kg and 50 cm and are commonly hunted for food.  They can be 

caught in their burrows or trapped.   

Monkeys 

Monkeys identified in the study area, include Alouatta guariba (Humboldt, 1812), 

Alouatta caraya (Humboldt, 1812), and Cebus nigritus (Goldfuss, 1809) (Cherem et 

al.2004).  Reportedly used for food or as pets by the Tupi and other indigenous groups, 

these monkeys average between 3 and 9 kg (Santos 1984).  They may have been hunted 

with bow and arrow or poisoned darts prehistorically.   

Agouti paca (Linnaeus, 1766) 

 These rodents reach between 8 and 10 kg and range from southeastern Mexico to 

southern Brazil.   Pacas are nocturnal, herbivorous animals, and prefer forested areas.  

According to Eisenberg and Redford (1999), they are usually associated with moist 

habitats.  Reproduction occurs between April and September (Santos 1984).  Their teeth 

can be used as adornments or tools and native groups appreciate their meat.  

Erethizontidae

Coendou prehensilis, Sphiggurus insidiosus, and Sphiggurus villosu are the three 

species of porcupine that occur in the area (Cherem et al.2004).  These nocturnal animals 
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inhabit the Atlantic rainforest and usually range between 50 to 120 cm in length and 1.3 

to 5 kg.  Their meat is considered excellent by some communities (Santos 1984). 

Small Mammals 

Small rodents are common in most samples from Jabuticabeira II.  Rodents could 

have been hunted, but they also could have been introduced to the site assemblage 

without human action.  Small rodents could have been attracted to the mound, burrowed 

into the deposits, and died.       

 

BONE AND SHELL MODIFICATION 

 
As previously discussed in Chapter 2, ritual assemblages are typically expected to 

have particular characteristics due to their special treatment (Hill 1996; Kansa and 

Campbell 2002; Potter 2000; Walker 1995, 1998, 2001).  In the case of faunal remains, 

some of the expectations include differential indices of skeletal completeness, species 

selection, exotic taxa, degree of burning, cut marks, preservation, fragmentation, 

articulation, and age, among others.  My analysis of the faunal assemblage from 

Jabuticabeira II examined all of the above characteristics, discussed below, and identified 

some instances, reviewed in greater detail in Chapter 8. 

Bone and shell modification occur in low frequencies at Jabuticabeira II (Table 

7.3).  Only three instances of animal gnawing were recorded in the faunal assemblage.  

This strikingly low frequency of carnivore and rodent damage suggests that either the 

modification and/or loss of material by these agents was insignificant, or that post-

depositional factors masked the evidence of rodent and carnivore gnawing.  Also, the low 
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frequency of gnawing could reflect the use of fences or other structures indicated by the 

postholes, presumably to protect the materials deposited within the funerary areas.   

Shell beads lead the occurrences of cultural modification.   At least 70% (n=52) 

were recovered in direct association with burials, confirming a previous assertion by 

Hering (2005).  Six scrapers of thick lucine were found in samples.  Twenty bone 

elements have evidence of cut marks, an incredibly low number when compared with the 

total amount of bones analyzed.  Given the low frequency, I could not identify a pattern 

in the location or orientation of the cut marks.  On the other hand, given that fish bones 

largely dominate the assemblage, it can be expected that cut marks would not be 

common, since fish processing does not necessarily leave marks on bones.   

 

Table 7.3. Occurrences of Bone and Shell Modification. 
Modification Quantity 
Shell beads 75 
Shell scrapers 6 
Bone points 31 
Bones with cut marks 20 
Perforated elasmobranch vertebrae 2 
 

 

Some bones exhibit black stains on their surface.  The stains do not seem to be 

related to heating processes and their origin remains unknown.  Other researchers 

working with faunal remains from Jabuticabeira II documented the occurrence of black 

pigmentation on bones (Paula Nishida, personal communication 2007).  Shell valves and 

otoliths do not exhibit evidence of similar black staining.  The presence of pigmentation 
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occurs in all sampling areas but in varying degrees that seem related to the location of the 

materials within Jabuticabeira II.   

Staining is distributed among Loci in the following manner, Locus 1 has 281 bone 

specimens affected by staining (40% of the total specimens), Locus 2 has 88 (12%), and 

the top black layer (materials from Locus 6) includes 339 stained specimens, or 48% of 

the total affected specimens.  In general, staining occurs on approximately 0.7% of the 

total materials from funerary areas.  Individually, the areas most affected are 1.15.1 and 

1.15.9 (2.9% and 1.9%).  These stains could be related to humic acids due to the presence 

of organic content; however, materials from Locus 6 do not show an increase in staining 

as would be expected in an area with predominantly soil matrix.  

Degrees of burning 

 Burning profiles demonstrate specific patterns for burials and hearths, whereas 

funerary areas show more variation in the degree of burning of the bone.  Shells were not 

included in the assessment of thermal alteration since weathering in funerary features 

often alters them and accurate assessment is not possible.  Three degrees were assessed 

visually and then quantified: calcination, carbonization, and burning (see Chapter 6).  All 

hearths (with the exception of the feature originating from layer 1.15.3) have the same 

profile, with over 5% of the components calcined, at least 10% of the elements 

carbonized, and not surprisingly, the majority of the bones are burned.   

My previous study (2001) of the burning of fish bones in shell layers did not 

follow the same guidelines used in this research.  Unfortunately, degrees of thermal 

alteration were not recorded (just presence or absence).  Also, the presence and absence 
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of burning was calculated by weight instead of by element counts.  Despite the 

differences in methodology and the inability to directly compare the data from both 

studies, it can still be demonstrated that burning levels are much lower in the shell layers 

(see detailed discussion in Chapter 8).  Within shell layers, Layer 3 (see Figure 5.8) has 

the highest degree of burning, with 12.5% of its bones affected by heat5.  Among the 

samples from the funerary areas, at least 50% of elements among all of the samples 

analyzed were exposed to heating. 

Fish cranial and postcranial elements show very similar patterns of burning within 

the funerary features (Figure 7.1).  These frequencies suggest that the whole fish was 

processed, cooked, and discarded.  Interestingly, otoliths have higher percentages of 

carbonization, but lower frequencies of burning than the rest of the assemblage.  Catfish 

and whitemouth croaker otoliths have slightly higher frequencies of burning, which are 

probably related to their common presence in hearths, features that naturally contain 

more heat-affected elements.  On average, hearths have approximately 86 otoliths per 

sample of 8 liters, while funerary areas have 60, and hearths have 40 otoliths per 8 liters.  

Although otoliths are more common in hearths, these features do not contain an increased 

amount of fish bones.  Their deposition in higher numbers in these features must have 

another explanation. 

            

                                                 
5 I excluded Feature 1.20.2 from the study because it is the only layer at the site in which almost all 
components are burned.  Burned fish bones constitute 63.10% of the total bones from the layer. 
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Figure 7.1. Percentage of the various degrees of burning of fish remains (otoliths are not included) 
from Jabuticabeira II. 

 

 

 The degree of burning is very low among bird bones.  Almost 68% of bird bone 

elements were not affected by thermal alteration; only 26% were burned.  These numbers 

are very similar to what was found for mammals (Table B.1).  The most striking 

difference is that 4% of the bird bones are calcined, while less than 1% of mammal bones 

appear burned.  This could be due to the fact that bird bones could burn more easily 

because they are less dense and their walls very thin. 

 Analysis indicates that fish and other taxa (mammals and birds) go through 

somewhat different processing stages of burning.  While fish bone burning profiles are 

very similar in the different features analyzed, bird and mammal bones have lower 

indices of burning.  The high frequency of heat altered fish bones seems to indicate that 
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these materials were intentionally burned prior to final deposition.  This pattern is similar 

to data described by Nishida (2007) and Villagrán (2008).  Other taxa, in contrast, were 

not exposed to the same burning process. 

 

SAMPLES FROM PROFILES  

 

A total of 58 samples from profiles and the 2006 excavation of Locus 6 were 

included in the analysis.  The samples amount to 608 liters of material.  In the following 

pages, I present a discussion of some of the characteristics of the individual funerary 

areas and their associated features, as well as some of the overarching trends.  Most of the 

discussion is based on standardized values; in order to facilitate comparisons, all values 

correspond to one-liter samples (Table B.2).  A more detailed description of the layers 

and features from loci 1 and 2 is provided in Appendix C.  As discussed in Chapter 6, a 

total of 11 funerary layers (or areas) were sampled from profiles at loci 1 and 2 (Figures 

6.1, 6.2, and 6.3), plus one from Locus 6.  At least three samples were collected from four 

separate funerary layers; unfortunately, two of them had only a single sample completely 

analyzed.  Hearths and burial pits originating from the funerary layers were sampled 

whenever possible.   Features that were not directly associated with the 12 funerary layers 

sampled from the profiles are presented separately in following sections that focus upon 

hearths and burial pits.   

Twelve burial pit features were sampled.  Two samples (Burials 115 and 121) 

were collected from the 2006 excavation of Locus 6, while all the others come from 
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profile sampling.  The individuals from burials 28 (Figure 7.7), 115, and 121 (Figure 6.6) 

have been partially analyzed by biological anthropologists, and available information is 

described in Table 7.4.  Samples from eleven hearths are presented.  Nine samples from 

hearths were collected from profiles, and two were recovered during the 2006 excavation 

of Locus 6.  Excavation samples from hearths located on top of Burials 114 and 115 were 

recovered in bulk, while profile samples contained a standard volume of eight liters.     

 

Table 7.4. Basic Information on Burials Associated with Profile Samples. 
Burial 

number Locus Number of 
individuals Sex Age 

16 2 Burial pit identified in the profile but not excavated 
28 2 1 Undetermined Adult 
103 1 1              Not yet analyzed 
114 6 1 Undetermined Older adult (>45 years) 

a. Male    Older adult  
b. Undetermined Baby (3 to 9 months)  115 6 3 
c. Undetermined Intrusive bones of a child (1 

to 3 years) 
119 6 1 Undetermined Child 
120 2 1 Undetermined Child 

Male Adult  
121 6 2 Undetermined Intrusive bones of young 

adult 

 

 

INTRA-AREA VARIABILITY 

 

NISP values of fish can vary to a great extent within samples from a single 

funerary area.  To avoid aggregation issues, I do not use MNI as a measure of faunal 
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assemblages for each individual sample of the funerary areas, but instead estimate MNI 

for the whole funerary layer (see Chapter 6).  In the case of funerary layers that have 

varying numbers of samples, unless otherwise mentioned in the text, the values 

correspond to average MNI and NISP results for the total number of samples, so all 

values would correspond to a standard sample size (8 liters).   

As can be seen in Table B.3, some samples surpass others collected from the same 

layer by up to 80% in the NISP of fish bones. Variation in fish quantities (raw numbers) 

from the same funerary deposit seem to follow no obvious pattern, but could be due to 

differential deposition, location, or variable density of the lens at the point of sampling, 

along with other factors.  The funerary layers in which I detected the most extreme 

variation were Top, 1.15.1, 1.15.5, 1.15.9, 2.25.11, and 2.10.2.  In the case of the Top 

layer, sample 3 has twice the NISP of the other two (Table B.3).  The location of the 

sample did not provide a clear indication of a possible reason for the distinctive quantity 

of fish, nor were differences detected in density among samples from the same layer.  

However, the area was not completely dry when the profile was drawn, making it 

difficult to recognize the features.  During the rainy season, when the profiles are wet, it 

is difficult to differentiate the sometimes very subtle changes in color that define hearths, 

graves, and postholes in the top black layer (Klokler 2001). 

Sample 1 from F.L.1.15.5 has the lowest fish NISP of the layer and is located at 

the margin of the layer.  Sample 2 from F.L. 1.15.9, located on top of burial 24, has a fish 

NISP almost three times higher than sample 1.  The sample with the most fish from FL 

2.25.11 (sample 3), was collected near a hearth.  Sample 6 from Layer 2.30.8, with the 
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highest number of fish, is also located near a hearth.  Sample 2 from Layer 2.10.2 

accounts for more than 60% of the fish from this feature and is located between a burial 

pit and a hearth.   A recurrent pattern of increased amounts of fish bones near hearths and 

burial pits emerges from this closer examination of the sample locations.  This seems to 

indicate that bone rich deposition occurred more often close to these features.  

As mentioned above (and in Table B.3), amounts of species vary greatly 

depending on the point of collection of individual samples.  Ham noticed a similar 

situation in his work with shell midden sites in Canada (1982:277).  The cases from 

Jabuticabeira II suggest location and differential deposition are the primary source of 

variability leading to the higher frequency of fish in some samples recovered from the 

same lens.  This also highlights my previous identification of a hearth (Feature 90) 

covered by fill that contained a greater amount of fish (Klokler 2001).  The repetition of 

the pattern of higher quantities of fish near or on top of hearths seems to indicate that 

fish-rich materials were intentionally placed on top of hearths and burial pits.  However, 

more samples and more extensive excavations are needed to confirm this pattern.  

A certain degree of variability was expected due to the large size of funerary areas 

and the characteristics of the depositional events.  Some of these areas stretch up to 30 

meters in length.  Multiple episodes of deposition probably created each area, 

contributing to their internal variability.  As Ham (1982:277) asserts, “Refuse discard 

does not ensure any degree of homogenization of elements.”   On the contrary, in many 

cases multiple episodes of deposition can increase heterogeneity.  In the case of 
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Jabuticabeira II the deposition is not random.  There seems to be an intentionality of 

putting fish rich refuse close to burials. 

 

COMPARING FUNERARY AREAS 

 
Here, I compare funerary areas in order to identify differences concerning the 

food items available in the ritual feasts that created each area.  Regarding fish species 

composition, the 12 funerary areas do not exhibit clear distinctions, as they generally 

share the same species in similar proportions.  The layers with the least diverse 

assemblages of fish are F.L. 2.20.4 and F.L. 2.10.2; not surprisingly, the first has only 

one sample, likely resulting in lower diversity (Table 7.5).   Further collection and 

analysis of funerary layers need to be done to assess possible differences in the fish 

species available for feasts. 

Catfish is always the most common fish in NISP, while whitemouth croaker ranks 

second (Table 7.5).  The only exception is the Top layer, in which black drum is the 

second most common fish, followed by the croaker.  This could be due to the higher 

degree of weathering of elements within the Top layer.  In most layers, black drum and 

sheepshead alternate between third and fourth place in NISP values.  Mullet surpass the 

drum in three cases (F.L. 1.15.1, 1.15.6, and 2.25.4), where they have similar NISP 

quantities with elasmobranchs.  Leatherjack and Atlantic spadefish are present in at least 
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half of the funerary layers.  The least common fish within the funerary areas is the 

smooth puffer (it is absent from nine areas). 6   

 

Table 7.5. Fish NISP Values (per 8 liters) from Funerary Layers. 
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Catfish 333 155.3 163 89.7 65.7 98.0 342 50.7 49 103.2 150.25 77 
Sheepshead 10 18.3 44 6.3 8.3 8.0 28 1.7 8 13.2 6.75 4 
Atlantic 
spadefish 

3 1.0 0 0.3 0 0 1 0.7 1 0.8 0.25 0 

Haemulidae 0 3.7 3 1.7 0.3 0.5 3 0.3 0 0.7 0.5 0.5 
Smooth 
puffer 

0 0 0 0 0 0 1 0 0 0 0.25 0 

Mullet 10 3.0 12 2.0 6.3 2.0 8 1.0 1 3.8 6.25 1 
Leatherjack 1 1.0 2 0.7 0 0  0.3 0 1.2 0.75 0 
Weakfish 4 1.0 1 1.3 1.0 1.5 6 0 0 2.8 4.75 2 
Acoupa 
weakfish 

0 0.3 0 0 0 0 1 0 0 0 0 0 

Whitemouth 
croaker 

24 50.0 41 29.0 14.7 26.5 68 12.0 40 70.8 47.75 31 

Black drum 15 55.7 14 23.7 5.7 7.0 20 6.3 1 11.0 5.5 1.5 
Indet. elasm. 2 0 1.5 0.3 0.3 0.5 0 0 16 1.5 6.25 0 
Ray 1 1.3 1.5 2.3 2.0 0.5 0 2.0 5 8.2 2.75 2 
Shark 1 0 0 0 0 0 0 0 0 0 0 0 
TOTAL 404 291 283 157 104 144 478 75 121 217 232 119

 

 

MNI values show a change in the order of importance of fish when compared to 

NISP due to issues discussed in Chapter 6.  Whitemouth croaker becomes the most 

common fish, while catfish is second (Table 7.6).  The only exception is Layer 2.25.11, 

in which both fish have very similar MNI values (n=5 and 4.67, respectively).  The third 

                                                 
6  I am not counting the acoupa weakfish, because specimens could be included under the general weakfish.  
The same happens with indeterminate elasmobranchs that can account either for rays or sharks.   
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and fifth highest MNI values are from sheepshead, mullet, and black drum.  MNI places 

black drum below mullet, probably because black drum teeth are easily recognizable, 

tending to inflate NISP values.   

 

 

 
Table 7.6. Fish MNI Values (per 8 liters) from Funerary Layers. 
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Catfish 13 10 9 10.67 5 13.50 20 5 9 13.17 14.25 10 
Sheepshead 4 3.33 8 2 2 2 5 .67 2 2.33 1.5 1.5 
Atlantic 
spadefish 

2 .67 0 .33 0 0 1 .33 1 .33 .25 0 

Haemulidae 0 1 1.5 1 .33 .50 2 .33 0 .33 .25 .5 
Smooth 
puffer 

0 0 0 .33 0 0 1 0 0 0 .25  

Mullet 6 1.67 5 .67 2.67 1 5 .67 1 2.17 3.25 1 
Leatherjack 1 1 2 .67 0 0 0 .33 0 1.17 .75  
Weakfish 4 1.33 1 1 .67 1 3 0 0 1.33 2.75 1.5 
Acoupa 
weakfish 

0 .33 0 0 0 0 1 0 0 0 0 0 

Whitemouth 
croaker 

9 22 16 13.33 6.67 17 29 4.67 22 33.17 22.25 12 

Black drum 2 1.67 2 1.33 1 2 3 1 0 1.5 2 .5 
Ray 1 .33 0.5 .33 .33 .50 0 .33 1 .17 .25 .5 
Shark 1 0 0 0 0 0 0 0 0 0 0 0 
Bluefish  .33 0 0 0 0 0 0 0 0 0 0 
TOTAL 43 43.7 45 31.3 18.67 37.5 70 13.3 36 55.67 47.75 27.5

 

 

NISP and MNI show very similar tendencies for the fish species in all analyzed 

funerary areas.  The results indicate that inhabitants of the area surrounding Jabuticabeira 

II that used the site as a cemetery primarily targeted catfish and whitemouth croaker for 
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use during funerary feasting.  Both fish are commonly found in estuaries of the region 

and could have been caught in large quantities for feasts in honor of the deceased.   

A method to check how the fish assemblages from the funerary layers are distinct 

is to examine the trophic levels of the species captured.  Reitz (2004) suggests the use of 

trophic analysis in archaeology to investigate changes in fishing strategies.  Also, 

biologists could use data from prehistory to verify long-term trends in fisheries.  Reitz 

(2004) cautions that variation in trophic levels in a site can reflect changes in fishing 

strategies not directly linked with cultural changes, but due to environmental changes.   

Trophic levels are part of food-web systems studies, and are used in biology to 

investigate community dynamics and species interactions (Garcia et al. 2007; Pauly et al. 

2000).  Trophic levels are defined by the general diet of animals (Reitz and Wing 

1999:89).  Primary producers include plants and phytoplankton.  Animals that feed on 

them occupy the first trophic level (primary consumers), and so on.  Carnivorous animals, 

which feed exclusively on flesh, occupy the top of the trophic pyramid.   

One difficulty with fish studies is that these animals change their trophic position 

along their lifespan.  For example, in an analysis of Lagoa dos Patos, Garcia et al. (2007 

found that white sea catfish (Genidens barbus) changed from third to fourth consumer 

level depending on the region (freshwater and estuarine respectively) within the lagoon 

they were collected.  Also, as they age fish change feeding habits what affects their 

trophic position.  Catfish and whitemouth croaker, for example, can become piscivorous 

when adults, but do not feed on other fish at early stages of development (juveniles or 

subadult stages).  In order to avoid confusion, and to facilitate comparison with other 
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studies, trophic levels for this research were defined with use of the online database 

FishBase (see Table B.4)(Froese and Pauly 2008).  As demonstrated on Table 7.7, the 

frequencies of different trophic levels in the 12 funerary layers analyzed are similar, also 

the variance of mean trophic levels is within the levels that would correspond to croakers 

and catfish. 

 

Table 7.7. Percentage of Trophic Levels in Each Funerary Layer. 
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4.2-4.5 7 3.8 5.6 3.2 1.8 1.3  5 2.8 2.4 2.1 1.8 
4.1  0.8  1.1   1.4      
4 14 4.6 2.2 3.2 3.6 2.7 5.7 2.5 2.8 3 6.3 5.5 
3.9 4.7 3.8 4.4 4.2 5.4 5.3 4.3 7.5  2.7 4.2 1.8 
3.5-3.6 39.5 32.8 41.1 44.2 39.3 42.7 40 45 30.6 28.4 34 43.6 
3.3 20.9 50.4 35.6 42.1 35.7 45.3 41.4 35 61.1 59.6 46.6 43.6 
2.5 14 3.8 11.1 2.1 14.3 2.7 7.1 5 2.8 3.9 6.8 3.6 
Mean 
TL 3.52 3.47 3.36 3.51 3.38 3.47 3.44 3.52 3.42 3.42 3.44 3.47 

 
 

 

 

DIFFERENCES AMONG THE MORTUARY FEATURES 

 
According to fish NISP per liter, funerary areas, burial pits, and hearths all have 

similar average values (127.31, 127.09, and 126.32, respectively).  This indicates that the 

quantities of fish deposited and the levels of fragmentation are very similar among the 

feature classes.  When taken individually, there is widespread variation among funerary 
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layers.  Taking the samples from Loci 1 and 2 as an example, F.L. 1.15.1 has an average 

of 500 fish bones per liter, by far the highest count of any feature from either profile.  The 

lowest number of fish bones per liter (49) was recovered from F.L. 2.20.4.  

Unfortunately, there is only one sample from this layer, so one should not generalize the 

number for the entire surface.  Fish NISP in hearths also vary, from 28 (F.L. 2.30.8) to 

267 (F.L. 2.15.13).  Among burial pits, variability ranges from 222 fish bones per liter at 

FL 2.30.8 to just 13 in a pit associated with FL 2.20.4 (but not originating from it). 

Fish species are present in equivalent numbers in different funerary features, and 

catfish and whitemouth croaker are the dominant species in all instances (Table 7.8).  

Catfish is the most common species according to NISP, while whitemouth dominates 

when using MNI counts.  Sheepshead is the third most common species in all feature 

classes by NISP and MNI, with the exception of funerary layers where, according to 

NISP, black drum was more abundant.  Black drum and mullet typically follow 

sheepshead in importance.    
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Table 7.8. NISP and MNI of Fish Taxa by Feature Type. 
Taxon Funerary 

areas Hearths Burial pits Total 
NISP 

Total 
MNI 

 NISP MNI NISP MNI NISP MNI   
Catfish 3704 335 1355 140 3114 216 8173 620 

Sheepshead 
seabream 368 78 85 26 171 48 624 143 

Atlantic spadefish 17 11 0 0 1 1 18 10 
Haemulidae 35 18 7 5 30 17 72 37 

Smooth puffer 2 3 0 0 2 2 4 5 
Mullet 134 69 44 26 75 45 253 121 

Leatherjack 21 21 2 2 11 9 34 30 
Weakfish 65 42 17 11 28 20 110 63 

Acoupa weakfish 2 2 0 0 2 1 4 2 
Whitemouth 

croaker 1262 578 365 180 487 203 2114 926 

Black drum 443 46 160 25 165 22 768 88 
Indet. 

elasmobranchs 58 0 23 2 31 2 112 4 

Ray 97 11 33 6 30 8 160 24 
Shark 1 1 2 2 4 3 7 4 

Bluefish 3 1 0 0 0 0 3 1 
Snook 0 0 1 1 1 1 1 1 

Indeterminate 24,994 -- 7,658 -- 18,648 -- 51,300 -- 
Total 31,206 1,216 9,752 426 22,800 598 63,757 2,240 

Number of taxa 15 12 15   
  

 
 

Two burial pits have a high value (10) for fish MNI.  They originate from FL 

1.15.9 and 2.30.8 (Table B.5).  While FL 2.30.8 also has a higher value for MNI, the FL 

1.15.9 has an average MNI of 5.  Burial 120, recovered from shell Layer 23 in Locus 2, 

has the lowest MNI of all mortuary features, with just one fish represented.  The hearths 

within FL 1.15.1 and FL 2.25.4 have the highest MNI values with 14 and 12 individuals, 

respectively (Table B.6).  Hearth 90, from FL 2.15.13, and Hearth 2.10.7 (originating 

from FL 2.30.8) have the lowest fish MNI values, with 3 each. 



 

201

As a general pattern, hearths consistently contain lower quantities of shell valves 

(by weight) than other feature classes.  The maximum shell weight recorded for hearths is 

45 grams (Table 7.9).   Averaged values of feature classes indicate that hearths again 

have fewer shells per liter than burials and funerary layers.  Regarding fish bone weights, 

funerary areas and hearths have similar maximum values, while burial pits reach a 

maximum of 61 grams.  The average values of fish per liter, however, are nearly 

equivalent for all features.  On the other hand, shell layers average 6 grams of fish per 

liter.  Fish bone weight varies a great deal within hearths and burial pits, and these 

features do not seem as patterned in their composition as funerary lenses and shell layers.   

 

Table 7.9. Maximum and Average Weights in Grams per Liter of Shell Valves and Fish Bones per 
Feature Type. 

 Funerary areas Burial pits Hearths Shell layers 
Maximum shell valves  302 205 45 583 
Average shell valves  90 82 15 264 
Maximum fish bone 35 61 31 11 
Average fish bone 12 14 15 6 

 

 

Taking into account standardized fish MNI values per liter for shell and funerary 

layers, the two highest average MNI values for fish come from FL 2.15.13 and FL 2.30.8, 

while the lowest come from FL 2.25.11 and FL1.15.6.  Figure 7.2 shows the NISP and 

MNI values for the funerary areas and related shell layers from loci 1 and 2 in 

stratigraphic (and chronological) order.  The shell layer’s NISP are shown in light colored 

bars, while funerary areas are depicted in dark.  Generally, the NISP and MNI values 
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covary with few exceptions.  Shell layers consistently have lower NISP and MNI for fish.  

Layer 23 is an interesting exception, but the presence of a child’s burial near the sample 

location probably contributed to the higher amount of fish.  While the burial itself has 

very few fish remains, the shell layer surrounding it contains increased quantities of fish. 
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Figure 7. 2.  NISP and MNI fish values per liter for funerary areas and shell layers (displayed in 
chronological and stratigraphical order). Shell layers appear as light colored bars, funerary areas as 
darker bars.  

 

 

In order to estimate how much food would be available in the feasting episodes 

represented by an individual funerary layer, I transformed the fish bone weights from 

samples into edible meat estimates.  In order to do so I followed general formulas 

provided by Figuti (1993).  As discussed in Chapter 6, this method does not take into 

account individual fish weight differences according age, season, or other variables. 
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However it is a convenient tool that will allow comparisons with other research done

Brazilian sambaquis.   

To elaborate Fig

 in 

ure 7.3, I used the standardized values from Table B.2 in order to 

estimat

 of 

e how many kilograms of fish meat were available in one cubic meter.  The results 

demonstrate that three funerary areas have over 400 kgs of edible fish represented per 

cubic meter (Top, 1.15.1, and 2.15.13).  This seems to indicate that these three groups 

had richer feasts or larger group sizes.  All other funerary layers have similar quantities

edible fish, which seems to reinforce the distinction of the three outliers.  
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Figure 7.3. Es te 
number of samples from each funerary layer. 

 

While fish specimens are abundant and dominant in all samples recovered from 

Jabuticabeira II, other animal taxa were identified during faunal analysis.  Because bird 

   3              2               3              3              2               1              3              1               6             4               2 

timates of edible fish meat in kilograms per cubic meter. Numbers in italic indica
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bones a  

s 

lysis of bone tools from Jabuticabeira II showed a preference for the 

use of b ke up 

 

resence 

re 

ppear in most of the funerary features (Table B.7), it is safe to assume that people

were hunting birds that lived around the lagoon.  Most bird bones recovered are diaphysi

fragments lacking diagnostic elements that would enable identification of the bone and/or 

class, family, or species (Table B.8).  Two nearly complete articulated birds were 

recovered from F.L. 2.30.8, suggesting that both birds were buried whole, perhaps in a 

ritualistic manner. 

Another interest in pursuing birds could be connected to tool manufacture. 

Hering’s (2005) ana

ird bones as raw materials (Figure 7.4).  Bone points made of bird bones ma

57% (8) of the total gorge hook assemblage (bipoints=14), while 61% (19) of the total 

unipoints (31) recovered were made from bird bones (Hering 2005).  Among the 

identifiable bird bone elements, the third and fourth most common bones after vertebrae

and digits were the tibiotarsus and tarsometatarsarsus (see Table B.8).  The high p

of lower leg bones is odd and does not suggest a connection with elements that would 

contain large amounts of meat or feathers.  These elements could have been used for 

making tools, since diaphyses are the preferred elements for making points.  But they a

so highly modified that it is not possible to identify the original bone elements.   
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Figure 7.4. Example of bird bone bipoint recovered from Jabuticabeira II (from Hering 2005). 

 

Bird bones appear in approximately half of the burial pits and hearths.  The burial 

pit from F.L.1.15.5 and Burial 120 (Figure 7.5) have no bones from taxa other than fish.  

The hearths from the F.L. 2.30.8, and F.L. 2.10.2 also do not contain non-fish taxa.  

Despite some differences, the three types of features have similar percentages of other 

taxa; that is, there is no significant difference in relative percentages of other species in 

features (Table B.8, Figure 7.6). 
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Figure 7.5. Location of Burial 120 on Locus 2. 

 

 

Mammal species include small rodents, medium sized armadillo, peccari, and 

large tapirs.  Marine mammals were not commonly deposited at Jabuticabeira II; only 

whale bones were found in one of the profile samples (F.L. 1.15.1).  Nine-banded 

armadillo plaques occurred in three profile samples and burial pits from Locus 6.  These 

animals could be good sources of protein, but their significance as food or ritual fauna 

appears to be minimal.  
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 Figure 7.6. Frequencies of other taxa by feature class.  

 

 

In general, small rodents occur regularly in most samples among funerary 

features, but they are also found in shell layers.  Although they are the most numerous 

mammals, their presence does not seem to be the direct result of human action; they were 

most likely commensals.  The massive amounts of organic materials located at 

Jabuticabeira II probably attracted rodents that later died in situ, becoming part of the 

deposits.  The lack of postcranial bones is probably related to preservation factors, since 

the bones are small and fragile. 

Blue crabs appear in roughly 50% of the funerary feature samples from profiles.  

Most of the remains are fragmented claws and claw tips.  Crab elements are more fragile 

than fish bones because of their thinness, which could account for their low numbers.  
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Also, difficulty in distinguishing small fragments of crabs from shell valves could explain 

the abundance of claw elements.  Crabs are common in the estuarine area and could be a 

byproduct of fishing rather than the object of food collection.   

Sand-dollars appear in very low numbers.  They are not edible, but could have 

been used as raw materials for tools or adornments.  A nearby site, Encantada III, 

contains high numbers of sand dollars within its layers (Klokler 2006a).  This site is a 

small shell mound (34m x 15m x 2m) and has characteristics that distinguish it from 

other sites located in the region.  The site is on top of a dune, and grain analysis plus the 

shape of the structure suggest to geologists that the dune is man-made.  In other words, 

sand was used to construct higher ground.  No burials or artifacts were found in previous 

interventions at Encantada III.   The site may have been a processing area, and the sand-

dollars may have been inadvertently transported to Encantada III along with shells 

(Klokler 2006a).7

Summary 

According to both MNI and NISP values, FL 2.15.13 has more fish included in 

the feast remains, while FL 2.25.11 has the lowest amount of fish remains.  Both have 

similar lengths in the profile (Appendix C), so the lower number of fish in F.L. 2.25.11 is 

not related to collection at the edge or margin of the area.  It would be expected that the 

deposition of feasting remains at the edges of funerary areas would contain fewer fish 

specimens.  Most likely F.L. 1.15.5, with only 2.70 meters intercepted by the profile, was 

                                                 
7 The data derives from preliminary faunal analysis of the site performed by Nishida and Klokler.  Silvia 
Peixoto is currently developing her Master’s Thesis with Encantada III site at Universidade Federal do Rio 
de Janeiro - Brazil.   
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sampled at its edge; however, the amounts of fish remains correlates with layers of 

greater profile length (Tables 7.5 and 7.6).   

The burial pit with the lowest amount of fish by NISP is number 120 (Table B.5, 

Figure 7.5).  Its location within a shell layer indicates that feasting was not part of the 

mortuary rites honoring that individual, explaining the low quantity of fish.  At this time, 

the reasons some group members were interred within shell layers remains unclear.  The 

location could be due to the individual’s position within the group, time or manner of 

death, or a number of other unknown factors.  Burial 28 (Figure 7.7), located near the 

base of the mound in Locus 2, also has lower quantities of fish remains.  The burial pit 

with the highest fish NISP value is located within F.L. 2.30.8.  All other samples have 

similar fish average values.   

Great variation of other taxa deposited within burial pits is noted on examples 

from F.L. 2.15.13 (Table 7.10, Table 7.11).  Burial 41 is second in the amount of fish 

MNI=120), and had the most varied other taxa among individuals buried in the same area 

(Klokler 2008).   This demonstrates that different individuals were given differential 

treatment.  Examples from Locus 1 burials show great variability in taxa deposited in 

burial pits (Klokler 2008).  So far, researchers have not been able to connect differences 

to age or sex.  In Jabuticabeira and in other sites, burials seem to provide evidence of 

some degree of social inequality.  While some individual burials are simple others 

sometimes display differential burial practices with extensive use of ochre, grave goods, 

and food offerings.  
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Table 7.10. Basic Information on Burials from F.L. 2.15.13. 

Burial Sex Age 
26 Indeterminate 1-10 
34 Female 21-35 
36 Male/indeterminate 21-35/0 
37 Male >50 
38 Indeterminate 1-10 
40 Female adult 
41 Male/indeterminate adult/<1 

 
 

 

Most hearths have small dimensions.  Among the 65 hearths identified in profiles, 

nearly half have a diameter of approximately 50 cm.  In order to cook the great quantities 

of fish recovered from the funerary areas, large hearths would be needed, but no clearly 

defined cooking hearths were found within the profiles and excavations at Jabuticabeira 

II.  All of the hearths occur within funerary lenses and are associated with burial pits 

(either next to or on top of graves).  Values of fish NISP vary greatly among hearths of 

the same layer (Table B.6).  At this point, due to great variability of hearth contents, it is 

not clear that they were in fact used to cook the food used in feasts or if they had some 

other ritual function.  As exposed on Chapter 4, hearths are important part of the 

mortuary program of many native groups in South America.  Hearths are usually lit close 

to the grave, sometimes on top of it, in a very similar fashion as the arrangements 

described throughout Jabuticabeira II.  The most likely location for the feasts cooking 

hearths might be off the mounded area.  
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Table 7.11.  Fauna Associated with Burials from F.L. 2.15.13 (Fish and Mollusks not Included). 

 26 34 36 37 38 40 41
Ind. birds        1
Penguin        
Ind. mammals 1 1 1 1 1 1
Agouti        1
Six-Banded Armadillo 1       1
Nine-Banded Armadillo 2       1
Porkupine       1
Peccari       2
Small rodent    1   
Crab       1
Turtle  1     
 

 

 Of the 16 fish species identified from the profile samples, only about six seem to 

have been specially targeted by the sambaqui’s builders.  The focus on catfish and 

whitemouth croaker is undeniable given their constant presence in all layers, with high 

NISP and MNI counts.  Other species that could have been desirable items in the feasting 

menu of Jabuticabeira II are sheepshead, mullet, black drum, and weakfish.  Most other 

fish species seem to have been caught occasionally, probably through the use of nets and 

were not necessarily targeted by the groups due to their low numbers and infrequent 

presence in samples.  The fish data shows that all groups had equal access to fishing 

grounds and used probably similar fishing techniques to amass the food to be served at 

the feasting events.  
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Figure 7.7. Trench 16 and profile of Locus 2. White arrow shows location of Burial 28. 
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Mammal and bird elements were recovered from all funerary features, but they 

are generally found in higher counts within burial pits.  Their preferred deposition in 

mortuary deposits confirms their important role in the ritual.  Investigation of body parts 

and elements did not indicate a pattern in the deposition of particular animal parts. 

Whether they were consumed at the feasts or only used as food offerings cannot be 

asserted at this time.  FL 1.15.1 has the highest number of other taxa while FL 2.10.2 has 

the lowest.  Most other surfaces have an average NISP of five for other taxa.  However, 

due to the low quantities of elements belonging to animals other than fish and mollusks, 

and the already discussed differences in number of samples per funerary layers additional 

analysis is needed before we can interpret differences in the deposition of other taxa in 

funerary features.   

The site’s internal organization suggests that several distinct inhumation areas 

were used contemporaneously.  The research team further believes that each of these 

funerary areas corresponds to a particular affinity group.  Although it is not possible to 

affirm how these social units were organized, individuals were probably linked by 

kinship, neighborhood or activity group membership, or other social principles.  My 

sampling strategy targeted these social units in an attempt to identify differences in the 

rituals performed by twelve particular affinity groups.  Possible group distinctions in 

resource access and use, scale of feasts, and scheduling were investigated by comparing 

different funerary areas and their corresponding features.   
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CHAPTER 8:  

AQUATIC RESOURCE USE AT JABUTICABEIRA II 

 
 
 In this chapter, I deepen the discussion of my analysis of faunal samples from 

Jabuticabeira II.  First, I distinguish the two primary types of deposits: the thick shell 

layers and the thinner funerary areas.  The discussion points out the differences and 

similarities between these deposits, providing hypotheses regarding the activities that 

created them.   

In order to better understand how the site was formed, it is necessary to 

investigate the life histories of the basic construction materials: mollusk valves and fish 

bones.  In this chapter, based on the analyses partially presented in Chapter 7 and 

expanded in the following pages, I examine results that inform upon resource acquisition, 

processing, consumption, and discard of faunal materials forming the funerary features.  

After exploring these potential sources of variability, I study the mortuary ritual program 

and resource use at Jabuticabeira through time to verify if the changes in the matrix 

correspond to major changes in the funerary program.   Comparisons are made between 

the faunal assemblages from the shell and soil dominant areas of the site to verify 

possible changes in the use of ritual fauna.  Finally, I present the results of human isotope 

analysis of 16 individuals recovered from the site. 
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STRATIGRAPHIC ANALYSIS OF JABUTICABEIRA II 

 

In the profiles, thick and light layers are clearly distinguishable from thin, dark 

layers throughout Jabuticabeira II.  The thicker layers are mostly composed of shellfish 

valves and sandy sediment.  These layers are very loose and seem to be made up of a 

series of lenses (several depositional episodes).  The shell layers generally do not have 

internal features and only rarely contain inhumations. The thinner dark layers are 

composed of compacted black sediment mixed with clay, sand, fragmentary mussel and 

clam shells, fish bones, stone and bone tools, and a great quantity of hearths and 

postholes associated with burials.  These dark layers correspond to group interment 

events, and the sediment within primarily contains the remains of feasting events.  The 

funerary areas are compacted layers made up of fine-grained sediment and are always 

darker in color than the surrounding shell layers, with hues varying from dark gray to 

black.   

The thick shell layers constitute most of the overall volume and shape of the 

mound and were formed through recurring depositional events.  It is clear from the 

profiles that these layers are not the result of single deposition episodes.  The lenticular 

shape of internal lenses indicates that many depositional episodes are responsible for their 

formation.  The composition of the various layers differs slightly in regard to their 

shellfish components (Klokler 2001), but they are primarily differentiated by variations in 

texture and fragmentation.  Interspersed within these thick layers are very thin lenses that 

are darker in color.  A higher quantity of charcoal fragments and bones are found within 
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them. They are referred to as dark facies to differentiate them from the funerary areas, but 

these features were not targeted for detailed analysis.  

A massive black layer that is soil-dominant overlies most of the site.  This layer 

includes two distinct stratigraphic units (DeBlasis et al. 2004; Nishida 2007, 2008).  The 

first has deep, dark hues approaching black because of abundant bones darkened by 

burning.  The second stratum is light brown and includes fish bones that are not thermally 

altered but are heavily weathered (Nishida 2007).  The same fish species that occur in 

high frequencies in the shell-dominant areas of the site are also found in this overlying 

soil-dominated area (Nishida 2007, 2008).  Both faunal analyses and isotopic studies of 

human bones confirm minimal evidence of bird and mammal hunting in the subsistence 

practices of the group throughout the use of the site.  Nishida's study also confirmed that 

the top black layer encompasses a continuity of the mortuary ritual and does not bear 

characteristics of habitation activities.  Nishida (2007) highlights the recurrent presence 

of strata rich in faunal remains that form mounds on top of burials, continuity in the high 

frequencies of fish bones throughout the matrix, grave goods in the form of food, and 

artifacts associated with the burial pits. 

My earlier analysis of the formation processes at Jabuticabeira II included six 

column samples from two loci (Figures 5.8 and 5.10) (Klokler 2001).  Analyses of these 

samples attempted to identify similarities and differences in the composition of the light-

colored shell layers by focusing on faunal remains.  The final objective was to propose a 

model of site formation processes.  Fragmentation analysis of column samples shows that 

layers with higher quantities of Anomalocardia brasiliana not only yield more material 
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through screening, but are also less fragmented.  Anomalocardia shells are thick and 

resist fragmentation better than mussels, the second most abundant mollusk.  Mussel 

shells are very fragile and thin, and they break easily.  However, in some cases, the 

thicker Anomalocardia valves can act as a buffer and help preserve mussel valves.  An 

apparent lack of intensive trampling on shell layers could also have protected the mussels 

from increased fragmentation (they are sometimes found whole in shell layers).  The shell 

layers with the least fragmentation were 26, 33, 38, and 21 (Figures 5.8).  These layers 

cover funerary areas and are extremely loose.  The sample from Layer 26 was collected 

exactly at the point of contact with a burial.  Layer 33 covers at least three burials (10, 11, 

and 12) and is characterized by a greater quantity of Anomalocardia and a very low rate 

of fragmentation than other shell layers.  Layer 38 is a thick and loose shell layer located 

at the base of Locus 1.40.  The lower degree of fragmentation in these layers seems to 

suggest that they were not trampled, corresponding to episodes of massive deposition of 

shells to cover burials. 

On average, samples lost more than 50% of their original weight after water 

screening due to loss of sediment.  All of the funerary features from my 2001 study, 

including funerary areas, postholes, and hearths, lost an even greater amount of sediment.  

Because the funerary features generally have fewer bulky materials, more of their 

components are lost during screening.  For example, postholes originating from Layer 

1.15.1 were probably filled with organic sediment after the removal of the wood.  

Hearths, due to the great quantities of ash and sand that they usually contain, lose most of 

their weight during screening.   
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Differences between Shell Layers and Funerary Areas 

Before considering intrasite variation in the faunal assemblage, it is necessary to 

acknowledge that there are significant sample-size differences between the two 

collections included in this analysis.  To avoid comparability issues among the different 

feature classes and samples from previous analyses of the site, I standardized values to 1 

liter rather than using raw weights and counts (see Appendix B).  

There is no apparent distinction in the shellfish species present in either the shell 

or the funerary layers.  The most common bivalve species are clams (Anomalocardia 

brasiliana, Tagelus plebeius, and Lucina pectinata), mussels (Brachidontes sp), and 

oysters (Ostrea sp).  Gastropods occur in all layers, but in much lower numbers; common 

species include Thais haemastoma, Nassarius vibex, and Olivancelaria urceus.  All 

mollusk species appear in both shell and funerary layers.  This suggests that there was no 

special selection of species to be deposited in mortuary features or layers that covered 

them.  Only in the case of oysters can we highlight a distinction, since large oyster valves 

are usually associated with burials. 
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Figure 8.1. Log shell and  fish weights from shell layers (loci  1 and 2). 

 

The quantity of shells deposited in the funerary areas is always lower than in the 

adjacent (upper and lower) shell layers (as can be seen in Table B.2 and Figures 8.1 and 

8.2).  Compaction and weathering of the funerary areas probably affected the 

preservation, identification, and quantification of mollusks, especially mussels.  

Unfortunately, it is not yet possible to state with certainty whether mollusks were initially 

deposited in funerary layers in similar quantities and were later affected by 

postdepositional factors, or if they simply were not selected to be part of the feast 

deposited within these layers.  All samples of funerary layers from Locus 1 have fewer 

than 100 grams of shell (Table B.2), while almost all of the samples from Locus 2 have 

more shell in their composition than Locus 1.  Funerary layers from Locus 1 have slightly 

less shell than shell layers from Locus 2, as can be seen in Figure 8.2. 
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Figure 8.2. Log shell and fish weights from funerary features (loci 1 and 2) . 

 

Transforming the weights of shell valves and fish bones into ratios helps assess 

differences in the composition of layers and features (Table B.2).  A higher ratio of shell 

versus fish bone weight per liter was found in every shell layer with values varying from 

11:1 to 313:1.  However, this ratio drops and sometimes inverts within funerary features.  

Higher ratios of fish bone occur at Locus 1 within the F.L. Top (1:5), F.L. 1.15.1 (1:6), 

and Hearth 1.15.8 (1:1.5).  Locus 2 had only F.L. 2.15.13 (1:1.5) and related hearths (1:4) 

with higher ratios of fish (Table B.2).  In this locus, F.L. 2.10.2 revealed the highest ratio 

of shell to fishbone among all the funerary lenses analyzed (70:1).  All samples from 

Locus 6 yielded a low ratio of shell to fish (1:20).  

While it could be argued that the lower relative frequency of shell valves in some 

features could be due to preservation issues, this does not appear applicable to all 

examples.  According to Mazini (2007), the same post-depositional processes that affect 
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shells also affect bones, only more severely.  In the case of features from Loci 1 and 2, 

when the ratio of shell to fish weight is inverted, it appears that the main cause is a 

decrease in deposition of shell valves.  In both cases (with the exception of the Top 

layer), thick shell layers cover the features and the degree of shell weathering is very low, 

suggesting that shell valves would have survived the weathering process.  This means 

that their weight values were not heavily affected.  Locus 6 and the Top layer from Locus 

1 pose a different scenario since they are part of the overlying soil-dominant black 

deposit that covers Jabuticabeira II, a dramatic moment of change in the mounding 

process that lacks vast amounts of shells.  Shells located in this horizon are more 

susceptible to the chemical reactions that break down the calcium carbonate of shells and 

phosphate of bones.  The highest degree of shell weathering occurs in these two areas, 

which also experience the greatest destruction of fish otoliths.  

Fish weight from Locus 2 samples exceeded 10 grams per liter in only 19% of 

samples, while almost half of the samples from Locus 1 (43%) have more than 10 grams 

of fish bones per liter (Table B.2).  Fish bone weights from Locus 1 seem to indicate an 

increase of fish deposition with the passage of time, but the increase is not as significant 

as the decrease in shell deposition as indicated by shell weight.  Samples from funerary 

layers from Locus 1 (Top and 1.15.1) represent a peak in fish weight (see figure 7.3), 

while the other layers show a slight decrease.  Fish biomass values from Locus 2 seem 

very similar in most layers, while F.L. 2.15.13 has values similar to the Top and 1.15.1 

layers.   



 

222

A series of comparisons identifies trends in the presence of shell valves and fish 

in shell layers and funerary lenses (Table B.2).  Shell and funerary layers differ starkly in 

their relative frequencies of principal components: shell valves and fish bones.  While it 

is clear that shells were specifically selected to form the thick layers that cover the burial 

areas and basically give the shape of the mound, their presence in the funerary layers 

could be intentional or not.  It is possible that mollusks were part of the food items served 

at the feasts, but they also could have been mixed into the feasting deposits during the 

excavation of graves and other features.  Since the increase in presence of shell valves 

can be noticed in adjacent funerary and shell layers, it is reasonable to argue that 

unintentional mixing is most likely the cause for the presence of shells in funerary areas.  

Investigation of the faunal content of the various layers revealed patterns that are 

somewhat different between Loci 1 and 2.  The information from the ratios of shell 

valves versus fish bones, edible meat, and raw weights from Loci 1 and 2 indicate that 

there is usually a higher deposition of shell in Locus 2 than in Locus 1.  Also, 

descriptions of funerary areas from the two loci identify differences in the degree of 

darkness of the layers.  At Locus 1, the funerary layers tend to have darker hues than 

those on Locus 2 (see description of strata on Appendix A).   

Radiocarbon dates from both areas indicate that most deposits were 

contemporaneous.  Because differences are noted in both funerary features and shell 

layers, a group that exploited shellfish beds more intensively may have been responsible 

for the creation of the area corresponding to Locus 2. 
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Fish Species Representation 

There are no major differences among fish species represented in funerary 

features and shell layers (Table 8.1).  This is particularly evident when considering the 

most common fish species: whitemouth croaker, catfish, sheepshead, and black drum.  

NISP and MNI counts indicate that whitemouth croaker and catfish are the most common 

fish recovered from all features and layers at the site.   

 

Table 8.1. Percentage of Fish Species, Diversity, and Equitability of Shell Layers and Funerary 
Features (Based on MNI). 

Species Shell layers Funerary features 
Catfish 28.57 30.85 
Sheepshead seabream 12.99 6.79 
Atlantic spadefish 0 0.54 
Haemulon 5.84 1.79 
Smooth puffer 1.30 0.22 
Mullet 2.60 6.25 
Leatherjack 0 1.43 
Weakfish  0.65 3.26 
Acoupa weakfish 0 0.13 
Leiarchus weakfish .65 0 
Whitemouth croaker 31.82 42.90 
Black drum 11.04 4.15 
Indet. Elasmobranchs 0 0.18 
Ray (Rhinoptera) 2.60 1.12 
Shark 0.65 0.27 
Bluefish 0.65 0.04 
Snook 0 0.09 
Shorthead drum 0.65 0 

N 13 14 
H’ 1.79 1.508 
V’ .698 .571 

Note: N is the number of fish taxa or richness, H’ is diversity, and V’ is equitability (calculated using the 
Shannon-Weaver (Shannon and Weaver 1949) and Sheldon (Sheldon 1969) fomulae. 
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MNI values of fish from shell layers were derived from 1.5 liter samples.  The 

small sample size affects species representation and complicates comparison with 

funerary features (8 liter samples).  Shell layers provided a total MNI of 154 fish, while 

the funerary features contributed a combined MNI of 2,240.  The fish assemblage from 

the shell layer samples comprises less than 7% of the assemblage found within funerary 

layers.  Both types of deposits exhibit very little difference in the relative frequencies of 

specific fish taxa and richness (Table 8.1).  Diversity indices, or the relative importance 

of the different fish species present in both types of layers (Reitz and Wing 1999), are 

low.   The equitability indices are mid-range, with the shell layer sample showing a 

slightly more even distribution of fish taxa than the funerary areas.  Both indices show 

that there are no significant differences between the fish assemblages from either type of 

deposit. 

While it is known that smaller samples tend to underestimate species richness, it 

is surprising that sample size did not seem to affect the representation of the fish species 

in the shell layers at Jabuticabeira II.  Similar numbers of species within samples of such 

different sizes could indicate that 8 liter samples are still too small to adequately sample 

rare species, or that 1.5 liter samples encompass most of the species deposited at the site 

However, as discussed in Chapter 6, Nishida’s 80 liter samples resulted in similar 

richness values, indicating that the sample size used for the present study is adequate.  

These results also show that sambaqui people were probably exploring similar fishing 

grounds during the construction of both types of layers and they all tended to target the 

same species, presumably with similar technology.   
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Two species appear in shell layers but not in funerary features: smooth weakfish 

and shorthead drum occur in the same environments as the rest of the assemblage (i.e., 

coastal and brackish waters).  The same can be said about the three species found only in 

funerary features – atlantic spadefish, leatherjack, and acoupa weakfish.  In fact, cranial 

bones identified both acoupa and smooth weakfish specimens, while most of other 

weakfish were identified solely by otoliths.  When identifiable cranial elements are 

missing, and due to the difficulty in differentiating weathered otoliths of weakfish, I 

simply designated them as weakfish.  

MNI of whitemouth croaker and catfish in the thick shell layers have very similar 

percentages of total fish (32% and 28%; see Table 8.1).  Whitemouth croaker exceeds 

catfish by about 12% within funerary features.  Both species comprise about 60% of the 

fish assemblage from the thick shell layers, while sheepshead, black drum, and grunts 

(Haemulidae) round out the five most common fish.  Within funerary features, croaker 

comprise almost half of the fish assemblage (43%), followed by catfish (31%), 

sheepshead (7%), mullet (6%) and black drum (4%).   

Interestingly, mullet and weakfish are more commonly associated with mortuary 

features.  A large species of mullet is easily caught in the region during the winter and 

fall months, and it was captured en masse by Tupi groups in early historical times (see 

Chapter 4).  However, at this point it is not possible to assert that their ubiquity in 

funerary features is good evidence of seasonality or other scheduling of mortuary events 

due to the presence of small species of mullet in the lagoons year-round.  Sheepshead and 

grunts are nearly two and three times more abundant in shell layers than in funerary 
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layers.  A possible explanation may be that people fished close to the banks and reefs, 

more often during the deposition of shell layers.   
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Figure 8.3. Relative frequencies of trophic levels for assemblages from funerary and shell layers. 

 

 

Another way to check whether the fish assemblages retrieved from the two types 

of layers are distinct is to examine trophic levels.  The mean trophic level was calculated 

(based on MNI) for the shell and funerary layer assemblages to check if patterns of fish 

capture were distinct.  The idea was to verify whether the groups used different fishing 

techniques or targeted different species for use in the funerary feasting events.  As seen in 

Figure 8.3, the relative contribution of trophic levels is very similar for both types of 

assemblages indicating that there is no change in the species or fishing methods used.   
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One striking difference between the shell layers and funerary features is the extent 

of burning identified in the samples.  While less than 5% of fish remains in shell layers 

exhibit evidence of burning, in funerary areas, hearths, and burial pits at least 55% of fish 

bones are burned to some degree.  The burning of materials from funerary layers and 

burial pits is so extensive that their percentages differ in only approximately 20% from 

the percentage of burning in hearths (Figure 8.4).   

At first, it was considered that these numbers could indicate that distinct cooking 

methods took place in two types of deposits.  However, fish cooking techniques would 

rarely expose bones to heat in such a way to cause them to exhibit clear evidence of 

burning.  Also, burnt fish bones are not good indicators to differentiate cooking methods 

(Nicholson 1995).  A more suitable explanation for the heightened burning degrees, as 

suggested by Villagrán (2008) for deposits in the uppermost black layer, is that 

intentional burning of feast remains occurred prior to their final deposition in the site. 
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Figure 8.4. Percentage of burned elements from shell layers (based on weight), funerary areas, 
hearths, and burials (based on NISP counts). 

  

 
Other taxa recovered from the profile samples include mammals, birds, reptiles, 

crabs, and sand dollars.  Shell layer samples rarely contain these other taxa.  In order to 

avoid underrepresentation of the rare taxa due to sample size, I included materials from a 

large trench (18) analyzed for charcoal in this comparison.  As indicated by Figure 8.5, 

shell layers have other taxa in much lower numbers despite a larger total sample size.  

Shell layer samples from my previous research (2001) and from a long column sample 

(Trench 18) represent a large number (81)8 and volume of samples; however the MNI 

totals for other taxa do not increase accordingly.  Another interesting characteristic is the 

higher percentage of crabs within shell layers, reaching 60% of total other taxa. Also, 

there are fewer rodent remains.  These patterns support the notion that some taxa were 

                                                 
8 49 samples of 1.5 l and 32 samples of 100 liters (3273.5 l total). Profile features comprise a total of 608 l. 
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specifically deposited on funerary features, probably due to their heightened symbolic 

significance.   

It seems evident that mammals and birds recovered from funerary features at 

Jabuticabeira II were only consumed at celebratory events and the mortuary program 

structured their acquisition, processing, and deposition.  The symbolic importance of 

these animals is portrayed in zooliths (bone and lithic sculptures).  While the most 

common group of animals represented in zooliths are aquatic, terrestrial animals and 

birds also occur, as well as humans, although in much lower numbers (only four 

anthropomorphic pieces from a total of approximately 240).  Unfortunately, most zooliths 

were not recovered from sites by archaeologists, so their associations or context are 

missing.  Prous reports eight zooliths recovered from five burial pits, always 

accompanying adult individuals (1977:140).  Figure 8.6 shows a depiction from Tiburtius 

and Bigarella (1960) of a burial from the Morro do Ouro site, located in the northern 

coast of Santa Catarina state.  The association of burials with animal representations in 

bone and lithic sculptures, plus the deposition of parts of animals as offerings, seems to 

highlight the importance of animals in the funerary ritual of coastal populations. 
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Figure 8.5. Percentage MNI of taxa other than mollusks or fish. Total MNI = 151 (number of samples 
in parenthesis).   

 

 

Weathering at Jabuticabeira II  

Most funerary layers exhibit evidence of alteration by postdepostional factors, 

including the weathering of shell valves and bones.  In general, shells are common targets 

of chemical decomposition, but the thick layers with the most shell are not heavily 

affected.  The two most common types of alteration that affect valves are calcination and 

acid deterioration (Waselkov 1987).  Recrystallization of shell carbonate is closely 

related to shell dissolution.  Carbonates can recrystallize in a process involving chemical 

exchange.  After the death of a mollusk, aragonite recrystallizes and converts to calcite.  

Water that is undersaturated with calcium, such as precipitation, dissolves the calcium 
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carbonate (CaCO3) in shells very rapidly (Claassen 1998).  In rain-soaked environments 

(such as the coast of southern Santa Catarina), shell calcium carbonates react with the 

stronger carbonic acid to form calcium bicarbonate, which is also water soluble.  The rate 

of calcium carbonate dissolution is dependent upon the acidity of the water that percolates 

through the deposits and the duration of exposure to the acids that leads to the 

recrystallization of shells.  Humic acids from organic materials also exacerbate the 

leaching of shells (Waselkov 1987). 

 

 

Figure 8.6.  Burial with three zooliths (modified from Tiburtius and Bigarella 1960). Arrows show 
postholes. 

 

 

Some shell alteration at Jabuticabeira II could also be attributed to the process of 

calcination.  This phenomenon occurs when shells are heated to high temperatures (such 
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as during the cooking of fish or the maintenance of ritual hearths) and calcium oxide is 

released.  It reacts with solutions and bicarbonate in the shell mound sediment to form a 

precipitate of calcium carbonate (Claassen 1998). 

The degree of weathering within funerary areas at Jabuticabeira II varies, and so 

far the research team has not been able to correlate the degree of weathering with location 

or depth of the activity areas.  Geoarchaeological studies are underway and may help 

clarify the causes of variation.9  Shell weathering varies and is discernible in the form of 

a thin, reddish to a thicker, brownish pellicle.  In more extreme cases, entire shells 

disappear, leaving only a thick, brownish concretion-type aggregate in the sediment.  In 

many cases, the degree of fragmentation and the existence of such elements on the outer 

facet of shell valves renders identification of species impossible. 

Most shell layers do not exhibit any evidence of weathering.   In the few cases in 

which this phenomenon occurs, the degree of decay appears to be very low.  None of the 

shell layers analyzed exhibited extreme cases of a thick, brownish pellicle; only a slight 

reddening of shells was observed.  Shellfish species identification in these cases was not 

hampered.  It is unclear at this point what effects such weathering would have had in 

terms of weight and the weakening of the valves (i.e., fragmentation).  Among the shell 

layers directly connected to the samples analyzed for this dissertation, only one (Layer 

35) contains deteriorated components.  This layer is located in an area with several 

burials (see Figure 5.8), and the sample was recovered from a location between two 

                                                 
9 Priscila Leal is currently developing her Master’s Thesis on Jabuticabeira II at the University of São 
Paulo. 
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burials.  The presence of sediment with a high degree of organic material likely explains 

the poor preservation of the shell valves and otoliths within the layer.   
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Figure 8.7. Percentage of weathered and non-weathered specimens from funerary areas. 

 
 

Weathering does not seem to have deeply affected fish bones in funerary areas.  

This pattern is contrary to what has been observed in the top black layer.  Bones in the 

uppermost layers of the site were more strongly affected by chemical dissolution of 

phosphate (Figure 8.7).  However, these processes have not significantly affected the 

identification of elements in samples from the funerary areas within the shell-dominated 

portions of the site.   

Among the bone elements analyzed (n= 87,152), some degree of weathering was 

recorded for 5,124 elements, or 5.87% of the assemblage.  It is important to highlight that 

Anomalocardia weathering was not recorded for this analysis.  Breaking down 
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weathering of bones by location, Locus 1 yields 23% of the total weathered elements, 

Locus 2 yields 47%, and the top black layers contribute 30%, including materials from 

Locus 6 and the Top layer from Locus 1.  The higher frequency of materials from Locus 

2 could be due to the larger assemblage collected from this locus, since it includes 

materials from excavation, not just profiles.   

The same weathering processes that affect shell valves also cause the 

deterioration of the calcium carbonate that forms otoliths, creating a dark brown pellicle.  

In its later stages, weathering can completely dissolve the element, leaving only an outer 

shell and a completely hollow otolith.  The most affected species are catfish and 

whitemouth croaker, with weathering being present in 55% and 40% of otoliths, 

respectively (Figure 8.8).  Black drum (26%) and weakfish (22%) have much lower 

frequencies of weathering.  Weakfish does not appear in all samples, but black drums are 

present in approximately 90% of the samples and were probably subjected to the same 

degree as the processes that caused weathering of almost half of the catfish and croaker 

otoliths.  This lower occurrence of weathering may be attributable to otolith thickness; 

both black drum and weakfish otoliths are thin and more prone to fragmentation, and 

could be unidentifiable or completely dissolved when heavily weathered.   
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Figure 8.8. Percentages of otolith weathering by fish species.   

 

Summary 

Function is the fundamental characteristic that differentiates shell and funerary 

layers. While the latter correspond to surfaces where a series of interment events 

occurred, the shell layers seem to have served solely as cover for the funerary layers.  

Features like hearths, burial pits, and postholes rarely occur in the shell layers; to date, 

only four inhumations have been recovered from shell layers.  As was demonstrated 

above, funerary areas always contain fewer shell valves by volume than the shell layers 

that surround them (Table B.2).  The intentionality of the deposition of mollusk shells in 

the funerary features cannot be asserted, since they could have been added to the 

assemblage during the digging of graves and reworking of material during the deposition 

of the feasting refuse. 
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The choice of using Anomalocardia shells to build the covering layers seems to 

be more related to properties of the valves, including their resistance to breakage, their 

“bulkiness,” and their light color, rather than to their food value.  The stark color 

contrasts of the site’s stratigraphy was probably intentional and an important 

characteristic for the sambaqui builders.  The building materials were carefully selected 

to emphasize the opposition between interment areas and covering layers.  

 

Table 8.2. Average Fish Quantities in kg per m3. 

 Average fish biomass per m3 (kg) 
Funerary layers 275.87 
Burial pits 203.51 
Hearths 238.61 
Shell layers 112.60 

 

 

I could identify few differences regarding other materials deposited within 

funerary features and shell layers.  Shell layers have the lowest average of fish bones per 

liter (NISP=95).  Fish quantities dramatically decrease in shell layers, but species remain 

basically the same (Table 8.2).  Aside from the great increase in available biomass within 

the funerary features, the fishing strategies seem to have remained the same.  Diversity, 

equitability, and trophic level values are extremely similar.  The amount of fish reinforces 

that funerary features indicate moments in which there was an intensification of the 

capture of fish resources to serve in feasting events.  Burning analysis demonstrates that 

the fish materials forming the shell layers and funerary features were processed 

differently, giving support to the hypothesis that their components had different meaning 
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for sambaqui groups.  As discussed in Chapter 2, ritual deposits are generally treated in 

distinctive ways.  At the site, funerary deposits were exposed to burning, a stage of faunal 

processing absent in shell layers. 

Other taxa, such as mammals and birds, dramatically decrease in shell layers.  

This is another line of evidence demonstrating that materials that had ritual significance 

were rarely deposited in shell layers.  Mammals and birds are located more commonly 

within funerary features, especially graves.  The existence of animal sculptures (zooliths) 

that were also deposited in these features (although not yet encountered at Jabuticabeira 

II) seem to indicate the symbolic importance of these animals. 

 Notwithstanding the fact that gathering shellfish and fishing are activities that 

involve distinct technologies, skills, and possibly scheduling, both were intrinsically 

related.  The most common cultural remains at the site result from shellfish gathering and 

fishing behavior.  Sambaqui people lived close to the sources of these animals, lived in 

sites formed by these materials, and buried and covered their dead with fish and shellfish.  

Capture of other animals did not approach the amount of time and preparation devoted to 

acquiring shellfish and fish.  

 

SOURCES OF SHELLS FOUND AT JABUTICABEIRA II 

 
Shellfish is the most common class of remains found at Jabuticabeira II.  

Anomalocardia brasiliana valves comprise more than 90% of the shell components of 

most layers.  Anomalocardia contribute less than 50% of the shell assemblage in only 

three of the samples from shell layers.  While archaeologists agree that the valves were 
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used to cover burials and build the site, their source is uncertain.  Three hypotheses might 

account for the shellfish valves found at the site: Jabuticabeira II users may have mined 

dead shells from the natural beds that cover the surrounding area; people could have 

collected them from the nearby paleolagoon; or, different groups could have brought 

shells from their habitation sites, probably in the form of food refuse.  

As mentioned in Chapter 4, the region has several natural shell beds.  These 

deposits are related to muddy lagoonal and estuarine environments as well as sandy 

beaches and shallow marine environments (Caruso 1995:39).  Coastal dynamics, 

including sea level variation, climate change, and large storms have contributed to the 

reworking of the sediments and their fauna.  These natural deposits contain shells 

belonging to species that are adapted to different environments, such as estuaries, 

beaches, distinct substrates, and various salinities, including eurihaline (medium salt 

content) and mixohaline (low salt content) (Caruso 1995; Caruso et al. 2000).  Since the 

mollusk species are not indigenous due to the mixing that occurred during the beds’ 

formation, exact dating of the deposits is not possible.  However, relative dates suggest 

that the natural beds were formed between ca. 4500 and 3700 BP, which predates the 

construction of Jabuticabeira II.   

The central area of the Jabuticabeira natural shell bed extends from Mato Alto 

neighborhood in the north, west to Jaguaruna Lagoon, south to Delfino Lagoon, and east 

to the Garopaba do Sul Lagoon (Figure 8.9).  According to Caruso et al. (2000), the bed’s 

thickness varies from 0.5 m to 4.5 m in the area close to the archaeological site.  Since 

the bed is a composite concentration, there is some variability in faunal composition and 
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dimensions at different locations within the bed.  Coelho (1998) also notices variation in 

the concentration of mollusks; in some areas they comprise 90% of the bed.  Previous 

research identifies Ostrea equestris (Say, 1834), Cerithium atratum (Born, 1778), 

Nassarius vibex (Say, 1822), and Anomalocarida brasiliana (Gmelin, 1791) as the most 

common taxa present in the deposit.  All, except Cerithium atratum, are taxa commonly 

recovered from the layers composing Jabuticabeira II.   

 

 
Figure 8.9. Central area of Jabuticabeira natural shell bed (drawing by David Mehalic).   
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A sample collected at the Encantada neighborhood, which includes part of the 

Jabuticabeira natural bed, includes mollusk species commonly found at the 

archaeological site (Anomalocardia, Macoma, Lucina, gastropods, Glycimeris, oysters, 

and Crepidula).  As can be seen from Figure 8.10, there are some similarities between the 

composition of the natural shell bed and the shell layers at Jabuticabeira II.  According to 

the geologist responsible for a nearby shell processing plant that mines the Jabuticabeira 

bed, the most common shellfish in the region’s natural shell beds is Anomalocardia.  

Most of the variation is attributable to less common species.  The fact that the 

Jabuticabeira natural shell bed is comprised of five separate beds suggests that variation 

in mollusk composition and frequencies are dependent upon sample location.  As seen in 

Figure 8.10, Anomalocardia accounts for approximately 80% of the samples, while the 

second most common species do not exceed 10%.  At Encantada, Macoma is the second 

most common species while Lucinas and gastropods come in third and fourth place, with 

similar relative frequencies from both the natural bed and the anthropogenic 

accumulations at Jabuticabeira II.  
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Figure 8.10. Percentage of mollusk species present in the Encantada natural shell bed and 
Jabuticabeira II. 

 
 
 
The most striking difference is the total lack of mussels at the Encantada natural 

bed; mussels are present in appreciable numbers in almost all layers at Jabuticabeira.  In 

fact, mussels are absent from most lists of species recovered from natural shell beds in 

the region (Caruso 1995).  Regardless, the similarities in the frequencies of mollusk 

species and the presence of unopened bivalves might be an indication of the use of 

natural shell beds as sources of building material.  However, it is not possible at this 

moment to assert with any confidence that parts of the beds were mined prehistorically 

for dead valves to be used as construction material. 

Since its first occupation, before the mound building of Jabuticabeira II, and also 

throughout its use as a cemetery, the site was located along the margins of a large lagoon.  

The fact that several natural shell beds now surround the site confirms that the lagoon 
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was a logical nearby source of mollusks for the prehistoric populations.  The seasonal 

interments and festivities would offer opportunities to gather mollusks that could be used 

to cover the funerary layers.  The most common species found at the site could be easily 

gathered at the site’s margins in the paleolagoon.  The close proximity of the source 

would have facilitated transportation of great quantities of shells with minimal effort.   

A similar explanation was used to interpret the basal layers at Espinheiros II (see 

Chapter 3).  The site was initially formed by a massive collection of mollusks (mostly 

Anomalocardia) from nearby lagoonal beds.  After the initial construction, when the site 

started to be used for habitation purposes, the mollusk assemblage changed dramatically, 

becoming more diverse, with a lower participation of Anomalocardia in the composition 

of the site’s layers (Figuti and Klokler 1996).  With the exception of layer 1.20.2, shell 

layers at Jabuticabeira II exhibit a similar composition to the basal construction layers 

from Espinheiros II.  

While use of the closest source makes sense in terms of energy expenditure, we 

cannot rule out the possibility that groups also brought in remains from mollusk 

consumption at habitation sites.  Unfortunately, researchers have not yet been able to 

identify habitation sites associated with the sambaqui people in the region.  Studies 

among living shell gathering populations suggest that habitation sites were usually 

located near sources of shellfish (Bird and Bliege Bird 1997; Bird et al. 2002; Meehan 

1977a, 1977b, 1982).  Groups may have stored the valves after processing the mollusks 

for their meat, then brought the materials to Jabuticabeira II after funerary events.  

Because the whole study area could be reached with canoes through the paleolagoon, the 
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transportation of such bulky materials would not have been particularly difficult.  

Ethnographic studies of nearby communities that still collect mollusks show that 

gatherers tend to keep valves and use them for paving purposes, even selling unused 

shells (see Chapter 4).  This suggests continuity in use of shell valves for several building 

purposes.   

The analyses of the shells have not provided definitive evidence as to whether the 

shellfish were collected alive or dead.  If they were collected while alive, their use as 

food, bait, construction material, or for other purposes is also unknown.  Evidence of 

heating is not present on most valves.  Only an average of 0.5% of mollusk shells are 

burned (Klokler 2001).  Most shell layers have less than 2% of their mollusk components 

burned.  The only exceptions are Feature 2.60.1, with close to 40% of burned shell, and 

Feature 1.20.2, with over 99% burned shell valves (Figure 5.2).  Both features are 

probably related to important events or the interment of significant individuals.  

Interestingly, both features also have low frequencies of Anomalocardia.  Unfortunately, 

these surfaces have not been subjected to more detailed horizontal excavation, so it is not 

yet possible to assert what types of events created these lenses. 

On the other hand, the amount of heating necessary to cook mollusks usually does 

not leave any visible evidence on the shells.  The shellfish species composing the site can 

be opened easily by being slightly heated, without having to break the shells.  Closed 

shells of Anomalocardia, Lucina, and even oysters have been found during sampling and 

excavation at Jabuticabeira II, and sometimes such instances are seen as an indication of 

the use of dead mollusks.  Although some clams and mussels might not open during 
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heating, oysters must be pried open in order to be consumed.  The presence of unopened 

oysters could indicate gathering and deposition of dead mollusks, but the numbers are too 

low to be considered strong evidence of such behavior.  Also, closed mollusks could be 

indicative of their use as offerings for the dead, and since large oysters are recurrently 

located close to graves, this alternative seems more likely.   

Summary 

Among the edible mollusk species retrieved from Jabuticabeira II and easily 

available nearby, Anomalocardia is the smallest option.  Each individual supplies little 

meat (nowadays, this clam is used as a supplement in stews and side dishes), and their 

valves are used as pavement and construction material.  Meehan (1977a, 1977b) observed 

the Anbarra ignore mollusks that were plentiful and easy to catch if the species were 

considered unappetizing.  The preference for Anomalocardia instead of larger mollusk 

species could be due to taste.   

Archaeologist’s focus on subsistence ignored the possibility that shellfish found in 

shell bearing sites could have had several different uses.  Shellfish could have served as 

bait, dye, or medicine, among other things (De Masi 1999; Muckle 1985).  The shell 

valves could have been used as tools, jewelry, pottery temper, or as currency (Claassen 

1998; Klokler 2001).  Mollusk valves also provide an excellent construction material, 

being used to provide a dry living floor or build platforms (Onat 1985).  At Jabuticabeira, 

their utmost importance seems to be intrinsically related to their use for the construction 

of the mound. 

 



 

245

FISHING ACTIVITIES 

 

All of the fish species recovered from the site can still be caught in the lagoon 

today.  Catfish and whitemouth croaker are still common in the lagoons, and croaker and 

mullet are commercially important (Chapter 4).  I was not able to detect changes in 

fishing patterns through time despite the fact that the samples encompass a range of 

approximately 1000 years.  These results highlight the stability and reliability of the 

lagoon habitat at that time.  Evidence also shows that the proportions of the different 

species remained relatively constant throughout most of the construction of Jabuticabeira 

II.   

Whitemouth croaker and catfish are present in large quantities in funerary features 

and shell layers and account for at least half of the fish assemblage in all samples.  Within 

the top black layer, catfish numbers generally increase and surpass those of the 

whitemouth croaker (Nishida 2007).  Due to the higher degree of weathering present in 

this black layer, it is not possible to ensure that the higher frequencies of catfish are due 

to a shift in subsistence and/or ritual practices or if they are taphonomic in nature.  

Postdepositional processes that destroy otoliths can obscure NISP and MNI counts.  The 

ease of identification of catfish bones could encourage their over-representation.  On the 

other hand, catfish can tolerate lower salinity levels, and their preponderance in the latest 

occupation of the site could be indicative of declining levels of saltwater in the lagoon 

due to receding sea levels.   
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Otoliths are ubiquitous in all samples recovered from the site.  The presence of 

this element greatly aids identification of fish to the species level.  The most common 

otoliths come from whitemouth croaker, catfish, black drum, weakfish, and mullet.  

Otoliths from ground croaker (Bairdiella ronchus), shorthead drum (Larimus breviceps), 

and snook (Centropomus sp.) were also found, but very rarely.  A total of 9,258 otoliths 

were identified during this research.  Unfortunately, 1,492 otoliths from excavations of 

Locus 2 were not originally analyzed for weathering and degree of burning (the samples 

were unavailable for re-analysis for the dissertation).  Since the numbers account for 

roughly 15% of the otolith assemblage, this small portion probably would not greatly 

affect the analysis.   

Otoliths are the second most common fish element at the site, following vertebrae 

(Table B.9).  A greater amount of elements that occur in high numbers within individual 

fish, such as vertebrae, is expected.  However, otoliths are only present in fish skeletons 

as pairs.  If processing was a factor affecting the presence of otoliths, it would be 

expected that other cranial elements would also have high frequencies, since otoliths are 

located inside the neurocrania.  Catfish frontal plaques, the most common cranial element 

in quantity besides otoliths, are outnumbered by otoliths three to one.  The high degree of 

fragmentation of frontal plaques could explain their high frequency in terms of number of 

fragments.  On the other hand, otoliths – unless heavily weathered – usually do not 

exhibit a high degree of fragmentation.  Otoliths are the densest elements in fish (Treacy 

and Crawford 1981), so they are more likely to preserve in archaeological sites.   These 

numbers could indicate that otoliths were processed in a distinct way from other fish 
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elements.  A possible explanation for their abundance could be that otoliths have a better 

chance of preservation in shell mounds since their composition (calcium carbonate) is 

similar to shell valves.   

There is evidence that otoliths have a special meaning to some groups and in 

some cases were used for medicinal purposes.  The smoothness and color of otoliths 

could have drawn the attention of prehistoric groups.  Historical and ethnographic studies 

in Brazil identify the use of otoliths for magical and medicinal purposes.  During colonial 

times, healers used these ear bones in divinatory sessions and to cure certain diseases 

(Souza 1984).  Today, some fishing communities in central Brazil still use otoliths as a 

remedy.  Communities along the São Francisco River use freshwater croaker (or corvina) 

otoliths in an infusion for kidney problems and to help heal sores and cuts.  Others cite 

the use of otolith powder to treat asthma and urinary problems and to prevent back pain.  

The greater presence of otoliths in mortuary hearths could indicate a belief that they had 

magical or medicinal powers in prehistoric times. 

Fish Size 

Fish size analysis can indicate capture methods; but several types of capture can 

yield the same size ranges, while the same capture techniques can result in size variation 

(equifinality).  During the excavation of F.L. 2.15.13, it was possible to visually detect 

differences in fish size between specimens deposited in funerary and shell layers (Klokler 

2001, 2003).  Features directly related with the interment rituals seem to include larger 

specimens, whereas the surrounding layers invariably contain smaller fish.  This could 

mean that fish of larger dimensions were selected for use in feasts or that different fishing 
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techniques were used.  To confirm this impression of fish size differences, measurements 

of otolith length were recorded and analyzed.   

Measurements of sagittae otoliths recovered from shell and funerary layers were 

recorded to examine possible differences in fish size.  Fish biologists generally agree that 

otolith size increases with age.  However, growth can be affected by genetic and 

environmental factors, complicating the assumption of a linear relationship between 

otolith size and fish length (Munk and Smikrud 2002; Ross et al. 2005).  Extensive 

literature exists on the issues related to using otoliths as proxy measures of fish weight 

and size.  However, for the purposes of this research, the inherent inaccuracies due to 

variability in fish growth are assumed to be minimal and fairly consistent. 

Due to the low number of otoliths recovered from shell layers, I also analyzed 

otoliths that were subjected to heat.  Weathering, a common process in funerary features, 

diminished the number of elements that could be measured from these samples.  As 

discussed above, the loss of the calcium carbonate in otoliths makes these elements more 

susceptible to breakage (Pierce and Boyle 1991).  In order to maximize the number of 

otoliths that could be analyzed, some minimally weathered elements were also included 

for measurement.  Only those that were whole, with no discernible breaks under 

magnification, were selected for the analysis.   

Measurements of otolith length were taken from both left and right elements.  

Whitemouth croaker and catfish were the only species selected for this analysis due to 

their ubiquity in samples and the higher quantity of available otoliths.  Elements from 

shell layers (n=122) and from a random selection of funerary features, including funerary 
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lenses, hearths, and burial pits (n=370) were analyzed.  The length values were then used 

to estimate fish weight. 

The formula used to transform otolith length into fish length for species found in 

the Brazilian coast was introduced by Bastos (1990) and later expanded by Lima (1991) 

in her study of sambaqui sites from the state of Rio de Janeiro.  The allometric formula 

used was y=αxβ (where y is the total fish weight; x is the otolith length; α is the y-

intercept; and β is the slope)(Reitz et al.1987).  The values for catfish are: α= 0.000127 

and β=6.4713, while the whitemouth values are: α=0.0854 and β=3.0674 (Lima 1991). 

 

Table 8.3. Ranges, Mean, and Median Values for Fish Weight Estimates. 
 Whitemouth croaker  

(weight in grams) 
Catfish 

(weight in grams) 
Shell layers 20.18-765.10 

Mean – 154.51 
Median – 75.69 

5.88-292.57 
Mean – 86.03 
Median – 65.85 

Funerary layers 20.29-1217.98 
Mean – 198.90 
Median – 91.71 

5.19-696.58 
Mean – 82.59 
Median – 51.05 

 

The estimates do not indicate significant differences in fish size between the shell 

and funerary layers (Table 8.3, Figures B.1, B.2, B.3, and B.4).  This contradicts our 

previous hypothesis that large fish were captured for the funerary ritual.  While mass 

capture would be expected in order to feed great quantities of people during the feast, the 

team believed that some large specimens were caught as grave offerings using different 

technology.  In fact several fish in anatomical position were recognized during the 
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excavation of F.L. 2.15.13 and I believe they most probably were deposited in the 

funerary area as food offerings.   

In funerary features, larger fish specimens occur, but their inclusion could be due 

to the larger number of measurable otoliths from these samples, which could facilitate the 

inclusion of unusual sizes.  Due to the small assemblage of otoliths recovered from shell 

layers, very few could be measured.  Sample size differences between the assemblages 

from funerary and shell layers may be problematic and should be addressed in the future 

by analyzing more otoliths.  More detailed analysis may produce additional insight 

concerning possible differences in fish size at the site.  Dr. Levy Figuti has led a team of 

students that measured otoliths from Trench 18 (Figure 5.9).  The combination of both 

analyses will probably shed more light on fishing practices of sambaqui groups.  In the 

future, fish bone measurements will be performed to confirm the information provided 

thus far by the otoliths and will also include other fish species.  Available data indicate a 

broad range of weights, encompassing small to large fish, although the vast majority are 

small specimens weighing less than 200 grams (Levy Figuti, personal communication 

2007).  The length estimates indicate that most whitemouth individuals were juveniles 

that had not reached reproduction age (under 200 mm total length).   

Season of Capture 

Seasonality could not be determined by the presence or absence of fish species.  

Some species of mullet migrate to the region during winter, but the mullet specimens 

analyzed could represent a species (locally known as parati) that is available yearlong in 

the estuary.  The fish size estimates revealed that croakers were primarily juveniles; 
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croakers are generally considered juveniles if they have between 120 and 250 mm total 

length (Haimovici et al. 1996).  A study done in Lagoa do Patos, an estuary located 500 

km south of Jabuticabeira II, found that whitemouth croakers under 200 mm are present 

during the summer, concentrated in shallow waters (Haimovici et al. 1996).  Using the 

data from Lagoa dos Patos as an example, the high number of juvenile croakers at the site 

is evidence that intensive fishing activities probably occurred during the summer.  Future 

studies of otolith annual growth rings could more accurately indicate preferred seasons of 

capture.  Even without this evidence, faunal remains strongly indicate that the lagoon 

offered a stable, rich environment possible to be successfully exploited year round. 

Fishing Techniques 

So far, artifacts from Jabuticabeira II that can be linked to fishing include bone 

points and stone net weights.  Few fishhooks have been found at Jabuticabeira II.  

Fourteen bipoints (or gorge hooks10) were recovered by previous work (Hering 2005).  

Bone points were very occasionally found (a total of 45 including gorge hooks/bipoints 

and single points).  These low numbers seem to indicate that these tools were not 

perceived to be an important implement to be included in the burial deposits.  In other 

sites for which data is available, it is common to find great quantities of bone points, 

highlighting their extensive use prehistorically.  So far, comparative data are mostly from 

sites in Rio de Janeiro and São Paulo states, where sambaquis are much smaller in size 

than Jabuticabeira II.   

 

                                                 
10 In North America bipointed bone tools are usually recognized as gorge hooks.  According to White 
(1913), many North American groups used these implements to catch fish and waterfowl. 
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Table 8.4. Predictions of Archaeological Fish Assemblages Based on Different Fishing Methods. 
Fishing method Archaeological expectations 

Gill nets 

- Selection of species 
- Selection of size, smaller fish more common 
- Selection of population that feed, move close to the area where 
nets are located 

Seine nets - Wide range of species 
- Selection of large fish 

Traps - Selection of species 
- Selection of small species 

Hook and line - Selection of species 
- Selection of size 

Stone weirs - Selection for populations which move in the location 
- Wide range of fish sizes 

Spears - Wide range of species 
- Selection of large fish 

Poisons - Wide range of species 
- Wide range of sizes, even very small fish 

 

 

The predictions for archaeological assemblages of fish presented in Table 8.4 are 

based on studies by Kefous (1977), Coleman (1980), and Colley (1987), and were later 

amassed by Bowdler and McGann (1996).  These are valuable tools for archaeologists 

that work with coastal assemblages, especially when artifactual evidence of fishing is 

slim.  However, the expectations are not conclusive, since assemblages are usually 

composed of remains from multiple fishing episodes and methods.  According to Colley 

(1987), the concomitant use of methods that are selective and unselective (for species, 

size, etc) will usually produce an assemblage in which the unselective method is more 

evident. 

Traditional fishermen in the area today use gill nets extensively.  This type of net 

is selective, as the mesh size defines the size of the fish caught.  On the other hand, 
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groups could have used several gill nets with different mesh sizes to catch different 

species.  Traps are implements that are selective of fish species and size, usually retaining 

higher quantities of smaller fish.  The use of seine nets would ensure the capture of 

several different species.  However, this method is also size selective and would catch 

smaller sized fish.   

The use of hooks usually selects for larger fish, despite the possibility of 

producing hooks of different sizes.  Hooks must be of an appropriate size to 

accommodate the fish’s mouth.  Stone weirs would select for fish whose habitat 

coincided with the location the weir, and could potentially capture a large range of sizes.  

As pointed out in Chapter 4, poisoning could not be used effectively in the area, since the 

technique is only successful in smaller bodies of water. 

Nets allow capture of large amounts of fish, while line and hook allow the capture 

of only one fish (or a few, in the case of longlines) at a time.  Also, some fish, like mullet, 

could not be captured with hooks and would compel the use of more than one technique 

by sambaqui groups.  At the Lagoa dos Patos, use of fixed gill nets at the canal that 

connects the lagoon to the ocean caused the crash of catfish and black drum fisheries 

during the 1970s (Haimovici et al. 1996).   

Traps could have been used in the study area, especially where fish entered the 

lagoon from the ocean.  The ability to capture large numbers of fish could have made 

traps an important strategy for sambaqui groups, but no remains have been found, 

perhaps due to preservation issues.  Although they have been documented in the study 

area, traps are not commonly used for fishing.  In Northern Brazil, numerous types of 
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traps are extensively used (Moreira and Rocha 1995).  Traps cannot be ruled out, since 

they would select for species and size and could form a fish assemblage similar to the one 

recovered from the site, but there is no clear evidence of their use. 

Jabuticabeira’s fish and artifact assemblage does indicate extensive use of nets; 

both gill and seine nets were probably used.  The small size of fish is consistent with the 

use of gill nets set on locations where croakers and catfish would feed.   According to 

Araujo (1984), the feeding strategies of whitemouth croaker and the two species of 

catfish (G. barbus and G. genidens) are basically the same, so they could have been 

captured with the same netting techniques at the same location.  The bone points suggest 

that hook and line, and perhaps longlines, were also used to capture larger fish.   

Fish Processing 

Analysis of bone elements allows the development of some hypotheses regarding 

fish processing.  Both cranial and postcranial elements are present in the samples, and 

postcranial bones account for 68% of the fish assemblage (Table B.10).  This indicates 

that there was no pre-processing of fish specimens that would have removed the head 

prior to transport to the site.  Fish appear to have been processed and then deposited 

whole since all parts are present.  Some minor pre-processing could have taken place, but 

it is not archaeologically detectable.   

Salting and drying are common techniques for preserving fish, but most 

ethnographic reports from groups residing in the Brazilian territory mention baking fish 

and transforming the fish into powder, know as fish flour (farinha de peixe), for long-

term storage (Staden 1998[1557]).  However, high frequencies of fish bones at 
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Jabuticabeira strongly suggest that the deposits are evidence of consumption of fresh or 

smoked fish.   

Pectoral spines of catfish with broken articular facets (ventro-lateral processes) 

account for 20% of the pectoral spines analyzed (Figure 8.11, Table 8.5).  Nishida’s 

research on the faunal assemblage from the black layer overlying the site also observed 

the same peculiarity.  According to Paula Nishida (personal communication 2007), 

fishermen commonly break the pectoral spines prior to filleting to avoid stings from the 

poison in the spines of some catfish species.  One of the catfish species recovered from 

Jabuticabeira (Guri sea catfish) has venomous spines, which could explain the broken 

elements.   

 
Table 8.5. Catfish Spine Modifications. 
 Dorsal spines Pectoral spines 
Broken --- 254 (20.25%) 
Burned at the end 30 (5.88%) 79 (6.33%) 
Total 510 1248 

 
Figure 8.11. Catfish pectoral spine; rectangle indicates broken area (modified from Pinton et al. 
2006). 
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Degrees of burning are extremely similar between cranial and postcranial  

elements, indicating that whole animals (or their skeletons) were subjected to heat (Table 

B.11).  In Brazil, fish are generally cooked whole over small fires after the internal 

organs have been removed.  This could explain the comparable frequencies of burning.  

However, burning probably affected the bones after consumption, because fish can be 

completely cooked without visually altering the bones.  With approximately 60% of the 

fish bones affected by some degree of burning, it is possible that there was a practice of 

throwing the bones in fires after consumption, or all of the refuse from feasts may have 

been deliberately burned prior to deposition within the funerary areas.  Villagran’s (2008) 

micromorphological analysis of sediment from the uppermost black layer at Jabuticabeira 

II found evidence of burning of materials prior to re-deposition, so I believe it is safe to 

infer that such behavior happened with regard to the funerary features in the shell-

dominated deposits as well. 

Also of note are the burned, broken ends of catfish spines.  While this could be a 

consequence of the lack of fat and meat at the end of the spines that could otherwise 

prevent bones from burning, the fact that most of the heat-affected spines are broken 

could indicate that such elements were being heated to facilitate tool making.  Many 

studies suggest that fish and ray spines were used for this purpose (Prous 1991; Rohr 

1977; Tenório 1999, 2003).  This pattern could represent failed attempts to manufacture 

bone tools.  However, according to Hering (2005), very few of the relatively small 

numbers of tools at Jabuticabeira II were made of fish bones.  In general, fish bones were 
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primarily used in the manufacture of points, accounting for only 22% of the total 

unipointed tools (n=31) and 14% of total gorge hooks/bipoints (n=14).  Also 

contradicting the interpretation of the burnt broken spines as tool rejects is the fact that 

heat treatment appears on only approximately 11% of all tools from the site (Hering 

2005).  

Estimates of Biomass 

In order to compare the amount of edible meat that each type of fish contributed 

to the feasts, I used a random selection of 27 samples of fish bones weighed separately 

according to general groups, including catfish, drum (whitemouth croaker, black drum, 

and weakfishes), porgies (sheepshead), jacks (leatherjack), and grunts (haemulons).  

When it was not possible to assign elements to a specific group, fish were included under 

bony fishes or elasmobranchs (cartilaginous fishes).  The samples encompass all three 

classes of funerary features subjected to profile sampling (burial pits, funerary areas, and 

hearths) from Loci 1, 2, and 6.  Table 8.6 contains the bone and edible meat weights by 

group; estimates were computed using equations provided by Reitz and Wing (1999).  

 

Table 8.6.  Estimates of Biomass by Fish Group. 
 Bone weight (g)          %       Biomass (g)            % 

Catfish 606.9 26.64 8789.2 36.91
Drums 365.46 16.04 3065.72 12.88
Porgies  44.67 1.96 522.41 2.19
Jacks 8.83 .39 264.51 1.11
Grunts  3.33 .15 64.33 .27
Bony fish 1227.51 53.89 9377.67 39.39
Sharks and rays 20.99 .92 1725.56 7.25
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These values show the relative representation of different groups of fish.  

According to these estimates, catfish are the most important source of edible meat by 

weight, surpassing all other groups.  Drums rank a distant second, providing close to one-

third of the total edible meat estimated for catfish.  Sharks and rays appear to be more 

important sources of edible meat according to estimates of meat weight.  MNI and NISP 

counts underrate the contribution of these animals, since their body size is larger than the 

other fish targeted by the sambaqui groups.  Reitz (2004:76) also highlights that 

elasmobranchs can be easily underestimated by using only NISP or MNI counts since 

they have low numbers of paired elements.  A more widespread use of biomass studies in 

Brazilian sites would probably demonstrate that elasmobranchs were more important than 

researchers previously supposed. 

Summary 

Based on the analysis of the fish bones recovered from the site, it is possible to 

construct inferences regarding fishing activities.  First, fishing took place almost 

exclusively in the lagoon.   Two of the species present in the assemblage comprise more 

than 50% of the total quantified elements (by NISP and MNI).  Fishing could have 

occurred all year long, although intensification may have occurred during certain seasons 

(probably during warmer months).  

Most catfish and whitemouth croaker specimens are small, but otolith 

measurements indicate that groups also captured fish of larger sizes.  This evidence 

indicates the use of nets as the primary fishing technique, but other methods were 
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probably used.  Fish were brought to Jabuticabeira II whole, with no prior processing.  

Cooking was probably done by smoking or roasting entire fish.  Various degrees of 

burning found in fish elements indicate that feast remains were either deposited in an area 

with an active fire or intentionally burned prior to deposition.  

 

DEFINING TIME PERIODS AT JABUTICABEIRA II 

 

Uncalibrated radiocarbon dates from Jabuticabeira II generally agree with their 

stratigraphic positions, with few exceptions.  All dates associated with the profile samples 

and excavation areas were organized according to their stratigraphic position, starting 

with the layers at the top of the mound (Table 8.7, Figure 8.12).  Layers 2 and 14, located 

within trench TL1/L2 (this trench connects parts of loci 1 and 2; see Figure 8.13), and the 

shell Layer 3 at profile 1.05; occur on opposite sides of the same profile.  Unfortunately, 

we cannot accurately correlate them stratigraphically.  However, calibration of 

radiocarbon dates confirmed that Layers 2 and 14 (at trench TL1/L2) were deposited at a 

later time than Layer 3 (profile 1.05).   

After calibration, ranges of dates consistently agree with each other, with the 

exception of the charcoal and shell dates from Layers 23 and 36 (Figure 8.12).  Paired 

samples from Layer 36 exhibit older calibrated ranges than other layers located beneath 

them in the profile.  A third sample collected from the same layer in a different area of 

the profile is in agreement with the rest of the dates, suggesting that the paired samples 

could have been contaminated in some way.  With the exception of dates from basal 
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Layer 20 from Locus 2, F.L. 1.15.6, Layers 2 and 3 from Locus 1, and Locus 6, most 

calibrated dates fall within the same range, being almost impossible to differentiate 

chronologically.   

 

Table 8.7. Radiocarbon Dates Associated with Profile Samples. 

Lab ID Location Material11 δ¹³C  
(‰) 

C14 age  
(yr BP) 

Calibrated date Cal 
BC/AD12

AA 
77105 

Locus 6 Human bone -11.9 2004±44 148-422AD 

AA 
77106 

Locus 6 Human bone -11.6 2028±44 138-398AD 

Beta 
39 1952 

Tl1/l2/ 
Layer 2 Shell -0.9 2070±60 83-384AD 

Beta  
195250 

Tl1/l2/ 
Layer 14 Charcoal -28.2 1950±70 48BC-332AD 

A-9900  1.05/Layer 3 Charcoal -26.6 1975±95 168BC-332AD 
A-9892 FL 1.15.6 Charcoal -27.7 1871±185 347BC-606AD 
A-9893 1.40/Layer 36 Charcoal -27.2 2210±60 376-48BC 
A-10244 1.40/Layer 36 Shell -0.1 2490±35 387-191BC 
A-9897  1.45/Layer 36 Charcoal -27.2 2060±85 346BC-216AD 
A-10243 1.25/Burial 12 Shell -1.2 2365±45 350BC-24AD 
A-9896  1.25/Burial12 Charcoal -26.5 2170±45 356BC–0AD 
A-10637 T19  Charcoal -26.5 2165±75 365BC–48AD 
Beta 

81 1883 
FL 2.15.13/ 
Burial 26 Human bone -11.4 2340±50 338BC-56AD 

Beta 188382 FL2.15.13/ 
Burial 38 Human bone -10.9 2320±50 194BC-64AD 

A-10246  2.15/F. 2.20.1 Shell -0.8 2335±35 182BC-25BC 
A-9899 2.15/F. 2.20.1 Charcoal -27.7 2115±65 352BC-79AD 
A-9890 2.15/Layer 23 Charcoal -29.4 2285±45 394-184BC 
A-10245 2.15/Layer 23 Shell -0.5 2370±35 342BC-0AD 
A-9889  2.15/Layer 20 Charcoal -26.6 2345±105 754-64BC 
 

                                                 
11 Shell dates corrected using value from Eastoe et al. (2002) for reservoir correction. Calibration curve 
ShCal04. Human bone dates were corrected using the same method as the shell dates. 
12 Calibrated dates obtained with the use of OxCal program, version 4.0, by Bronk Ramsey (2004). 
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Figure 8.12.  Chart of calibrated radiocarbon dates (based on data from Table 8.7). 
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Locus 1   Locus 2

Figure 8.13. Profile Trench TL1/L2 with radiocarbon dates. 

 
 

Most ranges overlap, suggesting that exercises such as those presented by Simões 

(2007) would be unrewarding, because the radiocarbon dates lack the level of precision 

necessary to establish estimates of deposition rates based on uncalibrated dates.  For 

example, Simões proposes a total of 525 years separating the construction of layers from 

Locus 1 that are 60 cm apart by subtracting 1975±95 from 2500 ±155.  Unrealistic 

expectations regarding the accuracy of radiocarbon dates are common.  Uncalibrated 

dates such as those presented in Table 8.7 for Feature 2.20.1 and Layers 23 and 20 should 

not be used to estimate variation in the accumulation of layers.  Also, one must account 

for the standard error values of the dates, which in some cases reach 155 years.  

Generally, the dates confirm an earlier interpretation that the site was formed by 

multiple small mounds that were active simultaneously (Klokler 2003; Gaspar and 

Klokler 2004).  In general, construction activity took place at different parts of the 
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sambaqui.  This construction process also explains the contemporaneity of the basal 

layers in Trench 19 of Locus 1 with dated layers present in profiles of Loci 1 and 2. 

Identifying Temporal Differences 

Based on the calibrated radiocarbon dates (1 sigma ranges), I have separated the 

analyzed features into early, middle, and late periods.  A division based solely upon 

stratigraphy is compromised by the fact that samples from the three loci are from 

different areas of the site and their temporal relationships are unclear.  The early period at 

Jabuticabeira begins around 700 BC and ends around 200 BC, coinciding with the 

deposition of Layer 20 at Locus 2.  The early period corresponds to samples from one 

funerary layer (2.10.2) and burial pit 28 (Figure 7.7).  The middle period encompasses 

use of the site between 200 and 1 BC.  This period includes several funerary layers 

(1.15.9, 2.15.13, 2.25.11, 2.20.4, 2.30.8, and 2.25.4).  Dates from the excavation of Locus 

6, Locus 1 (Layer 3 and F.L.1.15.6), and Trench L1/L2 (Layers 2 and 14) determine the 

late period, which corresponds to site use after 1 BC.  Samples from funerary layers Top, 

1.15.1, 1.15.5, 1.15.6, and Locus 6 correlate with the end of the late period around 400 

AD.   

Although this division is admittedly arbitrary, it aids the investigation of any 

temporal changes in fishing and other activity patterns discernible from the faunal 

assemblage.  At present, the early period is underrepresented, since the only samples 

available for analysis are from one funerary area, a burial pit, and one hearth (n=4).  The 

middle period includes samples (n=26) from six funerary areas with four burial pits and 

five hearths; and the late period encompasses samples (n=26) from five funerary areas, 



 

264

eight burial pits, and six hearths.  While this study can provide some preliminary 

interpretations regarding resource use through time, more samples from the early period 

of the mound’s use are necessary.  Additional radiocarbon dating is also needed to refine 

this chronology and aid our understanding of the mound’s formation with fine-tuning of 

mounding stages. 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Early (n=2)

catfish sheepshead a.spadefish haemulidae s.puffer mullet leatherjack
weakfish a.weakfish w.croaker black drum ray shark bluefish

 
Figure 8.14. Fish MNI percentages for funerary areas by period. Total MNI equals 1173. 

 

MNI of all fish species in frequencies are compared according to the temporal 

divisions above in Figure 8.14.  Certain trends are clear.  Catfish seem to decrease over 

time, but whitemouth croaker does not seem to vary in a similar fashion.  Its numbers 

increase during the middle period and decrease slightly later.  Sheepshead doubles in 
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frequency in funerary areas after 1 BC.  Black drums and mullet seem to be a little more 

common during later periods.   

Nonetheless, these differences are not confirmed by the analyses of other 

mortuary features, especially hearths and burial pits.  The frequencies of fish within these 

two feature classes differ somewhat from those in funerary areas.  Within burial pits, 

catfish become more common in the late period.  However, the whitemouth croaker 

numbers behave the same as in the funerary areas. The predominance of catfish is related 

to the inclusion of Locus 6 samples in the burial pit assemblage, because catfish numbers 

increase in the massive black deposit.  Hearths exhibit the most notable differences in 

relation to other sampled features.  In general, sheepshead is not as significant in hearths, 

trailing black drum in total NISP.   
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Figure 8.15. Average quantity of fish biomass in kg per cubic meter in funerary layers. Boxes enclose 
layers with higher fish biomass. 
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As mentioned in the previous chapter, three funerary layers exhibit increased fish 

biomass per cubic meter (over 400 kg).  In these three funerary events, greater quantities 

of fish were presumably available for guests of the mortuary ritual (Figure 8.15).  At first, 

it was hypothesized that these layers corresponded to the later occupation of the site.  

However, according to our analysis of the radiocarbon dates, the increase of fish biomass 

is not solely related to chronology.  The F.L. Top and F.L. 1.15.1 correspond to the late 

period, while F.L. 2.15.13 is included in the middle period.  Other layers that belong to 

the same periods do not exhibit such rich fish assemblages. 
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Figure 8.16. MNI values and frequencies of other taxa by period. 
 

 

Due to the low occurrence of other taxa in the samples, temporal patterns should 

be taken with caution.  Figure 8.16 presents MNI values and relative frequencies of taxa 
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other than fish and shellfish in all funerary feature samples by time period.  Burial pits, 

hearths, and funerary layers yielded too few specimens to support meaningful 

interpretations.  General trends, on the other hand, indicate greater diversity of distinct 

taxa through time.  Parallel tendencies are confirmed for the three types of features.  

Early period samples present just two species, rodents and crabs appear in very low 

numbers, and there is a complete absence of birds and mammals.  However, the lower 

number of other taxa represented in the early period is almost certainly affected by the 

small number of samples identified for this period and may not be evidence of actual 

selection or differential deposition.   

Summary 

Fish assemblages do not change significantly through time, although the 

proportions of some species vary slightly.  Whitemouth croaker numbers remain stable, 

while catfish decline during the middle period before increasing again within the top 

black layer.  Sheepshead, Haemulidae, and mullet also increase in numbers during the 

late period.  Weakfish decrease over time, while black drums follow an opposite trend.  

Other taxa seem to gain importance in the mortuary ritual over time.  Although the 

samples from the early period have only rodent bones and crab remains, due to the 

limited number of samples available for analysis the increase in other taxa through time 

cannot be confirmed until more samples are analyzed.   

Analysis also demonstrated that the layers with the highest biomass of fish per 

cubic meter do not belong to the same period, highlighting that they do not correspond to 

a temporal trend.  The richer feasts seem to be related to groups that were either large 
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enough (more members or more effort per member) in size that they could amass greater 

quantities of fish to serve their guests, or to groups that could offer greater amounts of 

food in their funerary feasts due to their status in the community. 

 

SHELL MOUND VERSUS EARTH MOUND: TWO MOMENTS OF 

CONSTRUCTION 

 

The Sambaquis e Paisagem researchers have intensively studied the black soil 

layer that is distinctive to the latest use of the site and indicates a change in the materials 

used for the construction of the mound.  Two contrasting hypotheses have been used to 

explain why the change occurred: cultural or environmental.  The massive overlying 

black deposit that characterizes the last moments of Jabuticabeira II’s occupation could 

present a change in the mortuary program of the sambaqui populations of the region.  As 

discussed in Chapter 5, some differences regarding body positions have been observed, 

but most other characteristics remain the same.  In order to investigate whether any 

changes were integrated in regards to resource use during funerary events, I now compare 

samples from the earlier shell-dominant and later soil-dominant parts of the site. 

Only eight samples have been recovered from the soil-dominant area, and they 

were collected from Locus 6 during the excavation performed in 2006.  Forty-eight 

samples were analyzed from shell-dominant samples.  As seen in Figure 8.17, the fish 

species captured remain the same.  However, the quantities of whitemouth croaker and 

catfish differ greatly.  Nishida (2007) identified similar frequencies during her study of 
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materials from Locus 3.  Because materials from Locus 6 were more heavily affected by 

weathering, the increase in the presence of catfish within the soil-dominated could be a 

consequence of the difficulty of accurately identifying and quantifying other fish species, 

especially croaker elements.   
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Figure 8.17. Fish frequencies within shell-dominant (MNI=1834) and soil-dominant deposits 
(MNI=406) (number of samples in parenthesis).  

 

 

The analysis of other taxa indicates very similar frequencies of birds, mammals, 

crabs, and sand dollars (Figure 8.18).  Inferences regarding the use of other taxa in the 

soil-dominant area of Jabuticabeira II must be approached with caution due to sample-

size difference.  Samples from Locus 6 contribute approximately 15% of the total faunal 
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assemblage studied.  The MNI from the soil-dominated area, on the other hand, 

comprises a little more than 31%.  While this could indicate more regular use of other 

taxa during funerary events, more research should be undertaken in regards to the faunal 

assemblage from the area. 
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Figure 8.18.  Percentage and MNI of other taxa according to matrix (number of samples in 
parenthesis). 

 

 

Even if one discounts samples from the massive overlying black layer, where 

shell valves appear in low numbers, a pattern of reduced deposition of shells in the late 

period of occupation at Jabuticabeira II is clear.  While the cause of the decreased 

importance of mollusks cannot be inferred with certainty, the trend has also been 
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identified at other sambaquis.  Initially, a possible overexploitation of mollusks was 

proposed as the reason for the change, but measurements of shell valves and analysis of 

carbon and oxygen isotopes do not support this claim (Nishida 2007, 2008).  Also, 

mollusk beds are still active in the area today and are harvested by nearby communities.  

Therefore, the change in the construction material during the later occupation of 

Jabuticabeira II seems to be more related to cultural factors than environmental ones.   

Although more analyses are still needed, Nishida’s studies of the shell valves 

indicates that no major environmental change forced the shift away from the use of 

mollusks as preferred building materials.  However, the slow reduction of the 

paleolagoon due to the sea-level may change have placed potential sources of mollusks 

farther from the site, influencing the decision to decrease the use of mollusks as 

mounding materials.  

Villagrán’s (2008) micromorphological analysis of the facies that form the 

massive black layer revealed that the materials have characteristics of secondary and 

tertiary deposits (or secondary midden, cf. Schiffer 1987).  Secondary deposit attributes 

were found in all archaeofacies analyzed.  She asserts that bones did not burn in situ 

because of their spatial arrangement, random distribution, varying degrees of weathering, 

and mixture with materials that exhibit different levels of thermal alteration.  In this case, 

burning probably occurred at a different location than the area of final deposition.   

Villagrán (2008) believes that the deposits are reworked daily refuse, that was 

transformed into building material.  To Villagrán their ritual role was acquired 

subsequently, upon their final deposition atop the site.  Her conclusions are possibly a 
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consequence of the nature of the research, based on analysis of soil micromorphology.  

The macro-analysis of faunal remains indicates the ritual nature of the deposits.  The 

remains from funerary areas represent materials that were procured, processed, cooked, 

consumed and discarded following specific rules of the mortuary program.  She identifies 

the final deposits at Jabuticabeira II as a cumulative palimpsest (cf. Bailey 2007) in 

which the original depositional pattern is no longer apparent.  The area where the 

deposits were located prior to final deposition at the site could be within Jabuticabeira II 

or nearby, and have mounded or deflated characteristics. 

 

DAILY FOOD, RITUAL FOOD: STABLE ISOTOPE EVIDENCE 

 

The diet of sambaqui groups was a focus of debate in Brazilian archaeology for 

many years.  While some researchers believed their diet was once focused on mollusks 

(Lima 1991, 2004; Hurt 1983-1984), others argued that mollusks were not a staple food 

item for these coastal groups (Figuti 1992, Figuti and Klokler 1996).  The debate was 

largely based on the analysis of faunal remains until De Masi’s (1999) use of stable 

isotope analysis.  His research on human materials from four sites located in 

Florianópolis demonstrated that the staple food for these populations was fish rather than 

shellfish.   

Archaeologists should not solely use faunal and floral remains, artifacts, and other 

site data to try to define diet, as this information may be incomplete and in some cases 

even misleading (Trimble and Macko 1997).  As discussed by Milner et al. (2007:2), 
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divergence between stable isotope results and the faunal record can be due to differences 

in scale and resolution.  Generally speaking, isotopic values approximate an individual’s 

average diet during the final 10 years prior to death (Richards and Hedges 1999, Richards 

et al.2001), whereas the faunal assemblage from a site can easily represent hundreds of 

years of occupation.  In the case of Jabuticabeira II, the faunal assemblage represents 

specialized, temporally limited food use.  Also, faunal remains cannot always be equated 

with food refuse, as people routinely use animals for a variety of other purposes. 

Stable isotope analysis of human bone collagen has been largely used in 

archaeological research to assess prehistoric diets.  Isotope analysis is especially helpful 

in determining the relative contributions of terrestrial and marine resources to the diet 

(Reitz and Wing 1999; Richards and Hedges 1999), as well as distinguishing the use of 

C3 and C4 plants (Tykot 2002).  Analysis of carbon and nitrogen ratios can verify the 

importance of distinct resources based on the enrichment or depletion of isotopes (Reitz 

and Wing 1999).   

As carbon passes through the food web, the δ13C changes, facilitating the 

distinction between consumption of plant and animal foods (Reitz and Wing 1999). 

Carbon has only two sources (marine and terrestrial), and due to the absorption of CO2 in 

the ocean, marine organisms are more enriched in 13C (Jelsma 2000, Richards et al 

2001:718).  δ13C values close to –12‰ indicate a diet comprised almost exclusively of 

marine protein, while values close to –20, indicate diets that are exclusively terrestrial.  

Also, the higher the trophic level, the heavier the δ13C in the samples, although variation 

due to climate and other factors can also influence δ13C values (Richards and Hedges 
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1999).  When comparing prehistoric human values with modern animal samples 

researchers should note that there is an offset between flesh and collagen δ13C values of 

approximately 3-5‰.  There is an offset of around 0-1‰ between human and the animal 

collagen values (Richards and Hedges 1999).   

Protein is the only significant source of nitrogen.  Because of this fact, δ15N levels 

are more influenced by the trophic level of the diet, although they can also be affected by 

soil, vegetation, and climatic conditions (Richards and Hedges 1999).  Generally, the 

lower the δ15N value, the lower the trophic level of the animals that comprised the diet.  

Nitrogen values are not affected significantly by geography among animals occupying 

similar trophic levels, permitting the use of animal values from different geographic areas 

when local values are not available.  Human δ15N values are enriched 3-4‰ above that of 

the animal eaten (Richards and Hedges 1999).  Marine values range between 10 and 

22‰, and terrestrial values range between 4 and 10‰.     

Sixteen individuals from Jabuticabeira II were analyzed for their nitrogen and 

carbon isotope values (Table B.12).  Results confirm that all individuals had a marine 

based diet.  No differences could be detected among individuals according to sex or 

period of occupation.  There are, however, differences between isotope values from 

children and adults that are caused by the “weaning effect” (accounting for children’s 

enriched isotope values).  These increased ratios still affect children’s isotopes for 

approximately ten years after the weaning period, so use of individuals under 12 years 

old is not recommended (Jelsma 2000).  Two of the individuals analyzed (Burials 26 and 

38) probably exhibit the weaning effect in their isotopic values (Table B.12). 
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The values obtained from individuals buried at Jabuticabeira II are within the 

expected range of populations that have an almost exclusively marine diet.  Two 

individuals from Locus 6 (Burials 115 and 121) have very high 15N values, which are 

incompatible with the other individuals (Table B.12, Figure 8.19), as well as previous 

studies in coastal Brazil (De Masi 1999).  This indicates that these two individuals had a 

distinct diet, in which a consumption of marine mammals would be important.  Could 

access to a different diet be an indication that these individuals had a higher status?  Or 

were they new “additions” to the population?  Further biological studies may help 

identify the reasons for the distinct values obtained from these burials. 

Comparing the mean nitrogen values from Jabuticabeira II with values obtained 

from coastal groups from Portugal, Newfoundland, Southern California, Ushuaia and 

Florianópolis (Table B.13) reveals that nitrogen values from Jabuticabeira’s burials are 

higher than those published by De Masi (1999) for sambaquis located to the north of the 

study area.  The values approach those found for Newfoundland and Ushuaia where 

ethnographic and archaeological research confirm dietary reliance upon high trophic level 

fish or marine mammals.    

The nitrogen values obtained from Jabuticabeira II diverge from the faunal 

assemblage recovered from the site.  While the assemblage is dominated by fish species 

in mid-trophic levels and low nitrogen values, the values from human bone indicate a diet 

based on higher trophic level fish, as well as some contribution from marine mammals 

(Figure 8.20, Table B.14).  The lack of faunal assemblages from habitation sites 

complicates the analysis of these divergent data.  Whitemouth croaker and catfish may 
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have been used mainly during ritual events, perhaps due to their ease of capture in large 

quantities.    

 

 
Figure 8.19.  Carbon and Nitrogen isotope values from sites in Santa Catarina (based on data from 
Table B.12). 

 
 

 

Differential processing of high trophic level fish, such as sharks, could limit their 

representation in the zooarchaeological record leading to their under-representation in 

analyses.  A similar situation could explain the very rare evidence of marine mammals.  It 
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is possible that these animals were processed and their bones were deposited away from 

the site, resulting in the absence of their elements at Jabuticabeira II. 

Sambaquis to the north and to the south of the study region contain bones from 

dolphins and sea lions (Castilho 2005, 2007; Rosa 2006) attesting to the use of these 

animals by coastal populations.  Although they usually occur in low numbers, 

archaeologists might be underestimating their importance.  The more widespread use of 

isotope analysis should help determine whether the values from Jabuticabeira II are 

distinct from other sites, or it they are a regional trait.      

 

 
Figure 8.20.  Carbon and Nitrogen isotope values from Jabuticabeira II burials and aquatic 
resources (based on data from Tables B.12 and B.14). 
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CHAPTER 9: 

CONCLUSIONS 

 

FOOD FOR BODY AND SOUL 

 

Multiple lines of evidence indicate that Jabuticabeira II is a ceremonial site, 

devoted to mortuary ritual.  Three different areas of the site have been subjected to 

horizontal excavations, several exploratory trenches have been opened, and more than 

100 meters of profiles have been mapped by a team of researchers whose interests range 

from settlement patterns, to zooarchaeology, paleobotany, biological anthropology, and 

geoarchaeology, among others.  More than a decade of research at Jabuticabeira II has 

confirmed an absence of habitational structures and craft activities, and the presence of a 

large number of burials in all areas of the site.  With the site’s function as a cemetery 

firmly established, the goal of this research was to analyze the roles that faunal resources 

played in the mortuary program. 

As Parker Pearson aptly stated, “archaeologists cannot dig up funerals, only the 

deposits resulting from their terminating practices” (2000:49).  The challenge for 

researchers is to decipher the myriad of cultural and natural formation processes that 

might have acted upon an archaeological site to retrieve as much information as they can 

about the funerary program.  Jabuticabeira II was damaged by extensive mining of its 

shell deposits.  However, the mining also fortuitously created continuous vertical 

exposures in different locations, providing ready access from its central area to its 
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margins.  The site’s stratigraphy is very complex, and a detailed study of the stratigraphic 

sequence demonstrates that construction alternated between episodes when thick and 

loose deposits of whole shell with little evidence of other materials or internal features 

were deposited, and episodes that resulted in dark, thin, compacted layers.  These layers 

were composed of sediment mixed with clay, sand, fragmentary clam and mussel shells, 

fish bones, charcoal, and great quantities of hearths associated with burial pits and 

postholes.  

In Brazilian archaeology, studies of fish remains have not reached their full 

information potential.  Their presence in the archaeological record has usually only been 

briefly acknowledged and quantified within lists of species presented at the end of reports 

or articles.  Revitalization of coastal studies has brought new interest in faunal remains 

and their many roles in precontact societies.  Notable advances within the field of 

zooarchaeology have also led to an increased interest in the symbolic aspects of fauna.  

This study integrates these developments by focusing on the analysis of faunal remains 

and exploring their use in ritual events.   

Jabuticabeira II served as a special locale for ritual feasting in honor of deceased 

members of the communities that inhabited the surrounding area.  The site’s construction 

occurred simultaneously with and as a result of the mortuary ritual.  Mollusk shell strata 

overlie deposits of organic material resulting from ritual feasts.  The dark thin layers from 

which funerary features originate are extremely compacted, and the quantities of fish 

bone within them are much higher than the neighboring shell layers.  Our project has 

adopted the term “funerary areas” for these thin and spatially discrete deposits because 
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they are the specialized locales for deceased members of groups the research team calls 

“affinity groups”.  Affinity group is a term proposed by Gaspar (DeBlasis et al. 2004) 

that defines societal units of the fishing communities of sambaqui-builders negotiated 

through kinship, political, economic, or other social ties. 

The present study employed an innovative sampling strategy of the sambaqui, 

using the funerary layers as focal elements and conceptualizing them as representing 

different affinity groups.  The sampling of socially meaningful units allowed comparisons 

of the mortuary programs of specific groups.  In this fashion, the analysis of faunal 

remains compared and contrasted the food items included in different events to examine 

whether the materials were similar among generally contemporary affinity groups and 

throughout the occupation, or if any major changes are detectable. 

Faunal analysis of the materials recovered from the funerary layers demonstrated 

that they are composed of dense concentrations of fish bones.  On average, these fish 

remains surpass three times the amounts recovered from overlying shell layers by weight.  

The recurrent association of burials, hearths, and postholes, the substantial quantity of 

faunal remains, and the lack of habitation features and other indications of daily domestic 

activities strongly point toward the conclusion they are the remains of funerary feast 

events that occurred repeatedly for more than 1,000 years at Jabuticabeira II.  Affinity 

groups organized major feasts to commemorate the final interment of members. 

The results of my analyses demonstrate that the foods served at feasts were 

basically the same for the 12 affinity groups analyzed, and that whitemouth croaker and 

catfish were exploited and consumed in similar frequencies.  Also, no major changes in 



 

281

the composition, capture methods, or preparation of fish used in ceremonial contexts 

occurred through time at Jabuticabeira II.  However, a shift between the two most 

common species is apparent in the massive black layer that covers the shell-dominant 

core of the site.  Catfish becomes the predominant fish in these final deposits, although 

taphonomic processes may have influenced these results, as discussed in Chapter 8.  

The continuity identified in the exploitation of aquatic resources at Jabuticabeira 

II indicates that the lagoon provided a rich and stable fishing ground, even though the 

lagoon underwent changes due to sea level dynamics.  The similarities in species 

captured, their relative frequencies, and their size indicate that the same fishing 

techniques were used during the site’s entire occupation and that the groups adapted their 

fishing habits to the changes of the lagoon.  Also, the results show that all groups had 

access to the same resources.   

The results of my faunal analysis also demonstrate that the groups relied heavily 

upon the estuarine environment.  Inshore areas, including estuaries and beaches, are 

generally richer in resources than the open sea and deep-sea areas (Reitz 1988a; Yesner 

1980).  The use of resources from areas with a higher degree of richness and productivity 

could support large populations.  Scheel-Ybert’s (2002) analysis of macroscopic plant 

remains from Jabuticabeira II has also identified stability of the regional plant 

communities during a similar period of time, another factor that supports the long-term 

settlement and subsistence sustainability of the sambaqui groups. 

Jabuticabeira II demarcates three important moments of the ritual lives of 

sambaqui people.  The first is linked with the activities performed for the deposition of 
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the dead – preparation of the funerary area, treatment of the body, internment, placement 

of offerings, use of hearths, demarcation with palisades, and feasting.  DeBlasis et al. 

(2004) define this as the first level of memory.  Ethnographic studies report similar 

associations of mortuary features in other regions of South America.  The second moment 

is connected to the maintenance of the ancestral cult through the closing of the funerary 

area and covering with mounded shell that culminated over time in the formation of the 

final mound.  The mound then becomes an element of the landscape, representing a third 

level of social memory (DeBlasis et al. 2004). 

Faunal remains from Jabuticabeira II reveal the long-term repetition of feasts and 

that amassing of faunal resources for this purpose was an important part of the sambaqui 

people’s world.  The results show the use of common foodstuffs in the funerary feasts 

that all members could contribute or provide, an indication that they were probably not 

based on aggrandizing or ostentatious behavior, but are solidarity or reciprocal feasts 

(Hayden 2001, Perodie 2001).  These feasts served as integrative events, promoting 

support and cooperation, and creating and/or maintaining alliances among groups and 

their members.  Differences are minimized through the use of resources to which all had 

access.  Grave offerings, mostly birds and mammals, on the other hand, vary a great deal 

among individual burials.  As exposed in Chapter 7, great variation occurs within the 

same affinity group.  This could be linked to an incipient sign of social inequality or 

differentiation among individuals of the group. 

 Variability in grave offerings could be interpreted as evidence that some 

individuals had special status.  Also, stable isotope analysis showed that at least two 



 

283

individuals buried within the overlying black deposit had access to uncommon food 

items.  While it is premature to generalize the results, it could be an indication that status 

differentiation becomes more acute in the late occupation of the site.  The feasts, on the 

other hand, still involve resources to which all members had equal access.   

At Jabuticabeira II, the shell layers represent episodes of effort on behalf of the 

ancestors to memorialize the dead.  The use of white shell valves, in stark contrast with 

preceding funerary layers, makes the deposits extremely visible, as seems to be the 

intention of the affinity groups.  The monumentality of the mound is no accident, but 

results from massive, repeated depositional episodes over a lengthy period of time, 

eventually becoming a marker of territoriality on the landscape. 

Three main sources of materials composing the thick shell deposits could be 

identified.  The shells could be the remains from daily refuse saved by affinity groups at 

habitation sites and brought to the site to close funerary areas.  This perspective, which 

considers all shell valves to be daily food refuse, does not explain the presence of the 

dark facies in which fish bones are the major components or the low quantities of 

charcoal, unless the shells were stored separately from other food materials.  

The massive collection of shells for construction of sambaquis was previously 

demonstrated (Figuti and Klokler 1996) and could explain the formation of covering 

layers.  The shells may have been collected solely for construction material from 

neighboring natural shell beds, or they could have been gathered from the paleagoon.  In 

either case, the major goal of mollusk collection is to form the mound and the dark facies 

correspond to meals prepared and consumed during these maintenance events.  
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The ritual activities strongly reinforce the connection of groups with the estuarine 

area, the importance of social cohesion, and a link with ancestors.  Jabuticabeira II is one 

among many sambaquis that have produced evidence of mortuary ritual.  Dark layers 

associated with great quantities of human burials, caches of animal bones or animal 

burials, large quantities of fish remains, and hearths show that similar activities were 

performed in other shell mounds, leaving a similar archaeological signature that can be 

followed through the Brazilian coast, even in freshwater sites. 

The interment of a community member and the feast provided by family, friends, 

and allies involve the ritualization of beliefs deeply connected to the society’s structure.  

By studying the construction rules intimately linked to the celebration of the death of a 

group member it is possible to better understand the symbolic universe and social 

organization represented at Jabuticabeira II.  In the future, sharper focus on the ritual 

aspects of the lives of the sambaqui people, a topic usually not approached beyond a 

general description of burials, will allow archaeologists to relate ritual events to the social 

and political lives of these societies.  

 

A MODEL OF THE FORMATION OF JABUTICABEIRA II 

 

Archaeological investigation of Jabuticabeira II is of ultimate importance because 

it is an important ritual locale that played a fundamental role in the lives of surrounding 

populations for a millennium.  Zooarchaeological data from the site shed light on the 

behaviors that led to the construction Jabuticabeira II during funerary rituals.  Along with 
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other interdisciplinary research carried out by the Sambaquis e Paisagem project, it 

allows the development of a more detailed model of the site’s formation than that 

presented in Chapter 2.  This cemetery was created through sustained enactment of feasts 

that were organized around a complex series of mortuary activities.  These behaviors 

probably communicated solidarity, territoriality, and other values in a ritual context.  I 

present a model that accounts for the interconnected performances that resulted in the 

construction of Jabuticabeira II.  Analysis of the individual actions involved in the 

formation of Jabuticabeira II supports hypotheses about the life histories of elements 

recovered from the site. 

The artifact-based communication theory formulated by Schiffer and Miller 

(1999a, 1999b) provides an important perspective for conceptualizing the behaviors that 

formed Jabuticabeira II.  They conceptualize the communication process in reference to a 

particular activity and place and argue that artifacts permeate all human communication.   

Schiffer and Miller (1999a, 1999b) identify three roles played by the interactors during 

communication: sender, emitter, and receiver.  They believe that researchers should focus 

on the receiver instead of the actions or intent of the sender, which are usually the focus 

of traditional communication theories.  The receiver’s response is influenced by the 

performance of emitters, then the receivers construct inferences and respond accordingly.  

Interactors are not exclusively people, but also include artifacts and externs.  Externs 

(e.g., animals, landforms, minerals), which can also become artifacts through human 

modification, are natural phenomena that also participate in the communication process, 

although their existence is independent of humans (Schiffer and Miller 1999b:13).  In 
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other words, communication is always situated in activities.  Information flows among 

interactors (Schiffer and Miller 1999a, 1999b), and performance characteristics can play 

critical roles in facilitating interactions (Walker and Schiffer 2006).  For example, people 

can obtain information from other interactors through their specific performances.   

The context of the communication process that I focus on is situated in the 

behavioral system that led to the continuous construction of Jabuticabeira II.  Funerary 

feasting was the primary activity of this process.  Although discrete interactions could 

also be explored, Jabuticabeira II is a case in which a larger-scale analytical unit is 

needed to comprehend the behavioral system that created the site.   Within this context, 

affinity groups are senders, Jabuticabeira II is the emitter, and the groups of people who 

occupied the coastal area are the receivers.   

Evaluation and reconstruction of the ritual performances is based on 

archaeological evidence of the attributes of the different features that ultimately form the 

site.  In order to clarify the array of activities embodied by Jabuticabeira II, I present an 

expanded model of mortuary behavior and the site’s formation that synthesizes the faunal 

data presented in the previous chapters.  Although in some cases I cannot rule out 

alternative behaviors, I argue for the most probable explanations based on the available 

data. 

The groups that used Jabuticabeira as their cemetery chose to settle in an area that 

encompasses diverse habitats: a coastal plain with rivers, lagoons, and the ocean, plus 

nearby higher elevations with forest vegetation.  The more interior areas of the continent 

were occasionally and rarely explored, confirming the strong attachment sambaqui 
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populations had with the coast.  The estuarine area of the lagoon also attracted animals 

other than those that lived in its waters, such as birds and mammals, facilitating their 

capture.  Proximity to the paleolagoon and its interconnection with drainages could have 

also made the funerary events more accessible, given the possibility of travel by boat.  

The large size of the sambaquis of Santa Catarina enhances their visibility among the 

flatness of the coastal plain.   

In sum, the estuarine region where the site is located offers a collection of externs 

in the different zones of the lagoon and the littoral area.  This provided opportunities to 

capture large amounts of fish, mollusks, and other animals.  A number of these externs 

and landscape features may have functioned as emitters that helped establish the location 

as appropriate for mortuary ritual. 

 Mortuary rituals at Jabuticabeira II may have been initiated during a specific 

season or time of the year.  Archaeological observations suggest that when a person died, 

the body was kept at habitations or other, as yet unidentified sites, for a period of time 

prior to interment.  Group members usually prepared the body with red ochre, then 

wrapped it, and later brought it to the site.  Sometimes, measures were taken to decrease 

the volume of the body, such as drying, or in rare cases, defleshing.  However, connective 

tissues were still present prior to interment, and articulated hand and foot bones suggest 

that bodies remained articulated until final burial.   

The funerary rituals were probably organized and scheduled over a lengthy period 

of time prior to their occurrence.  In addition, the planning and arrangements for the 

interments and feasts involved a level of organized effort from the affinity group to 
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coordinate fishing, mollusk collection, wood procurement, and other activities that 

contributed to the ceremonies.  The area for interment was established by an individual’s 

affinity group and was prepared on top of a mound of shells that covered earlier funerary 

areas.  Once established, funerary areas always encompassed multiple individuals and 

graves were prepared by opening shallow pits within shell layers.  While the exact length 

of this stage of the ritual celebration cannot be stated, there are strong indications that 

bodies in shallow pits, ash in hearths, and offerings of whole animals were not exposed 

over an extensive amount of time.   

Fishing for ceremonial interment feasts occurred in the lagoon and did not employ 

special techniques that targeted large specimens.  Most of the fish procured for the feasts 

were small, weighing less than 200 g, with an average of 200 mm.  It appears that no 

specific fish species were selected for the funerary banquets because no difference was 

detected between species from funerary feasts and the shell layers.   

The fish were not intensively processed, and they were probably roasted or 

smoked whole.  Cooking activities either occurred at habitation sites or Jabuticabeira II.  

Since abundant charcoal is found in the funerary areas, the feast was probably cooked 

near Jabuticabeira II.  The banquets were probably also held at the site, perhaps off the 

mounded area.  Due to the completeness of shell valves in the shell layers underneath and 

overlying funerary areas, trampling appears to have been minimal, contrasting with 

expectations for an area where groups of people were holding banquets.  Intensive foot 

traffic would be expected during these events that would have led to increased 

fragmentation of shell and bone materials.  
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Funerary rites also involved hunting mammals and birds.  The hunting of birds 

probably took place in the lagoon, which attracted flocks of birds that preyed upon 

available stocks of fish.  Mammal hunting probably involved a larger area than the 

paleolagoon’s immediate surroundings, including higher elevations.  Unfortunately, the 

low frequency of mammals recovered in the samples makes it difficult to offer 

meaningful interpretations of hunting activities.  Although birds and mammals probably 

played a minor role in the diet of the sambaqui people, they were deposited within 

funerary features (especially graves) and appear to have had symbolic significance, 

especially during the late period.  Also, they were rarely deposited in shell layers, which 

indicates that they were likely hunted specifically for interment events.  Bird and 

mammal offerings may have been cooked, but no clear evidence of this activity has been 

identified.  It is not clear if they were deposited solely as food offerings or if they were 

actually consumed during the banquets.  At least two whole birds recovered from one 

funerary layer indicate that these animals were probably not eaten.  

Recent research of the matrix of the black layer that covers Jabuticabeira II 

demonstrated that materials were burned before being deposited at the site (Nishida 2007; 

Villagrán 2008).  The same behavior seems to be represented by the high frequency of 

burned bones of all taxa present in the funerary samples.  The thermal treatment of feast 

refuse and the large quantity of organic material has darkened the appearance of 

interment areas.   

Fuel for cooking and ritual hearths (especially dead wood and butiá nuts) was 

collected from the surrounding region, along with wood for posts and stakes.  Some posts 
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were probably collected from a larger area, perhaps at higher elevations.  The deceased’s 

body, grave offerings, and refuse from the feast were then deposited at the funerary area.  

Most likely multiple bodies were brought to the site at the same time for interment.  The 

close proximity of the graves, the fact that postholes sometimes surround groups of 

burials, and the evidence that the area was not open for long periods of time seem to 

indicate that groups brought their dead during a limited period of time or a specific 

season.  Offerings included ornaments, lithic and bone tools, and food and animal 

remains.  The graves were covered with remains from the feast, and hearths were lit on 

top or near the graves.  Posts or stakes were positioned surrounding the burial pit or a 

group of burials.  The use of posts and some associated structure could guarantee the 

protection of graves and/or whole areas until the ritual was finalized and the area was 

closed.  Hearths and the post structures would also increase the visibility of mourning 

activities.  The use of aromatic wood that released odor when gently heated would have 

added to the sensory experience of the ritual.  

The choice of fish as the main food item assured that huge quantities of animals 

could be captured, providing a reliable source of protein for the banquets.  Fishing 

cooperatively would have increased the productivity of the activity.  An average of 270 

kg of fish meat per cubic meter was estimated for feasting residues spread across the 

funerary layers.  The spreading of food remains and the inclusion of whole fish on top of 

the funerary ritual area reinforced the connection of the group with the lagoon.   

  The four most common species (whitemouth croaker, catfish, sheepshead, and 

mullet) appear in all sampled funerary layers, although in varying quantities.  Three 
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funerary layers have unusual quantities of fish.  Two of them (Top and F.L. 1.15.1) 

coincide with a later period of the site’s use, which could indicate an increase of the 

importance of fish in the end of the site’s occupation, although it could also suggest 

adoption of more intensive fishing strategies or other changes in social organization or 

mortuary ritual.  Analysis of the components of the funerary areas suggests that groups 

had equal access to the resources and that in some sense they are socially equivalent. 

Eventually, the use of a particular funerary area ceased.  Afterwards, vast 

quantities of shells were deposited on top of the area in multiple episodes.  Groups could 

have separately stored the by-products of the daily consumption of mollusks, along with 

fish and other food remains for some time at habitation sites.  This debris could then be 

brought to Jabuticabeira II at the time of the termination of funerary rites at that place.  

Or, shells could have been gathered exclusively for use as covering material, with the 

dark facies representing refuse from meals held during the episodes of shell deposition.  

The groups responsible for the shell accumulations may have prepared special meals and 

deposited them among the shells.  Another possibility is that the dark facies within the 

shell layers covering the funerary areas are also evidence of feasting episodes.  These 

feasts could represent the end of the mourning period or episodes of memorializing the 

dead.   

The use of shell valves makes the deposits extremely visible, which seems to have 

been intentional.  The monumentality of the mound is no accident, but results from 

massive, repetitive discard episodes.  Gathering of mollusks occurred around the site, 

required minimal transport since Jabuticabeira II was located at the margins of the 
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lagoon.  The use of Anomalocardia shells to build the mound can be explained by their 

ease of collection and some of their properties.  Anomalocardia shells are thick and light 

colored, making them good materials for mounding, since they can add volume and retain 

some of the shape of the structure.  The shells also provide good drainage and reflect 

light, making the mound even more visually distinctive in the landscape.   

Fishing activities that contributed to the shell layers seem to be the same as those 

described for funerary feasts.  Fish size and species composition are very similar in both 

deposits, although edible fish quantities are notably lower in shell layers (an average of 

approximately 110 kg per cubic meter versus 270 kg for the funerary areas).  Very low 

degrees of burning indicate that food refuse in the shell layers was not burned after 

consumption, indicating differences regarding refuse management.  As described above, 

different areas of Jabuticabeira II were used by distinct affinity groups for their mortuary 

practices, and repetition of these funerary rituals increased the size of the mound, 

vertically and horizontally.  Around 1800 BP, they stopped using shell valves as the 

primary raw materials for mounding.  From that point on, the site’s expansion primarily 

consisted of soil and fish bones, which led to the formation of a soil-dominant matrix at 

the end of the occupation.  However, the change in mounding materials does not appear 

to have been accompanied by changes in the other activities related to the funerary 

rituals. 

Isotopic analysis of human remains from different areas (Loci 1, 2, 3, and 6) 

demonstrates that people had a marine-based diet during the entire occupation.  Carbon 

and nitrogen isotope values show continuity in the reliance upon mid- to high trophic 
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level fish as staples.  It seems that the lack of shells in the later deposits is solely related 

to a change in construction methods (Nishida 2007), although it could also be related to 

the contraction of the lagoon, which would have made the transportation of large 

quantities of shell valves to the site cumbersome. 

It is possible to envision Jabuticabeira II as a monumental site that emitted strong 

messages to the populations that inhabited the margins of the paleolagoon.  The recurring 

funerary activities that took place within the site and the site itself served to demonstrate 

the sambaqui people’s ties to the environment and their ancestors.  The exact message 

conveyed by Jabuticabeira II was lost with the passage of time.  In the recent past, the 

biblical diluvium was seen as the cause of the mound’s formation and the site was used 

for shell mining for decades.  But now, the traditional communities that inhabit the 

surroundings can recognize the sambaquis as representing earlier successful and 

sustainable use of the area.   

 

FUTURE RESEARCH DIRECTIONS 

 

This research was a first attempt at a new sampling strategy.  Although the results 

are somewhat preliminary and indicate the need for further sampling at Jabuticabeira II, 

new samples from funerary areas in other loci and especially from the base of the mound 

will help assess unanswered questions, and will probably pose a new ones.  The team 

should rethink field strategies to be able to associate offerings that are on the surface of 

the funerary area and not just within burial pits with particular individuals.  The use of 
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profile samples does not allow good control over sample associations with possible 

features that are not visible in the profiles, so further sampling from horizontal excavation 

areas will help verify if patterns reported here reoccur.  Offsite trenching in the 

immediate surroundings of the sambaqui might locate areas where feasts were prepared, 

cooked, and subsequently burned. 

The sample of faunal assemblages from the early period must be increased 

substantially to confirm possible trends in the use of taxa other than fish and mollusks.  

Also, sampling should be increased in order to better characterize the shell layers, with 

the inclusion of a separate and intensive sampling of the dark facies.  The definition of an 

optimal sample size for faunal analysis of Jabuticabeira II is a necessary step for the 

project, and Paula Nishida and I have already collected samples of a variety of sizes for 

experimentation regarding sample size.   

The sampling of socially meaningful units will hopefully inspire other 

researchers.  At this point, I cannot compare the research results with data from other 

sambaquis, but increased use of a similar sampling strategy will help archaeologists 

create a body of comparative data.  Replication of the sampling strategy and 

multidisciplinary analyses such as those proposed by the Sambaquis e Paisagem project 

could help define the cultural principles that organized affinity groups.  Also, further 

research could shed light on the social organization of sambaqui populations.  

This research demonstrates the importance of faunal studies and how animal 

remains can help archaeologists examine social organization, ritual, and other areas 

usually underrepresented in zooarchaeological studies.  At this point, I cannot verify 
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repetition of trends in other sites, but assemblages from prior research can be reanalyzed 

to allow comparisons. The use of shell valves and otoliths for seasonality studies should 

be increased in sambaqui research in Brazil.  Otolith use for microchronology should be 

considered if the croaker and catfish otoliths prove to be sufficiently sensitive to capture 

seasonal temperature changes.  Isotopic analysis of shell valves should be expanded in 

order to create a better picture of regional trends. 

This research puts to rest the thought that faunal assemblages from sambaquis 

only offer information regarding subsistence and diet.  Hopefully, it will encourage the 

advancement and expansion of research on the ritual use of faunal remains.  A refinement 

of the characteristics that identify ritual fauna in archaeological sites would generate new 

avenues for study.  The differentiation between feasting refuse and food offerings also 

needs refinement and data collection in the field has a pivotal role to play in 

accomplishing that goal.  Food offerings were a common accompaniment deposited with 

the dead in the past and are still part of many celebrations for the dead in contemporary 

societies, marking differences in status and identity, among other social distinctions. 
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APPENDIX A. LIST OF JABUTICABEIRA II DATES 
 
Table A.1. Radiocarbon Dates from the Site.  

Lab ID Material 14C Yrs BP δ13C Location References 
Az 10243 Shell 2365±45  Profile 1.25, burial 12.  DeBlasis et al. 1999 
Az 10244 Shell 2490±35 - 0.1 paired with Az9893 DeBlasis et al. 1999 
Az 10245 Shell 2370±35 - 0.5 paired with Az9890 DeBlasis et al. 1999 
Az 10246 Shell 2335±35 - 0.8 paired with Az9899 DeBlasis et al. 1999 
Az 10247 Shell 2795±35 - 0.2 paired with Az9882 DeBlasis et al. 1999 
Az 10631 Shell 2855±105 - 0.1 Locus 5, Trench 13, layer 8 DeBlasis et al. 1999 
Az 10632 Charcoal 2310±70 - 27.2 Locus 5, Trench 13, layer 7 DeBlasis et al. 1999 
Az 10633 Shell 2890±55 - 0.2 Locus 5, Trench 13, layer 7 DeBlasis et al. 1999 
Az 10634 Charcoal 228080± - 27.3 Trench 18, layer 10 DeBlasis et al. 1999 
Az 10635 Charcoal 2180±105 - 27.9 Locus 1, Trench 17, layer 2, F. 1.05.3 DeBlasis et al. 1999 
Az 10636 Charcoal 2655±105 - 27.2 Locus 1, Trench 17, layer 5 DeBlasis et al. 1999 
Az 10637 Charcoal 2165±75 - 26.5 Profile 1.10, Trench 19, stratum 11, FS 304 DeBlasis et al. 1999 
Az 9880 Charcoal 2880±75 - 26.9 Trench 1. Basal layer DeBlasis et al. 1999 
Az 9881 Charcoal 2075±65 - 26.4 Trench 4. Basal layer DeBlasis et al. 1999 
Az 9882 Charcoal 2470±55 - 26.5 Trench 5. Basal layer, paired Az10247 DeBlasis et al. 1999 
Az 9883 Charcoal 2240±170 - 27.2 Trench 8. Basal layer DeBlasis et al. 1999 
Az 9884 Charcoal 1805±65 - 25.7 Trench 11. DeBlasis et al. 1999 
Az 9885a Charcoal 1850±40 - 24.4 Trench 10. DeBlasis et al. 1999 
Az 9889 Charcoal 2345±105 - 26.6 Locus 2. Near profile’s base DeBlasis et al. 1999 

Az 9890 Charcoal 2285±45 - 29.4 Profile 2.15, above layer 10, near burials - paired 
Az10245 DeBlasis et al. 1999 

Az 9891 Charcoal 2295±90 - 27.7 Locus 2, layer 31 DeBlasis et al. 1999 
Az 9892 Charcoal 1895±185 - 27.7 F.L. 1.15.6 DeBlasis et al. 1999 
Az 9893 Charcoal 2210±60 - 27.2 Profile 1.35, layer 36, paired Az10244 DeBlasis et al. 1999 
Az 9894 Charcoal 2500±155 - 27.1 Locus 1, layer 7, burial 3 DeBlasis et al. 1999 

Az 9895 Charcoal 2170±95 - 22.5 Profile 1.35, contact with layer 44 and base (end of 
profile) 

DeBlasis et al. 1999 

Az 9896 Charcoal 2170±45 - 26.5 Locus 1, burial 12 DeBlasis et al. 1999 
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Lab ID Material 14C Yrs BP δ13C Location References 
Az 9897 Charcoal 2060±85 - 27.2 Profile 1.45, layer 36 DeBlasis et al. 1999 
Az 9898 Charcoal 2270±75 - 27.1 Locus 2.60 DeBlasis et al. 1999 
Az 9899 Charcoal 2115±65 - 27.7 Locus 2, paired Az10246 DeBlasis et al. 1999 
Az 9900 Charcoal 1975±95 - 26.6 Profile 1.10, layer 3 DeBlasis et al. 1999 

Beta 
188381 

Human 
bones 2340±50 - 11.4 F.L. 2.15.13, burial 26 DeBlasis et al. 2004 

Beta 
188382 

Human 
bones 2320±50 - 10.9 F.L 2.15.13, burial 38 DeBlasis et al. 2004 

Beta 
195239 Shell 2070±60 - 0.9 Trench l1/l2, profile east, layer 2 DeBlasis et al. 2004 

Beta 
195240 Charcoal 2020±40 - 26.1 Trench l1/l2, profile east, layer 16 DeBlasis et al. 2004 

Beta 
195249 Charcoal 1970±40 - 27.2 Trench l1/l2, profile east, layer 4 DeBlasis et al. 2004 

Beta 
195250 Charcoal 1950±70 - 28.2 Trench l1/l2, profile east, layer 14 DeBlasis et al. 2004 

Beta 
234201 

Human 
bones 1400±40 -11.7 Locus 3, burial 131 DeBlasis et al. 2004 

Beta 
228506 Charcoal 1540±50 -25.9 Locus 3, T11 between two mounds Nishida 2007 

Beta 
228507 Charcoal 1910±60 -25.9 Locus 3, bottom of T11 (lens between concretion 

and black layer) Nishida 2007 
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APPENDIX B: SUPPLEMENTARY TABLES FOR CHAPTERS 7 AND 8 

 

Table B.1. Bird and Mammals Degree of Burning. 
 Birds Mammals 

Degree of burning Quantity % Quantity %     
Calcined 11 4.09 11 0.80 

Carbonized 8 2.97 34 2.47 
Burned 68 25.28 353 25.60 

No alteration 182 67.66 981 71.14 
 

 
Table B.2. Data of Funerary Features and Shell layers, Standardized per Liter. 

Funerary 
features  

Shell 
weight 

(g) 

Shell 
MNI 

 

Fish 
weight 

(g) 

Fish 
NISP 

Fish 
MNI

 

Edible  
shell  
(g) 

Edible 
fish 
(g) 

Fish MNI  
per m3 

Edible fish 
per m3  

(g) 

Ratio 
weight 

shell:fish 

Ratio 
edible 

shell:fish 
LOCUS 1            
Top (1) 1.66 1 12.77 107 2 0 255 2000 255400 1:6 1:255 
Top (2) 3.75 0 15.55 145 4 1 311 4000 311000 1:4 1:311 
Top (3) 17.75 7 42.04 210 15 5 841 15000 840800 1:2 1:168 
B pit 103 10.18 2 10.4 113 5 3 208 5000 208000 1:1 1:69 
             
L 2 72.67 ---- 6.82 156 5 22 136 5000 136335 11:1 1:6 
L 2 (1.25) 195.46 ---- 10.47 201 4 59 209 4000 209400 19:1 1:4 
1.15.1 (1) 3.75 0.75 34.77 538 7 1 695 7000 695400 1:9 1:695 
1.15.1 (2) 16.13 1 24.57 317 6 5 491 6000 491400 1:1.5 1:98 
1.15.1 (M) 39.73 ---- 26.50 646 9 12 530 9000 530041 1.5:1 1:44 
Ph (M) 22.091 ---- 63.35 343 7 7 1267 7000 1267033 1:3 1:181 
B pit 56.42 4 8.44 99 4 17 169 4000 168800 7:1 1:10 
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Funerary 
features  

Shell 
weight 

(g) 

Shell 
MNI 

 

Fish 
weight 

(g) 

Fish 
NISP 

Fish 
MNI

 

Edible  
shell  
(g) 

Edible 
fish 
(g) 

Fish MNI  
per m3 

Edible fish 
per m3  

(g) 

Ratio 
weight 

shell:fish 

Ratio 
edible 

shell:fish 
Hearth 16.25 5 16.95 152 14 5 339 14000 339000 1:1 1:68 
L 3 225.22 ---- 7.22 226 1 68 144 1000 144472 32:1 1:2 
L 3 (1.25) 353.83 ---- 4.95 36 1 106 99 1000 99000 71:1 1:1 
1.15.5 (1) 72.88 9 9.44 73 4 22 189 4000 188800 7:1 1:8 
1.15.5 (2) 13.88 2 8.21 46 2 4 164 2000 164200 2:1 1:41 
1.15.5 (3) 45.11 16 15.77 218 8 14 315 8000 315400 3:1 1:22 
B pit 79.24 14 20.41 129 7 24 408 7000 408200 4:1 1:17 
             
1.15.6 (1) 47.38 4 5.42 82 4 14 108 4000 108400 9:1 1:8 
1.15.6 (2) 28.03 7 3.74 34 2 8 75 2000 74800 7:1 1:9 
1.15.6 (3) 22.89 6 14.903 129 4 7 298 4000 298000 2:1 1:38 
Hearth  12.74 2 9.91 140 7 4 198 7000 198200 1.3:1 1:49 
H. 1.15.8 3.79 1 5.90 62 5 1 118 5000 117985 1:1.5 1:118 
B pit 75 30 7.29 66 5 23 146 5000 145800 11:1 1:6 
L 5 181.02 ----- 8.66 103 3 54 173 3000 173287 20:1 1:3 
             
L 8 231.66 ---- 5.70 75 3 69 114 3000 113924 39:1 1:2 
1.15.9 (1) 45 5 2.57 30 2 14 51 2000 51400 15:1 1:4 
1.15.9 (2) 62.88 15 11.17 84 8 19 224 8000 223400 6:1 1:12 
B.pit 181.27 51 8.92 105 10 54 178 10000 178400 20:1 1:3 
             
T19 -L11a 188.87 ------- 7.80 112 3 57 156 3000 156078 24:1 1:3 
T19 -L11 156.86 ------- 4.74 70 1 47 95 1000 94714 31:1 1:2 
T19 -L11b 313.28 ------- 0.13 1 0 94 3 0 2534.6 313:1 31:1 
LOCUS 2            
2.15.13 17.50 5 26.45 279 9 5 529 9000 529000 1:1.5 1:106 
Hearth 1 3.83 1 19.97 219 8 1 399 8000 399333 1:5 1:399 
Hearth 2 12.79 2 30.00 316 8 4 600 8000 600000 1:4 1:243 
Hearth 90(M) 84.95 --- 1.66 ----- 3 25 33 3000 33200 42:1 1:1.3 
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Funerary 
features  

Shell 
weight 

(g) 

Shell 
MNI 

 

Fish 
weight 

(g) 

Fish 
NISP 

Fish 
MNI

 

Edible  
shell  
(g) 

Edible 
fish 
(g) 

Fish MNI  
per m3 

Edible fish 
per m3  

(g) 

Ratio 
weight 

shell:fish 

Ratio 
edible 

shell:fish 
L 29 210.95 ------- 1.57 32 1 63 31 1000 31349 105:1 2:1 
2.25.11 (1) 71.5 17 5.4 65 2 21 108 2000 108000 14:1 1:5 
2.25.11 (2) 139.13 26 3.27 34 2 42 65 2000 65425 46:1 1:1.5 
2.25.11 (3) 113.57 26 4.71 139 4 34 94 4000 94200 14:1 1:4 
L 26 417.98 ------- 2.49 28 1 125 50 1000 49758.2 209:1 2.5:1 
2.20.4 142.25 31 5.67 49 4 43 113 4000 113400 24:1 1:3 
B pit 120 194.38 60 1.27 13 1 58 25 1000 25375 194:1 2:1 
L 23 293.51 ----- 7.84 141 7 88 157 7000 156878 37:1 1:2 
             
2.30.8 (1) 93.63 25 10.87 105 11 28 217 11000 217400 9:1 1:8 
2.30.8 (2) 151.84 53 7.09 72 8 46 142 8000 141800 22:1 1:3 
2.30.8 (3) 88.13 21 11.43 172 6 26 229 6000 228600 8:1 1:9 
2.30.8 (4) 198 70 4.00 32 4 59 80 4000 80000 49:1 1:1.3 
2.30.8 (5)  40 8.32 112 5 0 167 5000 166400   
2.30.8 (6) 87.95 15 19.14 155 16 26 383 16000 382800 4:1 1:15 
H 2.10.7 21.59 12 0.66 18 3 6 13 3000 13200 21:1 1:2 
H. B pit 16 34.82 12 5.26 39 4 10 105 4000 105200 7:1 1:10 
B pit 205.65 86 17.25 222 10 62 345 10000 345000 20:1 1:4 
              
L 21 583.04 ------ 4.20 47 1 175 84 1000 83908.6 146:1 2:1 
2.25.4 (1) 146 32 10 155 7 44 200 7000 200000 15:1 1:4 
2.25.4 (2) 302.09 70 10 117 8 91 200 8000 200000 30:1 1:2 
2.25.4 (3) 297 88 9.88 101 7 89 198 7000 197600 30:1 1:2 
2.25.4 (4) 313.75 119 8.21 58 7 94 164 7000 164200 39:1 1:2 
Hearth 45.00 15 25 64.50 12 14 500 12000 500000 2:1 1:36 
              
2.10.2 (1) 132.9 38 1.21 64 4 40 24 4000 24200 133:1 2:1 
2.10.2 (2) 59.72 16 8.02 97 4 18 161 4000 160400 7.5:1 1:9 
Hearth 29.25 3 8.04 59 7 9 161 7000 160800 4:1 1:18 
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Table B.3. NISP Numbers of Individual Samples from Funerary Areas (Raw Values). 

NISP Sample 
number 

Number 
of taxa C
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 d
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R
ay

 

B
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Total 

1 159 3 1 0 0 0 0 0 0 4 1 0 3 0 171 
2 184 5 1 4 0 2 0 3 1 10 5 0 1 0 216 Top 
3 

12 
123 47 1 7 0 7 3 0 0 136 161 0 0 3 488 

1 259 54 0 4 0 13 4 0 0 38 7 3 1 0 383 1.15.1 2 10 67 34 0 2 0 11 0 2 0 44 21 0 2 0 183 
1 40 5 0 2 0 2 0 1 0 28 18 0 3 0 99 
2 21 0 0 0 0 0 0 0 0 5 4 1 0 0 31 1.15.5 
3 

11 
208 14 1 3 0 4 2 3 0 54 49 0 4 0 342 

1 93 15 0 1 0 10 0 0 0 21 5 1 2 0 148 
2 43 5 0 0 0 0 0 0 0 9 2 0 0 0 59 1.15.6 
3 

9 
61 5 0 0 0 9 0 3 0 14 10 0 4 0 106 

1 36 7 0 0 0 2 0 0 0 9 3 0 0 0 57 1.15.9 2 9 160 9 0 1 0 2 0 3 0 44 11 1 1 0 232 
2.15.13 1 10 342 28 1 3 1 8 0 6 1 68 20 0 0 0 478 

1 55 1 0 0 0 2 1 0 0 7 1 0 4 0 71 
2 25 1 1 0 0 0 0 0 0 2 4 0 1 0 34 2.25.11 
3 

9 
72 3 1 1 0 1 0 0 0 27 14 0 1 0 120 

2.20.4 1 8 49 8 1 0 0 1 0 0 0 40 1 16 5 0 121 
1 111 10 0 1 0 0 1 2 0 98 9 0 4 0 236 
2 86 5 0 0 0 2 0 2 0 90 7 1 1 0 194 
3 126 32 0 0 0 5 1 3 0 47 5 4 13 0 236 
4 36 0 1 0 0 2 1 1 0 26 6 0 0 0 73 
5 89 6 1 1 0 3 0 5 0 26 10 4 2 0 147 

2.30.8 

6 

11 

171 26 3 2 0 11 4 4 0 138 29 0 29 0 417 
2.25.4 1 12 158 12 1 0 1 14 2 0 0 54 5 17 4 0 268 
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NISP Sample 
number 

Number 
of taxa C
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Total 

2 119 2 0 0 0 5 0 8 0 48 5 3 2 0 192 
3 184 5 0 2 0 4 0 5 0 57 5 4 4 0 270 

 

4 

 

140 8 0 0 0 2 1 6 0 32 7 1 1 0 198 
1 52 3 0 0 0 0 0 3 0 28 3 0 2 0 91 2.10.2 2 8 102 5 0 1 0 2 0 1 0 34 0 0 2 0 147 

Total    3371 358 14 35 2 124 20 61 2 1238 428 56 96 3 55808 
 
 
 
 
Table B.4. Trophic Levels of Fish Species from Jabuticabeira II. 
Trophic levels Fish species 
4.2 – 4.5 Ray, shark, snook, bluefish, leatherjack 
4.1 Acoupa weakfish 
4 Weakfish, Atlantic spadefish, 
3.9 Black drum 
3.8 Shorthead drum 
3.5-3.6 Catfish, sheepshead, haemulon, smooth puffer 
3.3 Whitemouth croaker 
3 Ground croaker 
2.5 Mullet 
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Table B.5. Fish NISP of Burial Pits (Values per Species are not Standardized).  
1 Standardized by Volume of 8 liters. 

Burial pits 1.15.1 1.15.5 1.15.6 1.15.9 B 103 B.shell B. 120 2.30.8 B. 28 B.115 B.121 Pit C Total
Catfish 132 52 78 36 142 84 40 203 55 724 648 181 2375

Sheepshead 3 26 8 5 11 8  24 2 23 33 11 154 
Atlantic spadefish           1  1 

Haemulidae  1 1 1 3 1  3 2 7 1 5 25 
Smooth puffer     1      1  2 

Mullet 3 4 1 4  2 1 8  12 21 6 62 
Leatherjack  1    1  2 2  3  9 
Weakfish  2 2 1 1  2 5 5 1 1  20 

Whitemouth croaker 18 63 26 10 41 28 12 90 15 62 28 13 406 
Black drum 5 48 3 7 8 19  6 4 22 10 15 147 

Indeterminate elasmobranchs 1  1  1 1 1 4 1 4 2  16 
Ray 1  12 1 4 1 3 5   3  30 

Shark   1        1  2 
TOTAL1 163 197 133 195 212 145 29.5 350 86 61 125.5 231  
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Table B.6. Fish NISP of Hearths (Values per Species not Standardized) 
1 Standardized by Volume of 8 liters. 

Hearths 1.15.3 1.15.6 1.15.8 2.15.13-12.15.13-2 2.10.7 2.30.8 2.20.5 2.10.2 B.115 B.114 Total 
Catfish 34 186 43 333 65 7 22 54 30 235 188 1197 

Sheepshead 8 15 6 15 13 1   1 5 9 73 
Haemulidae    2 2     3  7 

Mullet 2 3 4 8 17  2 2  1 2 41 
Leatherjack     1 1

1 1

        
Weakfish 4 4 3 3 1    1  1 17 

Whitemouth 
croaker 67 33 22 60 28 3 17 54 35 26 16 361 

Black drum 12 12 5 83 14 2  3 1 19 8 159 
Indeterminate 
elasmobranchs 1 3  12 2 1  3  1  23 

Rays 1 29      1  1 1 33 
Sharks  1        1  2 
Snook             

TOTAL1 258 286 110.67 516 190.67 42 82 234 136 146.5 112.5  
 
Table B.7. NISP of Bird and Mammal Distribution.  

 Birds Mammals 
Locus Funerary 

layer 
Burial 
pit 

Hearth Shell  
layer 

Funerary 
layer 

Burial 
pit 

Hearth Shell 
layer 

1 15 67 24 6 73 241 16 1 
2 61 26 2 4 62 85 6 19 
3  2   1    
5     1    
6 13 17 32  36 763 75  
Total 89 112 58 10 173 1089 97 20 
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Table B.8. Bird Elements from Profile Samples. 
Elements Quantity 
Acetabulum 1 
Carpometacarpus 1 
Cranial 1 
Coracoid 2 
Diaphysis  126 
Digit 10 
Phalanx 3 
Femur 3 
Radio 2 
Synsacrum 2 
Terminal phalanx 1 
Tibiotarsus 8 
Tarsometatarsus 5 
Ulna 3 
Humerus 2 
Vertebrae 24 
Unidentified 67 
 
 
Table B.9. Total Fish NISP Values per Specimen. 

Anatomical unit NISP 
Vertebrae 21757 
Vomer 78 
Basiocciptal 742 
Paraesphenoid 1 
Premaxilla 459 
Upper pharyngeal (pdp) 27 
Lower pharyngeal (pdf) 506 
Otolith 9254 
Terminal vertebrae 38 
Supraocciptal 148 
Ray 4497 
Pectoral spine/ray 1404 
Dorsal spine/ray 510 
Maxilla 213 
Spines 712 
Dorsal plaque 456 
Scale 1629 
Dermethmoid 2 
Quadrate 567 
Scapula 210 
Pterygiaphore 799 
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Anatomical unit NISP 
Frontal plaque 3283 
Ptm 298 
Dentary 615 
Preoperculum 9 
Operculum 557 
Basipyterigium 94 
Hyomandibular 140 
Articular 367 
Hypural 518 
Spine (ray) 12 
Tooth 1326 
Cleithrum 910 
Atlas 245 
Apofise 16 
Palatine 324 
Rib 3078 
Unidentified cranial 8118 
Unidentified 22325 

 
Table B.10. Cranial and Postcranial Fish NISP.  
Fish species Cranial NISP Postcranial NISP 
Catfish 9401 4092 
Whitemouth croaker 4534 3 
Sheepshead 843 2 
Mullet 59 322 
Snook 6 1 
Atlantic spadefish 15 13 
Haemulon 89  
Bluefish 6  
Shark 11  
Smooth Puffer 18 2 
Leatherjack 67  
Ray 331 12 
Indet. elasm.  137 
Weakfish 223 1 
Acoupa Weakfish  4  
Smooth Weakfish 1  
Black drum 1338 1 
Shorthead drum 1  
Ground croaker 1  
Unidentified 10406 54312 
TOTAL 27354 58898 
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Table B.11. Fish Remains Burning Degrees (Does not Include Otoliths). 
 Cranial Postcranial 
Calcined 528 1878 
Carbonized 1389 3398 
Burned 9712 33219 
No alteration 6467 20403 
 
Table B.12. Carbon and Nitrogen Values from Individuals from Jabuticabeira II. 

Individual δ 13C δ15N Lab ID 
B 121, male, adult, Locus 6 -10.6 20.9 CR114538 
B 37, male, old adult, F.L. 2.15.13 -10.9 18.9 CR114539 
B 115, male, old adult, Locus 6 -11.9 21.5 CR114540 
B 131, Locus 3 -11.7 15.1 BETA 234201 
B 26, Indet, child, F.L.2.15.13 -11.4 22.9 BETA 188381 
B 38, Indet, child, F.L. 2.15.13 -10.9 20.3 BETA 188382 
B 2a, Locus 6 -11.9 17.9 AA77105 
B 114, Locus 6 -11.6 18.5 AA77106 
B 41, male, adult  -10.19 17.85 S-EVA 4171 
B 10b, female, mid adult, profile 1.25 -10.01 17.71 S-EVA 4172 
B 15, male, mid adult, profile 1.05 -11.17 16.39 S-EVA 4173 
B 17, male, mid adult, profile 1.05 -10.95 16.99 S-EVA 4174 
B 43, male, mid adult, profile 1.77 -10.02 17.47 S-EVA 4176 
B 34, female, young adult, F.L. 
2.15.13 -10.41 17.77 S-EVA 4177 

B 36, male, young adult, F.L. 2.15.13 -10.54 17.58 S-EVA 4178 
B 40, female, adult, F.L. 2.15.13 -11.01 17.22 S-EVA 4179 
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Table B.13. Mean Nitrogen Isotope Values from Coastal Sites. 

Location 15N N References 
Mesolithic Portugal 12.15±1.7 11 Lubell et al. 1994 
Newfoundland 19.72±1.17 30 Jelsma 2000 
Southern California 14.93±1.34 7 Walker and DeNiro 1986 
Ushuaia 18.8 1 Yesner et al. 2003 
Florianópolis 15.84±1.67 18 De Masi 1999 

Jabuticabeira II 18.43±2.02 16 Klokler 2008, Eggers (personal 
communication, 2008) 

Santa Catarina 15.95± 19 De Masi 1999, Klokler 2008 
 
 
Table B.14. Carbon and Nitrogen Values from Aquatic Resources.  

Animal δ13C δ15N References 
Anomalocardia (Anom) -20.23 5.66 De Masi1999 
Bluefish (Posa) -11.39 13.32  De Masi 1999 
Catfish (Netuma) -18.26 10.91  Garcia et al. 2007 
Mullet (Mubr) -10.37 10.44  De Masi1999 
Mullet (Mupl)  -19.35 8.15 Garcia et al 2007  
Sea lion -10.95 16.03  De Masi1999 
Shark -9.82 15.96  De Masi 1999 
Penguim -11.22 14.4  De Masi1999 
Whitemouth croaker (Microp) -15.28 9.60  Garcia et al. 2007 
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Figure B.1. Frequency of catfish weight (g) from shell layers (n=17).  
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Figure B.2. Frequency of whitemouth croaker weight (g) from shell layers (n=23). 
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Figure B.3. Frequency of catfish weight (g) from funerary areas (n=79). 
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Figure B.4. Frequency of whitemouth croaker weight (g) from funerary areas (n=88). 
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APPENDIX C: BRIEF DESCRIPTION OF LAYERS AND FEATURES ANALYZED1

 

Layers 

Locus 1 - Layer 1  

 Black organic matrix with sand, roots, and increasingly abundant fish bone 

toward base.  Infrequent crushed shell, mostly Anomalocardia. 

Layer 2 

 Dark gray, fine-grained sand, homogeneously mixed with much crushed Anomalocardia.  

Few whole and unopened specimens. 

Layer 3  

Massive crushed shell with frequent whole shell, some Anomalocardia shell valves are 

closed, mussel, and some lucina.  Some thin dark layers where temporary surfaces 

formed during accumulation are interspersed and maintain the same slope. 

Layer 5  

 Crushed shell with pockets of more intact shell.  Thin, dark lenses slope downward to the 

east. 

Layer 8 

 Beds of crushed mussel and Anomalocardia. 

Locus 2 - Layer 29  

White-brown sandy matrix with a mix of crushed and whole Anomalocardia, crushed 

mussels (few whole valves), patches of fish bone, and flecks of charcoal. 

                                                 
1 All layers and features are organized by stratigraphic and chronological order by locus. 
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Layer 26  

Light brown, loosely compacted sand matrix with crushed mussel and Anomalocardia, 

some whole Anomalocardia, infrequent Thais haemastoma, few whole Lucina pectinata, 

charcoal flecks. 

Layer 23  

Grey sand matrix, loosely compacted.  Composed mostly of whole Anomalocardia, some 

crushed mussel, and little sparse fish bone. 

Layer 21 

 Grey sand matrix, loosely compacted. Abundant whole Anomalocardia, and great 

quantities of fish bone. 

Layer 20  

Brown sand matrix with abundant crushed shell (Anomalocardia and mussel) with 

patches of very crushed fish bone. 

 

Funerary layers 

Locus 1 - Top 

This black, sandy matrix forms the uppermost stratum of the Locus 1 profile. Its 

general characteristics, location, and thickness indicate that this layer could be a portion 

of the same massive black layer that covers the shell-dominant part of the shell mound at 

loci 3, 5, and 6.  The three samples analyzed from this stratum vary considerably.  Two 

have less than 20 grams of fish bone, while the third has 43 grams.  Similarly, shell 

valves contribute between 2 and 18 grams.  MNI of Anomalocardia equals 7, while fish 
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reaches a total of 15.  Atlantic spadefish was identified in all samples.  Other taxa include 

birds, armadillo, an unidentified mammal, and crabs. 

1.15.1  

The field description of this feature highlights its slanting characteristic.  This 

layer has very dark coloration that differentiates the surface from the shell layers above 

and below.  Very few shell valves are distinct in the profile, while fish bones seem to be 

the most common materials.  It is important to note that the description highlights the 

horizontal arrangement of materials that appear to have been trampled.  The length of the 

layer is approximately 5.1 m, with a thickness of 0.2 m. 

Two samples of eight liters were collected from this feature (Figure 6.2).  I also 

include two previously analyzed samples (Klokler 2001).  They were collected from the 

feature and from a posthole originating from the same surface (Figure 5.3).  Samples 

from the funerary area and posthole have between 25 and 64 grams of fish bones per liter, 

while shell valves contribute between 4 and 40 grams (Table B.2).  The sample with the 

highest amount of fish was the posthole, while the sample collected for my previous 

investigation yielded the most shells.  The maximum MNI for Anomalocardia was 1, 

while fish was 9.  Fish NISP reached 646.  Unidentified mammal bones, armadillo, and 

rodents were also recovered.   

1.15.5  

The shortest funerary layer in length (2.7 m) and with average thickness (0.1 m), 

this dark colored funerary layer includes numerous patches of fish bone, ash, and clay.  

Three samples were collected from the feature.  Shell valve weights varied between 14 
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and 73 grams, while fish bones comprised 8 to 16 grams.  Maximum NISP for fish 

reaches 218, MNI for fish is 8, while Anomalocardia is 9.   One of the surface samples 

yielded only four fish (MNI) due to difficulty in identification.  A single pecari tooth was 

identified.   

1.15.6  

Three samples were collected from this funerary area, which is 15.3 m in length 

and 0.15 m in average thickness.  It is a thin, black, mounded surface that contains 

fragmented shell valves and patches of fish bone specially around postholes.  Samples 

varied between 23 and 48 grams of shell, and 4 to 15 grams of fish bone.  Maximum MNI 

for Anomalocardia is 6, while at least four fish are represented.  These samples are 

unique because of the similar frequencies of catfish and whitemouth croaker.  The 

presence of bird and mammal bones was noted in one sample. 

1.15.9  

Only two samples from 1.15.9 were analyzed.  This is a black, sandy layer with 

fragmented Anomalocardia and charcoal fragments.  The surface has several postholes.  

Although the original field description referred to a separation of the layer, it is actually a 

point in which another distinct funerary surface originates.  Shell weights of the samples 

are 45 and 63 grams, while fish bones contribute 3 and 11 g.  These are the lowest values 

of fish among all the samples from the Locus 1 profile.  No bird bones were recovered, 

and mammals were represented in only one of the samples. 

Locus 2- 2.15.13 
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Funerary layer 2.15.13 has been extensively excavated and extends approximately 

16.4 m in profile, with an average thickness of 0.1 m.  It was the first funerary area at 

Jabuticabeira II to be selected for horizontal excavation.  It consists of a dark, sandy 

matrix with abundant burned and crushed animal bone.  Unfortunately, only one sample 

was available for analysis.  Shell valves from the sample weigh 18 grams (with a total 

MNI of 5), and fish bones weigh 27 grams (MNI=9).  Bird and rodent bones, as well as 

crab, are also present in the funerary area sample. 

2.25.11  

This layer extends 27.2 m, the longest among the layers sampled. But it is also 

very thin; its average thickness is 5 cm.  Three samples were collected from this feature.  

The surface is brownish and sandy, with crushed mussel and some whole Anomalocardia.  

Shell weight varies between 71 and 139 grams, while fish bones from the samples range 

from 3 to 5 grams. Maximum MNI of Anomalocardia is 26 and 4 for fish.  There are also 

some bird bones, along with one unidentified mammal (but no rodents). 

2.20.4  

A single sample was collected from this funerary area.  It was collected in close 

proximity to Burial 120, located in the underlying shell layer (Layer 23).  This feature 

contains whole and fragmented Anomalocardia shells and many postholes. Its thickness 

varies between 10 and 15 cm.  There is a higher abundance of catfish bones in 

comparison to other samples (by more than 60%).  Crabs are the only other taxa 

represented besides fish. 

2.30.8   
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Six samples were recovered from funerary layer 2.30.8.  This dark (almost black), 

sandy surface has charcoal fragments and Anomalocardia, along with patches of fish 

bone along its 25.3 m length; its average thickness is 5 cm.  Shells contribute between 88 

to 198 grams, while fish bones range between 4 and 19 grams. The higher MNI value of 

samples for Anomalocardia is 70, and fish is 16.  Other taxa recovered include birds, 

rodents, unidentified mammals, and crabs. 

2.25.4  

Four samples were collected from surface 2.25.4.  It is a very compacted and dark 

sandy layer with fragmented shell valves and fish bones.  Its profile length reaches 13 m, 

with varying thickness between 10 and 15 cm.  Shell weight ranges between 146 and 314 

grams (with a total MNI of 119), while fish bones weigh between 8 and 10 grams, 

reaching a maximum MNI of 8.  One sample is unique in comparison with the other 

three, yielding more shell than any other samples from the other funerary layers (300g).  

Rays and rodents appear in all samples from this funerary area, along with birds, 

unidentified mammals, and crabs. 

2.10.2  

Feature 2.10.2 is located close to the current base of the site, near the middle of 

the site.  Its visible extension in the profile reaches 15.7 m, with an average thickness of 

0.15 m.  A band of dark, sandy matrix with whole Anomalocardia and crushed mussels 

characterizes this layer.  I collected and analyzed two samples from this surface.  Burnt 

fish bone appears in patches.  Shell valves weigh between 60 and 133 (with a total MNI 
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of 38), while fish bones weigh between 1 and 8 grams (MNI=4).  All of the samples have 

rodents. 

Locus 6 

This Locus represents the area in which the massive, overlying black soil layer is 

at its deepest (approximately 4 meters).  It is characterized by alternating layers of 

charcoal with great quantities of fragmented fish material that sometimes forms orange 

patches (due to the color of the bones).  The soil is sandy, with pockets of ash and much 

burned material (bones and seeds).  The sample from Quadrant B7 has low NISP (n=60) 

and MNI (n=1).  Catfish, whitemouth croaker, and mullet are the most common fish 

found in the layer.  Bird, mammal, and reptile bones are also found. 

Burial pits 

Locus 1 - Top (Burial 103)  

Weights of shell valves and fish bones are equivalent (while the funerary layer 

shell always occurs in lower amounts).  Atlantic spadefish appears in funerary layer 

samples, but not in the burial pit.  Rodents and crabs are also present. 

Burial in shell layer (Locus 1.80)  

Shells from this sample weigh 130 g, and there are 13 grams of fish bone.  Rodent 

bones and crab elements are present.  

1.15.1 

The contents of this burial pit differ greatly from the samples from the associated 

funerary layer.  The weight of shell valves is very high (57 grams), and the weight of fish 
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bone is very low (9 g).  Fish NISP counts (99) are three times lower than the funerary 

surface samples.  Bird bones are present. 

1.15.5 

This burial pit has higher amounts of fish and shell than the associated funerary 

layers and no other identifiable animal taxa.  Fish species are the same as are found in 

samples from the rest of the surface.   

1.15.6  

This grave contains a higher amount of shell valves than samples from the 

associated funerary layer and hearths.  Fish bone weight equals the average for the other 

samples.  Shark teeth, bird bones, crab, and sand dollars are present. 

1.15.9 

This burial pit contains more than twice the total weight of shell valves than the 

samples from the associated funerary layer.  There is also a higher NISP of fish bones.  

Fish species frequencies correspond with the samples from funerary area 1.15.9.  

Locus 2 - 2.30.8  

The sample from this burial pit yielded a higher amount of shell valves by weight 

(206 g) than funerary layer samples.  The NISP of fish is higher than other samples, but 

the MNI is similar.  Other taxa are birds, rodents, unidentified mammals, and crabs. 

Burial 120 (Figure 7.5)  

Almost 200 grams of shell valves are present, but there is a very low quantity of 

fish bone (less than 2 g).  Similar quantities of whitemouth croaker and catfish are present 

according to MNI, but the NISP suggests that there are three times more catfish.  
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Burial 28   

This burial is located in a trench excavated near Locus 2.  Cut by a backhoe, its 

approximate dimensions are 40 cm wide by 12 cm deep.  Shell weight is 205 g, while fish 

bone contributes just 6 g.  The fish species and frequencies are similar to other samples. 

Rodent bones are present.  

Locus 6 - Burial pit in profile C (Pit C) (Figure 6.4) 

The total weight of shell valves from this sample is less than one gram, while fish 

bone elements account for 19 grams.  Catfish are the most numerous, followed by 

whitemouth croaker, mullet, and sheepshead.  Birds, mammals, and crabs are the only 

other taxa identified. 

Burial 115 (Figure 6.5, Table B.5) 

This burial pit is located at Locus 6, within Quadrant B1.  Less than one gram of 

shell was recovered, along with 4 g of fish bone.  The total fish NISP for this pit is 33.  

Catfish surpasses whitemouth croaker in terms of MNI contribution.  Bird, armadillo, 

rodent, and crab elements were recovered from the pit. 

Burial 119 (figure 6.5) 

It is located on Quadrants B9 and B10 on Locus 6.  Shell valves weigh 3 grams, 

and fish bones reach up to 62 g.  This feature has a high fish NISP (n=284) and MNI 

(n=6).  Burial 119 has some of the highest quantities found in burial pits coming from the 

massive black layer. 

Burial 121 (Figure 6.5, Table B.5)  
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Both shell (4 g) and fish (7 g) were scarce.  Unlike Burial 115, the fish NISP of 

this feature is relatively high, with 112.  This feature has a unique assemblage of fish.  As 

with other samples from Locus 6, catfish is the most common fish, but mullet and 

sheepshead are more numerous than whitemouth croaker.  Other taxa include birds, 

armadillo, unidentified mammal, rodents, crab, and sand dollars.  

Hearths 

Locus 1 - 1.15.3  

The weight of shell and fish bone are equivalent (16 g).  The MNI for fish is 14, a 

high number for this type of feature.  No bone elements from other taxa were found in 

this hearth. 

1.15.6  

Two hearths originating from the surface were sampled.  The hearths differ 

slightly regarding weight of shell and fish.  One sample has more shell valves than fish 

(MNI = 7), while Hearth 1.15.8 has a little more fish than shell (fish MNI = 5).  Shark, 

birds, unidentified mammals, and crabs are also represented. 

Locus 2 - 2.15.13  

The two hearths sampled have very similar fish composition, but differ greatly 

regarding other taxa.  While one contains birds, unidentified mammals, rodents, and 

crabs, the other has only rodents.  

2.30.8  

Two hearths were recognized and sampled from the profile.  The quantity of shell 

is lower than in the funerary layer, not exceeding 35 g (for comparison, 88 g was the 
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minimum amount of shell among the samples analyzed from the surface).  In contrast 

with the funerary area and burial samples, both hearths contain a limited number of fish 

species.  The hearth above Burial 16 has just three species of fish (whitemouth croaker, 

mullet, and catfish) and crab elements.  Hearth 2.10.7 does not contain other animal taxa. 

2.25.4  

One hearth was sampled from this funerary surface.  The shell weight (45 g) is 

just a third of the lowest amount found in other surface samples.  On the other hand, fish 

bone is more than twice (25 grams) the amount found in funerary samples.  The MNI of 

fish is high, with 12 individuals represented.  Whitemouth croaker and catfish have 

similar NISP values, but MNI indicates that croaker is three times more abundant than 

catfish.  Rodents are also present.  

2.10.2  

This hearth sample has half the amount of shell by weight in relation to the 

corresponding funerary area, but the weight of fish bones on the other hand is equivalent 

(8 g).  Numbers of catfish and whitemouth croaker are very similar, and there are no 

other identifiable taxa. 

Hearths associated with the Locus 6 funerary area (Figure 6.5)  

Two samples were analyzed from hearths associated with burial pits (114 and 

115).  The hearths related to Burials 114 and 115 have equivalent weights of shell (4 g) 

and fish (11 g), as well as NISP (65).  A fragmented ulna of a small mammal was 

recovered from the hearth above Burial 115. 
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