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AbSlract _ Amhr~cologieal smdies carried OUI on six sambaquls froUl RI O dc Janeiro SlalC (soulheaslern Drazilian eoasl) and one 
sombaqui from Sarna Cawrinu Slale (soulhcrn Brnil) showed lhat CQaSlal vegelation presents u morked resi lience to climalic 
changes. Charcoal samples were co llec!ed from vertical profiles ~!ong Ihe en lire sambaqui heighl nnd exumined under a refleCled 
light microscope. In the sou!heustern Brazilian coas\. !he anthrucological SpeClru is essentially the s~me between 5500 and 1400 
yrs BP. Coaslal sandy beach ridges were a lre~dy colonized hy Ihe rcslinga vegelmion since m leastlhe Middle llolocene. Depending 
on the sitc. the open restinga or Ihe reslinga foresl ~re dominant. ForeSI and mangrove elemenls arc presenl in all sites. In southern 
Brazil, no significanl variallon of Ihe vegetal cnvironmeue is recorded betwecn 2500 and 1800 yrs DP. The sludied site was 
established in lhe restinga environment, and ll>c inl~nd Allm\!ic Foresl was probably situated quite far IIway. Mangrove vegcllltion 
was probably already absent from !his region. which is presently under sublropieal climatic condilions. No major changcs of II>c 
vcgetal ecosystem hilS taken place during the Sttond pan Oflhc Iiolocene, notwithstanding many ccnturies of human occupation, 
poin!ing OUI !O tl>c fact lhal Ihe vegetal;on was not greally affected citl>cr by climatic or by anthropogenic penurb:l1ions. Ilowe.·cr. 
significanl oscilla1ions rCCQrtled in Ihc mangrove vcgetation from lhe Cabo Frio region (sou1heaslern Drazil) might be relaled!O 
climalic oscillations producing lugoon salinity varialions. The slab.li ly oflhe mainla",1 coaseDI vcgclution. in spite oflhe occurrence 
of eli malic variations. is probably due 10 lhe edaphic charaCler of coastal environmenlS. particularly lhe rt'Slinga ecosYSlem. 
which is related 10 s,mdy soils and!O lhe geomorphologic nalure of sundy beach ridges. 

Keywords _ Vege1:llion sWbility. emlswl Brazil. Holocene. 

INTRODUCTION 

In spite of the largely spread idea that coastal 
environmenls are extremely sensitive to climatic 
changes, and that coastal vegetation responds quick ly 
to Ihese oscillations, recent anthraco logical studies 
carried out on Brazilian sambaquis show this is not true. 

The sombaqlli:,·, shellmounds constructed by 
fisher-gatherer populations, arc Ihe oldest vestiges of 
human occupation in the Brazilian coast. The most 
ancien t si les are daled from ca. 7000 yrs BP. in 
Amazonia. llnd from 6500 yrs BP, in Parana Stale, 
Southern Brazil (Gaspar, 1996). More ancient sites 
mighl have existed, but they were probably destructed 
by the sea level rising in the beginning of the Holocene. 

Sambaqu is archaeological deposits are 
composed of mollusk shell s and fi sh bones, frequently 
alternating with sandy layers. Charcoal fragments, 
which represent an invaluable but largely ignored 
source of informal ion, arc generall y abundant. The 
sambaquis are usually established on lagoons margins, 
near the ocean, presenting a sel of various ecological 

habitats in the surroundings (restingas, mangroves, 
forests ... ). Sambaquis inhabitants were probab ly 
seden tary (Gaspar, 1992) and have occupied the same 
sites for a very long time. In the studied sites, the period 
of occupation varies from aboul500 to over 3{)OO years. 

Anthracology is the study of charcoal retrieved 
in soils or in archaeological sites . 11 provides information 
concerning palaeoethnological aspects such as wood 
ex ploilation by prehistorical populalions, but also 
pal:.leoenvironmental and palaeoclimatic reconstructions 
(Scheel el al., 1996a, 1 996b; Scheel-Ybert, 2(01). This 
discipl ine is deeply complementary with palynology. II 
allows a good reconstitutio n of the local woody 
vegelalion , and confrontation with phytosocioiogical 
data is usually quite direct. In addition, taxonomi c 
determination, frequenlly at genus level, is often more 
accurate than in palynological studies. 

The validity of anthraco logy for tropi ca l 
palaeoe nvironmental reconstruction is now well 
establi s hed. Charcoal samples present a grea t 
taxonomic diversity, anthraco log ical results a re 
s imilar in neighboring s it es, and th ere is good 
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correspondence between charcoal assemblages and 
present-day vegetation. Wood gathering by fisher­
gatherer populations, most likely for domestic fires, 
was not select ive . Therefore, analysis of tropical 
archaeological charcoa l supplies reliable information 
on past environments (Scheel-Ybert, 2(00). 

The present paper is part of a research program 
which main objectives are: reconstruction of the 
palaeoenvironmem in which lived Brazilian fisher­
gatherer populations; evaluation of the relationship 
between these populations and their environment; 
search of palaeoethnological information concerning 
plant use by these communities (Scheel-Ybert, 1998, 
1999,2000,2001). It presents original data from the 
Santa Catarina State. Vegetation stability in the coastal 
area, as well as the implications of mangrove elements 
variations in the amhracological spectra for Holocene 
sea level oscillations hypotheses, were unexpected 
results that weestimated of interest to the Quaternarists 
research community. 

REGIONAL SETTING 

Six sambaqui s were studied in the Rio de Ja­
neiro State, on the southeastern Brazilian coast. The 
Sambaquis do Forte, Salinas Peroano and Boca da 
Barra, are situated in the Cabo Frio region (22°53'S, 
42°03'W) (Fig. I). The firsl site is localized between 
the Itajum Channel and the Atlantic Ocean, on the west 
margin of the channel which connects the Aramama 
Lagoon to the sea, and on the north side of Praia do 
Forte; the later ones are situated on low inland 
crystalline hills on the east side of the Itajuru Channel, 
no more than 500 m apart from each other. The 
Sambaqui Ponta da Cabe<;:a is situated at the Arraial 
do Cabo Penins ula (22°57'S, 42° l4'W), upon a 
crystalline hill near the Massambaba Beach. The 
Sambaquis da Beirada and da Pontinha are situated at 
the Saquarema region (22°55'S, 4Z033'W), on the back 
of the Pleistocene beach ridge between the Saquarema 
Lagoon and the sea, ca. 400 m distant from each other. 

In most of the Rio de Janeiro State coastal zone 
the climate is tropical wet, hot and rainy in summer 
with a mild dry season in winter (Barbiere, 1984). In 
the Saquarema region, mean annual temperature is 24-
26"C and mean precipitation is 1000 mmlyr(Sa, 1992). 
The Cabo Frio and Arraial do Cabo region present a 
particularly dry climate that is a variant of semi-arid 
hot climate, due 10 upwelling of cold waters along the 
coast, which reduces local precipitation. Mean annual 

temperature is 25 DC and precipitation rarely exceeds 
800 mmlyr (Barbiere, 1984). 

Plant associations in this region vary according 
to physiographic conditions and distance from the 
ocean. The land-sea interface, especially along the 
edges of rivers and lagoons, is covered by floristically 
poor mangrove and by saltwater marshes. The different 
vegetation types of the restinga ecosystem occupy 
sandy beach ridges. They vary from sparse open plant 
communities, such as herbaceous and scrub formations 
("open restinga") to dense evergreen forest ("restinga 
forest"). 

Rocky outcrops from the Cabo Frio region 
present particular formations. The xeromorphic forest, 
which is up to ca. 8 m high, has a well-developed 
understory (FEEMA, 1988). Farther from the ocean, 
low mountains support forests similar in composition 
to those of the Atlantic Rain Forest. 

One other site was studied in the Santa Catarina 
State, southern Brazil (28°36'S, 48°57'W). The 
Sambaqui Jabuticabeira II is situated on the Jaguaruna 
region, at ca. I km from the southwestern margins of 
the Garopaba do Sui Lagoon and at ca. 6 km from the 
sea (Fig. I). This si te is situated on the side of a 
palaeodune, in the contact with the plane, which is 
geologicall y more recent. The plane ground floods 
during the overflows. 

In this region the climate is temperate sub-hot, 
with winter mean temperatures over 15 DC and no dry 
season. Mean annual temperature is 20 DC and mean 
precipitation is 1400 mmlyr(Nimer, 1989). 

Although the natural vegetation is almost 
absent from this region in tile present days, the site is 
situated in the phytosociological domain of the restinga 
ecosystem. Restinga forest probably dominated the 
palaeodunes. The Atlantic Forest is situated inland, as 
well as the subtropical forest, typical of the high 
plateaus of more than 800 m altitude. Mangrove 
vegetation is absent from this region, under subtropical 
climatic cond itions. Southern limit of mangrove 
distribution is present ly at the Santa Catarina Island , 
ca. 150 km northwards. 

The Atlantic Forest in the Santa Catarina State 
is in fact the extra-tropi cal prolongation of the dense 
ombrophilous forest extending along the atlantic coast 
from Rio Grande do Norte (50 S) to Rio Grande do Sui 
State (29" S). Macro and mesoclimatic influence induce 
floristic variations in its various facies. In the southern 
region, the mild winter temperatures along the coast 
and the abundant rains, well distributed all over the 
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Figure I - Geographical silualion Oflhc studied siles - 1-6. southeastern Rio de Janei ro Slale; 7. southern SOnt3 Calarina State. (I) Sanlb~qui do Fone; 
(2) Sambaqui Boca d. Barra: (3) Sambaqui Salinas Pcroano: (4) Sambaqui Pomo do Cobc",a; (5) Sambaqui da Bcirada; (6) Sambaqui da Pontinha: (7) 

Sambaqui Jabulicabcira II. [n (he map of Santa Cmarina region. Slars indicate sambaquis location. 

year, assure the development of an evergreen forest of 
high biodiversity presenting four strata, rich in 
epiphytes and lianes and up to 25 to 30·m high (Hering 
de Queiroz, 1994). 

MATERIAL AND METHODS 

Charcoal samples were collected from vertical 
profiles along the entire sambaquis height. Each sample 
consists of a sediment layer of2 m width, 50 cm depth 
and 10 cm thick. Sediment was dry-sieved in the field 
using a 4-mm mesh. Residual charcoal was later 
recovered in the laboratory with a flotation machine 

(Ybert et aI., 1997). At Sambaqui Ponta da Caber;a, 
charcoal fragments were collected during the 
archaeological excavation and plant remains were 
sorted by hand. 

Charcoal samples were examined under a 
reflected light brightfieldldarkfield microscope. Trans­
versal, tangential longitudinal and tangential radial 
sections were cut manually. Systematic determination 
was obtained by comparing the anatomical structure 
observed with that of extant charred samples and with 
descriptions and photographs from the literature 
(Detienne & Jacquet, 1983; Mainieri & Chimelo, 1989; 
papers on wood anatomy). Wood anatomy of tropical 
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plants is very poorly known, so reference collect ions 
of charred wood are indispensable. Over 2000 samples 
were obtained from wood co ll ec ti ons and field 
sampling. Charcoal identification was facilitated by the 
elaboratio n of a program for computer-aided 
identificati on speciall y conceived for an thracology, 
coupled to a data bank of anatomical features from 
extant and ancient charcoal (Schccl-Ybert el al., 1998). 

All the charcoal fragments over 4 mm were 
'lnalyzed. Smaller fragments are normally impossible 
to identi fy, because in general they do not present 
enough important chamcters . 

RESUU'S AND DISCUSSION 

A grcat nori slic diversity characterizes all the 
charcoil l diagrams. Most of the anc ient taxa identified 
correspond to the plant associations present ly existing 
in the study region. 

In the so utheastern Brazilian coast, the 
anthraco logical spec tra are essenti all y th e same 
between 5500 and 1400 yrs BP (Scheel-Ybert 2000. 
200 1). The rest inga vegetation already colonized the 

S..J"us 1'.:"'0/10 

coastal sandy beach ridges since at least the Middle 
Holocene. Depending on the site, the open restinga or 
the restinga forest are dominant. Representation of 
forest fo rmations and of mangrove taxa is also variable 
in the different si tes. All charcoal diagrams show a 
strong predom inance of Myrtaceae species (Fig. 2). 

This fa mil y is abundant in different communit ies of 
Brazilian vegetation, but high percentages are typical 
for resti nga fo rmat ions, particularly in the Rio de Ja­
neiro State. 

Charcoal assemblages from Sambaquis do For­
te, Salinas Peroano and Boca da Barra show that 
restinga, xeromorphi c forest and mangrove existed in 
the Cabo Frio rcgion during all the Late Holocene (Fig. 
2). Open restinga is better represented in the Sambaqui 
do Forte. while forest formations are more important 
in Sambaqui s Salinas Peroano and Boca da Barra. This 
is a consequence of geographical location. The first 
sambaqui is si tuat ed near th e beach, in the 
phytosoc iological domain of open restinga, while the 
later ones are situated on the eas tern margin of the 
channel. on c rys tall ine hills domina ted by the 
xeromorphic forest. 
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Soulheastern Rio de hneiro Stale (aner Scheel· Ybcn. 2(00). 
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At the Arraial do Cabo region, Sambaqui Pon­
ta da Cabe\a was established on the restinga, but 
xeromorphic forest and mangrove were also present 
in the neighborhood (Fig. 2). In spite of the fact that 
this site is situated upon a crystalline hill, it is located 
very near the beach, and chmacterized by an especially 
dry climate due to upwelling centered in its vicinity. 
This explains the predominance of restinga elements. 
Mangrove vegetation, which is present ly absent from 
this region, was probably established on the 
southeastern margin of the Araruama Lagoon. 

Sandy beach ridges from the Saquarema region 
were occupied by the open restinga (Fig. 2). Low 
percentages of Atlantic Forest and mangrove taxa do 
not signify these vegetation types were rare during this 
period. They might have been growi ng fu rther away 
from the sambaquis where the wood exploitation was 
less important. Atlantic Forest vegetation was probably 
situated on the northern side of the Saquarema Lagoon, 
and mangrove vegetation on its margi ns. The sli ght 
increase of At lantic Forest e lements at the Sambaqui 
cia Pontinha base level. i.e., around 2300 yrs BP, is not 
significant and can not be interpreted as a consequence 
of environmental change. 

Also, the oscillations in the relative percentages 
of the vegetation types in the Sl.Imbaqui cia Beirada, as 
well as in some levels of the Sambaquis da Pontinha 
and Salinas Peroano are not sign ificant, because of the 
excessively small number of charcoal fragments from 
these samples. 

The only significant variation on the charcoal 
diagrams concerns mangrove vegetation (Figs. 2-3). In 
the Sambaqui do Forte, mangrove elements are abundant 
from the base of the sequence until ca. 4900 yrs BP. 
After 4900 yrs BP they are rare until ca. 2300 yrs BP 
and increase again thereafter. In the Sambaqui Salinas 
Peroano. they are abundant at the base of the diagram 
(between lOOand 210cm, ca. 4300/4500 yrs BP), whi le 
in the upper 100 cm there is a red uction of the 
percentages and an irregu lar presence . Highe r 
percentages of mangrove taxa bet ween 50 and 90 em 
are probably not significant because oflhe small number 
of charcoal fragments analyzed. In the Sambaqui Boca 
da Barra, mangrove clemen ts are recorded in small 
percentages between 3700 and 1400 yrs BP. 

Mangrove evolution is different on both sides 
of the channel. On its western side (Sambaqui do For­
te), mangrove vegetation reduces abruptly just after 
4900 yrs BP; it remains rare from 4900 to 2300 yrs BP 
and an important reestablishment is evidenced 

thereafter. On the eastern side of the channel 
(Sambaquis Salinas Peroano and Boca da Barra), 
mangrove is abundant unt il 4300/4500 yrs BP and 
reduced thereafter. These chronological differences 
may be due to geomorpho logical andlor 
sedimentologica l features of the channel related to: 
different bathymetry; different contours (which can 
lead to a stronger eros ion alone side than another); 
differences in the sed imentary nature of the subsurface 
(sandy or clayey); differences of shore nature, which 
:.Ire sandy on the west side and rocky on the east side 
(favoring rainwater nowing on its east side). It is likely 
that a precip itation reduction would affec t more 
intensely the west side of the channel, due to the more 
erfective drainage associated to sandy soils. 

The changes in mangrove vegetation cannot be 
attributed to sea level variations. The three regressive 
and the two transgressive episodes identified for the 
Brazilian coast during this period (Martin et al., 19791 
80, 1997) are not in phase with the mangrove evolution. 
Therefore, these results might invalidate Martin's 
hypotheses of sea level nuctuations and corroborate 
more recen t propositions tha t po int out to a 
continuously declining relative sea level trend during 
the Holocene (Angulo & Lessa, 1996. 1997; Ybert el 

al., this )loll/me) 
Changes in mangrove vegetation may be 

explained by clima tic oscillations. Reduct ion of 
mangrove vegetation might be due to a drier climate. 
Prec ipitation reduction probably produced a rise of 
salinity in the Araruama Lagoon. Indeed, 
modifications of the lagoon sedimen tation in severa l 
cores from the southeastern Rio de Janeiro State 
suggest regiona l climatic variations during the 
Holocene (Tasayco-Ortega, 1996). This author 
proposes four dry episodes, attributed to a 
reinforcement of semi-arid cond itions (3600-3500, 
3100-3000, 1200-1 100 and 600-500 yrs BP), and two 
ra iny episodes (2300-2100 and 700-600 yrs BP). 

Our results have been compared to the curve 
of carbonates isotopic composition variation in 
sed iments of the Araruama Lagoon (Tasayco-Ortega, 
1996) (Fig. 3). Low va lues of dd 180 are interpreted to 
reneel a major influence of rainwater, while high values 
signify increased salinity. Salinity in the lagoon was 
low until ca. 5000 yrs BP. Th is can be correlated to the 
high percentages of mangrove elements in the base of 
the charcoal diagrams. After this point, salinity is high 
unti l ca. 2300 yrs BP. During this period, mangrove is 
rare on both sides of the It aju ru Channel. A net 
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reduction of salinity is recorded between 2300 and 20CMJ 
yrs BP. It can be correlated to the reestablishment of 
mangroveelemenls in the Sambaqui do Forte after 2300 
yrs BP. This reestabli shment is certain ly related to a 
hum id episode. We cannot est imate its duration, but 
the fact that it is not recorded in the east side of the 
channel suggests it was brief. 

In the Arra ial do Cabo region , mangrove 
elements increase significantly in the top of th e 
diagram (from ca. 2 100 yrs BP onward). Either it is 
due to an actual increase of mangrove vegetation in 
the environmen t, poss ibly expla ined by climatic 
reasons, or it is related to the population increase 
recorded during thi s period (Ten6rio et 01., 1992), 
which probably led to an extension o f the si te 
catchment area. Of course, these two hypotheses are 
not mutually exclusive. 

The stability of the mainland vegetation seems 
contradictory with the cl imatic vari ations recorded by 
the mangrove elements. However, it is a consequence 
of the edaphic character of this vegetation, which 
renders coas tal fo rmat ions much less sens iti ve to 
climatic change. The resti nga ecosystem, related to 
sandy soi ls and to the geomorphologic nature of sandy 
beach ridges, is essentially an edaph ic formation. 

These results were corroborated by the charcoal 
analys is in Sambaqui Jabuticabeira II. No significant 

.1' .Il .10 ·1 ... .. ·1 0 1 
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variation of the vegetal envi ronment is recorded in the 
analyzed profile between 2500 and 1800 yrs BP (Fig. 
4). This site was also estab li shed in the restinga 
envi ronment , most probably in the restinga forest. 
Gathering of firewood was carried out essentially in 
the restinga forest and in the open restinga area, and 
very little wood came from the inland Atlantic Forest. 

Numerous genera identified in this site can 
be found either in the reslinga or in the Atlantic Forest. 
However, the very small frequency of wood coming 
exc lus ive ly from the rain fo rest points oul to a 
negligible exploi tati on of this environment , at least 
for domestic fuel. Therefore, we ass ume that Ulxa 
labeled "forest/restinga" come most probably from 
the restinga forest. 

Myrt.lceae are much less abundant in this site 
than in the Rio de Janeiro State. while Lauraceae are 
much more important. It might be a consequence of 
the climatic differences between these two regions. 
Myrtaceae is probab ly, in the present days, the plant 
family who characterizes th e best the Braz ilian 
restingas flora , ei ther in abundance (number of 
individuals) as in di versity (Araujo & Henriques, 1984; 
Silva, 1990). However, it is especially important in the 
Rio de Janeiro State, where it is a lso. along with 
Leguminosae, the most important family relative to 
number of species (Araujo, 2000). Although in the 
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Southern Brazil Lauraceae is not particularly 
remarkable in number of species, it is always a 
predominant family relative to number of individuals 
(Silva, 1990; Sugiyama, 1993). 

Mangrove vegetation was probably already 
absent from this region, which is presently under 
subtropical climatic conditions. 

Palaeoenvironmental studi es in the coastal area 
are stil l rare. In th e Rio Grande do Su I State, 
palynological studi es on the coastal area have shown 
climatic oscillations, but Ihey were essen ti al ly inferred 
from the alternation between marine, marshland and 
continental elements in the lagoon cores, and no 
significant variations of the continental vegetation was 
recorded in the Late Holocene (Neves & Lorscheitter, 
1991,1997; Cordeiro & Lorscheitter, 1994). In the Sao 
Paulo State, the palynological study of a peat core from 
a flooded forest showed no variations in the coastal 
vegetation which could be attributed to c limatic 
changes between ca. 4300 and 1000 yrs BP (Bissa el 

al., 2000; Ybert el al., this volll llle) . 

CONCLUSIONS 

Taxonomic assemblage iden tified in all sites 
is essenlially Ihe same during many centuries of human 
occupation, showing that vegetation was not affected 
eit her by climatic or by anlhropogenic perturbations. 

The only significant variations recorded by the 
anthracological analysis in seven sites from the 
Brazilian littoral concerns mangrove vegetation in the 
Cabo Frio region (southeastern Brazil). They might be 
related 10 climatic osc illations provoking lagoon 
salinity variations. This interpretation is corroborated 
by the analysis of the curve of isotopic variation on 
carbonates in Ihe Araruama Lagoon, which confirms 
the existence in thi s region of at least two dry episodes, 
separated by a brief humid episode. 

[\ is expected that climatic changes produce 
vegetation change. This study showed that thi s is not 
the case with regard to the coastal mainland vegetation, 
particularly the rest inga ecosystem. This seems to 
confirm Ihat coastal formations, strongly depending 
on edaphic conditioning, are much more resistant to 
cl imatic variations. 

Environmental stabi lit y has im porta nt 
consequences 10 prehistorical populations, and 
probably was a decisive factor in the maintenance of 
the sociocultural system of the fisher-gatherers th at 
have li ved on the Brazilian coast for more than 6000 

years (Scheel-Ybel1, 2000, 200 I). However, Ihe coastal 
vegetati on constitutes, in consequence, a very poor 
palaeoclimatic indicator. 
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