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ABSTRACT 
 
 
This study is the presentation of the material from fish 
microfossils collected in Moa’s Shellmound, located in 
Saquarema, Rio de Janeiro state. The new use of two 
associated techniques: the flotation and re-screening using 
different granulometric sizes, allowed the recovery of 1662 
Euteleostean microteeth, in fossilization process by 
substitution. These were initially separated into nine types, 
which will be used in future for more refined taxonomic 
descriptions. Thus, contributing to increased information 
about the Moa’s Shellmound, considered an important 
indicators of prehistoric fishermen populations who 
inhabited the brazilian coast. 
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microvestígios de peixes coletados no Sambaqui do Moa, 
localizado em Saquarema, estado Rio do Janeiro. A utilização 
inédita de duas técnicas associadas: a de flotação e 
repeneiragem utilizando granulometrias diferenciadas 
possibilitou a recuperação de 1662 microdentes de 
Euteleostei, em processo de fossilização por substituição. 
Estes foram separados inicialmente em nove tipos que serão 
utilizados futuramente para descrições taxonômicas mais 
refinadas. Contribuindo, assim, com o aumento de 
informações a cerca do Sambaqui do Moa, considerado um 
importante indício das populações de pescadores pré-
históricos que habitaram o litoral brasileiro. 

 
 
RESUMEN – CONTRIBUCIÓN A LA ZOOARQUEOLOGÍA DEL 
SAMBAQUI DE MOA/RJ: ANALISIS DE MICROVESTÍGÍOS DE 

PECES. Este trabajo es la presentación del material de micro 
vestigios de pescados recolectados en el Sambaqui do Moa, 
ubicado en Saquarema, en la provincia de Rio de Janeiro. La 
utilización inédita de dos técnicas asociadas: la de flotación y 
retamización utilizando granulometrías diferenciadas, lo que 
posibilitó la recuperación de 1662 micro dientes de 
Euteleostei, en proceso de fosilización por sustitución. Estos 
fueron separados inicialmente en nueve tipos que serán 
utilizados futuramente para descripciones taxonómicas más 
esmerada. Contribuyendo, así, con el aumento de 
informaciones acerca del Sambaqui do Moa, considerado un 
importante indicio de las poblaciones de pescadores pre-
históricos que habitaron el litoral brasileño. 
 

 

1. Introduction 
 

 The shellmounds are archaeological sites distributed not only along the Brazilian 
coast, as in other world regions, like United States, Australia, Peru, Iberia and Israel 
(LLORCA; CAHIZA, 2007; TERREROS, 2001; ZOHAR et al., 2001). These 
characterized as deposits mainly formed by shells and distributed in surface and 
depth. And can be represented by elevations of rounded shape and varying size, 
reaching 500 m. long as some shellmounds located in south of Santa Catarina 
(DeBLASIS et al., 2007; GASPAR, 2000). 
 Recognized as works of natural and human activity, the shellmounds are the 
physical register of a prehistoric fishermen population, even if important regional 
differences exist, and there is no available data on the regional political structures of 
the same, the homogeneity of the lithic and bone industries, as well as structural 
features the sites themselves, it’s possible affirm that all the shellmounds of the 
Brazilian coast belonged to the same sociocultural system (SCHEEL-YBERT et al., 
2003). 
 These sites are rich in archaeological remains, whether organic or mineral  origin, 
allow the investigation of technological and cultural patterns of preterit populations 
(GONZALEZ et al., 2003). Just as variations in sea level (SCHEEL-YBERT et al., 
2006; ZOHAR et al., 2001), and paleoenvironments, in the latter case, mainly using 
bioindicators species (CASTILHO; SIMÕES-LOPES, 2001; EVANS, 1972; SCHEEL-
YBERT et al., 2006). 
 Among the recorded shellmounds in Brazil coats, stands out Moa’s Shellmound, 
located in Itaúna neighborhood, city of Saquarema, Rio de Janeiro state  (Figure 1-A) 
(KNEIP, 1994). This stands out not only for its size (area around 2.800m2), but also 
by the diversity of vestiges found along the three strata, horizontally recognized at the 
site during excavation (Figure 1-B) (SILVEIRA, 2001).  
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Figure 1. (A) Moa’s Shellmound localization and (B) View of the area excavated (Source: 

SILVEIRA, 2001). 
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 Moa’s Shellmound is divided into three stratigraphies that represents different 
stages of occupation and were determined by natural levels excavated by Silveira 
(2001), dating by Applied Nuclear Physics Laboratory of the Geosciences Institute 
and Physics Institute of UFBa and based on criteria such as soil color, composition, 
quantity of shells and bones of vertebrates as well as human burials. From the 
deepest to the most superficial stratigraphies can be briefly described as: 

 
 Stratum 3: Sand with patches of red clay and red dye most of them associated to 
burials, and some patches of coal.  Munsell color 5YR between 2.5 / 2 and 3 / 2; 
2.5YR 3/2 or 7.5YR 5/2. Is dated by C14, 3960 ± 200 BP, possibly representing the 
beginning of the occupation has little trace amounts of shellfish in relation to other 
stratigraphies. 

 
 Stratum 2: Brown soil, Munsell color 10YR 3 / 4, with red patches, Munsell 5YR 
3/3 or 2.5YR 3/4, most of them associated to burials, and some patches of coal. 
Probably correspond to the time of intense exploration of the area, and where there is 
the greater abundance of zooarchaeological material, and human burials. It is a 
discontinuous stratum, in other word, in some points does not occur. 

 
 Stratum 1: Sand and red soil, Munsell color 5YR between 2.5 / 2 and 3 / 3. It’s 
probably related to the last occupation, dated by C14, 3610 ± 190 BP. The remains 
found in stratum 1, for the others  are smaller and highly fragmented, probably 
because of being closer to the surface. The zooarchaeological material from Moa’s 
Shellmound is composed of invertebrates (molluscs and crustaceans) and vertebrates 
(fishes, amphibians, reptiles, birds and mammals) (SILVEIRA, 2001). 

 
 Among the bone faunal remains recovered during excavations in this site fish 
remains are makes up over 70% of the expected. According SCHEEL-YBERT (2005), 
this can be explained because fishes were the main source of food for preterit groups. 
However, all fragments were recovered from samples with naked eye, made during 
the excavations. As some groups of fish have skeletal microscopic shares, for 
example, rays of the family Dasyatidae and Rhinobatidae (CAPPETTA, 1987), the 
number of fish recovered so far in Moa’ Shellmound would be underestimated. 
For microfossils recovery in archaeological samples, in general, is used screening of 
samples in the laboratory with different granulometric intervals (JAMES, 1997), 
which influence not only the abundance, but also the diversity of the species 
collected, especially the group of fish, favored at intervals of less than 3 mm (ZOHAR; 
BELMAKER, 2005). 
 Fish microscopic remains, like otoliths, scales, teeth and vertebrae, contribute to 
analysis of diet, customs and technology (BUTLER; CHATTERS, 1994, ZOHAR et al., 
2001) of these social groups. As the recovery of species distributions ancient, until 
now absent for certain areas (ZOHAR; BELMAKER, 2005), which will thus be used 
not only in refinements of paleoenvironmental reconstructions, but also in 
biogeographic distribution models (CHAIX; MENIEL, 1997). 
 Therefore, this article is the result of the first step toward the use of this 
unprecedented collecting effort for microscopic zooarchaeological material from 
Moa’s Shellmound, with the purpose not only to test the technique, but also to 
present, for the first time, specimens of fish microteeth recovered sediment from the 
site, aiming to stimulate new approaches in the area of study. 
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2. Material and Methods 
 Altogether 117 samples were collected in an area of 120 m². In first step it was 
excavated to the base (approximately 1 m. deep), four trenches with the following 
measures (Table 1): 

 
Table 1. The four trenches and the measures excavated in Moa’s Shellmound. 

Trench  Measure 

Trench 1 (T1)  1m x 18 m. 

Trench 2 (T2) 1m x 9 m. 

Trench 3 (T3) 1m x 10 m. 

Trench 4 (T4) 1m x 8 m. 
 
 

 These trenches surrounding the area that later was checkered by square meters 
and after the established stratigraphy was excavated by artificial stripping levels of 10 
x 10 cm and natural levels following the stratigraphies 1,2 and 3. 
 The result of the excavation was 72 samples of stratum 1, 7 of stratum 2 and 38 of 
3. In the first stage, they went through the wet-screening, (JOHNSON et al., 1994), 
where the less dense material floats on the surface, being named as the light fraction, 
and what precipitates in the container is called the heavy fraction. These samples will 
be re-screening, this time to dry, using granulometric intervals of 60 or 250mm mesh 
sifter automatic frequency at 2.5 for 5 min. and separated into subsamples of 50g, 
then to pass through the triage process. 

 
 

Morphological Analysis 
 Due to the difficulty of identification, this first time, specimens were classified into 
broader taxonomic groups, but to facilitate the recognition of different occurrences 
were marked morphological features of them, which helped further specific 
identifications. 
 The first step was to determine general morphologies following Hillson (1986). In 
Moa’s Shellmound was found three general types:  canines, incisors and molars 
(Figure 2). 
 
 

 
Figure 2. The contour of the teeth general Morphologies found in Moa’s  Shellmound / RJ: 

Canines in lateral view (A), Incisor in lingual view (B) Molar and lateral view (C). 
 
 

 The dental morphological variations found following some of the latest features 
presented in Coded Utilitarian Ichthyolith Identification System (CUIIS), used for 
microscopic skeletal remains of fish fossils, described in Johns et al. (2005), and 
summarized below (Figure 3). 
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Figure 3. Types of features of dental crown and their definitions: (A) format equilateral 

triangle, (B) isosceles triangle format, (C) Conical format with repectives apex and bases (D) 
Tooth with curvature, (E) Tooth with hooking upwards highlighted in transverse cut.(JOHNS 

et al., 2005 adapted by authors) 
 
 
Chemical Analysis 
 The biogeochemical analysis of fossils contributes to understanding the 
fossilization processes and preservation conditions of animals or plants remains of 
archaeological sites (SCHLESINGER, 2005; LIMA et al., 2006). In the case of fish, 
for example, their remains are more vulnerable to degradation than the records of 
other vertebrates (LYMAN, 2001), are usually preserved: otoliths, teeth, vertebrae 
and scales (ZOHAR; BELMAKER, 2005, OLIVEIRA et al., 2008). Moreover, the 
quantity of fish macroscopic remains, when collected, is small compared to 
microfossils, citing as an example the research of Machado et al. (2009), which 
recovered more than two thousand fish microfossils basically composed of 
microteeth. 
 Aimed to ascertain the level of specimens preservation, for the purpose were used 
microteeth six from each strata. Each specimen underwent micro-analysis by 
semiquantitative EDS detector (Energy Dispersive Spectropscopy) mark Gresham, 
equipped with Be (beryllium) window and the Q500 IXRF multichannel analyzer, 
using its own software. Analyses were obtained with accelerating voltage of 15 kV and 
reading time of 30 sec. 
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3. Results and Discussion 
 
Morphological Characterization 
 Altogether 1662 specimens were recovered, among pharyngeal and jaw teeth of 
fishes, which in this moment of difficulty accurate identifications are classified within 
the subdivision Euteleostei. But we should also consider that most of the specimens 
probably belong to species of fish families who inhabited the coastal area, the 
environment where it has probably fishing for them. Since the goal of this work is 
mainly the presentation of the material, then by parsimony, remained the more 
general classification of nine types were recognized where described as: 

 
 

Class: Actinopterygii 
Subclass: Neopterygii 

SubDivision: Euteleostei A 
(Figure 4-A) 

 
Material: Lots 55 teeth MPEG-001-ZA, 3 teeth MPEG-002-ZA 19 teeth and MPEG-
003-ZA. 
Occurrence: Stratigraphies1, 2 and 3. 
Description: Teeth with smooth enamel, canine, height and width are approximately 
equal. In transversal section the base is rounded or slightly elliptical. Apex in lateral 
view shows rhombic shape. 
 
 

SubDivision: Euteleostei B 
(Figure 4-B) 

 
Material: Lots 32 teeth MPEG-001-ZA and 14 teeth MPEG-003-ZA. 
Occurrence: Stratigraphies1 and 3. 
Description: Canine tooth with surface smooth, long stem, as a result of the overall 
height is approximately 4 times greater than width. Displays hooking back up at the 
top of the crown, similar to that found in teeth of some fish groups. Transverse cut in 
the base presents round, while the apex in lateral view is pointed or rhombic. 
 
 

SubDivision: Euteleostei C 
(Figure 4-C) 

 
Material: 129 teeth Lots MPEG-001-ZA, 16 teeth MPEG-002-ZA and 64 teeth MPEG-
003-ZA. 
Occurrence: Stratigraphies1. 2 and 3. 
Description: Canine tooth with simple crown surface without streaking, slight bend in 
the upper part is present. In transversal cut the base is rounded, in lateral view the 
apex is rhombic and pointed. These teeth are common in several groups belonging to 
the Perciform order, especially the family Gobiidae (PARENTI;THOMAS, 1998). 
 
 

SubDivision: Euteleostei D 
(Figure 4-D) 

 
Material: Lots 58 teeth MPEG-001-ZA, 7 teeth MPEG-002-ZA and 33 teeth MPEG-
003-ZA. 
Occurrence: Stratigraphies1, 2 and 3. 
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Description: Canine tooth without curvature, with smooth crown surface. In 
Transverse cut the base presents is rounded, and in lateral view the apex is pointed 
and rhombic. What distinguishes this type is the presence of a transverse line in the 
midline of the tooth, which can be mild or marked, and in the latter case turns out to 
cause a slight centripetal depression in the tooth midline. 
 
 

SubDivisão: Euteleostei E 
(Figure 4-E) 

 
Material: Lots 48 teeth MPEG-001-ZA, 5 teeth MPEG-002-ZA and 6 teeth MPEG-
003-ZA. 
Occurrence: Stratigraphies1, 2 and 3. 
Description: Canine tooth with smooth crown surface. Displays the height 
approximately 4 times greater than width. The crown in lip view is markedly convex, 
while in lingually view is concave, which in lateral view gives to tooth an appearance 
similar to letter "C". In cross section the basal region is round, whereas in lateral apex 
is pointed. 
 
 

SubDivisão: Euteleostei F 
 (Figure 4-F) 

 
Material: Lots 90 teeth MPEG-001-ZA and 4 teeth MPEG-003-ZA. 
Occurrence: Stratigraphies1 and 3. 
Description: Canine tooth with crown divided by a transversal line. The upper 
triangular, smooth and slightly curved, is less wide than the stem. This is long and 
cylindrical, making up over half the total height of the tooth, and presents the lower 
longitudinal grooves. In transversal cut, the base is rounded, and in lateral view the 
apex is rhombic. 
 
 

SubDivisão: Euteleostei G 
 (Figure 4-G) 

 
Material: Lots 23 teeth MPEG-001-ZA, 3 cloves MPEG-002-ZA and 10 teeth MPEG-
003-ZA. 
Occurrence: Strata1, 2 and 3. 
Description: Canine tooth flattened lip-lingually, forming an edge that surrounds the 
tooth from base to apex. The crown has a smooth surface, and in lateral view, shows a 
slight curvature toward the tongue. In transversal section the base is elliptical, while 
the apex is rhombic in side view. 

 
 

SubDivisão: Euteleostei H 
 (Figure 4-H) 

 
Material: Lots 24 teeth MPEG-001-ZA, 2 teeth MPEG-002-ZA and 6 teeth MPEG-
003-ZA. 
Occurrence: Stratigraphies1, 2 and 3. 
Description: Incisor tooth with triangular shape on the contrary, in other words, base 
narrower than the apex. This presents flattened labio-lingually, forming an edge, the 
upper region of the tooth. In transversal section the basal region has approximately 
polygonal shape. 
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SubDivisão: Euteleostei I 

(Figure 4-I) 
 

Material: 298 teeth Lots MPEG-001-ZA, 40 teeth MPEG-002-ZA and 89 teeth 
MPEG-003-ZA. 
Occurrence: Stratigraphies1, 2 and 3. 
Description: Molar tooth crown with a round shape, width greater than height, 
rounded base and apex rounded and extended. 
 
 

 
Figure 4. Exemples of main types of microteeth recovered in Moa’s Shellmound A) 

Euteleostei A in lateral view, B) Euteleostei B in lateral view, C) Euteleostei C in lateral view, 
D) Euteleostei D in front view, E) Euteleostei E in lateral view F) Euteleostei F in lateral view, 
G) Euteleostei G em vista lingual, H) Euteleostei H in lingually view e I) Euteleostei I in lateral 

view. 
 
 
4. Biogeochemical Characterization 
 The teeth of fish, as well as other bones and scales are composed of calcium 
phosphate (Ca3(PO4)2) associated with other elements (LIMA et al., 2006, 
OLIVEIRA, 2007). Since calcium phosphate, it is possible to analyze the level of teeth 
preservation and if they have had their basic chemical compound replaced by 
fossilization. 
 Chemical analysis by EDS indicates high concentrations of phosphorus (P) and 
calcium (Ca), compared to magnesium (Mg), aluminum (Al), silicium (Si), 
manganese (Mn) and iron (Fe), which are not part of the natural constitution of the 
fish teeth (Figure 5). The third element in abundance, except for oxygen (O), is 
carbon (C), whose concentrations may indicate significant initial processes of 
fossilization (LYMAN, 2001) by replacing the original chemical composition of teeth 
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(calcium phosphate) by carbonates (Table 2) that probably originate by mollusks 
shells, are also part of the shellmound composition. 
 

 
Figure 5. Levels of chemical compounds concentration presents in a microteeth found in 

Moa’s Shellmound, where O, P and Ca have higher peak concentrations. 
 
 
Table 2. Concentration of elements analyzed by EDS for a specimen of a stratum, highlighted 

O, P and Ca. *PPM (Parts Per Million) 

Element ppm* 

C 5,223 

O 57,479 

Mg 0,142 

Al 1,152 

Si 0,446 

P 15,581 

Ca 20,242 

Mn 0,108 

Fe 0,627 

Total 100 

 
 
 The chemical substitution is also evident when comparing the levels of P, Ca and C 
in each stratum (Table 3 and Figure 6). In the stratum 3, C content (carbonate) is 
higher, corresponding to lower values of P, supposedly with replacement more 
advanced by the teeth fossilization, compared with the low content of Ca. The 
decreased concentrations of P and Ca can be explained by the high acidity of tropical 
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soils in the upper strata, which prevents the precipitation of carbonate (LYMAN, 
2001). 
 

Table 3. Concentration of Ca, P and C by stratum. 

Stratum P ppm Ca ppm C ppm 

1 16,859 23,732 1,072 

2 17,245 25,548 1,824 

3 15,128 23,757 4,826 
 
 

 
Figure 6. Concentration levels of P, Ca and C present in microteeth found in the geological 

stratum of Moa’s Shellmound. 
 
 
5. Conclusion 
 This work is the first effort of gathering to present the scientific community of 
microscopic fish skeletal debris, derived of sediments from Moa’s Shellmound. The 
study proved to be  effective, as this first time enabled the rescue of 1662 specimens, 
where nine main types were recognized, which will serve as a basis for future studies 
of taxonomic finest. The biogeochemical analysis of fossils contributed to 
understanding the fossilization processes and preservation conditions fish remains 
from Moa’s Shellmound. The differences in the analysis presented and in 
biogeochemistry of carbon (C), calcium (Ca) and phosphorus P, concentration, 
between the stratigraphiescorroborates the substitution as fossilization principal 
process of these teeth conservation, enhancing the potential of this material for 
zooarchaeological studies and other of shellmounds. 
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